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Fig. S1 The dose-inhibition curves for Glycyrrhizae Inflatae (granules) against hCES2A-

mediated FD hydrolysis in HLM (A) and hCES1A-mediated DME hydrolysis in HLM (B). 

All data were shown as mean ± SD of triplicate assays.

Fig. S2. Total ion chromatograph of Glycyrrhizae Inflatae granule in negative ion mode.



Fig. S3 The dose-inhibition curves of Isoliquiritigenin (A), Licochalcone B (B), Echinatin 

(C), Naringenin (D), Gancaonin I (E), Licoflavonol (F), Glycycoumarin (G) and Loperamide 

(H) against hCES2A-mediated FD hydrolysis. All data were shown as mean ± SD of 

triplicate assays.



Fig. S4 Time-dependent inhibition assays of Licochalcone A (A), Licochalcone C (B), 

Licochalcone D (C) and Isolicoflavonol (D) on hCES2A using FD as the substrate. All data 

were shown as mean ± SD of triplicate determinations.



Fig. S5 The inhibition kinetic plots of Licochalcone A (A), Licochalcone C (B), 

Licochalcone D (C) and Isolicoflavonol (D) on hCES2A using FD as the substrate. All data 

were shown as mean ± SD of triplicate determinations.



Fig. S6 Dose-inhibition curve of Licochalcone C against intracellular hCES2A in living 

HepG2 cells. All data were shown as mean ± SD of triplicate determinations.

Fig. S7 Dose-inhibition curves of nevadensin against hCES1A-mediated DME hydrolysis in 

HLM. All data were shown as mean ± SD of triplicate assays.



Fig. S8 Cytotoxicity assay of Licochalcone A (A), Licochalcone C (B), Licochalcone D (C) 

and Isolicoflavonol (D) in HepG2 cells. All data were shown as mean ± SD of triplicate 

determinations.



Table S1. The predicted binding energy and CDOCKER interaction energy values of 53 
constituents from licorice and Loperamide.

No. Compound
Binding 
Energy 

(kcal/mol)

CDOCKER 
Interaction Energy 

(kcal/mol)

IC50

(μM)

1 Glucoliquiritin apioside > 0 -- --
2 Schaftoside > 0 -- --
3 Glucoliquiritin > 0 -- --
4 Neoliquiritin* > 0 -- >100
5 Glucoisoliquiritin > 0 -- --
6 Liquiritin apioside* > 0 -- >100
7 Liquiritin* -23.4146 -40.7349 >100
8 5-hydroxyliquiritin -40.0189 -47.0485 --
9 Isoliquiritin apioside -43.3705 -50.8770 --
10 Isoliquiritin -173.228 -55.6469 --
11 Liquiritigenin* > 0 -- >100
12 Licochalcone B* -166.808 -56.216 11.73 ± 1.42
13 Neoisoliquiritin -72.1795 -38.319 --
14 Licorice glycoside B -88.6195 -24.1624 --
15 Licorice glycoside A > 0 -- --
16 LicoricesaponinO4 ND -- --
17 naringenin* -229.693 -49.5519 10.75 ± 2.03
18 Genistein > 0 -- --
19 Echinatin* -265.935 -49.8474 3.91 ± 0.31
20 Licorice saponin J2 > 0 -- --

21
24-Hydroxy-licorice-saponin 

A3
ND -- --

22
22-Hydroxy-licorice-sponin 

G2
> 0 -- --

23 Isoliquiritigenin* -201.558 -49.9137 10.72 ± 1.60
24 Licoricesaponin M3 ND -- --
25 Formononetin* -65.4651 -27.327 >100

26
22β-Acetoxylglycyrrhizic 

acid
ND -- --

27
23-Hydroxyl licorice 

saponin E 2
ND -- --

28 licoricesaponin G 2 ND -- --

29
22β-Acetoxyl licorice 

saponin J 2
ND -- --

30 Glycyrrhizic Acid* ND -- >100
31 licoricesaponin A3 ND -- --
32 Licochalcone D* -98.7995 -45.2915 0.94 ± 0.11
33 Gancaonin L -78.5992 -36.9273 --



34 Licoricesaponin b2 ND -- --
35 LicoricesaponinH2 ND -- --
36 Gancaonin M -74.1977 -34.1285 --
37 Glycycoumarin* -174.782 -55.4037 6.75 ± 0.88
38 Licoagrodione -137.442 -36.0848 --
39 Licoricesaponin K2 ND -- --
40 Apioglycyrrhizin ND -- --
41 Gancaonin C -188.469 -46.637 --
42 Licochalcone C* -257.661 -55.0714 0.39 ± 0.04
43 Licoricesaponin C2 ND -- --
44 Licochalcone A* -281.533 -55.1037 0.54 ± 0.06
45 Isolicoflavonol* -294.014 -58.7403 0.60 ± 0.08
46 Licoflavonol* -292.033 -53.3065 1.28 ± 0.09
47 Isoglycyrol > 0 -- --

48
Glycyrrhetinic acid 3-O-

glucuronide
ND -- --

49 Gancaonin G -172.989 -34.4663 --
50 kanzonol R > 0 -- --
51 Licofuranone -35.9798 -34.3298 --
52 Gancaonin I* -215.515 -54.1744 1.72 ± 0.24
53 Glycyrrhetinic acid > 0 -- --
-- Loperamide -69.9112 -34.2231 1.22 ± 0.09

Note: ND represented that the small molecule could not been docked into the active cavity of 
hCES2A. Twenty-four ligands with binding energy less than 0 were further screened by 
CDOCKER analyses. Seventeen compounds with lower binding energy values and 
CDOCKER interaction energy values than LPA were shown in blue.

Table S2. AutoDock vina results of Licochalcone C docked with hCES2A

Binding Site
Binding affinity

(kcal/mol)

site I -8.2

site II -8.0



S1. The ethics policy statement and product report provided by BioreclamationIVT.

























S2 Gene test report of HepG2 cells used in this study.






