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A B S T R A C T

Ethnopharmacological relevance: Jageum-Jung (JGJ) is an oriental herbal formula comprising five herbs
(Melaphis chinensis Bell, Cremastra variabilis Nakai, Knoxia valerianoides Thorel, Euphorbia lathyris L., and Moschus
moschiferus L.). It has been used for detoxification and treating cancer and inflammatory diseases in China,
Japan, and Korea. However, the mechanism of action of JGJ on keratinocyte inflammatory response is poorly
understood.
Aim of the study: In the present study, we investigated the anti-inflammatory mechanism of JGJ and studied the
effects of JGJ on atopic dermatitis-like skin lesions in mice.
Materials and methods: We elucidated the anti-inflammatory and anti-inflammatory effects of JGJ on tumor
necrosis factor-α/interferon-γ (TNF-α/IFN-γ)-treated human keratinocyte cells, IgE-sensitized RBL-2H3 cells,
and 2,4-dinitrochlorobenzene (DNCB)-induced atopic dermatitis (AD)-like mice, respectively.
Results: The results showed that JGJ suppressed the production and mRNA revels of IL-8, IL-6 and, con-
spicuously, both TARC and RANTES. JGJ inhibited nuclear translocation of the inflammatory transcription
factors NFκB and STAT-1. Moreover, JGJ improved AD-like skin lesions in DNCB-treated mice and inhibited
degranulation of mast cell.
Conclusions: The results of this study suggest that JGJ can be considered as a candidate agent for AD treatment.

1. Introduction

Atopic dermatitis (AD) occurs mainly in approximately 20% of
children and 3% of adults in developed countries. Most patients with
AD are diagnosed within 1 year after birth, of which 80% have symp-
toms lasting for approximately 5 years (Leung et al., 2004). The in-
cidence of AD has tripled over the past 30 years, and its prevalence
continues to increase. AD is a known chronic inflammatory skin dis-
order, characterized by severe skin lesions, such as rash, erythema,
edema, hemorrhage, and lichenification (Werfel, 2009). According to
previous studies, atopic skin disease is a type of systemic disease that
causes various inflammatory diseases, including allergic diseases and

asthma. AD involves a complex pathogenesis process including multiple
causes, such as chemical or environmental agents and abnormal im-
mune responses (Brandt and Sivaprasad, 2011; Kim et al., 2014).

Mast cells are known to produce and secrete inflammatory media-
tors, such as histamine, growth factors, cytokines, and chemokines, and
play a very important role in allergic diseases. (Ye et al., 2017). Mast
cells express a high-affinity IgE receptor, FcεRI, on the surface, are
activated by reacting immediately with antigen, and act as important
effector cells of immediate hypersensitivity. Antigen crosslinking of IgE
bound to FcεRI is required to induce mast cell activation. Mast cells
activated by IgE and FcεRI crosslinking are degranulated, and histamine
and allergy mediators are generated and released in this process.
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(Kawakami et al., 2009).
Keratinocytes form the majority of epidermal cells and play a very

important role in AD pathogenesis. The keratinocytes play a role in
maintaining skin homeostasis through recruiting immune cells, such as
neutrophils, monocytes, and T cells, via the production of chemokines
and cytokines. Stimulation of keratinocytes with TNF-α and IFN-γ result
in the production of inflammatory chemokines and cytokines such as
those regulated on activation and normal T-cell expressed and secreted/
CCL5 (RANTES); IL-8; IL-6; thymus- and activation-regulated chemo-
kine/CCL17 (TARC); and macrophage-derived chemokine (MDC).
These chemokines and cytokines promote the inflammatory response
with AD skin lesions and recruit inflammatory cells associated with the
development and severity of AD.

Jageum-Jung (JGJ) is an oriental herbal formula comprising five
herbs (Melaphis chinensis Bell, Cremastra variabilis Nakai, Knoxia valer-
ianoides Thorel, Euphorbia lathyris L., and Moschus moschiferus L.) and
has been used for detoxification and for treating cancer and in-
flammatory diseases in China, Japan, and Korea (Jong Won Kim et al.,
2009). According to previous studies, JGJ reduced the production of
NO and ROS in HepG2 hepatoma cells. In addition, JGJ shows G2/M
phase cell cycle arrest inhibitory effect via suppressing the expression of
cyclin B1, cdk4 and cyclin E, which are involved in the regulation of the
cell cycle, and increasing the expression of Rb, p53, and p21 (Il-dong
Park and Chong-kwan, 2002; Park In-Woo et al., 2018; Young-kee Cho
et al., 2007).

Corticosteroids are widely used to treat AD; however, repeated ad-
ministration of corticosteroids leads to serious side effects, including
osteoporosis, bone avascular necrosis, skin thinning, and facial edema.
Therefore, alternatives with minimal side effects in long-term use have
been considered in drug development for chronic diseases, such as AD.

In this study, we clarify the anti-AD and anti-inflammatory effects of
JGJ using TNF-α / IFN-γ treated human keratinocyte HaCaT cells and
DNCB-treated mice.

2. Materials and methods

2.1. Cell culture and reagents

The human keratinocyte cell line HaCaT was provided by Dr. Misun
Won, Korea Research Institute of Bioscience and Biotechnology. Cells
were cultured in Dulbecco's modified Eagle's medium supplemented
with 10% fetal bovine serum (FBS) and penicillin/streptomycin under a
humidified atmosphere of 95% air and 5% CO2 at 37 °C. Complete cell
culture medium, FBS, and antibiotics were purchased from Lonza
(Basel, Switzerland). Recombinant human TNF-α, IFN-γ, and ELISA kits
for RANTES, TARC, IL-6, and IL-8 were obtained from BioLegend (San
Diego, CA, USA). Primary and secondary antibodies used in western
blot analyses were purchased from Cell Signaling Technology (Boston,
MA, USA). All other chemicals were of reagent grade. Gallic acid, me-
thylgallate, ellagic acid, muscone, and 1,2,3,4,6-penta-O-galloyl-β-D-
glucose (PGG) were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Militarin, ingenol, and eudesmin were purchased from Faces
Biochemical Co., Ltd. (Wuhan, China). The purities of these eight re-
ference standards were> 98%, and their structures are shown in
Fig. 7. Acetonitrile of HPLC grade was purchased from Fisher (Pitts-
burgh, PA, USA) and trifluoroacetic acid (TFA) from Sigma-Aldrich (St.
Louis, MO, USA). Ultrapure water was prepared using Puris-Evo UP
Water system with Evo-UP Dio VFT and Evo-ROP Dico20 (Mirae ST Co.,
Ltd., Anyang, Gyeonggi-do, Korea).

2.2. Preparation of JGJ

JGJ was obtained from the Chung Shin herbal medicine shop (Dag-
gu, Korea) and prepared as per a recipe described previously (Young-
kee Cho et al., 2007). All constituents of JGJ have been recognized as
standard products by the Korea Ministry of Food and Drug Safety. JGJ

powder was dissolved in dimethyl sulfoxide and centrifuged at
14,000 rpm for 10min. The resulting supernatant was filtered through a
0.2 mm syringe membrane filter and then stored at 4 °C prior to its use
for in vitro assays. For in vivo assays, JGJ powder was dissolved in a
solution of 0.5% carboxymethyl cellulose (CMC) and 0.9% NaCl. For
HPLC analysis of JGJ, the standard stock solutions were prepared by
dissolving accurately weighed in 100% methanol (1 mg/mL). JGJ was
extracted in 100% methanol (10mg/mL) by ultrasonic for 30min. All
working solutions were filtered through 0.2 µm syringe membrane filter
from Whatman Ltd (Maidstone, UK) before injection into the HPLC-
DAD system.

2.3. Cell-counting kit (CCK) assay

Cytotoxicity was analyzed using a CCK. CCK assay was performed as
described previously (Yang et al., 2016a). Briefly, cells were allowed to
attach to plates, treated with 50, 100, and 200 μg/mL JGJ, and in-
cubated at 37 °C in a 5% CO2 incubator for 24 h. CCK solutions were
added to each well, and the plates were incubated for 1 h. Optical
density was measured at 570 nm using an ELISA plate reader (Infinite
M200, Tecan, Männedorf, Switzerland).

2.4. Measurement of cytokine and chemokine production

HaCaT cells (1× 106 cells/well) were seeded in six-well plates.
After 18 h, the cells were treated with JGJ for 1 h at 37 °C in a 5% CO2

incubator. After treatment, TNF-α/IFN-γ (10 ng/mL each) was added,
and the incubation continued for another 24 h. Culture medium was
then harvested, and chemokine levels in supernatants were measured
using ELISA kits as per the manufacturer's instructions. The inhibitory
effect of JGJ was determined based on absorbance at 450 nm, which
was measured using an ELISA reader.

2.5. RNA isolation, reverse transcription, quantitative real-time PCR (Q-
PCR)

Total RNA was isolated from HaCaT cells using the RNA-Spin total
RNA extraction kit (iNtRoN, Daejeon, Korea) as per the manufacturer's
instructions. Total RNA was reverse transcribed into cDNA using the
AccuPower CycleScript RT premix (Bioneer). cDNA was amplified with
AccuPower 2×Greenstar qPCR Mastermix (Bioneer) using the CFX96
TouchTM Real-Time PCR Detection Systems (Bio-Rad Laboratories Inc.,
Irvine, CA, USA). For measuring TARC, RANTES, IL-8, and MDC mRNA,
PCR conditions employed were those as previously described (Yang
et al., 2015). Relative expression was calculated using the software CFX
Manager™ (Bio-Rad Laboratories Inc., Irvine, CA, USA). Individual
transcripts in each sample were assayed thrice and normalized to β-
actin mRNA levels.

2.6. Western blot analysis

Protein expression was assessed using western blot analysis.
Proteins were extracted in radio-immunoprecipitation assay lysis buffer
(Millipore, Bedford, MA, USA) containing protease and phosphatase
inhibitor cocktail (Roche, Basel, Switzerland). Cell lysates were then
separated via electrophoresis in sodium dodecyl sulfate-polyacrylamide
gels, and the separated proteins were electrotransferred onto PVDF
membranes. The blots were blocked with 3% BSA and incubated with
primary antibodies at 4 °C overnight and then incubated with horse-
radish peroxidase-conjugated secondary antibodies for 1 h at room
temperature. Specific proteins were detected using Super Signal West
Femto Chemiluminescent Substrate (Thermo Scientific, Rockford,
USA).
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2.7. Immunocytochemistry (ICC) analysis

HaCaT cells were pretreated with JGJ for 1 h and stimulated with
TNF-α/IFN-γ (10 ng/mL each) for 20min. ICC analysis was performed
following a previous method (J.H. Yang et al., 2017). The fixed cells
were incubated with anti-p65 and anti-signal transducer and activator
of transcription (STAT)−1 antibodies (mouse monoclonal antibodies;
Cell Signaling Technology, MA, USA) and the cells were incubated with
secondary Alexa-Fluor-488- and Alexa-568-labeled antibodies (goat
anti-mouse; Life Technologies, CA, USA). Nuclei were stained using
DAPI solution for 10min at room temperature. All samples were then
observed using a confocal microscope (FV3000 FLUOVIEW, Olympus,
Tokyo, Japan).

2.8. Animals

Male BALB/c mice (5 weeks old) were purchased from Samtako
BioKorea (Osan, Korea) and observed daily for 1 week during quar-
antine and acclimation. The mice were then divided into five groups
(n=5 per group): (1) negative control (vehicle), (2) DNCB +vehicle
(control), (3) DNCB +50mg/kg JGJ, (4) DNCB +100mg/kg JGJ, and
(5) 1mg/kg dexamethasone. All groups were maintained under stan-
dard conditions of temperature (22.5 °C± 0.5 °C), humidity
(42.6% ± 1.7%), lighting (12 h, 8:00 a.m.–8:00 p.m., 290 lx), ventila-
tion (10–15 times per hour), and diet (Teklad Global Diets, Harlan
Laboratories Inc., USA). This study was conducted as per guidelines
listed in the Pharmaceutical Affairs Act of the Korea Food and Drug
Association and approved by the Institutional Animal Care and Use
Committee of Korea Conformity Laboratories (IA11–00920).

2.9. RBL-2H3 cell culture and β-hexosaminidase release assay

RBL-2H3 cells were obtained from the Korean Cell Line Bank (Seoul,
Korea) or the American Type Culture Collection (Manassas, VA, USA).
IgE-sensitized cells were treated with JGJ for 30min and then stimu-
lated with 0.1 μg/mL dinitrophenyl–human serum albumin (DNP–HSA)
for 4 h. The culture medium of IgE-sensitized RBL-2H3 cells treated
with JGJ were mixed with 25 μL of the 4-methyl-umbellyferyl-N-acetyl-
β-d-glucosaminide (10mM, p-NAG) in sodium citrate buffer (0.1 M, pH
4.5) and then incubated for 1 h at 37 °C according to a previous report
(Park et al., 2016). The absorbance was measured at 405 nm using a
microplate reader.

2.10. Induction of AD and drug treatment

The AD-like mouse model involved induction as described pre-
viously (Yang et al., 2016b). DNCB dissolved in an acetone:olive oil
mixture (3:1 vol/vol) was applied to the dorsal skin and both ears of
BALB/c mice to induce AD-like symptoms and skin lesions. JGJ dis-
solved in saline + 0.5% CMC (10-mL/kg body weight) was orally ad-
ministered by gavage at a dose of 50 or 100mg/kg thrice a week for 4
weeks (days 0–24), and dexamethasone (1mg/kg; Sigma-Aldrich) was
used as a control drug.

2.11. Ear thickness measurements and histopathological analysis

Ear thickness in each mouse was measured using a micrometer
(Mitutoyo, Kawasaki, Japan). To minimize variation, a single in-
vestigator performed all measurements. Dorsal skin lesion samples from
each mouse were fixed with 4% paraformaldehyde overnight at room
temperature. Hematoxylin and eosin staining and analysis of fixed
samples were performed by a commercial company (Garam Meditech,
South Korea). All samples were observed using a microscope (Nikon
Eclipse Ti, Nikon, Tokyo, Japan), and data are representative of five
observations.

2.12. Chromatographic conditions

The analytical HPLC data were obtained using a Dionex Ultimate
3000 system equipped with binary pump, auto-sampler, column oven,
and diode array UV/VIS detector (DAD). The output signal of the de-
tector was recorded using a Chromeleon software for HPLC system.
Chromatographic separation was achieved on a XbridgeⓇ C18 column
(5 µm, 4.6× 250mm, Waters Co., Milford, MA, USA) using 0.1% TFA
water (v/v); solvent A and acetonitrile; solvent B as mobile phase at a
flow rate of 1mL/min. The HPLC elution condition was optimized as
follows: 0–5min, 5% B; 5–20min, 5–15% B; 20–50min, 15–30% B;
50–70min, 30–70% B. The column oven and auto-sampler injection
volume were set at 40 °C and 10 μL, respectively. The detected wave-
length was set at 280 nm and total run time was 70min.

2.13. Statistical analysis

Data were analyzed using the software GraphPad Prism ver 5.0
(GraphPad Software, San Diego, CA, USA). Data are represented as
means± S.E. and evaluated using Student's t-test or analysis of var-
iance. A p-value of< 0.05 was considered statistically significant. All
experiments were performed at least in triplicate.

3. Results

3.1. Effects of JGJ on HaCaT cell viability

As shown in Fig. 1, JGJ showed some cytotoxic effect on HaCaT cells
at a concentration of 200 μg/mL but not at 100 μg/mL. Therefore, the
experiment was conducted with the highest concentration selected as
100 μg/mL in the next test.

3.2. JGJ inhibits production of chemokines and cytokines in TNF-α- and
IFN-γ-treated human keratinocytes

To assess the anti-inflammatory effects of JGJ in AD, inflammatory
cytokines and chemokines produced upon TNF-α/IFN-γ co-stimulation in
HaCaT human keratinocytes were measured. Pro-inflammatory chemo-
kine and cytokines s, including RANTES, TARC, IL-8, and IL-6, have been
found to be produced or secreted from numerous inflammatory diseases,
including AD (Tapia et al., 2007). The cells were pretreated with JGJ for
1 h, and then stimulated with TNF-α/IFN-γ for 24 h; subsequently, the
supernatants were analyzed for RANTES, TARC, IL-6, and IL-8 using
ELISA. We found that specific cytokines or chemokines were excessively
produced after simultaneous TNF-α/IFN-γ stimulation and were dose-de-
pendently inhibited by JGJ. The results showed that JGJ suppressed the
production of IL-8, IL-6 and, conspicuously, both TARC and RANTES in a
dose-dependent manner (Fig. 2A and B).

Fig. 1. Cell toxicity of JGJ in HaCaT cells. Cytotoxicity of JGJ was determined
using CCK-8 assays. After HaCaT cell attachment in 96-well plates, indicated
concentrations of JGJ were added and the plates incubated for 24 h. Data are
represented as mean± S.E. of three independent experiments. JGJ, Jageum-
Jung; CCK, cell-counting kit; S.E., standard error.
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3.3. JGJ inhibits mRNA expression of chemokines in TNF-α- and IFN-γ-
treated human keratinocytes

The effects of JGJ on mRNA expression of IL-8, RANTES, TARC, and
MDC from HaCaT cells was quantified using qPCR. We found that the
mRNA level of the inflammatory mediators increased by stimulation
with TNF-α/IFN-γ was significantly reduced (Fig. 3).

3.4. JGJ inhibits p38 phosphorylation in TNF-α/IFN-γ-stimulated HaCaT
cells

Immunoblotting was used to determine the effects of JGJ on the
phosphorylation of MAPK in HaCaT cells (Fig. 4). Results showed that
the levels of phosphorylated p38 MAPKs were reduced because of JGJ
treatment in TNF-α/IFN-γ-stimulated HaCaT cells but the treatment did
not affect total p38 expression (Fig. 4A and B).

Fig. 2. Effect of JGJ on the production of in-
flammatory mediators from HaCaT cells sti-
mulated with TNF-α / IFN-γ. Production of (A)
RANTES, (B) TARC, (C) IL-6, and (D) IL-8 was
determined using culture supernatants of
HaCaT cells stimulated for 24 h with TNF-α/
IFN-γ. Cells were pretreated with indicated
concentrations of JGJ (25, 50, and 100 μg/mL)
for 1 h and then stimulated with TNF-α/IFN-γ
(10 ng/mL each) for 24 h. Data are represented
as mean± S.E. of three independent experi-
ments. ***p < 0.001 compared with the TNF-
α/IFN-γ-treated control group. JGJ, Jageum-
Jung; TNF, tumor necrosis factor; IFN, inter-
feron; RANTES, regulated on activation,
normal T-cell expressed and secreted/CCL5;
TARC, thymus- and activation-regulated che-
mokine/CCL17; IL, interleukin; S.E., standard
error.

Fig. 3. Effect of JGJ on the mRNA expression
of inflammatory mediators from HaCaT cells
stimulated with TNF-α / IFN-γ. HaCaT cells
were pretreated with JGJ for 1 h and then sti-
mulated with TNF-α/IFN-γ (10 ng/mL each)
for 6 h. Total mRNA was extracted, and levels
of (A) TARC, (B) RANTES, (C) IL-8, and (D)
MDC-1 were determined using real-time
quantitative PCR. Data are represented as
mean± S.E. of three independent experi-
ments. ***p < 0.001 compared with the TNF-
α/IFN-γ-treated control group. JGJ, Jageum-
Jung; TNF, tumor necrosis factor; IFN, inter-
feron; RANTES, regulated on activation,
normal T-cell expressed and secreted/CCL5;
TARC, thymus- and activation-regulated che-
mokine/CCL17; IL, interleukin; MDC-1, med-
iator of DNA damage checkpoint protein 1;
S.E., standard error.
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Fig. 4. Effects of JGJ on MAPK, STAT-1, and
IκB-α degradation from HaCaT cells stimulated
with TNF-α / IFN-γ. HaCaT cells were pretreated
with JGJ for 1 h and then stimulated with TNF-
α/IFN-γ (10 ng/mL each) for 30min. Levels of
phosphorylation and expression were de-
termined by western blot using the indicated
antibodies. (A) Effects of JGJ on MAPK phos-
phorylation in HaCaT cells. (B) Effects of JGJ on
STAT-1 activation and IκB-α degradation. Blots
were quantified using densitometry, and nor-
malized to total protein and β-actin. Bars re-
present quantitative densities of bands. Relative
protein abundance was calculated for the in-
dicated ratios. Data are represented as
mean± S.E. of three independent experiments.
*p < 0.05, **p < 0.01, ***p < 0.001, and
###p < 0.001 compared with the TNF-α/IFN-γ-
treated control group. JGJ, Jageum-Jung; TNF,
tumor necrosis factor; IFN, interferon; MAPK,
mitogen-activated protein kinase; STAT-1, signal
transducer and activator of transcription 1; S.E.,
standard error.

Fig. 5. Effects of JGJ on STAT-1 and NFκB p65 translocation from HaCaT cells stimulated with TNF-α / IFN-γ. Confocal microscopy analysis of NF-κB p65 and STAT-1
in HaCaT cells. Cells were pretreated with JGJ (50 and 100 μg/mL) for 1 h and stimulated with TNF-α/IFN-γ for 20min. HaCaT cells were triple stained for STAT-1
(green, A), NF-κB p65 (red, B), and DAPI (blue, C). Merged images (Merged, D) indicates colocalization. Vehicle (DMSO); Control (vehicle + TNF-α/IFN-γ). JGJ,
Jageum-Jung; TNF, tumor necrosis factor; IFN, interferon; STAT-1, signal transducer and activator of transcription 1; DMSO, dimethyl sulfoxide; DAPI, 4′,6-dia-
midino-2-phenylindole; S.E., standard error.
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3.5. JGJ inhibits NFκB and STAT-1 activation in TNF-α/IFN-γ-stimulated
HaCaT cells

IκB-α is a regulatory protein that binds to NF-κB protein and blocks
the activation signal to sequester it in the inactive state from the cy-
toplasm and inhibits NF-κB. When IκB-α is degraded, NF-κB is activated
and the inflammatory signaling pathway proceeds. We evaluated IκB-α
degradation and STAT-1 activation. As shown in Fig. 4C and D, acti-
vation of STAT-1 was increased by treatment with TNF-α / IFN-γ, but in
the group treated with JGJ, the activation of STAT-1 was significantly
decreased. IκB-α was significantly degraded by treatment with TNF-α/
IFN-γ; however, pretreatment with JGJ reduced this degradation.

3.6. JGJ inhibits NFκB-p65 and STAT-1 translocation in TNF-α/IFN-γ-
stimulated HaCaT cells

We investigated the ability of JGJ to inhibit translocation factors in
TNF-α/IFN-γ-stimulated HaCaT cells. We performed immuno-
fluorescence microscopy to confirm whether treatment with JGJ could
inhibit nuclear translocation of the inflammatory transcription factors
NFκB and STAT-1. TNF-α/IFN-γmarkedly increases the translocation of
NFκB and STAT-1 into the nucleus and strengthens the fluorescence
intensity (Red, NFκB; Green, STAT-1) in the nucleus (Fig. 5). The results
clearly suggested that the NFκB and STAT-1 signaling pathway is af-
fected by JGJ and that JGJ can therefore be used as an anti-AD agent.

3.7. JGJ inhibits mast cell degranulation and attenuates DNCB-induced AD-
like skin lesions in mice

To investigate the effect of JGJ on AD-like skin lesions induced by
DNCB, we repeatedly exposed the dorsal skin region of the BALB/c
mouse and ear skin area to DNCB. We observed significantly improved
skin conditions in JGJ-treated mice compared to control group mice
(Fig. 6A). JGJ reduced epidermal thickness of dorsal skin and thickness
of ear skin increased by DNCB dose dependently (Fig. 6B and C).

Furthermore, we analyzed β-HEX release to determine the effect of
JGJ on mast cell degranulation and measured cell viability in RBL-2H3
cells (Fig. 6D and E). As shown in Fig. 6E, JGJ potently reduced β-HEX
release and reduced degranulation response dose dependently in RBL-
2H3 cells. These results showed that JGJ has a beneficial effect that can
reduce symptoms of AD-like skin inflammation in mice.

3.8. HPLC analysis of JGJ

According to the maximum absorption of the standards, UV detector
was set at 280 nm for HPLC analysis of eight standard compounds, in-
cluding gallic acid (1), methylgallate (2), militarin (3), ellagic acid (4),
PGG (5), ingenol (6), muscone (7), and eudesmin (8). The HPLC
chromatograms of standard mixture and JGJ extract are presented in
Fig. 7. The mixed standards were indicated at the retention time of 4.57
(1), 15.19 (2), 21.99 (3), 25.46 (4), 29.57 (5), 53.01 (6), 57.51 (7), and

Fig. 6. Effects of JGJ on DNCB-induced AD-like symptoms and degranulation of mast cells. (A) Histopathological analyses for AD severity in DNCB-induced AD-like
skin lesions in mic. (B) H&E staining of the dorsal skin for oral administration of JGJ or dexamethasone. (C) Ear thickness in mice with DNCB-induced AD-like skin
lesions. (D) Effect of JGJ on viability of RBL-2H3 mast cells. (E) Release of β-hexosaminidase in RBL-2H3 mast cells. Cells were treated with JGJ for 30min and then
with DNP–HSA (0.1 μg/mL) for 4 h. Data are represented as mean± S.E. of least three independent experiments; data were tested using analysis of variance with
Bonferroni's post-hoc testing. ** p < 0.01 and *** p < 0.001 compared with the DNP–HSA-treated group.
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60.84min (8). Under the same conditions, the components in JGJ were
observed at 4.57 (1), 15.19 (2), 21.81 (3), 25.46 (4), 29.56 (5), 52.98
(6), 57.46 (7), and 60.84min (8) by comparing ultraviolet (UV) spec-
tral data with the standard compounds.

4. Discussion

AD is an acute and chronic inflammatory skin disease with high
prevalence and recurrence rate. In acute phase, levels of infiltrated
helper T (Th) cells and associated cytokines are increased, accompanied
by IgE hyper-production due to the release of histamines and several
pro-inflammatory mediators that cause pruritus in inflammatory skin
lesions.

Keratinocytes and mast cells play central rules in AD. Keratinocytes
are initiated by stimuli mechanical injuries such as scratching behavior
and actively participate in the immune response of the skin by produ-
cing various solubility factors. Among the solubility factors,

keratinocyte-derived chemokines and cytokines are known to be di-
rectly related to the pathogenesis of AD (Asahina and Maeda, 2017).
Mast cells are mainly observed in the epidermis of atopic patients,
particularly in skin connective tissues and around capillaries (Imayama
et al., 1995). High-affinity receptors for IgE (FcɛRI) are expressed in
mast cells and agglutinate or crosslink upon IgE binding and induce
activation of cells. Mast cells are closely related to AD pathogenesis in
the majority of patients with AD, characterized by increased IgE, in-
creased sensitization to allergens, and massive secretion of in-
flammatory mediators from mast cells (Kawakami et al., 2009).

Pro-inflammatory mediators, such as cytokine, chemokine, IL-8,
TARC, IL-6, RANTES, and MDC, play important roles in the progression
of inflammation due to the activation of monocyte. These common
mediators activate and recruit immune cells at the site of chronic in-
flammation and are associated with high levels of cytokine and che-
mokine expression in patients with AD that Th2 lymphocytes infiltra-
tion in skin lesions (Jeong et al., 2010; Lee et al., 2008; Pham et al.,

Fig. 7. Measurement of representative components of JGJ by HPLC analysis. HPLC chromatograms of eight standard compounds mixture (A) and JGJ (B) at 280 nm.
1, gallic acid; 2, methylgallate; 3, militarin; 4, ellagic acid; 5, PGG; 6, ingenol; 7, muscone; 8, eudesmin.
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2017; Tanaka et al., 2006; Yang et al., 2015).
Cytokines such as TNF-α and IL-1 bind to the endothelial receptors

and activate cell signaling, including the NF-kB pathway, in resident
cells such as keratinocytes, mast cells, and DCs (Leung et al., 2004). IκB-
α is a well-known regulatory protein that inhibits NF-κB by masking the
nuclear localization signal of NF-κB protein and sequestering it from the
cytoplasm to an inactive state. When IκB-α is degraded, NF-κB is acti-
vated and inflammatory signaling pathway proceeds.

IFN-γ is a potent inducer of the synthesis of cytokines and chemo-
kines of keratinocytes and expresses high-affinity receptors of IFN-γ on
the surface of human keratinocytes. In addition, activated keratinocytes
synthesize adhesion molecules with IFN-γ (Pastore et al., 1998). IFN-γ
has high-affinity receptors, such as IFN-γR1 and IFN-γR2, and binds to
the Janus tyrosine kinases JAK1 and JAK2 immediately bound with the
IFN-γ receptor. JAK1 and JAK2 induce docking and phosphorylation of
STAT-1 and phosphorylate IFN-γ receptor. STAT-1 phosphorylation has
been confirmed to play an important role in IFN-mediated innate im-
munity against microbial infections, particularly inflammatory reac-
tions. In addition, IFN-γ is reported to stimulate the activation of MAPK
and the activation of NF-κB (Kang et al., 2015).

For the past few decades, anti-histamine agents, immunosuppressive
agents, moisture care therapy, corticosteriods, or localized im-
munoregulatory agents have been used in treating AD, and whole body
corticosteroid treatment is often chosen for severe cases of AD.
However, topical corticosteroids and long-term use of oral have been
reported to cause drug intolerance and side effects. Recently, a new
local calcineurin inhibitor was used in treating AD, but it was not ef-
fective. Accordingly, further studies are needed to develop safer and
more efficacious therapies against AD (Z. Yang et al., 2017).

In conclusion, JGJ improved AD-like skin lesions in DNCB-treated
mice and inhibited degranulation of mast cell and production of pro-
inflammatory chemokine by inhibiting TNF-α/IFN-γ-induced STAT-1
and NFκB signaling in HaCaT cells. These results demonstrate that JGJ
can be used as a candidate agent for treating AD.
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