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Abstract: Objective: The effects and enhancement of catalpol (CP) on specific immune therapy (SIT) were investi-
gated with an established animal model associated with bronchial asthma. Materials and methods: A total of 50 
adults BALB/c mice were randomly divided into five groups with 10 mice in each group. These groups are control 
group, model group, CP group, SIT group and CP/SIT joint group. The mice were sensitized and challenged with 
OVA and Bronchoalveolar lavage fluid (BALF) and peripheral blood were obtained, the cell counts and the levels of 
cytokines (IL-1, IL-4, IFN-γ) in BALF were detected using ELISA methods. Results: The total number of cells in BALF of 
the group treated with CP/SIT joint group was significantly lower than the other experimental groups. Furthermore 
the eosinophils of the mice were dramatically reduced comparing the other experimental groups, the cytokines IL-1 
and IL-4 display the similar tendency, but the IFN-γ concentration for the experimental groups was higher than the 
model group. After the therapy using CP, SIT and a combination of CP and SIT, asthma-associated inflammation 
was inhibited, IL-4 level was decreased and IFN-γ level was increased. In addition, the expression of TLR-4 protein 
in peripheral blood was detected by Western Blot method. Conclusions: In summary, CP can enhance the treating 
effect of SIT and the joint treatment by CP/SIT might be a potential method for clinical treatment of asthma, the 
mechanism is related to the inhibition of TLR-4 signaling pathway.
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Introduction

Bronchial asthma (or in short, asthma) is a 
common disease with a high incidence of 
occurrence, which has become a global social 
health problem and seriously threatened hu- 
man health [1]. The primary pathological chan- 
ge of asthma has been considered eosinophil 
infiltration in airway, with associated clasmato-
blast infiltration, lymphocyte infiltration and 
macrophage infiltration [2-4]. The main clinical 
features of asthma are airway hyperresponsive-
ness and airway dysventilation induced by air-
way inflammation [5, 6]. Over the past two 
decades, chronic anti-inflammatory therapy 
has been able to effectively control the clinical 
symptoms of asthma by inhibiting airway inflam-
mation [7]. However, the incidence and mortal-
ity of asthma have not efficiently reduced. 
Specific immunotherapy (SIT) is one of the 
effective etiological treatments for allergic 

asthma, especially for IgE-mediated allergic dis-
eases. Currently, induction of peripheral an- 
tigen specific immune tolerance is considered 
to be one of the main mechanisms of SIT [8, 9]. 
Immune tolerance refers to the specific immune 
nonresponsiveness or low responsiveness for- 
med by the immune system after exposure to 
antigens. In addition, the mechanism of SIT is 
regulation of the balance of Th1/Th2. Recent 
studies have demonstrated that BCG vaccine 
and its derivatives can be used as non-specific 
immunomodulators to regulate immunity and 
Th1/Th2 balance [10, 11]. A combination of SIT 
and BCG vaccine can further reduce the level of 
IL-4 secretion, increase the level of IFN-γ secre-
tion, and regulate the immune response to Th1 
cells as a dominant response [12, 13].

Catalpol (CP) is one of the primary components 
in Radix Rehmanniae Preparata (Shudihuang). 
As a traditional Chinese herbal medicine, Radix 
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Rehmanniae Preparata has been commonly 
used for neuroprotective, anti-aging and anti-
tumor treatments [14-28]. The pharmacologi-
cal effects of this Chinese medicine as well as 
its main ingredient CP have been widely investi-
gated, including the pronounced anti-inflamma-
tory properties to inhibit inflammatory respons-
es induced by LPS and IFN-γ, reduce inflamma-
tory production of cytokines, and protect ag- 
ainst renal ischemia and reperfusion injury [14-
28]. Therefore, such anti-inflammatory function 
of CP should be related to the treatment of 
asthma. Indeed, the anti-asthmatic effects of 
CP and its derivatives have been investigated 
by several research groups. In this study, a 
combined effect of CP and SIT on asthmatic 
mice was investigated by cell classification and 
counting in bronchoalveolar lavage fluid (BALF) 
and serum ovalbumin (OVA). The expression of 
TLR-4 protein in peripheral blood was detected 
to indicate that a combined treatment using CP 
and SIT can decrease the expression of TLR-4 
protein and inflammatory factors in lung tissue 
of OVA-induced asthmatic mice. The mecha-
nism is related to the inhibition of TLR-4 signal-
ing pathway.

Materials and methods

Experimental animals 

Fifty SPF grade BALB/c mice (twenty-five males 
and twenty-five females) were obtained from 
Experimental Animal Center of Xiamen Uni- 
versity. The mice were kept in a controlled envi-
ronment at a temperature and a relative humid-
ity of 24±2°C, and 52%±3%, respectively with 
12 h-light-and-12 h-dark cycles. The care and 
treatment of the animals were approved by the 
Animal Care and Use Committees of Fuzhou 
General Hospital of Nanjing Military Area 
Command.

Chemicals and reagents

OVA (Grade II) was purchased from Sigma-
Aldrich (Shanghai, China), aluminum hydroxide 
(99.9%) was purchased from Sinopharm (Bei- 
jing, China), catalpol injectable powder was pur-
chased from Melone Pharmaceutical Co., Ltd 
(Dalian, China), ELISA reagent kits were pur-
chased from Biosource Bioengineering Co., Ltd 
(St. Louis, MO, USA), Western blot kits were pur-
chased from Beyotime Biotechnology (Shang- 
hai, China) and TLR-4 antibody was purchas- 

ed from Santa Cruz Biotechnology (Shanghai, 
China). All other chemicals or reagents were 
obtained from Sinopharm (Beijing, China) with 
a grade of analytical pure.

Establishment of asthma model

The mice were randomly divided into five groups 
(blank control group, asthma model group, CP 
group, SIT group and CP/SIT joint group) with 
10 mice in each group. The asthma model was 
established by sensitization and challenge with 
OVA. Generally, the mice in the blank control 
group were treated by intraperitoneal injection 
using 0.5 mL of normal saline on Day 1, Day 7 
and Day 14, followed by challenged with normal 
saline for 30 min every day from Day 15 to Day 
28. The mice in the asthma model group were 
sensitized with 100 μg OVA and 2 mg aluminum 
hydroxide in 0.5 mL normal saline via intraperi-
toneal injection on Day 1, Day 7 and Day 14, 
followed by challenged with 50 g/L OVA in 0.5 
mL normal saline for 30 min every day using an 
ultrasonic nebulizer from Day 15 to Day 28. The 
mice in the CP group received a dose (5 mg/kg 
in normal saline) of catalpol daily through intra-
peritoneal injection from Day 15 to Day 28 one 
hour before OVA-challenge after the sensitiza-
tion on Day 1, Day 7 and Day 14 as for the 
model group. The mice in the SIT group received 
a dose (5 mg/kg in normal saline) of SIT thera-
peutic solution daily through intraperitoneal 
injection from Day 15 to Day 28 one hour before 
OVA-challenge after the sensitization on Day 1, 
Day 7 and Day 14 as for the model group. The 
mice in the CP/SIT joint group received a dose 
(5 mg/kg in normal saline) of mixed CP and SIT 
therapeutic solution daily through intraperito-
neal injection from Day 15 to Day 28 one hour 
before OVA-challenge after the sensitization on 
Day 1, Day 7 and Day 14 as for the model 
group.  

Bronchoalveolar lavage fluid and lung tissue 
preparation 

After 24 hours of last OVA challenge, the mice 
in each group were anesthetized with 10% chlo-
ral hydrate (0.5 g/kg) via intraperitoneal injec-
tion. Peripheral blood was taken from postcava 
for about 1 mL and centrifuged for 10 minutes 
at 3500 r/min. Serum was collected and stored 
at -70°C. All mice were executed after blood 
taking, left lung was ligated and thoracic cavity 
was opened for tracheotomy intubation. The 
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right lung was lavaged with normal saline three 
times with 1 mL for each time. The recovery 
rate of BLAF was more than 80%. BALF was 
obtained and the total number of cells was 
counted with 10 μL. After collecting BALF, the 
ligated left lung was intercepted and placed in 
10% formalin solution.

Cell count and cytokines level determination

BALF cells were counted by direct counting 
method. The total number of cells was counted 
after dilution with 3% acetic acid solution, and 
eosinophils were counted after dilution with 
acetone-eosin diluent. The level of IgE in the 
BALF was determined using an IgE enzyme-
linked immunosorbent assay (ELISA) kit. The 
levels of IL-1, IL-4, and IFN-γ in the BALF were 
determined using the corresponding ELISA kits 
according to the manufacturer’s instructions. 
The optical density (OD) values of cytokines in 
each sample were measured at a wavelength 
of 450 nm.

TLR-4 protein detected by western blot

According to instruction of the detection kit, the 
protein concentration was detected and buffer 
was added after extraction of total protein from 
treated peripheral blood. The protein concen-
tration of each group was adjusted to 5 μg/μL 
and heated in boiling water for 10 minutes. 
SDS-PAGE gel electrophoresis experiment was 
conducted, 5% skim milk powder with PBST 
was sealed for 1 h followed by incubated over-
night with internal reference β-actin antibody 
(1:3000) and Rabbit anti human TLR-4 anti-
body (1:800) at 4°C. After washing, the mem-
branes were incubated with the corresponding 

HRP-labeled secondary antibodies (1:5000). 
The target proteins were visualized using ECL 
detection system. 

Statistical methods

The experimental data were analyzed by 
SPSS16.0 software. Normal test and homoge-
neity test of variance were carried out for data 
acquired from each group. If the data con-
formed to normal distribution with homoge-
neous variance, the data were tested by com-
plete random design variance analysis and LSD 
method. The yielded results were expressed by 
x±s.

Results

Symptoms observation

The mice in experimental groups were sensi-
tized via aerosol inhalation of OVA solution. 
After 10 minutes of sensitization, the mice 
started to show nasal irritation, increased and 
deep breathing, nodded breathing, occasional 
cough, irritability, forelimb contraction and ele-
vation, etc. More excreta could be observed 
after taking the animals out of their living envi-
roment, suggesting that asthma has been suc-
cessfully induced. After OVA challenge, the 
mice exhibited mental depression, hair disor-
der and reduced appetite. The mental and hair 
state of mice in each treatment group slightly 
recovered within 24 hours, the appetite was 
better than the model group. There was no 
obvious skin injury, ulcer or paralysis observed 
on the hind limbs of mice in each treatment 
group. All mice in the blank control group were 
in good condition.

IgE in BALF

The level of IgE in BALF was determined by the 
ELISA method. Figure 1 shows that the level of 
IgE in BLAF increased in the model group, it 
was significantly higher than that in the control 
group with P < 0.01. After CP or SIT treatment, 
the IgE level was remarkably decreased, and 
further decreased after joint CP/SIT treatment. 
The levels of all treatment groups were signifi-
cantly lower than the model group with P < 
0.01.

Cell counts in BALF

Figure 2 shows the total number of inflamma-
tory cells and the percentages of eosinophils 

Figure 1. The level of IgE in BALF.
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after sensitization and OVA-challenge of the 
mice. The total number of cells and the per-
centages of eosinophils in the model group 
were both significantly increased compared 
with the control group with P < 0.01, as shown 
in Figure 2. After treatment with different 
approaches, the total number of cells and the 
percentages of eosinophils in the CP and SIT 
groups were significantly decreased compared 
with the model group with P < 0.05. Moreover, 
the inflammatory cells and eosinophils in joint 
CP/SIT group were decreased compared with 
the CP group and the SIT group with P < 0.05. 

Concentration of cytokines

Figure 3 shows the concentrations of different 
cytokines in the BALF from each group. The lev-
els of IL-1 and IL-4 in the model group were sig-
nificantly increased compared with the control 
group with P < 0.01, and the level of IFN-γ in the 
model group was significantly decreased com-
pared with the control group with P < 0.01. 
After treatment with various approaches, the 
levels of IL-1 and IL-4 in the CP and SIT groups 
were significantly decreased compared with 

the model group with P < 0.05, and the levels of 
IFN-γ in the CP and SIT groups were significantly 
increased compared with the model group with 
P < 0.05. Furthermore, the levels of IL-1 and 
IL-4 in the joint CP/SIT group were significantly 
decreased compared with the CP or the SIT 
group with P < 0.05, and the level of IFN-γ in the 
joint CP/SIT group was significantly increased 
compared with the CP or the SIT group with P < 
0.05.

Expression of TLR-4 protein

The results obtained from Western blot are 
shown in Figure 4. The expression of TLR-4 in 
the model group was significantly enhanced 
compared with the control group with P < 0.01. 
After treatment, TLR-4 expression in the CP 
and SIT groups were significantly reduced com-
pared with the model group with P < 0.05, 
TLR-4 expression in the joint CP/SIT group was 
significantly reduced compared with the CP or 
SIT group with P < 0.05.

Discussion

In this study, OVA sensitization and challenge 
were used to construct an asthmatic mice 
model. During the process of OVA-challenge, it 
can be observed that the asthmatic mice exhib-
ited dyspnea, irritability and other symptoms. 
The total number of cells and eosinophils in 
BALF increased significantly compared with the 
control group, suggesting that the model was 
successfully built. Compared with the control 
group, the levels of IFN-γ for characteristic Th1-
type cytokine and IL-1 or IL-4 for characteristic 
Th2-type cytokine were decreased and increas- 
ed, respectively. The Th1/Th2 ratio in the model 
group was decreased, Th2 cells showed a pre-
dominant response and Th1/Th2 ratio was 
imbalanced, which are consistent with the 
mechanisms of allergic diseases such as 
asthma.

During the development of asthma, allergens 
are distinguished and captured by antigen-pre-
senting cells such as B cells, macrophages, 
dendritic cells, etc. via mucous membranes 
and immune response occurs. Allergens in 
blood and other parts of the body turn to selec-
tive Th2 lymphocyte response, while the num-
ber and activity of specific Th1 lymphocyte sub-
sets decrease, resulting in the imbalance of 
Th1/Th2. It has been proved that SIT can target 

Figure 2. The total number of inflammatory cells (top) 
and the percentages of eosinophils (bottom) after 
sensitization and OVA-challenge.
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both antigen presenting cells and T cells to cor-
rect the imbalance of cytokines and reverse the 
imbalance of Th1/Th2. In this study, OVA-
sensitized mice subjected to SIT and subse-
quently challenged also exhibited dyspnea and 
other symptoms, but the symptoms were slight-
er and the degree of infiltration of inflammatory 
cells in lung tissue slices was smaller than that 
in the model group, and the total number of 
cells and eosinophils in BALF were significantly 
reduced compared with the model group. SIT 

has obvious therapeutic effect on asthma. 
Moreover, compared with the model group, 
IFN-γ increased significantly and IL-1 and IL-4 
decreased significantly, suggesting that SIT can 
up-regulate the function of Th1 cells and down-
regulate the function of Th2 cells, thus the 
imbalance of Th1/Th2 was improved.

As an immunopotentiator, CP has been used 
clinically in patients with poor immunity and 
has achieved good adjuvant therapeutic effect. 
Moreover, the regulation of Th1/Th2 imbalance 
and the therapeutic effect of CP on asthma 
have been reported in some publications [29-
32]. Therefore, in current study an attempt was 
made to explore the therapeutic effect of CP on 
asthma and to investigate the enhanced immu-
notherapeutic effect when CP is combined with 
SIT on treatment of asthma. The results for 
comparison between the CP group and the 
model group indicated that CP could also 
increase the level of Th1 response, inhibit the 
secretion of IL-1 or IL-4 and decrease the level 
of Th2 response by stimulating IFN-γ secretion. 
In terms of the stimulating symptoms, cell 
counts in BALF and serum cytokine detection 
for the mice in the joint CP/SIT therapeutic 
group, the CP/SIT combined treatment shows 
significant therapeutic effect, and the effect is 
more pronounced compared both therapeutic 
groups using single method, suggesting that CP 
can enhance SIT immunotherapy effect. The 
main manifestation is the enhancement of Th1 
cell function between the combined and single 
applications.

Toll like receptor (TLR-4) is a kind of innate 
immune receptor and an important transmem-
brane protein in the body. It can recognize the 
specific molecular structure of antigen or its 
products, stimulate a series of signaling path-
ways such as TLR-4/NF-kB, activate antigen 
presenting cells, induce T lymphocyte differen-
tiation, up-regulate the chemotactic factors, 
release the pro-inflammatory factors, collect 
various inflammatory cells to infiltrate and regu-
late the cycle of inflammatory cells, and pro-
mote the occurrence and aggravation of inflam-
mation. In this study, it has been found that the 
transcription of TLR-4 gene and the expression 
of TLR-4 protein in serum of asthmatic mice 
after treament with CP, SIT and joint CP/SIT 
methods were significantly reduced, suggest-
ing that the mechanism of CP, SIT and CP/SIT 

Figure 3. Concentrations of cytokines IL-1 (top), IL-4 
(middle) and IFN-γ in BALF.
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combination therapy might be related to the 
down-regulation of TLR-4 protein expression in 
serum besides the enhancement of Th1 cell 
function.

Conclusions

The effects of CP, SIT and joint CP/SIT treat-
ments on asthma were investigated using an 
animal model associated with bronchial asth-
ma. The asthma-associated inflammation was 
significantly inhibited by CP, SIT and combined 
CP/SIT therapeutic methods, IL-1 and IL-4 lev-
els were decreased and IFN-γ level was in- 
creased. The CP/SIT combined treatment 
showed more pronounced therapeutic effect 
compared with single applications using CP or 
SIT alone. The mechanisms are related to the 
enhancement of Th1 cell function and the 
down-regulation of TLR-4 protein expression. In 
summary, CP can enhance the treating effect of 
SIT and the joint treatment by CP/SIT might be 
a potential method for clinical treatment of 
asthma.
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