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Abstract: We aimed to investigate the mechanism of action of Yupingfeng capsule for
combined allergic rhinitis and asthma syndrome (CARAS) via the TLR4/NF-kB pathway.
Rats were divided into normal, model, experimental and control groups. CARAS model
was established through sensitization with ovalbumin (OVA) and Al (OH);, and intranasal
instillation and atomization of OVA. Then experimental and control groups were given
Yupingfeng capsules and dexamethasone at 2 mg/kg by gavage once a day for 14
consecutive days, while normal and model groups were intraperitoneally injected with an
equal dose of normal saline. Their nasal symptoms were scored, and cell apoptosis in lung
tissues was observed by TUNEL staining. Serum levels of interleukin-5 (IL-5) and IL-13
were detected by ELISA, and TLR4 and NF-kB expressions in lung and nasal mucosa tissues
were measured by Western blotting. The score of nasal symptoms, levels of IL-5 and IL-13,
cell apoptosis rate in lung tissues, and expressions of TLR4 and NF-kB were significantly
lower in experimental and control groups than in model group (P<0.05). Yupingfeng
capsule can obviously suppress the release of inflammatory factors and the apoptosis of
cells as well as relieve the symptoms of CARAS rats probably by inhibiting the TLR4/NF-kB

pathway.
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Combined thinitis and
syndrome (CARAS) is an allergic inflammatory

allergic asthma
disease common in the Department of Respiratory
Medicine, with nasal obstruction, watery nasal
discharge, sneezing, recurrent cough and other
allergic symptoms of the upper and lower
respiratory tracts as the clinical manifestations '.
The pathogenesis of CARAS has not been
completely elaborated yet, and traditional western
medicine  treatments  focus on  inhibiting
inflammation and allergy and can only relieve
symptoms temporarily. The easy recurrence of the
discase and apparent side effects of traditional
therapeutic drugs seriously affect the normal life of
2

patients Traditional Chinese medicine and

pharmacy have prominent advantages and
signific
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ant efficacy. Clinical doctors of traditional Chinese
medicine have accumulated numerous therapeutic
methods and prescriptions such as warming lung
and relieving stuffiness, reinforcing qi and
dispelling wind, Xuanbi Huayin decoction and
Yupingfeng capsule throughout thousands of years,
and satisfactory clinical efficacy has been obtained °.
However, the action pathways and onset methods
of traditional Chinese medicine have not been
clarified, thus hindering its recognition and
popularizing prospect. Yupingfeng capsule is made
including  Astragalus

Of active components

membranaceus, Dendranthema indicum,
Platycarya strobilacea Sieb.et Zuce, Flos Magnoliae,
Prunella vulgaris L., Divaricate Saposhnikovia Root,
glycyrrhiza and Ligusticum chuanxiong Hort.,

which possesses the efficacy of relieving stuffiness

2983


mailto:dengyjspnagh@protonmail.com

Xin Hu et al.

Mechanism of action of Yupingfeng capsule for combined allergic rhinitis and asthma syndrome via the TLR4/NF-kB pathway

and pain as well as dispelling wind and evil.
Yupingfeng capsule can inhibit inflammation,
antagonize allergic media and regulate immunity
4. Wen et al. demonstrated that
Yupingfeng capsule had definite efficacy in treating

favorably

moderate-to-severe allergic persistent rhinitis °, but
there has been no report about its application in
CARAS. Toll-like 4 (TLR4)/nuclear
factor-kB (NF-kB) pathway is a vital signaling

receptor

pathway of inflammatory stress in organisms. Jin et
al. demonstrated that repressing the TLR4/NF-xkB
pathway can remarkably ameliorate inflammatory
responses in rats with allergic rhinitis ¢ In this
study, rat models of CARAS were established to
explore the action mechanism of Yupingfeng
capsule in CARAS through the TLR4/NF-kB
pathway, aiming to provide new ideas for clinicians

in treating CARAS.

MATERIALS AND METHODS
Experimental animals
A total of 100
(SPF)-grade male Sprague-Dawley (SD) rats
[license No.: SCXK (Zhejiang) 2019-0005] aged
7-8 weeks old and weighing 200-220 g were
purchased from Westlake Institute for Advanced
Study. They were adaptively fed with standard diets

specific  pathogen-free

in separate cages (4 cages) at room temperature and
had free access to water for 1 week according to the
laboratory animal administration methods of our
hospital, followed by tests.

Main reagents and apparatus

Yupingfeng  capsules (Jiangsu  Jibeier
Pharmaceutical Co., Ltd., NMPN: Z10980026)
and dexamethasone tablets (Guangdong Huanan
Pharmaceutical Group Co., Ltd., 0.75 mg*100 s,
NMPN: A44024469) were applied.

Enzyme-linked immunosorbent assay (ELISA)
kits were bought from Selleck Chemicals (USA),
protein concentration assay kits and enhanced
chemiluminescence kits were purchased from
Tianjin Baihaoxin Biotechnology Co., Ltd., and
antibodies against TLR4 and NF-kB were provided
(USA).
paraformaldehyde and xylene were bought from

by Santa Cruz Anesthetic  agent,
Pall Corporation (USA), terminal deoxynucleotidyl

transferase-mediated dUTP nick end labeling
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(TUNEL) staining kit was offered by Sakura (USA),
and Western blotting kit was purchased from
Abcam (USA).

AIRTECH super-clean bench was manufactured
by Beijing Liuyi Instrument Plant, tissue
embedding machine (model: LEICAEG1150) was
and Nikon
Ti-U/Ti-s inverted fluorescence microscope (model:
H-7650) was bought from Mitsubishi Heavy
Industries, Ltd. 5810R high-speed centrifuge was

provided by Leica (Germany),

offered by Shimadzu Corporation (Japan), and
E-Gel Imager was manufactured by Beckman

Coulter (USA).

Modeling and grouping

The 100 SPF-grade male SD rats aged 7-8 weeks
old were randomly divided into 4 groups: normal
group (n=25), model group (n=25), Qingdouling
mixture intervention group (experimental group,
n=25)
intervention group (control group, n=25). The

and positive control  dexamethasone
CARAS rat models were prepared in model group,
experimental group and control group according to
7.

a previous literature Firstly, the rats were

sensitized with normal saline containing 0.3 mg
ovalbumin (OVA) and 30 mg Al (OH); via
intraperitoneal injection at 1 mL/kgh for 14 d. On
the 15th day, the rats were subjected to intranasal
instillation of 50 pg of 5% OVA and atomization
of 1% OVA for 10-15 min until asthma symptoms
occurred. The rats in normal group were
intraperitoneally injected with an equal volume of
normal saline and then given intranasal instillation
and atomization. After the last atomization, nasal
secretions and numbers of nose scratching and
sneezing of the rats were observed within 30 min.
Moreover, the amount of nasal secretions, number
of sneezing and degree of nasal itching of the rats
were recorded. The scoring methods were as
follows ®. The nasal secretion (nasal discharge) was
rated 1 point (the nasal discharge flows to the
anterior nares), 2 points (the nasal discharge flows
out of the anterior nares) and 3 points (the nasal
discharge covers the face or cirrus). The sneezing
was scored 1 point for less than 4 times of sneezing,
2 points for 5-10 times of sneezing and 3 points for
more than 10 times of sneezing. In terms of nasal
itching, mild nose scratching was given 1-point,
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frequent nose scratching or repeated scratching of
face was rated 2 points, and constant nose
scratching was scored 3 points. The score was
calculated using superposition method, and total
score 25 points indicated successful animal
modeling.

Following successful modeling, the rats in
experimental group and control group were given
Yupingfeng capsules and dexamethasone at 2
mg/kg by gavage once a day for 14 consecutive days,
while those in normal group and model group were
intraperitoneally injected with an equal dose of
normal saline once a day for 14 consecutive days.
All rats were raised with standard diets and had free

access to food and water.

Scoring of nasal symptoms

After 14 d of continuous administration, the
nasal symptoms of each group of rats were scored
’: Mild

symptoms such as nose scratching (1-4 times) or

according to the following standards

sneezing (1-4 times) within 30 min, a small
amount of nasal discharge in nasal cavity or nasal
congestion were recorded as 1 point. Moderate
symptoms such as nose scratching (5-9 times) or
sneezing (5-9 times) within 30 min, a large amount
of nasal discharge in nasal cavity or nasal redness
were recorded as 2 points. Severe symptoms such as
nose scratching (210 times) or sneezing (210 times)
within 30 min, nasal discharge attached in nasal
cavity or nasal redness and bleeding were rated 3
points.

Collection of serum samples and biochemical
detection for eosinophil counting

Venous blood was drawn from the tail of rats
after 7 consecutive days of administration, which
was centrifuged to obtain the serum, and the serum
eosinophil (EOS) count in each group was detected
using an automatic biochemical tester and analyzer.

Detection of cell apoptosis in lung tissues by
TUNEL staining

About 10% lung tissues of rats were taken out of
a refrigerator, fixed, frozen and sliced into sections,
followed by soaking in xylene and gradient alcohol.
After air drying, the sections were immersed in 3%
hydrogen peroxide-methanol, washed, soaked in
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0.1% Triton X-100 and 0.1% buffer solution
sequentially and washed again. Subsequently,
TUNEL reaction solution was added for reaction
in a dark wet box, and the sections were rinsed,
transparentized, mounted and observed under a
fluorescence microscope.
Measurement of serum interleukin-5 (IL-5) and
IL-13 levels by ELISA

The levels of serum IL-5 and IL-13 in rats were
measured by ELISA kits strictly according to the
requirements of kits and analyzed using a
multifunctional microplate reader. Moreover, the
expressions of inflammatory factors in each group
were subjected to statistical analysis.

Detection of nuclear translocation of NF-kB in
lung tissues by immunofluorescence assay

The rat lung tissues (10%) was taken out of the
refrigerator, routinely made into sections and
deparaffinized. After washing, the sections were
sealed in 3% hydrogen peroxide and heated by
Then
dye-labeled primary antibodies were added for 1 h

microwave for 10 min. fluorescent
of incubation in the dark, and the sections were
counterstained with DAPI, mounted in neutral
resin and observed under the fluorescence
microscope. Following nuclear translocation of
NF-xB, 6 fields of vision dominated by nuclear
staining were randomly selected to calculate the

mean fluorescence intensity of samples '°.

Detection of TLR4 and NF-kB expressions in
lung and nasal mucosa tissues by Western blot

The samples to be detected were fetched,
accurately weighed, lysed and centrifuged at 13,000
r/min and 4°C for 10 min to acquire the
supernatant. After measuring concentration, the
supernatant underwent electrophoresis, membrane
transfer and blocking in egg white. Next, primary
antibodies (1:100) were added in drops, incubated
at 4°C overnight and added with secondary
antibodies (1:100), followed by flushing with PBS
and color development. Finally, the grayscale value
of each band was read using the Gel Imager.

Statistical analysis

SPSS 16.0 software was employed for data

analysis. Measurement data conforming to normal
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distribution were expressed by mean t standard
deviation. One-way analysis of variance was
adopted for comparison among multiple groups,
t-test was used for
and p<0.05

difference was statistically significant.

independent pairwise

suggested that the

comparison,

RESULTS
Scores of nasal symptoms and white blood cell
counts

Compared with those in normal group, the
score of nasal symptoms and white blood cell count
were significantly increased in model group
(P<0.05). After drug intervention, the score of
nasal symptoms and white blood cell count were
significantly lower in experimental group and
control group than those in model group (P<0.05),
but they displayed no statistically significant
differences between

control group (P>0.05) (Fig. 1).

group and

experimental

Cell apoptosis rates in lung tissues detected by
TUNEL staining

Compared with those in normal group, rats in
model group exhibited a significantly raised cell
apoptosis rate in lung tissues (P<0.05). After drug
intervention, the cell apoptosis rate in lung tissues
was significantly lower in experimental group and
control group than that in model group (P<0.05),
but there was no statistically significant difference
in such an index between experimental group and

control group (P>0.05) (Fig. 2).

Serum IL-5 and IL-13 levels

The serum levels of IL-5 and IL-13 were
significantly higher in model group than those in
normal group (P<0.05) but significantly lower in
experimental group and control group than those
in model group after drug intervention (P<0.05),
and displayed no statistically significant differences
between experimental group and control group

(P>0.05) (Table 3).

Nuclear translocation of NF-kB in lung tissues
In comparison with normal group, model group

had significantly enhanced red fluorescence

intensity in rat lung tissues (P<0.05). After drug

intervention, the red fluorescence intensity in rat
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lung tissues was significantly weakened in
experimental group and control group compared
with that in model group (P<0.05), while no
statistically significant difference was found in the
red fluorescence intensity between experimental

group and control group (P>0.05).

Expressions of TLR4 and NF-kB in nasal mucosa
tissues

Compared with those in normal group, the
expressions of TLR4 and NF-kB in rat nasal
mucosa tissues rose significantly in model group
(P<0.05). Such expressions were significantly lower
in experimental group and control group than
those in model group (P<0.05) but displayed no
differences  between

statistically  significant

experimental group and control group (P>0.05).

DISCUSSION

CARAS refers to allergic rhinitis and bronchial
asthma caused by allergic stress, which is an
inflammatory disease of the respiratory system
mostly prevalent in children and adolescents. There
are no effective radical western medical methods for
its treatment, and its recurrence rate is high,
bringing a huge economic burden and severely
affecting the quality of life of patients and the
healthy growth of adolescents ''. For this reason,
discovering effective drugs to prevent and control
the deterioration of the discase is of great
significance in clinic.

There is much experience about CARAS in
TCM. Clinical TCM offer

individualized treatment for patients from the

physicians

perspective of syndrome differentiation. In addition
to oral decoction for the onset of the disease,
various treatment approaches, including acupoint
application, auricular therapy,
acupuncture-moxibustion and nasal fumigation
and foot bath therapy, are employed concurrently,
which result in few side effects and achieve stable
efficacy, displaying unique advantages '2. Peng et al.
proved that Aminophyilline Compound Pastes
could relieve the long-term symptoms of CARAS
patients *. Yang and Chen demonstrated that the
of CARAS children treated with

Astragalus granules were prominently relieved, with

symptoms

clearly improved immunity . Yupingfeng capsules
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TCM

Astragalus membranaceus, Dendranthema indicum,

contain such active components  as
infructescence of Platycarya strobilacea Sieb. et

Zucc, Flos Magnoliae, Prunella vulgaris L.,
Divaricata Saposhnikovia Root, glycyrrhiza and
Ligusticum chuanxiong Hort. Pharmacological
studies have manifested that Yupingfeng capsules
have strong anti-inflammatory, anti-allergic,
anti-viral and immune-regulating effects '°. Chen et
al. confirmed that Yupingfeng capsules had a
significant efficacy in the treatment of allergic
rhinitis, with few adverse reactions '°. Additionally,
Gan reported that Yupingfeng capsules applied in
treating children with upper respiratory tract
infection and rhinitis significantly alleviated the
clinical symptoms of these children 7. The above
findings suggest that the compound preparation is
effective in the treatment of CARAS to some extent.
In this study, the score of nasal symptoms and
serum EOS count were obviously reduced in
experimental group after establishing the CARAS
rat model, proving the therapeutic effect of the
drug on the disease *.

Inflammatory stress is a basic pathological
process of CARAS. Research showed that allergic
rhinitis and bronchial asthma are both caused by
the predominance of T lymphocyte subgroup T
helper cell 2 (Th2) immunity . IL-5 and IL-13
Th2 cells are the

pro-inflammatory molecules in nasal mucosa and

secreted by main
airway tissues, which induce the recruitment of
EOS and further lead to the apoptosis of a large
number of cells in nasal mucosa, airway and lung
tissues, thereby inducing structural remodeling and
worsening CARAS. Research by Hao et al
manifested that the increase in IL-5 level in the
peripheral blood of CARAS children promoted the
release of large amounts of toxic proteins from EOS,
and activated many inflammatory factors to expand
inflammatory signals, expanding the inflammatory
stress cascade and inducing more obvious CARAS
symptoms in children . Tian et al. showed that
the serum IL-13 level of CARAS patients directly
affected the airway structural cells, stimulated the

fibroblasts,  enhanced  the
response  of the

activation  of
inflammatory airway, and
participated in the structural remodeling of the

airway in patients *°. The results of this study

Tob Regul Sci.™ 2021;7(5-1): 2983-2990

uncovered that the serum levels of IL-5 and IL-13
and the apoptosis rate of cells in lung tissues
evidently declined in experimental group and
control group, further confirming that the drug has
good anti-inflammatory and anti-apoptotic effects.
Exploring the pathway by which drugs act is
conducive to the clarification of the pathogenesis of
diseases and the improvement of the efficacy of
drugs. The TLR4/NF-kB pathway is a vital
immune-regulation inflammatory pathway in the
body, and its role in rhinitis, asthma and other
respiratory diseases has drawn widespread attention
2. Qiao et al. reported that repressing the
expression of TLR4/NF-kB signal in asthmatic
mice dramatically alleviate the damage to lung
tissues in mice and their symptoms 22 Moreover,
Sun et al. uncovered that in patients with allergic
rhinitis, the accumulation of massive inflammartory
factors activated TLR4 molecules and NF-kB and
triggered nuclear translocation, thus stimulating
inflammatory signals to enter the nucleus, and the
blockage of such a pathway overtly relieved the
damage to the nasal mucosa of patients . In this
study, the expressions of TLR4 and NF-kB in rat
nasal mucosa tissues were signally lowered in
experimental group and control group, proving the

action sites of the drug on CARAS.

In  conclusion, Yupingfeng capsules can
obviously repress the release of inflammatory
factors, suppress the apoptosis of cells and relieve
the symptoms of CARAS rats probably by
inhibiting the TLR4/NF-kB pathway. However,
further studies should be conducted to explore the
stability of Yupingfeng capsules in treating CARAS
and whether they also affect the progression of the

disease through other pathways.
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FIGURE LEGENDS

Figure. 1.

Scores of nasal symptoms and white blood cell counts. A:
Normal group, B: Model group, C: Experimental group,
and D: Control group. *P<0.05 vs. normal group, “P<0.05
vs. model group.
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Serum IL-5 and IL-13 levels. A: Normal group, B: Model
group, C: Experimental group, and D: Control group. *P<0.05
vs. normal group, "P<0.05 vs. model group.
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Figure. 4.
Nuclear translocation of NF-kB in lung tissues observed by immunofluorescence

assay. A: Normal group, B: Model group, C: Experimental group, and D: Control

group. *P<0.05 vs. normal group, “P<0.05 vs. model group.
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Figure. 5.

Expressions of TLR4 and NF-kB in nasal mucosa tissues detected by Western

blotting. A: Normal group, B: Model group, C: Experimental group, and D:
Control group. *P<0.05 vs. normal group, “P<0.05 vs. model group.
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