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Study on the potential targets and mechanism of Yueju pills
in the treatment of nonalcoholic fatty liver disease based
on network pharmacology and molecular docking
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Abstract:In order to explore the possible mechanism of Yueju pills in the treatment of nonalcoholic fatty liver disease
(NAFLD) ,the active components and potential targets of Yueju pills were screened by network pharmacology and molecular
docking technology. TCMSP database was used to screen the chemical composition information of each drug in Yueju pills and
its target on human body. NAFLD target information was obtained by combining OMIM and GeneCardsand disease databases.
The NAFLD targets were mapped to the predicted Chinese medicines targets to obtain the final targets of Yueju pills for the
treatment of NAFLD. The potential targets were analyzed by GO function enrichment analysis and KEGG pathway enrichment
analysis with DAVID platform,and the related pathways were analyzed combined with literatures. The network diagram of "
Yueju pills-components-NAFLD targets-pathways" was constructed on Cytoscape 3. 7.2 platform,the network topology analy-
sis was carried out,and made the " PPl proteins interaction diagram" was made. PyMoL, Auto Docktoolsl. 5.6 and Discovery

Studio3. 5 softwares was used to dock the target proteins with the small molecules of the key compounds to verify its therapeu-
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tic effect. The 31 active compounds,26 signaling pathways and 59 targets of Yueju pills in the treatment of NAFLD were ob-

tained through network pharmacology analysis,the KEGG and literature analysis showed that Yueju pills can play a role by

regulating many related pathways,such as PI3K-Akt signaling pathway ,cAMP signaling pathway , insulin resistance and so on.

The molecular docking indicated that the key target protein NOS3 with 8-isopentenyl-kaempferol ,and MAPK14 with isorham-

netin of YueJu pills had high binding energy. In summary, this study predicted the possible pharmacodynamic substance basis

and action mechanism of Yueju pills in the treatment of NAFLD through network pharmacology,and verified it by molecular

docking technology ,which providing a new idea for further mining the pharmacodynamic components of Yueju pills and its

clinical application.

Key words : network pharmacology ; molecular docking; Yueju pills ;nonalcoholic fatty liver disease
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Table 1 Information of active components of Yueju pills in the treatment of NAFLD
B MOLID L& ¥ K
No. Compound Molecular formula Source
1 MOL002135 Myricanone Cyy Hyy O Jilk=s
2 MOL002140 Perlolyrine CicH;pN, 0, N
3 MO1002157 Wallichilide Cos Hy, O5 Il
4 MOL000433 FA C3 HyyNO, =
5 MOL001406 Crocetin CyoH,, 0,4 Pe¥
6 MOL001941 Ammidin CigHy4 04 U
7 MOL004561 Sudan III C»HiN,O ¥
8 MOL002883 Ethyl oleate CyoHi3 0, BT
9 MOL003095 5-Hydroxy-7-methoxy-2-(3 ,4 ,5 -trimethoxyphenyl ) chromone CioH,50, BT
10 MOL007245 3-Methylkempferol CisH,, 06 WEF
11 MOL000173 Wogonin Ci6Hy 05 BA
12 MOL000184 NSC63551 CoyHyg O A
13 MOL000188 33-Acetoxyatractylone CyH,, 0, BAR
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%% 1 ( Continued Tab. 1)

g LD ity BT K
No. Compound Molecular formula Source
14 MOL000085 Beta-daucosterol Ci35HgyOg HAR
15 MOL003044 Chryseriol CisH, Og S
16 MOL000354 Isorhamnetin CigHpp 0, 7 Mt
17 MO1.003542 8-Isopentenyl-kaempferol CyH 304 i)
18 MOI1004053 Isodalbergin CieHpp 0, it
19 MOL004058 Khell C,H,, 05 7 Mt
20 MOLO10489 Resivit C,sH,,0, E
21 MOL004068 Rosenonolactone CyHyg O3 7 Mt
2 MOL004071 Hyndarin Cyy HysNO, i}
23 MOL1004074 Stigmasterol glucoside C35Hs3 Og )
24 MO1004077 Sugeonyl acetate Ci7Hy, 05 iy
25 MOL000006 Luteolin CysHyo 0, [t
26 MOL001494 Mandenol CyHs36 0, NER &
27 MOL000359 Sitosterol CyyHs O MR
28 MOL000098 Quercetin CysH0 0, EW G T
29 MOL000358 Beta-sitosterol CpoHyyO E HET
30 MO1000422 Kaempferol CysH,00q E AET
31 MOL.000449 Stigmasterol CyyHyg O M M
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The PPI network of the common targets between Yueju pills and NAFLD
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Fig. 2 The results of GO enrichment analysis
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Fig. 3 The results of KEGG enrichment analysis
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Table 2 Information on key compounds in Yueju pills
I iig
MOLID &Y JEE
Compound Degree
MOL000449 P Stigmasterol 33
MOL000354 S ZEZE Isorhamnetin 31
MOL000358 B-4 1§ I Beta-sitosterol 29
MOL003542 8-Isopentenyl-kaempferol 29
MOL002135 A A Myricanone 26
NAFLD
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Fig. 4 Diagram of Yueju pills-components-targets-pathways
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Table 3  Docking results of active ingredients of Yueju pills with NAFLD target proteins

o g3 FK 24 fE Binding energy ( kcal/mol )
o Molecular
Compound formula ESR1 NOS3 PTGS2 AR MAPK14
L HEE Stigmasterol CyoHys O 6.3 7.1 4.7 6.4 7.6
F 2% lorhamnetin CisH,0, 5.2 7.5 4.4 5.8 8.2
B-4+ 15§ 5 Beta-sitosterol CyoHsO 4.2 6.1 4.7 6.0 7.8
8-Isopentenyl-kaempferol CyoHi506 -7 -8.6 4.7 6.5 5.9
AR Myricanone Cy Hy, O5 7.6 7.4 4.7 5.7 4.1
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B 5 NOS3 5 8-isopentenyl-kaempferol i 43> F 311
Fig. 5 Binging mode of NOS3 with 8-isopentenyl-kaempferol

6 MAPKI4 5REFERNHFIHE
Fig. 6  Binging mode of MAPK14 with isorhamnetin
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Fig. 7 Venn diagram of targets for Yueju pills-NAFLD and intestinal flora-mucosal barrier
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in the treatment of NAFLD and intestinal flora

e

B9 #EAIRST NAFLD =5
P R REAAH, 57 B B L [5) 28 ) 2% ]
Fg. 9 Network diagram of common targets of Yueju pills in the

treatment of NAFLD and intestinal mucosal barrier

2.6 HMERAIRTT NAFLD MZH¥E S 5B HE B,
PAREEA R IR S Z BRI X &R

3 T B A ZR 3] intestinal flora” i AH ICHE 5
1 3214, “intestinal mucosal barrier ” ¥ 1 J¢ # &5 2
307 A, 58I YT NAFLD [ 59 A5 55 3 P i
e, Hoh MO LG T NAFLD A4 A5 5 izl i
A NOS2 MAPK14 %5 18 4[R]3, 5 1 Zh A LA
EFEA MAPKI0 PIK3CG 45 34 AL [R5 &, HfE
B T) M2 (WL 8.9) .
3 itig

NAFLD 1y %4 2202 i1 T 2o N0 H- it Fraes
& ETEMEh SRS A B IR s BRI AR IR
W3k , AT , K ES B, 58 MU Il . 45 T i
AR o B IUAIRTT A 8 KR B NTR
UERZE 37 ), J5 b & B =E B AN AT SR AR A A
25, IR SAR s )N =i AR, LA AR , AT B
B TSRS 5 HE - FE 3 B I, LI KR s AR
PRI, RS L, LUAIR AR Ml & S LR B
. G, FE S, Mz B, I Ak,

IREEBRRE A IRV NAFLD 1 H .

Do) 26 245 B2 3 A 2 IR R AL P T 1 S
SHRZEE BH {§§ i . 8-isopentenyl-kaempferol . 1%
i) A i A B 43 7 X L 3 DA %) D i v ELAT v
H B, G . T S B BB JE
TR S I, T AT A i T b e Xk FIE R T g R A, e
I H7 16 R TE AR G B L AT . — /B H il A K
SEUSOT A S T L S 3 AR P R R
ARS8 A, B i [ 200 T B9 RE ), R SR HT R AE T,
Wan 251 % B B-48 £55 i R A% A 1ML 375 1 TG TC.,
ALT AST ()55 2 s 36 1, ek 48 JEF O g 5 28 4 BHL 1k
N F R SE R P i 4F defb bR . S BRZER M #%
B A, AR R PPAR-y (445 5 30 23900 1 1 i
AN, K PN R A Li 42 R B
S RZEZE AT R PE DG NLRP3 Fl AIM2 R 4% /MA
PTG , TR 8 40 M I 7 A R 3K, SR i R RE U o
K G AT ] NF-xB F1 STAT3 J8$#: (10380 5L 7, 42
TR AN R ) A D1 ML TR R R Y, i S
A TR NAFLD pEf

HRAE PPT W) 2% . AF & 43 A #8215 6 8 ALIR 97
NAFLD f9 4% .0 # &5 . ESR1 . AR, MAPK14 , PTGS2 ,
NOS3(eNOS) 4%, ESRI # H ZMEM FE Z /K AR &
HEE 2R MR SR R Z IR A , — 2l
SUNZASATIATS R 0p s eSS N U= el i o)
NO f R, {5 B 40 e fin 5 P Bz 4 285 B, 12 ot
A5 JUL 8 B, 448 o o /N A R 4, T g AR
5 55— T 0 T 4T 46 A S B2 O LT LAGE i
P PI3K/ Akt 38 B . cAMP 38 [, 4100 i 48 JL 95 1=,
A MAPK14 J& T 22 24 3% Ak 1 2 F I
FK, PRI Y R 40 5 T A TR 40 B, VR R
U7 200 M 2 5 A8 BT AR Y PTGS2 2 R IR 1A S
() A HOCEERE AL & AT SRR 2 (PG ) |, AT
P v B R AE A R, B AR R A A 5 R e
IR 8 i B2 I 8 489 AL Y 6 B A 4/ B T PTGS2
AT LA | R 4 S B R 9 AR A A R, AT X
NAFLD ()R AEIRAS A 2 B 2 Al 7E TRl ik 2o
PR RN s AR ok A A A . NAFLD /] B
P2 5 S KR RERE AL P O I8 0 1Y & A, IR Ot 4
Fr I RE R e E O E B, NOS3(eNOS) &N
Rl — S AL R A R, 27790 NO,NO 1E RS 4K
550 FREMS LR R INAT 5K 1, 4EF5 SRS, 7o
$r" NAFLD S5O I A8 A (e . (W] B I 48 P9 B2 D i
B TS A S b A 0 ) A B B ) B ALY
FHF NOS3 (eNOS) B, NO B3 £, 13 N K2 Dy fig
Z RV, BB, I B A LA A5 2 i



Vol. 33

S/NDE 5 - T R 26 2 B R T X R R R R AL TR 7 DR P 0 B T R A LR 135

3 NAFLD 15 DAGEfR . 1 iR 2 5 3¢ W] sl 9 L Xof
NAFLD fIATFAE AR B AE FAS BAR Bl 4 b, T
ST AR 2G4 T AL ZE B E AR

KEGG & 8411 Fr i B ) (A0 335 0 283 Bl e
R-SZ A H BAE FH A B ES 2 15 5l i R IR A
PI3K/ Akt {5 53 % . cAMP {5 53 % B ) E AL
i i A, Horp PI3K/ Akt {5 538 L cAMP {5538
% N g 5 RACPUAE NAFLD & 55 B2 IEH .
Akt J& PI3K R — A8+, 2 Akt BT FF
I 5 B A0 LU T a7 B 2540 WA AR
JiR 5 R ABURNE TR, e AR R I Z R, I VR A
W T SO, A PR A TRy, o v ) B R
AE Y A R & 0 H ol = R, U0 T O BE &
NAFLD, 2% &3, (A3 B a] LA i % cAMP-
PRKA-AMPK-SIRTI {5 5 il % 7% S I 40 0 %% 4= H
W, DR S IO 708 P R b g oL T L S ot 9
PI3K/ Akt cAMP {553 % AH 56 2 X A 1 9 %6 3K
S R B AT, R TORE A 10T, 2l NAFLD Jg
1o

NAFLD 1 —Fie rACI e, HOR b )
B9 5 FARPT A HE 40 M R L E AL 3 i B e
140 NN AT 2 LR T AR SR g 18 B B
TEREENRHBNE, HZ R MR EN 2L
VER L fEMG R 2 R X R R T -
JFFA7E NAFLD %3 B2 b i T b s, IR B 2%
F B - JFF Al 5 e PP IR S B3 ELA ARE =2 A
R T A FE A 0 2% T T AR R 2
“Bprshae A )E T EC T B ThEe . ERRAR OC AT
FEPN R BACE 2 1) I Y 45 i 308 1 2 B G B L g Y
TEFASE, “ -l 24 U 1E X — I BE A R A -E
THEEFR A SIS, 17 26 IR BE 5 32 #517E NAFLD
B AR ML & ¥ 5 B EVE ] NAFLD W A
[l T8 AN A Ik B 4 A | i 3 A A P A e B e AR
RS AL LA R RN G 2 Ty, D) 4% 2 = T 5 A B
I ALIAYT NAFLD (0§ 5 5 17 T8 1 3 0 b AL
5 R ) o5 ) e ] 35 AT 5 R kL T DA
VT B 18 A RE, O A B AL B 08 BRI
NAFLD {9 H 9, PR, 35 T - Il 27 56 A % 18 7
W ZE ML 5E B AT, FR 1T B JL B IR NAFLD
F 90 S5l P12 B PRI ATL AR, A (49 45 i g AL 78
JHREL L85 R - I ) 3254k T B R A5 3% Bl
16 NAFLD f 05 P S FORL s B 0 T 307 o 7T (s
LK

A 5T T N 2% 245 B2 R 43— X 42 0 T 6 el
BIALIBYT NAFLD (1936 4 oo FVE LS 2617 T 93

B, B0 A6 T0000 1 6 6 L S SRR R B4 (5 BE L 8-iso-
pentenyl-kaempferol | 4% A B £ 1% 4> 7 A T ESRI |
NOS3(eNOS) \PTGS2 AR .MAPK14 ZE8R LA, &y
PI3K-Akt {5538 # .cAMP {553 | JB 5 RARHT5F
KA ApERR AR 5 AN R T T il B
B2 RN B SN, B i T 2kt 25
87 NAFLD p4E % S . JFaE T AutoDock Vina
O3 F R I T B LIS M 5 5 NAFLD 98
R R [A) B i B RS  TIESE T 2% 2 B
U A R SE P E R A 5T Bl A1 TP
AR TSI SE E—L I Ik

S 3k

1 Wen X,Sun YX, Jin LL, et al. Pathogenesis of nonalcoholic
fatty liver disease and development of new therapeutic drugs
[J]. Chin J Cell Biol ( 1 [El 41 fu £ ¥ 2% ) ,2020,42:499-
506.

2 Xia I, Zhou BJ. Role of gut-liver axis dysfunction in patho-
genesis of nonalcoholic fatty liver disease : Implicationslmpli-
cations for treatment strategies[ J ]. World Chin J Digest ( 1
RAe NIHALZ AR ) ,2018,26 :1439-1447.

3 Sivell C. Nonalcoholic fatty liver disease: a silent epidemic
[ J]. Gastroenterol Nurs,2019,42 :428-434.

4 He J, Yang XF. Gut microbiota and nonalcoholic fatty liver
disease[ J]. World Chin J Digest ( it 542 AJH b 24 3&) ,
2017,25 :2480-24858.

5 Danford CJ, Lai M. NAFLD: a multisystem disease that re-
quires a multidisciplinary approach[ J ]. Gastroenterol ,2019,
10(4) :flgastro-2019-101235.

6 Yang YM,Zhang Y,Chang W], et al. Analysis on Yueju pill
on regulating liver and spleen together[ J]. Chin J Bas Med
Tradit Chin Med ( A7 [ A7 22 B Al £ 24 4 7k ) ,2020,26 :378-
380.

7 Liu Y,Guo JL,Liu CX,et al. Effects of Chinese medicine for
dispersing phlegm and removing blood stasis on lipid metabo-
lism and related gene expression in rats with nonalcoholic
fatty liver[ J]. Hebei J Tradit Chin Med (Ja[db H EE 247 ) ,
2019,34(1) .1-5.

8 Deng GX,Zhang JL,Gao W, et al. Effect of Yueju pills on
expression of PPAR« in liver of rats with nonalcoholic fatty
liver disease[ J |. Chin J Gerontol ( H [E # F 22 44 %),
2013,31.1219-1220.

9 Lei Q.59 cases of fatty liver were mainly treated with Yueju
pills[ J]. Henan Chin Tradit( ja/Fg 1€ ) ,2003,21(3) ;55.

10 Huang FZ,Xu Y. Clinical observation on 90 cases of fatty liv-
er treated with modified Yueju pills[ J]. Gansu Chin Tradit
(HR A E) ,2008,21(8) ;21.

11 Hopkins AL. Network pharmacology [ J]. Nat Biotechnol,



136

KIRF=YIBE R 5T K

Vol. 33

12

13

14

15

16

17

18

19

20

21

2007,25.1110-1111.

Li J,Fu A, Zhang L. An overview of scoring functions used
for protein-ligand interactions molecular docking[ J]. Inter-
discip Sei,2019,11.:320-328.

Zhang YQ, Li X. Several advances in modern research on net-
work pharmacology and traditional Chinese medicine [ J]. ]
Chin J Pharm Toxicol ( H [E 24 #l 24 5 #E Bl 22 4% ) , 2015,
29.883-892.

Xu Y, Tao Y, Gou XJ, et al. Differentiation and analysis on
TCM etiology and pathogenesis of mnonalcoholic fatty liver
[J]. Chin Arch Tradit Chin Med,2016,34.:2586-2589.
Zhou HY , Tang W, Jiang J, et al. Effects of B-sitosterol and
stigmasterol on nonalcoholic fattyliver disease in vitro [ J].
Acta Nutr Sin(EF2#4) ,2016,38:456461.

Feng S,Dai Z,Liu AB,et al. Intake of stigmasterol and B-si-
tosterol alters lipid metabolism and all eviates NAFLD in
mice fed a high-fat western style diet[ J]. Bba-Mol Cell Biol
1.,2018,1863.1274-1284.

Batta A K, Xu G,Honda A, et al. Stigmasterol reduces plasma
cholesterol levels and inhibits hepatic synthesis and intestinal
absorption in the rat[ J]. Metabolism,2006,55 ;292-299.
Wan X, Li XG,Li XX, et al. Beta-sitosterol inhibited TNF-q-
NF-kB and TBR1-Smad2/3 signaling pathway against hepatic
fibrosis injury in mice[ J]. Chin Pharmacol Bull ( F [ 24 #l
i@ 4) ,2020,36(1) :75-80.

Ahn H, Lee GS. Isorhamnetin and hyperoside derived from
water dropwort inhibits inflammasome activation[ J ]. Phyto-
medicine 2017 ,24 .77-86.

Yan S,Nan XD, Ma SJ, et al. Research progress of isorham-
netin against atherosclerosis[ J]. Chin J Mod App Pharm( H1
B FH 242% ) ,2020,37 :1771-1777.

Paul A,Das S,Das J,et al. Diarylheptanoid-myricanone isola-

22

23

24

25

26

27

28

ted from ethanolic extract of Myrica cerifera shows anticancer
effects on HelLa and PC3 cell lines; signalling pathway and
drug-DNA interaction[ J ]. Chin J Integr Med,2013,11 :405-
415.

He YT, Zhou Q. Relationship between estrogen and its recep-
tor and epidermal growth factor receptor mutation in lung
cancer[ J]. Oncol Prog(J&5E )& ) ,2020,18(7) :649-652.

Zhu G ,Shen Q,Jiang H, et al. Curcumin inhibited the growth
and in vasion of human monocytic leukaemia SHI-1 cells in-
vivo by altering MAPK and MMP signalling[ J ]. Pharm Biol ,
2020,58(1) :25-34.

Zhai ZX, Li G. The detective value of APN, hs-CRP, ET-1
and NO in PH patients[ J]. Hunan J Norm Univ ( #§]75Vifi &
HRH),2017,14(4) .68-71.

Jin Y, Renping L, Yaohui M, et al. Curcumin attenuates air-
way inflammation and airway remolding by inhibiting NF-xB
signaling and COX-2 in cigarette smoke-induced COPD mice
[ J]. Inflammation ,2018 ;41 :1804-1814.

Wu X, Long ZJ. Effect of self-designed yukui decoction com-
bined with mesalazine in the treatment of ulcerative colitis
and its effects on intestinal mucosal barrier function, oxida
tivestress index and vascular endothelial cell function[J].

Mod J Integr Tradit Chin West Med (LA PHE LS,
2020,29:1078-1081.

Dai ZY ,Dong YS, Ding PJ, et al. Effect of puerarin in reduc-
ing insulin resistance in HepG2 cells via PI3K/Akt /GSK-38
signal transduction pathway[ J]. Chin J Exp Tradit Med Form
(ISR T2 ,2019,25(12) :77-82.

Carmine S, Rossella DC, Gelsomina M, et al. TFEB controls
cellular lipid metabolism through a starvation-induced auto-

regulatory loop[ J]. Nat Cell Biol,2013,15:647-658.

(L% 34 W)

16

17

18

19

20

Shi YJ,Li XL, Tang Y, et al. Study on metabolic differences
of white quinoa from two areas based on GC-MS[]]. Acta
Agr Zhejiang (#TVLAO 242 ) ,2019,31:869-877.

Dang B. Analysis on phenols and antioxidant activities of qui-
noa resources in Qinghai J]. Sci Technol Food Ind( & & T
MR ) ,2019,40:30-37.

Xiong CW, Li XW, Xu DJ. Study on the determination of
quercetin and kaempferol in quinoa[ J].J Shanxi Agr Sci( L]
Ta4l Rl ) 2018 ,46 :529-533.

Zhao YD ,Dang B, Yang XJ,et al. Ultrasonic extraction tech-
nology of saponins and its antioxidant activity in quinoa from
Qinghai[ J]. Sci Technol Food Ind (& 5 Tl FF4%) ,2017,
38:45-51,62.

Shao MF,Dou JF, Yang L. Analysis of zinc and magnesium in

21

22

23

Qinghai Chenopodium quinoa by microwave digestion 1CP-
AES[J].J Anhui Agr Sci (ZZHUBF#) ,2018,46:182-
184.

Zhang Y ,Gu XL, Wang Y ,et al. Determination of 10 metallic
elements in selenium-rich quinoa from Qinghai-Tibet Plateau
by microwave digestion-ICP-MS[ J]. China Met Bull ( # [E 4>
J&IEIR) ,2019(12) :125.

The Ministry of Health of the People’ s Republic of China.
GB 28050-2011 National Food Safety Standard: General
Rules for Nutrition Labeling of Prepackaged Foods ( GB
28050-2011 £ fitv 224 [ G2 bR il THLAL 36 12 i FR b 45 il
) [S]. Beijing ; Standards Press of China,2011.

Wang HQ. Production status and investigation of quinoa in
Qinghai province[ J].J Qinghai Agr Anim Husb ( 3 ¥ 42 4%
k) ,2019(2) :13-16.





