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Effect of Scutellaria baicalensis Georgi on metabolism in RSV
infection mice based on metabolomics
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Abstract: This study, aiming at finding biomarkers which can assist in the diagnosis of respiratory syncytial
virus (RSV) pneumonia and analyzing the metabolic pathways of anti-RSV activity of Scutellaria baicalensis
Georgi (SG)., explores the improvement effect of SG on mice models infected by RSV with the metabolomics
technology based on UPLC-Q-Exactive HF X-MS. Mice models affected by RSV are established by nasal drip
method and the changes of body weight, rectal temperature and pathological damage of lung tissue are evaluated.
The lung tissue samples of mice in each group are collected and analyzed by UPLC-Q-Exactive HF X-MS. The
differential metabolites of SG drug intervention are explored by metabolomics technology, and the metabolic
pathways regulated by SG are analyzed. The results show that SG can significantly improve the pathological state
of the lung tissue of the mice and make its body weight and rectal temperature tend to be normal. In the lung tissue
samples, 46 biomarkers, such as guanine, L-asparagine, and arachidonic acid, are screened for disease development
in RSV model mice. SG improved RSV infection by recalling 22 potential biomarkers, such as uric acid,
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arachidonic acid, and alanine. The 22 potential markers mainly involved 11 abnormal metabolic pathways,

including phenylalanine, tyrosine, and tryptophan biosynthesis, and arachidonic acid metabolism, alanine, aspartic

acid and glutamate metabolism are closely related to the five metabolic pathways. SG improves RSV-infected mice

mainly by regulating amino acids, lipids, cofactors and vitamins and nucleotide metabolites. All animal

experiments were conducted under the guidance and approval of the Animal Ethics Review Committee of
Shandong University of Traditional Chinese Medicine. (approval number: SDUTCM20210311001).
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Figure 1 Effects of SG on various indexes in RSV-infected mice. SG: Scutellaria baicalensis Georgi; RSV: Respiratory syncytial virus;
Control: Control group; M: Model group; H: SG group. n = 6, x = 5. A: Body weight changes of mice in each group; B: Rectal temperature
changes of mice in each group; C: Hematoxylin and eosin (H&E) pathological sections and histological scores of mouse lung in each group.

Scale bar: 50 pm (200x%). Red arrow: Alveolar septum; Black arrow: Inflammatory infiltration
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Figure 2 Principal component analysis (PCA) results in quality control (QC) sample. A: Positive ion mode; B: Negative ion mode
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Figure 3 Total ion current diagram of Control, M and H groups in positive and negative ion modes. Positive ion mode: Control group (A),

M group (B), and H group (C); Negative ion mode: Control group (D), M group (E), and H group (F)
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Figure 4 Orthogonal partial least-squares discrimination analysis (OPLS-DA) score map in positive (A) and negative (B) ion modes. C:

Control group
Table 1  Orthogonal partial least-squares discrimination analysis
(OPLS-DA) model validation parameters. C: Control group; M:
Model group; H: SG group. Pre: Principal components; R°X:
Model (for X variable data set) interpretability; R*Y: Model (for ¥
variable data set) interpretability; O*: Model predictability

Group Pre Mode  R’X/cum R’Y/cum (Q%/cum
CvsMvsH 1+2+0 Positive 0.312 0.991 0.838
CvsMvsH 143+0  Negative 0.410 0.995 0.796
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Table 2 RSV-infected mice lung tissue biomarkers. "P < 0.05, "P < 0.01,

ok

P <0.001 vs Control group. | : Down; T : Up; VIP: Variable

importance for the projection; ESI: Electrospray ionization; ADP: Adenosine diphosphate; UMP: Uridine monophosphate; CMP: Cytidine

monophosphate
No. Metabolite Formula mlz t,/min ESI mod VIP 2713[[1
1 Guanine C,H,N,O 176.103 1.48 + 2.068 | #xx
2 Thymidine C,H,,N,O, 223.028 10.21 - 2.026 T*
3 L-Homophenylalanine C,,H,NO, 180.102 11.32 + 1.936 T
4 Thymine CHN,O, 127.050 4.67 + 1.687 | **
5 Taurocholic acid C,H,,NO.S 516.297 10.86 + 1.674 T
6 Uric acid CH,N,O, 169.035 1.66 + 1.603 T *x
7 ADP C,HN.O, P, 428.036 1.66 + 1.469 T*
8 Adenosine diphosphate ribose CH,,NO, P, 560.081 2.21 + 1.415 T
9 Imidazol-5-yl-pyruvate CHN,O, 155.043 1.40 + 1.413 T #x
10 Pyrimidodiazepine C,H, N,O, 221.092 5.76 + 1.413 L *
11 Dehydroepiandrosterone C,H,.0, 288.289 12.59 + 1.394 L *
12 6-Phosphogluconic acid CH O P 259.169 12.63 + 1.370 T #x
13 Pyrrolidonecarboxylic acid C,H,NO, 130.050 7.51 + 1.358 1ok
14 N6-(L-1,3-Dicarboxypropyl)-L-lysine C, H,)N,O, 277.139 1.40 + 1.340 T o*x
15 D-Allulose 6-phosphate CH,,0,P 261.058 1.71 + 1.337 T #x
16 Ciliatine C,H,NO,P 125.986 1.25 + 1.325 T o*x
17 Choline CH NO 104.106 3.48 + 1.316 T *x
18 Argininosuccinic acid C,H,N,O, 291.129 1.46 + 1.296 T*
19 L-Tyrosine C,H NO, 182.081 3.80 + 1.292 }*
20 Citrulline CH N0, 176.103 1.48 + 1.278 T #xx
21 L-Asparagine C,HN,O, 133.061 1.41 + 1.255 T *x
22 L-Glutamine C,H N0, 147.076 1.42 + 1.253 T *x
23 Myristic acid C,H,0, 229.180 12.34 + 1.252 T o*x
24 L-Isoleucine CH NO, 132.066 3.71 + 1.241 T #x
25 D-Glucose 1-phosphate CH,,0,P 261.037 1.49 + 1.239 1o
26 Glutathione C,H, N0, 308.091 2.52 + 1.195 1
27 UMP C,H )N,O,P 325.043 2.35 + 1.193 T #x
28 Phosphorylcholine C,H NO,P 184.073 1.42 + 1.183 T #x
29 Betaine C,H, NO, 118.061 1.48 + 1.159 T oxx
30 Dodecanoic acid C,H,,0, 199.976 0.74 + 1.146 T
31 Thiamine C,H.N,0S 265.112 1.45 + 1.130 1 o*x
32 CMP C,H N,O.P 324.059 1.64 + 1.123 1 *x
33 Phenol CH.O 94.046 7.93 + 1.117 T*
34 1,1-Dimethylbiguanide CH N, 129.103 1.26 + 1.114 T *x
35 O-Phosphoethanolamine C,HNO,P 141.959 1.04 + 1.111 T*
36 L-Lysine CH N,O, 147.113 1.26 + 1.109 T *x
37 L-Glutamic acid C,H,NO, 148.059 1.48 + 1.106 T *x
38 Citicoline C H,N,O, P, 489.113 1.50 + 1.106 T*
39 Pyridoxamine C,H ,N,0, 169.095 1.28 + 1.099 1w
40 Acetylcholine C.H,\NO, 146.117 1.59 + 1.090 T
41 D-4-Phosphopantothenate C,H NO.P 299.081 5.25 + 1.079 T
42 Norepinephrine C,H, NO, 169.977 2.24 + 1.077 T
43 Stearidonic acid CH,0, 277.216 12.07 + 1.067 1o
44 Caffeine CH, N,O, 195.085 12.93 + 1.055 1=
45 AICAR C,H /N,0,P 339.069 2.38 + 1.043 T oxx
46 1-Methylhistamine CH N 126.103 1.24 + 1.038 1 xx
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Figure 5 The regulatory effect of SG on biomarkers. *P < 0.05, **P < 0.01, ***P < 0.001 vs Model group. ADP: Adenosine diphosphate;
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Table 3 Result of metabolic pathway analysis of C vs M. Total: The total number of metabolites in the target metabolic pathway; Hits:

Number of differential metabolites in target metabolic pathways; Raw P: The P value for the hypergeometric distribution test; FDR: The

false positive corrected value; Impact: The metabolic pathway impact value

No. Pathway name Total Hits Raw P FDR Impact
1 D-Glutamine and D-glutamate metabolism 5 2 0.002 0.015 0.500

2 Phenylalanine, tyrosine and tryptophan biosynthesis 8 2 0.005 0.858 0.500

3 Arginine biosynthesis 9 2 0.006 0.015 0.462
4 Alanine, aspartate and glutamate metabolism 11 3 0.000 0.077 0.333

5 Glutathione metabolism 13 3 0.001 0.947 0.276
6 Tyrosine metabolism 12 2 0.011 1.000 0.228

7 Pyrimidine metabolism 23 4 0.000 0.051 0.191

8 Starch and sucrose metabolism 7 2 0.004 1.000 0.162

9 Purine metabolism 38 2 0.097 0.080 0.124
10 Pentose phosphate pathway 12 3 0.001 1.000 0.120
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Table 4 The main metabolic pathway and belonging of different metabolites of M vs H. -IgP: Negative natural logarithm of P
No. Pathway name Raw P -lgP Impact Super pathway
1 Phenylalanine, tyrosine and tryptophan biosynthesis 0.047 1.328 0.500 Amino acid
2 Arachidonic acid metabolism 0.355 0.450 0.333 Lipid
3 Histidine metabolism 0.288 0.541 0.224 Amino acid
4 Tyrosine metabolism 0.015 1.834 0.189 Amino acid
5 Alanine, aspartate and glutamate metabolism 0.401 0.397 0.140 Amino acid
6 Pyrimidine metabolism 0.077 1.113 0.097 Nucleotide
7 Purine metabolism 0.305 0.515 0.086 Nucleotide
8 Lysine degradation 0.261 0.583 0.047 Amino acid
9 Steroid hormone biosynthesis 0.613 0.212 0.041 Lipid
10 Primary bile acid biosynthesis 0.041 1.388 0.035 Lipid
11 Pantothenate and CoA biosynthesis 0.370 0.431 0.034 Cofactors and vitamin
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Figure 6 Summary of metabolic pathway analysis of C vs M (A) and M vs H (B)
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