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Abstract 
Objectives:  Asthma is a heterogeneous disease characterized by chronic airway inflammation. Huashanshen dripping pills (HSS) are commonly 
utilized for relieving asthma, relieving cough, and expelling phlegm. At present, the molecular mechanism against airway inflammation remains 
unclear.
Methods:  In this study, network pharmacology, molecular docking technology, and molecular dynamic simulation were used to predict the 
therapeutic pathways of HSS for asthma. The ovalbumin-induced mouse model was used to further validate the prediction by RT-qPCR, western 
blot, immunofluorescence, and related methods.
Key findings:  The findings indicate that HSS improves lung function and relieves lung inflammation by reducing inflammatory cell infiltration 
around the bronchus and reducing eosinophilic counts in bronchoalveolar lavage fluid (BALF). In addition, it lowers the levels of inflammatory 
cytokines and the expression levels of interleukin-4, interleukin-5, and interleukin-13 mRNA. HSS also inhibits the phosphorylation and nuclear 
translocation of NF-κB p65 protein.
Conclusions:  All results suggested that HSS can decrease airway inflammation in asthmatic mice by inhibiting NF-κB signaling pathway. This 
finding will shed light on how it can be used to treat asthma.
Keywords: Huashanshen dripping pill; network pharmacology; asthma; NF-κB signaling pathway; airway inflammation

Introduction
Asthma is an obstructive lung illness caused by allergens or 
other causes, with clinical symptoms including wheezing, 
coughing, and dyspnea. The increasing morbidity and mor-
tality have posed a threat to people’s health [1]. Chronic 
asthma presents symptoms characterized by airway in-
flammation and hyperresponsiveness, along with airway 
remodeling [2]. Airway inflammation plays a crucial role in 
these characteristics, for the emergence and persistence of al-
lergic asthma. Glucocorticoids [3], β2 receptor agonists [4], 

and antihistamines [5] are frequently employed in asthma 
management. Nevertheless, when used for longer periods, 
they might have side effects. Hence, finding novel and efficient 
therapies remains an urgent necessity.

Allergic asthma is typically characterized by eosinophilic 
infiltration, elevated Immunoglobulin E (IgE), and T helper 
type 2 (Th2) -driven inflammation [6]. Several studies have 
shown that allergic asthma can be treated by reducing IgE. 
Targeted therapy against IgE is a typical therapeutic ap-
proach [7]. In addition, interleukin-4 (IL-4), interleukin-5 
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(IL-5), and interleukin-13 (IL-13) are some of the primary 
therapeutic targets for asthma that are involved in this 
process [8]. Nuclear factor kappa-B (NF-κB) pathway is in-
volved in the production of multiple inflammatory cytokines 
including tumor necrosis factor-alpha (TNF-α), and it can 
recruit eosinophils resulting in allergic inflammation. 
Currently, an increasing number of asthma therapies are 
used to enhance the anti-inflammatory role by suppressing 
NF-κB activation [9].

Studies have provided evidence that traditional Chinese med-
icine may be a promising alternative and adjuvant approach 
to asthma therapy [10]. Huashanshen dripping pills (HSS), 
a traditional Chinese medicine, have been clinically associ-
ated with the treatment of respiratory diseases. It is processed 
from Physochlainae Radix, the dried roots of Physochlaina 
infundibularis Kuang, which is used to treat asthma [11]. 
Alkaloids, coumarin, amides, flavones, and organic acids are 
now the principal constituents that have been isolated and 
identified from Physochlainae Radix. Among these are the 
amide components trans N-formyl-N-feruloyl-putrescine and 
cis N-acetyl-N-feruloyl-putrescine, the coumarin components 
scoparone, the flavones component 3-O-methylquercetin, 
the organic acid component 4hydroxybenzoic acid, and the 
alkaloids anisodamine and scopolamine. Furthermore, it 
includes volatile oils, flavonoids, and phenolic chemicals [12-
16]. By comparing the retention times of [M + H] + ions in 
HSS, ion fragments, and accurate mass measurements, the 
researchers used ultra performance liquid chromatography in 
conjunction with quadrupole time-of-flight mass spectrom-
etry to characterize 11 compounds in preliminary form. Based 
on these comparisons and the detection of blood components, 
the preliminary findings indicate that anisodamine is the pri-
mary active component of HSS [11]. Studies have shown that 
anisodamine could improve asthma with eosinophilic inflam-
mation by regulating the balance of T helper type 1 (Th1) 
and Th2 [17]. Isoquercitin could suppress the eosinophilic 
inflammation [18]. Umbelliferone attenuated the alteration 
characteristics of allergic airway inflammation [19]. Since 
3-O-methylquercetin has anti-inflammatory properties, it may 
be used to treat asthma [20]. 6,7-Dimethoxycoumarin could 
treat lipopolysaccharide (LPS)-induced immune responses 
via the inhibition of TLR-4/NF-κB signaling activation [21]. 
Recent research has reported that HSS has anti-asthma effects 
[22], but the molecular mechanisms that lead to the resolu-
tion of inflammation of asthma by HSS are still unknown.

In this study, network pharmacology, molecular docking 
methods, and molecular dynamics simulation were used to 
explore the underlying mechanism. Whole body plethysmo-
graph (WBP), hematoxylin-eosin staining (H&E), immuno-
fluorescence, enzyme-linked immunosorbent assay, real-time 
quantitative polymerase chain reaction (qRT-PCR), and 
western blot (WB) were used to verify the effect of HSS on 
OVA-induced asthma inflammation in mice, and to determine 
a mechanism of action. Thus, this research can identify the 
possible anti-inflammatory mechanisms of HSS, while also 
providing a research basis for therapeutic applications.

Materials and methods
Reagents
HSS was acquired from Zhongxin Pharmaceuticals (Tianjin, 
China, batch number: 640003). Injection of dexamethasone 
(DEX) was obtained from Jinyao Pharmaceuticals (Tianjin, 

China). Ovalbumin (OVA) was supplied by Sigma–Aldrich 
Co. (St. Louis, MO, USA). Researchers obtained the ELISA 
kits for IL-13, TNF-α, and OVA-specific IgE from Sino Best 
Biological Technology Co., Ltd (Shanghai, China). The IgE 
ELISA kit came from Meimian industrial Co.,Ltd (Jiangsu, 
China). The following antibodies were used: NF-κB p65, 
p-NF-κB p65 were obtained from ABclonal Technology 
(Wuhan, China), β-actin was picked up from Sangon Biotech 
(Shanghai, China). TransGen Biotech (Beijing, China) pro-
vided the PerfectStart Green Supermix and TransScript All-in-
One First-Strand cDNA Synthesis Supermix.

Animals
Female BALB/c mice free of specific pathogens (n = 60, 
6–8 weeks, 18–20 g) were purchased from SPF (Beijing) 
Biotechnology Co., Ltd (license number SCXK2019-0010, 
Beijing, China) and maintained in specific-pathogen-free 
condition. The mice were kept in an environment that was 
under control (a regular 12 h light/dark cycle, temperature 
24 ± 1°C, and humidity of 55 ± 5%) and utilized after 7 
days of acclimatization. The Tianjin University of Traditional 
Chinese Medicine’s ethics committee gave its approval to this 
research (approval number TCM-LAEC2023012; dated 28 
February 2023). All animal testing was done under Tianjin 
University of Traditional Chinese Medicine animal guidelines 
and the People’s Republic of China Animal Protection Law.

Network pharmacology analysis
The phytochemical profile of HSS was inferred by literature 
search in CNKI and PubMed database, and the potential ac-
tive compounds were screened from the Traditional Chinese 
Medicine Systems Pharmacology (TCMSP, https://old.tcmsp-e.
com/tcmsp.php) database [23] as well as Swiss ADME (http://
www.swissadme.ch/) platform [24]. Swiss Target Prediction 
tool [25] (http://www.swisstargetprediction.ch/) predicted the 
potential targets of the active ingredients. GeneCards (http://
www.genecards.org)databases) [26], (DisGenet (https://www.
disgenet.org)databases) [27], along with OMIM (https://
www.omim.org) databases [28] were used to find the targets 
for asthma. Protein–protein interaction (PPI) was evaluated in 
the STRING (https://www.string-db.org) database [29] with 
medium confidence (0.400) after we mapped the composition 
targets into the asthma targets. Metascape (https://metascape.
org) database [30] was used to do the biological process (BP) 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway enrichment analysis, and the free Bioinformatics 
online tool was used to create a bubble chart. Cytoscape 
3.9.1[31] software was used to establish the “component-
target-disease” network, calculate the degree centrality (DC), 
betweenness centrality (BC) and proximity centrality (CC) 
of the network graph, analyze and visualize the network 
topology of the interaction relationship, and evaluate the 
importance of the active components of HSS and their cor-
responding targets.

Molecular docking study
The two-dimension structures of potential active compounds 
in HSS were downloaded from the PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/), and the three-dimension 
structures of the target protein were obtained from the PDB 
database (https://pubchem.ncbi.nlm.nih.gov/). AutoDock 
Tools 1.5.6 software was utilized to perform molecular 
docking analysis.
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Molecular dynamics simulation
Additionally, 100 ns molecular dynamic simulations (MD) 
were conducted to examine the dynamic properties of the 
1IKN-anisodamine, 1NFI-3-O-methylquercetin, 4KIK-3-O-
methylquercetin complexes. The MD was performed using 
Gromacs 2022.3 [32, 33]. The topology file was generated 
in Gromacs by importing the structure files of proteins and 
small molecules. The simulation system was then placed in 
the TIP3P water box model. To maintain electrical neutrality, 
Na+ or Cl− were randomly added to the simulation system. 
Energy minimization was performed using the steepest de-
scent method in all simulations. MD were conducted for 100 
ns at a constant temperature of 300 K and a constant pressure 
of 1 atm using the Amber99sb-ildn force field. The resulting 
data was used to calculate the root mean square variance 
(RMSD), root mean square fluctuation (RMSF), protein gy-
ration radius (Rg), and hydrogen bond number.

Experimental protocol
A modified version of the method used by Kearley et al. was 
used to conduct the experiment [22]. Fig. 1 depicts the de-
velopment of an allergic asthma mouse model and its treat-
ment with HSS or DEX. At days 0 and 12, 150 μl of an 
intraperitoneal (i.p.) allergen injection containing 10 μg OVA 
and 2 mg Inject Alum was administered to the mice. Mice 
were exposed to 100 μg of OVA by nasal inhalation (i.n.) 
once daily for three days starting on day 18. The treatment 
with HSS [108/216/432 mg/kg intragastrical administration 
(i.g.)] once a day starting from Days 0 to 20. Dexamethasone 
(2 mg/kg i.p. once a day), as a positive drug, was dissolved 
in saline and administrated from Days 15 to 20. Instead, the 
control and model groups were given saline injections. Mice 
were euthanized 24 h following the final OVA test.

Lung function testing
Lung function is an important indicator of respiratory dis-
ease lesions. WBP is commonly used to measure lung function 
with a non-invasive approach [34]. Briefly, the measurement 
of lung function in mice was performed using EMKA WBP 
pulmonary system after the last OVA challenge and the signal 
streaming is collected by iox2 (version 2.9.4.32).

Collection of BALF and cell counting
PBS was given into the left lung three times, and BALF was 
gathered. BALF was centrifuged. The supernatant was col-
lected and kept at −80°C, and the cell precipitate was used for 

counting. The total cells were counted using a hematocrit plate, 
and the eosinophils were counted after Wright-Giemsa staining.

Lung histopathology analysis
The right upper lung lobe was collected and processed for 
histological examination. H&E staining was performed to 
observe the lesions [35].

ELISA assay
TNF-α and IL-13 levels were measured using ELISA assays 
in serum and BALF. Additionally, the amounts of serum total 
and OVA-specific IgE were measured. Experimental technique 
followed the manufacturer’s instructions exactly.

qRT-PCR
Total RNA was isolated from lung tissue. The concentra-
tion was quantified, and reverse transcription was used to 
create cDNA from 1 µg of total RNA. The cDNA was then 
amplified by real-time PCR using a QuantStudio® 5 real-time 
PCR equipment and a reaction kit including 2 × TransStart® 
Tip Green qPCR SuperMix and 10 μM primers. The reac-
tion process consisted of 40 cycles of 94°C for 5 s and 60°C 
for 30 s. All primers were manufactured by Sangon Biotech 
(Shanghai, China). In Table 1, primer sequences are displayed.

Immunofluorescence
Sections of lung tissue with paraffin (5 μm thickness) were 
repaired under microwave heating, blocked in goat serum 
(Solarbio) for 50 min, and incubated with NF-κB p65 anti-
body (1:100) for a whole night at 4°C. Then, the slices were 
incubated with the secondary antibody (1:200; Proteintech) 
at 25°C for 2 h. Samples were sealed by antifading mounting 
medium with DAPI (Solarbio) and observed under a fluores-
cence microscope (Leica).

Western blot
The RIPA Lysis Buffer (Beyotime) supplemented with 1% 
PMSF and 2% phosphatase inhibitors was used to lyse the 
cryopreserved lung tissues. The lung tissue lysates underwent 
a 15-min centrifugation at 12 000 rpm at 4°C. Thereafter, the 
supernatants were obtained as the total protein extracts. They 
were boiled for 5 min before western blot analysis as described 
previously. Primary antibodies included anti-NF-κB p65 and 
anti-p-NF-κB p65. The Wayne Rasband National Institutes of 
Health in the United States used Image J 1.52a to measure the 
intensity of the bands. Internal control was provided by β-actin.

Statistical analysis
The analysis of the data was done with GraphPad Prism 
8.0. To compare the groups, one-way analysis of variance 
(ANOVA) was employed. The data was shown as the mean 
and standard deviation (mean ± SD). P < 0.05 was used to 
determine statistical significance.

Results
Exploration of potential mechanisms of HSS 
against asthma
In the TCMSP database, OB represents oral bioavailability 
and DL represents drug-likeness. A certain value is set to 
screen compounds with higher oral bioavailability and drug 
sample characteristics. The screened compounds are more 
likely to have good biological activity and pharmacological 

Figure 1. Experimental protocol for asthma model of allergic airway 
inflammation and intervention with HSS or DEX. OVA, ovalbumin; DEX, 
dexamethasone; HSS, Huashanshen dripping pill; i.n., nasal inhalation; 
i.p., intraperitoneally; i.g., intragastrical administration.
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properties. Therefore, compounds with OB ≥ 30% and DL 
≥ 0.18 were screened, and compounds were screened with 
GI absorption shown as “High” and at least 2 parameters 
of Drug-likeness shown as “Yes” in Swiss ADME platform. 
There were 43 compounds screened as potential active 
ingredients and 564 targets contained in HSS. A total of 
1602 asthma targets were identified through filters, with 
DisGeNET score ≥ 0.03 and GeneCards score ≥ 1.95. 
There were 191 shared targets between the drug and 
the disease (Fig. 2A). PPI results showed that the poten-
tial targets of HSS against asthma include TNF-α, NF-κB 
p65, IκB-α, Akt1, VEGFA, etc. (Fig. 2B). Targets (191) of 
HSS for treating asthma are mainly involved in BP such 
as inflammatory response, regulation of cell migration and 

MAPK cascade, etc (Fig. 2C). According to the findings 
of the KEGG enrichment study, HSS may treat asthma 
by influencing the NF-κB signaling pathway, the calcium 
signaling route, the cAMP signaling system, and other 
signaling pathways (Fig. 2D).

For nodes in the network, the larger the degree value of 
a node, the higher the importance in the network, and then 
combined with the BC and CC values of the network com-
ponent nodes to jointly judge the importance of nodes. By 
constructing the “ component-target-disease” network dia-
gram (Fig. 3), components with degree values greater than 20 
(2 times the median) were defined as core components, there-
fore 14 most likely active ingredients were further screened, 
as shown in Table 2.

Table 1. Primer sequences of the genes for quantitative real-time polymerase chain reaction.

Target Sequences (5ʹ-3ʹ)

Forward Reverse

IL-4 TACCAGGAGCCATATCCACGGATG TGTGGTGTTCTTCGTTGCTGTGAG

IL-5 CTCTGTTGACAAGCAATGAGAC GTCTAGCCCCTGAAAGATTTCT

IL-13 CTCTTGCTTGCCTTGGTGGTCTC GGGAGTCTGGTCTTGTGTGATGTTG

GAPDH TGGTGAAGGTCGGTGTGAACGG ACTGTGCCGTTGAATTTGCCCG

Figure 2. Analysis of potential mechanisms of HSS against asthma by network pharmacology analysis. (A) Venn Diagram revealed the shared targets 
between the composition targets and asthma targets. (B) PPI network of the shared targets. (C) Dot bubble of biological process analysis of the shared 
targets. (D) Dot bubble of KEGG pathway enrichment analysis of the shared targets.

D
ow

nloaded from
 https://academ

ic.oup.com
/jpp/article/76/10/1362/7716259 by guest on 25 July 2025



1366 Wang et al.

Experimental results of molecular docking
The network pharmacology approach was employed to screen 
14 active ingredients (Table 2) and 4 targets (Table 3), and the 
corresponding molecular docking binding energy results are 
presented in Table 4. In general, researchers will tend to select 
molecular pairs with higher binding energies for study and 
optimization [36] Subsequently, the top four binding energies 
from the docking results were selected for visual analysis using 
Pymol 2.2.0, the parameters of its docking process are shown 
in Table 5. Anisodamine binds to 1IKN by forming three hy-
drogen bonds with GLY183 (3.79A),THR256 (3.54A), and 
TYR181 (6.09A) (Figs. 4a and 5A). There are four hydrogen 
bonds, GLN212(3.03A), THR179 (3.30A), TYR248 (5.69A), 
andTHR259 (4.72A) between 3-O-methylquercetin and 1NFI 
(Figs. 4B and 5B). Similarly, there are four hydrogen bonds, 

THR396 (4.47A), SER613 (4.87A), ARG606 (4.60A), and 
THR610 (3.82A) between 3-O-methylquercetin and 4KIK 
(Figs. 4C and 5C), 3-O-methylquercetin binds to 5UUI by 
forming four hydrogen bonds with SER81 (4.35A), GLU135 
(4.00A), and THR79 (3.94A, 3.50A) (Figs. 4D and 5D). In 
addition, there are attractions and hydrophobic interactions 
between molecules, such as Pi-cation, alkyl, and Pi-alkyl. 
Notably, these active ingredients exhibited significant affinity 
towards key targets within the NF-κB pathway, suggesting a 
potential role of HSS in asthma treatment.

Experimental results of molecular dynamics 
simulation
As shown in Fig. 6A, the RMSD curve (red line) of anisodamine 
stabilized at around 0.16 nm between 48 and 100 ns. 

Figure 3. Network diagram of drug-ingredient-target. Note: The purplish red V-shaped node indicates Physochlaina infundibularis Kuang; the orange 
diamond nodes represent the active ingredients of Physochlaina infundibularis Kuang. The blue circular nodes represent the corresponding targets of 
each active ingredient.
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Similarly, the RMSD curve of 1IKN(blue line) was stable at 
0.58–0.64 nm for 60–100 ns. The RMSD curve of 1IKN-
anisodamine complex (green line) was also stable around 
0.60–0.66 nm for 60 to 100 ns. These results indicate that 
anisodamine and 1IKN could form a stable complex system. 
Fig. 6B illustrates that residues 60–80, 280–300, and 300–
340 of 1IKN exhibited greater residue flexibility. Fuethemore, 

Fig. 6C shows that the Rg values of 1IKN remained stable 
between 70 and 100 ns, with the lowest average Rg values 
between 2.96 and 3.00 nm. Finally, the 1IKN-Anisodamine 
complex had a maximum of four hydrogen bonds (Fig. 6D).

Fig. 7A displays that the RMSD curve (red line) of 
3-O-methylquercetin remained stable around 0.10 nm from 
28 to 100 ns. The RMSD curve of 1NFI (blue line) was also 
found to be stable at 0.60–0.70nm for 68–90 nm. The RMSD 
of 1NFI-3-O-methylquercetin complex (green line) was de-
termined to stay stable around 0.60–0.80nm for 68–90 ns, 
indicating that 1NFI and 3-O-methylquercetin could form a 
settled complex system. 1NFI has greater residue flexibility 
at residues 70–80, 250–260, and 330–340 (Fig. 7B). Fig. 7C 
depicts that the Rg values of 1NFI remained stable between 
6 and 90 ns, with the lowest average Rg values between 3.08 
and 3.15 nm. The maximum number of hydrogen bonds in 
the 1NFI-3-O-methylquercetin complex was 7 (Fig. 7D).

In Fig. 8B, the RMSD curve of 4KIK (blue line) was stable 
at 0.70–0.90 nm for 30–60 ns, while the RMSD of its com-
plex (green line) stabilized around 0.90–1.00nm at 30–60 ns, 
indicating that 4KIK and 3-O-methylquercetin could form 
a robust complex system. The Rg values of 4KIK remained 
stable between 40 and 60 ns, with the lowest average Rg 
values between 5.00 and 5.10 nm (Fig. 8C). And the complex 
had at most four hydrogen bonds (Fig. 8D).

MD revealed that anisodamine and 1IKN, as well as 
3-O-methylquercetin and 1NFI, 4KIK could form stable 
complexes. However, the molecules of 3-O-methylquercetin 
and 5UUI separated from the protein at 62 ns, indicating that 
they were unable to form stable complexes.

HSS improved the lung functions of asthmatic 
mice
Non-invasive animal lung function detection system was used 
to assess enhanced pause (Penh), respiratory rate (F), and 
tidal volume (TV), which are used as indicators of airway 
resistance [37,38]. As seen in Fig. 9, Penh of OVA-induced 
asthma model mice was dramatically extended, F rose (P < 
.01), and TV decreased compared to mice in the blank group. 
The F of mice in the DEX group was dramatically reduced (P 
< 0.01) and the Penh of mice in the high-dose group and DEX 
group declined significantly (P < 0.01) when compared to the 
model group. HSS tented to improve the respiratory rate and 
tidal volume disorder of asthmatic mice, nevertheless, there 
was no statistically significant change (P > 0.05). The results 
showed that HSS could improve lung dysfunction in OVA-
induced asthmatic mice.

HSS diminished inflammatory cells recruitment in 
BALF
OVA exposure causes an increase in inflammatory cells in the 
lungs of mice, and eosinophils among these cells play a sig-
nificant role in the development of allergen-induced asthma. 

Table 2. Ingredients in Physochlaina infundibularis Kuang with degree 
value > 20.

ID Ingredient DC BC CC

HSS43 Scopolamine 42 7759.39 0.41

HSS19 Tridecanoic acid 39 6884.59 0.4

HSS8 3-O-methylquercetin 37 6407.26 0.4

HSS41 Atropine 35 3416.51 0.4

HSS4 Hyoscyamine 35 3416.51 0.4

HSS7 6,7-Dimethoxycoumarin 34 5457.16 0.39

HSS3 Trans N-acetyl-N-feruloyl-putrescine 34 3842.05 0.39

HSS2 Cis N-acetyl-N-feruloyl-putrescine 34 3842.05 0.39

HSS5 Anisodamine 30 2552.05 0.39

HSS42 Raceanisodamine 30 2552.05 0.39

HSS15 Palmitic acid 30 3900.29 0.39

HSS22 3-Methoxy-4-propoxybenzaldehyde 28 4746.65 0.39

HSS32 Hexahydrofarnesol 24 4860.14 0.38

HSS1 Trans N-formyl-N-feruloyl-putrescine 23 1907.51 0.38

Table 3. Molecular docking receptor information.

Target protein Gene 
name

PDB 
ID

NF-kappa-B inhibitor alpha NFKBIA 1IKN

Transcription factor p65 RELA 1NFI

Inhibitor of nuclear factor 
kappa-B kinase subunit beta

IKBKB 4KIK

Tumor Necrosis Factor TNF 5UUI

Table 4. Binding energy results of molecular docking (kcal/mol).

ID
Target

1IKN 1NFI 4KIK 5UUI

HSS7 −6 −5.5 −6.9 −6.5

HSS19 −4.4 −4.4 −4.6 −4.4

HSS4 −7 −6.2 −7.1 −5.9

HSS41 −5.5 −6.2 −7.2 −5.8

HSS43 −5.6 −6.3 −7.7 −6.3

HSS8 −7 −7.1 −8.5 −6.9

HSS32 −5.5 −4.9 −5 −4.8

HSS5 −7.2 −6.8 −7.1 −5.9

HSS42 −5.6 −6.3 −7.7 −6

HSS15 −5.1 −4.4 −5.1 −4.3

HSS22 −5.2 −5.1 −5.9 −5.4

HSS1 −6.2 −5.4 −6.4 −5.1

HSS3 −5.1 −5.2 −7.2 −5.7

HSS2 −5.8 −5.6 −6.8 −6.1

Table 5. Parameter information for docking.

PDB ID The central coordinates（x,y,z） Grid box（x,y,x）

1IKN 30.467, 25.164, 12.395 52 28 50

1NFI −0.368, 67.655, 73.168 72 76 126

4KIK 25.754, −2.582, −85.608 96 54 92

5UUI 45.301, 52.93, 13.768 28 40 44
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Figure 4. Molecular docking diagram. A: Docking results of anisodamine and 1IKN; B: docking results of 3-O-methylquercetin and 1NFI; C: docking 
results of 3-O-methylquercetin and 4KIK; D: docking results of 3-O-methylquercetin and 5UUI.
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To analyze the role of HSS on the inflammatory response, 
the total number of cells and eosinophils were counted from 
BALF. In contrast to the control group, the results displayed 
that total leukocytes and eosinophils were significantly 

increased in the mice after OVA exposure (P < 0.01) (Fig. 
10A and B). HSS (432 mg/kg) drastically reduced the total 
leucocyte numbers (P < 0.05) (Fig. 10A). In addition, HSS 
decreased the eosinophils in different doses (Fig. 10B).

Figure 4. Continued

Figure 5. Molecular docking two-dimensional ligand interaction diagram. A: Docking results of anisodamine and 1IKN; B: docking results of 
3-O-methylquercetin and 1NFI; C: docking results of 3-O-methylquercetin and 4KIK; D: docking results of 3-O-methylquercetin and 5UUI.
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Figure 5. Continued
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Figure 5. Continued

Figure 6. Molecular dynamics simulation of the 1IKN-anisodamine complex. (A) RMSD curve of anisodamine (red line), 1IKN (blue line), and 1IKN-
Anisodamine complex (green line). (B) RMSF curve of 1IKN. (C) Rg curve of 1IKN. (D) Hydrogen bonds of the 1IKN-anisodamine complex.
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HSS ameliorated pathological alterations in the 
lungs of asthmatic mice
To assess the pathological alterations in the lung tissue, 
H&E staining was done. Comparing the OVA-induced 
asthma group to the control group, there was a significantly 

higher level of inflammatory cell infiltration surrounding 
the bronchi or arteries (P < 0.01) (Fig. 11A and B). At the 
same time, there were obvious compensatory emphysema 
and local hemorrhage. These alternations were markedly 
attenuated by the treatment with the concentration of HSS 

Figure 7. Molecular dynamics simulation of the 1NFI-3-O-methylquercetin complex. (A) RMSD curve of 3-O-methylquercetin (red line), 1NFI (blue 
line), and 1NFI-3-O-methylquercetin complex (green line). (B) RMSF curve of 1NFI. (C) Rg curve of 1NFI. (D) Hydrogen bonds of the 1NFI-3-O-
methylquercetin complex.

Figure 8. Molecular dynamics simulation of the 4KIK-3-O-methylquercetin complex. (A) RMSD curve of 3-O-methylquercetin (red line), 4KIK (blue line), 
and 4KIK-3-O-methylquercetin complex (green line). (B) RMSF curve of 4KIK. (C) Rg curve of 4KIK. (D) Hydrogen bonds of the 4KIK-3-O-methylquercetin 
complex.
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(216 mg/kg) in contrast to the saline-treated animals (P < 
0.05) (A and B in Fig. 11).

HSS reduced IgE and inflammatory cytokines 
production in serum and BALF
IgE is an inflammatory factor that contributes to airway 
inflammation involved in allergic asthma. ELISA was 
used to measure the blood levels of IgE and OVA-IgE. The 
results showed a significant elevation in IgE (P < 0.01) 
(Fig. 12A) and OVA-specific IgE production (P < 0.01) 
(Fig. 5B) in the asthmatic mice as opposed to those in the 
control mice. HSS (432 mg/kg) substantially reduced the 
secretion of IgE (P < 0.05) (Fig. 12A), and significantly 
reduced the OVA-specific IgE (P < 0.01) (Fig. 12B). IL-13, 
released by Th2 lymphocytes, is associated with the de-
velopment of many metaplastic diseases. As shown in Fig. 
12C, it was revealed that the levels of IL-13 in BALF of 
the OVA-induced asthmatic mice were substantially ele-
vated in comparison to those of normal mice (P < 0.01). 
However, the addition of HSS inhibited the level of associ-
ated cytokines. Notably, the increase IL-13 level in BALF 
was obviously inhibited in the HSS treatment groups 
(216 mg/kg) compared to the OVA-induced groups (P < 
0.05) (Fig. 12D). HSS (432 mg/kg) drastically induced the 
secretion of TNF-α in the serum contrary to the model 
group (P < 0.05) (Fig. 12E), while TNF-α in BALF was not 
significantly reduced by treatment with HSS (P > 0.05) 
(Fig. 12F).

HSS suppressed the degree of gene expression 
associated with inflammation
The amounts of mRNA for IL-4, IL-5, and IL-13 in the 
Th2 gene family by qRT-PCR were examined. After OVA 
challenge, increased expression levels of Th2 genes were 
observed in the OVA-induced mice in contrast to the normal 
mice. Whereas, the HSS administration (216 mg/kg) dra-
matically decreased the mRNA levels of IL-4 and IL-13 (P 
< 0.05) (Fig. 13A and C). Nevertheless, compared to the 
above two genes, the mRNA level of IL-5 in OVA-induced 
mice was not considerably lowered by HSS therapy (P > 
0.05) (Fig. 13B).

HSS-treated OVA-induced allergic asthma through 
NF-κB signaling pathway
Previous reports have suggested that the NF-κB signaling 
pathway assists with the maintenance of the inflammatory 
responses in asthma [39]. Furthermore, our results revealed 
HSS could treat asthma via NF-κB signaling pathway by 
network pharmacological analysis. In order to validate the 
result, the expression of NF-κB p65 and phosphorylated pro-
tein were evaluated by western blot. To confirm the role of 
HSS in NF-κB nuclear translocation, immunofluorescence 
staining for NF-κB p65 was performed.

As shown in Fig. 14A, it was observed that NF-κB p65 
was more widespread in the cytoplasm and almost not 
expressed in the nucleus as observed among the control 
group. However, in the case of the model group caused by 

Figure 9. Effects of HSS on lung functions in mice. (A) Evaluation of F in asthmatic mice. (B) Evaluation of TV in asthmatic mice. (C) Evaluation of Phen 
in asthmatic mice. Data are expressed as the mean ± SD (n = 6), ##P < 0.01, vs. the control group; **P < 0.01 vs. the model group.

Figure 10. Effects of HSS on inflammatory cell recruitment in BALF detected by cell counting. (A) Total leukocyte numbers in BALF. (B) Eosinophil 
numbers in BALF. Data are expressed as the mean ± SD (n = 6), ##P < 0.01, vs. the control group; *P < 0.05, and **P < 0.01 vs. the model group.
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OVA, there is an increased nuclear distribution of NF-κB 
p65. The p65 protein was more expressed in the cytoplasm 
and less in the nucleus with increasing concentrations of 
HSS. Therefore, HSS may impede the nuclear translocation 
of NF-κB p65.

Western blot experiment results suggested the degree of 
NF-κB p65 phosphorylation was highly expressed within the 
OVA-induced mice. However, the marked elevation was sub-
stantially down-regulated by HSS treatment of 432 mg/kg (P 
< 0.05) (Fig. 14C). Thus, HSS may prevent the inflammation 
of the airways through suppression of the NF-κB pathway. 
Mechanistically, HSS could ameliorate allergic inflammation 
through suppression of NF-κB signaling pathway.

Discussions
Previous research has reported that the anti-asthmatic effects 
of HSS were due to the suppression of IL-4 and IL-5 produc-
tion [17]. Unfortunately, the mechanisms of HSS on inflamma-
tion are yet unclear. In this research, the potential mechanisms 
of HSS against asthma were predicted by network pharma-
cology analysis. The result revealed that NF-κB may be po-
tential target of HSS against inflammation of asthma. Based 
on the result, an OVA-induced allergic asthma mice model 
was established and the effects of HSS on NF-κB pathway in 
allergic asthma were verified. However, the binding energies 
of hyoscyamine, anisodamine and 3-O-methylquercetin with 
NFKBIA, RELA, IKBKB, and TNF were all less than −5kcal/

Figure 11. Histopathological analysis of pulmonary sections in the mice. (A) Representative images of H&E staining lung sections. Black arrows 
indicated infiltrated inflammatory cells (×200); (B) inflammation score of pulmonary sections. Data are expressed as the mean ± SD (n = 6), ##P < 0.01 
vs. the control group; *P < 0.05, and **P < 0.01 vs. the model group.
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mol, indicating that they all have good interactions and are 
the active components of HSS. Then, only the four complexes 
with the highest binding energy were selected for visual anal-
ysis, and the analysis was not sufficient, which was the defect 
and deficiency of this paper.

Inflammation and related pathological changes involved in 
asthma result in impaired lung function, including increased 
pulmonary resistance. In the current research, the findings 
indicated that there was a tendency of HSS to improve the 
lung functions of OVA-induced mice. It is generally believed 
that allergic asthma is a kind of chronic inflammatory illness, 
with characteristics like as increased eosinophil infiltration 
and mucus production [40]. Eosinophils are a critical effector 
associated with pathological airway inflammatory changes 
in OVA-induced mice [41]. Interestingly, HSS induced a re-
markable reduction in the elevated leukocytes in BALF, while 
reducing the number of eosinophils in different doses. In ad-
dition, the histopathological analysis showed that HSS dra-
matically inhibited inflammatory infiltration in the asthma 
model induced by OVA.

The pathogenesis of asthma has been systematically shown 
to be complex, with dysfunction of the immune system 

recognized as a critical component within the underlying 
pathologies [42]. Relevant research has reported the impor-
tant role played by an imbalance towards a Th2 response in 
the pathogenesis of asthma, resulting in the presence of IgE 
and the production of Th2 lymphocyte cytokines [43]. IL-4 
is required for B cell isotype flipping, which results in the 
production of IgE [44]. IgE is regarded as a key mediator 
involved in the type I hypersensitivity reaction, combining 
with the receptors of mast cells to cause allergen-induced 
asthma [45]. IL-13 is involved in recruiting eosinophils to 
the airways and producing IgE, which is required for the 
development of inflammation [46]. IL-5 is also critical for 
eosinophil activation and survival [47]. Additionally, TNF-
α, which plays a role in the start of the inflammatory re-
action in asthma, is a cytokine released by mononuclear 
macrophages. Studies have shown that high levels of TNF-α 
may contribute to inflammatory cell adhesion to vessels in-
volved in airway remodeling [48].

Here, the study showed that HSS induced reduction in 
serum IgE and OVA-specific IgE levels, whereas serum and 
BALF levels of IL-13 and TNF-α were similarly reduced. 
Furthermore, as reported in a previous study, the expression 

Figure 12. Effects of HSS on IgE and inflammatory cytokine levels in serum and BALF measured by ELISA. (A, B) The levels of IgE and OVA-specific IgE in 
serum. (C, D) The levels of IL-13 in serum and BALF. (E, F) The levels of TNF-α in serum and BALF. Data are expressed as the mean ± SD (n = 6), ##P < 0.01  
vs. the control group; *P < 0.05, and **P < 0.01 vs. the model group.

Figure 13. Effects of HSS on the levels of inflammatory cytokines in the lung tissues performed by qRT-PCR. (A) The mRNA levels of IL-4. (B) The mRNA 
levels of IL-5. (C) The mRNA levels of IL-13. Data are expressed as the mean ± SD (n = 6), ##P < 0.01 vs. the control group; *P < 0.05, **P < 0.01 vs. the 
model group.
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of IL-4, IL-5, and IL-13 genes was noticeably increased in 
asthma patients [49]. Hence, we also detected the above Th2 
cytokine mRNA by qRT-PCR in the asthmatic mice as well 
as in the HSS-treated mice. The outcome indicated that HSS 
induced the suppression of Th2 cytokine mRNA expression 
in the OVA-induced asthma mice. Besides, increased IgE and 
IL-13 were observed in the asthma mice, but decreased in 
the mice with HSS treatment. Concomitantly, increased IgE 
levels in asthma may be correlated with the increase in IL-13. 
Moreover, as previous research has shown, the absence of the 
IL-5 cytokine may lead to a diminution effect in the eosino-
phil counts [50]. The results showed that HSS induced a re-
duction in IL-5 expression as well as the eosinophil numbers, 
in keeping with the opinions of the above study.

As such, the study hypothesized that HSS may reduce the 
IgE levels by preventing the regulation of IL-13 and IL-4, and 
the decrease in the Th2 cytokines could account for the ef-
fect of HSS treatment on eosinophil numbers. Overall, a re-
duction in the levels of IgE and Th2 cytokines may assist in 
reducing allergic inflammation by ameliorating the Th2 im-
mune response.

The transduction of NF-κB was studied to understand 
the anti-inflammatory role played by HSS. NF-κB becomes 
activated when it separates from the inhibitory protein 
IκBα, which is degraded by IκBα. Therefore, NF-κB p65 

phosphorylation is characterized by airway inflammation 
in asthma [51]. Additionally, NF-B is crucial in the in-
flammatory response by controlling genes downstream, 
for instance, the cytokines IL-4, IL-5, and IL-13. In that 
case, this research found that the phosphorylation level 
of NF-κB p65 was elevated in the OVA-challenged mice 
compared to control mice, and the administration of HSS 
attenuated the increased phosphorylation level induced by 
OVA. Consistently, these results demonstrated that expo-
sure to OVA could lead to NF-κB activation in asthmatic 
mice, which is consistent with previous studies [52-54] but 
HSS could ameliorate airway inflammation in OVA-induced 
asthmatic mice by suppressing the NF-κB signal transduc-
tion. Therefore, we hypothesized that the mechanism of 
the anti-inflammatory effect of HSS may be connected to 
the adjustment of NF-κB signaling transduction among the 
asthmatic mice induced by OVA.

Conclusions
Although there is no effective treatment for asthma, effective 
management would ideally improve and regulate the condi-
tion. In clinical application, HSS has an impact on reducing 
symptoms for asthma sufferers. In this investigation, through 
network pharmacological analysis and pharmacological 

Figure 14. Effects of HSS on NF-κB signaling pathway in OVA-induced mice. (A) Representative immunofluorescence images of colocalization of NF-κB 
p65 (red) and DAPI (blue) in the lungs of OVA-induced mice detected by immunofluorescence (×400). (B and C) The protein level of p-NF-κB p65 and 
NF-κB p65 were detected by western blot and protein band was analyzed by Image J. The results were expressed as the ratio of p-NF-κB p65 relative to 
NF-κB p65. Data are expressed as the mean ± SD (n = 6), ##P < 0.01 vs. the control group; *P < 0.05 vs. the model group.
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experiments, the efficacy of HSS in OVA-induced allergic 
asthma was evaluated and the mechanism of HSS relieving 
asthma inflammation was revealed. The findings of this in-
vestigation indicate that HSS can treat OVA-induced allergic 
asthma by activation of NF-κB pathway. In addition to laying 
the groundwork for the later disclosure of the mechanism of 
action of TCM compounds in the treatment of lung diseases, 
this study offers a fresh perspective on how HSS treats allergic 
asthma. This opens the door to further investigation into the 
mysterious mechanisms by which TCM compounds treat var-
ious diseases.
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