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The mechanism of action of Pudilan Xiaoyan oral liquid against
LPS-induced acute respiratory infection in mice based on biological
network analysis and metabolomics
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Abstract: This study integrates metabolomics and network pharmacology techniques to systematically analyze
the possible mechanism of Pudilan Xiaoyan oral liquid (PDL) in the treatment of acute respiratory infections. GC-
MS metabolomics analysis found 8 endogenous metabolites, 3-phosphoglycerate, o -aminoadipate, D-ribulose-5-
phosphate, f-mannosylglyceric acid, D-fructose, urea, D-maltose and ornithine in the serum of mice with acute
respiratory infection induced by LPS; these substances can be used as biomarkers for PDL use in the treatment of
acute respiratory infections. Biological network studies revealed 10 potential targets for intervention by PDL in the
glycolysis and pentose phosphate pathways, including GPI, G6PD, H6PD, PFKM, TALDO1, TKT, GAPDH, HK1,
PKLR and TPI1. All animal experiments were carried out with approval of the Animal Ethics Committee of
Nanjing University of Chinese Medicine. Our findings indicate that the strategy of combining metabolomics and
network analysis can provide information on the possible mechanism of PDL in acute respiratory infections, and
reveal that PDL may ameliorate the pathological process of acute respiratory infections by regulating disordered
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Figure 1 The effect of Pudilan Xiaoyan oral liquid (PDL) on the expression of related inflammatory cytokines in mice serum (n = 10, X £ s).
PDL-H, PDL-M and PDL-L represent the high, middle and low dose of PDL for mice, respectively. *P < 0.05, #P < 0.01, #*#P < 0.000 1 vs
control group; "P < 0.05, P < 0.01, ""P < 0.001, ™ P < 0.000 1 vs model group
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Figure 2 Multivariate analysis of GC-MS metabolomics data. A: PLS-DA score plot of the control group, model group and PDL high-dose

group; B: PLS-DA score plot of the control group and model group; C: PLS-DA model verification of control group and model group; D

VIP value of variable in PLS-DA model of control group and model group
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Table 1 Potential biomarkers of LPS-induced respiratory tract infection in mice serum and the intervention effect of PDL. "P < 0.05, "P <

0.01 vs control group; *P < 0.05, #P < 0.01 vs model group

Name HMDB KEGG vIP Model vs Administration
control vs model

Glycerol 1-octadecanoate HMDB0031075 NA 1.737 01 ! 1

3-Phosphoglyceric acid HMDB0000807 C00597 1.57057 ™ 1
L-Dopa HMDB0000181 C00355 1.550 22 e 1

Aminoadipic acid HMDBO0000510 C00956 1.505 86 e T
D-Ribulose 5-phosphate HMDBO0000618 C00199 1.377 86 = 1
2(a-D-Mannosyl)-D-glycerate METPA1041 C11544 1.328 02 e i
D-Fructose HMDB0000660 C02336 1.305 59 T L
Urea HMDB0000294 C00086 1.295 20 L T
D-Maltose HMDB0000163 C00208 1.228 53 [ L*
Ornithine HMDB0000214 C00077 1.046 52 T L#
Monopalmitin-1-glyceride HMDBO0011564 NA 1.034 15 1" 1

Ethanolamine HMDB0000149 C00189 1.030 97 1 !
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Figure 3  Pathway analysis of significant metabolites in LPS-

induced acute respiratory infections of mice. 1: Lysine degradation;
2: Pentose phosphate pathway; 3: Tyrosine metabolism; 4: Arginine
and proline metabolism; 5: Starch and sucrose metabolism; 6:
Arginine biosynthesis
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Figure 4 Metabolite-pathway protein network (A), Venn diagram of disease protein and pathway protein (B), and pathway enrichment and

biological process analysis of shared targets (C)
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Figure 5 Protein-protein interaction network (A), and the network
of protein target with the top ten MCC values in the interaction
network (B)
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