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Abstract: Objective To explore the active ingredients, targets and potential mechanism of Gancao (Glycyrrhizae Radix et Rhizoma)
in the prevention and treatment of non-alcoholic fatty liver disease (NAFLD) and obesity based on network pharmacology and
experimental verification. Methods The main chemical active constituents and their action targets of Glycyrrhizae Radix et Rhizoma

were screened by TCMSP database combined with published literature, and the targets of NAFLD and obesity were obtained from
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GeneCards database. The protein-protein interaction (PPI) network was following analyzed and constructed using String platform and
Cytoscape 3.9.1 software, respectively. Then, the intersection targets were analyzed by Metascape platform, and gene ontology (GO)
function and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis were performed. In addition, Cytoscape
3.9.1 software was used again to construct the “component of Glycyrrhizae Radix et Rhizoma-disease target-pathway” network.
Molecular docking was further used to verify the binding ability and affinity between the predicted key components and targets. And
finally, the regulatory effect of key components on the target pathway was confirmed by animal experiments. Results  Glycyrrhizae
Radix et Rhizoma mainly acted on key targets such as prostaglandin G/H synthase 2 (PTGS2), estrogen receptor 1 (ESR1), peroxisome
proliferator-activated receptor gamma (PPARG), nitric oxide synthase 2 (NOS2) and glycogen synthase kinase-3 beta (GSK3B) through
core active components like quercetin, glycyrrhizic acid, kaempferol, naringin and formononetin. And it might prevent and treat
NAFLD and obesity via lipid and atherosclerosis, insulin resistance, adenosine monophosphate-activated protein kinase (AMPK)
signaling pathway, PPAR signaling pathway, T cell receptor signaling and other pathways. The active ingredient glycyrrhizic acid
could alleviate liver steatosis, dramatically reduce weight gain (P < 0.05), observably improve blood lipid level as well as liver
function (P < 0.05, 0.01), and significantly increase both hepatic mRNA and protein expressions of retinoic acid receptor RXR-alpha
(RXRA), PPARG and cholesterol 7a-hydroxylase (CYP7A41) in high fat diet mice (P < 0.05, 0.01). Conclusion Glycyrrhizae Radix et
Rhizoma could effectively intervene in NAFLD and obesity with the characteristics of multi-component, multi-target and multi-
pathway. And its main active ingredient glycyrrhizic acid could play a role in anti-NAFLD and obesity by activating hepatic RXRA/
PPARG/CYP7AL signaling pathway in high fat diet mice.

Key words: network pharmacology; Glycyrrhizae Radix et Rhizoma; nonalcoholic fatty liver disease; obesity; high fat diet mice;
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activated receptor gamma, PPARG) 5|%) (F: 5°-
GGAAGACCACTCGCATTCCTT-3’, R:5’-GTAAT-
CAGCAACCATTGGGTCA-3’). H[EEE Ta-Fib
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Table 1 Active components of Glycyrrhizae Radix et Rhizoma
%5  PubChem CID D% ¥ %5  PubChem CID 5% sk
GCl1 91510 FRINNAR R CisH120s5 | GC46 503737 HEFH C21H2209
GC2 114829 HER CisHi20s | GC47 122851 EEL RS C21H2007
GC3 64971 HHEB IR C30oH4s03 | GC48 5317777 glyzaglabrin Ci6H1006
GC4 5320083  HEW C2iHi1sOs | GC49 124052 FeHEE C20H2004
GC5 5318869  REMTE C17H1406 | GC50 124049 FeHE T C20H2004
GC6 336327 ESUiE- VI CisH1404 | GC51 480774 FHEER C20H1504
GC7 5281654 RBRER CisH1207 | GC52 5317652 by AL C20H1605
GC8 222284 B-7 5§ g CoHs00 | GC53 11558452  AAEHHEEFECMM B CisHio0s
GC9 5317480 PP 5 B ALRREH C20H1s0s | GC54 5320092 iR H C21H2209
GC10 10114 EER/ C30Ha604 | GC55 5317300 HH RS A C20H1505
GC11 5280378  TWift = CisH120s | GC56 23724664  EfE&fEx C22H2409
GC12 5280448 i R imf CisH120s | GC57 73205 B R C20H20056
GC13 5280863  LLiZMy CisH1006 | GC58 51666248  #HrH HEAF C21H2209
GCl14 932 )4 CisHi20s | GC59 193679 SEANE HE 7 R C20H2004
GCl15 197678 Ryl C25H2604 | GC60 124050 SEH R C21H150¢
GCl6 5318591  SpHETH C21H2209 | GC61 5318585 S H R e C20H15056
GC17 480784 HEHEERB C21H2206 | GC62 3764 ST EER Ci6H1204
GC18 392442 HEHERF C20H1sOs | GC63 480873 I-FEREEER C21H2205
GC19 480859 HEHERC C21H240s | GC64 5316900 Wil iz %5-3,3"- — Wk C17H1407
GC20 5318679  R=IME CicH1006 | GC65 15228662  3"-$2Hk-4-O-F I HEE CaH20s
GC21 10881804 IKiLfE B C20Hi1s0s | GC66 5318998 HEAHE A C21H2204
GC22 15380912  ¥ktkmz w C20Hi60s | GC67 15228663  3-FAAF L% C21H2:0s
GC23 638278 FHER CisH1204 | GC68 9927807 A EFH R g C21H2204
GC24 5481948  FHEH RN B C20H1606 | GC69 5318437 Ik RS 2 H C20H1504
GC25 5281619  @EMHE &R A C0His0s | GC70 5312521 M -5- = BRIG IR C20H3502
GC26 442411 i H AR B C20H2005 | GC71 101666840 KA FE F C26H2350s
GC27 162412 R E R C20H200s | GC72 480865 HE b C26H3205
GC28 5317768  4-$3t 2 4-—HEEEEM CiyHis04 | GC73 25015742 72" 4-=$3E-5-F4 - CiHi206
GC29 10542808 IfklEU C19H1604 ERFEER
GC30 5318999  HHEAHEB CisH1s0s5 | GC74 268208 7- BRI 2-H R F R CisH1404
GC31 5281426 T AE N Bs CoHeO3 GC75 17131 T-HREEFEER Ci0Hs02
GC32 10090416 HHEFHFETE C21H2006 | GC76 5460988 (E)-9- 113 Ca20H3502
GC33 5319013 T CnH»nOs | GC77 177149 Py By Ci6H1604
GC34 5317478 HHETFTA C21H200s | GC78 480780 HET G C21H2005
GC35 5317479 HHETFB C21H2006 | GC79 5481949 HETH CasH2405
GC36 14604077 H®ETL C20H1sOs | GC80 15840593  HERHE C21H2204
GC37 14604078 HXET M C2iH2005 | GC81 101664572 HHEHZEM C21H20056
GC38 14604081 6-FuIfFARRER C20H1sO0s | GC82 5317765 HEEEEE A C20H1507
GC39 480787 ¥ B CoH»Os | GC83 636883 H R S C20H1605
GC40 503731 )% 75 R C20H200s | GC84 13965473 S HEMEHE C17H1405
GC41 5281789  HERHER A C20H1sOs | GC85 44257530  EolE C20H160s
GC42 5481234 HEE R B C20H1606 | GC86 14769500  xambioona C25H2404
GC43 392443 R e P Ca0HisOs | GC87 480775 FEMEHEERC C21H20s
GC44 10336244 ki C20H1s0s | GC88 5280343 Wit & Ci5H1007
GC45 11267805  5-F IR )RS 40A C20H200s | GC89 14982 HER C12He2016

, FEESE] 1184 MEREL A, TTD iR FER R
53] 7 > NAFLD #8 4. 81 MBS 5. &)F2E
J5, 35 1195 4 NAFLD #E 55, 1184 ANAERERE 5 .
3.2 HEAT NAFLD NMARBEHI<EEL S PPI
WHIME

W BB S 5 NAFLD B A % JIE JRE R 5
T, BN jvenn ELEERBMHT &, £HH
BE, 193] 106 MMHEIGYT NAFLD A2 B G
B (B 1-A), A HERE SR AZ 2 String TEZ6F- 6

NEE A AHEAE R, 33— 2018 Cytoscape 3.9.1
BEAT AN AT, A% AR A i SRR R [ ) PPI
Pz (K 1-B), %M ILEHE 106 1153, 1961 5
o WRIREH, BERERFEHLRR, TWH
I FEAEMOR, fERIPEEIR, Ao, WE
HE2REASHRAEMEER, T REAEMZ
AR PR B I OCRY R A B R H R
H (albumin, ALB). M8 SEK ¥ (tumor necrosis
factor, TNF). 4/ %-6 (interleukin-6, IL6).
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1 HEIRST NAFLD RAERFAISZE#E A Venn (B (A) K XHE¥ES PPI %L (B)
Fig. 1 Venn diagram of intersection targets (A) and PPI network (B) of key targets of Glycyrrhizae Radix et Rhizoma in

treatment of NAFLD and obesity

RAC-o % Z R/ 7% & IR & 1 M ( RAC-alpha
serine/threonine-protein kinase, AKT1). PPARG-.
ILIB (%2).

x2 XBTLREBARER
Table 2 Key nodes protein information

HE/F Uniprot ID  JERSFE  EHBE N E
1 P02768 ALB 93

EH
0.08251 0.8974

2 POI375  INF 84  0.03406 0.8333

3 POS231 L6 83 0.03340 0.8268

4 P31749  AKTI 82 0.05008 0.8203

5 P37231  PPARG 73 0.02542 0.7664

6 POIS84  ILIB 73 001616 0.7664
3.3 XPEHSIEESEERHNESESH

K:H Metascape Z(35-F 6 X 106 /> ICHE#E St
THY)2L 2 (biological process, BP). 44k
(cellular component, CC) F14rFIhfEE (molecular
function, MF) 3 #4rf#) GO B4 5 KEGG @
HEEDT. GO HEMGE 1864 1% H, BP &
FEXPEFRICER WA SNEYEYI ORI, R R
2, WM TARHIERR, R R AL 1647 1,
CC R FEAnMAR ., % B HIAPEER . LK
JEEH. WY 75 4, MF BHEE S22, #%
AR EER RARGE, EA. WM. RR.
ML WEIRNG. REBELE S5 142 4. 3 AidE
P HHET, EHEHEAR 10 MAHAWEER (K 2-
Ao IR E EIE RIS Sl B S58)
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BeR S IR AT R H RIRYT NAFLD K JERERIZ O
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synthase 2, PTGS2). WEMZR3Z1% 1 (estrogen receptor
1, ESR1). PPARG. —4MLE &M 2 (nitric oxide
synthase 2, NOS2) AW 5 & Rl 38 (glycogen
synthase kinase-3 beta, GSK3B) I {H . /& K%
FELEAZ HE sURHE AR SERT, 2 FEEMOIEH
FEAL AR A H A 2 B A X LA O
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Fig. 2 GO function (A) and KEGG pathway (B) enrichment analysis of key targets of Glycyrrhizae Radix et Rhizoma in

treatment of NAFLD and obesity

AN

WRFRIL RS, HAFRMEARR, TR R R, B3 T SRR, MBI AR, BB R
EBOR, WHHZTY RO E

nodes represent targets or components, lines represent interactions, squares represent key targets, circles represent active components of Glycyrrhizae
Radix et Rhizoma, triangles represent pathways; Larger node areas and darker colors represent greater degree values, indicating the node is more important

B3 “HEEMMT-NAFLD K&BAEMHFES - WL
Fig. 3 “Glycyrrhizae Radix et Rhizoma active ingredient-NAFLD and obesity target-pathway” network
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Table 3 Core components and targets information

5 s By AR I R HiF? el AL N KHE
1 GC88 Hitf& 51 0.160 2 0.523 8 1 PTGS2 85 0.190 0 0.582 6

2 GC89 HHRE 29 0.099 8 0.459 5 2 ESR1 81 0.129 5 0.5452

3 GC13 h&EMR 22 0.034 76 0.450 6 3 PPARG 68 0.1343 0.5452

4 GCl4 MhE= 15 0.043 12 0.4379 4 NOS2 66 0.063 92 0.4617

5 GCll  TWifvE 10 0.009929  0.422 1 5 GSK3B 65 0.106 3 0.506 8
3.5 S FXHEWIE AE<<0, MLRRIZARGEEH AL &, Sia ek, KA

KA AutoDock Vina 1.1.2 # K iR « plisr-48
A-JE B  T % HR 3 LR TR S MO Ly (R 2R
HHER. (LR MR RN R) KA 0
PTGS2 (PDBID: 5F19). ESR1 (PDBID: 7UIM).
PPARG (PDBID: 8DSY). NOS2 (PDBID: INSD.
GSK3B (PDBID: 4J1R) #HATXIHZIGIE, 53175/
FTTWEVE R TEANG AR BFEINAES

JIER5E, RAAE AT B . K IR A
HE SRS AR RURERR (B 4-A). HEER
AR, R <-5ki/mol, HREH KEE, H
HHERS SHEAEOESRHERIK, H<-10
kl/mol, W R HEERMIEM T, EHFHERYE
PTGS2. ESR1. PPARG )4 X 82 47 nl A4k J
~ (] 4-B~D).

A 6 B
g 2
Hiam R
-12
Ll 2 |
. 14
) 18
TEWERR |
! -20
2 =2 g2 2 & 4Afyml!)
S f 3§ ¢
e & &
C D
2 2
= 3 3
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AS ML S A E AN SRR B~D-HHERRAAS A5 PTGS2 8 M. ESR1 &£ H. PPARG A M7 T MRS (1-FETx#
RAAMBA-EALAEEG 2/ T-EAR 3D AR, SMOREONEEM: 3 T-EAK 2D /EHIRLE, St donamtiEm, a

TREE SRR /I a1 S TR A 35 M ELAE ) R R -V D)

A-heat map of binding energy between five core components and target proteins B-—D-molecular docking patterns of glycyrrhizic acid ligand with
PTGS?2 protein, ESR1 protein, and PPARG protein, respectively (1-ligand-protein binding patterns obtained and based on docking; 2-3D action mode of
the small molecular-protein, and the yellow dashed line is hydrogen-bond interaction; 3-2D action mode of the small molecular-protein, the green dashed
line is the hydrogen-bond interaction, and the red-like amino acids are weakly interacting amino acids generated around the small molecule-van der Waals

forces)

4 DFINEER
Fig. 4 Molecular docking results



= 4890

FED 20236FE87 $54% B 158  Chinese Traditional and Herbal Drugs 2023 August Vol. 54 No. 15

3.6 EHYISLIGINIE

RS> S AR R B B
P R H R AN % O R oS R 4 A
Ae7), HENFL TR K IEPT NAFLD AR 2 2
IRy, IR S S VRN H R ER 2K
3.6.1  H BRIk v AR IR /N B R G 0 4K
PUIERE  DNRE 14 SRR EWRIRE, B EN
B =2 € i B o =R AR R A S 35 (P<<0.05.
0.001, K 5-A. B), IfijF TC /K53 m T
(P<0.01, H 5-C), TG K FHIRAA T miash
(B 5-D). Bt [ i i Ao REZH B A K,
JEIL IR (B 5-E). HERRAENS B F W% m
fe/INEBRART B (P<<0.05), TR 58 1 € i iy S A
HI/NEITES (P<0.001), 2 PG E A/ R i

ETC & (P<<0.05), ¥ TG FFmil 4.
A B

383
f=)

on
= 37
20 ] i
W 15 i =
= = 21 Hkok
10 £ e
1 it 14
= E
0 {04
€ s D
g 2
Té 3.0 g
g
= 25 5
o 2

g
=3

XTI AR R

R B R

3.6.2  HERR AR IR A /0N BRI A A 1 5 B
Y6 NAFLD = faMEE 14 B 5, WERA SR,
e MR/ BRI ZH S 30 o B S S AR e (] 6-
A), KH/NE NAFLD B8 STh, (A0S AR AT ShaE
NBE, Mg ALT. AST y&PEB B & (P<0.01, K]
6-B. C)o HHLERAL B J5 RE LTS =1 6 /1N BRUH I N 197 4%
PERERE, EFEBFK ALT. AST iGME: (P<<0.01), &
NI IR

3.6.3 HHEEXEARKE/DNRHIE4Z PPARG 15
SR PPAR {5 S B ERAE AR A0 A 1L
PEREACH . R 5 AP U RE A 7 T R 5 B 2 E
., 5 NAFLD KAERESEARIZR A ARG R TR0,
W 254k PPARG e d2 i) g 1y g 1t S8 AL i Ak
B-E AR, RIS SRR R . 1%
SRR T B R A s 1) 4 LB AR B LR T S e Ak 4

X 50

prees S 4 ! ) N } -
< . / 28 B vy . ]
O 7 | B Ve LR

XA R #P<0.05 #P<0.01 *#P<0.001; HEBALH: "P<0.05 "P<0.01 "“P<0.001, FEIF
P<0.05 *P<0.01 **P<0.001vscontrol group; “P<0.05 “P<0.01 ""P<0.001 vs model group, same as below figures
B 5 HERMSER|NERERE A). MERRENRE B) RMFE TC (C). TG (D) KFHMHERRIEMN HE RE
(E) B0 (X+s,n=5)
Fig. 5 Effect of glycyrrhizic acid on body weight (A), epididymal white fat weight (B), levels of TC (C), TG (D) in serum and
HE staining of epididymal white fat (E) in mice fed with high-fat diet (X £ s, n=15)

A B 150+

ALT/(U-L™Y

XTI B H R

X B H R

B 6 HERMNSERE/NRME HE & (A) RIIE ALT (B). AST (C) EMMFNE (X+s,n=5)
Fig. 6 Effect of glycyrrhizic acid on HE staining of liver (A) and activities of ALT (B) and AST (C) in serum of mice fed with
high-fat diet (X £ s, n=35)
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Western blotting 45 511,38 B H 5L 52 2 35 14 I e i
INEJHFIEF RXRA. PPARG K CYP7AL EHHKIA
K (P<0.05, K& 7-B)o DL B4R B H FaT DL
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mRNA MR REE
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B 7 HEBRMNSERENFEITIE RXRA/PPARG/CYPTAL E5EIRERE A) REH (B) RIAWEN (X+s,n=5)
Fig. 7 Effect of glycyrrhizic acid on RXRA/PPARG/CYP7AL1 signaling pathway gene (A) and protein (B) expressions in liver

of mice fed with high-fat diet (X £ s, n =5)
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Fig. 8 Potential mechanisms of glycyrrhizic acid in

prevention and treatment of NAFLD and obesity
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