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Introduction

The study aimed to investigate the immunomodulatory effect of Qixian Decoction
(QXT) in an asthmatic model. In this study, ovalbumin (OVA)-induced asthma in female
SPF BALB/c mice was established. Mice were randomly divided into four groups (n = 8):
a control group, an OVA model group, a low-dose Qixian Granules (KLL) group, and a
high-dose Qixian Granules (KLH) group. Mice in the KLL and KLH groups were given the
Qixian Granules at a dose of 8 and 16 g/kg, respectively. After the treatment, the lung
pathology was evaluated. The expression of inflammatory factors was determined.
Serum metabolomics was used to investigate the overall requlation of QXT on the
metabolism of asthmatic mice. Our data showed that QXT significantly increased the
expression levels of Thi-related interferon-y, Treg-related interleukin (IL)-10, and
transforming growth factor-B1 while decreasing Th1-related tumor necrosis factor a
levels in bronchoalveolar lavage fluid, and Th2-related IL-4 and IL-5 levels in serum when
compared with the model group (all p<0.05). Serum metabolomics revealed 28
potential biomarkers associated with nine pathways. Compared with the control
group, 19 different metabolites in the KLL group and 18 different metabolites in the
KLH were reversed. QXT’s therapeutic effect against asthma might be related to
glycerophospholipid metabolism and arachidonic acid metabolism. In conclusion, QXT
could ameliorate inflammation of the OVA-induced asthmatic mice, mainly by requlat-
ing the expression of immune-related factors, probably through regulating the Th1/
Th2 immune balance and promoting the proliferation of Treg.

reversible airflow limitation, and airway remodeling. Its
occurrence is often associated with genetic and environmental

Asthmais a prevalent respiratory disease that is characterized  factors. The global prevalence of asthma is on the rise,
by chronic airway inflammation, airway hyperreactivity, = with an estimated 300 million people worldwide currently

suffering from asthma, and these data are expected to rise to
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among people aged 20 and above is 4.2%.% The therapies mainly
involve the use of glucocorticoids and bronchodilators to
reduce inflammation and bronchospasm. However, glucocor-
ticoids have significant side effects and high relapse rates,
resulting in poor patient compliance.> Recent research has
highlighted the involvement of T helper (Th)1, Th2, and
regulatory T cell (Treg) cytokines in asthma.*>

Traditional Chinese medicine is safe, reliable, and effective
in the treatment of asthma with minimal side effects.® The
prescription of Qixian Decoction (QXT) is derived from Bufei
Decoction and Erxian Decoction’ and is tailored through the
clinical experience of Shanghai Putuo District Central Hos-
pital. The decoction is the traditional dosage form of this
prescription, which is not easy to store and carry. However,
Qixian Granules can effectively avoid these drawbacks, so the
Qixian Granules were used instead of QXT. The composition
of Qixian Granules is shown in ~Table 1.

Our previous studies have shown that QXT reduced inflam-
mation in airways, and thus exhibited therapeutic effects.?
However, its roles in regulating Th1/Th2/Treg expression has
not been elucidated. From the perspective of modern pharma-
cology, all the herbs in this formula have anti-inflammatory
effects. Astragalus polysaccharide and astragaloside IV are the
main ingredients of Huangqi. Astragalus polysaccharide can
stimulate and induce the expression of several cytokines and
chemokines.® Astragaloside IV modulates the differentiation
of autoreactive CD4* T cells and is a potential drug for the
treatment of autoimmune diseases.'? Icariin, the main com-
ponent of Yinyanghuo, improves lung function and decreases
lung inflammation and airway remodeling in mice of ovalbu-
min (OVA) exposure.11 Polydatin, the main component of
Huzhang, ameliorated interstitial fibrosis and leukocyte infil-
tration, and decreased alveolar inflammation.'? The active
ingredients of Bajitian,'> Pipaye,'* Chuanxiong,'® Shengdi-
huang,'® and Xuanfuhua'” have anti-inflammatory effects.

The interactions between cell subsets and cytokines have
been extensively studied.'® Researchers have explored the
cytokine regulatory function of T cells in encephalitis dis-
eases, and the role of helper T cells in psoriasis.'® This study
aims to assess the effect of QXT on the secretion of inflam-
matory factors by the cytokines Th1, Th2, and Treg in
asthmatic mice. Furthermore, we attempted to determine
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the anti-inflammatory mechanism of QXT by screening
potential endogenous metabolite biomarkers and predicting
possible pathways based on serum metabolomics combined
with Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis. We hope to establish the
theoretical basis for the treatment of asthma and further
research on the pathogenesis of asthma.

Materials and Methods

Experimental Drugs and Reagents

QXT and Qixian Granules were prepared by Shanghai Bao-
long Pharmaceutical Co., Ltd. (Shanghai, China) in a stan-
dardized manner (=Table 1). The Chinese medicines were
procured in compliance with the Drug Administration Law,
the Code of Pharmaceutical Quality Management, and other
laws and regulations.

OVA was purchased from Sigma (Sigma, United States).
Tumor necrosis factor-a (TNF-a), interleukin (IL)-10, inter-
feron-gamma (IFN-y), transforming growth factor bata (TGF-
B), IL-4, IL-5, and enzyme-linked immunosorbent assay
(ELISA) kits were purchased from Multisciences (Hangzhou,
China). Potassium aluminum sulfate dodecahydrate was
purchased from J&K Scientific.

A sensitizing solution (0.1 g/mL) was prepared by dissolv-
ing 0.8 g of potassium aluminum sulfate dodecahydrate in
8 mL of purified water (solution A) followed by 4 mg of OVA in
0.8 mL of physiological saline (solution B). The two solutions
were mixed, adjusted pH to 6.5 with sodium hydroxide,
allowed to stand for 60 minutes, and then centrifuged for
5minutes (750 x g). The supernatant was discarded. The
residue was re-suspended with physiological saline to the
initial volume, which was used immediately. The OVA solu-
tion (2 mg/mL) was prepared by dissolving 4 mg of OVA in
2 mL of physiological saline.

Qixian Granules are administered twice daily for adults,
with 2 bags per time and 12 g per bag. The clinical dose of
medication for mice is calculated based on the equivalent
dose of the drug for humans (60 kg). The low dose is the
clinical dose. The high dose is twice the clinical dose. In this
study, the mice were given Qixian Granules at a low dose of
8 g/kg/d, and a high dose of 16 g/kg/d.

Table 1 The standard formula of Chinese herbal medicine formula entitled Qixian Granules

Chinese name Pharmaceutical name Source Place of production Weights (%)
Huzhang Polygonum cuspidatum Sieb. et Zucc. Roots Jiangxi province 14.71
Huanggqi Astragalus membranaceus (Fisch.) Bge. Roots Gansu province 14.71
Yinyanghuo/Xianlingpi Epimedium brevicornu Maxim. Leaves Gansu province 14.71
Bajitian Morinda officinalis How Roots Guangdong province 14.71
Pipaye Eriobotrya japonica (Thunb.) Lindl. leaves Jiangxi province 14.71
Shengdihuang Rehmannia glutinosa Libosch. Roots Henan province 14.71
Chuanxiong Ligusticum chuanxiong Hort. Roots Sichuan province 7.35
Xuanfuhua Inula japonica Thunb. Flower Henan province 4.41
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Animal Grouping, Modeling, and Intervention
Previous studies have shown that female mice are more
prone to developing allergic airway inflammation.?® Thir-
ty-two healthy female SPF BALB/c mice were purchased from
Shanghai SLAC Laboratory Animal Co. (Shanghai, China). The
animals were kept in the animal house of the Shanghai
Institute of Pharmaceutical Industry (Shanghai, China). Prior
to the experiments, the animals were acclimatized for 7 days
(humidity 50+10%; temperature 25+2°C; 12-hour
day/night cycle) with free access to food and drinking water.

As per the previous method,?' BALB/c mice were random-
ly divided into four groups (n =8 mice per group): a control
group, an OVA model group, a low-dose Qixian Granules
(KLL) group, and a high-dose Qixian Granules (KLH) group.
The control group was treated with physiological saline, the
remaining groups were treated with OVA to establish a
mouse model of asthma. The experimental protocol is listed
in =Fig. 1. Briefly, mice were sensitized on days 1 and 14 by
intraperitoneal injection of sensitizing solution (0.5 mg/mL,
200 pL) and stimulated on days 14, 25, 26, and 27 by nasal
drop of OVA solution (2 mg/mL, 50 uL). On days 28 to 41,
Qixian Granules (8 g/kg/d) and Qixian Granules (8 g/kg/d)
were administered by gavage to the mice in the KLL and KLH
groups, respectively. An equal volume of physiological saline
was used as a control. On day 42, mice were sacrificed, and
the blood, lung tissue, and bronchoalveolar lavage fluid
(BALF) were collected. The left bronchi were ligated. The
physiological saline (1.5mL) was instilled into the lungs
three times to obtain BALF. The collected BALF was stored
at —80°C before the next cytokine analysis. The right lung
was fixed in a 4% formaldehyde solution for pathological
staining.

Hematoxylin and Eosin Staining and Sirius Red
Staining for Pathology

Mice lung tissue was fixed in 4% paraformaldehyde, embed-
ded in paraffin, and sectioned. The nuclei were stained with
hematoxylin (Servicebio, Wuhan, China). The cytoplasm and
extracellular matrix were stained with eosin (Servicebio,
Wuhan, China). Mice’s lung tissue was stained with Sirius
red (Servicebio, Wuhan, China). The slices were sealed with
neutral gum. The pathological condition of mouse lungs was
observed and evaluated under a light microscope.

Serum Cytokine Detection

The levels of TNF-q, IFN-Y, IL-10, and TGF-f1 in BALF and IL-4
and IL-5 in serum were determined by ELISA kits according to
the manufacturer’s instructions.

Serum Metabolomic Analysis

Metabolomics Sample Preparation

Blood was collected and centrifuged for 10 minutes (2,389 x g,
4°C). The serum was collected, 50 pL of which was placed in a
2.0 mL Eppendorf tube, and methanol (150 pL) was added. The
mixed solution was shaken for 5 minutes and centrifuged for
10 minutes (18,733 xg, 4°C). The supernatant was used for
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mass spectrometry analysis. Quality control (QC) samples are
5 pL aliquots of each sample solution used for method
validation.

UPLC-MS/MS Conditions

The chromatographic separation was performed on an ACQ-
UITY UPLC HSS T3 C18 column (100 mm x 2.1 mm, 1.8 um)
using a Waters Acquity ultra-performance liquid chromatog-
raphy system (Waters, United States). The separations were
performed at a steady flow rate of 300 uL/min. Temperature
settings of the sample chamber and column oven were 10°C
and 35°C, respectively. A full-loop injection mode was used
to inject 10 pL of samples. The mobile phases were acetoni-
trile (B) and water (A) containing formic acid (0.1%, v/v). The
mobile phase’s gradient was displayed as follows: 0-
1.5 minutes, 5-5% B; 1.5-6 minutes, 5-60% B; 6-7 minutes,
60-70% B; 7-18 minutes, 70-95% B; 18-18.1 minutes, 95-5%
B; 18.1-20 minutes, 5-5% B.

Mass spectrometry analysis was performed on a Waters
XevoG 2 single quadrupole time-of-flight mass spectrometer
configured with an electrospray ionization source (Waters,
United States) using positive and negative modes. The
parameters were described as follows. The mass spectrum
scanning ranged from 50 to 1,500 Da. The capillary voltage
was set to 3.0 kV/2.5 kV. The ion source temperature was set
to 120°C. The nitrogen was used as the desolvation gas at a
flow rate of 500 L/h and a temperature of 400°C. Argon was
used as the collision gas. Nitrogen was used as the cone gas at
a flow rate of 100 L/h and a voltage of 40V. Low collision
energy of 6eV and high collision energy of 25 to 60eV are
used in MSE mode.

Data Processing Conditions

QC samples were injected six times consecutively to equili-
brate the system, then one QC sample was inserted for every
five randomly analyzed samples to be tested, followed by one
shot of blank methanol to reduce residues.

Data were collected using MassLynx V 4.1 workstation
(Waters, Milford, America) and imported into Progenesis QI
2.0 software (Waters, Milford, America) for preprocessing,
including mass spectrometry peak extraction, deconvolution,
peak alignment, and peak area normalization, to create a data
matrix with precise retention time, molecular weight, and
peak area. The data matrix was imported into EZinfo 2.0
software (Sartorius, Germany ). Multivariate statistical analysis
was performed using principal component analysis and
orthogonal partial least-squares analysis-discriminant analy-
sis (OPLS-DA) in the pattern recognition method. Endogenous
differential metabolite screening was performed by screening
variable important in projection (VIP > 1), ANOVA (analysis
of variance) p-value (p <0.05), and fold change (FC>2 or
FC < 0.5) and combined with HMDB database search (http://
www.hmdb.ca). The identified endogenous differential
metabolites were subjected to KEGG-enriched metabolic path-
ways via the MetaboAnalyst 5.0 database (https://www.
metaboanalyst.ca/). The relevant metabolic pathways were
analyzed with impact values as the screening condition.
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Fig. 1 Schematic diagram of the experimental protocol in mice (n =38).

Statistics of Experimental Results

Statistical analysis was performed using SPSS statistical
software (IBM, New York, United States), with all data
reported as mean +standard deviation. One-way ANOVA
was used to compare the differences between more than
two groups, and a t-test was used to compare the differences
between two groups. p < 0.05 was regarded as statistically
significant. Bar graphs were produced and analyzed using
GraphPad 8.0 software (GraphPad, California, United States).

Results

Pathological Changes in the Lung Tissue

The HE (hematoxylin and eosin) staining results revealed that
the lung tissue of the control group had a normal bronchial
structure with no inflammatory cell infiltration, and bronchial
and alveolar cavities were clean and free of secretions
(=Fig. 2A). However, the lung tissue of the model group
showed thickening of the smooth muscle layer, edema in the
mucosa, high levels of inflammation around the airways and
blood vessels, and infiltration of inflammatory cells. With
additional KLL and KLH treatment, the pathological changes
were alleviated, with the thickening of the bronchial smooth
muscle layer, and the secretion and infiltration of inflamma-
tory cells being improved to varying degrees.

Sirius red staining showed that the lung tissue of the
control group had a normal bronchial structure, with no
abnormal deposition of collagen fibers and thickening of the
smooth muscle cell layer in the lung interstitium (=Fig. 2A).
However, the lung tissue of the model group had significant
thickening of the smooth muscle cell layer and deposition of
collagen fibers, indicating successful modeling. Compared
with the model group, the bronchial fibrosis in the KLL and
KLH groups showed different degrees of improvement.

Serum and BALF Inflammatory Factors in Mice
The roles of QXT in regulating asthma-associated inflamma-
tory factors in serum were assessed. Following OVA model-
ing, serum levels of IL-4 and IL-5 were significantly increased
in comparison to the control (~Fig. 2B, all p < 0.05), indicat-
ing successful modeling. After being treated with QXT, serum
levels of IL-4 and IL-5 decreased significantly (all p <0.01),
suggesting the ability of QXT to improve asthma-related
inflammatory factors in serum.

The roles of QXT in regulating asthma-associated inflam-
matory factors in mouse BALF were further assessed. As

shown in =Fig. 2B, after OVA modeling, the levels of TNF-a
were significantly increased while the levels of IFN-y, TGF-
B1, and IL-10 were significantly decreased in comparison to
the control (all p < 0.05). However, the change trends were
significantly reversed by additional QXT treatment (all
p <0.05).

Metabolomic Analysis

Metabolic Changes between the Groups

The efficacy of QXT in reducing asthma symptoms and
possible causes were explored using the OPLS-DA method
based on liquid chromatography-mass spectrometry data
from serum samples. As shown in =Fig. 3, the groups were
well separated, indicating that OVA interference altered
serum metabolites and that QXT may have a role in control-
ling the aberrant metabolic networks.

Identification of Potential Biomarkers in Asthmatic Mice
Distinct clusters of metabolites were observed in control and
model mice. Progenesis QI software, and HMDB and KEGG in
asthmatic mice were used to screen the potential biomark-
ers. Significantly different metabolites are identified using FC
ratio >2 or ratio <0.5, VIP >1.0, and p <0.05 as screening
criteria. As shown in =Table 2 and ~Fig. 4, there were 28
distinct metabolites in the KLL group compared with the
model group, of which 20 metabolites were down-regulated,
6 metabolites were up-regulated, and 19 different metabo-
lites were reversed toward the control group. There were 6
metabolites up-regulated and 19 metabolites down-regulat-
ed in the KLH group when compared with the model group,
and 18 different metabolites were reversed toward the
control group.

Metabolic Pathway Analysis

To explore the metabolic pathway mechanisms associated
with asthma, we performed a metabolite enrichment and
pathway analysis of 28 differential metabolites using Metab-
oAnalyst 5.0. The enrichment analysis revealed that these
potential biomarkers were associated with nine pathways,
including glycerophospholipid metabolism, arachidonic acid
metabolism, linoleic acid metabolism, a-linolenic acid
metabolism, glycerolipid metabolism, phosphatidylinositol
signaling system, biosynthesis of unsaturated fatty acids,
primary bile acid biosynthesis, and purine metabolism
(~Table 3 and =Fig. 4C). As shown in =Table 3, QXT

Pharmaceutical Fronts Vol. 6 No. 3/2024 © 2024. The Author(s).

e297



€298

Immunomodulatory Effect of Qixian Decoction and the Mechanism on an Asthma Model in Mice

Li et al.

A
H-E =
staining
Control
2 £ & & z
Sirius red N S 4
staining 7 \ LR .
B
17 - 341 150 -
#
-y bt 2 321 N - T
- 16 = 100
£ ** e B *% * £
é o —|— 2 %
5 = © 30 4 T *
3 151 = Z 50 Y
28 %
14 T T T T 0 T T
Conioell Blocell  WEL  TAEE Control Model ~KLL ~ KLH Control Model KLL — KLH
100 1 #H 300 - 100 -
T
2 %] * — = 801 *% *%
£ * — 200 A =
2 997 i ki 2 604
*% o
Ltle 40 1 T I(-—D =
z 100 A 240
= # "
20 1
20 4
0 T T 0 5 - . i
Control Model KLL KLH Control Model  KLL KLH Control Model  KLL KLH

Fig.2 (A) The effect of QXTon lung pathology (magnification, x 200). (B) Levels of cytokines IL-4 and IL-5 in serum, as well as the levels of IFN-y,
TNF-a, TGF-B1, and IL-10 in BALF of mice in each group, detected by ELISA kits. Results are represented as mean + standard deviation
(n=8). *p < 0.05, *p <0.01 versus the control group, *p < 0.05, **p <0.01 versus the model group. BALF, bronchoalveolar lavage fluid; IFN,

interferon; IL, interleukin; TFN, tumor necrosis factor.

significantly altered serum levels of glycerophospholipid
metabolism and arachidonic acid metabolism, suggesting
that the glycerophospholipid metabolism and arachidonic
acid metabolism were key metabolic pathways in asthma.
OXT may act through the two pathways.

Discussion

The mechanism of asthma and the targets of QXT are
summarized in =Fig. 5. Asthma is an inflammatory disease
caused by inhaled allergens (such as pollen, parasites, and
cells) that promote type Il immune hyperactivation.?? The
pathogenesis is complex and involves a variety of cyto-
kines.?> Th1 and Th2 cells are subpopulations of CD4* T
cells.?* Th2 cells mediate the humoral immune response,
whereas the Th1 cells mediate cellular immunological re-
sponse. Generally, Th1 and Th2 cells cross-regulate each
other through the secretion of cytokines, maintaining a

Pharmaceutical Fronts Vol. 6 No. 3/2024 © 2024. The Author(s).

dynamic balance of Th1/Th2 cell function. Evidence sug-
gested that zerumbone regulates the secretion of Th1/Th2
cytokines to reduce allergy responses in a mice model of
asthma.?” Safranal inhibited the degranulation of bone mar-
row mononuclear cells and suppressed the production of
LTC4, TNF-a, and IL-6.2° Treg cells are essential for control-
ling Th2 cell activity.?” Treg is an immunosuppressive T cell
that can inhibit the expression of effector T cells, further
suppressing inflammation and maintaining the body’s im-
mune homeostasis. It is closely associated with asthmatic
airway inflammation.?® IL-10 and TGF-B1 are two hallmark
factors secreted by Treg cells,?® IL-10 inhibits the secretion of
various inflammatory factors and the autoimmune response.
Serum IL-10 levels are lower in asthma patients than in
healthy individuals and are negatively correlated with the
severity of the disease.>°

In asthma, the dendritic cells enter the mediastinal lymph
nodes and help to activate helper T cells.3! The major
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Fig.3 OPLS-DA score charts between the two groups (n =8 in each group). OPLS-DA score charts in (A, C, E) positive mode and (B, D, F) negative
mode. Colors were used to represent samples from the different groups: control (marked in green), model (marked in red), KLL (marked in yellow),
and KLH (marked in orange). OPLA-DA, orthogonal partial least squares analysis-discriminant analysis.

histocompatibility complex class II molecule of dendritic
cells presents antigenic peptide fragments and co-stimula-
tory molecules that interact with T cell surface receptors,
resulting in a massive production of IL-4 and a Th1/Th2
imbalance.3? A high level of IL-4 stimulates naive T cell
differentiation to Th2, suppressing Th1 cytokine production.
Mature Th2 cells secrete various cytokines, including IL-4, IL-
5, IL-13, and IL-9. These cytokines play important roles in
promoting inflammation and allergic response. IL-4 and IL-
13 can induce angiogenesis, which further causes inflamma-
tory cell infiltration. Also, IL-4 and IL-13 can act on B cells,
stimulate their differentiation into plasma cells, and increase
the secretion of immunoglobulin E (IgE).>3 IL-4, IL-9, and IL-
13 enhance the secretion of mucus by cupped cells.>* IL-5
recruits and enhances the ability of eosinophils to proliferate
and differentiate to secrete various cytokines and leuko-

trienes (LTs). Mast cells, activated by binding IgE and stimu-
lated by IL-9, release histamine, LTs, and prostaglandins.>?
Activation of epithelial cells in asthma also contributes to
Th2 cell activation. IL-25 produced by epithelial cells enhan-
ces Th2 cell immune memory.3® IL-33 enhances the ability of
Th2 cells to secrete IL-5 and IL-13 and recruit Th2 cells.3’
Thymic stromal lymphopoietin helps Th2 cells to differenti-
ate. In the presence of IFN-y and IL-12, they boost the
differentiation of naive T cells into Th1 cells, which then
participate in the cellular immune response by secreting
factors such as IFN-y and TNF-a.3® IFN-y, an important
inflammatory factor secreted by Th1 cells, counteracts the
action of Th2 cells, thereby inhibiting Th2 differentiation and
achieving a state of Th1/Th2 homeostasis. TGF-B1 promotes
the differentiation of naive T cells toward Treg cells. Treg cells
are CD4" T cells and mainly secrete TGF-B1, IL-10, and other
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Table 2 Differential metabolites in the sera of each group

lon Metabolite RT/min Formula Model vs. KLL vs. KLH vs.
control model model
ESI- Dopamine quinone 5.55 CgHgNO> T l l
ESI- LPC(20:5(52,82,112,14Z,172)) 8.02 CogHagNOSP 1 1 7
ESI- Isofucosterol 3-O-[6-O-hexadecanoyl-b-D-glucopyranoside] 8.15 Cs51HggO5 l T 1
ESI- Tetrahexosylceramide (d18:1/26:0) 9.44 C70HT130N2053 l T il
ESI- PE(P-16:0e/0:0) 9.82 C21H44NOgP 1 l l
ESI- Eicosapentaenoic acid 10.36 Co0H3002 T l l
ESI- Oryzanol C 10.36 C41Hg004 T l l
ESI- PC(15:0/20:3(52,8Z,112)) 10.36 Ca3HgoNOgP 1 i !
ESK- LPC (16:0) 10.75 C>4HsoNO5P 7 L !
ESI- Leukotriene A4 10.80 C50H3003 T l l
ESI- LPA(0:0/18:2(9Z,122)) 12.29 Ca1H3905P 7 ! !
ESI- 3-Methyl-3-butenyl apiosyl-(1- > 6)-glucoside 15.12 Cq6H258010 T l !
ESI- Inosine 1.72 C10H12N40s l T T
ESI- Dynorphin B (6-9) 6.97 Co6H43N1106 T l -
ESI- LPC(20:4(82,112,142,172)) 8.77 CogHs50NO5P T T 1
ESI- 17-HDoHE 10.18 CyoH3,03 l l l
ESI- Thyrotropin releasing hormone 3.70 Ci6H22Ng04 T l l
ESK- PC(15:0/20:4(52,82,112,142)) 9.34 Ca3H7sNOgP 7 - !
ESI- 9(S)-HPODE 9.34 Ci1sH3204 1 l l
ESI- PI(16:0/22:4(102,132,162,192)) 17.67 Ca7Hs30415P i 1 7
ESI- Cholic acid 6.91 C24H400s 1 l -
ESI- Mauritine A 12.04 C35H41NsOs 1 i -
ESI- Neuromedin N 12.60 C35H51Ns04 T - l
ESI+ | PI(22:2(132,162)/18:2(9Z,122)) 5.63 CaoHg7013P ! ! L
ESI+ PE (20:0/24:0) 5.63 Ca9HogNOgP l l l
ESI+ Ampeloside Bs1 5.63 C45H74050 l l l
ESI+ N-Undecylbenzenesulfonic acid 14.82 C17H5503S l l l
ESI+ 7-Aminomethyl-7-carbaguanine 14.51 C7HoN50 l l !

Note: T, up; {, down; -, no information available.
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Fig.4 The Venndiagram of the control, model, and treatment groups. (A) Control versus model versus KLL. (B) Control versus model versus KLH.
(C) Summary of the result of MetaboAnalyst pathway analysis.
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Table 3 MetaboAnalyst demonstrating the metabolic pathway associated with asthma
Pathway name Total | Expected | Hits | Raw p | —log(p) | Holm adjust. | FDR Impact
Glycerophospholipid metabolism 36 0.1626 3 0.0004 | 3.4222 0.0318 0.0318 | 0.2517
Arachidonic acid metabolism 36 0.1626 2 0.0102 | 1.9897 | 0.8499 0.4301 | 0.0762
Linoleic acid metabolism 5 0.0226 1 0.0224 | 1.6496 | 1 0.6274 | 0
o-Linolenic acid metabolism 13 0.0587 1 0.0574 | 1.2414 | 1 1 0
Glycerolipid metabolism 16 0.0723 1 0.0702 | 1.1537 1 1 0.0125
Phosphatidylinositol signaling system 28 0.1265 1 0.1200 | 0.9207 | 1 1 0.0015
Biosynthesis of unsaturated fatty acids | 36 0.1626 1 0.1520 | 0.8183 | 1 1 0
Primary bile acid biosynthesis 46 0.2077 1 0.1905 | 0.7202 1 1 0
Purine metabolism 65 0.2936 1 0.2595 | 0.5858 | 1 1 0.0023

anti-inflammatory factors to inhibit effector T cell activation
and proliferation.39 TGF-B1 also inhibits the conversion of T
lymphocytes to the Th2 type and reduces eosinophil infiltra-
tion by promoting Treg differentiation. It also reduces eosino-
phil infiltration by promoting Treg differentiation (~Fig. 5).*°

In the present experiment, we found that QXT significant-
ly reduced airway hyperresponsiveness and attenuated the
infiltration of inflammatory cells near the small airways in
the lungs of asthmatic mice by regulating the secretion of
cytokines associated with Th1 and Th2 cells in BALF and
serum (=Fig. 2). Thus, it was demonstrated that QXT could
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reduce the inflammation of asthmatic airways by regulating
the Th1/Th2 immune balance and promoting the expression
of Treg.

Based on impact value ranking, the effect of QXT was
mainly related to two metabolic pathways, namely glycer-
ophospholipid metabolism and arachidonic acid metabolism
in mouse serum (=~Fig. 6). Glycerophospholipids are part of
the cell membrane. Disturbances in glycerophospholipid
metabolism are a key factor in the inflammation that occurs
during asthma.*' Among the metabolites associated with the
promotion of asthma, glycerophospholipids account for the
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Fig. 5 Diagram of the mechanism of asthma (targets of QXT in red). QXT, Qixian decoction. (Created with BioRender.com.)
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Fig. 6 Network of metabolic pathways significantly altered by QXT treatment. LPA, lysophosphatidic acid; PA, phosphatidic acid; PC,
phosphatidylcholine; PE, phosphatidylethanolamine; LPC, lysophosphatidylcholine; PLA2, phospholipase A2.

largest proportion. When glycerophospholipid metabolism
is disturbed, lysophosphatidylcholine (LPC) can further in-
duce an inflammatory response in asthma by altering energy
metabolism and lipid metabolism. On the one hand, LPC acts
as a chemotactic mediator, modifying immune cells by
activating specific G protein-coupled receptors. On the other
hand, LPC can induce the secretion of the inflammatory
factor TNF-a and then participate in the inflammatory
process.*? Lysophosphatidic acid (LPA) is an inflammatory
mediator released by the activation of platelets, astrocytes,
and other pro-inflammatory cells, and LPA stimulates cyto-
kines such as IL-3 and IL-6 from dendritic glial cells.*?
Phosphatidylcholine (PC) is involved in the development of
chronic inflammation in the airways and can cause airway
hyperresponsiveness. Phosphatidylethanolamine (PE) and
PC can be interconverted.** The binding of lipid peroxides
to PE can form a novel family of aldehyde-modified PEs as
inflammatory mediators, suggesting that the development of
inflammation is also associated with elevated PEs.** Serum
levels of LPC, PE, PC, and LPA were significantly increased in
the model group compared with the control group
(=Table 2), and serum levels of LPC, PE, PC, and LPA in the
in the treatment group were significantly regressed, suggest-
ing that QXT can inhibit the inflammatory response by
inhibiting the levels of LPC, PC, LPA, and PE. This provides a

Pharmaceutical Fronts Vol. 6 No. 3/2024 © 2024. The Author(s).

basis for QXT to treat asthma by regulating the glycerophos-
pholipid metabolic pathway.

During the metabolism of arachidonic acid, particu-
larly the arachidonic acid precursors including prosta-
glandins, thromboxanes, and LTs. These inflammatory
mediators are released via the cytochrome enzyme, cy-
clooxygenase, and lipoxygenase pathways, respectively.
Leukotriene A4 (LTA4) is a transient epoxide intermedi-
ate of LTs. LTA4 is synthesized from arachidonic acid by
the action of 5-lipoxygenase (5-LOX) and cytosolic phos-
pholipase A 2, which is further metabolized to LTB 4 and
LTC 4 by LTA 4 hydrolase (LTA4H) and LTC 4 (~Fig. 6).*
Neutrophils are activated by LTB 4. Neutrophils can
rapidly upregulate leukocyte adhesion molecules, pro-
mote initial infiltration of neutrophils, induce endotheli-
al cell damage, hinder vascular dilation, exacerbate
ischemic tubulointerstitial injury in mice, and ultimately
lead to renal tissue damage.*® Cysteinyl LTs (cys-LT;
particularly LTD4) constrict the microcirculation and
smooth muscle in the respiratory tract (~Fig. 6).*’ The
level of LTA4 was increased in the model group compared
with the control group and reversed after QXD treatment
(=Table 2), suggesting that QXT might participate in the
arachidonic acid pathway by regulating LTA4 to exert an
anti-inflammatory effect.
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Serum levels of PC and 9(S)-HPODE were significantly
increased in the model group compared with the control
group (=Table 2), suggesting that QXT can inhibit the
inflammatory response by inhibiting the levels of PC and 9
(S)-HPODE.

Conclusion

The present study showed that QXT effectively alleviates allergic
airway inflammation in asthmatic mice by regulating the Th1/
Th2 immune balance and promoting Treg expression, thereby
modulating immune responses. The mechanism of action of
QXT might be involved in glycerophospholipid metabolism and
arachidonic acid metabolism, which were conducive to regulat-
ing immune function and fostering energy production. More
studies were encouraged in the future to find the potential links.
One limitation of our study was that the potential biomarkers
were presumably identified through various databases, there-
fore experimental validation is needed. These results might
contribute to our knowledge of the precise mechanism of action
of QXT in asthma mice and offer a foundation for future
experiments supporting QXT’s clinical use.
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