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Abstract: Airway remodeling represents the healing and alteration in the airway that occur as a consequence of
chronic inflammation. Extracellular matrix synthesis regulated by transforming growth factor (TGF-$1) and vascu-
lar remodeling regulated by epidermal growth factor (EGF) are important factors for the airway remodeling. This
study aimed to probe the effect of catalpol, a major component of Radix Rehmanniae Preparata (Shudihuang), on
airway remodeling and expression of TGF-B1 and EGF in asthmatic mice. A mice model of asthma was induced by
ovalbumin (OVA) treatment. BALB/c mice were randomly divided into blank control group, asthma model group,
dexamethasone (DEX) group (positive control), high, medium and low dose of catalpol intervention group. Changes
in lung histology were observed using hematoxylin and eosin staining. The levels of TGF-f1 and EGF in mouse sera
and bronchoalveolar lavage fluid (BALF) were examined by ELISA. The EGF mRNA and protein levels in mice tissues
were determined. The results indicated that catalpol improved general conditions and reduced the damage of lung
tissues in asthmatic mice. Moreover, results of ELISA revealed that catalpol significantly reduced the OVA-induced
levels of TGF-B1 and EGF in sera and in bronchoalveolar lavage fluid (BALF). Additionally, results indicated that ca-
talpol decreased the OVA-induced EGF mRNA and protein expression in lung tissues in asthmatic mice. Catalpol at
a high dose was more efficient in decreasing the level of TGF-B1 in mice sera and BALF comparing the DEX group.
Current study has demonstrated that catalpol might effectively prevent airway remodeling in asthma via inhibiting
TGF-31 and EGF.
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Introduction

Asthma is a chronic disease of the airways in
the lungs. Bronchial asthma is characterized by
wheezing, coughing, bronchial contraction, ch-
est tightness and shortness of breath [1-3].
During the decades, glucocorticoids, B2 recep-
tor agonist, and theophylline have been consid-
ered as the primary agents for asthma treat-
ment. However, their clinical applications are
strongly restricted by low to little efficiency in
treatment of severe symptoms and unexpected
side effects associated with high dose or long-
term use [4-10]. Therefore, it is extremely ur-

gent to develop better and new medications to
prevent asthma or relieve asthmatic symptoms
after appropriate treatment.

Recently, traditional Chinese medicines have
been developed to relieve asthmatic symptoms
using animal model [11, 12]. Rehmannia
Glutinosa Libosch (Dihuang) is a perennial herb
widely distributed along the suburban hilly area
of China. The yellow root of Dihuang-Radix
Rehmanniae Preparata (Shudihuang)-has been
considered as a traditional Chinese medicine.
The pharmacological effects of Shudihuang
include hypoglycemia, hemostasis, anti-dis-
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seminated intravascular coagulation, and treat-
ment of hepatitis and diphtheria, etc [11-23]. A
study demonstrated that catalpol mitigated the
symptoms of asthma in a mouse model via inhi-
bition of eosinophil infiltration in the asthmatic
mice [24]. Also, catalpol can improve the bal-
ance of the interleukin 4 (IL-4)/interferon
gamma (IFN-y) ratio in asthma [25]. In the stud-
ies using a combination of catapol with other
methods or medicines, it has been found that
catalpol injection combined with budesonide
can result in a synergistic effect to further
inhibit the airway inflammation of asthma [26]
and catapol enhanced the treating effect of
specific immune therapy (SIT) [27].

Airway remodeling or airway reconstruction has
been considered as one of the primary patho-
logical mythologies for asthma treatment [24-
31]. Transforming growth factor (TGF-B1) and
epidermal growth factor (EGF) are critical fac-
tors in the pathogenesis of airway remodeling.
EGF can be induced by allergic reaction and the
factor mediates vascular remodeling and angio-
genesis, which are related to airway remodeling
[32-35]. TGF-B1 has been known to involve in
the synthesis of those matrix molecules which
are associated with airway remodeling [36-41].
Therefore, the modulation of TGF-f1 and EGF
expression might play a significant role in regu-
lating airway remodeling of asthma.

In this study, the effects of catapol on general
conditions and lung histopathology were inves-
tigated using an established mouse model of
asthma. The possibility of underlying molecular
mechanisms associated with its regulation of
TGF-B1 and EGF expression were also studied
and discussed. The findings support that catal-
pol may become a promising drug for the treat-
ment of asthma.

Materials and methods
Experimental animals

Ninety male BALB/c mice (age: 5-6 weeks,
weight: 50-60 g) were purchased from the
Experimental Animal Center at First People’s
Hospital of Jiujiang (Jiangxi Province, China).
The mice were maintained and fed under spe-
cific conditions. Illumination and dark time peri-
od were both set to 12 h. There were no restric-
tions on drinking water and feeding. The animal
experimental procedures were approved by the
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Ethics Committee of the First People’s Hospital
of Jiujiang and the first affiliated hospital of
Nanchang university. All experiments including
animals were conducted strictly based on the
guidelines of the Care and Use of Laboratory
Animals by the National Institute of Health,
China.

Establishment of asthma model and catapol
treatment

After on-site acclimatization for seven days,
ninety experimental BALB/c mice were random-
ly divided into six groups with fifteen mice in
each group. These groups are blank control
group, asthma model group, dexamethasone
(DEX) group, low dose of catapol (catapol-L)
intervention group, medium dose of catapol
(catapol-M) intervention group and high dose of
catapol (catapol-H) intervention group. The
mice in the blank control group were given
intraperitoneal injection with normal saline and
airway nebulization. The mice in the other
groups were intraperitoneally injected and
atomized with ovalbumin (OVA) liquid prepared
on the same day to establish a mouse asthma
model.

On the first day of the experiment, each mouse
was intraperitoneally injected with 0.1 mL of
10% OVA solution (Sigma-Aldrich, St. Louis, MO,
USA) in normal saline containing 5 mg of dry
powder of aluminum hydroxide (Sinopharm).
Two weeks after sensitization, 1% OVA solution
which was prepared in physiological saline was
administered by nebulization to induce asthma,
the administration continued for three consec-
utive days, followed by stimulated once every
other day for 20 min. The mice exhibited the
following symptoms as respiratory accelera-
tion, sneezing, perioral cyanosis, abdominal
spasm and nodding breathing, suggesting that
asthma was successfully stimulated in mice.

The OVA-sensitized mice were administered
with drugs 30 min before aerosol inhalation
challenge. The blank control group and the
model group were treated with normal saline,
and the other intervention groups were given
the corresponding drugs for intervention. The
mice in the DEX group were given DEX (0.85
mg/kg; Pharmaceutical Co., Ltd, China) daily
for 21 days. The mouse in the catapol groups
were administered with 3 mg/kg in normal
saline (catapol-L), 7 mg/kg in normal saline
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(catapol-M) or 12 mg/kg in normal saline (cata-
pol-H) of catapol (Melonepharma, Dalian,
China) via intraperitoneal injection 0.5 h before
each OVA challenge once a day for 21 days,
whereas mice in the blank control and model
group were treated with the same volume of
physiological saline once a day for 21 days.
During OVA sensitization and challenge, the
general conditions of mice in each group were
observed and monitored.

Analysis of serum samples

Mice blood was aseptically acquired from the
abdominal aortas of the mice after the final
challenge, and the serum were isolated by cen-
trifuging the blood sample at 3000 rpm for 30
min. The serum was then collected and stored
in a fridge at -10°C for future analysis. The
serum levels of TGF-B1 and EGF were mea-
sured by commercial enzyme-linked immuno-
sorbent assay (ELISA) kits (Elabscience, Wuhan,
China) followed the manufacturer’'s instruc-
tions.

Analysis of bronchoalveolar lavage fluid (BALF)
samples

On experiment Day 35, mice were sacrificed by
blood letting from femoral artery. Bronchoa-
Iveolar lavage was performed by washing the
lungs three times using 5 mL normal saline. The
fluid was centrifuged at 2000 rpm for 20 min at
5°C, the supernatant BALF was collected and
stored at -10°C for future analysis. The levels of
TGF-B1 and EGF in the BALF were measured
using commercial ELISA kits (Elabscience,
Wuhan, China).

Histological examination

The lung tissues were stripped from mice, and
washed using normal saline, fixed in 4% parafor-
maldehyde solution, dehydrated with gradient
alcohol, and embedded in paraffin. After depar-
affinization and rehydration, the sections were
subjected to Hematoxylin and Eosin (H&E)
staining. The images were captured with an
optical microscope (Olympus) under a 400x
maghnification.

Immunohistochemistry

The lung sections were dewaxed, rehydrated,
and treated with trypsinization to retrieve the
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antigen. Hydrogen peroxide solution (3%) was
added to quench endogenous peroxidase activ-
ity for 20 min at room temperature. Then the
sections were blocked with goat serum for 15
min, then incubated with primary antibodies
against eotaxin (1:50 in PBS, Santa Cruz,
Dallas, TX, USA) at 4°C for overnight. The lung
sections were stained with 3,3’-diaminobenzi-
dine (DAB), counterstained with hematoxylin,
dehydrated, and then embedded in paraffin.
The images were captured with an optical micr-
oscope (Olympus) under a 400x magnification.

Statistical analysis

SPSS software 22.0 (Chicago, IL, USA) was
used for statistical analyses. The experimental
data were expressed by mean + SD. Single-
factor Analysis of Variance (ANOVA) was used to
compare the difference between the control
group and the experimental group, P<0.05 indi-
cates that there are no significant differences
between the data.

Results
Catalpol alleviated airway inflammation

The mice in the control group maintained glossy
hair, with good appetite and mental conditions.
However, the mice in the groups other than the
control group exhibited various extents of lack
of appetite, sneezing, nose scratching, irritabil-
ity, shortness of breath, cyanosis of lips and
abdominal spasm, suggesting that the asthma
model was successfully established. Especially,
the mice in the DEX group and catapol groups
also exhibited irritability and dyspnea in the
early stage of sensitization. However, with the
extension of drug administration, the occur-
rence time of asthmatic symptoms was gradu-
allyincreased, the respiratory rate was reduced,
and the cyanosis symptoms were improved,
especially for the DEX group and the catapol-H
group.

Catapol improved lung histological conditions
of asthmatic mice

H&E staining method was conducted to evalu-
ate morphological changes in mice lung tis-
sues. Comparing the blank control group (see
Figure 1A), an increase in airway smooth mus-
cle mass (including hypertrophy and hyperpla-
sia) was observed with a large number of
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Figure 1. Images for morphological changes in lung tissues using H&E staining method (x400).

inflammatory cell infiltration. Figure 1B shows
disorder of airway epithelial structure and nar-
rowing of the airway lumen in the asthma model
group. These observations can be considered
as key factors in asthmatic airway remodeling.
In addition, comparing the model group, the
DEX group (see Figure 1C) and catapol inter-
vention groups (see Figure 1D-F), especially for
the catapol-H and catapol-M groups, suggest-
ing dramatically reduced infiltration of inflam-
matory cells, more regular arrangement of air-
way epithelial cells, and significantly improved
lumen stenosis.

Determination of ISE and cell counts in BALF

The level of IgE in BALF was determined using
the ELISA method. Figure 2A shows that the
level of IgE in BLAF dramatically increased in
the model group, and it was significantly higher
than that in the control group. In the DEX group
and catapol intervention groups, the IgE level
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was dramatically decreased, especially for the
catapol-H and catapol-M groups. After sensiti-
zation and OVA-challenge, Figure 2B shows
that the total number of cells in the model
group and the catalpol group was significantly
increased compared with the control group.
The percentages of eosinophils and neutrophils
in the catalpol group were increased signifi-
cantly compared with the model group (see
Figure 2C and 2D). As a comparison, the per-
centages of lymphocytes and macrophages in
the catalpol group were significantly decreased
compared with the model group (see Figure 2E
and 2F). In all the cases, the catapol-H group
exhibits a much pronounced effect comparing
the catapol-L and catapol-M groups.

Effect of catapol on EGF expression

EGF is a very important mediator of airway
remodeling in asthma [11]. Figure 3 shows that
serum level of TGF-B1 in the asthma model
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Figure 2. The level of IgE in BALF (A), total number of cells in BALF (B), and percentages of eosinophils (C), neutro-
phils (D), lymphocytes (E), and macrophages (F) in BALF for the experimental groups. “#” represents P<0.05 com-
paring the model group. Data are presented as the mean + SD.
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Figure 3. EGF expression in sera (A), BALF (B), and
lung tissues (C). “*” represents P<0.05 comparing
the control group, “#” represents P<0.05 comparing
the model group, “@” represents P<0.05 comparing
the DEX group, “ns” represents no significant differ-
ence. Data are presented as the mean + SD.

group was significantly increased comparing
the blank control group. Moreover, catapol in-
tervention significantly and dose-dependently
decreased serum EGF level in asthma mice
model (see Figure 3A). EGF level in BALF and in
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Figure 4. The average OD values for EGF expression.
“*” represents P<0.05 comparing the control group,
“#” represents P<0.05 comparing the model group,
“@” represents P<0.05 comparing the DEX group,
“ns” represents no significant difference. Data are
presented as the mean * SD.

lung tissues exhibited a similar expression ten-
dency (see Figure 3B and 3C). In addition, com-
paring the DEX group, EGF levels in sera and in
BALF were both significantly decreased in the
catapol-H group (see Figure 3A and 3B). The
EGF expression was analyzed through measur-
ing average OD values from 3 randomly select-
ed fields at x400 magnification, the results
were shown in Figure 4.

Effect of catapol on TGF-B1 expression

TGF-B1 is a key angiogenic molecule and can
notably contributes to airway remodeling in
asthma [24-27]. Hence, it is necessary to inves-
tigate whether the protective effect of catapol
on asthmatic mice was associated with its reg-
ulation of TGF-B1. The TGF-B1 levels in sera and
in BALF were measured using ELISA, and pro-
tein expression in lungs was studied using
immunohistochemistry. Figure 5 shows that
serum level of TGF-B1 in the asthma model
group was significantly higher than that in the
blank control group. Comparing the model
group, the serum EGF levels were dramatically
decreased in the DEX and catapol treatment
groups. Moreover, catapol intervention decr-
eased serum TGF-B1 level in a dose-dependent
manner. Similar expression pattern of TGF-B1
was acquired in BALF, as well as in mRNA
expression in lung tissues. In addition, there
was no significant difference in TGF-B1 expres-
sion between the DEX and the catapol-H group.
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Figure 5. TGF-B1 expression in sera (A) and BALF (B).
“*” represents P<0.05 comparing the control group,
“#” represents P<0.05 comparing the model group,
“@” represents P<0.05 comparing the DEX group,
“ns” represents no significant difference. Data are
presented as the mean + SD.

Discussion

Catapol is a main component in the traditional
Chinese medicine Radix Rehmanniae Prepa-
rata. In previous publications [24, 25], it has
been shown that large doses of catalpol injec-
tion can mitigate the asthma-induced symp-
toms with an OVA-induced rat model, catalpol
has been found to inhibit eosinophil infiltration
in the asthmatic rats, which might be related to
an anti-asthmatic effect. Furthermore, the level
of IFN-y in the serum of rats after catalpol treat-
ment was increased, but the level of IL-4 was
decreased, indicating that catalpol improved
the balance of the IL-4/IFN-y ratio. The current
study demonstrated obvious evidences that
catapol improved general conditions of asth-
matic mice. Specifically, the occurrence time of
asthmatic symptoms was extended; the respira-
tory rate was reduced; and the cyanosis symp-
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toms were improved. Moreover, catapol decr-
eased airway smooth muscle mass and inflam-
matory cell infiltration, and improved disorder
of airway epithelial structure and narrowing of
the airway lumen of asthmatic mice, suggesting
that catapol might have an inhibitory function
in asthmatic airway remodeling. Additionally,
the anti-remodeling effect of catapol was com-
parable to that of DEX as a positive control
drug.

An asthmatic mice model was established in
current study by repeated sensitization and
OVA-challenge. A great number of inflammatory
cells, including eosinophils and lymphocytes,
infiltrated around bronchioles and capillaries
have been observed. The level of IgE in the
model group was higher than that of the control
group. These results suggest that the animal
model was successfully established and repli-
cated. The airway inflammation was significant-
ly alleviated after catalpol treatment, and the
level of IE in the BALF for the catalpol groups
was significantly lower than that in the model
group.

Both TGF-B1 and EGF are mediators of airway
remodeling in asthma [24, 25]. TGF-B1 contrib-
utes mainly to abnormal airway smooth muscle
function in asthma by inducing airway smooth
muscle cell proliferation and hypertrophy and
by promoting the release of angiogenic, fibro-
genic and inflammatory mediators [24, 28-32].
EGF is a key angiogenic molecule and can stim-
ulate the proliferation and migration of vascular
endothelial to form new vascular, and greatly
contributes to airway inflammation and airway
remodeling in asthma [33-36]. Moreover, levels
of TGF-B1 and EGF have been found to increase
in chronic lung diseases such as asthma [24-
36]. The results in this study are in agreement
with previous findings, an increase in levels of
TGF-B1 and EGF in sera and in BALF, and an
increase in mMRNA and protein levels of EGF in
lung tissues of OVA-induced asthmatic mice
were observed. The important function of TGF-
B1 and EGF in mediating airway remodeling
suggests that the modulation of TGF-f1 and
EGF expression might play a significant role in
regulating airway remodeling and consequently
affect the progress of asthma. The interesting
results in this study demonstrated that catapol
greatly reduced the OVA-induced levels of TGF-
B1 and EGF in asthmatic mice. These results
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indicate that inhibition of TGF-B1 and EGF may
be involved in the anti-airway remodeling effect
of catapol on asthma.

In addition, the findings have demonstrated, for
the first time, the interaction between TGF-B1
and EGF caused by catapol. It has been report-
ed that inhibition of EGF hinders the production
of TGF-B1 in an animal model with allergic air-
way disease [24, 25]. Also, TGF-B1 facilitates
the release of EGF via airway smooth muscle
cells with a time-dependent manner [25].
These conclusions support a direct interaction
between TGF-B1 and EGF on regulating airway
remodeling in asthma.

Previously, some traditional Chinese medicines
have been found to mitigate asthmatic symp-
toms and relieve airway responsiveness, inflam-
mation and remodeling in asthmatic animal
models [11, 12, 24-28]. Radix Rehmanniae
Preparata is composed of many compounds as
traditional Chinese herbs, catapol as a primary
component has been shown to suppress infl-
ammation, to relieve cough, and to expel
phlegm. Some publications together with the
current study have successfully demonstrated
the anti-asthmatic effects of catapol [24-27].
Therefore, catalpol might become a potential
drug in clinical treatment of asthma.

In summary, the increased expression of TGF-
B1 and EGF in asthmatic mice indicates that
TGF-B1 and EGF may be involved in airway
remodeling. Early administration of catapol in
the treatment of asthma might reduce expres-
sion of TGF-B1 and EGF and correspondingly
mitigate the symptoms of asthma in an OVA-
induced mouse model. The findings in this
study support a potential application of catapol
as a therapeutic drug for the patients suffering
from asthma.
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