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Abstract
Scutellaria baicalensis has long been used in Asian traditional medicine to prevent and treat suppurative
dermatitis, allergic diseases, inflammation, hyperlipemia, and arteriosclerosis. Oroxylin A is a flavone
present in Scutellaria baicalensis. Because the root extracts of Scutellaria baicalensis have been shown
to have anti-dermatitis effects, the authors investigated the effects of oroxylin A on chemically-induced
atopic dermatitis (AD) in an in vivo AD model induced by 1-chloro-2,4-dinitrobenzene (CDNB) in BALB/c
mice. CDNB-induced skin hypertrophy and accumulation of mast cells in the epidermis and dermis were
significantly ameliorated by oroxylin A. Increased serum levels of immunoglobulin E, as well as pro-
inflammatory chemokines and cytokines in the skin and lymph nodes were significantly ameliorated by
oroxylin A. Suppression of immune responses in the skin and lymph nodes by oroxylin A decreased the
symptoms of AD. Thus, these results proved that oroxylin A is an effective component of Scutellaria
baicalensis for treating the symptoms of AD.

1. Introduction
Many flavonoids have been isolated from medicinal plants and studied for activities. Studies on
structure-activity relationship have elucidated that a double bond at C2–3 and a ketone group at C4 of
the C-ring of flavonoids are essential for their immunosuppressive activity along with a benzene ring at
positions 2 or 3 of the C-ring [1]. Furthermore, two or three hydroxylations of the B-ring were found to exert
more potent effects [1]. Oroxylin A, 5,7-dihydroxy-6-methoxy-2-phenyl-4H-1-benzopyran-4-one (also known
as 5,7-dihydroxy-6-methoxyflavone), was first extracted from the root bark of Oroxylum indicum [2] and is
one of the main active flavonoids in the dry root of Scutellaria baicalensis Georgi [3]. Oroxylin A reportedly
possesses a broad spectrum of pharmacological effects, including anti-cancer, anti-coagulation, anti-
inflammation, and neuroprotective effects in vitro and in vivo [4]. The anti-cancer activity of oroxylin A
may result from the induction of apoptosis, inhibition of metastasis and invasion, and suppression of
angiogenesis [4]. Oroxylin A is expected to have better immunosuppressive potency than other flavonoids,
because it possesses a 2, 3-double bond and two hydroxyl groups (5 and 7) [4]. Scutellariae radix has
been used in Chinese medicine as a remedy for suppurative dermatitis, allergic diseases, inflammation,
hyperlipemia, and arteriosclerosis [3]. The anti-inflammatory and anti-allergic functions of oroxylin A have
been recently reported [5–9]. However, its efficacy in atopic dermatitis (AD) has not been studied.

AD is a chronic inflammatory disease of the skin, and its pathogenesis is related to immune dysfunction
and skin barrier abnormalities. Elevated serum immunoglobulin E (IgE) levels in patients with AD and T
cell-mediated immune responses in murine models of AD have been reported [10–13]. Because oroxylin A
inhibited mast cells degranulation [8], an important event in AD, the present study investigated the
efficacy of oroxylin A in AD using a murine AD model induced by 1-chloro-2,4-dinitrobenzene (CDNB) in
BALB/c mice.

2. Materials And Methods
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2.1 Materials
Oroxylin A was purchased from Cayman. Olive oil and CDNB were purchased from Sigma-Aldrich (St.
Louis, MO, USA).

2.2 Animals and treatment
We purchased BALB/c mice from Daehan Biolink (Seoul, Korea) and provided food and water ad libitum
in the laboratory animal facility at Kyung Hee University. The facility was maintained under controlled
conditions (humidity: 60 ± 5%; temperature: 22–24°C; and alternating 12 hours light/dark cycles). We fed
the mice with standard laboratory chow and water. The animal protocol used in this study was approved
by the Institutional Animal Care Committee of Kyung Hee University with respect to procedural ethics and
scientific research (KHSASP-21-296).

Seven-week old male BALB/c mice were divided into three groups (n = 5): phosphate-buffered saline
(PBS)-treated control group, CDNB-treated mice group, and CDNB + oroxylin A (5 mg/kg)-treated group.
Mice were sensitized by smearing 1% CDNB (300 µL, acetone/olive oil (3:1)) to the dorsal skin on day 0.
The mice were challenged by applying 0.3% CDNB (200 µL) on the ears every other day from day 7 to day
48. From day 19, oroxylin A was administered via intraperitoneal injection 30 min before the CDNB
challenge. The mice were sacrificed on day 49.

2.3 Histological examination
We prepared the ear skin of each mouse on day 49. We fixed the ears from different experimental groups
with neutral-buffered formalin (10%), dehydrated in sucrose solution (30%), and embedded in OCT
compound. The sections were stained with either toluidine blue O or hematoxylin and eosin (H&E). We
counted the number of mast cells using the photographs of the toluidine blue O-stained samples.

2.4 Measurement of IgE, cytokines, and chemokines
We determined serum IgE levels by using an ELISA kit (eBioscience, San Diego, CA, USA). We also
measured the cytokine levels of Th2 (IL-4 and IL-13), Th1 (IFN-γ)

and chemokine levels of CCL17 and CCL22 in the lymph nodes and ears by quantitative Real-Time PCR.
Quantitative PCR was performed using Thunderbird Next SYBR qPCR Mix (Toyobo, Osaka, Japan) and
CFX Connect Real-Time system (Bio-Rad, Hercules, CA, USA). Thermal-cycling conditions were as follows:
one cycle at 95°C for 4 min, forty cycles at 95°C for 30 s and 57°C for 30 s, one cycle at 95°C for 30 s. The
expression of individual genes was normalized to the levels of GAPDH.

2.5 Statistical analysis
The results are expressed as the mean ± standard error of the mean (SEM) of five measurements for the
animal experiments. Analysis of variance (ANOVA) and Tukey’s multiple comparison test was used to
determine statistical significance of differences. Statistical significance was accepted for p values < 0.05.
Data were analyzed using GraphPad Prism software (GraphPad Software, Inc., La Jolla, CA, USA).
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3. Results
3.1 Oroxylin A ameliorated AD-like symptoms induced by CDNB in the ears

Based on the findings that Scutellariae radix has been used in Asian tranditional medicine as a remedy
for treating allergic diseases, dermatitis, and inflammation [3] and that oroxylin A has anti-inflammatory
and anti-allergic functions [5–9], the effects of oroxylin A were investigated using an in vivo chemically
induced AD model in mice (Fig. 1-A). The dorsal skin of BALB/c mice was sensitized using CDNB, and
seven days later, both ears were challenged with CDNB every other day for 49 days (Fig. 1-A). Oroxylin A
(5 mg/kg) was intraperitoneally injected 30 min prior to the CDNB challenge starting from day 19 to
determine its therapeutic potential for AD-like symptoms (Fig. 1-A).

In a preliminary experiment using two doses of oroxylin A (1 and 5 mg/kg), we observed that 5 mg/kg of
oroxylin A was effective. CDNB treatment of the ears elicited typical dermatitis-like symptoms, such as
edema, dryness, erosion, cracking, and erythema, on day 49 in the skin of BALB/c mice. Administration of
oroxylin A ameliorated the AD symptoms in the mice (Fig. 1-B).

The macroscopic effects of oroxylin A were further validated using hematoxylin and eosin (H&E) staining.
CDNB treatment induced extensive hypertrophy (Fig. 2-A). The epidermis was thickened by CDNB
treatment and suppressed by oroxylin A administration (Fig. 2-A). The ear thickness was quantitatively
measured, as shown in Fig. 2-B. CDNB increased the thickness by 223%, whereas oroxylin A significantly
suppressed it by 49%.

3.2 Oroxylin A decreased CDNB-induced mast cell accumulation in the skin lesions

Oroxylin A was previously shown to inhibit antigen-induced degranulation of RBL-2H3 mast cells [8].
Because mast cells play crucial roles in AD pathogenesis and symptoms, we assessed the mast cells in
the skin by staining the tissue sections using toluidine blue O. Mast cells were increased by 557% in the
skin tissues of CDNB-treated mice compared to that in the control mice (Fig. 3-A). Oroxylin A
administration significantly suppressed the increase in the number of mast cells in the ears of the CDNB-
treated group (Figs. 3-A and B).

3.3 Oroxylin A suppressed CDNB-induced increase of serum IgE levels

Because high serum IgE levels were detected in patients with AD, serum IgE levels were investigated as an
immunologic response to CDNB. The serum IgE levels were significantly increased by 962% upon
repeated topical challenges with CDNB (Fig. 4). In contrast, oroxylin A administration significantly
suppressed serum IgE levels by 78% (Fig. 4).

3.4 Oroxylin A decreased CDNB-induced AD-like responses in the lymph nodes

Lymph nodes are small oval-shaped organs that contain immune cells and play a vital role in
immunological responses. Because the cervical lymph nodes were the closest to the ears, their sizes were
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measured. The lymph nodes were substantially enlarged in CDNB-treated mice compared to those in the
control mice (Fig. 5-A and B). In contrast, oroxylin A administration significantly reduced the size of the
lymph nodes in CDNB-treated mice by 50% (Fig. 5-A and B).

3.5 Oroxylin A suppressed CDNB-induced increases in cytokine levels in the lymph nodes

The Th2/Th1 cytokine levels in the lymph nodes were investigated. Repeated topical challenges with
CDNB significantly increased the mRNA levels of Th2/Th1 cytokines in the cervical lymph nodes (Fig. 6).
However, oroxylin A administration significantly suppressed the levels of interleukin (IL)-4, but not IL-13 or
interferon (INF)-γ (Fig. 6). In summary, oroxylin A administration suppressed the size of the lymph nodes
as well as the levels of the inflammatory cytokines. Therefore, the immunological responses and
histological features of CDNB-induced AD in the ears and lymph nodes were significantly suppressed by
oroxylin A treatment.

3.6 Oroxylin A decreased CDNB-induced increases in cytokine levels in BALB/c mice

The expression patterns of cytokines and chemokines are distinct depending on the pathogenesis of AD
in human patients [14]. Th2 subsets are dominant in the early stage, whereas Th1 subsets are dominant
in the late stage. On day 49, a mixed population of Th2 and Th1 cells were detected [14, 15]. Thus, we
investigated Th2/Th1 cytokine levels, that is, Th2 (IL-4 and IL-13) and Th1 (INF-γ) cytokines in the ears.
The mRNA expression of the Th2 cytokines (IL-4 and IL-13) were significantly increased by 52653% and
840%, respectively, in the skin lesions of CDNB-treated mice compared to those in the control mice
(Figs. 7-A and B). Oroxylin A administration significantly suppressed the levels of IL-4 and IL-13 by 96%
and 72%, respectively, in the ear skin of CDNB-treated BALB/c mice (Figs. 7-A and B). Furthermore, the
IFN-γ levels were significantly increased in the skin lesions of CDNB-treated mice by 365% compared to
those in the control mice (Figs. 7-C). Oroxylin A administration did not suppress IFN-γ levels in the ear
skin of CDNB-treated mice (Fig. 7-C).

The levels of CCL17 and CCL22 in the skin were elevated in patients with AD, and these levels were
positively correlated with the severity of AD symptoms [16, 17]. In agreement with previous studies, CDNB
treatment increased the mRNA expression levels of CCL17 and CCL22 in the ears by 281% and 904%,
respectively. In contrast, oroxylin A treatment suppressed these expression levels in mice (Fig. 7-D-E).
Oroxylin A-induced suppression of both chemokines may contribute to ameliorating AD-like symptoms in
the skin because chemokines attract Th2 cells into the skin lesions [18].

Discussion
Oroxylin A had not been previously applied to inflammatory and allergic skin diseases, although the
nanostructured lipid carrier gel of oroxylin A showed antioxidant properties against UV-induced oxidative
damage [19]. Because the root extracts of Scutellaria baicalensis showed anti-dermatitis effects and
oroxylin A is a O-methylated flavone in Scutellaria baicalensis [3], we studied the effect of oroxylin A on
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chemically induced AD symptoms in a murine model. In the present study, we observed that oroxylin A
suppressed CDNB-induced symptoms of AD through immunosuppressive actions.

Among the active components of Scutellaria baicalensis, baicalein, baicalin, wogonin, and chrysin have
previously been reported to have suppressive effects on inflammatory skin disorders. Baicalein, 5,6,7-
trihydroxyflavone, showed therapeutic efficacy against dust mite (Dermatophagoides pteronyssinus)-
induced AD-like skin lesions in NC/Nga mice [20]. Baicalin, baicalein 7-O-glucuronide, suppressed CDNB-
induced contact hypersensitivity and imiquimod-induced psoriasis in BALB/c mice [21, 22]. In addition,
baicalin ameliorated CDNB-induced AD-like skin lesions in mice by suppressing skin inflammation via
modulation of the nuclear factor-kappa B (NF-κB) and Janus kinase (JAK)-signal transducer and
activator of transcription (STAT) pathways [23]. Wogonin, 5,7-dihydroxy-8-methoxyflavone, also inhibited
proinflammatory gene expression in contact dermatitis as well as the edematous response caused by
topical application in mice [24–26]. Chrysin ameliorated imiquimod-induced psoriasis-like skin
inflammation by reducing CCL20 release [27]. Therefore, combined with the present experimental results
of oroxylin A, the five main constituents of Scutellaria baicalensis have been confirmed to have anti-
dermatitis and anti-inflammatory effects through immunosuppression.

Oroxylin A inhibited antigen-induced degranulation in RBL-2H3 mast cells, as well as ovalbumin (OVA)-
induced allergic asthma in animal models [8, 9]. Oroxylin A inhibited the inductions of both Th2 and Th1
cytokines in an OVA-induced mouse model of asthma [8] and reduced airway hypersensitivity, probably
via NF-κB inhibition [9]. Furthermore, oroxylin A showed anti-histaminic effects in the guinea pig ileum
and inhibited histamine-induced scratching behavior in mice [28]. In THP-1 cells, oroxylin A inhibited
lipopolysaccharide (LPS)-stimulated inflammatory IL-6 production by activating the nuclear respiratory
factor 1 (Nrf1) signaling pathway [7]. Moreover, oroxylin A, concentration-dependently, suppressed LPS-
induced expression of inducible nitric oxide synthase (iNOS) and cyclooxygenase 2 (COX-2) by inhibiting
NF-κB activation in RAW264.7 macrophages [6]. Combining the previously reported anti-allergic and anti-
inflammatory effects of oroxylin A with the present observations of immunosuppression, such as reduced
lymph node size and inflammatory cytokine levels, strongly suggests that oroxylin A suppression of AD
symptoms resulted from its immunosuppressive actions on inflammatory cells and mast cell
degranulation.
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Figures

Figure 1

AD induction protocol and effect of oroxylin A on CDNB-induced AD-like symptoms in ears (A)
Experimental timeline. Cutaneous sensitization with CDNB was performed on day 0. Repeated CDNB
challenge was followed on days 7 - 48 to induce AD-like phenotypes. BALB/c mice were treated topically
with a vehicle or CDNB, whereas oroxylin A was administered by intraperitoneal injection 30 min before
the CDNB challenge. (B) Cutaneous manifestations on the ears. CDNB, 1-chloro-2,4-dinitrobenzene.
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Figure 2

Effect of oroxylin A on cutaneous histopathologic observations

(A) Representative histologic findings of cutaneous tissue sections on day 49. Ear tissue sections were
stained with H&E. (B) Ear thickness was quantified and compared among the groups. H&E; hematoxylin
and eosin. Data represent the mean ± SEM (n = 5). ***p < 0.001 vs. the control group, ###p < 0.001 vs. the
CDNB-treated group.
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Figure 3

Effect of oroxylin A on cutaneous mast cell accumulation in the ears

Toluidine blue O staining of the skin was performed to identify the mast cells. (A) Representative
histological findings of cutaneous tissue sections on day 49. Sections of ear samples were stained with
toluidine blue O. (B) The number of mast cells was quantified and compared among groups using a light
microscope. The results are presented as the mean ± SEM (n = 5). CDNB, 1-chloro-2,4-dinitrobenzene;
SEM, standard error of the mean ***p < 0.001 vs. the control group, ###p < 0.001 vs. the CDNB-treated
group.
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Figure 4

Effect of oroxylin A on elevated serum immunoglobulin E levels

The serum was collected on day 49 of the experiment. Serum IgE levels were measured using an enzyme-
linked immunosorbent assay. IgE, immunoglobulin E. ***p < 0.001 vs. the control group, ###p < 0.001 vs.
the CDNB-treated group.
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Figure 5

Effect of oroxylin A on sizes of lymph nodes

(A) The lymph nodes were photographed to measure morphological changes. (B) The weight of the
lymph nodes were also measured. Results are presented as mean ± SEM (n = 5). CDNB, 1-chloro-2,4-
dinitrobenzene; SEM, standard error of the mean. ***p < 0.001 vs. the control group, ##p < 0.01 vs. the
CDNB-treated group.
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Figure 6

Effect of oroxylin A on mRNA expression of cytokines in lymph nodes

(A–C) qRT-PCR analyses for Th2 cytokines, IL-4 (A) and IL-13 (B), and Th1 cytokine, IFN-g (C) were
performed using mRNA isolated from mouse lymph node tissues. In addition, mRNA levels were
normalized to that of GAPDH. The results are presented as the mean ± SEM (n = 5). Th, T helper; IL,
interleukin; INF, interferon; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; SEM, standard error of
the mean. *p < 0.05, **p < 0.01, ***p < 0.001 vs. the control group, ###p < 0.001 vs. the CDNB-treated
group.
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Figure 7

Effect of oroxylin A on mRNA expression of cytokines and chemokines in the ears

(A–E) qRT-PCR analyses for Th2 cytokines, IL-4 (A) and IL-13 (B), Th1 cytokine, INF-g (C), and chemokines
CCL17 (D) and CCL22 (E) were performed using mRNA isolated from mouse ear tissues. In addition,
mRNA levels were normalized to that of GAPDH. The results are presented as the mean ± SEM (n = 5). Th,
T helper; IL, interleukin; INF, interferon; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; SEM,
standard error of the mean. ***p < 0.001 vs. the control group, #p < 0.05, ##p < 0.01 vs. the CDNB-treated
group.


