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ABSTRACT
Objective: To investigate the effects and mechanisms of deguelin in alleviating asthma-related allergic airway inflammation by
inhibiting the NF-κB signalling pathway.
Methods: Forty clean grade mice were selected. A mouse acute asthma model was established by ovalbumin (OVA) sensitisation.
The mice were randomly divided a model group, low-dose group (1 mg/kg), high-dose group (4 mg/kg), and dexamethasone group (1
mg/kg), each with 10 rats each. The group was given an intraperitoneal injection of the corresponding drug. Another 10 normal mice
were selected as the blank control group. The pathological changes of the lung tissue were observed by HE staining, and bronchoalveolar lavage fluid (BALF) was collected from each group. The ELISA was adopted to detect the inflammatory cells (Eosinophils, lymphocytes, and neutrophils) and inflammatory factors [Interleukin 4 (IL-4), interleukin 5 (IL-5), interleukin 13 (IL-13), and immunoglobulin
E (IgE)]. Western blot was used to detect the changes of NF-κB P65, p-P65, and IκBα, and the effect and the molecular mechanism of
deguelin on the asthma-related inflammatory response were analysed.
Results: Observation under light microscopy showed that inflammatory exudation and inflammatory cell infiltration were reduced
after high dose treatment with scrotonin, and inflammatory exudation and inflammatory cell infiltration were most significantly reduced in
the dexamethasone group. Compared with the blank control group, the number of eosinophils, lymphocytes, and neutrophils in the BALF
of the model group was significantly increased (P<0.05). Compared with the model group, the levels of inflammatory cells in the various
dose groups of deguelin were significantly lower (P<0.05). Compared with the blank control group, the levels of IL-4, IL-5, IL-13, and IgE
in the BALF of the model group were significantly increased (P<0.05). Compared with the model group, the levels of IL-4, IL-5, IL-13,
and IgE were significantly lower in each dose group (P<0.05), and the degree of reduction was more significant with the increase in the
dose. Western blot showed that the expression of p-P65 and p-IκBα in the model group was significantly increased compared to the control
group, and the expression of IκBα was significantly decreased (P<0.05). The expression of IκBα in the houttuin group was significantly
higher than that in the model group (P<0.05), and the levels of p-P65 and p-IκBα were also significantly inhibited.
Conclusion: Deguelin can reduce inflammation and exudation of alveolar wall and infiltration of inflammatory cells, reduce the
level of Th2 cytokines, and alleviate asthma-related allergic airway inflammation, which may be involved in the inhibition of the NF-κB
signalling pathway and may be an effective asthma treatment drug.
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Introduction
Bronchial asthma is a common inflammatory
respiratory disease involving many cells such as eosinophils and T lymphocytes. The main pathophysiological changes in bronchial asthma are allergic
reactions and Th2 type inflammatory reactions. The
pathogenesis is very complicated, and there is still
no effective treatment to control the related inflammatory response(1). NF-κB is a nuclear transcription

factor that promotes the transcription and expression
of cellular gene promoters involved in inflammatory
responses. Studies have found that abnormal activation of the NF-κB signalling pathway is closely related to the pathogenesis of asthma(2). Th2-type cells
mainly include interleukins (IL-4, 5, and 13), which
promote the proliferation and differentiation of fibroblasts and mast cells. Th2-type cells are closely
related to the pathophysiological changes in asthma.
Studies have confirmed that the NF-κB signalling
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pathway regulates the expression of asthma-associated inflammatory genes(3). At present, the main clinical treatment of asthma is mainly hormonal drugs,
but the long-term application of adverse reactions is
relatively large. In recent years, the role of traditional Chinese medicine in asthma has been increasingly studied by scholars. Deguelin is a member of the
rotenone family. Previous studies have shown that
deguelin could affect the proliferation, apoptosis, or
angiogenesis of cancer cells by regulating various
signalling pathways. Deguelin can also participate
in the inflammatory response by reducing the NFκB signalling pathway induced by Tumour Necrosis
Factor (TNF-α)(4-5). Therefore, this paper established
a mouse model of asthma to analyse whether ghoutin
can alleviate asthma-related allergic airway inflammation through the NF-κB signalling pathway, providing a theoretical basis for clinical research.
Materials and methods
Experimental animal
Forty clean male mice were selected, 4–6
weeks old, average body weight (21.2 ± 1.9 g), were
provided by Beijing Weitong Lihua Experimental
Animal Technology Co., Ltd., (Qualification No.:
SCXK [Beijing) 20160009]. They were kept in
the animal breeding centre of the hospital, at room
temperature of 21–24 ℃, with a humidity of 50–
55%, and were allowed free drinking water, and a
natural day and night cycle.
Instruments and Reagents
The instruments and reagents included the
Human bronchial epithelial cell line BEAS-2B is a
US ATCC cell line. Grade I ovalbumin (OVA) kit,
lignin purity >98%, dexamethasone (Sigma, USA).
Foetal bovine serum (Clark Bioscience, USA); IL-4,
IL-5, and IL-13 ELISA kit (Beijing Zhongshan Jinqiao Biotechnology Co., Ltd.); Anti-P65, anti-p-P65
(Ser536), goat anti-rabbit IgG (Wuhan Dr. Biotech
Co., Ltd.); Microplate reader (Model 880, German
company); Humalyzer 2000 semi-automatic biochemical analyser (Hammer), PE9600 PCR instrument (PE company in the US); BH optical microscope (Olympus, Japan).
Modelling and grouping
An asthma model was established in 40 cleangrade mice, and mice were intraperitoneally injected
with 10 μg of OVA suspension and 10% potassium
aluminium sulphate suspension 0.1 mL in experi-
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ments 0, 7, and 14d, respectively. On the 21st day,
1% OVA was inhaled, 20 min/time/d. The blank control group were given PBS alone for nebulisation,
and the others were the same as the model group.
Interventions were given to each group of mice 30
min before each nebulisation. The low-dose group
of saponin was given luteolin 1 mg/kg, the high-dose
scrotonin group was given houtolin 4 mg/kg, and the
dexamethasone group was given dexamethasone 1
mg/kg intraperitoneally. The model group and the
control group were given an equal amount of physiological saline for intervention.
Indicator detection
Inflammatory cells and factor detection
The mice were sacrificed after the last atomisation for 24 hours. The bronchoalveolar lavage
was lavaged in PBS buffer, and a total of about 1
ml of lavage fluid was recovered by repeated pumping three times. The lavage fluid was centrifuged at
1000 r/min for 10 min and placed in a -80℃ refrigerator for examination. The sediment of the lavage
solution was taken, naturally air-dried, and the percentage of eosinophils, lymphocytes, and neutrophils was counted under a microscope under a blood
cell count. Interleukin-6 (IL-4), Interleukin-6 (IL-5),
Interleukin-13 (IL-13), and Immunoglobulin E (Immunoglobulin, IgE) levels in the BALF supernatant
were detected by the enzyme-linked immunosorbent
assay (ELISA).
Pathological changes in lung tissue
The left upper lung tissue of mice was fixed
with 10% formaldehyde, and the inflammatory cell
infiltration and mucin protein secretion in lung tissue were analysed by paraffin embedding, sectioning, haematoxylin staining, ethanol differentiation,
dehydration, transparency, and sealing.
Western blot analysis
The lung tissue was collected ,and the total
protein was extracted. The changes of NF-κB P65,
p-P65, and IκBα were detected by Western blot. The
results were expressed as the absorbance ratio of the
target protein and the internal reference electrophoresis bands.
Statistical methods
All data in this study were analysed by the
SPSS20.0 software package, and the measurement
data were expressed by the standard deviation
(x̅±s). The one-way variance and t-test were used
to compare the results between groups. P<0.05 was
considered as statistically significant.
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Results
Pathological changes of lung tissue in each
group of mice
Observation under light microscopy showed
that the airway epithelium was flat in the blank
control group, and no obvious inflammatory cell
infiltration was observed. There was significant
oedema in the airway of the model group, and there
was a large amount of inflammatory cell infiltration
in the alveolar wall. After high dose treatment with
deguelin, inflammatory exudation and inflammatory
cell infiltration were reduced, and inflammatory
exudation and inflammatory cell infiltration were
most significantly reduced in the dexamethasone
group. The results are shown in Figure 1.
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Comparison of the inflammatory factors levels in the BALF of mice in each group
Compared with the blank control group, the
levels of IL-4, IL-5, IL-13, and IgE in the BALF
of the model group were significantly increased
(P<0.05). Compared with the model group, the levels of IL-4, IL-5, IL-13, and IgE were significantly
lower in each dose group (P<0.05), and the degree
of reduction was more significant with the increase
in the dose. The results are shown in Table 2.
Group

n

IL-4 (pg/mL) IL-5 (pg/mL) IL-13 (pg/mL)

Blank control

10

Model

10

70.15±16.75* 49.75±14.23* 42.15±16.58* 683.15±105.24*

Deguelin
low dose

10

42.15±7.52*# 34.15±4.26*# 27.15±4.16*# 487.15±67.57*#

Deguelin
high dose

10

40.16±7.59*# 30.28±4.36*# 24.56±4.70*# 475.16±64.58*#

Dexamethasone

10

30.25±5.36*

15.42±4.56

16.23±3.47

24.16±4.87*

13.02±3.28

17.27±4.59*

IgE (ng/mL)
123.45±31.56

425.62±47.25*

Table. 2: Comparison of the inflammatory factors levels
in the BALF of mice in each group (x̅±s).
Note: *indicates P<0.05 compared with the control group; #indicates the comparison with the model group P<0.05.

Figure 1: Pathological changes of lung tissue in each
group of mice.

Comparison of inflammatory cell counts in
the BALF of mice in each group
Compared with the blank control group, the
number of eosinophils, lymphocytes, and neutrophils
in the BALF of the model group was significantly increased (P<0.05). Compared with the model group,
the levels of inflammatory cells in each dose group
of deguelin were significantly lower (P<0.05), and
the degree of reduction was more significant with increasing dosage. The results are shown in Table 1.
Group

n

Eosinophils
(×106/L)

Lymphocytes
(×106/L)

Effect of deguelin on NF-κB signalling pathway in mice
The results from the Western blot showed that
the expression of p-P65 and p-IκBα in the model
group was significantly increased compared with
the control group, and the expression of IκBα was
significantly decreased (P<0.05). The expression of
IκBα in the decoction group was significantly higher than that in the model group, the difference was
statistically significant (P<0.05), and the levels of
p-P65 and p-IκBα were also significantly inhibited.
The results are shown in Figure 2.

Lymphocytes
(106/L)

Blank control group

10

0.08±0.01

0.31±0.23

1.65±0.57

Model group

10

4.20±0.92*

8.42±1.79*

5.19 ± 0.78*

Deguelin low dose group

10

3.19±0.73*#

6.32±1.20*#

3.16 ± 0.61*#

Deguelin high dose group

10

#

3.05±0.62*

#

6.03±0.98*

3.01 ± 0.54*#

Dexamethasone group

10

2.98±0.74*

5.78±1.02*

2.95 ± 0.44*

Table. 1: Comparison of the inflammatory cell counts in
the BALF of mice in each group (x̅±s).

Note: *indicates P<0.05 compared with the control group; #indicates the comparison with the model group P<0.05.

Figure 1: Effect of deguelin on the NF-κB signalling pathway in mice.
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Discussion
Bronchial asthma is a respiratory disease
characterised by airway inflammation. Epidemiology
shows that about 15 to 20 million people in China
suffer from asthma, and the incidence rate has still
been rising in recent years. At present, asthma
is thought to be caused by the interaction of
polygenic inheritance and environmental factors.
The clinical imbalance of different lymphocyte
subsets and the overexpression of inflammatory
cells and inflammatory factors are considered(6-7).
NF-κB is a transcription factor widely found in
various tissue cells. It is not only involved in the
inflammatory response of immune regulators but
also closely related to apoptosis and differentiation.
Among them, P65 is a member of NF-κB, which is
involved in the transcription of inflammatory genes
and can indirectly represent the activity of NF-κB(8).
Studies have shown that NF-κB can be activated
by a large number of stimuli, synergistically with
other transcription factors, and together induce the
maximisation of gene expression involved in the
pathogenesis of asthma(9). Deguelin is a kind of
rotenone compound that inhibits angiogenesis and
induces apoptosis by acting on the P13K signalling
pathway, showing antitumour activity against
various cancers. In this paper, after a high dose
treatment with saponin, the inflammatory exudation
and inflammatory cell infiltration of lung tissue in
asthmatic mice were significantly reduced. The
number of eosinophils, lymphocytes, and neutrophils
in each dose group of deguelin were significantly
reduced in a concentration-dependent manner,
which suggests that deguelin can significantly
inhibit the inflammatory response in asthmatic
mice, reduce airway oedema and inflammatory cell
infiltration, and treat asthma effectively.
NF-κB plays an important role in the
maintenance of the chronic inflammatory response
in asthma. Th2 immune factors are mainly involved
in the allergic inflammatory response of asthma.
Th2 cells can promote the differentiation of
eosinophils and migrate to the site of inflammation
by secreting IL-4, IL-5, IL-13, and other factors,
causing some asthmatic changes in the airway
and lung parenchyma(10-11). Elevated levels of
IgE are hallmarks of the Th2 immune response,
which are interrelated and play an important role
in the production of high reactivity and mucus
hypersecretion. This study further analysed the
effect of deguelin on the immune response in
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asthmatic mice. The results showed that the levels
of IL-4, IL-5, IL-13, and IgE were significantly
lower in each dose group (P<0.05) by measuring
the levels of inflammatory factors in the BALF
of each group of mice. As the dose increased, the
degree of reduction became more pronounced.
This result suggests that deguelin can alleviate the
inflammatory response of asthma by inhibiting the
Th2 immune response and regulating immunity.
Some scholars have found through animal
experiments that the inhibition of the NF-κB in
airway epithelial cells can reduce the production of
inflammatory mediators and related inflammatory
factors, and also reduce IgE levels in the blood(12).
In order to clarify the mechanism of action of
deguelin in inhibiting allergic airway inflammation
in asthmatic mice, Western blot was used in this
study. The results showed that the expression
of p-P65 and p-IκBα in the model group was
significantly increased compared with the control
group, and the expression of IκBα was significantly
decreased (P<0.05). The expression of IκBα in
the deguelin group was significantly higher than
that in the model group (P<0.05), and the levels of
p-P65 and p-IκBα were also significantly inhibited.
The results confirmed that the NF-κB signalling
pathway was closely related to asthma, and that
saponin may alleviate the asthma-related allergic
airway inflammation by inhibiting the NF-κB
signalling pathway. NF-κB belongs to a p65-p50
protein dimer in the transcription factor family.
Stimulating factors such as cytokines can induce
the decomposition of IκB from the dimers of p50
and p65, which exist in all mammals in bronchial
asthma. Their role is particularly important(13). The
deguelin can inhibit the expression of the NF-κB
signalling pathway induced by TNF-α, thereby
inhibiting the expression of p-P65 and p-IκBα(14-15),
which is consistent with the results of this study.
In summary, deguelin can reduce inflammation
and exudation of the alveolar wall and the infiltration
of inflammatory cells, reduce the level of Th2 type
cytokines, and alleviate asthma-related allergic
airway inflammation, which may be involved in
the inhibition of the NF-κB signalling pathway, and
may be an effective therapeutic drug for asthma.
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