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Abstract: Atopic dermatitis (eczema) is a condition that makes skin red and itchy. Though common
in children, the condition can occur at any age. Atopic dermatitis is persistent (chronic) and tends
to recur periodically. It may be accompanied by asthma or hay fever. No cure has been found for
eczema. Therefore, it is very important to develop ingredients that aid the prevention and treatment
of atopic dermatitis. Cycloheterophyllin is derived from Artocarpus heterophyllus and has antioxidant
and anti-inflammatory activities. However, it still is not understood whether cycloheterophyllin is
an anti-atopic dermatitis agent. Keratinocytes (HaCaT cells) and BALB/c mice for inducing AD-
like cutaneous lesions were used to evaluate the potential of cycloheterophyllin as an anti-atopic
dermatitis agent. The release of pro-inflammatory cytokines induced by treatment of TNF-α/IFN-γ
was reduced after pretreatment with cycloheterophyllin. The inhibitory effects could be a contribution
from the effect of the MAP kinases pathway. Moreover, the symptoms of atopic dermatitis (such as red
skin and itching) were attenuated by pretreatment with cycloheterophyllin. Epidermal hyperplasia
and mast cell infiltration were decreased in the histological section. Finally, damage to the skin
barrier was also found to recover through assessment of transepidermal water loss. Taken together,
prenylflavone-cycloheterophyllin from Artocarpus heterophyllus is a potential anti-atopic dermatitis
ingredient that can be used in preventing or treating the condition.

Keywords: Artocarpus; natural product; cycloheterophyllin; flavone; atopic dermatitis; keratinocytes;
DNCB

1. Introduction

Nearly 10% of people have been troubled by atopic dermatitis. Lubricants and steroids
are among the first-line approaches for relieving the troubles caused by atopic dermatitis [1].
In severe cases, phototherapy can be used. These disturbing symptoms are often not
eradicated by these treatments. Further, in many studies, new drugs such as PD4 inhibitors
or those that block IL-4 and IL-13 receptors have been shown to be very effective [2].
However, the prices of such drugs are high. They are not affordable to the general public.
Because of this factor, most people can only cope with symptoms for a short period of
time. In disease treatments, people seek long-term benefits in addition to short-term relief
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of disease symptoms. Many traditional herbal components are ingredients in medicines
that treat diseases. Despite their beneficial effects, scientific evidence for their mechanisms
of action and effectiveness is often lacking. Therefore, it is necessary to fill such gaps in
knowledge of medicinal plants during the drug development process [3].

A variety of tropical fruit trees growing all year round produce edible fruits used by
local communities in their traditional medicine. Such fruits are rich in nutrients, but their
medicinal properties remain to be studied. Therefore, research on the phytochemicals of
these fruit trees is necessary to promote their medical use. Artocarpus heterophyllus and
Artocarpus altilis are tropical fruit trees, both of which are Artocarpus plants and produce
edible fruits rich in protein and fiber [4] that are also very good superfood candidates [5]. In
addition, the flower, heartwood, and leaves of these trees have also been found to be rich in
many biologically active ingredients [4,6,7]. Among them, cycloheterophyllin is one of the
ingredients with very good anti-inflammatory and antioxidant effects [8]. In past research,
it was found that it has a good anti-ultraviolet damage effect and has a whitening effect
by inhibiting the action of tyrosinase [8,9]. In addition, nerve research has also found that
cycloheterophyllin inhibits the release of glutamate and induces anti-epileptic activity [10].
Therefore, we speculate that its anti-inflammatory and anti-allergic effects should have
considerable antagonistic activity in other skin diseases, such as atopic dermatitis and
psoriasis. Therefore, in this study, we preliminarily verified cycloheterophyllin’s future de-
velopment potential in atopic dermatitis of the skin. We demonstrate its anti-inflammatory
and anti-allergic effects using skin keratinocytes in vitro. Further, the use of DNCB-induced
skin inflammation was used to test its anti-atopic dermatitis symptoms. The results
show that cycloheterophyllin has good potential for future application in inflammatory
skin diseases.

2. Results
2.1. The Effect of Cycloheterophyllin on Skin Cell Viability

First, we examined whether cycloheterophyllin has any effect on skin keratinocyte
(HaCaT cell) viability. In past studies, it has been shown that cycloheterophyllin has some
anti-photoaging activity on skin fibroblasts without any toxicity [8]. In order to further
understand its role in keratinocytes, we first treated HaCaT cells with cychohetrophyllin
from 1 to 30 µM for 1 h or 24 h. We found that cycloheterophyllin had no significant effect
on the cell viability of HaCaT cells at concentrations of 1–30 µM (Figure 1). Therefore, the
following experiments related to pharmacological mechanisms were mainly conducted at
concentrations of 1, 3, and 10 µM.
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Figure 1. The effect of cycloheterophyllin on HaCaT cell viability. HaCaT cells were given different
concentrations (1–30 µM) of cycloheterophyllin for 1 h or 24 h. The left panel shows the results for
1 h. The right panel shows the results for 24 h.
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2.2. The Anti-Inflammatory Potential of Cycloheterophyllin in Tumor Necrosis Factor-α
(TNF-α)/Interferon-γ (IFN-γ)-Induced Inflammatory Response in HaCaT Cells

Upregulation of proinflammatory cytokines plays a key role in the etiology of atopic
dermatitis [11]. Several studies have shown that cytokines such as interferon-γ (IFN-γ) and
tumor necrosis factor-α (TNF-α) stimulate epidermal keratinocytes to activate signaling
pathways involved in pro-inflammatory responses. Therefore, this model is often used
as an in vitro testing method for anti-inflammatory skin treatments [12]. Stimulation of
keratinocytes with TNF-α and IFN-γ results in the mRNA expression of pro-inflammatory
cytokines such as IL-6, IL-1, and IL-8 (Figure 2). Cycloheterophyllin pretreatment (1, 3,
and 10 µM) for 1 h significantly (p < 0.05) diminished the TNF-α/IFN-γ-induced mRNA
expression of IL-1β, IL-6, and IL-8 (Figure 1, left panel). These results clearly demonstrate
that exposure of HaCaT cells to cycloheterophyllin has a significant protective effect against
inflammatory cytokines. We further performed similar experiments using primary cultured
keratinocytes to confirm that this effect can also be produced in primary human skin
keratinocytes. The results show that cycloheterophyllin does have the same effect on
primary human keratinocytes (Figure 2, right panel).
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Figure 2. The anti-inflammatory potential of cycloheterophyllin in the TNF-α/IFN-γ-induced inflam-
matory response in HaCaT cells (left panel) and human epidermal keratinocytes (right panel). HaCaT
cells were pretreated with different concentrations of cycloheterophyllin (1, 3, and 10 µM) for 1 h,
then cells were treated with TNF-α/IFN-γ (10 ng/mL) for 1 h. Total RNA was isolated and mRNA
expression levels of (A) IL-1β, (B) IL-6, and (C) IL-8 were determined using qPCR. Values represent
mean ± SEM from three independent experiments. ## p < 0.01 compared to untreated conditions;
* p < 0.05 and ** p < 0.01 compared to TNF-α/IFN-γ treated conditions.

2.3. The Effect of Cycloheterophyllin on the TNF-α/IFN-γ-Induced Activation of MAP Kinases in
HaCaT Cells

A major pathway of MAP kinase phosphorylation is the activation of inflammatory
transcription factors that act as downstream substrates of kinases to promote the secretion
of inflammatory cytokines such as IL-6, IL-8, and IL-1β [12,13]. Therefore, we did find that
TNF-α/IFN-γ (10 ng/mL) significantly increased the phosphorylation of P38 ERK and
JNK1/2 (p < 0.01). The pretreatment of cycloheterophyllin (1, 3, and 10 µM) decreased
the TNF-α/IFN-γ-induced phosphorylation of P38, ERK, and JNK in a dose-dependent
manner (Figure 3). Furthermore, after pretreatment with the MAPK inhibitor, PD98059, we
did not find that cycloheterophyllin could further inhibit the expression of proinflammatory
cytokine mRNA (Figure 4). These experiments demonstrate that cycloheterophyllin re-
duces proinflammatory cytokine expression by inhibiting the phosphorylation of MAPK’s
signal pathway.
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in HaCaT cells. Cycloheterophyllin reduces TNF-α/IFN-γ-induced activation of p38 (A), JNK (B),
and ERK (C) in human keratinocyte (HaCaT) cells. HaCaT cells were pretreated with various
concentrations of cycloheterophyllin (1, 3, and 10 µM) for 1 h, and then cells were treated with
TNF-α/IFN-γ (10 ng/mL) for 30 min. Quantitative analysis of Western blots was performed. Values
represent mean ± SEM from three independent experiments. ## p < 0.01 compared to untreated
conditions; * p < 0.05 and ** p < 0.01 compared to TNF-α/IFN-γ treated conditions.
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Figure 4. The anti-inflammatory effects of cycloheterophyllin on the TNF-α/IFN-γ-induced inflam-
matory response with/without pretreatment of MAPK inhibitor, PD98059, in HaCaT cells. HaCaT
cells were pretreated with PD98059 (50 µM), cycloheterophyllin (10 µM), or their combinations for
1 h, and then cells were treated with TNF-α/IFN-γ (10 ng/mL) for 30 min. Total RNA was isolated
and mRNA expression levels of (A) IL-1β, (B) IL-6, and (C) IL-8 were determined using qPCR. Values
represent mean ± SEM from three independent experiments. ## p < 0.01 compared to untreated
conditions; * p < 0.05 compared to TNF-α/IFN-γ treated conditions.

2.4. Effects of Cycloheterophyllin on Atopic Dermatitis (AD)-like Skin Lesion in BALB/c Mice

To investigate the anti-inflammatory effect of cycloheterophyllin on AD, a BALB/c
AD model was set up by applying DNCB on the mice for fifteen days. By repeatedly
exposing the dorsal skin and ear areas of mice to DNCB, AD-like skin damage was induced.
During the experiment, we recorded the changes in the appearance of the skin on the
backs and ears of the mice. The results show that the dorsal skin of the mice in the DNCB-
induced group had serious redness, inflammation, and desquamation, while the mice in the
cycloheterophyllin treatment group (10, 30 mg/kg) had reduced redness and inflammation
(Figure 5, left panel). In addition, DNCB-induced ear inflammation and swelling were
clearly suppressed in the cycloheterophyllin-treated group (Figure 5, middle and right
panel). Observing changes in the appearance of the skin in mice, we did demonstrate that
cycloheterophyllin has an anti-atopic dermatitis effect.
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(Middle panel) shows the inhibitory effect of the inflammatory response on the ear. (Right panel)
shows statistical results of ear inflammation thickness. On the first day, 1% DNCB was administered
to the dorsal skin. Then, 0.5% DNCB was administered on the 8th day, the 11th day, and the 14th day
to induce skin inflammation. The dorsal skin was given 100 µL DNCB and the ear was given 20 µL
DNCB. ## p < 0.01 compared to untreated conditions; * p < 0.05 compared to DNCB-induced group.

2.5. Effects of Cycloheterophyllin on Skin TEWL and Hydration in BALB/c Mice

Transepidermal water loss (TEWL) is the amount of water that passively evaporates
to the external environment due to the water vapor pressure gradient on both sides of
the skin barrier through the skin, and is used to characterize skin barrier function [14].
From the appearance of the skin of the mice that were damaged by the administration
of DNCB (Figure 5), it can be seen that the damage to the skin barrier is severe: TEWL
increased significantly on the fifth day. This phenomenon was continued until the DNCB
was discontinued. Therefore, the skin barrier was no longer able to maintain skin moisture
after the fifth day (Figure 6A). Further, we also measured that the water content of the
stratum corneum reduced substantially on fifth day (Figure 6B). In the group that received
cycloheterophyllin pretreatment, we did find that the reduction in TEWL and skin hydration
caused by DNCB was significantly restored by day 15 (Figure 6A,B).
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Figure 6. Changes in DNCB-induced skin physiological parameters of BALB/c mice after cyclo-
heterophyllin pretreatment. Analysis of the effects of changes in transepidermal water loss (A) and
hydration (B) in an atopic dermatitis-like phenotype in BALB/c mice. Values represent mean ± SEM
from at least three independent experiments. ## p < 0.01 compared to untreated conditions; ** p < 0.01
compared to DNCB-induced group.

2.6. Effects of Cycloheterophyllin on DNCB-Induced Scratching Behavior and Enlarged Spleen in
BALB/c Mice

Atopic dermatitis (AD) is a chronic, relapsing pruritic inflammatory skin disease. In
our experiments, we also found a significant increase in the frequency of scratching in a
DNCB-induced mouse model of atopic dermatitis (Figure 7A). The increased frequency
of scratching was reduced by the administration of cycloheterophyllin (10 mg/kg and
30 mg/kg) (Figure 7A). Further, we also found that the weight of the spleen after treatment
of DNCB was also reduced due to the pretreatment of cycloheterophyllin (Figure 7B).
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Figure 7. Effects of cycloheterophyllin on scratching and spleen enlargement in mice. (A) Analysis of
changes in the number of scratches in BALB/c mice with atopic dermatitis-like appearance. (B) The
effect of cycloheterophyllin on spleen weight. Values represent mean ± SEM from at least three
independent experiments. ## p < 0.01 vs. untreated condition; * p < 0.05 vs. DNCB-induced group.

2.7. Effects of Cycloheterophyllin on Epidermal Thickness and Mast Cell infiltration in
DNCB-Induced Atopic Mice

Finally, we used hematoxylin and eosin (H&E) staining and toluidine blue staining
to detect epidermal hyperplasia and mast cell infiltration. As shown in Figure 8A, we
can observe that DNCB does indeed cause a very serious epidermal hyperplasia. This
hyperplasia is suppressed with the increase of the drug concentration (10 and 30 mg/kg).
Further, we found that the infiltration of mast cells in the epidermis due to inflammation
was also inhibited by the pretreatment of cycloheterophyllin (Figure 8B).
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Figure 8. Effects of cycloheterophyllin on epidermal hyperplasia and mast cell infiltration. (A) Upper
panel: histopathological variation due to DNCB induction was evaluated using hematoxylin–eosin
staining (scale bar, 50 µm). Lower panel: quantitative analysis of epidermal thickness. (B) Toluidine
blue staining; scale bar: 20 µm. Arrows indicate mast cells. Lower panel: number of mast cells.
Values represent the mean ± SEM from at least three independent experiments. ## p < 0.01 compared
with the no-treatment condition; * p < 0.05 and ** p < 0.01 compared with the DNCB-induced group.

3. Discussion

The results of this study show that cyclohetrophyllin, a component isolated from
tropical fruit trees, has not only anti-photoaging [8] and whitening effects [9], but also
great potential in the future of inflammatory skin disease treatments. The experimental
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results showed that cyclohetrophyllin has not only a good antioxidant effect, but also an
anti-inflammatory effect. Oxidation and inflammation are known to play very important
roles in many diseases. Therefore, we infer that cycloheterophyllin also has very good
development potential for other diseases caused by excessive oxidation and inflammation.

We found that cycloheterophyllin inhibited TNF-α/IFN-γ-induced IL-1β, IL-6, and
IL8 expression in HaCaT. Epidermal keratinocytes are the main cellular component of the
epidermis and may contribute to the pathogenesis of AD by producing pro-inflammatory
genes [15]. Many studies have shown that keratinocytes produce TNF-α, IFN-γ, and
IL-6, which are considered to be key to the inflammation medium [16,17]. Furthermore,
the overproduction of cytokines by keratinocytes in AD skin lesions plays an important
role in inflammation associated with atopic diseases [17,18]. Our findings show that
cycloheterophyllin can effectively inhibit the expression of IL-6, IL-1β, and IL-8 in human
keratinocytes, suggesting its therapeutic potential as an anti-AD agent. As for whether
cycloheterophyllin has any effect on the expression of other cytokines and chemokines, this
will be further studied in the future.

Various fruit trees have traditionally been used as folk medicines across civiliza-
tions [19]. The plant parts that are used in these traditional medicines include fruits, bark,
leaves, stems, roots, branches, and sap [20]. They are widely used as a folk medicine for
respiratory, digestive tract, and skin diseases [21]. In modern medicine, extracts from
different parts of plants have been used for various therapeutic purposes. Most bioac-
tive compounds found in plant extracts are prime candidates for their medicinal proper-
ties [22]. The phytochemicals of tropical fruit trees fall into three main groups: (1) phenolics,
(2) carotenoids, and (3) terpenes and terpenoids [22]. The Artocarpus genus of the family
Moraceae is a rich source of prenylated flavonoids and derivatives that have been studied
phytochemically and biologically [23]. The fruit, root bark, and heartwood of Artocarpus
heterophyllus have been isolated and found to contain many phenolic compounds with
antioxidant and anti-inflammatory activities [23–26]. Previous phytochemical studies on
Artocarpus heterophyllus have shown that flavonoids and 2-arylbenzofurans are present
with cytotoxic, tyrosinase inhibitory, anti-inflammatory, and anti-respiratory burst activi-
ties [24–29]. Structurally, cycloheterophyllin is a flavone belonging to the flavonoid family
and is a prenylflavone compound. In our study, cycloheterophyllin potently reduces the
mRNA expression of proinflammatory cytokines caused by cytokines TNF-α and IFN-γ.
A major consequence of MAPK phosphorylation is the activation of inflammatory tran-
scription factors that act as downstream substrates of kinases to promote the secretion of
inflammatory cytokines [11,13]. Previous studies have shown that phenolic compounds 11
and 30 from Artocarpus heterophyllus wood have anticancer potential through the MAPK
pathway [25]. Therefore, the inhibition of proinflammatory cytokine expression by cyclo-
heterophyllin may also reduce the expression of related cytokines through its effect on
MAPK. As for which map kinase (ERK, JNK, or p38) contribution is relatively important,
this needs to be investigated with related MAP kinase inhibitors in the future.

Our in vivo studies were performed in BALB/c mice with AD-like skin lesions treated
topically with DNCB [11,14]. Histopathological analysis confirmed that cycloheterophyllin
treatment reduced mast cell infiltration and DNCB-induced epidermal thickening, thereby
alleviating DNCB-induced atopic skin symptoms in mice. It has been proposed that ox-
idative stress is involved in the pathogenesis of AD, which triggers skin inflammation
by inducing epidermal keratinocytes to release pro-inflammatory cytokines and impair
skin barrier function [30,31]. Therefore, antioxidants are believed to be beneficial in the
prevention and/or treatment of AD. In our previous study, it was proven that cyclohetero-
phyllin can resist the oxidative damage caused by hydrogen peroxide and UVA in skin
fibroblasts. It can be understood that cycloheterophyllin has a very anti-oxidative effect
in skin cells [8]. Our experimental results show that the ability of cycloheterophyllin to
inhibit the release of cytokines and prevent epidermal water loss may also be closely related
to the antioxidant properties of cycloheterophyllin. Mast cells play an important role in
the pathogenesis of AD. Mast cells regulate inflammation and eosinophil activation by
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secreting multiple mediators [32]. Mast cell-derived histamine and other inflammatory
mediators contribute to itch and inflammation in AD [33]. Further, our experimental results
show that cycloheterophyllin can inhibit the scratching behavior caused by DNCB, and we
also found that the infiltration of mast cells was significantly inhibited in the staining of
tissue sections. Therefore, it is inferred that the effect on mast cells may also contribute to
itching caused by anti-DNCB.

Topical administration has a faster effect on the administration site, but the dose is
difficult to control. For AD animal studies, oral administration is more convenient and
easier to control than topical administration [34,35]. Because AD symptoms are systemic
and not limited to the skin, oral administration was chosen for this study. The results of
our research show that cycloheterophyllin can achieve an anti-atopic dermatitis effect after
oral administration. This shows that cycloheterophyllin can be developed not only for local
administration but also for systemic treatment.

4. Materials and Methods
4.1. Materials

Cycloheterophyllin was isolated from the plant Artocarpus heterophyllus Lam. and
dissolved in DMSO as previously described [26].

Sigma Chemical Co. (St Louis, MO, USA) was the source used to obtain 3-(4,5-
Dimethylthiazol-2-yl)-2ami,5-diphenyltetrazolium bromide (MTT). Primary antibodies anti-
p38, anti-ERK1/2, anti-JNK, anti-phospho-ERK1/2, anti-phospho-p38, and anti-phospho-
JNK were purchased from Cell Signaling Technology (Beverly, MA, USA). The secondary
antibodies were also purchased from Cell Signaling Technology. A Total RNA Isolation Kit
(GeneDireX®, Vegas, NV, USA), an iScript™ cDNA Synthesis Kit (BIO-RAD, Hercules, CA,
USA), and PowerUp™ SYBR™ Green Master Mix (Applied Biosystems™, Waltham, MA,
USA) were used for Quantitative Polymer Chain Reaction (PCR) testing. A Pierce Protein
Assay Kit (Pierce, Rockford, IL, USA) was used for a Western Blot Assay.

4.2. Methods
4.2.1. Cell Culture and MTT Assay

Human immortalized keratinocytes (HaCaT cells) were a gift from Dr. Yih-Jing Lee
of Fu Jen Catholic University. HaCaT cells were carefully cultured at 37 ◦C in DMEM
containing 10% (v/v) FBS and 100 µg/mL antibiotics. Primary keratinocytes were isolated
from human foreskin tissue and grown in Keratinocyte-SFM (Gibco BRL/Invitrogen, Carls-
bad, CA, USA). In this study, primary keratinocytes were used between passages 2 and 4.
Cell viability was assessed using the MTT assay. HaCaT cells (1 × 105 cells/well) were
seeded into 24-well plates and maintained at 37 ◦C in 5% CO2. After 24 h of culture, the cell
culture medium was changed to a serum-free medium containing different concentrations
of cycloheterophyllin for 1 h or 24 h. Then, MTT dye was added, and the dishes were
incubated at 37 ◦C for an additional 3 h. The supernatant was then carefully removed, and
the insoluble formazan crystals were dissolved in DMSO. Absorbance was measured at
540 nm using a spectrophotometer (Tecan Sunrise Basic Microplate Reader). DMEM, FBS,
and antibiotics were purchased from Gibco-BRL (Grand Island, NY, USA).

4.2.2. Quantitative Polymer Chain Reaction (PCR)

HaCaT cells were seeded in 3.5 cm dishes. Cells can reach 90% confluence after
24 h of quiescent growth. Cells were pretreated with cycloheterophyllin for 1 h and then
stimulated with TNF-α/IFN-γ for 1 h, respectively. The cells were then scraped and
centrifuged (16,000× g, 10 min, 4 ◦C) and the supernatant was removed. RNA was purified
using the Total RNA Isolation Kit. According to the operation procedure of iScript™ cDNA
Synthesis Kit, reagents were added one by one and operated under the specified conditions
to convert RNA into cDNA. Additionally, PowerUp™ SYBR™ Green Master Mix was used.
A total of 7.5 µL ddH2O, 2 µL cDNA, 0.25 µL forward and reverse primers, and 10 µL SYBR
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GREEN were added and mixed well. The primer sequences are shown in Table 1. RNA
was then quantified using the ABI StepOnePlus™ Real-Time PCR System.

Table 1. Primer sequences for RT-qPCR.

Genes Primers Sequence (5′-3′)

IL-1β Forward CTC TCA CCT CTC CTA CTC ACT
Reverse ATC AGA ATG TGG GAG CGA AT

IL-6 Forward ATC AGA ATG TGG GAG CGA AT
Reverse GGA CCG AAG GCG CTT GTG GAG

IL-8 Forward ACT GAG AGT GAT TGA GAG TGG AC
Reverse AAC CCT CTG CAC CCA GTT TTC

GAPDH Forward CTG CTC CTG TTC GAC AGT
Reverse CCG TTG ACT CCG ACC TTC AC

4.2.3. Western Blot Assay

Western blots were used to analyze changes in various proteins in cells. HaCaT cells
were seeded in 3.5 cm dishes. After cells reached 90% confluence and were starved for 24 h,
they were pretreated with cycloheterophyllin for 1 h and then stimulated with TNF-α/IFN-
γ for 1 h, respectively. After scraping, cells were crushed by sonication and centrifuged
(13,200 rpm, 10 min, 4 ◦C). After centrifugation, the supernatant was taken, and protein
was quantified using the Pierce Protein Assay Kit. Approximately 20–40 µg of protein
was electrophoresed on a 10% SDS-polyacrylamide gel, followed by electroporation with
PVDF membranes. After the transfer, the PVDF membrane was placed in a TBS-T solution
(Tris-buffered salt/0.05% tween 20) containing 5% nonfat dry milk for 1 h with continuous
shaking to avoid nonspecific binding. Then, the PVDF membrane was washed 3 times with
TBS-T (30 min in total). After that, the primary antibody was added (diluted 1:1000). PVDF
membranes were left overnight at 4 ◦C and then washed 3 times with TBS-T for 10 min
each. Finally, after adding the secondary antibody for 1 h (diluted to 1:1000), the PVDF
membrane was washed 3 times with TBS-T, then the developing solution was added, and
the membrane was put into the chemiluminescence extraction system (BIOSTEP Celvin®)
for photography.

4.2.4. DNCB-Induced Atopic-Dermatitis-Like Skin Inflammation in Mice

Male BALB/c mice (8 weeks old) were purchased from the National Laboratory
Animal Center of Taiwan. Mice were housed in a standard laboratory, and the temperature
and humidity were controlled at 21 ± 2 ◦C and 50 ± 20%, respectively. Mice were housed
in an animal center with filtered laminar airflow control and a 12-h light/dark cycle at
Fu Jen Catholic University, New Taipei City, Taiwan. Mice were allowed to take water
and food ad libitum. Experiments were performed with the approval of the Institutional
Animal Care and Use Committee of Fu Jen Catholic University (Approval No. A10703).

First, mice were divided into four groups: control group, DNCB group, and cyclo-
heterophyllin (10 mg/kg and 30 mg/kg) plus DNCB group. In this in vivo experiment,
cycloheterophyllin was dissolved in DMSO by ultrasonic shock, while DNCB was dissolved
in 75% ethanol. The former was administered orally, while 100 µL and 20 µL of the latter
were applied to the skin of the back and right ear, respectively. Three days before the exper-
iment, mice were anesthetized, dorsal hair was removed, and a small measuring magnet
(SCT-MAG-TF) was embedded in the back of each mouse’s hind foot. After standing for
three days, it was confirmed that the mice were in good physical condition and had normal
skin in the hair removal area on the back. Then the experiment was started. Relevant
physiological values of mouse skin parameters, including TEWL, erythema, skin moisture,
blood flow, ear thickness and number of scratches, were measured before the experiment.
During the experiment, photographs were taken to document changes in the appearance of
the skin and ears. Since the temperature and humidity in the environment could have had
a great influence on the parameters to be measured on the skin surface, when evaluating
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the physiological parameters of the skin, the whole process was carried out in a room with
constant temperature and humidity. The first stage (days 1–4) is the period of allergic atopic
dermatitis. After measuring the basic physiological values of mice, 1% DNCB was evenly
applied to the skin of the back and right ear. On the fifth day, oral cycloheterophyllin
was started. The second stage (days 5 to 14) involved re-induction of atopic dermatitis.
We evenly applied 0.5% DNCB to the skin of the back and right ear of mice in the three
experimental groups. The next day, we tested and recorded the physiological values of the
skin and took pictures. After completing all tests on day 15, the mice were euthanized with
carbon dioxide (CO2), and the dorsal skin tissue and spleen were removed for subsequent
experimental analysis (Figure 9).
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Figure 9. Experimental design of a mouse model of atopic dermatitis (AD)-like skin injury.

Scratching behavior was tested by placing the animals in an observation cage (11 cm
in diameter, MicroAct, Neuroscience, Tokyo, Japan). The scratching behavior of mice was
automatically and objectively detected and assessed. Scratch behavior was measured for
a total of 60 min. MicroAct uses the following analysis parameters to detect waves corre-
sponding to continuous scratching behavior in mice: threshold, 0.05 V; interval between
events, 0.05 s; minimum duration, 0.25 s; maximum frequency, 30 Hz; minimum frequency,
5 Hz.

4.2.5. Statistical Analysis

Sigma-Plot software (version 10.0) was used for all statistical analyses of the data. All
data are presented as mean ± SEM. Statistical significance was assessed by unpaired two-
tailed Student’s t-test. Scientifically significant differences are indicated by p-values of less
than 0.05 and 0.01. A single asterisk (*) indicates p-values of less than 0.05. Two asterisks
(**) or two number signs (##) are indicated by p-values of less than 0.01 are indicated by.

5. Conclusions

From the above results and descriptions, we have demonstrated that cyclohetero-
phyllin in Artocarpus heterophyllus has very good anti-inflammatory and antioxidant effects.
These effects can contribute to the development of therapeutic drugs and combating AD.

Author Contributions: Conceptualization, C.-C.W. and H.-H.K.; Data curation, Y.-J.H., D.-C.C.
and C.-F.H.; Formal analysis, C.-F.H.; Investigation, C.-Y.H. and Y.-J.H.; Methodology, C.-Y.H. and
Y.-J.H.; Project administration, C.-C.W. and C.-F.H.; Resources, C.-Y.H., H.-H.K. and C.-F.H.; Writing—
original draft, C.-C.W., D.-C.C. and C.-F.H.; Writing—review and editing, D.-C.C. and C.-F.H. All
authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by research grants from the Ministry of Science and Technology
(MOST110-2320-B-030 -004 -MY3), the Cardinal Tien Hospital (CTH-110A-FJU-2228; CTH111A-FJU-
2226), and Chang Gung Memorial Hospital (CMRPF1J0042) in Taiwan.



Molecules 2022, 27, 2610 14 of 15

Institutional Review Board Statement: All animal experiments in this study were approved by the
Institutional Animal Care and Use Committee of Fu Jen Catholic University (approval #A10367).
The principles of the 3Rs (Replacement, Reduction, and Refinement) were followed to optimize
the experimental design. The foreskin was provided after institutional review board approval
(#18MMHIS039e) at Mackay Memorial Hospital. Experiments were carried out in accordance with
relevant guidelines and regulations.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study is available in article.

Acknowledgments: We thank Tzy-Ming Lu from Tajen University for providing of cyclohetero-
phyllin.

Conflicts of Interest: The authors declare no conflict of interest.

Sample Availability: Samples are not available from the authors.

References
1. Eichenfield, L.F.; Tom, W.L.; Berger, T.G.; Krol, A.; Paller, A.S.; Schwarzenberger, K.; Bergman, J.N.; Chamlin, S.L.; Cohen, D.E.;

Cooper, K.D.; et al. Guidelines of care for the management of atopic dermatitis. J. Am. Acad. Dermatol. 2014, 71, 116–132.
[CrossRef]

2. Renert-Yuval, Y.; Guttman-Yassky, E. New treatments for atopic dermatitis targeting beyond IL-4/IL-13 cytokines. Ann. Allergy
Asthma Immunol. 2020, 124, 28–35. [PubMed]

3. Gu, S.; Pei, J. Innovating Chinese Herbal Medicine: From Traditional Health Practice to Scientific Drug Discovery. Front Pharm.
2017, 8, 381. [CrossRef]

4. Yao, X.; Wu, D.; Dong, N.; Ouyang, P.; Pu, J.; Hu, Q.; Wang, J.; Lu, W.; Huang, J. Moracin C, A Phenolic Compound Isolated from
Artocarpus heterophyllus, Suppresses Lipopolysaccharide-Activated Inflammatory Responses in Murine Raw264.7 Macrophages.
Int. J. Mol. Sci. 2016, 17, 1199. [CrossRef]

5. Baliga, M.S.; Shivashankara, A.R.; Haniadka, R.; Dsouza, J.; Bhat, H.P. Phytochemistry, nutritional and pharmacological properties
of Artocarpus heterophyllus Lam. (jackfruit): A review. Food Res. Int. 2011, 44, 1800–1811. [CrossRef]

6. Abdullah, S.A.; Jamil, S.; Basar, N.; Abdul Lathiff, S.M.; Mohd Arriffin, N. Flavonoids from the leaves and heartwoods of
Artocarpus lowii King and their bioactivities. Nat. Prod. Res. 2017, 31, 1113–1120. [CrossRef] [PubMed]

7. Gupta, A.K.; Rather, M.A.; Kumar Jha, A.; Shashank, A.; Singhal, S.; Sharma, M.; Pathak, U.; Sharma, D.; Mastinu, A. Artocarpus
lakoocha Roxb. and Artocarpus heterophyllus Lam. Flowers: New Sources of Bioactive Compounds. Plants 2020, 9, 1329. [CrossRef]

8. Huang, C.H.; Li, H.J.; Wu, N.L.; Hsiao, C.Y.; Lin, C.N.; Chang, H.H.; Hung, C.F. Photoprotective Effects of Cycloheterophyllin
against UVA-Induced Damage and Oxidative Stress in Human Dermal Fibroblasts. PLoS ONE 2016, 11, e0161767. [CrossRef]

9. Shim, J.H. Inhibitory Effects of Cycloheterophyllin on Melanin Synthesis. Molecules 2021, 26, 2526. [CrossRef] [PubMed]
10. Su, I.C.; Hung, C.F.; Lin, C.N.; Huang, S.K.; Wang, S.J. Cycloheterophyllin Inhibits the Release of Glutamate from Nerve Terminals

of the Rat Hippocampus. Chem. Res. Toxicol. 2019, 32, 1591–1598. [CrossRef]
11. Yang, C.-C.; Hung, Y.-L.; Ko, W.-C.; Tsai, Y.-J.; Chang, J.-F.; Liang, C.-W.; Chang, D.-C.; Hung, C.-F. Effect of Neferine on

DNCB-Induced Atopic Dermatitis in HaCaT Cells and BALB/c Mice. Int. J. Mol. Sci. 2021, 22, 8237. [CrossRef] [PubMed]
12. Kong, L.; Liu, J.; Wang, J.; Luo, Q.; Zhang, H.; Liu, B.; Xu, F.; Pang, Q.; Liu, Y.; Dong, J. Icariin inhibits TNF-α/IFN-γ induced

inflammatory response via inhibition of the substance P and p38-MAPK signaling pathway in human keratinocytes. Int.
Immunopharmacol. 2015, 29, 401–407. [CrossRef]

13. Chiu, K.-M.; Hung, Y.-L.; Wang, S.-J.; Tsai, Y.-J.; Wu, N.-L.; Liang, C.-W.; Chang, D.-C.; Hung, C.-F. Anti-Allergic and Anti-
Inflammatory Effects of Neferine on RBL-2H3 Cells. Int. J. Mol. Sci. 2021, 22, 10994. [CrossRef]

14. Chu, T.; Wu, N.-L.; Hsiao, C.-Y.; Li, H.-J.; Lin, T.-Y.; Ku, C.-H.; Hung, C.-F. An isoflavone extract from soybean cake suppresses
2,4-dinitrochlorobenzene-induced contact dermatitis. J. Ethnopharmacol. 2020, 263, 113037. [CrossRef]

15. Gröne, A. Keratinocytes and cytokines. Vet. Immunol. Immunopathol. 2002, 88, 1–12.
16. Ansel, J.; Perry, P.; Brown, J.; Damm, D.; Phan, T.; Hart, C.; Luger, T.; Hefeneider, S. Cytokine Modulation of Keratinocyte

Cytokines. J. Investig. Dermatol. 1990, 94 (Suppl. 6), s101–s107. [CrossRef]
17. Liu, M.; Saredy, J.; Zhang, R.; Shao, Y.; Sun, Y.; Yang, W.Y.; Wang, J.; Liu, L.; Drummer, C.; Johnson, C.; et al. Approaching

Inflammation Paradoxes—Proinflammatory Cytokine Blockages Induce Inflammatory Regulators. Front. Immunol. 2020,
11, 101460. [CrossRef]

18. Kim, T.-Y.; Kim, Y.J.; Jegal, J.; Jo, B.-G.; Choi, H.-S.; Yang, M.H. Haplopine Ameliorates 2,4-Dinitrochlorobenzene-Induced Atopic
Dermatitis-Like Skin Lesions in Mice and TNF-α/IFN-γ-Induced Inflammation in Human Keratinocyte. Antioxidants 2021,
10, 806. [CrossRef]

19. Scartezzini, P.; Speroni, E. Review on some plants of Indian traditional medicine with antioxidant activity. J. Ethnopharmacol. 2000,
71, 23–43.

http://doi.org/10.1016/j.jaad.2014.03.023
http://www.ncbi.nlm.nih.gov/pubmed/31622669
http://doi.org/10.3389/fphar.2017.00381
http://doi.org/10.3390/ijms17081199
http://doi.org/10.1016/j.foodres.2011.02.035
http://doi.org/10.1080/14786419.2016.1222387
http://www.ncbi.nlm.nih.gov/pubmed/27564208
http://doi.org/10.3390/plants9101329
http://doi.org/10.1371/journal.pone.0161767
http://doi.org/10.3390/molecules26092526
http://www.ncbi.nlm.nih.gov/pubmed/33926006
http://doi.org/10.1021/acs.chemrestox.9b00121
http://doi.org/10.3390/ijms22158237
http://www.ncbi.nlm.nih.gov/pubmed/34361003
http://doi.org/10.1016/j.intimp.2015.10.023
http://doi.org/10.3390/ijms222010994
http://doi.org/10.1016/j.jep.2020.113037
http://doi.org/10.1111/1523-1747.ep12876053
http://doi.org/10.3389/fimmu.2020.554301
http://doi.org/10.3390/antiox10050806


Molecules 2022, 27, 2610 15 of 15

20. Muthu, C.; Ayyanar, M.; Raja, N.; Ignacimuthu, S. Medicinal plants used by traditional healers in Kancheepuram district of Tamil
Nadu, India. J. Ethnobiol. Ethnomed. 2006, 2, 43. [CrossRef] [PubMed]

21. Rizvi, A.; Mishra, A.; Mahdi, A.A.; Ahmad, M.; Basit, A. Natural and herbal stress remedies: A review. Int. J. Pharmacogn. 2015, 2,
155–160.

22. Khoo, H.E.; Azlan, A.; Kong, K.W.; Ismail, A. Phytochemicals and Medicinal Properties of Indigenous Tropical Fruits with
Potential for Commercial Development. Evid.-Based Complementary Altern. Med. 2016, 2016, 7591951. [CrossRef] [PubMed]

23. Ko, H.-H.; Lu, Y.-H.; Yang, S.-Z.; Won, S.-J.; Lin, C.-N. Cytotoxic Prenylflavonoids from Artocarpus elasticus. J. Nat. Prod. 2005,
68, 1692–1695. [CrossRef] [PubMed]

24. Yuan, W.-J.; Yuan, J.-B.; Peng, J.-B.; Ding, Y.-Q.; Zhu, J.-X.; Ren, G. Flavonoids from the roots of Artocarpus heterophyllus. Fitoterapia
2017, 117, 133–137. [CrossRef] [PubMed]

25. Zheng, Z.-P.; Xu, Y.; Qin, C.; Zhang, S.; Gu, X.; Lin, Y.; Xie, G.; Wang, M.; Chen, J. Characterization of Antiproliferative Activity
Constituents from Artocarpus heterophyllus. J. Agric. Food Chem. 2014, 62, 5519–5527. [CrossRef]

26. Ko, F.N.; Cheng, Z.J.; Lin, C.N.; Teng, C.M. Scavenger and Antioxidant Properties of Prenylflavones Isolated from Artocarpus
Heterophyllus. Free Radic. Biol. Med. 1998, 25, 160–168. [CrossRef]

27. Fang, S.-C.; Hsu, C.-L.; Yen, G.-C. Anti-inflammatory Effects of Phenolic Compounds Isolated from the Fruits of Artocarpus
heterophyllus. J. Agric. Food Chem. 2008, 56, 4463–4468. [CrossRef]

28. Nguyen, N.T.; Nguyen, M.H.K.; Nguyen, H.X.; Bui, N.K.N.; Nguyen, M.T.T. Tyrosinase Inhibitors from the Wood of Artocarpus
heterophyllus. J. Nat. Prod. 2012, 75, 1951–1955. [CrossRef] [PubMed]

29. Ren, G.; Peng, J.; Liu, A.; Liang, J.; Yuan, W.; Wang, H.; He, J. Structure elucidation and NMR assignments of two new flavanones
from the roots of Artocarpus heterophyllus. Magn. Reson. Chem. 2015, 53, 872–874. [CrossRef] [PubMed]

30. Okayama, Y. Oxidative Stress in Allergic and Inflammatory Skin Diseases. Curr. Drug Targets-Inflamm. Allergy 2005, 4, 517–519.
[CrossRef]

31. Nettis, E.; Distaso, M.; Saitta, S.; Casciaro, M.; Cristani, M.; Saija, A.; Vacca, A.; Gangemi, S.; Minciullo, P.L. Involvement of new
oxidative stress markers in chronic spontaneous urticaria. Adv. Dermatol. Allergol./Postępy Dermatol. I Alergol. 2017, 34, 448–452.
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