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on asthmatic mice based on metabolomics

CHEN Yanling'- 2, ZENG Mengnan'-2, WU Yuanyuan'- 2, TIE Qimei' 2, YU Yuan®, KANG Kerui', JIN Jiayin',
ZHENG Xiaoke!2

1. Henan University of Chinese Medicine, Zhengzhou 450046, China

2. Henan Engineering Technology Research Center for Traditional Chinese Medicine Development, Zhengzhou 450046, China

3. Guizhou Dechangxiang Pharmaceutical Co., Ltd., Guiyang, Guizhou 550001, China

Abstract: Objective To investigate the effect of Zhisou Huatan Pills (ZSHT) on asthmatic mice and to explore its mechanism of
action based on metabolomics, providing experimental evidence for the clinical application of ZSHT in the treatment of asthma.
Methods SPF-grade male BALB/c mice were adaptively fed for one week and then randomly divided into the control group, model
group, positive drug montelukast sodium (MS, 1.30 mg-kg™!) group, Kechuanning (KCN, 470 mg-kg™") group, and ZSHT low-,
medium-, and high-dose (300, 600, 1 190 mg-kg™!) groups. On days 0, 7, and 14, except for the control group, the remaining mice were
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sensitized intraperitoneally with ovalbumin (OVA), and then continuously nebulized for seven days. Thirty minutes before each
nebulization, the mice in each drug administration group were treated ig with the corresponding drugs. The efficacy of ZSHT on
asthmatic mice was evaluated by assessing lung function and observing pathological changes in lung tissue. The levels of inflammatory
factors in mouse serum were determined by enzyme-linked immunosorbent assay (ELISA). The levels of reactive oxygen species,
mitochondrial membrane potential, apoptosis in lung tissue and the proportion of immune cells in peripheral blood were detected by
flow cytometry. Based on ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS), the serum samples
of different treatment groups were subjected to metabolomics analysis to screen for differential metabolites and enrich related metabolic
pathways. On days 0, 7, and 14, except for the control group, the remaining mice were sensitized by intraperitoneal injection of
ovalbumin (OVA), and then continuously challenged by nebulization for seven days. Thirty minutes before each challenge, the mice
in the treatment groups were given the corresponding drugs by gavage. The efficacy of ZSHT on asthmatic mice was evaluated by
assessing lung function and observing pathological changes in lung tissue. The levels of inflammatory factors in mouse serum were
determined by ELISA. The levels of reactive oxygen species, mitochondrial membrane potential, apoptosis in lung tissue and the
proportion of immune cells in peripheral blood were detected by flow cytometry. Metabolomics analysis was performed on serum
samples from different treatment groups using ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS),
and differential metabolites were screened and related metabolic pathways were enriched. Results Compared with the model group,
all three doses of ZSHT could inhibit airway hyperresponsiveness in asthmatic mice. The low dose significantly increased tidal volume,
reduced airway narrowing index, maximum expiratory flow rate, and expiratory flow rate at 50% of the exhaled volume (EF50), reduced
the frequency of coughing and wheezing, and prolonged the latency of coughing and wheezing (P < 0.05, 0.01). It significantly
alleviated lung inflammation and collagen fiber deposition in asthmatic mice (P < 0.01). When the dosage was increased to medium
and high doses, the therapeutic effect did not increase with the dose. ELISA results also showed that the low dose of ZSHT could
significantly increase the level of interferon-y (IFN-y) in serum, significantly reduce the levels of immunoglobulin E (IgE) and
interleukin-4 (IL-4) in serum (P < 0.01), and significantly alleviate oxidative stress and apoptosis in lung tissue of asthmatic mice
(P <0.01), improve the imbalance of Th1/Th2 ratio in peripheral blood immune cells, and increase the level of Treg cells (P < 0.01).
Further exploration of its mechanism of action based on metabolomics identified 62 differential metabolites between the model group
and the low-dose ZSHT group, among which 13 were signature differential metabolites, mainly enriched in arachidonic acid
metabolism, phenylalanine metabolism, histidine metabolism, retinol metabolism, and galactose metabolism pathways. Conclusion
ZSHT has a definite intervention effect on the asthma model mice induced by OVA, with the low dose being the most effective. It can
regulate the Th1/Th2 immune balance, reduce inflammatory factors, and affect the generation and transformation of key differential
metabolites such as arachidonic acid and coumaric acid, thereby regulating the core pathways related to inflammation and improving
the pathological state of mice.
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Fig. 1 Effects of ZSHT on pulmonary function in asthma model mice ( X *s, n=6)
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A-HE staining of mouse lung tissue (x10) and lung injury score, with arrows indicating inflammatory cell infiltration and alveolar wall thickening; B-
Quantitative results of Masson staining (% 10) and collagen fiber deposition absorbance (4) values in mouse lung tissue, with arrows indicating collagen
fiber deposition. P < 0.05 vs control group; "P<0.05 P <0.01 vs model group.

2 ZSHT iR E/NRATA LRI ERIFM (X £5, n=6)
Fig. 2 Effects of ZSHT on pathological changes in lung tissues of asthma model mice ( X £s, n=6)
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Fig. 6 Analysis of serum metabolomics samples of mice in each group after low-dose intervention of ZSHT (»=6)
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1 BIERRHEDEER
Table 1 Information table of 13 differential metabolites
. VRTRII . , B ys  ZSHT
fr/min miz Y P S A b S R 7313 P o
1.05 165.0543  2-hydroxycinnamic acid 2-FR B PR CoHs03 l "
0.85 170.0929  methylhistidine R R C7H11N302 . 1
12.45 3032314  retinyl ester LB T C20H3002 I "
13.05 3052466  arachidonic acid TEAE DU AR C20H3202 ™ 1
12.85 319.2258  leukotriene A4 HZ= Ag C20H3003 ™ i
12.65 3432243 11, 12-epoxyeicosatrienoic acid 11, 12- &8 =R =1l C20H3203 ™ 1
1225 3622679 14, 15-epoxy-5, 8, 11-eicosatrienoic 14, 15-¥%-5, 8, 11-—+f%  Ca0H303 ™ ™
acid =R
1.00 128.0352  glutamic acid BRI CsHoNO4 1 I
120 201.0379  D-fructose D-Fh C6Hi1206 V T
580 209.0455  m-coumaric acid EIEERN CoHs03 e 7
1.00 2150328  D-mannose D-H #E W CeH1206 I T
11.60 3172117  leukotriene B4 H =% Ba C20H3204 T T
12.40 319.2277  12-keto-tetrahydro-leukotriene B4 12-FiPU S =% Ba C20H3404 T 1

t-Li: 4 -F: "P<0.05 *P<0.01.
t -up regulated; | -down regulated; P <0.05 P <0.01.
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