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Abstract

Background: A combination of parts of Cornus officinalis, Rosa multiflora, Lespedeza bicolor, Platycladus orientalis,
and Castanea crenata is commonly used for alleviating inflammatory skin disorders. Therefore, this study was carried
out to evaluate the in vitro and in vivo preventive effects of a novel herbal formula made from the five plants
(C2RLP) against atopic dermatitis in BALB/C mice.

Methods: Mice were allocated into five groups (n = 8) including, control (Normal, petrolatum, and betamethasone
treated) and treatment groups (treated with 2.5 and 5% C2RLP ointment). Atopic lesion was induced by applying
1-Chloro-2, 4-dinitrobenzene to the dorsal thoracic area of mice. Macroscopical and histological evaluations were
performed to determine the effects of treatment on the progress of the skin lesions. The effects of treatment on
the production and release of interleukins, interferon -Y, nitrite, prostaglandin E2, thymus and activation-receptor
chemokine, and B-hexosaminidase were evaluated and comparisons were made between groups. In addition, the
chemical compounds present in C2RLP were identified by Liquid Chromatography-Mass Spectrometry.

Results: Topical application of C2RLP reduced the dermatitis score and suppressed histopathological changes in
mice. Treatment significantly reduced (P < 0.05) plasma IL-4 level, the production of nitrite, prostaglandin E2, and
thymus and activation-receptor chemokine production. The lipopolysaccharide-induced iINOS-mRNA expression in
RAW 264.7 cells was also suppressed by high concentrations of C2RLP. In addition, C2RLP showed an inhibitory
effect against DPPH free radical (ICso = 147.5 ug/ml) and B-hexosaminidase release (ICso = 179.5 pg/ml). Liquid
Chromatography-Mass Spectrometry analysis revealed the presence of various compounds, including loganin,
ellagic acid, and kaempferol 3-glucoside.

Conclusion: Down-regulation of T- helper 2 cellular responses and suppression of inflammatory mediators
contributed to the protective effects of C2RLP from atopic dermatitis in BALB/C mice.
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Background

Atopic dermatitis (AD) is an allergic skin disease characte-
rized by complex symptoms such as drying and thickening
of the skin, and scratch marks that are frequently associated
with immunoglobulin-E (IgE) hyper-responsiveness to en-
vironmental allergens. The wrist, neck, face, and the crooks
of the elbows and knees are among the most frequent loca-
tions of the lesions [1]. AD is mostly affecting children with
onset before the age of five years [2]. Environmental (house
dust mites and air pollution) and genetic factors considered
the causes of AD. In addition, genetic predisposition
accompanied by assorted peculiar immune symptom ac-
counts for more than 50% of reported cases [3].

Activation of T-helper 2 (Th2) and mast cells are men-
tioned in the development of AD [4]. It is associated
with an increase in serum concentration of Th2 cyto-
kines, including interleukin (IL) -4, IL-5, IL-10, and
IL-13. In addition, expression of interferon- y (IFN-y) is
also reported in cases of AD [5, 6]. Basal keratinocytes
produce thymus and activation-regulated chemokine
(TARC) recruits Th2-lymphocytes and further aggravate
dermatitis [7]. Authors also suggested that the release of
B-hexosaminidase from degranulated mast cells, high
levels of serum immunoglobulin (Ig)E, and the expression
of proinflammatory mediators such as prostaglandin E2
(PGE2) and nitrite (NO) are important determinants in
the propensity of mice to AD [8, 9].

In spite of the profound side effects caused by topical ste-
roids and oral anti-histamines, these drugs are commonly
used to treat AD [10]. Hence, efforts have been directed to-
wards identifying safer and effective compounds of plant
origin which can modulate the pathological mechanism(s)
of AD such as anti-histamine effects, inhibition of Th, re-
sponses and IgE production [11]. More than 20% of the
population in Korea rely on traditional medicine as the pri-
mary health care [12]. However, only a few studies have
been conducted on the efficacy and safety of medicinal
plants. Therefore, a screening test was conducted using the
DPPH antioxidant, B-hexoseaminidase, and NO assay on
286 plants from Gyeongbuk Forest Resource Development
Institute, Republic of Korea. These assays were selected as a
screening method, taking into account the multifactorial
nature of AD. Accordingly, Cornus officinalis (Family: Cor-
naceae), Castanea crenata (Family: Fagaceae), Rosa
multiflora (Family: Cornaceae), Lespedeza bicolor (Family:
Legumes), and Platycladus orientalis (Family: Cupressa-
ceae) were selected for further studies. Previous studies
have shown that these plants produced various degrees of
biological activities that are associated with AD [13-17]. In
addition, various parts of these plants combined in different
proportions to produce ointments for inflammatory skin
disorders, including AD [18-23]. However, all of the studies
are conducted on the activities of a single plant against in-
flammation or free radical activity. To the best of our
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knowledge, there is no scientific report available on the
efficacy and safety of the most commonly used plant
combinations.

Based on the results of the screening assay, a 4:1:1:1:1
ratio of Cornus officinalis (fruit): Rosa multiflora (stem),
Lespedeza bicolor (aerial part), Platycladus orientalis
(leaves), Castanea crenata (leaves) respectively, were se-
lected for further studies. Additional investigation using
the NO and B-hexosaminidase assay have demonstrated
that C2RLP produced better activity than each plant ex-
tract (data not shown). Finally, a topical ointment was
formulated (C2RLP) taking into account the main
complaints of the disease such as pruritus, dryness, and
psoriasis on the skin [24]. Therefore, the study was
aimed to evaluate the in vivo protective effects of topical
application of herbal formulation, C2RLP, against
1-Chloro-2, 4-dinitrobenzene (DNCB) induced AD-like
lesion in BALB/C mice. In addition, the effects of C2RLP
on free radical scavenging activity and cellular mediators
were evaluated using various in vitro methods.

Methods

Plant extraction and preparation of ointments

Rosa multiflora (stem), Lespedeza bicolor (aerial part),
Platycladus orientalis (leaves), Castanea crenata (leaves)
and Cornus officinalis (fruit) were purchased from the
Gyeongbuk Forest Resource Development Institute, the
Republic of Korea. The identity of the plants was con-
firmed by a taxonomist (Dr. Zi-Eum Im) and voucher
specimens were deposited (LVPPM 2001-2005) in our
laboratory. The dried and crushed parts of each plant
were boiled in 30% ethanol (100 g/Liter). The extracts
were filtered with Whatman filter paper Number 1 (GE
Healthcare, UK Limited, UK), evaporated to dryness,
and freeze-dried. A 5% (w/w) and 10% (w/w) ointments
of C2RLP were made using petrolatum (Sigma-Aldrich)
as a vehicle. For in vitro experiments on various cell
lines, the extract was dissolved in the respective media
used to grow the cells and then filtered using a 0.22-um
syringe driven filter (Merck Millipore Ltd., Carrigtwohil,
Ireland).

Experimental animals and materials

The availability of genetically manipulated strains, ease
of manipulation, and low cost of mice as compared with
other species of animals makes mouse models preferable
to study AD. Therefore, specific-pathogen-free male
BALB/C mice of 5weeks old (male with an average
weight of 18.5 g) were purchased from Orient Co. Seoul,
South Korea (Charles River Technology) and acclima-
tized for 10 days. Mice were maintained in the animal
room with 20-25°C temperature, 55 + 10% relative hu-
midity, and 12 h light/dark cycle. A standard pellet diet
and filtered tap water were given ad libitum. The total
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sample size (n=40) was calculated using the G*power
program based on « error probability of 0.05 and power
(1- B error probability) of 0.80. The experiment was ap-
proved by the Institutional animal care and use commit-
tee of Kyungpook National University, Republic of Korea
(KNU 2016-120). All experimental procedures were
conducted according to the international guidelines for
the care and use of laboratory animals [25].

In vitro experiments

Cell culture

Murine macrophage RAW 264.7 cells, Rat Basophilic
Leukemia cells (RBL-2H3), and human keratinocyte
HaCa-T cells were obtained from the Korean Cell Line
Bank, Seoul, and the Republic of Korea. RPMI medium
(Roswell Park Memorial Institute) was used to maintain
RAW 264.7 and RBL-2H3. The human keratinocyte
HaCa-T cells were maintained in Minimum Essential
Medium (MEM). Penicillin (100 U/ml), streptomycin
(100 pg/ml), and fetal bovine serum (10% FBS) were
added and incubated at 37 °C in 5% CO, incubator. The
RPMI, MEM, penicillin, streptomycin, and FBS used to
supplement the medium were purchased from Sigma.

Measurement of NO and PGE2 production

RAW 264.7 cells (2 x 10°/ml) were cultured on 24-well
plate and allowed to adhere to 80% confluence. Cells
were treated with lipopolysaccharide (LPS, 0.5 pg/ml) for
30 min and incubated with C2RLP (10-300 pg/ml) for
18 h. NO production in the supernatant was determined
using a spectrophotometer at 540 nm (VERSA max, Mo-
lecular Devices, Sunnyvale, CA, USA) and quantified from
a standard curve generated using sodium nitrite (Griess
Reagent System, Promega Co., Madison, WI, USA).
Whereas, the level of PGE2 in the supernatant was mea-
sured using an Enzyme-linked immunosorbent assay
(ELISA) kit (PGE2 ELISA kit, Cayman Chemical Co., Ann
Arbor, MI, USA). In addition, the 3-(4,5-dimethyl-2-thia-
zolyl) -2,5-diphenyl-2H-tetrazolium bromide (MTT) assay
was conducted to evaluate the effects of C2RLP on cellular
viability following incubation of cells (2 x 10°/ml) with
various concentrations of C2RLP for 24 h.

Evaluation of the effect of C2RLP on the expression of
iNOS-mRNA

Total RNA was extracted from RAW cells using Trizol
reagent (Invitrogen, Carlsbad, CA, USA). For cDNA syn-
thesis, 1 pg of the RNA was subjected to RT reaction
and amplified in triplicate using an Accu Power ° RTPre-
Mix and "PCR PreMix, respectively (Bioneer, Daejeon,
Korea). The primer sequences used for amplification are
summarized as follows: 5-GTGGGCCGCCCTAGGCA
CCAG-3" (F) and 5-GGAGGAAGAGGATGCGGCA
GT-3'(R) for B-actin; and 5-CCCTTCCGAAGTTCTGG

(2019) 19:25

Page 3 of 13

CAGCAGC-3" (F) and 5-GGGTGTCAGAGCCTCGT
GGCTTTGG-3" (R) for iNOS. A thermal cycler system
(MyCycler, Bio-Rad Laboratory, and USA) was adjusted
to the following reaction conditions. Initial denaturation
and enzyme activation at 95 °C for 5 min, 35 cycle ampli-
fication at 95°C for 45s (denaturation), 60°C for 45s
(annealing), and 72 °C for 45 s (extension).

Measurement of TARC production

The inhibitory effect of C2RLP on tumor necrosis factor-a
and IFN-y (TI) (Sigma-Aldrich) induced TARC produc-
tion in HaCa-T cells were evaluated in accordance with
the method of Lim et al. [26]. HaCa-T cells (1 x 10°/ml)
were cultured on 24-well plates and stimulated with TL
The amount of TARC produced after 24 h following treat-
ment with C2RLP was measured using an ELISA kit
(R&D Systems Inc., Minneapolis, MN, USA). In addition,
the cytotoxicity of C2RLP on HaCa-T cells was assessed
using the MTT cell proliferation assay in the presence and
absence of TT (10 ng/ml, each).

B-Hexosaminidase release assay
The effects of C2RLP on [-hexosaminidase release in
RBL-2H3 cells was evaluated with some modifications
of the method used by Kuehn et al. [27]. Briefly,
RBL-2H3 cells (4 x10° cells/ml) were cultured on
24-well plate and incubated at 37°C in 5% CO, for
24 h. Following sensitization with anti-dinitrophenyl-
immunoglobulin E (anti-DNP IgE) (Sigma-Aldrich)
(100 ng/ml), the «cells were washed (3x) and
re-suspended in Siraganian buffer. An aliquot of
100 uL cells with C2RLP (10-300 pg/ml) was made
into 96 well plates. Quercetin (Sigma-Aldrich) was
used as a positive control. Following 30 min of incu-
bation at 37°C, cells were stimulated with 10 uL of
100 ng/ml of DNP-HAS (Sigma-Aldrich). The reaction
was terminated by spinning the plate at 450 xg, at 4°
C for 5min. An aliquot of 100uL 1pg/ml of
N-acetyl-f-D-glucosamide (PNAG) (Sigma-Aldrich))
solution in citrate buffer (pH 4.5) was made into two
new 96 well plates to measure the level of secreted
and total B-hexosaminidase. Accordingly, 50 ul super-
natant and 50 ul cell lysates were transferred to the
plates containing PNAG solution and incubated for
90 min at 37°C. The appearance of yellow color fol-
lowing the addition of 50 uL. of 0.4 M Glycine buffer
indicated the degree of B-hexosaminidase activity. Fi-
nally, optical density (OD) was measured at 405nm
and percentage [-hexosaminidase release was deter-
mined as follows.

% release = 100X [2(A-B))/ (1/2(C-B) + (4X (D- B)].

Where A is the OD value of the supernatant, B is the
OD value of the plate blank, C is the OD value of the
total supernatant, and D is the OD value of the lysates.
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Antioxidant activity of C2RLP

The antioxidant effect of C2RLP against DPPH free rad-
ical was conducted following a previously described
method [28]. The optical density was determined at 517
nm using a multichannel spectrophotometer (VERSA
max, Molecular Devices, Sunnyvale, CA, USA) and the
percent inhibitory effects of the test extracts on DPPH
free radicals was calculated as follows:

X-Y)"
Z

Inhibition (%) = 100 — [ 100]

Where, X is the OD value of C2RLP with DPPH, Y is
the OD value of C2RLP in ethanol, and Z is the OD
value of Ethanol with DPPH.

Compound analysis of C2RLP using liquid chromatography-
mass spectrometry (LC-MS)

LC-MS analysis of C2RLP was conducted by using an
Accela UHPLC system (Thermo Fisher Scientific, CA,
and USA) coupled with an LTQ-Orbitrap XL hybrid
mass  spectrometer (Thermo Electron, Bremen,
Germany) via an ESI interface. Sample separation was
carried out at room temperature using Waters BEH C18
column (2.1 x 150 mm, 1.7 pm). The mobile phase con-
sisted of Water (A) and acetonitrile (B) with 0.1% formic
acid and flow rate of 400 uL/min. The elution gradient
was adjusted as follows: 5% B (0 min), 5% B (1 min), 70%
B (20 min), 100% B (24 min), and 100% B (27 min). One
pL of samples were injected and analysis was made in
positive ion mode. The conditions of the ESI source
were similar to a previous study [29].
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In vivo experiments

Acute oral toxicity in rats

Acute oral toxicity of C2RLP was conducted in six
6-week old female Sprague-Dawley rats (average weight
of 150 g) purchased from Orient Co. Seoul, South Korea
(Charles River Technology). The experiment was carried
out according to OECD guidelines - 425. C2RLP was ad-
ministered at a single oral dose of 2000 mg/kg to three
rats, while the remaining three served as untreated con-
trols. The rats were monitored for changes in body
weight, water, and food intake. Rats were also carefully
inspected for abnormal signs and symptoms such as
changes in the color of the skin and eyes, convulsions,
diarrhea, lethargy, and coma for a total of 14 days. Fi-
nally, rats were euthanized by carbon dioxide inhalation
(flow rate adjusted to 15-30% per minute) and patho-
logical examination was carried out [30].

Induction of atopy and treatment of mice

Mice were randomly allocated into five groups (N =8) as
follows: Group I: treated with petrolatum (Negative control
group); Group II: treated with betamethasone (Positive con-
trol group); Group III and IV: treated with 2.5 and 5% (w/
w) C2RLP ointment, respectively and Group V: normal
control group. The atopic lesion was induced by using
1-Chloro-2,4-dinitrobenzene (DNCB, Sigma-Aldrich) with
slight modifications of previously described methods (Fig.
1) [31, 32]. Immediately on the next day after shaving (day
1), mice were treated with 150 pL of 1% DNCB dissolved in
an acetone: olive oil mixture (3:1 vol/vol). Five days after
hair removal (day 5), 150 pL of 0.2% DNCB was applied to
the shaved area three times a week for almost 4 weeks (until
day 33). On the 8th day after hair removal (day 8), mice
were treated with C2RLP ointment daily, for 25 days. At
the end of the experiment (day 34), mice were euthanized

Hair removal

Topical application of 1% DNCB (150 ul)
Topical application of 0.2% DNCB (150 nL)
Y V ) 4 4 ) 4
Day 0 1 5 8 11 15 18 23 26 29 31 33 34

Daily treatment with C2RLP

Evaluation of dermatitis score once every five days

Fig. 1 Experimental schedule for induction of atopic dermatitis and treatment with C2RLP in BALB/C mice

Sample collection
* Blood
* Skin
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by carbon dioxide inhalation and samples (blood and skin)
were collected for chemokine analysis and histopathological
examination. Blood was collected using a vacutainer tube
and allowed to clot by leaving it undisturbed at room
temperature for about 30 min. The clots were removed by
centrifuging at 2000x g for 10 min in a refrigerated centri-
fuge. Serum was stored at -20°C until analysis. Whereas,
skin specimens were fixed in 10% neutral buffered
formalin.

Evaluation of skin lesion

Skin lesions were recorded for each animal and derma-
titis were scored once every five days, as follows [33]: (1)
Erythema, (2) skin dryness, (3) Edema, and (4) erosion.
Scores of 0 (none), 1 (mild), 2 (moderate) and 3 (severe)
were given for each lesion and the individual scores were
added to determine the extent of overall dermatitis. A
researcher who was unaware of the treatment and con-
trol groups conducted the evaluation of dermatitis score.

Histopathological investigation

Paraffin-embedded specimens were sectioned to 5pm
thicknesses and subjected to the automated tissue
processor. Hematoxylin-Eosin (HE) and Toluidine
blue (TB) stained skins sections were examined to de-
termine the degree of epidermal hyperplasia, inflam-
matory and mast cell infiltration. A pathologist who
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was unaware of the treatment and control groups
performed a microscopic evaluation of skin lesions.

Th2 and Th1 cytokines

Serum samples were harvested from blood samples col-
lected at the end of the experiment and the levels of
IL-2, IL-4, IL-5, IL-6 IL-13, and IFN-Y were analyzed
using ELISA kits following the manufacturers’
instructions.

Statistical analysis

Data are presented as means * standard deviation (SD).
One-way analysis of variance (ANOVA) was conducted
by using Prism (GraphPad Software Inc., USA) followed
by Tukey’s honestly significant difference (HSD) test.
Differences with P<0.05 were considered statistically
significant.

Results

Effects of C2RLP on nitrite and PGE2 production in RAW
264.7 cells

MTT assay was used to evaluate the effect of C2RLP on
the viability of RAW 264.7 cells with an initial concen-
tration of 1 mg/ml. The result demonstrated that > 85%
of the cells were alive at the tested concentrations (Fig.
2a). Cells were stimulated with LPS (0.5 pg/ml) prior to
treatment with various concentrations of C2RLP, and

A o ot a a a 2
£
S 80- b
“
-
& 60
§ 0
£ 404
._E
= 204
i
v 04
C2RLP (ug/ml) - 5 300 100 30 10
LPS (0.5 pg/ml) - + + + + +
i-NOs
Pactin
C2RLP (ug/ml) 300 100 30 10 0 0
LPS (0.5 pg/ml) + + + + +

Fig. 2 Effects of C2RLP on viability (a), NO production (b), iNOS-mRNA expression (c), and PGE2 production (d) of LPS stimulated RAW 264.7 cells.
The data shown represent the means of three independent experiments and bars with different letters indicate significant difference (P < 0.05)
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the levels of NO and PGE2 production were measured
after 24h. LPS stimulated cells produced a higher
amount of nitrite (40.5 + 0.7 uM) (P < 0.05) with respect
to the non-stimulated cells (Fig. 2b). However, treat-
ment with 100 and 300 pg/ml of C2RLP significantly re-
duced (P < 0.05) the LPS-induced nitrite production. In
accordance with the findings in the NO assay, a signifi-
cant suppression of iNOS gene expression was ob-
served following treatment with C2RLP (Fig. 2c). On
the other hand, the level of PGE2 in the cell culture
supernatant of LPS-stimulated cells (15.1 + 0.4 ng/ml)
reduced significantly (P<0.05) only in 300 ug/ml
C2RLP treated cells with a mean concentration of 10.5
+ 0.2 ng/ml (Fig. 2d).

C2RLP treatment reduced TARC production in HaCa-T
cells

HaCa-T cells were stimulated with TI and treated with
various concentrations of C2RLP for 24 h. The amount
of TARC production in cells stimulated with TI elevated
almost 7-fold with respect to the non-stimulated cells
(Fig. 3a). The TI induced TARC production was reduced
by 49.78 and 22.92% (P < 0.05) following treatment with
300 and 100 pg/ml of C2RLP, respectively. In addition,
the cytotoxic effect of the test concentrations of C2RLP
in HaCa-T cells was assessed prior to determining its ef-
fect on TARC production. The results have demon-
strated that the test concentrations did not interfere
with the viability of HaCa-T cells, both in the presence
and absence of TI (Fig. 3b).

Effect of C2RLP on B-hexosaminidase release in RBL-2H3
cells

The release of B-hexosaminidase from IgE-DNP antibody
sensitized RBL-2H3 cells was evaluated to determine the
effect of C2RLP on mast cell degranulation. C2RLP signifi-
cantly reduced (P<0.05) PB-hexosaminidase release at
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concentrations of 100 and 300 pg/ml (ICs5o = 179.5 pg/ml)
with a percentage inhibition of 43.1+1.9 and 57.5+3.38,
respectively. In addition, MTT assay demonstrated that
C2RLP was non-toxic in both IgE-DNP stimulated and
non-stimulated RBL-2H3 cells (Fig. 4 a,b and c).

Antioxidant activity of C2RLPC

The DPPH free radical scavenging assay was conducted to
evaluate the scavenging capacity of C2RLP at various con-
centrations. The result demonstrated a concentration-
dependent inhibitory activity of free radicals with an ICs,
value of 147.5 ug/ml (Fig. 5).

LC-MS analysis of C2RLP

The main constituents of C2RLP identified by LC-MS
are summarized in Table 1. C2RLP possess various
compounds that belong mainly to the flavonoids and
phenols. Loganin, Ellagic acid, and Kaempferol
3-glucoside were the main compounds identified in
C2RLP with retention times of 5.7, 6.4, and 7.5 min,
respectively.

Acute oral toxicity

Oral administration of C2RLP extract was safe up to
2000 mg/kg body weight. None of the rats showed any
signs of toxicity such as weight loss, restlessness, ruffled
hair, lacrimation, diarrhea, and convulsion.

Effect of C2RLP ointment on AD-like skin lesions in mice

Cutaneous findings related to atopic dermatitis such
as mild to moderate erythema, skin dryness, edema,
and erosion were evident following application of
DNCB for almost 2weeks (with an average derma-
titis score of 6.8) in the petrolatum treated control
mice. Topical application of C2RLP and betametha-
sone significantly suppressed (P < 0.05) the cutaneous
symptoms as of the 5th and 10th day of treatment,

A 2 B
~ 504 100
£ b b =
T 40+ = s
=1 d g B With TI
S 304 & 3 Without TI
o) e
H o < 504
T 20 £
= =
= )
O 104 a =
-4
NN ”
b= 04 0
C2RLP (ug/mL) - ’ 300 100 30 N S »
TNF-o (10 ng/mL) - + + + + C2RLP (pg/ml)
Ifn-y (10 ng/mL) - + + + +
Fig. 3 Effects of C2RLP on TARC production (a) and viability (b) in HaCa-T cells. The data shown represent the means of three independent
experiments and bars with different letters indicate significant difference (P < 0.05)
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Table 1 LC-MS analysis of compounds of C2RLP
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RT (min) m/z Appm MS/MS Formula Name of compound

34 347.1 (M +HJI™) -0.98 183 C14H19010 Glucopyranosyl methyl gallate

57 391.2 (M +HIY) -0.52 246 C17H27010 Loganin

63 617.1 (M +H]H -094 303, 315, 599 C28H25016 Quercetin 3-b-galactoside-2-O-gallate
64 303 (M +HIY) 0.65 C14H708 Ellagic acid

6.7 479.1 (M +HI™) —-1.51 303 C21H19013 Quercetin-3-Glucoronide

75 449.1 (M +H) -093 21H21011 Kaempferol 3-glucoside

8.1 5432 (M +HI") 0.18 381 C24H31014 Cornuside

82 433 (IM-HI") 271 C21H21010 Naringenin7-O-3-D-glucoside

95 303.1 (M +HIY) -065 151,179, 273 C15H1107 Quercetin

RT, retention time; ([M + H]*)/ (IM-H]") base or molecular ions at the positive and negative mode, respectively

respectively. However, a slight degree of erythema
and alopecia were evident in the 2.5% C2RLP treated
group. At the end of treatment, the average dermatitis
score of the 2.5, 5% C2RLP and betamethasone treated
mice were 3.4+0.5, 2.6+ 0.5 and 2.1 + 0.4, respectively
(Fig. 6 a, b, ¢, d, e, f). These findings were 2-3 folds
lower than the dermatitis score recorded for the petrol-
atum treated control mice. Therefore, C2RLP produced
a concentration-dependent attenuation of DNCB in-
duced AD-like skin lesions in mice.

Effect of C2RLP on DNCB induced histopathological
changes of mouse skin

HE-stained skin sections exhibited marked epidermal
hyperplasia and inflammatory cell infiltration into the der-
mal skin layer of the petrolatum treated mice (Fig. 7a).
The epidermis of the petrolatum treated control mice
were 4.8 fold thicker than the normal control mice. How-
ever, treatment with C2RLP and betamethasone exhibited
18.9-54.6% reduction in epidermal hyperplasia and sup-
pressed cellular infiltration compared with the petrolatum

&
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2 27
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® & Q}s ég
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Fig. 6 Representative photographs of mouse dorsal skin showing various degrees of alopecia, skin dryness, and erythematous lesions after 2 days
of treatment indicated no difference between treatment and control groups (A). Photographs of mice treated with petrolatum (@), 2.5% C2RLP
(b), 5% C2RLP (c), and Betamethasone (d) indicated treatment with the test substance enhanced the recovery of mice from AD-like lesions
compared with petrolatum. Dermatitis score at the end of treatment (day 33) showing a significant difference with respect to DNCB treated
control mice (e). The data shown in Fig. E represent mean + SD (n = 8) and bars with different letters indicate significant difference (P < 0.05)
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significant difference (P < 0.05)

Fig. 7 HE (a) and TB (b) stained skin sections (200x magnification) indicating the effect of C2RLP treatment on the degree of inflammatory cell
infiltration and epidermal hyperplasia. Epidermal thickness (c) and, the number of mast cells (d) was determined in the HE and TB-stained
sections, respectively (n=6). The data shown represent the means of three independent experiments and bars with different letters indicate
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treated control. Moreover, the number of mast cells in the
dermal layer of the skin was markedly reduced in the
C2RLP treated mice with respect to the petrolatum
treated mice (Fig. 7 b,c,d).

Effects of C2RLP on serum levels of cytokines

The serum levels of IL-4 in the 2.5 and 5% C2RLP oint-
ment treated groups were 41.7 + 2.5 and 37.6 £ 3.9 pg/ml,
respectively. C2RLP reduced the serum levels of IL-4 in a
dose-dependent manner with respect to DNCB treated
control group. However, treatment did not produce a sig-
nificant change (P>0.05) in the level of IFN-Y among
treatment groups (Fig. 8 a and b). In our study, the levels
of IL-2, IL-5, IL-6 IL-10, and IL-13 were not detectable in
the serum of Balb/C mice (data not shown).

Discussion

AD results in various histopathological and pathophysio-
logical changes in mice, which are related to alterations in
the levels of proinflammatory cytokines, IgE, and hista-
mine [4, 34]. These changes resulted in epidermal hyper-
plasia, inflammatory cell infiltration, erythema, alopecia,
skin dryness and hyperkeratosis [35] which were clearly
observed in petrolatum treated control mice shown in
Figs. 6 and 7. The binding of antigen activates infiltrated
cells to secrete chemical mediators such as histamine, pro-
teases, cytokines, and chemokines that are essential in the
progression of dermatitis [36]. Our study showed that
C2RLP treatment suppressed the DNCB induced AD-like
lesions and histopathological changes, including epidermal
hyperplasia and inflammatory cell infiltration.
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Fig. 8 Effects of topical C2RLP treatment on serum levels of IL-4 (a) and IFN-y (b) of DNCB treated mice. The data shown represent the mean +
SD (n=8) and bars with different letters indicate significant difference (P < 0.05)
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The Th1/Th2 cytokine imbalance is vital in the pro-
gression of atopic dermatitis, with increased production
of IgE and mast cell activation in Th2-dominant AD
[37]. Studies have shown that compounds isolated from
plants modulate the Th1 and/or Th2 cell response and
prevents the development of AD in mice [31, 38]. More
precisely, Th2 cytokines such as IL-4, IL-5, IL-13, and
IL-4 mediated increment of serum IgE and mast cells
were reported in mice with symptoms of AD [2, 39]. In
this study, C2RLP significantly reduced the serum levels
of IL-4 with respect to petrolatum. IL-4 is known to ac-
tivate mast cells by inducing isotype switching to IgE
synthesis by B cells. The binding of IgE with allergens
activates the immune system and induces degranulation
[40]. In contrast, C2RLP did not affect the DNCB in-
duced production of IFN-y which are strong inhibitors
of IgE synthesis and Th2 cell proliferation [2]. There-
fore, down-regulation of Th2 immunity could be con-
sidered as a possible mechanism for the mechanism of
C2RLP against AD.

AD is commonly associated with marked infiltration of
the skin by mast cells, eosinophils and macrophages [2].
Macrophages are known to release proinflammatory me-
diators such as NO and PGE,, which aggravate the in-
flammatory responses [41]. Regulation NO production
and iNOS expression might be essential because it is
known to affect the pathogenesis of several inflamma-
tory diseases, including AD [42]. In the current study,
C2RLP inhibited the LPS induced production of NO and
PGE, in RAW 264.7 macrophage cells. In addition,
C2RLP produced a dose-dependent attenuation of
iNOs-mRNA expression.

Chemokines produced by keratinocytes can cause an
imbalance in Th1/Th2 cytokines and contributes to the
development of atopic lesions [4]. The expression of
TARC by keratinocytes in AD patients and in mice with

atopic lesions was confirmed in previous studies. TARC
is known to attract Th2 cells and aggravates the patho-
logical changes related to AD [41, 43, 44]. In this study,
the production of TARC by TI-sensitized HaCa-T cells
was reduced following treatment with 300 and 100 pg/
ml of C2RLP consolidating the Th2 cell suppressing ef-
fects of C2RLP.

Degranulation of activated mast cells and release of
mediators are suggested in allergic reactions associated
with AD. Mast cell degranulation can be determined by
measuring the amount of B-hexosaminidase released
from various cell lines including RBL-2H3 [45]. Inflam-
matory mediators are released from degranulated mast
cells following an Fc epsilon RI (FceRI) receptor activa-
tion, which is a high-affinity IgE receptor [46]. In our
study, C2RLP exhibited a concentration-dependent in-
hibition of B-hexosaminidase release from RBL-2H3
cells (ICs50 =179.5 pg/ml) with significant inhibitory ac-
tivity at 300 ug/ ml. Direct inhibition of FceRI cascade
could be one of the mechanisms of the anti-atopic ac-
tivity of C2RLP.

Oxidative stress in AD is associated with an increase
in lipid peroxidation and reduction in the levels of anti-
oxidants. It promotes tissue inflammation through up-
regulation of genes that code for pro-inflammatory
cytokines and subsequent release of free radicals [47,
48]. Oxidative stress can also alter the integrity of epi-
dermal keratinocytes by damaging DNA and cellular
enzymes [49]. Previous studies have confirmed higher
levels of lipid peroxidation and lower levels of antioxi-
dants in patients with inflammatory skin conditions
that resembles AD such as eczema [50] and alopecia
areata [51]. Therefore, the antioxidant activity of
C2RLP could contribute to the reduction in reactive
oxygen species and alleviate the oxidative stress associ-
ated with AD.
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Chemical compounds are implicated directly or indi-
rectly in the biological effects of most plant extracts.
The study revealed the presence of various compounds
in C2RLP, mainly Loganin, Ellagic acid, and Kaempferol
3-glucoside (Table 1). Previous studies indicated that
suppression of NF-kB and MAP- kinases (mitogen-acti-
vated protein kinases) are critical to inhibit the secretion
of pro-inflammatory cytokines and reduce the number
of mast cells, which are involved in the inflammatory re-
sponse [52, 53]. Among the major metabolites, loganin
is reported to inhibit NF-«B activation and MAP kinase
[54, 55]. The polyphenolic compound, ellagic acid, is
suggested to have a diverse biological activity, including
antibacterial, antioxidant, anti-inflammatory and anti-car-
cinogenic actions [56]. Most importantly, Ellagic acid has
been shown to inhibit activation of MAP kinases [57] and
repress NF-kB through down-regulation of the secretion
of various inflammatory mediators during AD [58].
Kaempferol-3-O-glucoside and its derivatives were also
reported to produce an anti-inflammatory effect through
inhibition of the activation of cyclooxygenase (COX-2)
and iNOS [59, 60]. In addition to the three major com-
pounds, the antioxidant and anti-inflammatory effects of
cornuside [61], naringenin7-O-B-D-glucoside [62], and
quercetin [63] could also contribute to the protective
effect of C2RLP in the development of AD. Therefore, sup-
pression of AD-like lesions in C2RLP treated mice might
be due to the synergistic action of these compounds.

Conclusions

The study results confirmed the absence of in vitro and in
vivo toxic effects of C2RLP. C2RLP attenuates the symp-
toms of atopic dermatitis in mice by modifying local and
systemic inflammation. It produces a marked reduction in
dermatitis score and inflammatory cell infiltration; and de-
creased the production of IL-4, NO, PGE2, and TARC.
C2RLP also suppressed P-hexosaminidase release, which
is the hallmark of allergic reactions and mast cell degranu-
lation. Therefore, the findings of this study suggest that
topical application of C2RLP might be effective in pre-
venting the development of AD. However, detailed studies
on the molecular mechanism (s) of C2RLP are needed.
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