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Prevalence of atopic dermatitis (AD), a chronic, pruritic, and relapsing inflammatory skin disorder, is growing. Because available
therapeutics is limited, immune regulators from natural resources could be helpful for treating AD symptoms. +e root of Salvia
miltiorrhiza Bunge (Lamiaceae) has been studied for the treatment of inflammatory diseases, including dermatologic disorders in
Korea. +is study examined the effect of salvianolic acid A on AD-like symptoms. Sensitization on the dorsal skin and repeated
application on the ears with 2,4-dinitrochlorobenzene (DNCB) were performed in BALB/c mice to induce AD-like skin lesions.
After induction of atopic dermatitis, salvianolic acid A (5 and 10mg/kg) or dexamethasone (10mg/kg) were administrated via
intraperitoneal injection for 3 weeks. Salvianolic acid A suppressed DNCB-induced AD-like symptoms like ear skin hypertrophy
and decreasedmast cell infiltration into skin lesions. Salvianolic acid A not only reduced DNCB-induced increase of serum IgE but
also lowered levels of the +2 cytokines (IL-4 and IL-13), +1 cytokine (interferon-c), and+17 cytokine (IL-17A). Furthermore,
salvianolic acid A blocked DNCB-induced lymph node enlargement. In summary, these results suggest that salvianolic acid A
might have a therapeutic potential for the treatment of AD.

1. Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin
disease characterized by eczematous plaques and intense
pruritus [1]. AD is more common in children and infants up
to 20% [2]. Chronic, pruritic, and relapsing eczematous skin
lesions and elevated immunoglobulin E (IgE) levels in serum
are the clinical symptoms of AD [1]. T-helper 2 (+2) cells
play major roles in pathogenesis of AD by producing IL-4,
IL-5, and IL-13 [3, 4]. Although +2 cells are important in
the acute phase of AD, in the chronic phase, +17 and +1
cells are also contributing to the AD development by pro-
ducing IL-17 and interferon (IFN)-c [5–7]. Although cor-
ticosteroids have been widely used in children for many
years, adverse effects of topical corticosteroids are accom-
panied such as acne, atrophy, perioral dermatitis, rosacea,

striae, and purpura [8, 9]. +erefore, a great unmet medical
need is to develop novel and effective therapeutics for AD.

Human AD-like skin lesions are induced by several
animal models including models induced by epicutaneous
exposure to sensitizers [10]. A cytotoxic and electrophilic
benzene derivative, 2,4-dinitrochlorobenzene (DNCB), was
reported to induce stable clinical AD-like skin diseases in
BALB/c mice [11–13]. Histological studies have shown
hyperplasia and mast cells accumulation in the skin [10, 14].
BALB/c mice also shoed increased levels of serum IgE
[10, 15] and T cell-mediated immune responses in the
DNCB-induced pathogenesis [16, 17].

+e root of Salvia miltiorrhiza Bunge (Lamiaceae), also
known as Dan Shen, has been used in Korea, China, and
Japan traditionally for the treatment of inflammatory dis-
eases, including dermatologic disorders. S. miltiorrhiza is a
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common Chinese herb used to treat psoriasis, another skin
disorder with a chronic inflammatory pathogenesis [18, 19].
Salvianolic acid B, the abundant active phytocomponent of
S. miltiorrhiza, has shown anti-inflammatory and antioxi-
dant effects [20, 21]. In fact, salvianolic acid B ameliorated
psoriasis-like dermatitis symptoms induced by imiquimod
in mice [22, 23]. +e aqueous extract of Radix Salviae
inhibited antidinitrophenyl immunoglobulin E (IgE)-in-
duced passive cutaneous anaphylaxis by 72.7% and inhibited
histamine release from rat peritoneal mast cells in a con-
centration-dependent manner [24]. Tanshinones, another
group of active components isolated from S. miltiorrhiza,
inhibited passive cutaneous anaphylaxis reaction in mice
[25]. However, effects of salvianolic acid A (Sal A) have not
been studied in skin disorders such as AD and psoriasis,
although its effectiveness on asthmatic symptoms has been
reported [26]. Here, we investigated whether Sal A ad-
ministration ameliorated the development of AD-like skin
lesions in 2,4-dinitrochlorobenzene (DNCB)-treated mice.
+e effects of Sal A were compared with those of dexa-
methasone (DEX), a steroidal anti-inflammatory drug
commonly used to treat AD (eczema).

2. Materials and Methods

Sal A (PubChem ID 329825115, molecular weight 494.45,
Cas No. 96574-01-5, ≥96% HPLC) and 2,4-dinitro-
chlorobenzene were purchased from Sigma-Aldrich (St.
Louis, MO, USA).

2.1. Animals and Treatment. Seven-week-old male BALB/c
mice were purchased from DBL (Seoul, Korea). Mice were
housed in the laboratory animal facility at Kyung Hee
University under conditions at 20∼24°C with a 12°h light-
dark cycle and provided with standard laboratory chow and
water ad libitum [27].+e animal experimental protocol was
reviewed and approved by the Institutional Animal Care and
Use Committee of KyungHee University (KHSASP-21-069).
Mice were divided into five groups (n� 5 per group) after 2
weeks of acclimation: (1) vehicle control, (2) DNCB, (3)
DNCB+ 5mg/kg Sal A, (4) DNCB+ 10mg/kg Sal A, and (5)
DNCB+DEX [14]. Mice were sensitized by applying DNCB
(1%, 150 μl) dissolved in an acetone∶olive oil mixture (3∶1
vol/vol) on the ventral skin (day 0). Mice were challenged by
applying DNCB (0.3%, 200 μl) to both ears (10 μl each) every
other days (day 7–48). Sal A (5 or 10mg/kg body weight) or
DEX (DEX, 10mg/kg) was administrated via intraperitoneal
injection 30min before challenge (day 19–47) [14]. All mice
were sacrificed on day 49 (Figure 1). DEX was used as a
positive control.

2.2. Histological Examination. +e ear skin of each mouse
was prepared on day 49 to evaluate epidermal thickening.
+e ears from different experimental groups were fixed with
neutral-buffered formalin (10%), dehydrated in sucrose
solution (30%), and embedded in O.C.T. compound. We
stained the sections with toluidine blue O or hematoxylin
and eosin (H&E). Ear tissues from the five mice were

examined in each group. We measured thickness of ears
from the photographs of H&E-stained sections. +e thick-
ness was measured twice in five optical fields using a
magnification of 200× and the mean value of each mouse
was used.

2.3. IgE, 32, 31, and 317 Cytokines. We collected serum
on day 49 and stored at −80°C until use. Wemeasured serum
IgE levels by using an ELISA kit (eBioscience, San Diego,
CA, USA) according to the manufacturer’s instructions. +e
levels of +2 cytokines (IL-4 and IL-13), +17 cytokine (IL-
17A), and +1 cytokine (IFN-c) were also measured in the
ears and lymph nodes by reverse transcriptase polymerase
chain reaction (RT-PCR). Synthesis of first-strand cDNA,
specific primers, and PCR conditions were described as
previously [28]. Aliquots (7 μL) were electrophoresed in
1.2% agarose gels and stained with StaySafeTM Nucleic Acid
Gel Stain (Real Biotech Corporation, Taipei, Taiwan). We
quantified the intensity of each PCR product using ImageJ
software (NIH, Bethesda, MD, USA) and normalized to
GAPDH levels [29].

2.4. Statistics. We performed statistical analysis with
GraphPad Prism software (GraphPad Software, Inc., La
Jolla, CA, USA). +e data were expressed as mean-
s± standard error of the mean (SEM). One-way analysis of
variance (ANOVA) followed by Tukey’s multiple compar-
ison test was used for comparing differences among multiple
groups. Differences were considered statistically significant
at p< 0.05.

3. Results

3.1. Sal A Ameliorated DNCB-Induced AD-Like Symptoms in
BALB/C Mice. To investigate the effects of Sal A on
AD-like symptoms in BALB/c mice, we sensitized and
challenged skins with DNCB. Seven days after the sensi-
tization, we treated mice with DNCB on both ears
every other day (Figure 1). Sal A (5 or 10mg/kg) or DEX
(10mg/kg) was delivered by intraperitoneal injection
30min before the DNCB challenge from day 19 to evaluate
its therapeutic potential for AD-like symptoms. On day 49,
the ears of DNCB-treated BALB/c mice showed severe
edema, erythema, erosion, dryness, and cracking of the
skin (Figure 2(a)). Cotreatment of Sal A or DEX decreased
severity of AD-like symptom (Figure 2(a)). We found that
DNCB induced increased infiltration of immune cells in
the H&E staining compared to the control group
(Figure 2(b)). Furthermore, the epidermis was obviously
thickened in the DNCB-treated group upon visual in-
spection due to hyperkeratosis (Figure 2(b)). DNCB
treatment increased ear thickness in BALB/c mice
(Figure 2(b)). +e ears from DNCB-treated mice were
swollen and showed epidermal hypertrophy (Figure 2(b)).
+e ears from Sal A (5mg/kg and 10mg/kg) or DEX
(10mg/kg)-treated mice, in contrast, exhibited less severe
epidermal hypertrophy compared to those from DNCB-
treated mice (Figure 2(b)). Treatment with Sal A or DEX
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attenuated markedly the increase of ear thickness by
DNCB (Figure 2(c)). +e efficacy of Sal A was similar to
that of DEX, a well-known steroidal anti-inflammatory
agent (Figures 2(b) and (2c)).

3.2. Sal A Decreased DNCB-Induced Mast Cells Infiltration
into the SkinLesions inMice. To investigate the effect of Sal A
on mast cells infiltration into skin lesions in BALB/c mice,
collected tissue sections were stained with toluidine blue
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Figure 2: Effect of Sal A on DNCB-induced AD-like lesions in BALB/c mice. (a) Photographed images of ears from each group were taken
on day 49. (b) H&E-stained ear section on day 49 (400×). (c) Ear thickness was measured from the sections (n� 5). Data represent the
mean± SEM (n� 5). ∗∗∗p< 0.001 vs. the control group; ###p< 0.001 vs. the DNCB-treated group.

Sensitization by topical application of 1% DNCB on ventral skin

Challenge by topical application of 0.3% DNCB on both ears every other day

Sal A administration via i.pinjection 30 min before DNCB challenge

(week)0 1 2 3 4 5 6 7

Figure 1: Experimental protocol: (A) BALB/c mice were divided into five groups: (1) vehicle control, (2) DNCB+ vehicle, (3)
DNCB+ 5mg/kg Sal A, (4) DNCB+ 10mg/kg Sal A, and (5) DNCB+DEX. To induce AD-like symptoms, DNCB was topically applied on
BALB/c mice. DNCB (1%) was applied on day 0. After seven days, 0.3% DNCB was challenged every other days on the ears for the
experiment (day 7–48). Sal A or DEX was administrated every other days starting from day 19 for 3 weeks (day 19–47). Mice were sacrificed
on day 49.
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O.+e number of toluidine blue O-stained mast cells in skin
lesions was significantly increased in the sections from
DNCB-treated mice compared to those of control mice
(Figure 3(a)). Treatment with Sal A or DEX significantly
reduced the number of mast cells infiltrated in the ears from
DNCB-treated mice (Figures 3(a) and 3(b)). +e efficacy of
Sal A was similar to that of DEX (Figures 3(a) and 3(b)).

3.3. SalADecreasedDNCB-Induced Increases of32,31, and
317 Cytokines in BALB/CMice. Not only +2 cells but also
+1/+17 cells are suggested to be involved in AD [7, 30, 31].
+us, we examined cytokine levels in ear skins. We mea-
sured the mRNA levels of the +2 cytokines IL-4 and IL-13,
the+17 cytokine IL-17A, and the+1 cytokine INF-c in the
ears. We found that the mRNA levels of +2 cytokines IL-4
and IL-13 were significantly increased in skin lesions of
DNCB-treated BALB/c mice compared with the control
mice (Figures 4(a) and 4(b)). However, treatment with Sal A
or DEX significantly decreased the level of +2 cytokines IL-
4 and IL-13 in the ear skin of DNCB-treated BALB/c mice
(Figures 4(a) and 4(b)). +e mRNA levels of +17 cytokine
IL-17 were also significantly increased in skin lesions from
DNCB-treated mice compared to control mice (Figure 4(c))
and the levels of +1 cytokine IFN-c were also significantly
increased in DNCB-treated mice compared to control mice
(Figure 4(d)). However, treatment with Sal A or DEX sig-
nificantly decreased the level of IL-17 and IFN-c in the ear
skin of DNCB-treated mice (Figures 4(c) and 4(d)).

3.4. Sal A Decreased DNCB-Induced AD-Like Responses in
LymphNodes. We found the enlarged cervical lymph nodes
in DNCB-treated BALB/c mice compared with the control
mice (Figures 5(a) and 5(b)).+e DNCB-induced increase of
lymph node weight was 1318% (Figure 5(b)). However,
treatment with 10mg/kg Sal A or DEX significantly de-
creased the sizes of lymph nodes from the DNCB-treated
mice (Figures 5(a) and 5(b)). Sal A-induced decrease in
lymph node weight was 22% (Figure 5(b)).

3.5. Sal A Suppressed DNCB-Induced Increases in Cytokine
Levels in the Lymph Nodes. Similarly, the cytokine levels
produced by +2/+17/+1 cells in lymph nodes were in-
vestigated. +e levels of cytokine mRNA were increased
significantly in the cervical lymph nodes by repeated topical
application of DNCB (Figure 6). Administration of Sal A
decreased significantly the increases of IL-13, IL-17, and
INF-c levels (Figures 6(b)–6(d)), but not IL-4 level
(Figure 6(a)). DEX treatment reduced DNCB-induced in-
creases in the levels of IL-4, IL-13, and INF-c (Figures 6(a),
6(b), and 6(d)), but not in IL-17 level (Figure 6(c)).

3.6. Sal ADecreased the DNCB-Induced Increase of Serum IgE
Level in BALB/CMice. Next, we investigated the effect of Sal
A on DNCB-induced increase in serum IgE level in BALB/c
mice. Serum IgE levels were significantly increased by re-
peated topical application of DNCB compared to control

mice (Figure 7). However, treatment with Sal A or DEX
significantly decreased the level of serum IgE (Figure 7).

4. Discussion

AD patients have common features with allergic asthma and
rhinitis, that is, proinflammatory mediators from activated
immune cells [32, 33]. Currently, immunosuppressive
corticosteroids are used for AD treatment. However, cor-
ticosteroid use for long periods of time leads to severe side
effects [34]. +erefore, finding novel natural chemicals from
medicinal plants with fewer side effects should be performed
to treat AD [34]. Various immune regulators from natural
herbal extracts could have therapeutic potentials for AD
[11–13]. Ethnopharmacologic studies on Radix Salviae
suggest beneficial effects including anti-inflammation, an-
tioxidant activity, and immune regulation.

Previously, extracts from S. miltiorrhiza have shown
immune regulatory effects on Listeria infection in Balb/c
mice by decreasing serum IgE levels and IL-1β and by in-
creasing natural killer (NK) cells, macrophages, and
peripheral lymphocytes [35]. Among isolated natural
chemicals from S. miltiorrhiza, cryptotanshinone and sal-
vianolic acid B were found as themajor components [22, 34].
Cryptotanshinone ameliorated secretion of TNF-α and IL-
1β, infiltration of immune cells into skin lesions in DNCB-
induced AD-like skin lesions in vivo and inhibited mast cell
degranulation by IgE in vitro via inhibition of Syk and Lyn
kinases [34]. Salvianolic acid B-containing microemulsion
alleviated severity of imiquimod-induced psoriasis-like
dermatitis, inhibited IL-23/IL-17 cytokines, reduced acan-
thosis, inhibited epidermal proliferation, and increased skin
hydration [22]. In ovalbumin-induced asthmatic mice,
tanshinone I and tanshinone IIA showed inhibitory effects
on mast cell degranulation in RBL-2H3 mast cells and Sal A
and tanshinone IIA showed significant inhibitory effects on
features of allergic asthma inmice [26]. Daily administration
of water or ethanolic extract of S. miltiorrhiza significantly
reduced airway infiltration of inflammatory cells, +1/+2
cytokine levels, and goblet cell hyperplasia induced by ov-
albumin [36]. However, effects of Sal A on AD development
have not been studied.

Our results demonstrate that administration of Sal A
attenuated DNCB-induced AD-like symptoms in BALB/c
mice. Sal A treatment alleviated significantly disease severity
and hypertrophy of ear skin and increased serum IgE levels.
Furthermore, Sal A treatment decreased mast cells infil-
tration into skin lesions and lowered cytokine levels (IL-4,
IL-13, IL-17, and IFN-c) in DNCB-treated BALB/c mice.
+ese effects of Sal A on skin lesions may be correlated with
the Sal A effects on allergic asthma, because +2 immune
responses and infiltration of mast cells are cardinal features
of both diseases [26]. In addition to cryptotanshinone, we
elucidated that Sal A might be an active constituent for
antiatopic pharmacology of S. miltiorrhiza [34].

In addition to the effects on ear skins, Sal A treatment
reduced sizes of lymph nodes and cytokine levels in the
lymph nodes. In the epidermis, DNCB exposure makes
antigenic compounds and those antigens are engulfed by
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Figure 4: Effect of Sal A on DNCB-induced increases in +2, +1, and+17 cytokine levels in the ears. RT-PCR analyses for +2 cytokines
IL-4 (a) and IL-13 (b), +17 cytokine IL-17A (c), and+1 cytokine INF-c (d). Results are presented as means± SEM (n� 5). ∗∗∗p< 0.001 vs.
the control group; #p< 0.05, ##p< 0.01, ###p< 0.001 vs. the DNCB-treated group.
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Figure 3: Effect of Sal A on DNCB-induced mast cell accumulation in skin lesions of BALB/c mice. (A) Representative images depicting the
histological features of skin collected on day 49 are shown. Red arrows indicate mast cells. Toluidine blue O staining was used to identify
mast cells. Cells were counted under a microscope at 400× magnification. +e numbers of mast cells in the skin were calculated. Data
represent the mean± SEM (n� 5). ∗∗∗p< 0.001 vs. the control group; ###p< 0.001 vs. the DNCB-treated group.
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Figure 5: Effect of Sal A on the lymph nodes in DNCB-induced AD-like responses in mice. (a) Images of lymph nodes. (b)Weights of lymph
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Figure 6: Effect of Sal A on the DNCB-induced increase in+2,+1, and+17 cytokine levels in the lymph nodes. RT-PCR analyses for+2
cytokines IL-4 (a) and IL-13 (b), +17 cytokine IL-17A (c), and +1 cytokine INF-c (d). Results are presented as means± SEM (n� 5).
∗∗∗p< 0.001 vs. the control group; #p< 0.05, ##p< 0.01, ###p< 0.001 vs. the DNCB-treated group.
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Langerhans cells, specialized dendritic cells in the skin. +e
antigen-recognizing Langerhans cells move to close lymph
nodes and present the antigens to naı̈ve Tcells. Näıve T cells
differentiate into+2 cells, which secret IL-4, IL-5, and IL-13
in the early response and cooperate with +1 cells and +17
cells in the late response. +erefore, analyzing conditions of
lymph nodes is an important parameter for the immune
responses of atopic dermatitis. However, the effect of Sal A
on lymph node sizes was smaller than that of DEX. On the
other hand, the effect of Sal A on IL-17 levels in lymph nodes
was greater than that of DEX. Differential effects of Sal A
may imply unique ways of Sal A actions compared to DEX.
Also, compounding results of Sal A on cytokine levels in ear
skin and lymph nodes are needed to be confirmed at the
protein levels in the future. +ese results from skin and
lymph nodes may imply that Sal A administration could be
helpful for the treatment of AD.

Present results indicated that Sal A inhibits the devel-
opment of AD-like skin lesions in BALB/c mice. Under-
lining mechanisms may be downregulation of
proinflammatory cytokines, that is, +2 (IL-4 and IL-13),
+17 (IL-17), and +1 (IFN-c)-associated factors, which
resulted in inhibition of skin thickness, decrease of mast cells
infiltration, and decrease of serum IgE production. +e
decrease of +2 response factors, IL-4 and IL-13, plays a key
role in the disease development. Especially, +2-driven
cytokines play important roles in the early phase of atopic
eczema, such as eosinophils attraction, resulting in se-
quential activation of +17- and +1-type cells [37]. +e
essential roles of IL-4 and IL-13 in the pathogenesis of al-
lergic diseases, such as AD and asthma, were proven clin-
ically by the efficacy of dupilumab, a monoclonal antibody
for IL-4Rα [38, 39]. IL-4 and IL-13 are known to induce
isotype switching to IgE synthesis by B cells, which results in
activation of mast cells [40, 41]. IL-17 induces production of
IL-4 from +2 cells and differentiation of B cells to IgE-
producing plasma cells [42–44].+1 response factor IFN-c is
also related with disease severity of AD [37, 45]. IFN-c
activates keratinocytes to express Fas (CD95), leading to
apoptosis of keratinocytes and subsequent formation of

eczematous lesions [45, 46]. Decrease in IFN-c levels might
contribute in the effects of Sal A in mice.

In previous studies, Sal A treatment resulted in down-
regulation of NF-κB p65 expression [47–49]. Sal A showed
inhibitory effects on not only +2 cytokines but also +1/
+17 cytokines, suggesting that the antiatopic activity of Sal
A may originate from its anti-inflammatory effects. In line
with these studies, the anti-inflammatory effects of Sal Amay
contribute to the antiatopic effects observed in the present
study. In summary, Sal A regulates the immune response in
the dermis, especially by suppressing the +2/+17/+1
immune responses in a model of AD. Sal A showed anti-
atopic activity in a DNCB-induced mouse atopic dermatitis
model, providing evidence for its therapeutic potential.
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