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Background and aim: Agarikon pill (AGKP), a traditional Chinese herbal formula, and has been used for chronic
obstructive pulmonary disease (COPD) treatment clinically. However, the active components and exact phar-
macological mechanisms are still unclear. We aimed to investigate the therapeutic effects and mechanisms of
AGKP on COPD and identify the chemical constituents and active compounds.

Experimental procedure: The chemical components of AGKP were identified by ultrahigh-performance liquid
chromatography coupled with quadrupole/orbitrap high-resolution mass spectrometry (UHPLC-Q-Orbitrap-
HRMS). Network pharmacology analysis was performed to uncover the potential mechanism of AGKP. The ef-
ficiencies and mechanisms of AGKP were further confirmed in COPD animal models.

Results and conclusion: Ninety compounds from AGKP, such as flavonoids, triterpenoids, saponins, anthracenes,
derivatives, phenyl propionic acid, and other organic acids, were identified in our study. AGKP improved lung
function and pathological changes in COPD model rats. Additionally, inflammatory cell infiltration and proin-
flammatory cytokine levels were markedly reduced in COPD rats administered AGKP. Network pharmacology
analysis showed that the inflammatory response is the crucial mechanism by which AGKP exerts therapeutic
effects on COPD rats. WB and PCR data indicated that AGKP attenuated the inflammatory response in COPD
model rats. AGKP reduces the pulmonary inflammatory response through the PI3K/AKT and MAPK TLR/NF-kB
signaling pathways and exerts therapeutic effects via inhibition of inflammation and mucus hypersecretion on
COPD model rats.

exploring effective and safe therapies for COPD has become a pressing
issue due to the complexity and refractory nature of COPD. Recently,

1. Introduction

Chronic obstructive pulmonary disease (COPD) is one of the top
three killers with high morbidity and mortality worldwide." As a chronic
multifactorial inflammatory lung disease, COPD is mainly characterized
by reversible airflow obstruction and systemic inflammation.” At pre-
sent, although some treatments are effective in prohibiting the pro-
gression of COPD, reducing airway obstruction and enhancing the
quality of life of COPD patients, the results are not desirable.’ Therefore,

traditional Chinese medicine (TCM) for the treatment of COPD has been
widely studied, and has better efficiency, high safety and low cost.*”
Nuclear factor kB (NF-xB), mitogen-activated protein kinases
(MAPKs) and Toll-like receptor (TLR) 4/2 are the major pathways that
play important roles in airway inflammation in COPD.>” Abnormal
activation of these pathways can induce lung tissue damage and reduce
lung function by upregulating the expression of various inflammatory
genes and promoting the release of pro-inflammatory cytokines, such as
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List of abbreviations

AGKP Agarikon Pill

COPD  Chronic obstructive pulmonary disease

UHPLC-Q-Orbitrap-HRMS Ultrahigh-performance liquid
chromatography coupled with quadrupole/orbitrap high-
resolution mass spectrometry

CS Cigarette smoke

LPS Lipopolysaccharide

Mont Montelukast

GK Guilong Kechuanning capsules

IL Interleukin

TNF-a  Tumor necrosis factor o

TGF-f  Transforming growth factor beta
EF50%  Expiratory flow at 50% tidal volume

vV Tidal volume

PIF Peak inspiratory flow

PEF Peak expiratory flow

ELISA  enzyme-linked immunosorbent assay
PCR Polymerase chain reaction

EGFR Epidermal growth factor receptor
PI3K Phosphatidylinositol 3-kinase

MUCS5AC Mucin 5AC

MUC5B Mucin 5B

MAPK  Mitogen-activated protein kinase
JNK Jun N-terminal kinase

ERK Extracellular signal-regulated kinase
NF-xB Nuclear factor-xB

TLRs Toll-like receptors

TNF-a, IL-18 and IL-6, resulting in the promotion of COPD progres-
sion.® Additionally, airway mucus hypersecretion is an important
pathophysiological feature of COPD; it is not only a symptom but also an
independent risk factor for COPD progression and prognosis.'° MUC5AC
and MUC5B are the most important and abundant mucins, and the level
of MUC5AC in airway epithelial cells reflects the intensity of airway
mucin secretion; abnormalities in its quantity and quality have a nega-
tive impact on airway function.'! Therefore, anti-inflammatory therapy
and inhibition of mucus hypersecretion are the main treatment strate-
gies for COPD. >

Agarikon pill (AGKP), a clinically experienced formula, was first
recorded in the ancient traditional medicinal book KarabadanKadiri (in
the year 1780), and it has been recorded to “purge the lung, dissolve
phlegm, and relieve cough and asthma”. As a result of the excellent
curative effects of AGKP on improve lung function by expectoration and
reducing inflammation patients with COPD for many years, it has been
used by local Traditional Chinese Medicine (TCM) hospitals as a hospital
prescription.'® It is the pharmaceutical preparation in medical in-
stitutions registered by Uyghur Medical Hospital of Xinjiang Uyghur
Autonomous Region of China (approval number is M20041561). AGKP
has been also collected in Drug Standard of Ministry of Public Health of
the People’s Republic of China-Uyghur medicine part. It consists of six
crude herbs, including Glycyrrhiza uralensis Fisch., Fomes officinalis (Vill.
ex Fr.) Ames, Citrullus colocynthis (L.) Schrad., Operculina turpethum (L.)
Silva Manso, Aloe vera (L.) Burm. f., and Astragalus sarcocolla Dymock.l(’
Among them, Fomes officinalis (Vill. ex Fr.) Ames and Glycyrrhiza ura-
lensis Fisch. exert considerable therapeutic effects on COPD, and their
active components liquiritin, isoliquiritin, glycyrrhizic acid and
18p-Glycyrrhetinic acid have anti-inflammation effects'”>'® that are
related to the pathogenesis of lung inflammation in COPD. However,
there is no modern pharmacological research to support its therapeutic
effect and mechanism on COPD, which limits its wide clinical applica-
tion. Thus, it is necessary to explore the chemical composition and
mechanism of action of AGKP on COPD.

In this study, we analyzed the chemical compounds of AGKP by
UHPLC-Q-Orbitrap-HRMS, and the network pharmacology method was
used to predict the molecular mechanism of COPD. Montelukast was
used as the positive control drug, and animal experiments on lipopoly-
saccharide (LPS) and cigarette smoke (CS)-induced COPD model rats
were conducted to explore the pharmacological effects of AGKP against
COPD. The possible mechanisms of AGKP were confirmed using mo-
lecular biology methods based on the results of network pharmacology.
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2. Materials and methods
2.1. Reagents and medicinal materials

AGKP is composed of six Chinese herbal medicines, which were
purchased from Xinjiang XinLvbao Pharmaceutical Co., Ltd. (Hetian,
Xinjiang, China). The ingredients of AGKP are shown in Table 1. The
plant names have been proofed with the data in www.Theplantlist.org.
The quality of all herbal medicines was identified by Dr. Li Chen, Xin-
jiang Technical Institute of Physics and Chemistry, Chinese Academy of
Sciences. Montelukast (Mont, batch number: T024718) was provided by
Merck Sharp Dohme Ltd. (U.K.). Guilong Kechuanning capsules (GK,
batch number 150509) were purchased from Guilong Pharmaceutical
Co., Ltd. (Anhui, China). Lipopolysaccharide (LPS) was supplied by
Sigma Chemical Co., Ltd. (L2880, St. Louis, MO, USA). Liquiritin
(1116-201106) and glycyrrhizic acid (110731-202021) were supplied
by the China Institute of Food and Drug Control (Beijing, China). Iso-
liquiritin (P0462), liquiritigenin (P0296), quinic acid (15073002),
glabridin (17020903), aloeresin D (20072603), aloe-emodin
(19010803), aloin A (21011505), aloin B (20062002), kaempferol
(p0013) and isoliquiritigenin (P0039) were purchased from Shanghai
Chunyou Biotechnology Co., Ltd. (Shanghai, China). HPLC-MS grade
methanol and acetonitrile were supplied by Fisher Scientific (Fair Lawn,
NJ, USA). All other reagents and chemicals were analytically pure and
purchased from Beijing Chemical Co., Ltd. (Beijing, China).

2.2. Animals

SPF-grade healthy male Sprague—Dawley (SD) rats were provided by
the Animal Center of Xinjiang Medical University (Urumgqi, China)
[weighing 200 + 20 g; Production license No. SCXK (Xin) 2018-0002;

Table 1
The compositions of Agarikon pill formula.
No.  Chinese name Latin name Produced from Dosage
(@)
1 Gancao Glycyrrhiza uralensis Dry root 7.0
Fisch.
2 Alihong Fomes officinalis (Vill. ex  Dry fruitingbody  10.5
Fr.) Ames
3 Luhui Aloe vera (L.) Burm.f. Dried matter of 7.0
leaf fluid
Yaoxigua Citrullus colocynthis (L.) Fruit 7.0
Schrad.
5 Heguoteng Operculina turpethum Dry root 10.5
(L.) Silva Manso.
6 Gancaoweijiao  Astragalus sarcocolla Gum resin 7.0

Dymock.
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Combined use license No. SYXK (Xin): 2018-0003]. The animal study
was approved by the Ethics Committee of Xinjiang Medical University
(approval No. IACUC-20210315-17) and were performed in accordance
with the Guide for the Care and Use of Laboratory Animals published by
the Ministry of Health of China. All efforts were made to minimize an-
imal suffering and reduce the number of animals used. All rats were
housed under standardized housing conditions (12/12 h light/dark
cycle; temperature, 22 + 2 °C; relative humidity, 50 + 5%) and were
provided food and water ad libitum.

2.3. UHPLC-Q-orbitrap-HRMS analysis of AGKP samples

The extract was prepared from 5 g of AGKP sample by adding 100 mL
methanol and heating under reflux for 1 h. After cooling to room tem-
perature, 1 mL of supernatant was centrifuged at 13000 r/min for 10
min and filtered through a 0.22 pm microporous membrane, which was
then used for UHPLC-HRMS analysis.

Chemical component analysis of AGKP was performed on an UHPLC-
Q-Orbitrap-HRMS and chromatographic separation on a Waters XBridge
C18 column (4.6 x 250 mm, 5 pm). The solvent system consisted of
solvent A (0.1% formic acid in water) and solvent B (acetonitrile) with a
linear gradient (0 min 5% B, 7 min 5~20% B, 10 min 20~22% B, 13 min
22~25% B, 18 min 25% B, 35 min 25~30% B, 40 min 30~45% B, 50
min 45~80% B, 60 min 80~100% B) at a flow rate of 1.0 mL/min. MS
detection was at a scan range of 100-1500 mass-to-charge ratio (m/z) in
both the positive and negative ionization modes. The parameters of the
electrospray ionization (ESI) source were as follows: heating tempera-
ture 300 °C; capillary temperature 350 °C; auxiliary gas flow 10 arb;
sheath gas flow 40 arb, voltage 3.5 kV in positive mode; sheath gas flow
38 arb, voltage 2.8 kV in negative mode; stepped normalized collision
energy (NCE) 30, 50, or 70; full mass resolution ratio 70,000 (FWHM);
dd-MS2 17500 (FWHM). All data acquisition and processing were
executed by Xcalibur 4.2 software (Thermo Fisher Scientific Inc., USA).

2.4. Data preparation and target prediction

First, the components obtained from UHPLC-Q-Orbitrap-HRMS
analysis were preprocessed and normalized, and finally, the compo-
nent names were entered into the PubChem database. Three-
dimensional molecular structure descriptors were obtained, and then
the pharmacokinetic parameters associated with the chemical compo-
sition were derived through Swiss Institute of Bioinformatics (SIB), a
database in which the bioactive components were further studied based
on absorption, distribution, metabolism, and excretion (ADME)."? High
gastrointestinal absorption and bioavailability scores >0.55 were used
as screening criteria. The final screened components were used as active
ingredients in AGKP for the treatment of COPD.

We downloaded the obtained AGKP components’ normalized three-
dimensional molecular structures or SMILES IDs from the PubMed
database (https://www.ncbi.nlm.nih.gov/). The targets of AGKP com-
ponents were screened using SIB (http://www.swisstargetprediction.
ch/). Cytoscape 3.8.2 software (https://cytoscape.org) was used to
construct the component-target network. To collect the disease targets
for COPD, the TCMIP V2.0 database (http://www.tcmip.cn/TCMIP/
index.php), DisGeNET database (http://www.disgenet. org) and Gene-
Cards database (http://www.genecards.org/) were searched using
"chronic obstructive pulmonary disease" as the keyword. The Compar-
ative Toxicogenomics Database (CTD) (http://ctdbase.org) was also
searched using "Inference score >40" as the keyword to screen the
known COPD disease targets.'” The known COPD targets can be ob-
tained after the duplicate targets have been removed.

2.5. Network construction and analysis

The target intersections between AGKP and COPD were imported
into the STRING database (https://string-db.org/) to perform protein—
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protein interaction (PPI) analysis. The organism was specified as "Homo
sapiens", the "minimum required interaction score" was selected as >
0.999, and the default parameters were used in other settings. Then, a
PPI network was constructed based on the interaction relationship be-
tween the targets. Subsequently, to evaluate the therapeutic mechanism
of AGKP in treating COPD, the PPI network was inputted into Cytoscape
3.8.2 software using the CytoNCA (2.1.6) plug-in (using "Ranking
method: DMNC" as the qualifier) to analyze the topology of the inter-
section network.”’ The Degree Value were used to sift the top 15 hub
targets form the network and finally got the critical targets of AGKP for
treating COPD.

GO enrichment analysis and KEGG signal pathway enrichment
analysis were performed in the DAVID database (https://david.nciferf.
gov/) with the screening criteria of "FDR (false discovery rate) < 0.01"."

Molecular docking verification was performed on 48 active com-
pounds and 4 important targets in AGKP to investigate potential binding
effects between the active ingredients and the targets. In detail, first, the
crystal structure of the target protein was retrieved from the Protein
Data Bank (PDB) (https://www.rcsb.org). 3D structures of the active
ingredients of AGKP were obtained from the PubChem (https://p
ubchem.ncbi.nlm.nih.gov/). Secondly, the molecular ligands and pro-
teins was changed to pdbqt format by AutoDock Tools after removing
the water molecules and organic compounds from ligands and the
addition non-polar hydrogen bridge. Third, the receptor protein was
subsequently docked with the small molecule ligands of the main
compounds using AutoDock Vina (version: 1.2, http://vina.scripps.
edu/index.html), and the dominant conformation was taken for anal-
ysis and plotted with PyMOL software.?

2.6. COPD animal model establishment and AGKP treatment

Prior to the experimental procedure, the rats were acclimatized for
one week. The COPD model rats were exposed to CS in a smoking
chamber twice a day with a 4-h interval using a standard smoking
apparatus, except for days that they were administered LPS. The rats
were sensitized on day 1 and day 25 with 0.2 mL of LPS (1 mg/mL)
administered to the lung airways. The control rats were exposed to room
air, and a normal saline solution with an equivalent volume to LPS was
administered. In the experimental period, the body weights of the rats
were recorded once a week.' The success criteria for the establishment
of the COPD model were evaluated according to lung function changes
and lung tissue pathology.

After 5 weeks, the rats were randomly divided into seven subgroups:
(1) the control group (rats that intragastrically received normal saline);
(2) COPD model group (COPD rats that intragastrically received normal
saline); (3) COPD with montelukast (Mont) treatment group (COPD rats
that intragastrically treated with Mont 1 mg/kg/d); (4) COPD with
Guilong Kechuanning capsules (GK) group (COPD rats that intragastri-
cally treated with GK 720 mg/kg/day); (5) COPD with AGKP low-dosage
group (COPD rats that intragastrically treated with AGKP 225 mg/kg/
day, AGKP-L); (6) COPD with AGKP middle-dosage group (COPD rats
that intragastrically treated with AGKP 450 mg/kg/day, AGKP-M); and
(7) COPD with high-dosage group (COPD rats that intragastrically
treated with AGKP 900 mg/kg/day, AGKP-H), 12 rats in each group. All
groups were administered their respective doses by oral gavage once per
day for 4 weeks. The body weights of the rats were recorded once a week
and 1 h after the last administration, pulmonary function and pulmo-
nary histopathology were observed, and blood, bronchoalveolar lavage
fluid (BALF), and lung tissue samples were collected (Fig. 1). All rats
were sacrificed by intraperitoneal injection of pentobarbital sodium
with 150-200 mg/kg which can produce respiratory arrest, if necessary
experimental animal heartbeat was checked.

2.7. Measurement of pulmonary function

At the 4th week of administration, the tidal volume (TV), peak
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To detect whether the COPD rat
model was successfully modeled

6-8 weeks old

SD rat 0.2mL of LPS (Img/mL) to the airways

f 1
day 1 day 25

Drug administration treatment
[ 1

i s

o

9 weeks

T T

tot

Exposure to CS or air twice a day with four hours interval (except for dayl and day25)

Fig. 1. Flow chart of animal Experiments.

inspiratory flow (PIF), peak expiratory flow (PEF) and expiratory flow at
50% tidal volume (EF50), airway narrowing index (Penh, reflecting
respiratory resistance) and PAU (time comparison between early and
late expiration) were measured by unlimited pulmonary function
plethysmography (Buxco Inc., Wilmington, NC, USA).

2.8. Pulmonary histopathology observation

After sacrifice, the whole middle lobe of the right lung of each animal
was fixed overnight with 4% paraformaldehyde at room temperature.
The tissues were embedded in paraffin, sectioned, and stained with
H&E, and the pathological changes were observed under a light mi-
croscope (Leica LAS X, Leica, Germany). Mean linear intercept (MLI)
was determined as follow. Following the drawing of a cross (+) through
the middle of each image (the visual field that would affect the result are
not selected, such as where the guideline intersects with a blood vesse or
a bronchus, and where the guideline is partially outside of the section).
The total length of the cross (L) was measured after counting the number
of alveolar septum (Ns) laid on the cross. MLI (pm) = L/Ns.>

2.9. BALF cell counting and ELISA

The BALF was centrifuged at 1500 rpm at 4 °C for 10 min, and the
cell pellet was resuspended in 500 pL PBS for differential counts of in-
flammatory cells with an automatic cell counter (Hitachi —7100,
Japan).21 The levels of inflammatory mediators such as TNF-a, IL-6,
IL-1B, TGF-p, and mucin MUCS5AC in serum and BALF were examined
via ELISA according to the ELISA kit instructions (YX-E21175,
YX-E21185, YX-E28867, YX-E21174, YX-E28780, Multisciences
Biotech, Shanghai, China).

2.10. Western blot analysis

Lung tissue was lysed in ice-cold RIPA buffer for 40 min, followed by
centrifugation at 12000 xg for 30 min at 4 °C, and the supernatants were
collected. The total protein concentration was then measured using a
BCA protein analysis kit (Solarbio, Beijing, China). Protein denatural-
ization was performed at 100 °C for 10 min, and protein in the super-
natant was separated by 10% twelve alkyl sulfate polyacrylamide gel
electrophoresis (SDS—-PAGE) (80 pug) and transferred to a polyvinylidene
fluoride (PVDF) membrane (Millipore, Bedford, USA). The membrane
was blocked with 5% milk buffer at room temperature, and the
following primary antibodies were used at 4 °C overnight at a dilution of
1:1000: anti-rabbit p38 (CST, 9212S), anti-rabbit p-p38 (CST, 4511S),
anti-rabbit ERK (CST, 4695S), anti-mouse p-ERK (CST, 9106S), anti-
rabbit JNK (CST, 9252S), anti-rabbit p-JNK (CST, 4668S), anti-rabbit
NF-«kB (CST, 8242S), anti-rabbit p-NF-«xB (CST, 3033S), anti-rabbit
IkBa (abs131168), anti-rabbit p-IkBa (CST, 2859S), anti-rabbit TLR-2
(abs134064), anti-rabbit TLR-4 (abs132000), and anti-rabbit f-actin
(BN0627). In TBST, the membrane was washed three times (10 min
each) and then incubated with secondary antibody of goat anti-rabbit or
anti-mouse immunoglobulin G (IgG) (dilution 1:2000) (Boster Biological
Engineering, Wuhan, China) at room temperature for 1 h. The
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membrane was washed three times with TBST for 10 min/wash. Finally,
signals were visualized using Super ECL Plus reagent (Solarbio, Beijing,
China) and quantified by ChemiDocMP Imaging System (Bio-Rad Lab-
oratories, Hercules, CA, USA) and ImageJ software.

2.11. Quantitative real-time polymerase chain reaction (qRT-PCR)

The expression levels of MUC5AC, MUC5B, PI3K, AKT, and EGFR
mRNA in the lung tissues were analyzed using quantitative real-time
PCR (qPCR). The primers were designed and synthesized by Sangon
Biotech (Shanghai, China).?® The primer sequences used in this study
are listed in Table 2. Total RNA was extracted using a total RNA
extraction kit (Tiangen, China) according to the manufacturer’s in-
structions. The First-Strand ¢cDNA Synthesis Kit (Tiangen, China) was
used for the reverse transcription process. The reaction systems were
performed using an Applied Biosystems 7300 Fast Real-Time PCR Sys-
tem. The process of initial enzyme activation was set at 95 °C for 5 min,
followed by 40 cycles of 95 °C for 10 s and 60 °C for 30 s. For gqRT-PCR,
Ct (threshold cycles) values were used to calculate the mRNA levels by
formula Z—AACt _ 2-[ACt treatment —ACt control].24 The GAPDH level was
used as a reference to normalize the expression levels of the other genes.

2.12. Flow cytometry

One hundred microliters of anticoagulant blood was added to 2 pL of
FITC anti-rat CD4 (201505, Biolegend, USA), PE/Cyanine7 anti-rat
CD8a (201716, Biolegend, USA), and APC anti-rat CD25 (202114, Bio-
legend, USA) and incubated for 30 min in the dark. Following incuba-
tion, 2 mL of red blood cell lysate (4203, Biolegend, USA) was added,
and the reaction was conducted at room temperature for 10 min in the
dark after gentle blowing and mixing. Then, the reaction mixture was
centrifuged at 350 g for 5 min, the supernatant was discarded, and the
precipitate was washed with 2 mL PBS with centrifugation at 350g for 5
min. The precipitate sample was detected by flow cytometry after
disposal in 500 pL PBS. Data were collected using DXFLEX software
(Beckman Coulter) with automatic compensation and were analyzed
using FlowJo software (TreeStar, Ashland, OR).>®

2.13. Statistical analysis
Statistical analyses were performed using GraphPad Prism 8.0
(GraphPad Software, USA). When necessary, the Prism8.0 statistical

analysis program was used to do one-way analysis of variance (ANOVA)

Table 2
Primers sequences used for RT-qPCR.

Genes Forward (5-3) Reverse (5-3")

GAPDH ACAGCAACAGGGTGGTGGAC TTTGAGGGTGCAGCGAACTT
MUCS5AC CAACACACCACTGCAAGAGC GGCTGTGTGGTAGCTGAAGT
MUCS5B CCTACGTGCCGCTCTCTAAG CAGGCAGGTCAACTTCCCAT
EGFR ACTGCGAGAACCAAGCTACT GGAGGCTCAGAAAGTGGTCT
PI3K GAACAGGGCAGCTTCAATGC CTCCTTCTGGGTCCGGAGTA
Akt CCTGGACTACTTGCACTCCG CACAGCCCGAAGTCCGTTAT
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followed by a Tukey’s post hoc test for comparison among multiple
groups or a Student’s t-test for comparison between two groups
(GraphPad). All values were expressed as the mean + standard devia-
tion (SD). P < 0.05 was considered to indicate a statistically significant
difference.

3. Results
3.1. Identification of chemical constituents in AGKP

The chemical constituents of AGKP were tentatively characterized
using UHPLC-Q-Orbitrap-HRMS based on accurate mass, MS/MS data,
and characteristic fragmentation, referring to reference standards or
related literature. A total of 90 chromatographic peaks were analyzed,
and the corresponding compounds were characterized (Fig. 2A and B),
including triterpenoids and saponins, flavonoids, anthracenes and de-
rivatives, organic acids, phenylpropionic acids, and other compounds
(Additional file 1: Table S1).

Taking peak 24 as an example to explain the major fragmentation
pathways of flavonoids in AGKP, an accurate precursor ion of m/z
417.1191 [M — H] (C21H2209, error 2.86 ppm) was observed in negative
ion mode, as shown in Fig. 2C. The fragment of m/z 255.0662 [M-H-
glucose]” was produced from the drop of a glucose aglycone. The char-
acteristic fragments of liquiritigenin, such as m/z 135.0077, 119.0491
and 91.0176, were observed. Combined with the fragmentation pattern
of the reference standard, peak 24 was identified as liquiritin. The
cleavage of triterpenoid saponins and structural identification was
illustrated by peak 46. A precursor ion of m/z 821.3059 [M — H]
(C42Hp2016, error 0.64 ppm) was obtained in negative ion mode. As
shown in Fig. 2D, the fragments of m/z 425.3441 formed by the loss of
two glucuronic acids as well as CO3. The special fragment ions at m/z
351.0568, 193.0346 and 175.0238 were assignable to diglucuronic acid
and monoglucuronic acid. Thus, peak 46 was identified as glycyrrhizic
acid by comparison with the reference standard.
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3.2. Network pharmacology predicts potential signaling pathways of
AGKP in the treatment of COPD

A total of 886 targets of the 48 AGKP components (Additional file 2
Table S2) were predicted, and the component-target network was
illustrated by Cytoscape 3.8.2 software. As shown in Fig. 3A, the
network has 5058 lines and 934 nodes (comprising 48 components and
886 targets). The lines between the components (green quadrangles)
and the targets (red circles) represented the interaction.

A total of 3125 common COPD targets were obtained by screening
the following databases, including 462 targets in CTD, 42 in TCMIP,
2699 in Gene Cards and 700 in DiSGeNET. Among them, 596 were
shared with 886 targets of AGKP components. Then, STRING was used to
screen 596 shared targets with the criteria of "Homo sapiens" and "min-
imum required interaction score >0.999", and 136 co-targets were ob-
tained. There were some close associations among them, as shown in
Fig. 3B. According to the network visualization analysis in Fig. 3C,
androgen receptor (AR), estrogen receptor (ESR1), peroxisome
proliferator-activated receptor gamma (PPARG), and transcription fac-
tor p65 (RELA) were the core therapeutic COPD targets of AGKP.

The DAVID database was used to perform GO and KEGG enrichment
analyses on the common therapeutic COPD targets of AGKP. The
enrichment of GO and KEGG terms and pathways is inversely correlated
with the P value. A total of 1033 GO terms were obtained via GO
enrichment analysis, including 137 in cellular component (CC), 172
molecular function (MF) terms, and 724 biological process (BP) terms. A
total of 163 signaling pathways were acquired via KEGG enrichment
analysis (Additional file 3 Tables S3 and 4). The top 10 GO terms and top
25 signaling pathways are displayed in Fig. 3D and E, respectively. The
results indicated that the PI3K-Akt signaling pathway and MAPK
signaling pathway were substantially enriched.

We performed molecular docking using the key therapeutic COPD
targets as receptors and the 48 active components of AGKP as ligands.
Receptors included AR (PDBID = 5U8Q), ESR1 (PDBID = 4XI3), PPARG
(PDBID = 7AWC), and RELA (PDBID = 1VJ7). We evaluated the
matching degree between the components and the key targets of AGKP
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Fig. 2. (continued).

based on the magnitude of the binding energy. When the receptors and
ligands are in stable conformations, it’'s more possible to bind if the
energy is low. Then we evaluated the matching degree between the
components and the key targets of AGKP based on the magnitude of the
binding energy. When the receptors and ligands are in stable confor-
mations, it’s more possible to bind if the energy is low. Usually, binding
energy < -4.25 kcal/mol indicates certain binding between receptors
and ligands, <-5.00 kcal/mol indicates good binding, and<-7.00 kcal/
mol indicates strong binding. According to the results shown in Fig. 3F
and G, RELA (NF-kB p65) had suitable binding to AGKP components
(Additional file 4 Table S5).

3.3. Effects of AGKP on pathological changes and pulmonary function

Measurement of the body weights was conducted once a week until
the rats were sacrificed. As presented in Fig. 4A, there was a significant
weight loss in rats treated with CS and LPS compared to control rats,
while those treated AGKP, Mont or GK showed substantial improve-
ments in body weight compared to the body weights of rats in the model
group at 30 days. As shown in Fig. 4B, none of the rats in the control
group died; in contrast, thirteen rats in the COPD model group
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succumbed during model creation (1, 5, 4, 2 and 1 rats succumbed at
weeks 1, 2, 3, 4 and 5, respectively). However, AGKP treatment signif-
icantly improved the survival rate of COPD model rats induced by CS
and LPS.

Pulmonary function test results showed that a downward trend was
observed for TV, PEF, PIF and EF50, while an upward trend was
observed for Penh and PAU in COPD model rats, in contrast with those of
control group rats (p < 0.05, p < 0.001). The above indexes were
significantly reversed in rats treated with different doses of AGKP, Mont,
and GK compared with those in COPD model group rats (all, p < 0.001).
Notably, there was a greater improvement in PEF function in the AGKP
medium group than in both positive control groups (Fig. 4C).

The results of H&E staining of the lung tissue revealed that CS and
LPS intervention induced obvious morphological changes and serious
injuries in COPD model rats, including a significant increase in the
infiltration of pulmonary tracheal epithelial cells, interstitial inflam-
matory cells around the lumen, expansion and fusion of alveoli, swelling
of pulmonary bubbles and lung injury pathological scores. Administra-
tion of different doses of AGKP, Mont, and GK significantly reversed the
above pathological changes (p < 0.05) (Fig. 4D). The MLI was obviously
increased in COPD model group compared with control group (p <
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the PPI network, (a): Cellular component; (b): Molecular function; (c): Biological process; E: The top 25 enriched pathways in KEGG pathway analysis of the target
proteins in the PPI network. F: Binding affinity between the major active ingredients and core targets (the darker the color, the stronger the binding activity of the
receptor to the ligand); G: Docking results of 5-7-2' trihydroxyisoflavone with AR (a); Docking results of 18-betta Glycyrrhetintic acid with ESR1 (b); Docking results
of Xambioom with PPARG (c); Docking results of Sophoraisoflavone A with RELA (d).

0.001). However, the MLI was significantly decreased in the treatment
groups compared with model group (p < 0.001, Fig. 4E).

3.4. AGKP suppresses LPS- and CS-induced pulmonary inflammation

Pulmonary inflammatory responses were evaluated by measuring
the levels of inflammatory cells and proinflammatory cytokines. COPD
model rats showed an obvious increase in the numbers of leukocytes,
neutrophils, macrophages, and lymphocytes in BALF (p < 0.001).
However, AGKP inhibited the infiltration of inflammatory cells in COPD
model rats by decreasing the accumulation of these inflammatory cells
in BALF (all, p < 0.001, Fig. 5A). As shown in Fig. 5B and C, there was a
significant uptrend in pro-inflammatory cytokine levels of IL-1p, IL-6,
TNF-a and TGF-p in the BALF and serum in COPD model rats
compared with control group rats (p < 0.001). AGKP treatment signif-
icantly reduced the levels of the proinflammatory cytokines IL-1p, IL-6,
TNF-o and TGF-p in the serum and BALF (all, p < 0.001). These results
showed that AGKP protected against lung injury in COPD model rats
from inflammation.

3.5. AGKP inhibited the activation of the PI3K/AKT and MAPK signaling
pathways in COPD model rats

To further explore the underlying mechanisms of AGKP treatment on
the inflammatory response in COPD model rats, the main signaling
pathways PI3K/AKT and MAPK predicted by KEGG analysis, which have
been shown to play an important role in inflammatory responses in
COPD, were verified by PCR and western blotting. As shown in
Fig. 6A-C, the mRNA levels of PI3K, AKT and EGFR in the AGKP
treatment group were significantly higher than those in the COPD model
group (p < 0.001). Similar results obtained from western blotting
analysis indicated that the expression of phosphorylated levels of PI3K
and AKT was upregulated in the lung tissues of COPD model rats but
significantly down-regulated in those of AGKP-treated rats (Fig. 6D-F).
Moreover, AGKP treatment significantly reduced the levels of phos-
phorylated p38, JNK, and ERK in lung tissues (p < 0.001) (Fig. 6G-J).
These results indicated that AGKP could effectively protect lung tissues
by inhibiting the activation of the PI3K/AKT and MAPK signaling
pathways.

3.6. AGKP inhibited the activation of the TLR/NF-kB signaling pathway
in COPD model rats

Based on the results of molecular docking analysis, NF-kB showed
suitable binding affinity with AGKP components. Therefore, related
proteins of TLR-4, TLR-2, IkB-a, and NF-kB were further examined by
Western blot analysis. The AGKP treatment group showed an obvious
reduction in the expression levels of TLR-4 and TLR-2 and the phos-
phorylation of NF-xB and IkB-a compared with those in the COPD model
group (p < 0.001) (Fig. 6K-O).

3.7. AGKP inhibited MUC5AC and MUC5B gene expression and
MUC5AC production in COPD model rats

To further explore the degrees of mucus hypersecretion, the mRNA
levels of MUC5AC and MUCS5B in lung tissue and the levels of MUC5AC
in serum and BALF were measured by qRT-PCR and ELISA. As shown in
Fig. 7A, MUC5AC production in serum and BALF in the COPD model
group was significantly higher than that in the AGKP treatment group
(all, p < 0.001). Moreover, the gene expression of MUC5AC and MUC5B
was significantly down-regulated by AGKP treatment in COPD model
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rats (p < 0.001) (Fig. 7B). The inhibition level of AGKP on gene
expression was greater than that of the positive control group (p <
0.001). These results suggested that AGKP could improve COPD by
inhibiting the overproduction of mucus in airway cells.

3.8. Effect of AGKP on T-cell subsets in the blood of COPD model rats

As illustrated in Fig. 7C, the flow cytometry results indicated that
AGKP treatment significantly increased the CD4%, CD8", and CD4"/
CD8" T-cell subsets compared with the COPD model group. Although
the percentage of CD4tCD25" Treg cells among CD4 " cells was signif-
icantly increased in the COPD model group, the results of the AGKP
treatment group were not significantly different, and there was only a
small reduction in the percentage of CD4"CD25" Treg cells among CD4*
cells. It was suggested that AGKP can increase the proportion of T-cell
subsets in peripheral blood and enhance the immune response through
CD4", CD8", and CD4"/CD8™" T cells.

4. Discussion

The pathogenesis of COPD is diverse and complex, in which
inflammation and mucus hypersecretion are the main pathogenic factors
in the development and progression of COPD.?® COPD causes airway
inflammation and bronchial tube narrowing, leading to mucus blocking
and preventing air movement across the 1ur1gs.27’28 Bronchodilators,
corticosteroids, phosphodiesterase-4 inhibitors, and f2-agonists have
commonly been used in clinical treatment to prevent COPD symptoms.
Although these therapeutic methods have been applied to suppress to
progression of COPD, most COPD patients are insensitive to these drugs.
At present, glucocorticoids are one of the most popular
anti-inflammatory medications, but most COPD patients have shown
poor reactions to both oral and inhaled glucocorticoids, even at high
doses.””* AGKP relieves cough, resolves phlegm, and ameliorates
asthma and is suitable for the treatment of various respiratory diseases.
To our knowledge Guilong Kechuanning capsule is well-known tradi-
tional Chinese medicine formula which is widely used in the treatment
of asthma and relieving the cough.>' AGKP, like other traditional Chi-
nese medicine, contains a large number of chemical components. In
order to make the experimental data more representative and compa-
rable, we have additionally applied Guilong Kechuanning capsule (State
medical permit No. Z120053135) as a positive control.

Pulmonary function testing is used in clinical practice as a gold
standard for the diagnosis and evaluation of COPD, as well as an
important tool to detect the presence of air flow limitation. In this study,
the successful establishment of a COPD model and the effect of AGKP on
lung function were determined by assessing pulmonary function and
morphological changes in lung tissue. Pulmonary function parameters
such as TV, PEF, PIF, EF50, penh, and PAU reflect the severity of airway
resistance and obstructive ventilation impairment.'” Interestingly, the
therapeutic effect of PEF in the medium and high-dose groups of AGKP
was greater than that of the positive control group, which suggested that
AGKP could more effectively improve ventilation function. A range of
pathological alterations in lung tissues, which are characterized by
parenchymal destruction and loss of alveolar attachments, contribute to
airflow limitation.>? Our experimental results showed that the lower the
pulmonary function was, the more severe the lung injury. However,
AGKP can reduce the pathological changes of lung injury in COPD model
rats by alleviating the pathological state of pulmonary tracheal epithe-
lial cells, interstitial inflammatory cells around the lumen, alveolar
dilation and fusion, and alveolar swelling.

Continuous systemic and pulmonary inflammation has been thought
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Fig. 3. (continued).
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Fig. 5. (continued).

to be another cause factor of COPD onset and development. With the
progression of COPD, more macrophages, neutrophils and inflammatory
mediators infiltrate the airways and lung parenchyma, resulting in the
inflammatory response by strengthening cell signaling.®> The count of
inflammatory cells with or without AGKP was measured to further
investigate the anti-inflammatory effects of AGKP in COPD model rats.
Moreover, cytokines are involved in immune and inflammatory re-
sponses. IL-1f and TNF-a play vital roles during the occurrence and
enhancement of the inflammatory response.'®>* Studies have shown
that inflammatory cells, particularly neutrophils, play a significant role
in the secretion of cytokines.>® In clinical trials, neutrophils were the
main cells infiltrating the lung and secreting TNF-a, IL-6, and IL-1p.%°
Therefore, the ability to inhibit cytokine release is an important indi-
cator of anti-inflammatory activity. In our research, we also found that
AGKP therapy markedly decreased inflammatory cell accumulation in
the BALF of COPD model rats through marked inhibition of TNF-a, IL-1f,
TGF-p and IL-6. Based on the UHPLC-MS analysis results and molecular
docking results, flavonoids from AGKP, such as isoliquiritigenin, gly-
cyrrhizic acid, 18 f-glycyrrhetinic acid, were bioactive components,
which suggests that these components likely contribute to the thera-
peutic effect of AGKP on COPD. Relevant reports also support our
experimental that these compounds have good anti-inflammatory ef-
fects.'**” We also found that some compounds with better molecular
docking binding, such as isoliquiritigenin, were used to treat CS-induced
COPD animal models as effective antioxidants and anti-inflammatory
agents via the regulation of the Nrf2 and NF-«xB Signaling Pathways.>®
We can speculate from these results that AGKP may have potential
therapeutic effects against the development of LPS- and CS-induced
COPD due to its reduction in the recruitment of inflammatory cells
and the expression levels of inflammatory mediators.

The PI3K-AKT signaling pathway was the most enriched KEGG
pathway. PI3K may be one of the key factors leading to the occurrence of
airway inflammation. Previous reports have shown that LPS and CS
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induce an increase in PI3K and AKT phosphorylation in COPD model
rats.'”®>° Our research indicated that AGKP treatment significantly
inhibited the phosphorylation of PI3K and AKT, especially at high doses.
AGKP most likely controls the PI3K-AKT pathway to restore the balance
of the inflammatory response. Studies have shown that mucus hyper-
secretion in COPD is inhibited by inhibiting EGFR-PI3K-AKT signaling
pathway. ** The experimental results showed that AGKP inhibited mucus
hypersecretion (MUC5AC). It was further verified that the inhibitory
effect of AGKP on mucus hypersecretion was possibly related to the
inhibitory effect of EGFR-PI3K-AKT.

MAPK activation is involved in the exacerbation of the inflammatory
response, making the MAPK signaling pathway a potential target for
anti-inflammatory therapy.*' In COPD, inhibition of MAPK signaling
effectively reduces airway inflammation.'® This research supported
previous findings that LPS and CS induction can contribute to the acti-
vation of the MAPK pathway, leading to phosphorylation of P38, ERK,
and JNK and thereby upregulating the expression of proinflammatory
cytokines. However, AGKP may reduce the release of inflammatory
mediators by preventing activation of the MAPK signaling pathway,
thereby alleviating inflammation in COPD.

Activation of the TLR4 signaling pathway can strongly trigger the
release and production of various inflammatory factors and cytokines.
NF-kB is also a key molecule of the Toll-like receptor 4 (TLR4) signal
transduction pathway. Our study found that the expression levels of
TLR4 and TLR2 were remarkably decreased in the AGKP treatment
groups, and AGKP treatment had similar effects to Mont treatment at
high and medium doses. In addition, NF-«B is a transcriptional regulator
that induces the expression of many proinflammatory genes, as well as a
key molecule of the TLR4 signal transduction pathway. Phosphorylation
of IkB-a leads to cytoplasmic NF-kB translocation to the nucleus and
results in transcription of proinflammatory genes, which play a crucial
role in the inflammatory process of COPD.*? The molecular docking
results of this study showed that the active component of AGKP has
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Fig. 6. AGKP exerts anti-inflammatory effects through inhibiting the expression of related proteins in the TLRs/PI3K/NF-kB, MAPK signaling pathways. A-C: The
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Fig. 7. Effect of AGKP on mucus hypersecretion and T cell subsets.
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suitable binding affinity to NF-kB p65 (RELA). Our results showed that
LPS and CS exposure can contribute to the activation of the NF-xkB
pathways, leading to the phosphorylation of NF-kB and IkB. AGKP can
inhibit the activation of the NF-kB pathways and reduce the expression

levels of inflammation-related proteins, such as NF-xB and IkB-a. In
summary, AGKP exerts its therapeutic effects by regulating the
TLR/PI3K/NF-kB and MAPK signaling pathways (Fig. 8).

Mucus hypersecretion is closely related to airway limitation and
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Fig. 8. A proposed schematic mechanism of AGKP in inhibiting LPS- and CS-induced inflammation in COPD rats.

pulmonary function decline in COPD patients. With the aggravation of
airway inflammation, the expression of MUC5AC and MUCSB is upre-
gulated.”® Thus, the inhibition of mucus hypersecretion is a promising
therapeutic strategy for asthma and COPD."* Our results showed that
AGKP inhibited MUC5AC and MUCS5B expression levels by suppressing
NF-kB pretranscriptional activity, leading to decreased NF-kB binding to
the MUCS5AC promoter region in LPS- and CS-induced COPD model rats.
AGKP was significantly more effective than GK at controlling MUC5AC
production in COPD model rats, while the reduction in the levels of
MUCS5AC and MUCSB genes at high doses of AGKP was equivalent to
that in Mont-treated rats. The above experimental results suggested that
the inhibitory effect of AGKP on mucus hypersecretion may be related to
its anti-inflammatory role in COPD model rats. Previous studies reported
that triterpenoid compounds such as scutellarin in Erigeron breviscapus
and salidroside in Rhodiola have expectorant activity by inhibiting the
secretion of MUC5AC and are widely used clinically as expectorants.*>°
LC-MS analysis indicated that AGKP is rich in triterpenoids. Therefore,
we believe that triterpenoids from AGKP are likely to participate in the
inhibition of mucus hypersecretion in COPD model rats.

Moreover, the regulation of Treg cell balance has been shown to play
a key role in the anti-COPD effect according to previous studies.”” Treg
cells are present in the lung, and their effector functions include the
attraction and enhancement of inflammatory function in other inflam-
matory cells, such as neutrophils and macrophages. Considerable
neutrophil infiltration occurs in the inflamed lung of COPD patients.*®
Our results showed that the levels of immune cells in the blood of COPD
model rats can affect the immune response. Exacerbations of COPD were
positively correlated with lung T lymphocyte infiltrates but negatively
correlated with the percentage of circulating CD4" and CD8" T lym-
phocytes.*” In our research, AGKP significantly increased CD4*, CD8"
and CD4"/CD8" levels in blood, suggesting that AGKP can increase
peripheral blood T-cell subsets and enhance the immune response. In
conclusion, AGKP, as a traditional Chinese medicine, displays multi-
target and multipathway effects with its diverse chemical composition
acting on different pathways associated with COPD, resulting in
improved lung function, inflammation and mucus hypersecretion.

AGKP improves the progression of COPD through multi-component,
multi-target and multi-pathway, which is different from chemical drugs
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acting on a single target. We can well understand the complex interac-
tion between chemical components of traditional Chinese medicine and
diseases by identifying network targets and signaling pathways. How-
ever, it is worth noting that this study has some limitations. First, since
we have verified some of the core pathways and targets of AGKP, the
results may be slightly skewed. Therefore, other related targets and
signaling pathways predicted by network pharmacology need to be
further verified in future experiments. Secondly, our study did not prove
the association between mucus hypersecretion and inflammation. In
subsequent experiments, we will test the relationship between them
through in vitro experiments.

5. Conclusion

This study integrated UHPLC-MS compound component detection,
network pharmacological analysis, and animal experiments to show that
the pharmacological effect of AGKP against COPD may occur via the
TLR/PI3K/NF-kB and MAPK signaling pathways to improve pulmonary
function and lung histopathology, reduce inflammation, enhance the
immune response and inhibit mucin hypersecretion. Our research pro-
vides a pharmacological and biological basis for the therapeutic effect of
AGKP on patients suffering from COPD.
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