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Abstract

remodeling. Inhibition of AAMs is an alternative therapeutic strategy for treating asthma. In this study we investigated whether emodin 
(1,3,8-trihydroxy-6-methylanthraquinone), isolated from the rhizome of Rheum palmatum
and reduced AAM polarization in a murine asthma model. Mice were sensitized with a triple allergen mix containing dust mite, ragweed 

of emodin (20 mg·kg-1·d-1

to emodin treatment, activated markers of AAM Ym-1, Fizz-1 and arginase-1 in the lung tissues were remarkably decreased. In mouse 
bone marrow-derived macrophages (BMDMs) in vitro, emodin (2–50 μmol/L) dose-dependently inhibited IL-4-induced AAM polarization 

AAM polarization, and it may therefore become a potential agent for the treatment of asthma.
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Introduction
Asthma is a complex pulmonary disease that affects approxi-
mately 300 million people worldwide, from infants to seniors, 
and leads to 0.25–0.345 million deaths per year[1, 2].  It is a long-

-

[3].  Because the underlying molec-

limited to targeting the symptoms of asthma[4].  Therefore, it 

asthma.
As an inflammatory disease, asthma is considered a Th2-

enhanced IL-4 and IL-5 production, mucus secretion, and 
[5].  In 

response to general antigens such as house dust mites or 
-
-
-

dendritic cells, mast cells and eosinophils[6-8].  Recently, mac-

[9].  Depletion of pulmonary macro-
-

airway inflammation[10-11].  Therefore, restricting Th2-related 



1318
www.nature.com/aps

Song YD et al

Acta Pharmacologica Sinica

for the clinical treatment of asthma.
Two classes of medicines are generally used to treat asthma.  

term control[12].  Although these medicines can ameliorate 
the symptoms of asthma, complications of treatment may 
include immunosuppression, microorganism infection, and 

[13].  In addition, some 
asthmatic patients, including those patients with asthma with 

-
costeroid therapy[14].  Therefore, new therapeutic medicines for 

Rheum palmatum
[15-17].  In the 

reduced IL-4 and IL-5 production, and attenuated pulmonary 

-

Materials and methods
Animals

-

ad libitum access to 
water and food and were allowed to acclimate for at least 2 

-
dition of the experiment[18] -

Reagents

-

-

Allergens
Dermatopha-

goides farina Ambrosia artemisiifolia Aspergillus 
fumigates

-

Asper-
gillus fumigates -

Aspergillus fumigates [11].

Murine asthma models
To determine the effect of emodin on murine asthma, we 

in 
vivo experiments[19]

-

-
sis.

count

[20].  

 

-
-

Histopathological analysis
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-

-

 
Collection of serum and analysis of IgE

-
er’s instructions.

Measurement of cytokine production

[8].

-

2
[21] -

control.

RNA isolation, reverse transcription and quantitative PCR

[20] in vitro analy-
5

collected, and total RNA was isolated as well.  cDNA was 

-

-

-

Western blotting analysis
6

2

-

2

-

at room temperature[22]

Statistical analysis

-
dent’s t

P<0.05 was considered 

Results

-

-

-

- -

significantly reduced DRA-induced lymphocyte infiltration 

pulmonary inflammatory cell and eosinophil infiltration in 

asthma
-

lected, and histological examinations were performed to 
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-

-

induced mucus hypersecretion was significantly diminished 

-

cytokine production

is increased in response to allergen challenge.  Twenty-four 

-

type 2 cytokine production.

Emodin decreased polarization of AAMs during acute allergic 

-
ment[11].  Therefore, we determined whether emodin attenuates 

in vivo in a murine asthma model.  

9-fold increase in the amount of arginase-1, a 55-fold increase 

with DRA on days 0 and 5 and challenged with DRA on days 12, 13 and 14.  On day 15, the mice were sacrificed for analysis of the asthmatic 

+CD11c-) 
and macrophages (Mac, Siglec F+CD11c+

n=5 mice 
per group, and ND stands for ‘not detected’.  **P<0.01 between the indicated groups.
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induction of these genes was dramatically reduced to less than 

-

in vivo.

Emodin inhibited AAM polarization in vitro

in vitro
-

positive goblet cells.  (C) The number of PAS-positive cells per 100 pixel lengths 
of the bronchiole was determined as described in the materials and methods 

n=5 mice for each group), and ND 
stands for ‘not detected’.  *P<0.05 between the indicated groups.

  Emodin inhibited IgE generation in serum and IL-4 and IL-5 production in BALF.  Mouse serum and BALF were collected 24 h after the last DRA 

n=5 mice for each group).  ND stands for ‘not detected’.  *P<0.05 between the indicated groups.
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expression

[23].  Though 
-

[24], which 
[25].  

-

Discussion

-
Rheum palmatum

and [26]

-

allergen DRA-induced asthma model, emodin attenuated lung 
-

gates and Th2 cytokine production.  In addition, our results 
-

excised and collected 24 h after the last DRA challenge, the total RNA was isolated from lung homogenates, and the supernatant was stored.  The 
n=5.  

*P<0.05, **P<0.01 between the indicated groups.

  Emodin inhibited the IL-4-mediated AAM polarization.  BMDMs isolated from WT mice were cultured and pretreated with emodin at 0, 2, 10 
and 50 μmol/L for 30 min and then stimulated with 10 ng/mL of IL-4 for 24 h.  Total RNA was isolated, and the mRNA levels of arginase-1 (A), Ym-1 

t test.  n=3.  *P<0.05, **P<0.01 
between the two indicated groups.
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in vivo and in 
vitro

-

-
[27, 28].  

-
ticity of macrophages play critical roles in the modulation of 

-
[29, 30].  Although asthma is tradi-

Th2 lymphocytes, B cells, mast cells and dendritic cells are of 
-
-

tion[11, 29].  To determine whether emodin attenuates asthmatic 
-

-

later-phase allergic responses.  According to the decreased 

-
-

  Emodin reduced the phosphorylation of STAT6 and the expression of KLF4 in IL-4-induced BMDMs.  BMDMs isolated from WT mice were 
pretreated with emodin at 0, 2, 10 and 50 μmol/L for 30 min and then stimulated with 10 ng/mL of IL-4.  Next, Western blotting was performed to 
detect the expression of STAT6 and KLF4.  (A) The phosphorylation of STAT6 and total STAT6 was detected at 30 min after IL-4 stimulation.  (C) The 
expression of KLF4 and GAPDH was detected by Western blotting.  The ratio of phosphorylated and total STAT6 (B) and the ratio of KLF4 and GAPDH (D) 
in densitometry were analyzed using ImageJ software.  Statistical analysis was performed using Student’s t test.  n=3.  *P<0.05, **P<0.01 between the 
indicated groups.

tion of macrophages in the late-phase of allergic responses, 
-

[10]

for treating asthma.
IL-4, a type-2 cytokine, not only induces differentiation 

-
[31]

[32] [33].  In addition, 
-

[34] -

[35]

Ym-1 and arginase in response to IL-4 treatment[31, 36].  Because 
-

tion[11]

are protected against experimental asthma in which STAT6 is 
[37], emodin may 
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-

[38]

-
ing asthma.

[39-41], 
-

[42] -

remodeling or chronic changes that are found in human 
asthma[43]

the effect of emodin on allergic asthma.  Because the triple 
allergens dust mite, ragweed and aspergillus are general aller-
gens for inducing human asthma, the pathological process is 
more similar to that of typical clinic patients.  In our study, we 

-
-

useful as a new agent to treat asthma.  Recently, inhaled corti-

and asthma control.  The use of complementary and alterna-

patients[44]

-
[45-47]

-

-
[48-50]

-

[15, 19, 51]

-
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