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Abstract. The pathogenesis of acute lung injury (ALI) is 
complex and it is a common critical illness in clinical practice, 
seriously threatening the lives of critically ill patients, for 
which no specific molecular marker exists and there is a lack of 
effective methods for the treatment of ALI. The present study 
aimed to investigate the mechanism of action of honeysuckle 
and forsythia in treatment of acute lung injury (ALI) based 
on network pharmacology and in vitro modeling. The active 
ingredients and targets of honeysuckle and forsythia were 
predicted using traditional Chinese medicine systems phar‑
macology, PubChem and Swiss Target Prediction databases, 
and the Cytoscape 3.7.2 software was used to construct a 
drug‑component‑potential target network. The potential targets 
were imported into the Search tool for recurring instances of 
neighboring genes) database to obtain protein‑protein interac‑
tions and subjected to Gene Ontology and Kyoto Encyclopedia 
of Genes and Targets analysis using Database for Annotation, 
Visualization, and Integrated Discovery. AutoDock Vina 1.1.2 
software was used for docking between key active ingredients 
and the target proteins to analyze the binding ability of the 
active ingredients to the primary targets in honeysuckle and 
forsythia. A total of 64 male BALB/c mice were randomly 
divided into control, model, positive drug (Lianhua‑Qingwen 
capsule), honeysuckle, forsythia, honeysuckle + forsythia 
high‑, medium‑ and low‑dose groups. Lipopolysaccharide 
(LPS) was used to induced an ALI model. The lung tissues 
of the mice were stained with hematoxylin‑eosin and the 
serum levels of malondialdehyde (MDA) and the activities 
of superoxide dismutase (SOD) and glutathione peroxidase 
(GSH‑Px) were measured 4 h after the LPS administration. 

Reverse transcription‑quantitative PCR and western blotting 
were used to detect NF‑κB mRNA and protein expression, 
respectively. Active ingredients of honeysuckle and forsythia 
acted on 265 common targets in ALI, which regulated NF‑κB, 
tumor necrosis factor‑α (TNF‑α) and PI3K‑AKT signaling 
pathway, HIF‑1 signalling pathway to slow the inflammatory 
response in treatment of ALI. In the positive drug group, 
honeysuckle, forsythia group, honeysuckle + forsythia high‑, 
medium‑ and low‑dose groups, lung tissue damage were 
significantly decrease compared with the model group, and 
inflammatory cell infiltration was reduced. Compared with 
the model group, honeysuckle + forsythia groups experienced 
decreased damage caused by the LPS and inflammation in the 
lung tissues and significantly decreased TNF‑α and NF‑κB 
and MDA concentration and significantly increased the SOD 
and GSH‑Px activities. The mechanism of the effect of honey‑
suckle and forsythia on ALI may be mediated by inhibition of 
TNF‑α and NF‑κB expression and the activation of antioxi‑
dant mechanisms to decrease production of pro‑inflammatory 
cytokines in lung tissue, thus treating ALI.

Introduction

The pathogenesis of acute lung injury (ALI) is complex (1). It 
may be triggered by factors such as inflammation, infection 
and chemical injury, but its pathological mechanism has not 
been fully elucidated yet. Studies on inflammatory mecha‑
nisms have shown that neutrophils serve a crucial role in both 
pro‑inflammatory and anti‑inflammatory mechanisms (2,3). 
Their mechanism may be related to the production of chemo‑
kines by macrophages. Chemokines stimulate release of 
cytokines from macrophages, destroying normal tissue and 
organ structures and causing dysfunction, which leads to 
development of ALI (4). ALI is a common critical disease in 
clinical practice with a high mortality rate (5), mortality rates 
of up to 60 per cent have been reported for some patients and 
about 40 per cent overall (6). It threatens survival and quality 
of life of critically ill patients (6). Moreover, there are no 
specific molecular markers nor effective methods of treating 
ALI, so it is urgent to find effective and affordable drugs with 
few toxic side effects.
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The potential of several herbs for the treatment of ALI has 
been studied by Ma (7) and Xue (8). Honeysuckle is a traditional 
Chinese medicine (TCM) with a sweet and cold taste. This is 
the first flower of a dried flower bud and is composed mainly of 
luteolin and chlorogenic and isochlorogenic acid. Classified as 
a member of the heart, lung, and stomach meridians in TCM, 
it disperses wind‑heat, clears heat (and detoxifies the body of 
fever and internal and external carbuncles. It also has antiviral, 
anti‑inflammatory, antioxidant, antipyretic and antibacterial 
effects (9,10). Forsythia is the dried fruit of the Forsythia plant 
from the family Lignanaceae. It is bitter and slightly cold. It 
belongs to the heart, lung, and small intestine meridians. It is 
called the ‘medicine for sores’ because it is often used in TCM 
to treat wind‑heat, warm diseases, sores, scrofula and astrin‑
gent pains (11). Pharmacological studies (12,13) have shown 
that it has broad‑spectrum antibacterial, anti‑inflammatory, 
antipyretic, hypotensive, antioxidant and anti‑aging effects.

Honeysuckle and forsythia are the primary forms of medica‑
tion used in TCM. TCM has made progress in the treatment of 
ALI (14,15), as a variety of herbs used alone or in compounds 
and active ingredients have shown good therapeutic effects on 
animal models of ALI. Honeysuckle and forsythia are commonly 
used as antipyretic drugs (8,9,16). Yinqiao Powder (16,17), which 
appeared in Wu Jutong's treatise (18,19) on differentiation of 
febrile diseases, meanwhile, honeysuckle and forsythia are the 
most classic and commonly used pair of herbs in the formula. 
Honeysuckle not only clears away the heat in the qi division, 
but also can detoxify the blood; forsythia is good at promoting 
blood circulation throughout the body and nourishing the 
internal organs and tissues. Honeysuckle and forsythia are used 
in the clinic to improve heat‑clearing and detoxification and to 
disperse wind‑heat and also can be used in exopathogenic heat, 
relieving symptoms, releasing heat and detoxification (20,21). 
Yinqiao medicine pair is often used in TCM in the form of 
Yinqiao capsule (22), Qingre jiedu and Shuanghuanglian oral 
liquid (23,24) and Yinqiao Jiedu tablet (25). Yinqiao medicine 
enhances the single drug heat‑clearing and detoxification, 
evacuation of wind‑heat effect. The present used network 
pharmacology (26) and molecular docking to construct a 
drug‑target and pathway network of honeysuckle and forsythia 
for treatment of ALI, and explored the mechanism of action of 
honeysuckle and forsythia using intraperitoneal lipopolysac‑
charide (LPS)‑induced mouse model of ALI.

Materials and methods

Experimental animals. A total of 64 specific‑pathogen‑free male 
BALB/C mice (weight, 18‑22 g; 6‑8 weeks) were purchased from 
the Animal Experiment Center of Xi'an Jiaotong University 
(xian, China), with Certificate of Compliance No. SCXK 
(Shaanxi) 2008‑001. All experimental procedures and protocols 
were reviewed and approved by the Animal Ethics Committee 
of Xi'an Jiaotong University and the Animal Ethics Committee 
of Shaanxi University of Traditional Chinese Medicine. The 
experiments reported were conducted according to the Guide 
for the Care and Use of Laboratory Animals (27). The animals 
were given 1 week to adapt to the experimental conditions before 
subsequent experiments. They received continuous drug treat‑
ment for 7 days. On the 8th day, the mice were injected with LPS 
on day 8 to establish a model of acute lung injury). The entire 

experiment lasted 15 days. Pentobarbital sodium anesthesia was 
administered to all animals and following obtaining lung tissue 
as well as blood, euthanasia was performed by cervical dislo‑
cation. Cessation of breathing and heartbeat was considered 
to indicate death. The animal room was equipped with 24‑h 
surveillance to monitor the health of the animals. Eating and 
drinking, urination and defecation and behavior were monitored 
three times/day. The animals were housed individually in sepa‑
rate cages at 22±1˚C and the humidity was 55±5%. The animals 
received a 12/12‑h light‑dark cycle and sterile food and water 
ad libitum. Measures were taken to minimize pain and distress 
experienced by the animals.

Drugs and reagents. The reagents were as follows: 
Honeysuckle and forsythia (both Shaanxi Kangcheng 
Pharmaceutical Co., Ltd.), positive control (Lianhua‑Qingwen) 
(Shijiazhuang Yiling Pharmaceutical Co., Ltd.), LPS (Shanghai 
Maclean Biochemical Technology Co., Ltd.), malondialdehyde 
(MDA; cat. No. CB10205), superoxide dismutase (SOD; 
cat. No. CB10221) and glutathione peroxidase (GSH‑Px) 
kits (cat. No. CB10326) (Nanjing Jiancheng Biological 
Engineering Co., Ltd.), RNA extraction kit (Shanghai 
Hendol Biotechnology Co., Ltd.; cat. no. ML12489), NF‑κb 
(1:2,000, cat. no. ab32536, Abcam Co., Ltd.), TNF‑α (1:1,000, 
cat. no. ab183218, Abcam Co., Ltd.) and GAPDH antibody 
((1:5,000, cat. no. 60004‑1‑Ig, ProteinTech Co., Ltd.) and 
reverse transcription kit (cat. no. #K1622, Thermo Co., Ltd.).

Screening of active ingredients of honeysuckle and forsythia. 
TCM Systems Pharmacology Database and Analysis Platform 
(TCMSP) database (tcmspw.com/tcmsp.php) and Encyclopedia 
of TCM (ETCM; tcmip.cn/ETCM/index.php/Home/Index/) 
were used to screen the active ingredient targets of honeysuckle 
and forsythia based on oral bioavailability (OB) ≥30% and 
drug‑like (DL) properties ≥0.18 (28,29). SwissTargetPredicition 
database (swisstargetprediction.ch/) was used to add the vacant 
component targets and the UniProt database (uniprot.org/) was 
entered, limiting the species to human and correcting the name 
of component targets to obtain the UniProt number.

Honeysuckle and forsythia active ingredient target 
proteins and ALI target gene collection. PubChem 
database(https://pubchem.ncbi.nlm.nih.gov) (30) was used to 
identify honeysuckle and forsythia target proteins. The active 
ingredients were filtered, relevant target protein names were 
exported to Microsoft Excel 2010 software (Microsoft Ltd.)
and duplicate genes were removed after honeysuckle and 
forsythia active ingredient‑associated target proteins were 
obtained. In the GeneCards database (31), the keyword ‘acute 
lung injury’ was searched to identify target genes associated 
with ALI. Using the drug and ALI targets, Venn diagrams 
were constructed with Venny 2.1 software (bioinfogp.cnb.csic.
es/tools/venny/index.html) to map the intersecting targets.

Construction of protein‑protein interaction (PPI) networks. 
To understand the mechanism of the drug targets and the 
disease targets at the protein level, intersecting genes were 
imported into Search tool for recurring instances of neigh‑
boring genes)version 10.5 (string‑db.org) to obtain the PPI, 
after which Cytoscape 3.7.2 software (cytoscape.org/) (32) 
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was used for network visualization, the CytoNCA 2.1.6 plug‑in 
(https://apps.cytoscape.org/apps/cytonca) (33) was used for 
network topology analysis and MCODE 2.0.3 (apps.cytoscape.
org/apps/mcode) (32) clustering was used for common targets.

Gene Ontology (GO) functional and Kyoto Encyclopedia of 
Genes and Targets (KEGG) pathway enrichment analysis. 
The gene symbols of potential targets were recorded using the 
Database for Annotation of Biological Information (DAVID, 
version 6.8, david.ncifcrf.gov/summary.jsp) and ‘OFFICIAL_
GENE_SYMBOL’ was selected as the Identifier; ‘Homo 
sapiens,’ as the species and ‘Gene List,’ as the list type. GO 
functional (metascape.org/gp/index.html#/main/step1) and 
KEGG (https://www.kegg.jp/) pathway enrichment analysis 
was performed using P<0.05 and were plotted as bubbles using 
Bioinformatics Analysis Platform (bioinformatics.com.cn/).

Network construction. Cytoscape 3.7.2 was used to construct 
the active ingredient‑target network of honeysuckle and 
forsythia, in which each node represented the active ingredient 
and the key target gene. The edges were used to connect 
the active ingredient and the key target gene and the nodes 
connected to the network were expressed in degrees.

Molecular docking. Molecular docking analysis was used to 
calculate the affinity of key hubs in the network. The components 
of the gene network wherein most of the targets and proteins had 
a high degree of nodes were selected for molecular docking. The 
three‑dimensional (3D) structure of the ligand was downloaded 
from the PubChem database (https://pubchem.ncbi.nlm.nih.
gov). The 3D structure of the receptor was obtained using the 
Research Collaboratory for Structural Bioinformatics database 
(rcsb.org/). The ligands and receptors were repaired using the 
MGITOOLS 1.5.6 software (ccsb.scripps.edu/mgltools/) and 
saved as PDBQT files. AutoDock Vina 1.1.2 software (vina.
scripps.edu/) was used to test the affinity of the docking 
between the key active ingredient and target protein. The active 
center coordinates of the key target and binding energy of the 
docking were obtained. The final graphical visualization of 
the molecular docking data was performed with the Discovery 
Studio 2016 software (http://www.discoverystudio.net/).

Preparation of honeysuckle‑forsythia extract. According 
to the human‑mouse drug dose conversion relationship 
table (34), the daily dose of honeysuckle and forsythia for 
adults is 15 g and the converted dose for mice (mean weight, 
20 g is (15x0.0026) 0.039 g. In this experiment, the dried herbs 
of honeysuckle and forsythia were crushed with a pulverizer, 
mixed with distilled water and extracted by heating to 80˚C 
and reflux for 4 h. The extract was filtered and the residue was 
extracted again under the same conditions. Then, filtrates were 
combined by mixing the extracts of honeysuckle and forsythia 
in equal proportions (0.1950 g/ml honeysuckle +forsythia 
medium group; 0.0975 g/ml is honeysuckle +forsythia low 
group; 0.3900 g/ml is honeysuckle +forsythia high group)), after 
which they were concentrated at ‑20˚C for 1 week to the manu‑
script) under reduced pressure and stored at ‑20˚C for 1 week.

Model grouping. BALB/C mice were randomly divided into 
normal control, model group, positive drug (Lianhua‑Qingwen), 

honeysuckle, forsythia and honeysuckle + forsythia (H + F) 
high‑, medium‑ and low‑dose groups (n=8/group). The 
honeysuckle group was gavaged with 0.195 g/ml honeysuckle 
extract once/day for 7 d; the forsythia group was gavaged with 
0.195 g/ml forsythia extract once a day for 7 d; control and the 
model group were gavaged with 0.195 g/ml physiological saline 
once/day for 7 d. Drugs were administered as follows: Positive 
drug, 0.1950 g/ml Lianhua‑Qingwen continuously once/day; 
H + F high‑, 0.3900 g/ml H + F extract twice daily (morning 
and evening) continuously; H + F medium‑, 0.1950 g/ml H + F 
extract daily and H + F low‑dose, 0.09750 g/ml H + F extract 
daily continuously. On the eighth day, all groups except normal 
control group were injected with LPS to induce an acute pneu‑
monia model, as previously described (35). The modeling was 
successful when destruction of alveolar structure, thickening 
of alveolar septa and infiltration of the inflammatory cells 
were observed in lung tissue following hematoxylin‑eosin 
stain) staining. After 4 h, other experiments were performed.

Lung histopathology. Lung tissue was taken from the mice 
following euthanasia and fixed in 10% neutral formalin solu‑
tion at 4˚C for 24‑48 h, followed by washing with distilled 
water to rinse the slices), dehydration, paraffin embedding, 
sectioning (5 µm thick slices) and HE staining (10 min, room 
temperature). The lung tissue morphology and histopathology 
were observed under a light microscope (magnification, 200X) 
with a neutral resin seal.

Lung wet/dry (W/D) weight ratio. Following blood collection 
1.0 to 1.5 ml of whole blood can be taken from each mouse, 
the lung tissue was removed by opening the chest cavity and 
removing the esophagus and trachea and the wet weight of the 
tissues was measured. The lungs were placed in an oven at 60˚C 
for 72 h, after which their dry weight was measured and W/D 
ratio was calculated as follows: (Wet weight/dry weight) x100%.

MDA concentration and SOD and GSH‑Px activity of the 
lung tissue. Blood samples were collected and centrifuged 
at 1,3693‑1,7894 g at 4˚C for 10 min, supernatants were 
collected and the lung tissue MDA concentration and SOD and 
GSH‑Px activity were measured using the aforementioned kits 
according to the manufacturer's instructions.

RT‑quantitative (q)PCR. Total RNA of mouse lung tissue 
homogenates was extracted via the TRIzol (Thermo 
Fisher Scientific, Inc.) method, after which 1 µg RNA was 
reverse‑transcribed using the aforementioned kit according 
to the manufacturer's instructions. Amplification system: 
SYBRGreen (cat. no. F‑415XL; Thermo Co., Ltd.) Mix 10 µl, 
upstream primer F 0.4 µl, downstream primer R 0.4 µl, ddH2O 
7.2 µl, cDNA template 2 µl, total volume 20 µl. Amplification 
conditions: 94˚C for 10 min, (94˚C for 20 sec, 55˚C for 20 sec, 
72˚C for 20 sec) 40 cycles. Data were analyzed using ABI Prism 
7500 SDS 2.0.6 software (.thermofisher.com/us/en/home/tech‑
nical‑resources/software‑downloads/applied‑biosystems‑7500‑
real‑time‑pcr‑system.html) supplied with the instrument. Primer 
sequences were as follows: NF‑κB forward (F), CCA ACC 
TGA AAA TCG TGA and reverse (R), 5'‑ACA TCT GTG GGG 
GAA AAG‑3'; TNF‑α F, 5'‑TCT ACT GAA CTT CGG GGT‑3' 
and R, 5'‑GAG TGT GAG GGT CTG GGC‑3' and GAPDH F, 
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Table I. Compounds of honeysuckle and forsythia.

A, Honeysuckle

Compound OB, % DL

(Trans‑trans) farnesol, 3,7,11‑trimethyldodeca‑2,6,10‑trien‑1‑ol, farnesol NA NA
Sitosterol, Î'‑sitosterol NA NA
Carvacrol NA NA
Ethyl palmitate NA NA
Stigmasterol NA NA
Î'‑terpineol NA NA
3'‑caffeoylquinic acid, 5'‑caffeoylquinic acid, chlorogenic acid, heriguard NA NA
Alexandrin, daucosterol, caproic acid, eleutheroside A, sitogluside, strumaroside, Î'‑sitosterol‑Î'‑D‑glucoside NA NA
Hederagenin NA NA
Luteolin NA NA
Benzyl ethyl alcohol, phenylethanol NA NA
Geraniol, sabinene hydrate NA NA
Eugenol, guaiacol NA NA
Methyl linoleate NA NA
(E)‑aldosecologanin NA NA
Benzyl benzoate NA NA
3'‑methoxyluteolin, chrysoeriol NA NA
6'‑O‑(7Î'‑hydroxyswerosyloxy)loganin NA NA
Linalyl oxide NA NA
Loganic acid NA NA
Loganin NA NA
Lonicerin NA NA
Macranthoidin A NA NA
Macranthoidin B NA NA
3'‑O‑methyl loniflavone NA NA
3‑methyl‑2‑(2‑pentenyl)‑2‑cyclopenten‑1‑one NA NA
L‑phenylalaninosecologanin NA NA
Mandenol 42.00 0.19
Ethyl linolenate 46.10 0.20
Eriodyctiol (flavanone) 41.35 0.24
4,5'‑retro‑β, β‑carotene‑3,3'‑dione, 4',5'‑didehydro‑ 31.22 0.55
5‑hydroxy‑7‑methoxy‑2‑(3,4,5‑trimethoxyphenyl) chromone 51.96 0.41
Stigmasterol 43.83 0.76

B, Forsythia

Compound OB, % DL

Dimethylesculetin, scoparone NA NA
Î'‑Terpineol NA NA
Oleanolic acid NA NA
D‑camphene NA NA
D‑limonene, limonene, dipentene, Î'‑phellandrene NA NA
(E)‑citral,3,7‑dimethylocta‑2,6‑dienal, citral‑B NA NA
Camphor NA NA
P‑cymol, P‑cymene, umbelliferone NA NA
Ursolic acid NA NA
Acteoside, verbascoside NA NA
1‑isopropyl‑4‑methylcyclohexa‑1,4‑diene, terpinolene, Î'‑terpinene NA NA
Wogonoside NA NA
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5'‑GGT GAA GGT CGG TGT GAA CG‑3' and R, 5'‑CTC GCT 
CCT GGA AGA TGG TG‑3'. Data were normalized to expression 
of GAPDH RNA as endogenous control and quantified using 
the 2‑ΔΔcq method (36) Western blotting. Mouse lung tissue was 
lysed with 1:100 PMSF and the standard curve was plotted and 
quantified by BCA. Then, 30 µg protein/lane was separated by 
electrophoresis, transferred to PVDF membranes and blocked 
with 5% BSA (cat. no. A9647; BIOSHARP Co., Ltd.) at room 
temperature for 1 h. The primary NF‑κB (1:2,000, species: 
rabbit, 12% Gel), TNF‑α (1:1,000, species: rabbit, 15% Gel) 
and GAPDH antibody (1:5,000, species: mouse, 12% Gel) and 
Tween‑20 (0.05%); company: Amresco; cat: BYL40713, incu‑
bated with the membrane overnight at 4˚C. The membrane was 
washed five times with TBST for 10 min each time, followed 
by incubation with 1:5,000 secondary antibody for 1 h at 37˚C. 
The membrane was washed five times with TBST for 10 min 
each time, after which developed using an ECL kit (Beijing 

Dingguo Ltd.; cat:ECL‑0011) and the bands were analyzed 
using the Image J 1.8.0 software (National Institutes of Health).

Statistical analysis. The data obtained were analyzed using 
version 26.0, SPSS (IBM Corp.). Data are expressed as the 
mean ± standard deviation of 3 independent experiment). 
One‑way ANOVA followed by Dunnett's post hoc test was 
used for analysis. P<0.05 was considered to indicate a statisti‑
cally significant difference.

Results

Active ingredient screening and target determination. Using 
the TCMSP and ETCM databases, 33 chemical components of 
honeysuckle, 35 chemical components of forsythia and three 
chemical components of H + F were screened according to 
OB≥30% and DL≥0.18 (duplicates were removed; Table I).

Table I. Continued.

B, Forsythia

Compound OB, % DL

3Î'‑acetyl‑20,25‑epoxydammarane‑24Î'‑ol NA NA
Forsythenside A NA NA
Forsythoside C NA NA
Isobauerenyl acetate NA NA
Lactose NA NA
Matairesinoside NA NA
Phillygenin NA NA
Phillyrin NA NA
Rengyolone NA NA
Rengyoside B NA NA
Safrole NA NA
Suspenolic acid NA NA
Wogonin 30.68 0.23
(2R,3R,4S)‑4‑(4‑hyd roxy‑3‑methoxy‑phenyl)‑7‑methoxy‑2,3‑dimethyl60ol‑tetralin‑6‑ol 66.51 0.39
(3R,4R)‑3,4‑bis[(3,4‑dimethoxyphenyl) methyl] oxolan‑2‑1 52.30 0.48
Mairin 55.38 0.78
Hyperforin 44.03 0.60
Onjixanthone I 79.16 0.30
β‑sitosterol 36.91 0.75
Arctiin 34.45 0.84
Luteolin 36.16 0.25
Bicuculline 69.67 0.88

C, Honeysuckle and forsythia  

Compound OB, % DL

Linalool NA NA
Kaempferol 41.88 0.24
Quercetin 46.43 0.28

NA, not available; OB, oral bioavailability; DL, drug‑like.
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Prediction of potential targets. ALI targets were obtained 
from the GeneCards database, and the Venny 2.1 mapping tool 
was used to map honeysuckle and forsythia to them (Fig. 1). 
Honeysuckle and forsythia may act together to treat ALI 
through multiple potential targets.

PPI network construction. PPI network was obtained by input‑
ting the 265 common targets of honeysuckle and forsythia and 
ALI into the STRING database and visualizing the network 
using Cytoscape 3.7.2 (Fig. 2A). The network involved 265 
nodes and 5,949 edges. The results of the network topology 
analysis showed that the mean node degree was 44.9. The 
key targets GAPDH, albumin (ALB), Akt1, TNF, IL‑6 and 
vascular endothelial growth factor A (VEGFA) were screened 
based on the node values (Fig. 2B) and were hypothesized to 
have a key role in the treatment of ALI by honeysuckle and 
forsythia.

GO enrichment analysis. The 265 intersecting targets were 
entered into the DAVID database and a total of 3,474 GO 
enrichment entries were obtained, including 3,078 biological 
processes, 120 cell components and 276 molecular functions. 
The top five GO entries in each category were plotted on a 
bubble diagram (Fig. 3A). The biological processes such as 
‘cellular response to oxidative stress’ and ‘transmembrane 
receptor protein kinase activity’, ‘protein tyrosine kinase 
activity’, and ‘protein serine/threonine kinase activity’ all 
served an important role in the treatment of ALI.

KEGG pathway enrichment analysis. The 183 signaling 
pathways were screened in KEGG and the top 20 entries were 
plotted on a bar graph (Fig. 3B). The main pathways associ‑
ated with ALI were ‘lipid and atherosclerosis’, ‘EGFR tyrosine 
kinase inhibitor resistance’, ‘PI3K‑Akt signaling pathway’, 
‘HIF‑1 signaling pathway’, ‘TNF signaling pathway’ and 
‘proteoglycans in cancer’.

Component‑target‑pathway network. Cytoscape was used to 
construct the component‑target‑pathway network (Fig. 4). The 
network had 223 nodes with 57 components, 146 targets, 20 
pathways and 892 edges. The number of associations between 

the nodes was predicted by the degree. Higher degrees indicate 
more important components/targets.

Molecular docking. Based on primary active components of 
the component‑target‑pathway network, the five components 
of the gene network whose targets and proteins had the most 
high nodes were selected for molecular docking. Table II 
shows key targets and the binding energy for docking. 
Lower free energy for molecular docking represents a higher 
affinity between receptor and the ligand. The compounds 
that most strongly bound to each protein were visual‑
ized (Fig. 5). The binding energy of each compound was 
<‑6 kcal/mol, which indicated that each compound bound 
well to each protein, except for loganin, (3R,4R)‑3,4‑bis 
[(3,4‑dimethoxy phenyl) methyl] oxolan‑2‑one, TP53 and 
IL6. Hederagenin had the highest affinity with ALB and 
AKT1 and luteolin had the highest affinity with TNF, TP53, 
and IL6. To verify these results, molecular docking analysis 
was used to calculate the affinity of the key hubs in the 
network. Hederagenin has high affinity for ALB, AKT1 and 
Luteolin for TNF, TP53, IL6.

General performance of mice. The mice exhibited no abnormal 
respiratory sounds, normal diet and water intake and urine and 
stool output, rapid response to noise. Following intraperitoneal 
injection of LPS, the mice appeared to be depressed and 
exhibited scratching, inactivity, huddling and slow responses, 
as well as trembling, accelerated breathing and heart rate and 
decreased drinking.

HE staining. Under a light microscope, it was found that the 
normal group had intact lung tissue structure, clear alveolar 
cavities and no inflammatory cell infiltration in interstitial 
(Fig. 6A). In the model group, there was notable alveolar 
granulocyte aggregation and multiple hemorrhages in the 
tissue; a number of blood vessels were congested and alveolar 
walls were thickened (Fig. 6B). In the Lianhua‑Qingwen 
group, there was little granulocyte aggregation, multiple 
hemorrhages in the tissue but few exfoliated cells in the 
alveolar cavities; many blood vessels were congested and 
the local alveolar walls were thickened (Fig. 6C). In the 
honeysuckle group, there was notable granulocyte aggrega‑
tion, multiple hemorrhages in the tissue but few exfoliated 
cells in the alveolar cavities; a small number of the blood 
vessels were congested, local alveolar walls were thickened 
and a small amount of powdery protein‑like material was 
exuded (Fig. 6D). In the forsythia group, there was little 
granulocyte aggregation, bleeding in numerous places, 
alveolar cavities contained some shedding cells, few blood 
vessels were congested, alveolar walls were thickened and 
a small amount of powder‑stained protein‑like material was 
exuded (Fig. 6E). In the H + F high‑dose group, there was 
certain granulocyte aggregation, tissues were locally hemor‑
rhagic, alveolar cavities contained a few decidual cells, the 
local blood vessels were congested and the alveolar walls 
were notably thickened (Fig. 6F). In the H + F medium‑dose 
group, few granulocytes aggregated, there was bleeding in 
many places, alveolar cavities contained some shedding 
cells, the local blood vessels were congested and the alveolar 
wall was thickened (Fig. 6G). In the H + F low‑dose group, 

Figure 1. Venn diagram of targets of honeysuckle and forsythia components 
and ALI. The 485 potential targets of the honeysuckle and forsythia were 
mapped to the 1,047 targets of ALI. A total of 265 potential targets for Gene 
Ontology analysis were obtained. ALI, acute lung injury.
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many granulocytes aggregated, there was tissue hemorrhage 
and partial hemorrhage in the alveolar cavities, local blood 
vessels were congested and the alveolar walls were thickened 
(Fig. 6H). The pathological conditions and inflammatory 
cell infiltration in the H + F groups were notably decreased 
compared with those in the model group, which indicated 
that honeysuckle and forsythia improved LPS‑induced ALI 
in mice.

MDA content and SOD and GSH‑Px activity in lung tissue. 
Compared with the normal group, MDA content of the 
serum of the mice in the model group increased significantly 
(P<0.01) and SOD and GSH‑Px activities significantly 
decreased (P<0.01 for both; Table III). Compared with 
the model group, MDA content of the serum of the mice 
decreased in the Lianhua‑Qingwen (P=0.001), honeysuckle 
(P=0.025), forsythia (P=0.001) and H + F high‑ (P=0.04), 
medium‑ (P=0.022) and low‑dose group (P=0.050); the 
SOD and GSH‑Px activity in the serum of mice increased in 
Lianhua‑Qingwen (P=0.010 and 0.017, respectively), honey‑
suckle (P=0.004 and 0.019, respectively), forsythia (P=0.002 
and 0.021, respectively) and H + F high‑ (P=0.012 and 0.017, 

respectively), medium‑ (P=0.015 and 0.021, respectively) and 
low‑dose group (P=0.022 and 0.019, respectively).

W/D ratio. W/D ratios of the left and right lung and total lung 
tissues of the mice in the model group were significantly 
higher than those of mice in the blank control group (all 
P<0.01; Table IV). W/D ratios of total lung tissues of the mice 
in the model group were significantly higher than those in the 
Lianhua‑Qingwen, honeysuckle, forsythia and H + F high‑, 
medium‑ and low‑dose group.

RT‑qPCR. The expression levels of NF‑κB and TNF‑α in the 
model group were significantly higher than those in control, 
Lianhua‑Qingwen, honeysuckle, forsythia and H + F high‑ and 
medium‑dose group. Compared with control, the expression 
of NF‑κB and TNF‑α was significantly higher in the model 
group (Fig. 7).

Western blotting. The expression of NF‑κB and TNF‑α in the 
model group were significantly higher than those in control, 
Lianhua‑Qingwen, honeysuckle, forsythia and H + F high‑ and 
medium‑dose group; Compared with control, the expression 

Figure 2. Network construction and topology analysis. (A) Component‑disease‑target network. (B) Ranking of core targets. (C) Protein‑protein interaction 
network of potential targets of honeysuckle and forsythia in the treatment of ALI. ALI, acute lung injury.
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Figure 3. Enrichment analysis of key targets. (A) Gene Ontology functional terms in BP, CC and MF. The top 5 terms in each category are provided. (B) Kyoto 
Encyclopedia of Genes and Genomes pathway enrichment analysis. The top 20 terms in each category are provided. BP, biological process; CC, cellular 
component; MF, molecular function.

Figure 4. Interaction network of honeysuckle and forsythia and associated pathways. The size and color of nodes represent the degree value. The larger the 
node, the larger the degree value. Blue diamond, component; pink quadrilateral, target; purple triangle, pathway.
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of NF‑κB and TNF‑α was significantly higher in the model 
group (Fig. 8).

Discussion

ALI is a serious lung disease for which there is no effective 
treatment (37). Thus, there is need to develop ALI treat‑
ment strategies. LPS is one of the factors that contribute to 
ALI by causing fluid to enter lung tissue and increasing the 
microvascular permeability, which leads to acute tissue 

inflammation (38). The present study applied network phar‑
macology techniques and molecular docking to analyze the 
targets, pathways, and molecular protein aspects of honeysuckle 
and forsythia drug pair and ALI to explain the disease process 
and the drug action mechanism (39,40). The establishment of a 
mouse model of LPS‑induced ALI is an effective method as an 
assessment of lung inflammation and injury (41). Due to phar‑
macological effects of TCM, researchers have investigated the 
effects and mechanisms of the active ingredients of TCM on 
LPS‑induced ALI (42,43). Wang et al (44) also used a mouse 

Table II. Binding ability of active components to target proteins.

 Binding energy, kcal/mol
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Active ingredient ALB AKT1 TNF TP53 IL6

Luteolin ‑9.0 ‑9.8 ‑8.8 ‑7.2 ‑6.9
Quercetin ‑8.2 ‑9.2 ‑7.6 ‑6.6 ‑6.7
Hederagenin ‑9.6 ‑10.7 ‑6.5 ‑6.3 ‑6.8
Loganin ‑6.9 ‑6.5 ‑6.8 ‑6.6 ‑6.3
(3R,4R)‑3,4‑bis[(3,4‑dimethoxyphenyl)methyl]oxolan‑2‑one ‑9.0 ‑9.3 ‑8.6 ‑5.7 ‑5.9

ALB, albumin.

Figure 5. Docking pattern of primary compounds of honeysuckle and forsythia with key target molecules. Molecular docking of hederagenin and (A) AKT1 
and (B) albumin and luteolin with (C) IL‑6, (D) TNF and (E) TP53.
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model of LPS‑induced ALI) model and found that Forsythiae 
Fructuse exhibited anti‑inflammatory effects and protected the 
epithelial barriers in lungs and colons by regulating PPAR‑γ/
RXR‑α in the treatment of LPS‑induced ALI. Therefore, 

the present study used the intraperitoneal injection of LPS to 
establish an ALI model in mice and used Lianhua‑Qingwen as 
a positive control to explore the mechanism of action of honey‑
suckle and forsythia drug pair in the treatment of ALI.

The inflammatory response is an important pathological 
mechanism of ALI (45). Studies have shown that compound, 
single‑flavor Chinese medicines and active ingredients of 
Chinese medicines serves an important role in preventing 
and treating lung injury by inhibiting inflammatory pathways, 
regulating inflammatory mediators and reducing the release of 
inflammatory factors (46,47). TCM has potential in the preven‑
tion and treatment of ALI. It can significantly improve lung injury 
by exerting pharmacological effects on signaling pathways and 
targets (For example, the PI3K/Akt and NF‑κB signaling path‑
ways have been studied) of ALI. In the present study, a total of 
265 targets were obtained from the component‑disease‑target 
network diagram, which suggested that the treatment of ALI 
with honeysuckle was the result of the combined effect on 
multiple targets. The GO enrichment analysis showed that the 
target genes involved in the biological process of ALI treatment 
were associated with ‘cellular response to oxidative stress’ 
and the activation of the transcription factor activity, ‘protein 

Table III. MDA content and SOD and GSH‑Px activity in lung tissue of mice.

Group MDA SOD GSH‑Px

Blank  1.12±0.26 167.78±9.69 73.71±11.55
Model  1.70±0.16a 109.53±13.78a 36.53±10.58a

Positive 1.35±0.06b 134.81±14.18c  55.02±12.01c 

H  1.47±0.14c  138.67±11.95b 54.63±12.03c 

Forsythia  1.36±0.10b 140.67±10.45b 54.29±11.48c 

H + F high‑dose 1.40±0.13b 134.14±15.83c  56.04±11.25c 

H + F medium‑dose  1.47±0.10c 133.25±13.29c 54.23±10.47c

H + F low‑dose  1.50±0.16c 131.80±12.33c  54.62±13.01c

P<0.01 vs. ablank and bmodel; cP<0.05 vs. model. MDA, malondialdehyde; SOD, superoxide dismutase; GSH‑Px, glutathione peroxidase; 
H + F, honeysuckle + forsythia.

Figure 6. Histopathology of mouse lung by hematoxylin‑eosin staining. (A) Blank. (B) Model. (C) Positive. (D) H. (E) F. H + F (F) high‑, (G) medium‑ 
and (H) low‑dose. Red arrow, granulocyte aggregation; yellow arrow, intra‑tissue hemorrhage; purple arrow, decidual cells in alveolar lumen; green arrow, 
intravascular congestion; black arrow, alveolar wall thickening; white arrow, edema; blue arrow, powdered protein‑like material. Magnification, x200. H, 
honeysuckle; F, forsythia.

Figure 7. Relative expression of NF‑κB and TNF‑α in lung tissue of mice. 
(A) NF‑κB. (B) TNF‑α. *P<0.05, **P<0.01 and ***P<0.001 vs. blank; ###P<0.001 
vs. model. H + F, honeysuckle + forsythia.
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tyrosine kinase activity’ and ‘protein serine/threonine kinase 
activity’. KEGG showed that 183 signaling pathways were 
screened in the enrichment analysis. The primary pathways 
associated with ALI included ‘lipid and atherosclerosis’, ‘EGFR 
tyrosine kinase inhibitor resistance’ (48), ‘PI3K‑AKT signaling 
pathway’ (49,50), ‘HIF‑1 signaling pathway’, ‘TNF signaling 
pathway’ (51,52) and ‘proteoglycans in cancer’. The results of the 
HE staining showed that H + F improved the histopathological 
status of the lungs to different degrees and PCR and western 
blotting showed that the protein expression of NF‑κB (53,54) and 
TNF‑α was significantly decreased in the Lianhua‑Qingwen, 
honeysuckle, forsythia and H + F high‑ and H+F medium‑dose 
groups. In addition, quercetin (55,56), a common component of 
honeysuckle and forsythia, and the components of honeysuckle 
and forsythia with the most targets were selected for molecular 
docking; hederagenin in honeysuckle was found to have the 
highest affinity with ALB and AKT1, whereas luteolin in 
forsythia was found to have the highest affinity with TNF, TP53 
and IL6.

The present results further showed that H + F significantly 
decreased serum MDA and increased SOD activity compared 

with the model group. Studies have shown that the levels of 
MDA, a lipid peroxidation reaction end product in the body 
that causes oxidative damage to lung tissue in pneumonia (57), 
typically reflect the intensity of lipid peroxidation and cellular 
damage and the degree of metabolism in the body (58,59). 
SOD is an antioxidant enzyme that degrades excess oxygen 
radicals in tissue and its activity reflects the antioxidant 
capacity and ability to scavenge intracellular oxygen radi‑
cals (60). GSH‑Px is a key catalytic enzyme for the breakdown 
of hydrogen peroxide and is widely present in the body (61). 
SOD and GSH‑Px activities can reflect the ability to scavenge 
oxygen radicals, which plays a role in the oxidative and anti‑
oxidant balance of the body (62) and is an important indicator 
of oxidative stress (63). The present results indicated that 
levels of oxidative stress in the body were decreased by H + F, 
which suggested that honeysuckle and forsythia drug pair may 
decrease lung tissue damage by inhibiting the antioxidant 
effects.

Moreover, W/D ratio of the lung tissues of the mice in 
the model group increased significantly compared to control, 
whereas the W/D ratios of the lung tissues in the honeysuckle, 

Table IV. Wet/dry weight ratio of left and right lung and total lung tissues of mice.

Group Left lung Right lung Total lung tissue

Blank  0.0542±0.0038 0.0796±0.0045 4.0450±0.3937
Model 0.0923±0.0048a 0.1142±0.0395b 6.6000±0.5548a

Positive  0.0688±0.0068c  0.0867±0.0170c  4.9475±0.5253d

H  0.0659±0.0078d 0.0866±0.0248c  4.6475±0.5074d

Forsythia  0.0648±0.0036d 0.0844±0.0202c  5.3225±0.9624c 

H + F high‑dose 0.0678±0.0066c  0.0872±0.0136c  4.7750±0.7760d

H + F medium‑dose 0.0720±0.0122c 0.0884±0.0098c 5.2250±1.1453c

H + F low‑ 0.0616±0.0024d 0.0831±0.0047c  5.2175±1.1521c

aP<0.01, bP<0.05 vs. blank; cP<0.05, dP <0.01 vs. model. H + F, honeysuckle + forsythia.

Figure 8. Effect of honeysuckle‑forsythia on the expression of pairs of related proteins in mouse lung tissues. (A) Mouse lung tissue levels of NF‑κB and TNF‑α 
were detected by western blotting and normalized to GAPDH. Expression of (B) NF‑κB and (C) TNF‑α in mouse lung tissue. *P<0.05 and ***P<0.001 vs. blank; 
###P<0.001 vs. model. H + F, honeysuckle + forsythia.
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forsythia, Lianhua‑Qingwen and H + F high‑, medium‑ and 
low‑dose groups decreased significantly compared with the 
model group. Histopathological changes in the lungs of the 
mice in the model group with ALI caused by LPS were the most 
obvious, with destruction of alveolar structure, interstitial and 
alveolar edema and hemorrhage after the LPS injection. These 
are typical ALI phenomena (64,65). Compared with the model 
group, mice in the H + F groups showed better lung structural 
integrity, with relatively thin alveolar walls, some exfoliated 
cells in the alveolar cavity, less congestion in blood vessels and 
less inflammatory cell exudation. These results suggest that 
similar to Lianhua‑Qingwen, H + F had a significant effect on 
lung injury of LPS‑induced ALI mice.

In conclusion, the present study applied network pharma‑
cology and in vivo validation to analyze the active ingredients, 
targets and pathways of honeysuckle and forsythia in ALI. 
Treatment of ALI with H + F may be achieved by combined 
effects of multiple components, targets and pathways and 
the active components of honeysuckle and forsythia could 
significantly decrease the inflammatory response and pulmo‑
nary edema in mice with ALI. Its mechanism of action may 
be associated with inhibition of the expression of TNF‑α 
and NF‑κB and the activation of antioxidants, thereby 
decreasing the ALI caused by LPS in mice. However, this 
experiment had limitations, such as an incomplete collection 
of data. Firstly, we used the ETCM database to collect the 
targets of honeysuckle and forsythia, but the lack of OB (%) 
and DL values in the ETCM database caused the vacancies 
in the table we listed; secondly, due to the complexity of 
the constituents of honeysuckle and forsythia, we only did 
molecular docking between the top‑ranked constituents and 
the targets, and we will continue to explore the binding of 
the rest of the constituents and the targets and validate it in 
the following period; thirdly, in the following period, our 
group will also continue to pay attention to the study of 
honeysuckle‑forsythia pairs on the cellular level) on whether 
honeysuckle and forsythia can be safely and effectively 
applied in the treatment of ALI and multiple mechanisms of 
their effects, which need to be investigated in greater depth. 
Nevertheless, the present experiment provided information 
for clinical application of H + F drug pair in the treatment 
of ALI.

Limitations

Firstly, we used the ETCM database to collect the targets of 
honeysuckle and forsythia, but the lack of OB (%) and DL 
values in the ETCM database caused the vacancies in the table 
we listed; secondly, due to the complexity of the constituents 
of honeysuckle and forsythia, we only did molecular docking 
between the top‑ranked constituents and the targets, and we 
will continue to explore the binding of the rest of the constitu‑
ents and the targets and validate it in the following period; 
thirdly, in the following period, our group will also continue 
to pay attention to the study of honeysuckle‑forsythia pairs on 
the cellular level.
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