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Abstract

An animal (BALB/c mice) model of catalpol associated with bronchial asthma

in vivo was established, and the effects of catalpol and its relationship with

cytokines were investigated. A total of 30 adult BALB/c mice were randomly

divided into a positive control group, a model group, and a catalpol group, with

10 mice in each group. The lung function of mice, the cell count, and the

cytokine concentrations in bronchoalveolar lavage fluid (BALF) were detected.

The levels of cytokines [interleukin 4 (IL‐4), interleukin 5 (IL5), and interferon

gamma (IFN‐γ)] in BALF were measured with enzyme‐linked immunosorbent

assay methods. The total number of cells in the BALF of the group treated with

catalpol was significantly lower than the model group. After treatment with

catalpol, the eosinophils and neutrophils of the mice were remarkably reduced

compared with the model group. The malondialdehyde content in the lung

tissue homogenate of the mice was also decreased in the catalpol group. The

cytokines IL‐5 and IL‐4 exhibited a similar tendency: the concentrations of IL‐4
and IL‐5 for the catalpol group were dramatically decreased compared with the

model group. However, the IFN‐γ concentration for the catalpol group was

higher than the model group. The results indicated that IL‐5 may involve in the

pathologic process of asthma‐like IL‐4, and an inflammatory reaction may still

exist in the airway during the remission stage of asthma. The imbalances of the

cytokine network might be an important molecular basis in the asthma

pathogenesis. It is suggested that catalpol may be a potential drug for the

clinical treatment of asthma.
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1 | INTRODUCTION

Bronchial asthma is a common respiratory disease. Statistics
have shown that about 100 million people suffer from
asthma worldwide, and there are at least 20 million patients
in China. Thus, asthma has become a serious threat to
people's health.1-3 The prevention and control of asthma
has always been a concern in medical research and
treatment. Previous studies have demonstrated that asthma

is an airway inflammatory disease characterized by
recurrent reversible airway obstruction and development
of airway hyperreactivity, which includes the participation
of kinds of immunity inflammation cells such as adipose
cells, acidophilia granular cells, lymphocyte, etc. and the
cell components.4-7 The mucus suppository formed by
airway inflammation, edema, and mucus secretion is the
main reason why asthma is difficult to reverse or is,
sometimes, completely irreversible.4,5 Therefore, the control
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of airway inflammation, the elimination of airway edema,
the reduction of mucus secretion, and the improvement of
the immune function of the body are the key approaches for
the treatment of asthma.

Currently, the exact pathogenesis of asthma is not clear. It
has been considered that Th1/Th2 dysfunction is an
important factor in the pathogenesis of asthma.8-12 Inter-
leukins (IL‐4, IL‐5)—produced from excess growth,
proliferation, and activation of Th2 cell—might cause
asthma, and interferon (IFN‐γ)—secreted by Th1 cells—
can inhibit the development of Th2 cells and the immune
response.13-16 Inflammation is the basis of bronchial asthma.
Oxygen‐free radicals are important inflammatory media-
tors.14,16 Asthma attacks affect the bronchi and bronchioles
in the lungs, the enhancement of the inflammatory reaction
increases the formation of free radicals and increases the
lipid peroxidation, and the content of the intermediate
product, malondialdehyde (MDA), increases.8,9,12-16 There-
fore, the changes in MDA can indirectly reflect the level of
oxygen‐free radicals in the body.

Radix Rehmanniae Preparata (Shudihuang) is a com-
mon traditional Chinese herbal medicine for nourishing the
kidney.17-25 The pharmacological effects of this herb have
been widely investigated, including its anti‐aging effect,
antitumor function, and its ability to improve immunity.
According to the traditional Chinese medicine theory,
asthma is a kidney deficiency. In clinical practice, Radix
Rehmanniae Preparata is commonly used to treat asthma.
Catalpol is one of the main active ingredients in Radix
Rehmanniae Preparata. The chemical structure of catalpol
is shown in Figure 1. Catalpol can help determine the
quality of the herb. It is well known that catalpol exhibits
functions of diuresis, hypoglycemia, and slow diar-
rhea.17,18,20,21,23,25,26 However, there are few pharmacologi-
cal studies about catalpol on the regulation and
improvement of the immune function of the body and
the anti‐asthmatic airway allergic inflammation.27-29 In this
study, the effect of catalpol on airway inflammation was
investigated using an ovalbumin (OVA)‐induced asthma
model in BALB/c mice to observe the changes in MDA and
cytokines in the asthmatic mice to probe a new approach
for the prevention and control of asthma.

2 | MATERIALS AND METHODS

2.1 | Experimental animals

Thirty SPF grade BALB/c mice (age: 5‐6 weeks; weight:
180‐210 g) were purchased from Vital River Laboratory
Animal Technology (Beijing, China). The BALB/c mice
were divided into the experimental group and the control
group with 30 rats in each group. The temperature and
humidity were 25 ± 1oC and 55%‐60%, respectively. Both
the illumination time and the dark time were 12 hours.
There were no restrictions on drinking water and feeding.
The care and treatment of the animals were approved by
the Animal Care and Use Committees of the Heilongjiang
University of Chinese Medicine.

2.2 | Establishment of asthma model
and catalpol treatment

The mice were randomly divided into three groups: a
positive control group, a model group, and a catalpol
group, with 10 mice in each group. The asthma model
was established by sensitization and challenge with OVA.

For the control group, the mice were treated by
intraperitoneal injection using 0.5mL of normal saline
on day 1, day 7, and day 14. From day 15 to day 28, the
mice were challenged with normal saline for 30minutes
every day using an ultrasonic nebulizer. For the model
group, the mice were sensitized with OVA, which contains
100 μg OVA (Sigma, St. Louis, MO) and 2mg aluminum
hydroxide (Sinopharm, Shanghai, China) through intra-
peritoneal injection on day 1, day 7 and day 14. From day
15 to day 28, the mice were challenged with 50 g/L OVA in
an equal amount of normal saline used for the control
group for 30minutes every day using an ultrasonic
nebulizer. For the catalpol group, the sensitization and
OVA challenge were the same as that for the model group.
One hour before OVA challenge, the mice received a dose
(5mg/kg in normal saline) of catalpol (Melonepharma,
Dalian, China) daily through intraperitoneal injection
from day 15 to day 28.

2.3 | Bronchoalveolar lavage fluid and
lung tissue homogenate

On day 29, the mice were executed. Normal saline was
injected into the right ventricle two times to completely
remove the residual blood in the lung. The lung was taken
from the chest cavity after washing. A tube was inserted into
the syringe to inject 1mL of PBS solution for bronchoalveolar
lavage three times. Bronchoalveolar lavage fluid (BALF) was
obtained, and the total number of cells was counted with
10 µL. BALF was centrifuged for 10 minutes at 1500 rpm.FIGURE 1 Chemical structure of catalpol
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The supernatant was extracted for cytokine detection, and
the cells were classified and counted after precipitation and
suspension to determine the percentages of neutrophils,
eosinophils, lymphocytes, and macrophages. The lung tissue
of mice was loaded in normal saline according in a weight
ratio of 1:9 to prepare 10% lung tissue homogenate, which
was centrifuged for 10minutes at 3500 rpm. The supernatant
was extracted to measure the MDA content.

2.4 | Enzyme‐linked immunosorbent
assay

The level of IgE in the BALF was determined using an
IgE enzyme‐linked immunosorbent assay (ELISA) kit
(USCN, Wuhan, China). The levels of IL‐4, IL‐5, and
IFN‐γ in the BALF were determined using the corre-
sponding ELISA kits (Boster, Wuhan, China) according
to the manufacturer’s instructions. In the measurement,
the optical density (OD) values were recorded using an
enzyme standard instrument (Biorad450) at the wave-
length of 450 nm. OD values more than twice of the
negative control were defined as positive.

2.5 | Statistical analysis

SPSS 13.0 software was used for statistical analysis.
Single‐factor Analysis of Variance (ANOVA) was used to
compare the difference between the groups. The least
significant difference method was used for the compar-
ison of two sets of data with the homogeneity of variance.
Dunnett’s t‐test was used for heterogeneity of variance.
Spearman’s rank correlation analysis was used for
correlation analysis. P< 0.05 indicated that there were
no significant differences between the data.

3 | RESULTS

3.1 | Determination of IgE in BALF

The level of IgE in BALF was determined using the ELISA
method. As shown in Figure 2, the level of IgE in BLAF was
increased in the model group, and it was significantly
higher than that in the control group with P<0.01. After
catalpol treatment, the IgE level was dramatically
decreased, and it was significantly lower than that in the
model group with P<0.01.

3.2 | Cell counts in BALF

After the sensitization and OVA‐challenge of the mice, the
total number of cells in the model group and the catalpol
group was significantly increased compared with the
control group, with P< 0.01, as shown in Figure 3. The

percentages of eosinophils and neutrophils in the model
group and the catalpol group were also increased
significantly compared with the control group, with
P<0.01, as shown in Figure 4. Furthermore, the total
number of cells and the percentages of eosinophils and
neutrophils in the catalpol group were significantly
decreased compared with the model group with P<0.05
(Figures 3 and 4).

3.3 | Effect of catalpol on MDA

The result for MDA in lung tissue homogenate is shown
in Figure 5. The MDA content in the model group was
higher than that in the control group, with P< 0.05, and
the MDA content in the catalpol group was lower than
that in the model group, with P< 0.05.

3.4 | Concentration of cytokines

The concentrations of cytokine in the BALF of mice from
each group are shown in Figure 6. The cytokines IL‐4 and

FIGURE 2 The level of IgE in BALF of mice from each group

FIGURE 3 Total number of cells in BALF of mice from each
group
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IL‐5 in the model group were significantly increased
compared with the control group with P< 0.05, and the
cytokines IL‐4 and IL‐5 in the catalpol group were
significantly decreased compared with the model group
with P< 0.05. However, the IFN‐γ in the model group
was decreased compared with the control group with
P< 0.05, and IFN‐γ in the catalpol group was increased
compared with the model group with P< 0.05.

4 | DISCUSSION

Radix Rehmanniae Preparata is a traditional Chinese
medicine that has been successfully applied in the clinical
treatment of asthma. However, there have been very few
studies about the clinical effects of catalpol, the most
important component of Radix Rehmanniae Preparata, in
the treatment of asthma. In this study, a BALB/c mice
model on asthma was established by repeated sensitization
and OVA‐challenge. A large number of inflammatory cells,
mainly eosinophils and lymphocytes, infiltrated around
bronchioles and capillaries. Moreover, the airway mucosa

and submucosa of experimental mice in the catalpol‐treated
group still exhibited partial congestion and edema, a small
number of inflammatory cells infiltrated around bronch-
ioles and capillaries, and a small amount of secretion
accumulated in bronchioles. The level of IgE in the model
group was higher than that of the control group. These

FIGURE 4 Percentages of neutrophils, eosinophils, lymphocytes, and macrophages in BALF of mice from each group

FIGURE 5 MDA content in lung tissue homogenate of mice
from each group
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results indicate that the model was successfully established
and replicated. The airway inflammation in mice was
significantly alleviated after catalpol treatment, and the
level of IgE in the BALF of experimental mice for the
catalpol groups was significantly lower than that in the
model group.

Previous studies have demonstrated that asthma is
actually a chronic inflammation involving a variety of
inflammatory cells, inflammatory mediators, and cyto-
kines.8-16 Oxygen‐free radicals are also one of the important
inflammatory mediators. They can directly affect airway
smooth muscle and airway tissue cells, resulting in
contraction of airway smooth muscle, destruction of the cell
membrane, and cell death. These free radicals directly target
pulmonary microvasculature to increase the permeability of
the blood vessel wall and promote plasma exudation and
interstitial edema; thus pulmonary gas exchange is affected.
They also target inflammatory cells to promote the release of
inflammatory mediators, damage airway epithelium, and
expose peripheral nerve fibers, resulting in enhanced airway
response to various stimuli to form a sustained airway
hyperresponsiveness. During asthma attacks, the enhance-

ment of inflammation leads to the increase of free radical
production and lipid peroxidation, and consequently, the
content of MDA increases. Therefore, the change in MDA
can indirectly reflect the level of oxygen‐free radicals in the
body. The content of MDA in the lung tissue homogenate of
BALB/c mice was measured in this study. It was found that
the content of MDA in the model group initially increased
but decreased after catalpol treatment. This result was
inconsistent with previous studies, probably because fewer
cases were investigated in the current research.

The pathogenesis of asthma is still unclear. Th1/Th2
dysfunction and hyperactivation of Th2 cells have been
considered as the key factors in the pathogenesis of
asthma.8,9,13,14,16 Th1 cells mainly secrete IL‐5 and IFN‐γ,
thereby inducing macrophage activation and delayed
hypersensitivity. Th2 cells mainly secrete IL‐4 and IL‐5,
which induce the growth and differentiation of mast cells
and EOS, as well as the production of immunoglobulins
such as IgE. IL‐4 is the primary cytokine that promotes the
synthesis of IgE in vivo. IL‐4 can promote the proliferation
and growth of B lymphocytes by inducing the transcription
of immunoglobulin and heavy chain and the expression of

FIGURE 6 Cytokine concentrations in BALF of mice from each group
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CD23, thus facilitating the synthesis of IgE. It can also
induce the proliferation of T lymphocytes, which is the
differentiation of unshaped T cells into Th2. IL‐4 can also
promote the expression of vascular endothelial cell
adhesion molecules, and enhance the binding of inflam-
matory cells and endothelial cells to participate in the
infiltration of asthmatic airway inflammatory cells. IFN‐γ is
an antagonist of IL‐4; it can inhibit the production of IgE in
vivo by inhibiting the transcription of IL‐4 mRNA and the
expression of low‐affinity IgE receptors in B cells induced
by IL‐4. IFN‐γ can also inhibit the differentiation of Th0
cells into Th2 cells and the proliferation and activation of
Th2 cells to reduce the infiltration and activity of
eosinophils. IFN‐γ and IL‐4 are the characteristic cytokines
of Th1 and Th2 cells, respectively. Therefore, some studies
have concluded that IL‐4/IFN‐r can reflect the Th1/Th2
cell immune response pattern. Furthermore, the imbalance
of IL‐4 and IFN‐r is the main reason for excessive IgE
synthesis in asthmatic patients. The results of the present
study indicated that the level of IL‐4 in the serum of BALB/
c mice in the model group increased, and IFN‐γ decreased,
and IL‐4 and IFN‐γwere unbalanced, which was consistent
with the theory of asthma pathogenesis. After catalpol
treatment, the level of IFN‐γ increased, which was
significantly different from the model group, indicating
that the clinical effects of asthma treatment using catalpol
could be improved by increasing the IFN‐γ level. After
catalpol treatment, the IL‐4 level of experimental mice
decreased and the level of IFN‐γ increased and the balance
IL‐4/INF‐γ was improved.

In summary, catalpol can significantly increase the
level of IFN‐γ and balance the ratio IL‐4/INF‐γ in BALF
and improve chronic airway inflammation for asthmatic
mice. This study suggests that catalpol might become an
effective drug for the treatment of asthma.

5 | CONCLUSIONS

Catalpol can significantly alleviate airway inflammation
for experimental mice, indicating that catalpol has
an anti‐inflammatory effect in the treatment of asthma.
After sensitization, the levels of IL‐4 and IL‐5 in BALF of
asthmatic mice in the model group increased; however,
the level of IFN‐γ decreased in the model group,
indicating that there was an imbalance of IL‐4
to IFN‐γ. After catalpol treatment, the level of IFN‐γ
the in the serum of mice significantly increased, but the
level of IL‐4 decreased, suggesting that catalpol can
improve the balance of the ratio IL‐4/IFN‐γ in asthma.
Therefore, catalpol has potentially anti‐inflammatory and
immunomodulatory effects in the treatment of asthma.
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