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ARTICLE INFO ABSTRACT

Keywords: Ethnopharmacological relevance: Viola yedoensis Makiho (VY, Violaceae) is a well-known medicinal herb in Chi-
AFOPiC derm‘{ﬁﬁs nese medicine, which is traditionally used to treat inflammation-related disorders, including allergic skin re-
IVI;’lla 4 edote”m actions. Although studies have uncovered its anti-inflammatory effects and corresponding bioactive constituents,
nflammatory

Immune response

the exact mechanism of action is still unclear in treating allergic skin reactions.

Objective: Atopic dermatitis (AD) is a chronic inflammatory skin disease characterized by severe pruritus, dry,
edema and inflamed skin. It affects people’s quality of life seriously and causes huge economic losses to society.
This study proposes VY as a possible remedy for atopic dermatitis since its traditional usage and superior anti-
inflammatory effects.

Materials and methods: Atopic dermatitis-like skin lesion was induced by topical application of 2,4-dinitrochlor-
obenzene (DNCB) in ICR mice. After treatment with Viola yedoensis Makiho ethanol extract (VYE) or dexa-
methasone (positive control) for 3 weeks, skin pathological observation and the molecular biological index were
performed for therapeutic evaluation, including visual inspection in the change of the stimulated skin, scar
formation, pathological morphology by hematoxylin and eosin (HE) staining, the measurement of interleukin IL-
1B, IL-6 and tumor necrosis factor-alpha (TNF-a) levels in serum as well as spleen index. The expression of
inducible NO synthase (iNOS) and cyclooxygenase-2 (COX-2) were analyzed by western blot. The ratio of CD4+/
CD8+ T lymphocyte in the spleen was detected by flow cytometry. Meanwhile, immunohistochemistry staining
for CD68 identified the number of activated macrophages in skin lesions. Additionally, a reliable ultrahigh-
performance liquid chromatography coupled with a Q exactive hybrid quadrupole-orbitrap mass spectrometry
(UHPLC-Q-Orbitrap-MS) method was established for the systematic identification and characterization of main
components in VYE.

Results: VYE alleviated DNCB-stimulated AD-like lesions symptoms as evidenced by a significant decrease in
hypertrophy, hyperkeratosis, and infiltration of inflammatory cells in dorsal skin. The levels of IL-1p, IL-6, and
TNF-o in serum were suppressed in mice treated with VYE as compared to the DNCB-induced model group. Also,
the administration of VYE reduced the ratio of CD4+/CD8+ T lymphocyte in the spleen and the number of
activated macrophages stimulated by DNCB. Besides, the expression of iNOS and COX-2 were down-regulated in
the dorsal skin.

Conclusions: VYE showed therapeutic effects on atopic dermatitis in DNCB-induced AD-like lesion mouse models
by inhibiting the T cell-mediated allergic immune response. Our results indicated that VY could act as a potential
remedy for atopic dermatitis.

1. Introduction

with high orbidity, characterized by epidermal hyperplasia and relaps-
ing eczema with pruritus (Katoh et al., 2019). The specific pathogenesis

Atopic dermatitis (AD) is a chronic inflammatory cutaneous disease of AD is complex and involves genetic factors (Apfelbacher et al., 2011),
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epidermal barrier dysfunction (Jungersted et al., 2010), disordered
microbiome, immunological dysregulation and inflammation (Langan
et al., 2020). It was estimated that AD occurs in approximately 10% of
adults and 20% of children worldwide (Odhiambo et al., 2009), making
the major contributor to the global burden of skin disease. Studies on
quality of life in children and young adults reported that atopic
dermatitis negatively impacted numerous aspects of patients in physical,
emotional, and social functioning (Langan et al., 2020). The manage-
ment of atopic dermatitis remains a challenge in clinical practice, with
most approaches limited to symptomatic, unspecific anti-inflammatory,
or immunosuppressive treatments (Simpson et al., 2017). Topical cor-
ticosteroids are widely endorsed as the first-line anti-inflammatory
therapy. However, their continuous use or long-term use can cause local
side-effects, including skin atrophy, telangiectasias, purpura, striae, and
facial acneiform changes (Barnes et al., 2015). For these reasons, more
researches have focused on identifying remedies for atopic dermatitis
from Chinese medicine with few unpleasant adverse effects.

Cutaneous inflammation is a hallmark in atopic dermatitis, which is
regulated by diverse inflammatory cytokines (Park et al., 2015; Yoo-
n-Young and HoKyoungKim, 2018). The production of first-line cyto-
kines (IL-1p, IL-6, and TNF-a) by epithelial cells is now regarded as a key
initiatory event for the induction of allergic responses at epithelial in-
terfaces (Olivry et al., 2016; Danso et al., 2014). High levels of IL-1p,
IL-6, and TNF-a were recorded in the serum of AD patients, with a direct
correlation with AD severity (M Ee Phansan et al., 2012; Nutan et al.,
2012). Besides, CD4" T cells and macrophages in the skin lesions are
involved in the regulation of AD pathogenesis. Over-expression of CD4 "
T cells and activation of macrophages have been found in atopic
dermatitis (Langan et al., 2020). A large number of studies have
demonstrated that macrophages are accumulated in acutely or chroni-
cally inflamed skin and promote the production of cytokines and
expression of inflammatory protein (COX-2 and iNOS), thereby leading
to the aggressive progression of severe AD (Kasraie and Werfel, 2013).

Viola yedoensis Makiho (VY) is one of the commonly used Traditional
Chinese Medicines and belongs to the violet family of Violaceae with its
dried whole plant (including the roots) called “Zi Hua Di Ding” in China
(Chinese Pharmacopoeia Commission, 2020). “Zi Hua Di Ding” decoc-
tion was traditionally used to treat inflammation-related disorders,
including snake bites, allergic skin reactions, and hepatitis by topical or
oral administration (Li and Wei, 2008). The chemical compositions of
VY are diverse and complex, mainly including flavonoids and its gly-
cosides, organic acids, phenols, alkaloids, peptides, saponins, sesqui-
terpenes, and coumarins (Chen et al., 2010). Recent studies have
suggested that VY extract exerts various biological activities and phar-
macological functions, such as anti-HIV, anti-coagulant activities, and
protective effects against LPS-induced acute lung injury in mice (Wang
et al., 2008; Zhou et al., 2009; Li et al., 2012). Furthermore, VY was
capable of inhibiting iNOS and COX-2 activities and down-regulating
the expression of inflammatory cytokines (such as IL-1p, TNF-a, IL-6,
and iNOS) to block the inflammatory development in various disease
processes (Jeong et al., 2016). Nevertheless, the anti-atopic effect of VY
in atopic dermatitis-like skin dysfunction has not been investigated. In
this study, we aimed to investigate the therapeutic effect of VY against
DNCB-induced AD-skin dysfunction in mice and uncover the
anti-inflammatory and immune-regulatory mechanisms.

2. Materials and methods
2.1. Chemicals and reagents

The whole herb of Viola yedoensis Makiho was provided by the Zisun
Herbal Pharmaceutical Co., Ltd. (Guangzhou, China) and identified by
Prof. Qilai Cheng. A voucher specimen (voucher number CM-VY-
20200315) was deposited in the Herbarium of Traditional Chinese
Medicine, Gannan Medical University. Compound dexamethasone ace-
tate gel (DEX) containing 0.075% dexamethasone was obtained by
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Renhe Pharmacy Co., Ltd. (Jiujiang, China). 2, 4-dinitrochlorobenzene
(DNCB) and other organic solvents were purchased from Reagent
Company (Shanghai, China). CD68 antibody (Cambridge, MA, USA) was
utilized to identify macrophages. Mouse IL-6 Valukine ELISA kit, Mouse
IL-1p Valukine ELISA kit, and Mouse TNF-a Valukine ELISA kit were
purchased from Novus Biologicals (Littleton, CO, USA). For western
analysis, rabbit polyclonal anti-COX2 antibody and rabbit polyclonal
anti-GAPDH were purchased from Servicebio technology Co., Ltd.
(Wuhan, China), and rabbit anti-iNOS polyclonal antibody was pur-
chased from Abcam (Cambridge, UK). The Mouse T Lymphocyte Subset
Antibody Cocktail for flow cytometry was purchased from eBioscience
(San Diego, CA, USA), including anti-mouse CD4-PE, anti-mouse CD8a-
APC, and anti-mouse CD3e-FITC.

2.2. Preparation and quality evaluation of the blank and VYE gels

2.2.1. Extraction and concentration of Viola yedoensis

Air-dried whole plant of Viola yedoensis (300g) was powdered and
extracted with 75% (v/v) ethanol (1:10) in a round-bottom flask with a
temperature-controlled electric jacket for reflux extraction twice with
the following conditions: 60 °C as the extraction temperature, and 120
min as the extraction time. Then, the extract was filtrated through
Whatman filter paper (Grade 1, 11 pm) and vacuum-dried in a rotary
evaporator at 40 °C until the excess solvent was completely removed to
obtain the concentrated extract. It was followed by freezing at —80 °C
and freeze-drying via vacuum freeze drier (Lichen Instrument Tech-
nology, Shanghai, China). The lyophilized extract was deposited at
—20 °C until use.

2.2.2. Preparation of gels

The gel formulation was based on previous method with minor
modification (Sun et al., 2021). The blank gel was prepared by dis-
solving 1 wt% of carbomer 940, 5 wt% of glycerin, 0.2 wt% of poly-
sorbate 80, 5 wt% of ethanol, and 0.05 wt% of ethylparaben in distilled
water, followed by adjusting the pH to 6.5 using triethanolamine.
Thereafter, blank gel and concentrated extract of Viola yedoensis were
mixed at a ratio of 97.5:2.5 (w/w) to formulate the VYE-L gel, and at a
ratio of 95:5 (w/w) to formulate the VYE-H gel, respectively.

2.2.3. Quality evaluation of gels

Throughout the study period, the following tests were performed to
evaluate the quality of the ready-prepared gel: organoleptic inspection
to detect homogeneity, color or odor changes and pH measurements.
Besides, the blank and VYE gels were subjected to centrifugation at
300xg for 10 min at 20 °C to observe stratification.

2.3. UHPLC-Q-orbitrap-MS analysis of VYE

2.3.1. Liquid chromatography

Chromatographic separation was performed using the UltiMate 3000
Rapid Separation LC system (Thermo Fisher Scientific, Bremen, Ger-
many) by RP-C;g column (2.1 x 150 mm, 1.8 pm, Welch Materials,
Maryland, USA). The gradient elution was composed of two solvents:
Solvent A (water containing 0.1% formic acid) and Solvent B (acetoni-
trile containing 0.1% formic acid) at a flow rate of 0.3 mL/min with the
column temperature of 35 °C, and injection volume of 5 pL. The binary
gradient elution using the following gradients: 0—1min (2% B), 1-5 min
(2-20% B), 5-10 min (20-50% B), 10-15 min (50-80% B), 15-20 min
(80-95% B), 20-25 min (95% B), 25-26 min (95-2% B), and 26-30 min
(2% B).

2.3.2. Mass spectrometry

The MS analysis was conducted with Q-Exactive Orbitrap (Thermo
Fisher Scientific, Bremen, Germany) in Full Scan/Data Dependent (full
MS/dd-MS,) acquisition mode. An electrospray ionization (ESI) probe
was used to nebulize and ionize samples in both positive and negative
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ion modes. The following ESI parameters were used: scan range
150-2000 m/z, full mass 70000 FWHM, dd-MS, 17500 FWHM, spray
Voltage 3.8 kV, capillary temperature 300 °C, auxiliary gas heater
temperature 350 °C, sheath gas flow 40 Arb, data collection time 30.0
min.

2.4. Animals

Male mice of the strain ICR (8 weeks old ; 20-24 g; purchased from
Hunan SJA Laboratory Animal Co, Ltd.) were housed in an environment
with a temperature of 24 + 2 °C, the humidity of 50 + 10% and 12 h/12
h light/dark cycle according to the Institutional Animal Care and the
Institutional Animal Ethical Committee(IAEC) of Gannan Medical Uni-
versity (IAEC Code Number: 11/2013). All animals were allowed free
access to tap water and standard chow and were acclimatized under
normal environmental conditions for 7 days before experimentation.

2.5. Skin irritation test of VYE

Skin irritation over a period of 14 days was assessed in accordance
with the CFDA technical research guidelines for toxicity studies (China
Food and Drug Administration, 2014). Mice were randomly divided into
three groups (control, VYE-L, and VYE-H). After the dorsal fur of mice
was shaved and depilated with Veet depilatory paste (Reckitt Benckiser,
Massy, France), a 2 x 2 cm? area of skin was treated with 100 pL blank
gel, 100 pL VYE-L gel, and 100 pL VYE-H gel, respectively. The gel was
administrated twice a day (namely 200 pL VYE-L gel equal to 5 mg VYE
per day and 200 pL VYE-L gel equal to 10 mg VYE per day, respectively).
Abnormality in skin was monitored daily for 14 days. Mortality, changes
in the skin, presence or absence of piloerection and exophthalmos,
abnormal posture were observed. Also, body weight changes were
recorded every 7 days. At the end of the experiment, all mice were
sacrificed and skins were excised for H&E staining to observe the topical
tissue damage and inflammation.

2.6. Induction of AD-like skin lesions in ICR mice by DNCB and VYE
intervention

Adult male mice were allocated into five groups (n = 10 per group)
randomly, including control, DNCB, DEX-0.1 mg/day, VYE-5 mg/day,
and VYE-10 mg/day group. AD-like skin dysfunction was induced by
DNCB dissolved in a vehicle containing olive oil and acetone (1:4) in the
hairless dorsal skin of ICR mice except for the control group (Fan et al.,
2019). Briefly, the dorsal of mice was shaved and depilated with Veet
depilatory paste to remove all hair from the area of approximately 2 cm
x 2 cm in size 24 h before treatment with 100 pL of 7% (w/v) DNCB.
After 5 days, 5 pL of 0.5% (w/v) DNCB was applied to both sides of the
right ear of the test group and the control group received the vehicle

Shaving
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(olive oil/acetone) every three days. On the dorsal skin and both sides of
the right ear, the control and DNCB groups were treated with 100 pL
blank gel twice a day, whereas the DNCB-DEX and DNCB-VYE groups
were treated with 100 pL of DEX gel (compound dexamethasone acetate
gel mixed with the blank gel at a ratio of 2:1, equal to 0.1 mg dexa-
methasone per day) or VYE gels twice a day, respectively (200 pL VYE-L
gel equal to 5 mg VYE per day; 200 pL VYE-H gel equal to 10 mg VYE per
day). We measured the right ear thickness 24 h before the initial DNCB
applied treatment. AD progression was assessed by measuring the right
ear thickness using a micrometer 24 h after each DNCB treatment. Blood
samples were collected from the experimental mice by retro-orbital
puncture 2 h after the last dose of treatment, then centrifuged at
3000 rpm for 15 min to obtain serum, which was stored at —80 °C for
additional experiments. Next, all mice were humanely killed, and their
dorsal skins were collected from the mice for further processing. The
experimental scheme was summarized in Fig. 1.

2.7. Histopathological evaluation of atopic dermatitis-like skin lesions

To evaluate histopathological characteristics, dorsal skin from ICR
mice was fixed with 4% (w/v) paraformaldehyde for 24 h at room
temperature and embedded in paraffin blocks. Sections (5 pm) were cut
using a microtome, then stained with hematoxylin and eosin (H&E).
CD68 immunohistochemistry staining was performed to detect the
accumulation of macrophages in the skin. Images were then captured
under a microscope (Nikon TE2000-S; Nikon) and analyzed using Image-
Pro Plus 6.0 software (Media Cybernetics).

2.8. Determination of serum IL-1p, IL-6, and TNF-a concentrations

Serum IL-1, IL-6, and TNF-o were determined by mouse IL-1p, IL-6,
and TNF-o ELISA kits (Novus Biologicals, Littleton, CO, USA), respec-
tively. All procedures were performed following the manufacturer’s
instructions.

2.9. Spleen index and flow cytometry

After the mice were sacrificed, each spleen was weighed to calculate
the spleen index: spleen index (g/g) = spleen weight (g)/body weight x
100% (g). To analyze the CD4" and CD8" lymphocytes, spleen single-
cell suspensions were prepared by grounding in incomplete Roswell
Park Memorial Institute (RPMI) 1640 medium (Gibco, USA), followed
by red blood cell lysis. After washing by phosphate-buffered saline
(PBS), lymphocytes were collected by filtering through a 200-gauge
mesh. Splenocytes (1 X 10% cells) were stained with the Mouse T
Lymphocyte Subset Antibody Cocktail (anti-CD3, anti-CD4, and anti-
CD8, BD Biosciences), and different T cell subsets were analyzed in BD
Accuri C6 flow cytometer followed by data analysis using FlowJo

Euthanize

A B A B A B B

e e A e e

0 2 10 11

6 7 8

13 14 16 17 19 20 22 Days

Treated with blank, VYE or DEX gels, 2 hours after ear challenge.

The experimental scheme

A Challenge of 0.5% DNCB applied to ear.

B Record of ear thickness.

C 7% DNCB applied to dorsal skin

Fig. 1. Experimental scheme. AD-like skin dysfunction mouse model was induced by 7% (w/v) DNCB on the dorsal skin on day 2. Additional applications of 0.5%
(w/v) DNCB were administered on days 7, 10, 13, 16, and 19. Ear thicknesses were also recorded. VYE, Viola yedoensis ethanol extract; DEX, dexamethasone; DNCB,

2,4-dinitrochlorobenzene.
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analytical software.

2.10. Determination of tissue COX-2 and iNOS expression

The expressions of COX-2 and iNOS protein in the dorsal skin were
detected by Western blot analysis as described previously. To determine
the levels of COX-2 and iNOS, tissues were homogenized by RIPA buffer
with protease inhibitor (Servicebio, Wuhan, China) and centrifuged for
10 min at 12000 rpm at 4 °C. Then a BCA protein assay Kit (Servicebio,
Wuhan, China) was used to measure the total protein concentration in
the collected supernatant. Equal amounts of protein (40 pg) were
separated by 10% sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis and transferred onto polyvinylidene fluoride (PVDF)
membranes. After transferring, membranes were blocked with 5%
nonfat milk in tris-buffered saline-Tween 20 (T-BST) at 25 °C for 60 min
and then incubating overnight at 4 °C with primary antibodies against
COX-2, iNOS, and GAPDH (all diluted 1:3000). Primary antibodies were
removed and blots were washed 3 times with T-BST for 5 min and
incubated with anti-rabbit horseradish peroxidase-conjugated second-
ary antibody (1:3000 dilution in 5% nonfat milk) at room temperature
for 1 h. Quantification of the western blot signals was performed using
computerized densitometry (KODAK Image Station 4000 MM Digital
Imaging System, Rochester, NY).

2.11. Statistical analysis

Statistical analysis was conducted with SPSS 21.0 software. Data
were presented as mean =+ standard errors of the means , and one-way
analysis of variance was used to examine the differences and least

A)

24h

B)
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significant difference post hoc test for multiple comparisons. A value of
P < 0.05 is considered statistically significant and P < 0.01 considered
highly significant.

3. Results
3.1. VYE gels showed no observable toxicity in mice

Throughout the experimental period of acute skin irritation test, no
significant body weight changes (Day 7, Control: 25.3 + 0.48 g, VYE-L:
25.1 + 0.56 g, VYE-H: 25.4 + 0.51 g; Day 14, Control: 30.6 + 0.78 g,
VYE-L: 29.7 + 0.66 g, VYE-H: 31.1 + 0.73 g), abnormal skin signs
(Fig. 2A) or mortality were occurred in mice treated with different
dosage of VYE (VYE-5 mg/day and VYE-10 mg/day). The histo-
morphological analysis by H&E staining also revealed no significant
structural changes in skin tissue as evidenced by integrated epidermis,
dermis and hair follicle or inflammatory responses (Fig. 2B). According
to the previous references, 5% (w/w) was a frequently-used dose for
testing the pharmacological effects of herbal extract in skin illness-
related animal experiments (Balekar et al., 2012). Meanwhile, based
on the results of skin irritation test, dose response studies of VYE against
DNCB-induced AD-like skin dysfunction were conducted with adminis-
tration dosage of 2.5%, 5% (w/w).

3.2. VYE alleviated DNCB-induced AD-like symptoms in ICR mice

AD-like symptoms mouse model were introduced by the epicuta-
neous application of DNCB on shaved dorsal skin and ears (Kar-
uppagounder et al., 2014). To investigate the therapeutic effects of VYE

Fig. 2. VYE gels showed no observable toxicity in ICR mice. Representative skin pictures were captured after topical treatment for 7 and 14 days. (A). Hematoxylin
and eosin (H&E) staining (magnification: 200 x , B). VYE-L, Viola yedoensis ethanol extract gel (2.5%, w/w); VYE-H, Viola yedoensis ethanol extract gel (5%, w/w).
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on the DNCB-induced AD-like symptoms in the ICR mice, the dorsal skin
tissues were collected for H&E and CD68 immunohistochemistry stain-
ing, as well as the measurement of ear thickness. The DNCB-induced AD
mouse model had previously shown typical allergic responses including
increased ear and epidermal thickness, swelling, dryness, and erythema
(Jin et al., 2009). Pathological observations showed that VYE and DEX
gels application improved AD-like skin lesions, such as swelling, dry-
ness, and erythema (Fig. 3A). Dermal infiltration with macrophages and
epidermal hyperplasia were hallmark features of changes in AD animal
models (Jin et al., 2009), whereas VYE and DEX reversed these

DNCB

Control
S
F

&
’s
>
f" -

A)

O

VYE-5mg/day

v

SC: Stratum comeum, SG: Stratum granulosum, SS: Str.
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alterations (Epidermal thickness, Control: 23.61 + 0.76 pm, DNCB:
252.89 + 7.41 pm, VYE-5 mg/day: 172.05 + 5.44 pm, VYE-10 mg/day:
123.24 + 5.86 pm, DEX-0.1 mg/day: 87.69 + 2.54 pm, Fig. 3B, E;
Number of macrophage, Control: 56.13 + 3.13, DNCB: 171.63 + 6.07,
VYE-5 mg/day: 146.38 + 6.24, VYE-10 mg/day: 90.63 + 4.50, DEX-0.1
mg/day: 74.38 + 4.68, Fig. 3C and D). The DNCB-treated group
demonstrated increased ear thickness, which was suppressed in the
VYE-treated group and DEX-treated group significantly. Further, the
contrast of ear thickness became more obvious with the passage of time
(Ear thickness on day 22, Control: 0.351 + 0.014 mm, DNCB: 0.529 +

VYE-10mg/day DEX-0.1mg/day
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Fig. 3. VYE improved DNCB-induced AD-like skin lesions and reduced dermal infiltration of macrophages in a dose-dependent manner. Clinical features of mouse
skin (A). Hematoxylin and eosin (H&E) staining (magnification: 200 x , B). CD68 immunohistochemistry staining (C). The number of macrophages (D). The
epidermal thickness of dorsal skin tissues (D). Ear thickness (E). Data are presented as the means + SEM, *P < 0.05 vs DNCB, **P < 0.01 vs DNCB. VYE, Viola
yedoensis ethanol extract; AD, atopic dermatitis. DNCB, 2,4-dinitrochlorobenzene; DEX, dexamethasone.
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0.135 mm, VYE-5mg/day: 0.470 + 0.011 mm, VYE-10 mg/day: 0.459 +
0.011 mm, DEX: 0.456 + 0.009 mm, Fig. 3F).These results indicated that
the application of VYE and DEX had significant attenuating effects on
AD.

3.3. Effects of VYE on the IL-1p, IL-6, and TNF-a concentrations in serum

Data with respects to concentrations of IL-1f, IL-6, and TNF-« in the
serum showed that mouse with AD-like skin dysfunction had greater
concentrations of IL-1f, IL-6, and TNF-a compared with that of normal
mice in this study. Moreover, DEX-0.1 mg/day, VYE-5 mg/day, and
VYE-10 mg/day significantly decreased the serum IL-1p, IL-6, and TNF-a
concentrations compared with that of the DNCB group (IL-1p, Control:
144.74 + 20.85 pg/mL, DNCB: 325.64 + 20.63 pg/mL, VYE-5 mg/day:
190.82 + 15.23 pg/mL, VYE-10 mg/day: 153.35 + 5.19 pg/mL, DEX:
148.57 + 9.27 pg/mL; IL-6, Control: 113.66 = 31.02 pg/mL, DNCB:
252.64 + 20.58 pg/mL, VYE-5 mg/day: 161.55 + 17.04 pg/mL, VYE-10
mg/day: 131.79 + 38.65 pg/mL, DEX: 121.20 + 12.23 pg/mL; TNF-a,
Control: 102.45 + 22.18 pg/mL, DNCB: 223.39 + 20.02 pg/mL, VYE-5
mg/day: 151.85 + 15.67 pg/mL, VYE-10 mg/day: 132.15 + 12.36 pg/
mL, DEX: 121.73 + 11.78 pg/mL) (Fig. 4). These results showed that
VYE had anti-inflammatory activity.

3.4. VYE decreased iNOS and COX-2 expression in the skin lesions of
DNCB-treated ICR mice

Representative pro-inflammatory enzymes, such as iNOS and COX-2,
were overexpressed in atopic dermatitis, and amplified the inflamma-
tory response. Thus, western blot analysis was performed to examine
whether VYE affected iNOS and COX-2 protein expressions. Stimulation
with DNCB in ICR mice by topical applications, resulted in accumulation
of iNOS and COX-2 proteins (COX-2/GAPDH, Control: 0.218 + 0.075,
DNCB: 0.715 + 0.128; iNOS/GAPDH, Control: 0.173 + 0.050, DNCB:
0.795 + 0.096), as determined by Western blot analysis. VYE signifi-
cantly reduced the level of iNOS protein(iNOS/GAPDH, DNCB: 0.795 +
0.096, VYE-5 mg/day: 0.298 + 0.091, VYE-10 mg/day: 0.188 + 0.088).
Especially, the high dose of VYE (10 mg/day) showed a remarkable ef-
fect on the inhibition of COX-2 and iNOS expression (COX-2/GAPDH,
DNCB: 0.715 =+ 0.128, VYE-5 mg/day: 0.665 =+ 0.128, VYE-10 mg/day:
0.283 £+ 0.123) (Fig. 5).

3.5. VYE restored the enhanced CD4 + /CD8 + ratio in the spleen and
spleen index

In this study, the DNCB-treated group demonstrated an increase in
spleen index and the ratios of CD4-+/CD8+ in the spleen. After 21 days
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Fig. 5. Effects of topical VYE on protein expression of iNOS and COX-2 in
dorsal skin tissues. The protein expression of COX-2 and iNOS were detected by
Western blotting, and quantified by densitometry (A). Relative expressions of
COX-2 and iNOS were normalized to GAPDH internal control (B and C). Data
were presented as the means + SEM, **P < 0.01 vs DNCB. VYE, Viola yedoensis
ethanol extract; DNCB, 2,4-dinitrochlorobenzene; COX, cyclooxygenase; iNOS,
inducible NO synthase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

of treatment, the ratios of CD4+/CD8+ in the spleen was increased in
the DNCB group (3.88 + 0.17) as compared to the control group (2.27 +
0.04). Whereas, VYE-5 mg/day application suppressed the ratios to 3.21
+ 0.07 and VYE-10 mg/day application suppressed the ratios to 2.84 +
0.07 (Fig. 6A and B). Spleen index was increased in the DNCB group
(0.31 + 0.02) compared with the control group (0.23 + 0.01). VYE-5
mg/day (0.29 + 0.05) had no significant action on spleen index
compared with the DNCB group. But VYE-10 mg/day application
decreased spleen index to 0.26 + 0.03 (Fig. 6C). Moreover, the DEX-
treated group had an over-inhibited immune response, with the spleen
CD4 + /CD8 + T lymphocyte ratio and spleen index (1.72 + 0.13 and
0.13 + 0.02, respectively, P < 0.01) being even lower than those of the
control group. Thus, DNCB was expected to excessively up-regulate
immune responses. However, VYE dose-dependently inhibited the im-
mune response induced by DNCB at least in part.

A) 400 B) 300 C) 300
T T
300 _ I
g = 200 * kK - T,_:_ 200
= . = 2 T
< 2004 ) * % ~ * %k
_a. *k ok * ? e ? * %
) Y <5
= = 100 Z 100
100 ‘
0= T T 0= T T 0= T T
> D S S S > D = = = > ) S S =
o C)) Uy & ol 3 O ()] X 1) 2] G X
ST SF ST SE O
R R <o & ¢ (SO g% G §
2NN AR PSRN
R & S A o G
y & & 4 & ? & &
TS & < o & &S Q“'

Fig. 4. VYE dose-dependently reduced IL-1p, IL-6, and TNF-«a levels in the serum as presented in figure A, figure B, and figure C, respectively. Data were presented as
the means + SEM, **P < 0.01 vs DNCB. VYE, Viola yedoensis ethanol extract; DNCB, 2,4-dinitrochlorobenzene; DEX, dexamethasone; IL, interleukin; TNF, tumor

necrosis factor.
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Fig. 6. VYE reduced the enhanced CD4 + /CD8 + ratio in the spleen and spleen index. Subsets of splenic CD4 and CD8 T cells assessed by flow cytometry (A). The
spleen CD4*/CD8+ T lymphocyte ratio (B). Spleen index: spleen index (g/g) = spleen weight (g)/body weight (g) x 100% (C). Data were presented as the means =+
SEM, *P < 0.05 vs DNCB, **P < 0.01 vs DNCB. VYE, Viola yedoensis ethanol extract; DNCB, 2,4-dinitrochlorobenzene; DEX, dexamethasone.

3.6. Chemical profiling and quality evaluation of the blank and VYE gels

According to retention time, precise molecular weight and charac-
teristic fragmentation ions, 23 chemical components were tentatively
characterized and identified from VYE by comparing with published
references (Wang et al., 2008; Wang et al., 2008; Li et al., 2013),
including 9 flavonoids, 5 coumarins, 5 organic phenolic acids and 4
triterpenes. Phytochemistry had revealed that VY mainly contained
flavonoids, coumarins, and organic phenolic acids, all of which were
reported to  possess  significant  anti-inflammatory = and
immuno-regulatory activities (Jeong et al., 2016; Zeng et al., 2016).
Along with our results that topical application of VYE could improve
AD-like skin lesions in ICR mice by inhibiting inflammatory factors and
regulating immune function, we speculated these chemical components
(flavonoids, coumarins, and organic phenolic acids identified by high
resolution LC-MS/MS) might be the potential active material basis in VY
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responsible for anti-atopic effects against DNCB-induced atopic
dermatitis-like skin dysfunction. Total ion current (TIC) chromatogram
and chemical structures were presented in Fig. 7. The MS data and
identification results were given in Table 1.

In addition, quality evaluation of the blank and VYE gels (2.5% and
5%, w/w) were conducted by character observation (homogeneity,
color or odor changes), pH measure and centrifugal experiments. Results
suggested that the blank gel was a homogeneous transparent gels and
VYE gels (2.5% and 5%, w/w) was a homogeneous brown gel (shown in
Fig. 6C) without bubble in appearance. The pH values for the blank gel,
VYE-L gel and VYE-H gel were 6.50, 6.48 and 6.46, respectively. No
stratification was observed under centrifugation at 300xg for 10 min,
suggesting the high stability and good uniformity.

14
Time (min)

Fig. 7. (A) TIC chromatogram of VY extract in the positive/negative mode; (B) Chemical ingredients identified from VY extract; (C) Appearance of the blank and VYE

gels (2.5% and 5%,w/w).
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Fig. 7. (continued).

4. Discussion

AD is one of the most common inflammatory disorders which is
characterized by pruritus, flushes, recurrent eczematous, and depression
(Charlesworth and Ernest, 2001). It affects many aspects of patient’s
lives, including psychological stress, low self-esteem, and sleep depri-
vation, and is exacerbated by visible disease, stigma, and itch. These
lead to adverse psychosocial consequences and health outcomes

(Deckert et al., 2014). AD can be a considerable high global burden in
healthcare costs, including direct costs of treatment and indirect costs,
such as negatively affecting the work performances of individuals.
Topical corticosteroids are widely recommended as the first-line anti--
inflammatory treatment for AD, and their long-term use results in many
side effects, such as skin atrophy, purpura, striae, dyspigmentation, and
declined immune function (Barnes et al., 2015). Therefore, the attempts
to develop new effective remedies with low adverse drug reactions
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Table 1
Identification of main components in Viola yedoensis by high resolution LC-MS/MS.
Peak tr Molecular Quasimolecular ion (m/z) Product ions (m/z) Identification
(min) formula
Measured ppm
1 8.13 C16H1809 [M-H]” -0.41 191, 179, 161, 135 Neochlorogenic acid
353.08795
2 8.59 C15H1609 [M-H] 339.0716 1.63 177,133 Esculin
3 9.46 Ci6H2209 [M-H] -1.04 195 3-[2-(B-D-Glucopyranosyloxy)-4- methoxyphenyl]propanoic acid
357.11948
4 9.63 C16H1809 [M-H]" 353.088 —0.55 191, 179, 161, 135 Chlorogenic acid
5 9.65 CoHgO4 [M+H]* 2.16 151, 133, 123,105 Esculetin
179.0335
6 10.19 C10HgO4 [M-H] 4.02 176 6,7-Dihydroxy-4-methylcoumarin
191.03421
7 10.39 Ca7H30016 [M-H]" 0.28 301, 300, 271, 255, 151 Rutin
609.14594
8 11.09 CoHgO3 [M+H]" 1.3 135, 133, 105 7-Hydroxycoumarine
163.03876
9 11.29 C10HgO4 [M+H]" 0.6 178,133 Scopoletin
193.04942
10 11.53 Ci15H;007 [M+H] " 1.52 257,229, 153,137,121  Morin
303.04947
11 11.78 C21H20011 [M-H] -0.9 285, 284, 255, 227 Astragalin
447.09369
12 11.79 Co1Ha0011 [M+H]* 0.8 303 Quercitrin
449.10748
13 11.81 C21H20011 [M+H]" 449.107 1.87 357, 327, 299 1,5-Anhydro-1-[2-(3,4- dihydroxyphenyl)-5,7-dihydroxy-4-oxo-4H-chromen-
8-yl]-D-galactitol
14 12.41 Ca5H24012 [M-H] —0.48 353,191, 179, 173, 161, 3,5-Dicaffeoylquinic acid
515.11975 135
15 12.81 C21H0012 [M-H] —-0.39 301, 300, 271, 255, 151 Quercetin-3p-D-glucoside
463.08838
16 12.83 Cy5H1007 [M+H]" 1.32 257, 229, 165, 153, 137 Quercetin
303.04953
17 13.09 Co5H4012 [M-H]” -0.37 353, 191, 179, 173, 151 4,5-Dicaffeoylquinic acid
515.11969
18 13.67 C16H1207 [M+H]" 0.19 302, 153 Isorhamnetin
317.06552
19 15.71 C16H1206 [M+H]* 0.65 286, 258 Diosmetin
301.07047
20 19.17 C30H4506 [M-H]" —0.09 485, 459, 441 Arjungenin
503.33786
21 20.14 C30H4g05 [M-H] 487.3428 0.2 469, 441, 423 Asiatic acid
22 20.17 CaoHu604 [M+H]* 1.1 453, 427, 217,203,191,  18-p-Glycyrrhetinic acid
471.34637 121
23 21.98 C30H4g03 [M-H]" 0.44 Ursolic acid
455.35287

Glu:p-D-glucose; Rha: p-D-rhamnose; Gal:p-D-galactose.

remain an important priority.

VY is a traditional Chinese medicinal herb with remarkable medical
and economic value that is widely used to treat inflammation-related
diseases, including erysipelas, eczema, urticarial, acute lung injury,
and acne vulgaris (Liao et al., 2010). Besides, previous studies had
revealed that VY exerted anti-HIV effects, anticoagulant, antibacterial
activities, and anti-inflammatory effect in vitro (Li et al., 2012; Zhou
et al., 2009). However, its anti-atopic properties remained to be evalu-
ated. In this study, a series of studies were conducted to demonstrate
that VYE significantly alleviated the DNCB-induced AD-like disease in
mice.

In this study, a series of studies were conducted to demonstrate that
VYE significantly alleviated the DNCB-induced AD-like disease in mice.
Our results suggested that topical application of VYE alleviated the
DNCB-induced AD-like symptoms, such as diminished ear swelling,
suppressed epidermal thickness, inhibited inflammatory cytokine pro-
duction, and regulated the immune response in a dose-dependent
manner. Recent studies had demonstrated that over-expression of
TNF-a, IL-1p, and IL-6 were responsible for atopic dermatitis (Fan et al.,
2019; Lee et al., 2020). We investigated the inhibitory effect of VYE
against the expression of proinflammatory cytokines in the
DNCB-induced AD mouse model. VYE reduced the production of TNF-a,
IL-1B, and IL-6 in serum, which potentially contributed to the remission

of inflammatory response and the amelioration of AD-like skin
dysfunction. These findings were consistent with previous reports,
which showed that VY could downregulat inflammatory cytokines, such
as that the petroleum ether fraction of VY had reduced TNF-a, IL-1f, and
IL-6 in lipopolysaccharide-induced acute lung injury (Li et al., 2012),
and that VYE (150 pg/mL) suppressed TNF-a and IL-1f production by
lipopolysaccharide stimulation in mouse peritoneal macrophages.
Macrophages play a critical role in the immune system and
contribute to a broad spectrum of pathologies processes. It is also crucial
in host defense in the acute inflammatory phase by producing nitric
oxide (NO) and numerous cytokines in response (Park et al., 2015), as
well as associated with the development of various chronic inflamma-
tory diseases (Hirayama et al, 2018). A study buy optical
reporter-gene-based molecular imaging to evaluated the effects of
anti-AD therapeutic agents in immunocompetence, showed that the
accumulation of macrophages was positively correlated with the
severity of AD-like skin lesions (Lee et al., 2020). NO was a highly
reactive free radical, which played a role in mediating numerous bio-
logical functions such as vasodilation, neurotransmission, blood coag-
ulation, and immune regulation, etc. An excessive NO in inflammatory
response aggravates localized tissue injury and led to chronic inflam-
mation. iNOS was a major producer of NO when it was stimulated by
bacterial lipopolysaccharides or various cytokines, such as IL-1f, IL-6,



P. Fan et al.

and TNF-a (Orita et al., 2011). COX-2 was an inducible isoform of
cyclooxygenase whose expression was enhanced in
inflammation-related cells in response to stimulations by cytokines
(Huang et al., 2012). Accordingly, evaluation of the anti-inflammatory
effects of medicine through quantifying iNOS and COX-2 synthesis
were considered the universal method. In the present study, long-term
topical VYE showed considerable effects in remission of macrophages
and suppressing protein expression levels, including iNOS, and COX-2
on dorsal skin tissues in DNCB-induced AD mice.

Cutaneous inflammation is central to the pathogenesis of AD. The
complex interactions between cytokines, immune cells, and affected
tissues result in sustained inflammation in AD-like skin dysfunction.
Lesional skin of patients with AD shows a dysregulation of T-lympho-
cytes characterized by CD4" over-expression (Verhagen et al., 2006).
CD4™ T cells act as co-stimulators for macrophage activation via antigen
presentation and the release of proinflammatory cytokines. Moreover,
the CD4+/CD8+ T-cell ratio reflects the immune status of the body with
a higher ratio being indicative of enhanced immune status. In confir-
mation of previous studies (Correa et al., 2014; Fan et al., 2019), we
found that the ratio of CD4+/CD8+ was significantly increased in
DNCB-treated mice compared to control group mice. Also, it was
observed that topical administration of DEX and VYE significantly
reduced CD4 +/CD8 + ratio of the spleen in DNCB-induced AD-like
mice, which was consistent with the suppression in spleen index.
Meanwhile, CD4 + /CD8 + ratio and spleen index was exhibited very
low levels in the DEX-treated group, suggesting that long-term topical
DEX (21 days in this study) might increase the risk of over-
immunosuppression. Thus, VY was a potential novel therapeutic remedy
for AD by improving skin dysfunction without the risk of over-
immunosuppression and treatment-related side effects.

5. Conclusions

We uncovered the therapeutic effects of VYE on atopic dermatitis by
DNCB-induced AD-like lesion mouse models. Topical application of VYE
improved the progression of AD-like lesions, including ear swelling,
epidermal hyperplasia inflammatory cell infiltration, and skin lesion
severity. Additionally, it was demonstrated that the anti-atopic effects
were exerted through down-regulating the expression of inflammatory
cytokines in the serum, reducing iNOS and COX-2 levels in the skin
tissues, and decreasing the CD4+/CD8+ ratio in spleen lymphocytes.
These effects suggested that VYE could be a valuable herbal remedy for
atopic dermatitis.
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