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ARTICLE INFO ABSTRACT

Ethnopharmacological relevance: Atopic dermatitis (AD) is a pruritic, chronic, relapsing inflammatory skin dis-
ease. Gardenia jasminoides extract (GJE) has been used as a traditional remedy for the treatment of various
crocin inflammatory diseases, including AD. The specific effects of the extract components, which include crocin,
Atopic def{natitis geniposidic acid, and gardenoside, on inflammatory responses in AD are not entirely clear.

NC/Nga mice Aim of the study: We determined the effects of G. jasminoides extract with crocin removed (GJE-C) on AD-like
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Gardenia jasminoides extract

IgE
Tghz response skin lesions in Dermatophagoies farina crude extract (Dfe)-treated NC/Nga mice, a well-known AD mouse model.
Chemokines Materials and methods: To prepare the mice, 150 pl of 4% sodium dodecyl sulfate (SDS) was applied to the

shaved dorsal skin or ear of NC/Nga mice 1h before application of 100 mg Dfe. After 7 d, GJE-C was applied
every day for 14 d. We performed behavior, histological, ELISA, assays to evaluate chemokines, cytokines, and
skin barrier proteins in skin or serum samples from treated and untreated NC/Nga mice.

Results: Topical application of GJE-C improved the severity scores of the AD-like skin lesions, frequency of
scratching, and ear swelling in Dfe-treated NC/Nga mice similar to the complete GJE. In addition, GJE-C also
reduced serum IgE and chemokine levels as well as the inflammatory response. Topical application of GJE-C also
resulted in decreased infiltration of inflammatory cells, such as mast cells, via reduction of Th2 inflammatory
mediators, including interleukin (IL)-4, IL-5, and IL-13, pro-inflammatory cytokines, and chemokines, and in-
creased skin barrier protein expression in Dfe-treated NC/Nga mice. The GJE components geniposidic acid and
gardenoside inhibited the production of atopic-related chemokines in HaCaT cells, but inclusion of crocin
dampened this inhibition of chemokine production.

Conclusions: Together, these findings indicate that GJE-C may improve AD-like lesions by inhibiting the Th2
inflammatory response and expression of chemokines while increasing the expression of skin barrier proteins.
These data provide experimental evidence that GJE-C may harbor therapeutic potential for AD.

1. Introduction

Atopic dermatitis (AD) is a major inflammatory skin disorder
characterized by severe itching and relapsing eczematous lesions. The
pathogenesis of AD has been attributed to a complex interaction be-
tween a thickened epidermis, skin barrier defects, and immunologic
abnormality. Skin barrier proteins, include filaggrin, loricrin, and in-
volucrin, are essential proteins in the defense against the development
and aggravation of AD. Destruction of skin barrier proteins is an

important process in the pathogenesis of AD, and such destruction is the
result of sensitive inflammatory reactions accompanied by erythema,
lichen sores, itchiness, and subsequent scratching of the skin
(Abramovits, 2005). Immunologically, an abnormal Th2-cell immune
response induces elevated immunoglobulin E (IgE) levels and infiltra-
tion of AD effector cells, such as mast cells (Choi et al., 2017), poten-
tially aggravating the disease and triggering systemic Th2 responses,
including respiratory allergies (Lee et al., 2015; Choi et al., 2014b).
Thymus and activation regulated chemokine (TARC) and interleukin

Abbreviations: AD, atopic dermatitis; GJE, Gardenia jasminoides; GJE-C, Gardenia jasminoides extract with crocin removed; Dfe, Dermatophagoies farina crude extract;
EP, epidermis; DE, dermis; HF, hair follicle; KIOM, Korea Institute of Oriental Medicine
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(IL)-4, —5, and —13, which are produced by Th2 cells, are strongly
associated with the onset and development of AD (Yamada et al., 2018).
Many chemokines and inflammatory cytokines, such as IL-8, regulated
on activation normal R cell expressed and secreted (RANTES), and
tumor necrosis factor alpha (TNF-a), affect the skin barrier damage and
the inflammatory mechanisms (Cha et al., 2017), further complicating
the relationship between the skin barrier defect and the inflammatory
response in AD.

NC/Nga mice harbor a mutation on chromosome 9, leading to in-
creased IgE production and a Th2-dominant inflammation. Many stu-
dies used Dfe-induced in Nc/Nga mice as atopic dermatitis animal
model (Oshio et al., 2009; Yamamoto et al., 2007) These pathophy-
siological characteristics in NC/Nga mice strongly resemble human AD,
and thus, this mouse strain has served as a useful model to analyze the
pathological mechanisms of human AD (Lee et al., 2015; Yagi et al.,
2002; Suto et al., 1999). In agreement with the results of the mutation
in these mice, previous studies demonstrated the involvement of Th2
cells in the development of AD-like skin lesions in NC/Nga mice (Cha
et al., 2017; Kim et al., 2011).

Traditionally, Gardenia jasminoides was used in many Asian coun-
tries for the treatment of inflammatory disorders, and ulcers of the skin,
suggesting its anti-inflammatory effects (Ma et al., 2017). Indeed, stu-
dies reported that G. jasminoides inhibits expression of inflammatory-
related factors, such as TNF-a, IL-4, and CD68, in inflammatory disease
models, including asthma or allergies (Deng et al., 2013; Zang et al.,
2018; Sung et al., 2014). G. jasminoides extract (GJE) contains iridoid
glycosides and their agalycones, including gardenoside, geniposide, and
crocin (also called gardenia yellow; Yu et al., 2009). In previous studies,
we reported that geniposide, but not crocin, is the active GJE compo-
nent that suppresses histamine release in vitro (Sung et al., 2014).
Therefore, we aimed to determine whether application of GJE with the
crocin removed (GJE-C) suppresses the Th2 cytokine production re-
quired for the serum IgE response, infiltration of mast cells, and de-
fective skin barrier in AD in NC/Nga mice.

2. Materials and Methods
2.1. Animals and ethics

Male NC/Nga mice (8 weeks old) were purchased from Central Lab
Animal Inc. (Seoul, Korea). The mice were fed a standard laboratory
diet (Purina 38057, Cargill Agri Purina Inc., Sungnam, Korea) and
water ad libitum and were provided with a natural corncob bedding
material (BioCOB 10384197, Bio System Corporation Pte Ltd, Peninsula
Plaza, Singapore). All procedures conformed to regulatory standards
based on the National Institutes of Health guidelines and were approved
by the Institutional Animal Care and Use Committee at the Korea
Institute of Oriental Medicine (KIOM).

2.2. Animal experimental design

The skin dermal barrier was disrupted via application of 150 ul 4%
sodium dodecyl sulfate (SDS) to the shaved dorsal skin or ear of NC/
Nga mice 3h before application of 100 mg of crude Dermatophagoies
farina extract (Dfe; Biostir Inc., Kobe, Japan). Mice were treated with
Dfe two times each week for 3 weeks (Fig. 1A). Then, 7 d after final Dfe
application, GJE or GJE-C dissolved in acetone:olive oil (4:1 v/v) was
applied every day for 14 d. The NC/Nga mice were randomly divided
into five groups: normal (untreated), AD-control (Dfe only), 100 mg of
AD-GJE, or AD-GJE-C, and tacrolimus (0.1% protopic ointment, posi-
tive control). For the normal and control group, the same volume of
vehicle without GJE or GJE-C was applied.

2.3. Preparation of GJE and GJE-C

The G. jasminoides was obtained from Mega Herb, Co. (CheonBuk,
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Korea). A voucher specimen (no. KIOM 32/KIOM 51) was deposited at
the herbarium of the Herbal Medicine Research Division at the KIOM.
G. jasminoides dried plants (100 g) were extracted in 1 L of 70% ethanol
for 120 min followed by filtration sequentially through 5-um and 1-ym
filters. The extract was dried under reduced pressure and subsequently
stored at —20 °C until use. The extract yield was 87.3%.

To prepare the GJE-C, G. jasminoides dried plants were extracted
with 70% ethanol for 120 min and followed by sequential filtration
through 5-um and 1-um filters. The filtrate was incubated with acti-
vated carbon. After filtration through a 1-um filter, the extract was
dried under reduced pressure with a yield of 57.3%.

The plant name was checked at www.theplantlist.org on Nov 8.
2018.

2.4. Ear thickness/scratching

Scratching behavior and ear thickness were measured twice each
week. Using a scratching behavior test, scratching frequency of the
rostral back and of the caudal back was measured for 20 min. Ear
thickness was measured using a digital caliper (©CAS, Seoul, Korea).

2.5. Evaluation of dermatitis severity

The severity of dermatitis was evaluated in ear and skin lesions
according to erythema/hemorrhage, edema, scarring/dryness, and ex-
coriation/erosion. The total clinical dermatitis severity score for each
mouse was defined as the sum of the individual scores (0, no symptoms;
1, mild; 2, moderate; and 3, severe), yielding an overall dermatitis score
ranging from O to 12. At the start of this experiment, the score for each
group was 0.

2.6. Analysis of IgE, histamine, and TARC

Serum from mice was collected and stored at —80 °C until use. The
levels of IgE, histamine, and TARC, IL-4, IL-5, IL-13, TNF-a were as-
sessed using ELISA kits (Abcam, Cambridge, UK; Oxford Biomedical
Research Inc., Oxford, MI, USA; and R&D Systems Inc., Minneapolis,
MN, USA, respectively) according to the manufacturers’ protocols. The
absorbance was measured using a Thermo MultiSkan GO Microplate
Reader (Thermo Fisher Scientific, Waltham, MA, USA).

HaCaT cells (3 x 10° cells) were seeded in wells of a 24-well culture
plate and incubated for 24 h. The following day, the cells were stimu-
lated with TNF-a (10ng/ml, R&D Systems) and interferon (IFN)-y
(10 ng/ml, R&D Systems). The cells were subsequently incubated with
GJE or GJE-C for 24 h. The production of MDC, RANTES, TARC and
TSLP in the supernatants was measured using ELISA kits (R&D systems)
according to the manufacturer's protocol.

2.7. Histopathological analysis

All trimmed ear and dorsal back skin tissues were re-fixed in 10%
neutral-buffered formalin (NBF) for 24h for histopathological ob-
servation. Following fixation, paraffin blocks were prepared for all
samples, and one individual ear and one individual dorsal back skin
sample from the same animal were located in one block. Then, 3-4-uym
serial sections were prepared as three serial sections. Representative
sections were stained with hematoxylin and eosin (H&E) for general
histopathology and with Toluidine blue (TB) stain for mast cells ac-
cording to previously established methods (Chiba et al., 2012; Kim
etal., 2012, 2013; Kawahara et al., 2017). Then, histological profiles of
individual sections of the ear and dorsal back skin were observed under
a light microscope (Model Eclipse 80i, Nikon, Tokyo, Japan). To ex-
amine changes in more detail, epidermal thicknesses (um) and numbers
of infiltrated inflammatory cells (cellsymm? of dermis) in the ear and
dorsal back skin were calculated using a computer-assisted image
analysis program (iSolution FL ver 9.1, IMT i-solution Inc., Vancouver,
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Fig. 1. Experimental procotol and HPLC analysis. (A) Experimental protocol, To induce AD, 150 pl of 4% sodium dodecyl sulfate (SDS) was applied to the dorsal
skin or ears of NC/Nga mice. After 1 h, 100 mg of Dfe was topically applied to the dorsal back skin and ears of NC/Nga mice. After 1 week of Dfe application, the mice
were treated with GJE or GJE-C every day for 14 d. (B) Analysis of GJE-C by HPLC reveals the chemical constituents. HPLC chromatogram of GJE and GJE-C at

260 nm.

Quebec, Canada). In addition, mean mast cell numbers in the ear and
dorsal back skin dermis (cellsymm? of dermis) were also measured
using a computer-assisted image analysis program according to pre-
viously published methods (Kim et al., 2013; Kim et al., 2015a,b;
Kawahara et al., 2017).

2.8. Western blot analysis

Ear or back skin samples were homogenized in PRO-PREB protein
extraction buffer (iNtRON Biotechnology, Seongnam, Korea) to obtain
protein extracts. The proteins were fractionated via 10% SDS-PAGE and
transferred to a mini nitrocellulose membrane via a Trans Blot” TURBO
Transfer pack (Bio-Rad, Hercules, CA, USA). The membranes were in-
cubated with primary antibodies against involucrin and loricrin
(Abcam) and B-actin (Cell Signaling Technology, Beverly, MA, USA) in
blocking buffer at 4 °C overnight. The membrane was then incubated
for 1h with horseradish peroxidase-conjugated secondary antibody
(Cell Signaling Technology). The blot was developed using an ECL
substrate solution (GE Healthcare Life Sciences, Buckinghamshire, UK)
for 5min until satisfactory intensity of chemiluminescence was
achieved. The band intensities were measured using an ImageQuant
LAS 4000 apparatus (GE Healthcare Life Sciences).

2.9. Cell culture

The spontaneously immortalized human HaCaT keratinocyte cell
line (a gift from Dr. H. K. Shin, KIOM, Daejeon, Korea) was cultured in
Dulbecco's Modified Eagle's Medium (DMEM, Gibco BRL, Gaithersburg,
MD, USA) with 10% fetal bovine serum (Gibco BRL), 100 U/ml peni-
cillin (Gibco BRL), and 100 pg/ml streptomycin (Gibco BRL) at 37 °C in
a humidified 5% CO, atmosphere.

2.10. Cell viability

Cells were seeded in 96-well, flat-bottom plates (5 x 10* cells/well)
and incubated in the presence of GJE and GJE-C, geniposeide, crocin for
24 h. MTT solution (0.5 mg/ml) was added to each well for 2 h (5% CO,
at 37 °C), and 100 pl of dimethyl sulfoxide (DMSO) was added to so-
lubilize the purple formazan crystals. Absorbance at 540 nm was re-
corded by microplate reader (Thermo Fisher Scientific).

2.11. Data analysis

Values are expressed as means * standard error of the mean
(SEM). Statistical comparisons were performed using unpaired
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Fig. 2. Protective effects of GJE-C and GJE on the severity of AD-like skin lesions in Dfe-induced NC/Nga mice. (A) Photographs of AD-like back skin and ear.
(B) Overall dermatitis scores were determined from the sum of all individual scores. Ear thickness was measured two times each week, while the frequency of
scratching was measured for 20 min. (C) The concentrations of total IgE, histamine, and TARC serum levels were measured by ELISA. Data are presented as
mean = SEM. **p < 0.001 vs. normal; *p < 0.05, **p < 0.01, **#p < 0.001 vs. control; "p < 0.01, "p < 0.001 vs. control; *p < 0.05, *p < 0.01,

$3%) < 0.001 vs. control.

Student's t-test and analysis of variance (ANOVA) for repeated measures
using Sigma Plot software version 13.0, 2016 (Systat Software Inc. San
Jose, CA, USA). Differences were considered significant at p < 0.05.

3. Results
3.1. Standardization of GJE/GJE-C by HPLC

We have HPLC analysis on the GJE. In the previous study, the
proper chemical profile of GJE was identified [chemical composition of
Gardenia jasminoides fruit; geniposide acid, corocetin] (Koo et al.,
2006; Yamauchi et al., 2011). Therefore, we component measured in
GJE and GJE-C by HPLC analysis was crocin with retention time of
approximately, 15.9 min. The detection wavelength was set at 260 nm
for the standard and the samples. Calibration curves for compound
showed linearity r? > 0.9999) using the described HPLC. The
amounts of crocin in GJE and GJE-C were 8.2mg/g, 5.0 mg/g, re-
spectively (Fig. 1B).

3.2. GJE-C abrogates the severity of AD-like skin lesions and barrier
dysfunction in the Dfe-induced NC/Nga mice

We determined whether GJE or GJE-C suppresses AD-like lesion
development and barrier dysfunction in the Dfe-treated NC/Nga mouse
AD model. The Dfe-induced AD mouse showed an increased frequency
of scratching, greater ear thickness, and higher dermatitis scores than
normal untreated mice. In contrast, application of GJE resulted in

decreased frequency of scratching, ear thickness, and dermatitis scores
compared to control Dfe-induced AD mice. Moreover, treatment with
GJE-C yielded more potent suppression of the AD-like lesions (derma-
titis score at 21 d, F [6, 41] = 56.42,p < 0.001), ear thickness (21 d, F
[6,41] = 31.96,p < 0.001), and scratching (21 d, F [6, 41] = 131.46,
p < 0.001; Fig. 2A-B) than the GJE.

3.3. GJE-C suppresses the inflammatory response in Dfe-induced NC/Nga
mice

To determine whether GJE and GJE-C suppress the inflammatory
response, including inhibition chemokines and cytokines, in the Dfe-
treated NC/Nga AD mouse model, we first measured the levels of the
chemokine TARC, histamine, and IgE in the serum of the treated ani-
mals. The Dfe-treated AD mice exhibited increased TARC, histamine,
and IgE; however, these levels were reduced by GJE-C or GJE appli-
cation (TARC: F[6,20] =81.91, p < 0.001; histamine: F
[6,20] = 37.12,p < 0.001; IgE: F[6,20] = 48.30,p < 0.001; Fig. 2C).
We next performed skin and ear histological analyses of H&E-stained
samples. GJE-C application reduced hyperkeratosis, as evidenced by
epidermal thickness, and inflammatory cell infiltration in back skin and
ears of Dfe-treated NC/Nga mice, and GJE induced similar effects
(epidermal thickness back skin: F[6,41] = 131.46, p < 0.001; in-
flammatory cells back skin: F[6,41] = 52.58, p < 0.001; epidermal
thickness ear: F[6,41] = 131.14, p < 0.001; inflammatory cells ear: F
[6,41] = 188.01, p < 0.001; Fig. 3). In addition, we examined the
infiltration of mast cell using TB stain. Dfe-treated AD mice displayed
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Fig. 3. GJE-C and GJE reduced the histological features in back skin and ears of Dfe-induced NC/Nga mice. (A) H&E-stained skin samples from the indicated
mice. Analysis of epidermal thickness (um) and inflammatory cells (cells/mm? of dermis) in (B) skin and (C) ears in Dfe-induced NC/Nga mice. Data are presented as
mean * SEM. **p < 0.01 vs. normal; **p < 0.01, **#p < 0.001 vs. control; p < 0.01, p < 0.001 vs. control; *¥p < 0.01, **%p < 0.001 vs. control. Scale
bars = 80 um. EP, epidermis.

A
Normal GJE-C 1% GIJE-C 3% Tacrolimus
B
Skin Ear
120.00 140.00
100.00 T 120,00 |
100.00 -
E 'E 80.00 @ g
o # = i
gg 60.00 4 + EE s000 i
£3 X # 2 6000 o #* #
= 4000 I =g i
o R .
4000
20.00
2000 A

a5

Fig. 4. GJE-C and GJE reduced the infiltration of mast cells in back skin and ears of Dfe-induced NC/Nga mice. (A) Infiltration of mast cells in the indicated
mice is shown by TB stain. (B) Analysis of infiltration of mast cells in skin or ears of Dfe-induced NC/Nga mice. Data are presented as mean = SEM. “p < 0.01 vs.
normal; #p < 0.05, **p < 0.01, #*#p < 0.001 vs. control; “p < 0.01, p < 0.001 vs. control; **p < 0.01 vs. control. Scale bars = 80 um.
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infiltration of mast cell in back skin and ears, but application of GJE-C
or GJE decreased these histological features of AD (mast cell skin: F
[6,41] = 29.00,p < 0.001; mast cell ear: F[6,41] = 32.49,p < 0.001,
Fig. 4). These results suggest that GJE-C application results in sup-
pression of mast cell infiltration, cytokine expression, and overall in-
flammatory response similar to that of GJE application in this AD
mouse model.

3.4. GJE-C suppresses AD-related chemokines and Th1/2 immune response
in the Dfe-induced NC/Nga mice

To determine whether GJE-C also suppresses Th2-related cytokines,
chemokines, and Thl-related cytokines in the Dfe-treated NC/Nga AD
mouse model, we measured the chemokines and Th1 and Th2 cytokines
in serum from Dfe-treated NC/Nga mice using ELISA. All examined
chemokines and Th1 and Th2 cytokines increased in the serum samples
from the Dfe-treated NC/Nga mice. GJE-C or GJE application inhibited
the production of Th2 cytokines, Thl cytokines, and chemokines in the
serum of treated mice (IL-4: F[6,20] = 18.84, p < 0.001; IL-5: F
[6,20] = 25.63, p < 0.001; IL-13: F[6,20] = 39.11, p < 0.001; TNF-
a: F[6,20] = 26.99, p < 0.001; Fig. 5A-D).

3.5. GJE-C increases the expression of skin barrier proteins in Dfe-induced
NC/Nga mice

To evaluate the effect of GJE-C or GJE on skin barrier protein ex-
pression in the Dfe-treated NC/Nga AD mouse model, we measured the
expression of involucrin and loricrin protein using western blotting. The
Dfe-induced AD mice exhibited reduced involucrin and loricrin protein
expression; however GJE-C or GJE application significantly increased

the involucrin and loricrin protein levels (involucrin skin: F
[6,20] = 6.86, p < 0.001; loricrin skin: F[6,20] = 87.67, p < 0.001;
involucrin ear: F[6,20] = 12.92, p < 0.001; loricrin ear: F
[6,20] = 19.89, p < 0.001; Fig. 6). These result suggest that GJE-CR
like as GJE application caused a protective allergic response via sup-
pressed of inflammatory cytokines and mediators and upregulated of
skin barrier protein expression.

3.6. GJE-C contains geniposidic acid, but the removal of crocin slightly
suppressed production of chemokines in vitro

To evaluate the suppression of AD-related chemokine production by
GJE, we examined the effects of this extract on HaCaT cells using ELISA
analysis. The GJE compound geniposidic acid significantly reduced
production of the AD-related chemokines RANTES (F[6,20] = 103.24,
p < 0.001), TARC (F[6,20] = 54.16, p < 0.001), MDC (F
[6,20] = 106.90, p < 0.001), and thymic stromal lymphopoietin
(TSLP; F[6,20] = 31.55, p < 0.001; Fig. 7); however, crocin induced a
slightly lesser effect. These results suggest that the GJE compounds
geniposidic acid act to reduce atopic dermatitis symptoms via de-
creasing the inflammatory response.

4. Discussion

AD is a chronic inflammatory skin disease that is associated with
cutaneous hyperreactivity to environmental triggers, resulting in ecze-
matous lesional skin and high IgE production (Yang et al., 2017). The
AD results from interactions between susceptibility genes, the en-
vironment, defective skin barrier function, and immunologic responses
(Han et al., 2014). The basic pathogenic mechanism associated with the
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SEM. “*p < 0.01, **p < 0.001 vs. normal; *p < 0.05 vs. control; 'p < 0.05, "p < 0.01, "p < 0.001 vs. control;
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Fig. 7. GJE-C and GJE contain chemical constituents that suppressed production of chemokines in HaCaT cells. (A) HaCaT cell viability was measured by

MTT assay. The expression of (B) MDC, (C) RANTES, (D) TARC, and (E) TSLP were assessed by ELISA. Data are presented as mean + SEM.

##p < 0.01, ##p < 0.001 vs. control; " 7 p < 0.001 vs. control.

development of AD is an imbalance in T helper cells with allergy sen-
sitization and acquisition of an inflammatory response to a specific
allergen (Choi et al, 2014a). Furthermore, allergen-induced IgE
synthesis can trigger mast cells to release cytokines for the differ-
entiation of Th cells into Th2 cells to secrete IL-4, IL-5, and IL-13 (Wong
et al., 2001).

The complex etiology of AD has made the development of ther-
apeutics difficult. For the past few decades, anti-histamine agents and

p < 0.001 vs. normal;

other immunosuppressive agents have commonly been used for AD;
however, the safety and efficacy of these agents for long-term treatment
remains unknown. Though new topical calcineurin inhibitors have re-
cently begun to be used for the treatment of AD, their efficacy has
proved insufficient to treat AD successfully (Yang et al., 2017; Yang
et al., 2015). Therefore, further evaluation of the pathogenic mechan-
isms of this disease is warranted to further the potential for developing
safe and more efficacious therapies against AD.
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Thus, natural produce-based agents with good efficacy and low risks
of side effects offer promising prevention and treatment strategies for
inflammation-related disease. Many researchers are searching for al-
ternative treatment agents to replace steroids for AD therapy (Dey et al.,
2006; Yang et al., 2013). Here, we showed that GJE-C exhibited efficacy
that was weaker than an immunosuppressive agent but that can be used
as a rapidly effective and safe treatment for the management of AD via
its anti-inflammatory effects and ability to increase expression of skin
barrier proteins.

AD is a major allergic skin disease that results from skin in-
flammation and is characterized by erythema, edema, erosion, pruritus,
and dryness. AD-like skin symptoms observed in NC/Nga mice are si-
milar to those in human AD (Choi et al., 2014b; Jin et al., 2009). Thus,
we first assessed frequency of scratching, ear swelling, and clinical skin
dermatitis scores (including erythema/hemorrhage, edema, scarring/
dryness, and excoriation/erosion) in these animals. GJE-C significantly
reduced the abrogation of the AD-like clinical skin dermatitis score,
including frequency of scratching and ear swelling in Dfe-induced NC/
Nga mice. Moreover, GJE-C, as GJE, inhibited serum IgE, histamine,
and production of chemokines. In previous studies, we reported that
crocin, a component of GJE, was not effective in blocking histamine
release (Sung et al., 2014), and these results suggested that GJE-C im-
proved AD-like skin lesions in this mouse model by reducing production
of IgE, histamine, and chemokines.

AD-like skin symptoms are induced by high-affinity IgE-mediated
mast cell activation and Th cell inflammatory cytokine release
(Kawakami et al., 2009). Indeed, inflammatory cell and mast cell skin
infiltration is common in AD lesions, with Th cells most frequently
constituting this infiltrate (Mekori and Metcalfe, 1999). The multivalent
binding of antigen to receptor-bound IgE and the subsequent aggrega-
tion of the FceRI provide triggers for mast cell activation. Furthermore,
FceRI aggregation results in the release of inflammatory mediators,
including histamine, and mast cells can also produce a variety of cy-
tokines, including TNF-a and Th2-associated cytokines such as IL-4, IL-
5, IL-6, IL-10, and IL-13, which are all important players in the pa-
thogenesis of allergic reactions (Masuda et al., 2002; Galli et al., 1993).

Dfe-induced NC/Nga AD model mice exhibited increased mast cell
and inflammatory cell infiltration in the back skin or ears and also
showed increased production of serum IgE, TNF-a, and the Th2-asso-
ciated cytokines IL-4, IL-5, IL-6, IL-10, and IL-13. However, a clinical
study showed that GJE-C attenuated AD-like lesions via histological
effects on mast cells and inflammatory cell infiltration and suppressed
Th2 cells cytokines. Interestingly, skin barrier function defects are cri-
tical for the development of AD, and recent evidence supports a role for
Th2-associated factors in regulating filaggrin expression (Agrawal and
Woodfolk, 2014). In human skin models and keratinocyte cultures,
histamine and a variety of cytokines, including Th2 cytokines, and
chemokines, such as RANTES and TARC, have been shown to decrease
filaggrin production (Agrawal and Woodfolk, 2014; Cha et al., 2017).
These results suggest that GJE-C improved development of AD-like skin
symptoms by increasing the expression of skin barrier proteins and
inhibiting the production of Th 2-associated cytokines and chemokines.
In addition, the active compound of GJE-C (geniposidic acid) decreased
production of chemokines in TNF-a/IFN-y induced HaCaT cells, lending
support to the anti-inflammatory role of this extract in AD.

5. Conclusions

Topical application of GJE-C prevents development of AD-like le-
sions in a mouse model via suppression of serum IgE and histamine
production via effects on cytokines and chemokines and by increasing
expression of skin barrier proteins. This finding provides a basis for
additional investigations into such an alternative or complementary
therapy for AD.
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