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Liver metabolomics study of effects of Glycyrrhizae Radix et Rhizoma extracts on
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Abstract: Objective To study the effects of Glycyrrhizae Radix et Rhizoma extracts on aging rats induced by D-galactose and explore its
mechanism. Methods The rats were randomly divided into five groups, including control group, D-galactose group, and D-galactose
combined with licorice extract of low, medium, and high dose group (respectively 1, 5, and 10 g/kg). The model rats were induced by injecting
intraperitoneal D-galactose (300 mg/kg) for five weeks and the control group was received analogous saline. In the final week, the rats were
executed and the liver tissue of each rat was used hematoxylin-eosin staining (HE staining) to observe the damage. The AST and ALT of serum
were used to quantify the damage degree of liver. And then the MDA content, superoxide dismutase, glutathione peroxidase, and
acetylcholinesterase activity in liver tissue were determined. Results The result of HE staining and the activity of AST and ALT showed that
Glycyrrhizae Radix et Rhizoma extracts (1 g/kg) can significantly improve the damage of liver induced by D-galactose. Licorice extracts also
can significantly reduce liver tissue of aged rats with MDA (P < 0.05) content and AChE activity, and increase SOD and GSH-Px activity. These
results showed that Glycyrrhizae Radix et Rhizoma extracts (1 g/kg) with significant antioxidant and regulation of cholinergic system function.
In order to further explore the mechanism of action of its effects, the liver tissue was analyzed by NMR metabonomics technique. A total of 13
potential biomarkers were found, which mainly involved in four metabolic pathways. Conclusion Metabonomics provides a scientific method
for the further study on the mechanism of aging induced by D-galactose and the delayed aging of Glycyrrhizae Radix et Rhizoma extracts.
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Fig. 1 Effect of licorice extracts on liver index of rats with
D-gal induced aging ( X £s,n =12)
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Fig. 2 Protection of licorice extracts on liver tissue injury of rats with D-gal induced aging (HE staining, x 200)
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Fig. 3 Effect of licorice extracts on SOD, GSH-Px, AChE activities, and MDA level in liver tissue of rats with D-gal induced
aging (X £s,n=38)
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Fig.5 Representative "H-NMR spectra of liver samples obtained from control group rats
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Table 1 'H-NMR assignments of major metabolites in liver of rats

I ALY On e
1 FRER 1.02 (d, J=7.2 Hz) 8CHs, yCHs, y'CH,
2 BiE 1.00 (d, J=7.2 Hz), 1.05 (d, J = 7.2 Hz) yCHs, y'CHs
3 R 0.96 (d, J = 6.6 Hz), 0.97 (d, J = 6.0 Hz) SCH;, 5CH,4
4 3BRTR 1.20 (d, J = 6.0 Hz) yCHj, oCH,, BCH
5 NER 1.49 (d, J = 7.2 Hz) BCHj, «CH
6 AR 1.93 (s) CHs
7 BER 2.08 (m), 2.17 (m) BCH,, yCH,
8 HEE® 2.14 (s), 2.64 (t, J = 7.8 Hz) CHs, CH
9  TNMA 2.23(s) CH;
10 BRI 2.41 (5) CH,
11 ER 2.69 (d, J = 16.2 Hz) CH,
12 —H% 2.74 (s) CHs
13 —HIf% 2.88 (s) CHs
14 R 2.92 (5),3.71 (5) CH;
15  FAAMHIL  2.98 (dd, J=10.8, 6.6 Hz), 3.32 (dd, J = 10.8, 6.6 Hz) 12-CH,, 12-CH,
16 R 3.04 (s), 3.93 (s) CHs, CH,
17 EAREAR 3.21(s) N(CHj3)3, OCH,, NCH,
18 PR 3.25(t, J = 6.6 Hz), 3.43 (t, J = 6.6 Hz) -CH,-S, -CH,-NH,
19 FHSE 3.27 (s), 3.91 (s) N(CHs)3, CH,
20 g 3.53 (t, J = 6.6 Hz), 4.07 (t, J = 6.6 Hz) OCH,, NCH,, N(CH3);
21 H&EmR 3.57 (s) CH,
22 WEREECmERZ 3.99 (d, J=6.0 Hz)
23 B-EAIHE 4.66 (d, J=7.8 Hz) 1-CH
24 o-HERE 5.19 (d, J = 1.2 Hz) 2-CH
25 o-FIApE 5.24 (d, J=3.0 Hz)
26 Bl 3.60 (m), 5.41 (m) 2-CH, CH(OH)
27 JRWERE 5.81(d, J=9.0 Hz) 5-CH
28 JRU AR 5.92 (d, J = 8.4 Hz) 2-CH
29 EHYm® 6.52 (s) CH, CH;
30 MRER 6.91 (d, J=8.4 Hz), 7.20 (d, J =4.2 Hz) 3 or5-CH, 2 or 6-CH
31 HNER 7.33 (m), 7.38 (m), 7.43 (M) 2 or 6-CH, 3 or 5-CH
32 R 7.50 (dd, J = 12.0, 7.2 Hz), 8.25 (d, J = 12 Hz), 8.62 (d, J = 6.6 Hz) 2, 6-CH, 4-CH, 5-CH
33 HEIER 7.89 (s) CH
34 YIRS 8.20 (s), 8.22 (s) 7-CH, 2-CH
35 HR 8.46 (s) CH
36 KIEMERZITER  8.24 (s), 8.58 (5) 7-CH, 2-CH
37 TR 8.27 (s) 7-CH
38  WEMRMRT 8.61 (s) 2-CH, 7-CH
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Fig. 6 PCA scores plots from liver: scores plots for model group vs control group (A), OPLS-DA scores plots for model group

vs control group (B), OPLS-DA scores plots for all over group (C), and S-plots (D) respectively
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Fig. 7 Mean peak area of representative metabolites in liver of rats
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Fig. 8 Summary diagram of pathway analysis with MetPA
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