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A proposed mechanism by which Qishen Yigi dropping pill
Improves cardiac energy metabolism in rats with heart failure based
on metabolomics and network pharmacology
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(State Key Laboratory of Bioactive Substances and Functions of Natural Medicines, Institute of Materia Medica, Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China)

Abstract: "Omics" and bioinformatics have brought new ideas to the study of traditional Chinese medicine.
This study used metabonomics and network pharmacology to investigate the pharmacodynamic basis and
regulation of Qishen Yiqi dropping pill (QDP) improving cardiac energy metabolism in rats with heart failure (HF).
'H NMR metabonomics analysis showed that eight metabolites, including carnitine, glutamine, creatine, proline,
homocitrulline, lactic acid, taurine and alanine appeared significant callback after QDP treatment for HF. The
results indicate that QDP regulates the metabolism of carbohydrate, lipid, ATP and protein. The animal experiment
was conducted in accordance with the regulations of the Ethics Committee for Experimental Animal Management
and Animal Welfare of Institute of Materia Medica, Chinese Academy of Medical Sciences. A "drug-component-
target-disease" network was established using network pharmacology, and the “"component-target” sub-network
related to the above energy metabolism processes was extracted by combining metabonomics results. Results
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revealed 79 chemical compounds and 47 potential targets of QDP involved in the regulation of energy metabolism,
and identified key chemical components including ursolic acid, notoginsenoside G, ginsenoside-Rh1, and core
targets such as INS, PPARG, and AKT1. The results also demonstrated the complex multi-target and multi-
component relationship between QDP and HF from the perspective of energy metabolism. The molecular docking
technique verified a strong interaction between some targets and chemical compounds, with affinities less than
-5 kcal-mol™. The results of this study provide useful information for the clinical application, development, and

utilization of QDP.
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Figure 1  Echocardiographic determination of cardiac function, as assessed by left ventricular ejection fraction (LVEF, A), fractional shortening
(FS, B) and cardiac output (CO, C). S: Sham group; M: Model group; QDP: QDP-treated group (270 mg-kg*-day™); V: Valsartan-treated
group (30 mg-kg™-day™); BA: Before administration; AA: After administration. n = 8, X + s. *P < 0.05, ** P < 0.000 1 vs S group; "P < 0.05,
P <0.001, “P < 0.000 1 vs M group
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Figure 2 Multivariate analysis of NMR metabonomics data (n = 8). A: PLS-DA score plot of S, M and QDP, R?X = 0.547, RX = 0.922,
Q? = 0.835; B: PLS-DA score plot of M and QDP, R>X = 0.51, R*X = 0.817, Q® = 0.635; C: PLS-DA model verification of M and QDP; D:

VIP value of variable in OPLS-DA model of M and QDP
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Figure 3 Results of metabonomics analysis of rat heart tissue. A: Differential metabolites in heart samples between S, M, QDP and V
groups. The red cells indicate increase in metabolite levels, whereas the blue cells indicate decrease in metabolite levels (P < 0.05 and VIP > 1,
n = 8); B: Metabolic pathway changes of heart samples between S, M and QDP groups. P < 0.05 vs S group; "P < 0.05 vs M group
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Table 1 Differential metabolites in heart samples between S, M,
QDP and V groups (n = 8). FC: Fold change value. FC with P
value < 0.05 is marked by *

) M/S QDP/M VIM
Metabolite

FC Pvalue FC Pvalue FC Pvalue
Methanol 0.63 02473 279" 0.0106 1.30 0.5088
Carnitine 0.65° 0.0000 135 0.0043 1.18° 0.0496
Inosine 0.72° 00092 122 0.2603 096 0.8206
Creatine 0.84" 00016 1.13° 0.0368 107 0.2746
Lactate 0.83° 00098 1.16° 0.0378 1.05 0.5460
Glycerol 089 02160 110 0.3859 1.19° 0.0313
Alanine 0.82° 00334 121" 00425 118 0.0832
Glutamine 0.83° 0.0034 114" 0.0136 1.14" 0.0262
Glutamate 127" 0.0004 089 0.0774 094 04128
Aspartate 1.89° 0.0010 072 00909 087 03353
Taurine 121" 0.0015 087 00241 0.86 0.0060
Proline 121" 0.0004 090" 0.0470 090" 0.0193
Valine 126" 0.0213 089 03761 115 01972
Homocitrulline  1.35° 0.0001 0.76° 0.0012 0.97 06381
Acetate 1.62° 00146 078 02126 098 0.9245
Propylene glycol 1.75° 0.0052 0.82 03306 0.75 0.0335
Choline 178" 0.0004 073 00580 1.03 0.8287
Uridine 237" 00009 066 00876 099 09712
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Table 2 Information of chemical compounds with good druglike-

ness
No. Compound Molecular Source
formula

1 Kumatakenin C,H,O0, HUANGQI

2 Danshenol B C,,H,O, DANSHEN

3 Miltionone | C,H,,0, DANSHEN

4 Sugiol C,H,,0, DANSHEN

5  Salviol C,H,,0, DANSHEN

6  Neocryptotanshinone Il C,,H,0, DANSHEN

7 Paramiltioic acid C,H,, 0, DANSHEN

8  Miltipolone C,H,,0, DANSHEN

9 Miltionone 11 C,H,,O0, DANSHEN

10 1-Keto-isocryptotanshinone C,H,0, DANSHEN

11 2-Isopropyl-8-methylphenan- C,H;;0, DANSHEN
threne-3,4-dione (R0-090680)

12 Hesperetic acid C,H,0, DANSHEN

13 Miltirone C,H,,0, DANSHEN

14 Ferruginol C,Hy O DANSHEN

15 2,6-Ditertbutyl-4-methyl phenol C,H,,0  SANQI

16 Sativanone C;H,;O, JIANGXIANG

17 Melilotocarpan C C,HiOs  JIANGXIANG

18 Odoricarpan C,H;Os  JIANGXIANG

19 3'-O-Methylviolanone C,H;Os  JIANGXIANG

20 (3R)-5'-Methoxyvestitol C,;H O, JIANGXIANG

21 2'7-Dihydroxy-4',5'- C;H,,O; JIANGXIANG
dimethoxyisoflavone

22 Isoduartin CH,,Os  JIANGXIANG

23 Dalbergichromene C,H..0;, JIANGXIANG

24 Xenognosin B C,H,0, JIANGXIANG

25 3'-Methoxydaidzein C,H,0;  JIANGXIANG

26 Liquiritigenin CiH,0, JIANGXIANG

27 (3R)-Vestitol C,H, O, JIANGXIANG

28 Bowdichione C,H,0s JIANGXIANG

29 (3R)-4'-Methoxy-2',3,7- C,H..0; JIANGXIANG
trihydroxyisoflavanone

30 Methyl 2-hydroxy-3,4-dimethoxy  C,H,,0. JIANGXIANG
benzoate

31 Koparin C,H,0s  JIANGXIANG

32 Dalbergin C,H,.0, JIANGXIANG

33 Isodalbergin C,H,0, JIANGXIANG
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Figure 4 The regulatory network of "compound-target-metabolic process". Green presents compounds. Purple presents targets. Blue presents

metabolic processes
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Figure 5 Protein interaction networks of intersecting gene (A), cluster 1 (B), cluster 2 (C), cluster 3 (D). Targets in yellow present targets

associated with material and energy metabolism
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Figure 6 GO enrichment analysis results. Biological processes associated with material and energy metabolism are in bold with underline
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Figure 7 KEGG enrichment analysis results associated with material and energy metabolism. A: KEGG enrichment analysis results of

cluster 1; B: KEGG enrichment analysis results of cluster 3
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Figure 8 Molecular docking modes of targets associated with energy metabolism, including PPARG and 2'-O-methyl isoliquiritigenin (A),
AKT1 and baicalin (B), LPL and astragaloside V111 (C), LPL and ginsenoside-Rh1 (D)
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Table 3 Docking results of key target molecules and the key
compounds of QDP (affinity < -5 kcal-mol™)

Target Compound Affinity / kcal-mol™
IL6 Ginsenoside-Rh1 -6.4
IL6 Sanchinoside B1 -7.1
IL6 Astragaloside VIII -7.0
IL6 Notoginsenoside G -6.8
IL6 Quinquenoside 1V 7.4
IL6 Quinguenoside 111 6.6
IL6 Quinquenoside | 6.7
IL6 Quinquenoside 11 -6.0
PTGS2 Enanthic acid -5.0
TNF 3-O-Acetyloleanolic acid -7.3
TNF Ginsenoside-Rh1 7.1
TNF Sanchinoside B1 -7.8
TNF Astragaloside VIII -8.2
TNF Notoginsenoside G -7.3
TNF Quinquenoside IV 7.1
TNF Quinquenoside 111 -7.3
TNF Quinquenoside | -7.1
TNF Quinquenoside 11 -7.0
IL1B Ginsenoside-Rh1 -7.0
IL1B Sanchinoside B1 -6.7
IL1B Astragaloside V1II 7.4
IL1B Notoginsenoside G -6.6
IL1B Quinquenoside 1V -6.9
IL1B Quinquenoside 111 7.4
IL1B Quinquenoside | -7.0
IL1B Quinquenoside 11 6.7
CASP3 3-O-Acetyloleanolic acid -6.6
CASP3 Ginsenoside-Rh1 -7.0
CASP3 Sanchinoside B1 -7.6
CASP3 Astragaloside V111 -8.8
CASP3 Notoginsenoside G -7.3
CASP3 Quinguenoside 1V -7.3
CASP3 Quinquenoside 111 -7.5
CASP3 Quinquenoside | 6.7
CASP3 Quinquenoside 11 -7.5
AKT1 Guercetol, quercetin -6.4
AKT1 Nordalbergin -6.2
AKT1 Baicalin 6.7
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