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Abstract
Aim: This study aims atinvestigating the effect of ethanol extract of Cudrania tricuspidata twigs on in vitro and in vivo allergic inflammation.

Methodology: The ethanol extract of twigs from Cudrania tricuspidata (CTE) was prepared. The effects of CTE on the lipopolysaccharide (LPS)-
induced production of nitric oxide (NO) in Raw 264.7 cells were examined. 2,4-Dinitrochlorobenzene (DNCB)-induced allergic inflammation model of
mouse was constructed for in vivo study. The anti-oxidative, anti-inflammatory and anti-allergic effects of CTE were examined through DPPH (2,2-
diphenyl-1-picrylhydrazyl) assay, MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay, enzyme-linked immunosorbent Cudrania tricuspidata
assay (ELISA) and Western blot analysis.

Results: The LPS-induced NO level was l

significantly reduced by Cudrania tricuspidata * ‘
application in Raw 264.7 cells. LPS-induced

inducible nitric oxide synthase (iNOS) LPS-raw cells DNCB-mouse

expression was also reduced by CTE, showing |
CTE's anti-inflammatory activity. Moreover, CTE
reduced DNCB-induced IgE level in the mouse ‘ * ‘ l

serum. The suppressive effect on the allergic

inflammation stimulated by DNCB in the mouse  Nitric oxide | iNOS | IgE | IT;;TUF;:‘W PAR2 | thici:lenss
model was investigated in terms of IL-4, [FN-y, : !
TNF-alevel and PAR-2 expression. I l l | I I
Interpretation: The ethanol extract of Cudrania ‘

tricuspidata twigs can be developed as a potent

therapeutics for allergic inflammation. Anti-atopic dermatitis
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Introduction

Allergy is recognized as the most common chronically
relapsing skin disorder accompanying allergic inflammation.
Approximately, 20% of people are concerned with the fear of
anaphylactic shock, or even death from allergic diseases. These
include atopic dermatitis, hay fever, allergic rhinitis, food allergy,
and allergic asthma (Kido-Nakahara et al., 2021). Moreover, the
prevalence of allergy has been increasing for several decades.
Allergy, as a complex disorder, results from multiple interactions
between genetic and environmental factors, and the risk factors,
cause, pathogenesis and prevalence have been demonstrated.
Presently, steroids are generally accepted as the most effective
drugs for allergic diseases, although they are associated with
potential adverse effects including anaphylaxis (Oh et al., 2017).
In the allergic reactions, mast cells act as the main site for
inflammatory reaction. Activation of mast cells with
immunoglobulin E (IgE)-dependent and independent stimulation
takes place due to fusion of cytoplasmic granules and plasma
membrane and then the vasoactive mediators are quickly
released by degranulation of mast cells. Especially, histamine
among various mediators is the key vasoactive mediator in the
immediate hypersensitivity (Thangam et al., 2018).

Among allergic diseases, atopic dermatitis is a common
inflammatory skin disease characterized by Th1/Th2 cytokine
imbalance, elevated IgE, and mast cell infiltration. Atopic
dermatitis shows dry skin, pruritus, eczema and keratinization
(Savinko et al., 2012; Newell et al., 2013). It occurs due to the
production of interleukin-4 (IL-4) produced from Th2 cells and
interferon-gamma (IFN-y) from Th1 cells (Bonness and Bieber,
2007; Dang et al., 2015). Within the Th1/Th2 paradigm, it is
characterized as a Th2 type disorder and shows Th2-like immune
responses at an early acute phase, however, switched over to
more Th1-like profile on emergence of chronic phase
(Abramovits, 2005; Jung et al., 2017). The level of IFN-y in the
patients increases during the progression of atopic dermatitis
from acute to chronic phase (Su et al., 2017). In particular, there
still exist some variations due to heterogeneous propeties which
needs to be considered, such as Th1-activated intrinsic AD, Th1-
infiltrating chronicAD, and Th17 involvement (Tokura et al., 2018).

Medicinal plants have been used for treating various skin
diseases on numerous occasions (Tresch et al., 2019; Kumar et
al., 2013). Medicinal plants, externally used for the treatment of
atopic dermatitis include matricaria flower (Matricari arecutital..),
marigold (Calendula officinalis L.), aloe vera (Aloe barbadensis),
and St. John's wort (Hypericum perforatumL.). These plants have
anti-inflammatory activity affecting various stages of
inflammation, inhibiting formation of cytokines and eicosanoids,
and preventing inflammatory reaction cascade.

One of the advantages of medicinal plants is low toxicity
and side effects with higher medicinal ability (Kumar et al., 2013).
Cudrania tricuspidata, a perennial plant of family Moraceae, has
various medicinal and nutritional values (Kim et al., 2016). It has

been traditionally used for treating several diseases including
cancers, diabetes, tuberculosis and contusions in East Asia (Choi
et al, 2015). However, the information on the treatment of
allergic inflammation by C. tricuspidata is limited. In this
investigation, the suppressive effect of ethanol extract of twigs
from C. tricuspidata (CTE) on the allergic inflammation was
examined in LPS-stimulated Raw 264.7 cells and 2.4-
dinitrochlorobenzene (DNCB)-induced allergic inflammatory
mouse model.

Materials and Methods

Preparation of ethanol extract of Cudrania tricuspidata: C.
tricuspidata twigs were purchased from Sinan C. tricuspidata
Farming Corporation (Sinan-gun, Korea). Dried twigs of C.
tricuspidata were extracted with ethanol for 72 hr, and then the
extract was filtered with Whatman No.2 filter paper. After filtration,
the resultant ethanol extract was evaporated, freeze-dried, and
stored at -60°C. The crude extract was resuspended in ethanol
and filtered using a 0.4 um membrane for the experiments (Song
etal, 2017).

Antioxidant assay: DPPH radical cation scavenging activity of
CTE was estimated following the method of Blois (1958) with
some modification. A 0.2 mM 2,2-diphenyl-1- picrylhydrazyl
(DPPH) radical (Sigma-Aldrich, MO, USA; 50 pl) was added into
each extract, and absorbance was then read at 520 nm on a
spectrophotometer (Sunrise, Tecan, Mannedorf, Switzerland).
ABTS radicals scavenging activity was assayed by the method of
Leelarungrayub et al. (2006) with some modification. ABTS
solution was added rapidly to the extract and the decrease in the
absorbance was read at 620 nm.

Estimation of total phenolic content: Total phenolic content in
CTE was estimated by the modified method of Folin-Ciocalteu
(1927). An aqueous solution containing 1 ml of C. tricuspidata
extract or standard was mixed with 1 ml of 2% sodium carbonate
solution and 1 ml of 10% Folin-Ciocalteu phenol reagent . The
mixture was incubated at room temperature for 10 min and then
the absorbance of mixture was detected at 750 nm. The average
absorbance values obtained at different concentrations of gallic
acid were used to plot the calibration curve, and the measurement
for sample was compared to a calibration curve of gallic acid. The
results were expressed in milligrams of gallic acid equivalents per
gram ofthe sample.

Estimation of total flavonoid content: Flavonoid content was
determined by aluminum chloride colorimetric method. The
quercetin standard diluted from 200 ug ml” to 5 ug ml" was used
for the calibration curve. A 0.6 ml of diluted standard quercetin
solutions and C. tricuspidata extract was mixed with 0.6 ml of 2%
aluminum chloride. The total 1.2 ml solution was incubated at
room temperature for 1 hr. The absorbance was read against
blank at 420 nm on ELISA plate reader (TECAN, sunrise). The
concentration of total flavonoid in the mixture was calculated from
the calibration ratio and expressed in mg quercetin equivalent g*
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for dried extract volume.

MTT assay for cell viability: The 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) assay is one of the most
widely used cytotoxicity screen method due to its simple and rapid
procedure (Mosmann, 1983). The maximum concentration of CTE
at which the cell viability was not affected was determined by MTT
assay. In brief, the cells were cultured in 96-well plate at a density of
1x10° cells ml". The cells were then treated with varying
concentrations of CTE. After 24 hr, the cells were washed and
treated with MTT and then incubated in dark for 2 hr at 37°C. After
the formazan formation, 100 pl DMSO per well was added, and the
absorbance was read at 570 nm using a microplate ELISA reader
(Sunrise, Tecan, Switzerland) (Hur et al., 2020).

Estimation of nitrite production: Nitrite concentration in the
conditioned medium was measured as Griess reaction which is
known as an indicator of NO production. Each supernatant was
mixed with the same volume of Griess reagent (1% sulfanilamide
in 5% phosphoric acid and 0.1% naphthyl ethylenediamine
dihydrochloride in distilled water). The absorbance of the mixture
was read at 570 nm on ELISA reader (Sunrise, Tecan,
Switzerland) (Saville, 1958; Jinand Lee, 2018).

Animals: Eight-week-old male Balb/c mice were purchased from
ORIENT Inc. (Sungnam, Korea). Mice were kept in each cage
and maintained at 25°C under 12 hr light/dark cycle throughout
the study. The animal study was approved by the Institutional
Animal Care and Use Committee (2020-0039).

Allergic inflammation-induced mouse model: DNCB-induced
allergic inflammation was produced with 2,4-
dinitrochlorobenzene (Ryu and Lee, 2019). Dorsal hair of each
group of 5 mice was shaved with hair removal cream. Mice were
assigned to one of four groups (five mice each): normal (non-
treated group); DNCB (negative control group); dexamethasone
(positive control group, 2.5 mg kg" dexamethasone in distilled
water); CTE treating group (mice sensitized with DNCB and
treated with 200 ul of 75 mg ml” CTE in distilled water). Induction
of allergic inflammation was achieved by topical application of
200 pl of 1% DNCB in 4:1 (v/v) acetone/olive oil for 9 times for 3
weeks. After 5 days, 0.4% DNCB was daily applied to the back
and ear for fifteen days. After 40 days of first application, all
groups of mice were sacrificed, and blood, ear and dorsal skins
were collected.

IgE and cytokine determination via ELISA: Mouse sera were
prepared by centrifuging isolated blood at 20,000xg for 30 min at
4°C and collecting the supernatants. Serum IgE, IL-4, IFN-y, and
TNF-a concentrations were quantified with ELISA kit (BD, CA,
USA) as per manufacturer’s protocol. Cytokine levels were
normalized using a protein assay kit (BD, CA, USA) and
calculated as picogram per milligram (pg mg”) of total protein.
Color development was measured at 450 nm on ELISA reader
(TECAN, Mannedorf, Switzerland).

Western blot: The whole tissue lysate was prepared in RIPA
buffer and 25 g of proteins were separated by SDS-PAGE gels.
The gels were transferred onto activated polyvinylidene difluoride
(PVDF) membranes for 1hr at 400 mA. The PVDF membranes
were blocked for 2 hr in blocking solution (5% bovine serum
albumin or 5% skim milk) at room temperature. The membrane
was then incubated for 18 hr at 4°C with individual primary
antibodies. Secondary antibodies were visualized on Supernova
ECL Western blotting detection system (Cyanagens.r.l., Italy) and
the images were taken with scanner system of Seni-Q 2000
(Lugen Sci Co. Ltd., Korea). The visualized areas were measured
using Image J software to quantify band intensities.

Statistical analyses: Significance was determined by One-way
analysis of variance followed by Tukey’s HSD test. The data were
statistically significant at P<0.05.

Results and Discussion

The antioxidative activity of ethanol extracts of C.
tricuspidata twigs was measured by DPPH and ABTS free
radical scavenging assay (Data not shown). The IC,, value of C.
tricuspidata extract was determined to be 94.1 ug ml" and
58.46 pg ml" for DPPH and ABTS free radical scavenging
activity, respectively, indicating significant antioxidative activity
of C. tricuspidata extract. Further, the total phenolic and
flavonoid contents of C. tricuspidata extract were also
determined (Data not shown). C. tricuspidata extract showed
high total phenolic content of 209.83 mg g" equivalent garlic
acid. The total flavonoid content of C. tricuspidata extract was
41.95 mg g" equivalent quercetin. Polyphenols, such as
flavonoids, gallic acid, quercetin, and salicin, are reported to
possess anti-inflammatory, antibacterial, and antioxidant
activities in many studies (Saracila et al., 2021). In particular,
the antioxidant activity of polyphenols acts in two kinds of ways
which are directly scavenging ROS as a donor of electron or
hydrogen atom or inducing antioxidant enzymes (SOD, CAT,
GST, HO1, etc.) (Sandoval-Acuna et al., 2014; Saracila et al.,
2021).

To examine in vitro anti-inflammatory effects of C.
tricuspidata extract, the level of NO production and iNOS
expression was measured in the LPS-induced Raw 264.7 cells.
As shown in Fig. 1A, LPS-induced NO level was highly reduced
by C. tricuspidata extract application. Also, the expression of
LPS-induced iNOS expression was diminished by C.
tricuspidata extract application as indicated on the Western blot
gel. These data suggest the in vitro anti-inflammatory activity of
C. tricuspidata extract, via regulating NO production and iINOS
expression (Camuesco et al., 2004). The suppressive effect of
C. tricuspidata extract on the allergic inflammation in 2,4-
dinitrochlorobenzene (DNCB)-induced mouse model was
investigated, as depicted in Fig. 2. The repeated application of
DNCB on the shaved dorsal skin of mice induced atopic
dermatitis-like skin inflammation such as erythema,
lichenification, scaliness, dryness, and thickening as shown in
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Fig. 1: (A) Effect of Cudrania tricuspidata extract on LPS-induced nitric oxide and (B) iNOS protein expression in Raw 264.7 cells.
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Fig. 2: Schematic diagram of the protocol to induce atopic dermatitis -like lesions in mouse.

the DNCB group (Fig. 3A). However, C. tricuspidata extract
treatment reduced the severity of AD-like symptoms, showing
similar effect with dexamethasone treatment group.

Symptoms of atopic dermatitis include thickening of the
epidermis and dermis, infiltration of mast cells and eosinophils,
overexpression of Th2 cytokines, and increased IgE production
(Hong et al., 2020). Among them, skin thickening is a well-known
symptom of atopic dermatitis, and continuous inflammation and
allergic reactions can cause thickening and hardening of skin. As
shown in Fig. 3B, C. tricuspidata extract reduced the epidermis
thickness effectively and significantly.

The average ear thickness of DNCB group was 0.52 mm,
which was 2.4 times higher than the average ear thickness of the

normal group. However, the average ear thickness of the C.
tricuspidata extract-treated group was 0.4 mm, showing
statistically similar data with dexamethasone group (p< 0.05).
Atopic dermatitis has been known to be driven by strong type 2
immune responses, however, additional activation of Th22,
Th17/IL-23, and Th1 cytokine pathways contribute to
pathogenesis of atopic dermatitis, depending on the subtype of
disease (Brunner et al., 2017). In addition, atopic dermatitis is
currently considered as a primarily T cell-driven disease, as
demonstrated by the clinical use of cyclosporine, efalizumab, and
alefacept which are categorized as a broad T cell-targeting
therapeutics. In addition, atopic dermatitis can be classified into
two types: extrinsic and intrinsic (Suarez-Farifias et al., 2013).
Extrinsic atopic dermatitis is characterized by high IgE level and
skin barrier impairment (Choi et al., 2003). However, normal IgE
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Fig. 3: (A) Representative photographs of mouse dorsal skin at 39 days after AD induction by application of 2,4-dinitrochlorobenzene and (B) ear
thickness. Data are presented as means + SD and analyzed with ANOVA. *P<0.05, versus the normal group. *P<0.05, versus the DNCB group.

IgE
£ 20000 1
IS
it
2 15000 A
K} ##
3 10000 A
w #H
= 5000 A E
= 0 . —te®
Normal DNCB Dexamethasone CTE
TNF-a
600 iidi
2
5 400
i T T
Z
= 200 J.
= *e
ol , __bee
Normal DNCB Dexamethasone CTE

IL-4
309 it
g 20- #
= - T
< T -
= 104 >4
= * 44
k]
0 : y
Normal DNCB Dexamethasone CTE
[FN-
- Y
— it
> 4-
=
> T T ’
£ 2 [ I
5 $3e
= -4
0 . . b
Normal DNCB Dexamethasone  CTE

Fig. 4: Serum levels of IgE, IL-4, IFN-y and TNF-a in the allergic inflammation-induced Balb/c mice. Data are presented as means + SD and analyzed
with ANOVA. #P<0.05, versus the normal group. #P<0.05, versus the DNCB group.

level and higher level of IFN-y and low levels of IL-4 and IL-13 are
found in intrinsic type. Extrinsic atopic dermatitis prevalence is
70-80% with allergen specific IgE against aeroallergens and
foods. However, the intrinsic atopic dermatitis makes up the
remaining 20-30% with woman predominance and does not have
allergen specific IgE (Tokura, 2010). The serum IgE, the prime
inflammatory mediator in atopic dermatitis, was measured to

assess anti-allergic effect of C. tricuspidata extractin Fig. 4 . Inthe
DNCB-induced allergic inflammatory group, the IgE level was
approximately 29 times higher than the normal group. However,
upon treating C. tricuspidata extract, the IgE level was reduced by
about 33.8%. This result suggests that C. tricuspidata extract can
effectively suppress serum IgE induced by DNCB. Enhanced
serum IgE production might be due to Th2 cell activation, which, in
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Fig. 5: Western blot analysis of PAR-2 protein expression in dorsal lesion of allergic inflammation-induced Balb/c mice.

turn, results in the secretion of IL-4, IL-5, IL-9, and IL-13. Among
them, IL-4 mostly regulates IgE production (Chiricozzi et al.,
2020). Itis known that Th2 cells participate in acute phase of AD,
while Th1 cells are involved in chronic atopic dermatitis. Among
the Th2 cytokines, IL-4 plays an important role in allergic
inflammation via enhancement of IgE production (Sy et al., 2006),
while Th1 cytokine, IFN-y, plays a pivotal role for dermatitis
occurrence. The levels of IL-4 and IFN-y in mouse serum were
assessed by ELISAin Fig. 4. The levels of IL-4 and IFN-y were
significantly increased by DNCB application, however, CTE
treatment significantly reduced the level of IL-4 and IFN-y (Fig. 4).
DNCB-induced TNF-a was also reduced by CTE treatment.
Protease-activated receptor-2 (PAR-2) has been involved in
inflammation, obesity and metabolism. Interestingly, the
inflammatory roles of PAR-2 have been demonstrated in the
atopic dermatitis mouse model, and PAR-2 agonists increased
itching by causing responsiveness of sensory nerves to reaction
with antihistamines (Heuberger and Schuepbach, 2019).

In addition, PAR-2 is involved in the generation of AD-
aggravating factor TSLP (thymic stromal lymphopoietin) by

epidermal keratinocytes (Tokura et al., 2018). Current knowledge
of PAR-2 has shown a more complicated activities involved in the
regulation of epidermal barrier, keratinocyte differentiation,
cutaneous tumorigenesis and pigmentation (Henehan and De
Benedetto, 2019). The atopic dermatitis symptoms are known to
be exacerbated by the increase of PAR-2 expression, which
ultimately activates IkB kinase and nuclear factor kappa B (NFkB)
(Barr et al., 2019). As shown in Fig. 5, DNCB-induced PAR-2
expression was reduced by CTE treatment. Thus, CTE treatment
might modulate PAR-2 associated inflammatory signals linked with
NFkB (Tanaka et al,, 2011). In this investigation, the in vitro anti-
allergic inflammatory effects of C. tricuspidata extract were
demonstrated via regulating NO and iNOS production in LPS-
induced Raw 264.7 cells. Moreover, CTE also reduced DNCB-
induced IgE and IL-4, TNF-a and IFN-y. PAR-2 expression also
decreased in mouse AD-like model. Further studies are needed to
elucidate the mechanism by which C. tricuspidata extract reducs the
prevalence and progression of atopic dermatitis. Taken together,
CTE can be used for the development of natural therapeutics for
atopicdermatitis.
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