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Abstract: Respiratory syncytial virus (RSV) infection can cause severe bronchiolitis, pneumonia or even death in in-
fants, or induce childhood asthma. Currently no specific drug is available for RSV infection. With multiple pathology 
roles, catalpol has significant roles in anti-oxidation and anti-infection, but has not been studied in RSV infection. 
This study aimed to investigate the effects and mechanism of catalpol on RSV infection via establishing a mouse 
RSV infection model, further illustrating the effect of catalpol on RSV infection and providing evidences for clinical 
treatment. BALB/c mice were used to generate a RSV infection model using intranasal drops of viral solutions, and 
mice were then treated with 5 mM or 10 mM catalpol. Real-time fluorescent quantitative PCR was used to measure 
RSV load in mouse pulmonary tissues, while ELISA was used to quantify expression of inflammatory factors includ-
ing TNF-α and IL-1β. Real-time PCR and Western blot were used to test cellular expression of NF-κB (p65) mRNA and 
protein expression. ROS and SOD activity in all cells were analyzed. Compared to the control group, RSV infected 
mice had higher RSV load in pulmonary tissues, elevated serum TNF-α and IL-1β levels, expression of NF-κB mRNA 
and protein, higher ROS contents and lower SOD activity (p < 0.05). Catalpol can decrease RSV load and ROS con-
tents, elevate SOD activity, decrease NF-κB mRNA and protein expressions, and suppress TNF-α and IL-1β levels 
(p < 0.05 compared to model group) in a dose-dependent manner. Catalpol can exert anti-RSV infection roles via 
modulating oxidation/anti-oxidation balance and inhibiting inflammation progression.
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Introduction

Respiratory syncytial virus (RSV) was firstly 
identified in nasopharyngeal secretion of a 
chimpanzee having a respiratory infection, and 
was classified into Pneumovirus genus of 
Paramyxivirinae family, including both RSV type 
A and type B [1, 2] RSV is one single stranded 
negative RNA virus without segmentation and 
capsules, with virus-coding transmembrane 
protein on the membrane [3]. RSV infection can 
cause various respiratory diseases including 
bronchiolitis, laryngitis, pneumonia and bron-
chiolitis [4, 5]. RSV infection can cause severe 
bronchiolitis in infants, or induce childhood 
refractory asthma, or even cause pneumonia 
and death, thus becoming a common pediatric 
disease [6]. Catalpol has multiple pathological 
roles including significant anti-oxidation and 
anti-inflammation [7, 8]. However, its effect on 
RSV infection has not been studied. This study 

aimed to investigate the function and mecha-
nism of catalpol on RSV infection via establish-
ing a mouse RSV infection model, further illus-
trating the effect of catalpol on RSV infection, 
and providing evidence for clinical treatment of 
RSV infection.

Materials and methods

Experimental animals

Healthy male BALB/c mice (4 weeks old, SPF 
grade, body weight 20 ± 2 g) were purchased 
from laboratory animal center of Shandong 
University and were kept in an SPF grade ani-
mal facility with fixed temperature (21 ± 1°C) 
and relative humidity (50-70%) under a 12 h 
light-dark cycle.

Mice were used for all experiments and all pro-
cedures were approved by the Animal Ethics 
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Committee of Weifang Maternal and Child 
Health Hospital.

Major equipment and reagents

Catalpol was purchased from Biological Product 
Institute of China. RSV nucleic acid test kit was 
purchased from Zhijiang Biotech (China). RSV 
stock was kept in-house. Hep-2 cell line was 
obtained from ATCC cell bank (US). DMEM cul-
ture medium, fetal bovine serum (FBS) and 
streptomycin-penicillin were purchased from 
Hyclone (US). Enzyme linked immunosorbent 
assay (ELISA) kit for tumor necrosis factor 
(TNF)-α and interleukin (IL)-1β were obtained 
from R&D (US). SOD activity kit was purchased 
from Cell Signaling (US). PVDF membrane was 
purchased from Pall Life Sciences (US). 
Chemical reagents for Western blotting were 
purchased from Beyotime (China). ECL kit was 
purchased from Amersham Biosciences (US). 
Rabbit anti-mouse NF-κB monoclonal antibody, 
and goat anti-rabbit horseradish peroxidase 
(HRP) conjugated IgG antibody were obtained 
from Cell Signaling (US). RNA extraction kit and 
reverse transcription kit were purchased from 
Axygen (US). Other common reagents were pur-
chased from Sangon (China). Labsystem 
Version 1.3.1 microplate reader was purchased 
from Bio-rad (US). Ultrapure workstation was 
purchased from Sutai (China). DNA amplifica-
tion cycler (Gene Amp PCR System 2400) was 
purchased from PE (US). 

Animal grouping and treatment

BALB/c mice were randomly assigned into four 
groups: control group, model group, which 
received intranasal drops of RSV solution to 
generate a mouse RSV infection model, and 5 
mM or 10 mM catalpol groups, which received 
intraperitoneal injection of 5 mM or 10 mM 
catalpol 30 min after model generation.

Mouse RSV infection model preparation

Mouse RSV infection model was generated by 
intranasal drops of RSV solutions according to 
previous literature [9]. RSV solution was first 
prepared. In brief, Hep-2 cells were resuscitat-
ed in 37°C water bath until complete thawing. 
Cells were then centrifuged at 1000 rpm for 3 
min, and were added into 0.9 ml fresh medium 
containing 2% FBS. 0.1 ml thawed viral solution 
was then inoculated and mixed to completely 

cover the cell surface. After absorbance for 90 
min, cell maintenance buffer was added for 72 
h culture. When 80% of cells had cytotoxic 
effects, cell suspensions were collected, and 
repeatedly frozen (-80°C) and thawed (37°C) 
three times. Cell mixture was then centrifuged 
at 2500 rpm for 10 min. The precipitation was 
then discarded to collect the supernatant, 
which contains RSV particles at 2 × 108 PFU/ml 
titer. Mice were anesthetized by 3 ml/kg 1% 
pentobarbital via intraperitoneal injection. 100 
μl RSV solutions were then slowly applied bilat-
erally into the nose during animal inhalation. 
Mouse body was kept in a vertical position with 
the head bending backward for 1 min to ensure 
the entry of RSV into trachea and bronchi. Nose 
dropping was performed daily for two consecu-
tive days.

Sample collection

24 h after processing, a 1 ml venous blood 
sample was collected from the tail vein of all 
mice. The control group was also collected for 
blood samples. Blood was centrifuged at 3000 
rpm for 15 min to collect serum, which was 
stored in a -80°C fridge for further use. Mice 
were then sacrificed to collect the left pulmo-
nary tissues, which were kept in a -80°C fridge 
for further use.

Real-time PCR for RSV load in mouse pulmo-
nary tissues

Under sterile condition, pulmonary tissues were 
rinsed in PBS and were homogenized by liquid 
nitrogen. RZ lysis buffer was added for prepar-
ing the homogenate. Nucleic acid was extract-
ed by 12,000 rpm centrifugation for 5 min at 
4°C, and the addition of chloroform and etha-
nol, followed by 12,000 rpm centrifugation at 
4°C for 30 s. Viral extraction kit was used to 
extract RNA. RSC nucleic acid test kit was used 
to quantify viral load in all groups.

ELISA for TNF-α and IL-1β expression level

All samples were tested for TNF-α and IL-1β lev-
els in mouse serum using ELISA kit following 
the instruction of test kits. In brief, a 96-well 
plate was loaded with 50 μl serially diluted 
samples, which were used to plot standard 
curves. 50 μl test samples were then added 
into test wells in triplicates. After washing 5 
times, liquids were discarded, and filled with 
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washing buffer for 30 sec of vortex. The rinsing 
procedure was repeated 5 times. 50 μl enzyme 
labelling reagent was then added into each well 
except the blank control. After gentle mixture, 
the wells were incubated for 30 min at 37°C. 
Chromogenic substrates A and B were sequen-
tially added (50 μl each), followed by 37°C dark 
incubation for 10 min. The test plate was then 
mixed with 50 μl quenching buffer as the blue 
color turned into yellow. Using the blank control 
well as the reference, OD values at 450 nm 
wavelength were measured by a microplate 
reader within 15 min after adding quenching 
buffer. Linear regression model was then plot-
ted based on the concentration of standard 
samples and respective OD values. Sample 
concentration was further deduced based on 
OD values and regression function.

Real-time PCR for NF-κB mRNA expression in 
pulmonary tissues

Under sterile condition, pulmonary tissues were 
rinsed by PBS and homogenized in liquid nitro-
gen. Trizol reagent was used to extract mRNA. 
cDNA was synthesized based on specific PCR 
primers (Table 1). Real-time PCR was then 
employed to test target gene expression under 
the following conditions: 52°C 1 min, followed 
by 35 cycles each containing 90°C 30 s, 58°C 
50 s and 72°C 35 s. Fluorescent quantitative 
PCR cycler software was used to collect rele-
vant data for calculating CT values based on 
the internal reference GAPDH gene. Standard 
curve was plotted for semi-quantitative analy-
sis by 2-ΔCt method.

Western blot for NF-κB protein expression level

Pulmonary tissues were mixed with lysis buffer 
for an iced incubation for 15~30 min. After 
ultrasound treatment (5 s, 4 times), the mixture 
was centrifuged at 10,000 g for 15 min. The 
supernatant was saved, quantified, and stored 
at -20°C for Western blotting assay. Proteins 
were separated in 10% SDS-PAGE, and were 
transferred to PVDF membrane by semi-dry 
method (160 mA, 1.5 h). Non-specific back-
ground was removed by 5% nonfat milk powder 

body (1:2,000) was then added for dark incuba-
tion at room temperature for 30 min. ECL 
reagent was then used to develop the mem-
brane for 1 min, followed by X-ray exposure and 
observation. Protein imaging system and 
Quantity One software was then applied to 
scan X-ray films and band density. Each experi-
ment was repeated four times (N = 4) for the 
ease of statistical analysis.

SOD activity and ROS content assay in pulmo-
nary tissues

Using SOD activity assay kit, SOD activity was 
tested in intestinal tissues following the manu-
al instructions. In brief, tissues were denatured 
at 95°C for 40 min, and were centrifuged at 
4,000 rpm for 10 min after cooling down. 
Ethanol-chloroform mixture (5:3, v/v) was used 
to extract the ethanol phase in the homogenate 
for total SDO activity assay. Cells were dena-
tured at 95°C for 40 min, rinsed in cold water, 
and were centrifuged at 4,000 rpm for 10 min. 
At 37°C, homogenates were incubated in 
2’,7’-dichlorofluorescein diacetate (DCF-DA) for 
15 min. After centrifugation at 10,000 rpm for 
15 min, the precipitations were re-suspended 
in sterilized PBS buffer, and were incubated at 
37°C for 60 min. Spectrometry was used to 
detect the ROS levels expressed as ROS pro-
duction percentage.

Statistical analysis

SPSS 16.0 software was used to analyze all 
data, of which measurement data were 
expressed as mean ± standard deviation (SD). 
Analysis of variance (ANOVA) was used to com-
pare means across groups. A statistical signifi-
cance was defined when p < 0.05.

Results

Effects of catalpol on RSV loading of mouse 
pulmonary tissues

RSV loading was significantly elevated in the 
model group (p < 0.05 compared to control 
group). After catalpol treatment, RSV loading 

Table 1. Primer synthesis sequence
Target gene Forward primer 5’-3’ Reverse primer 5’-3’
GAPDH AGTGCCAGCCTCGTCTCATAG ACTTGCAACTTGCCGTGGGTAG
NF-κB CTCATCGAATAAGCGCAATGG GCACTCTTAGCGCGTAGC

for a 2-hour incubation at room 
temperature. Primary antibody 
against NF-κB (1:1,000 dilutions) 
was added for 4°C overnight 
incubation. After PBST washing, 
goat anti-rabbit secondary anti-
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increase was significantly suppressed in a 
dose-dependent manner (p < 0.05 compared 
to the model group, Figure 1).

Catalpol effects on serum expression of in-
flammatory factors TNF-α and IL-1β

ELISA was used to test the expression of serum 
inflammatory factors TNF-α and IL-1β in all 
groups. Results showed significantly enhanced 
serum inflammatory factors TNF-α and IL-1β (p 
< 0.05 compared to control group). Catalpol 
treatment significantly suppressed serum in- 
flammatory factors TNF-α and IL-1β in a dose-
dependent manner (p < 0.05 compared to 
model group, Figure 2).

Catalpol effects on pulmonary expression of 
NF-κB mRNA

Real time PCR was used to test the effect of 
catalpol on NF-κB mRNA expression in mouse 

pulmonary tissues. Results showed significant-
ly enhanced NF-κB mRNA expression in the 
RSV infected model mice (p < 0.05 compared 
to control group). Catalpol treatment signifi-
cantly suppressed NF-κB mRNA expression in a 
dose-dependent manner (p < 0.05 compared 
to the model group, Figure 3).

Effects of catalpol on NF-κB protein expression 
in pulmonary tissues

Western blot was used to test the effect of 
catalpol on NF-κB protein expression in mouse 
pulmonary tissues. Results showed significant-
ly enhanced NF-κB protein expression in RSV 
infected model mice (p < 0.05 compared to 
control group). Catalpol treatment significantly 
suppressed NF-κB protein expression in a 
dose-dependent manner (p < 0.05 compared 
to model group). 10 mM catalpol had more 
potent inhibiton effects but without statistically 

Figure 1. Effects of catalpol on RSV loading in infect-
ed mouse pulmonary tissues. #p < 0.05, ##p < 0.01 
compared to model group.

Figure 2. Effects of catalpol on serum expression of 
inflammatory factor TNF-α and IL-1β. *p < 0.05 com-
pared to control group; #p < 0.05, ##p < 0.01 com-
pared to model group.

Figure 3. Effects of catalpol on pulmonary expres-
sion of NF-κB. Total RNA or protein was isolated fol-
lowed by measuring NF-κB mRNA expression (A) or 
protein expression (B and C). *p < 0.05 compared 
to control group; #p < 0.05, ##p < 0.01 compared 
to model group.
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significantly difference compared to control 
group (Figure 3).

Effects of catalpol on ROS productivity in 
mouse pulmonary tissues

We further tested the effect of catalpol on ROS 
production in mouse pulmonary tissues. Re- 
sults showed significantly elevated ROS pro-
duction in RSV infection model mice (p < 0.05 
compared to control group). Catalpol treatment 
significantly depressed ROS production in pul-
monary tissues (p < 0.05 compared to model 
group, Figure 4) in a dose-dependent manner. 

Effects of catalpol on mouse pulmonary SOD 
activity

We further tested the effect of catalpol on SOD 
activity in mouse pulmonary tissues. Results 
showed significantly depressed SOD activity in 
RSV infection model mice (p < 0.05 compared 
to control group). Catalpol treatment signifi-
cantly recovered SOD activity in pulmonary tis-
sues (p < 0.05 compared to model group, 
Figure 5) in a dose-dependent manner. 

Discussion

RSV can affect populations at all age groups, 
especially for those with compromised immune 
functions. It can cause upper or lower respira-
tory tract infection, and can lead to recurrent 
infections in short term [10, 11]. RSV has high 
incidences, as more than 60% of infants under 
1 year old had RSV infection, and more than 
80% children under 2 years age had infection. 
The recurrent rate can be every three years 
[12]. RSV infection can also cause variable 

inflammation, and hyperactivity in the airway 
tract [10]. Various factors including immunity, 
environment and nutrition status can affect 
RSV infection pathogenesis, which lacks spe-
cific drug treatments [13, 14]. The pathology 
process of RSV infection includes energy ex- 
penditure, free radical production and inflam-
mation [15]. A previous study found that injury 
of oxidative stress during RSV infection can dis-
rupt the body’s oxidation/anti-oxidation bal-
ance, thus producing large amounts of ROS) to 
change the body’s immune status [16]. There- 
fore the identification of effective drugs is criti-
cal for treating RSV infection.

Catalpol is one effective compound extracted 
from tradition Chinese medicine radix rehman-
niae, and is one iridoid glucoside compound 
with small molecular weight [17]. Previous stud-
ies showed various biological activities of catal-
pol including anti-tumor, anti-fungal, anti-viral, 
anti-Alzheimer’s disease, inhibiting the perme-
ability of micro vessels, and anti-inflammation 
[18, 19]. The function and mechanism of catal-
pol against RSV infection, however, has not 
been illustrated. This study thus established a 
RSV infected mouse model, which received 
catalpol treatment, in order to analyze the role 
and mechanism of catalpol on RSV infection. 
Our results showed elevated RSV loading in 
infected mouse pulmonary tissues. Catalpol 
treatment can decrease RSV loading in a dose-
dependent manner, suggesting satisfactory 
treatment effects on RSV infection.

Further analysis of the mechanism for anti-RSV 
infection by catalpol demonstrated elevated 
serum expressions of TNF-α and IL-1β, plus 

Figure 4. Effects of catalpol on pulmonary ROS pro-
duction in mouse. *p < 0.05 compared to control 
group; #p < 0.05, ##p < 0.01 compared to model 
group.

Figure 5. Effects of catalpol on SOD activity in mouse 
pulmonary tissues. *p < 0.05 compared to control 
group; #p < 0.05, ##p < 0.01 compared to model 
group.
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higher ROS contents and lower SOD activity in 
pulmonary tissues in RSV infection mice. When 
the body is under oxidative stress condition, 
over-production of free radicals such as ROS 
may exceed the clearance potency of the body’s 
anti-oxidation system, leading to dynamic 
imbalance of the oxidation/anti-oxidation sys-
tem, further causing tissue inflammation and 
injury. Therefore, the body’s oxidative/reductive 
status is closely correlated with disease onset 
[20]. The disruption of the body’s oxidation/
anti-oxidation system produces large amounts 
of oxygen free radicals such as ROS, superox-
ide anion, and hydroxyl free radicals. The 
decrease of the anti-oxidase system may cause 
over-oxidation of pulmonary lipids, DNA struc-
tural/functional injury and cell apoptosis [21, 
22]. Pulmonary tissue injury may release large 
amounts of inflammatory factors. Nuclear fac-
tor kappa B (NF-κB) is mainly involved in the 
body’s defense reaction, tissue injury and 
stress, cell differentiation, apoptosis and signal 
transduction during tumor growth inhibition. 
Under viral infection, it’s expression may be  
significantly elevated, further disrupting the 
body’s pro-inflammatory/anti-inflammatory bal-
ance, thus aggravating tissue injury [23]. The 
application of catalpol at different dosages  
can decrease ROS contents and increase SOD 
activity in a dose-dependent manner, further 
accelerating the recovery of oxidation/antioxi-
dation system, decreasing secretion of inflam-
matory factors TNF-α and IL-1β, and improving 
inflammation, eventually exerting anti-RSV in- 
fection role.

Conclusion

Catalpol can inhibit inflammation progression 
and fight against RSV infection via modulating 
oxidation/anti-oxidation balance. This study 
provides a novel drug choice and theoretical 
evidence for clinical treatment of RSV infec- 
tion.
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