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Study on the mechanism of Liuwei Dihuang Pills in the treatment of osteoporosis
based on network pharmacology and molecular docking
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Abstract: To analyze the mechanism of Liuwei Dihuang Pills in treating osteoporosis (OP) based on the network pharmacolo-
gy and molecular docking. The acquisition of potential chemical component and target prediction of Liuwei Dihuang Pills was
carried out through the TCMSP database. TTD, Disgenet, and GeneCards database were adopted to forecast and filtrate the
gene related to osteoporosis,and Cytoscape 3. 7.0 software was used to build TCM-chemical compound - targets - disease vi-
sualization network. The construction of protein interaction network was carried out in virtue of the String data platform, and
Metascape database was used to analyze the role access of GO and KEGG. Finally,the AutoDock4.2. 6 software was used to
verify the molecular docking between the selected chemical component and the core target spots. In the end, the results
showed that the effective constituents of Liuwei Dihuang Pills in treating the osteoporosis are 69 ,the target spots are 125 ;the
potential effective constituents mainly include quercetin, stigmasterol, kaempferol , diosgenin, etc. , and there are 32 core tar-
ges,such as AKT1,1L6,VEGFA ,TP53 , TNF, etc. ; Liuwei Dihuang Pills activates hypoxia-inducible factor 1 signaling path-
way (HIF-1) ,tumor necrosis factor (TNF) signaling pathway , phosphatidylinositol-3 kinase (PI3k-Akt) signaling pathway,

Toll-like receptors signaling pathway and other signaling pathways through the key target spots,which involve the adjustment
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and control of RNA polymerase II promoter transcription and the cell apoptosis, the response and inflammatory response of

cells to oxygen deficit, lipopolysaccharide , tumor necrosis factor,and other biological processes,to treat OP. The results of mo-

lecular docking show that quercetin, sitosterol and kaempferol , etc. have good binding activity with the key target spots such as

AKT1,TP53 and IL6, ete. Liuwei Dihuang Pills prevents and treats OP by adjusting the bone metabolism, inflammatory re-

sponse, cell proliferation and differentiation, etc. It has the characteristics of multi-component , multiple-targets and muti-path-

way , which provide the new mentalities and threads for the further fundamental research and clinical application.

Key words: Liuwei Dihuang Pills ; osteoporosis ; network pharmacology ; molecular docking
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Table 1  Core target information table
Jre FEH E4 BEE SR e
No. Gene Name Degree Betweenness centrality ~Closeness centrality
1 AKTI B 3 1 94 0.066 054 3 0.807 947 02
2 1L6 FIAZ 6 90 0.048 042 46 0.792 207 79
3 TP53 Jiy8 2. 1 pS3 83 0.033 756 17 0.753 086 42
4 VEGFA MAENEAERKET A 83 0.022 155 73 0.753 086 42
5 TNF Jibyg RAE R+ 81 0.022 154 3 0.743 902 44
6 JUN JUN ZE[H 78 0.019 899 65 0.730 538 92
7 EGF R A KA T 77 0.039 240 61 0.730 538 92
8 PTGS2 B R 2 P E A A i 76 0.018 740 12 0.721 893 49
9 MAPKS 24 B4 SO TR 1 8 75 0.0153 990 6 0.717 647 06
10 CASP3 o R i 3 75 0.013 247 88 0.717 647 06
11 MAPK1 24 5 E T R L 1 73 0.022 134 44 0.709 3023 3
12 CXCL8 UNEF < 73 0.019 142 29 0.709 302 33
13 MYC Je i HE R 72 0.013 092 04 0.705 202 31
14 FOS IR IR 71 0.038 291 28 0.705 202 31
15 EGFR F K H T2k 71 0. 020 064 64 0.705 202 31
16 ILIB NE1B 70 0.021 572 66 0.701 149 43
17 MMP9 LT 4 R UG 9 69 0.008 807 63 0.693 181 82
18 ESR1 W ZE 2k 1 65 0.015 278 5 0.677 77778
19 CCND1 CCNDI1 %I 63 0.007 119 75 0. 666 666 67
20 CCL2 PV ) 63 0. 006 456 01 0.670 329 67
21 MMP2 B4 IR U 2 62 0.012 184 09 0. 666 666 67
22 CAT Ak Al 62 0.038 958 93 0. 666 666 67
23 NOS3 P R 8 — L A R 59 0.023 782 43 0.659 459 46
24 MTOR LB T NS E A E 55 0.007 711 38 0.642 105 26
25 RELA  WBR Py B 20 Mok 22 A i 2 (R [R] 547 A 55 0.006 660 74 0.635 416 67
26 PPARG k48 AL Wy BV 3 5 O 2 1k 55 0.007 080 99 0.642 105 26
27 SERPINE1 25 TR TE AT 1 54 0.007 384 1 0.635 416 67
28 HMOXI 2T 2 42 1 54 0.006 987 2 0.638 743 46
29 FERBB2 il S TR A T 52 2 53 0.009 801 66 0.638 743 46
30 AR P M I 5 il 51 0. 008 458 48 0.628 865 98
31 AHR R 45 0.010 314 4 0.603 960 4
32 NFE212 LLANMEAT AN T 2 B 38 0.007 871 04 0.589 371 98
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Fig. 9  Drugs-Compounds-Core Targets network diagram
A SD Al ; SY 1L 24 ; DP . 7 s FL AR %S ;SZY ;11485 ., Note:SD : Rehmanniae Radix;SY ; Dioscorea Panthaicae Rhizoma;ZX ; Alismatis
Rhizoma; DP ; Moutan Cortex ; FL; Poria; SZY ; Corni Fructus.
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Table 2 Molecular docking results

ZiaHe
Binding energy ( kcal/mol)

FF5 A RNy
No. Active ingredient
IL6 AKT1 TP53
(1ALU) (1UNQ) (5MHC)
1 Quercetin -5.82 -S5.11 -7.06
2 Stigmasterol 6.2 -6.81 -6.86
3 Diosgenin -6.81 -7.66 -8.29
4 Kaempferol -5.55 -6.81 6.55




Vol. 33

RUDEDLEE - HET [ 26 24 B4R T 0 R AR 34T 7S R 25 AUVR ST BB AAAE #9 45 FI AL ) 1601

12 s FaiEEE
Fig. 12 Molecule docking mode diagram
VE A Ml 22 -TP53 (PDB ID:5mhe) ; B-1LI Z5f#-1L6 (PDB ID:1ALU) ;C; & & F-AKTI (PDB ID:1UNQ) Note : A ; Quercetin-TP53 (PDB ID;
Smhe) ;B:Kaempferol-1L6 ( PDB ID:1ALU) ; C:Stigmasterol-AKT1 (PDB ID:1UNQ).

3 WitE&%®

AHIFGE S B, 7S W 1, B AL R 47 A0 ) 32 B
BT L AE R R R B LAy U T B
FEmEAE, Horb M 2 RS D A3 e AR
PR M . Gu 251 IESE & POz 2 AEA 2%
I B 20 M AR MC3T3-E1 [ G w3 2, 1 13X
— IRARREA R D B E BB/ BB 1) i
R RIFERMER R PR . A BF9E e B0 1L 25 19y e 8
VTG MR 2 AT P, B 0 1 A L R MG-63 (13
SHOMGRE ST AR R R AL . 2 TR AT
JUAR IR B R 20 M e B LA N B R
K kB SZ AR A R - FC AR 2R 50 LA, 28 77 sk 20 i
WA, A 303 A% R 40 iR R g BT Zeng
SO B4 4 I 3 4R v BB AN M
A 53 A6 A ¥~ (OPG/ODF ) L AR i 5 51 55 Kz 20
JHL A M — T ) D RESR AR HE R R BB ] o 25 1
JITIR 7S R b B HL H Y — SV AR 5315 PR 038 e
B A P A el i Y B A AR
S5 N OP HAAETEIRI TR

GO 3 B & 4R 3BT 7R 7 R b 2 IR FH T 950
Spun il LN s N E =R AR G AN FEZ ) S AN
W IR PR GRS TG MR R N E 2 R A e R 2
AR ERR S &% AKTI IL6 . TPS3 . VEGFA  TNF
SEROFE R Horb, AKTT RT3 3 V0 1 i 2500 28
F mTORC1/S6K1 &35 1B 40 it ( osteoblast, OB ) 43
b St B 4 (osteoclast, OC) YA o A WFFEIESE
AKTT JE PR R 55 A9 /0N B AR SE AR 7™ B B IR 1 1Y 2E
KEHE" . WRBITE R, B K A A R
HB5 P F S8 TR ORI AR AR O B R
WU A O IR S S S P ) 28 4k 4T L IR T
T IL6 \TNF 58 3k 154 M0 8 15 2 A 1 1 52 A sl o A

40 B IR AT W e P, 2 5 R TR
E R KRR RN . VEGFA RERS A 3 P9 Bz 40 it 3
B R LA LR, I I e T i, B
BB ) 70 T2 A g OB Y 8B T 1, & AR OC
R TSR AR IE B e 2 I A R R
() 5 A 2 S vh R B E B A A

KEGG ZpHr 15 2 /3 % 3= 53 & INF {5 518
% MAPK i@ i HIF-1 {5 538 #& . PI3K/ Akt 38 J§& .
Toll #2325 5-38 [ 255, 13 BH 7 IR 385 AL AL 2% 143
] UL BRI B AT OP B H Y. B IRsE
DT S (TNF) A 9084k S A M 56 B T i
FEERHEWERTF N EZE R R LN
TNF-o 7] DL P3040 25 )5 B TR G AAAE 1) 282, JEAE
HLEE L RANKL 7% S 00 Bl 15 20 A i, 4% 0
FLIH TNF IL-6 3@ 1 7418 TNF 5 RANK/RANKL/
OPG {553 [ 1155 5 55 5, 45 1 W Wi T 2 F
%2 MAPK 3@ #% 0] LU i 4% 0C #2316 5% i
OP [k . AWFFLIES: MAPK 1R3G5 HiE5 5
OC R4 ML 2L N B OC , F:3did [ 5 5 OC
6 OP %Az i 3 B PR 2 T B F YA 7 5
B 200 L P i B 38T o PI3KY/ At 3 %5 A 0l
R ST R VR R A R A A A
St R T 4R B R B . 30 PI3KY/
Akt 155 38 [ 7] DL AR 9 B 4 9% % i ( ALP) | BMP-2
S R SRR S W B e 35, 418 3 B A B B AN 43
. TRl PI3K/ Ak {75 538 B4 )47 1 X T 04 5 20
TR B BB A . Toll #EZ ARk
FESEPEGLRE 21K, Toll-like 55 3 B¢ 76 1 1R b 1
WA EZM A, o Toll HE4Z1Ak 4 (TLR4) {5 5%
A @A 0% ERK p38 INK Fl NF-«B 3 4 5 Hifh
JOS R G M DB R, I R R 40 M 43k 3



1602

KIRF=YIB R 5T K

Vol. 33

B AL BT R - T ST R A
G 40 - 0 R B ) SR Ak L TR G, X T OP
R AEFNG YT AR 8 G, BAAE S -1 5 5
% (CHIF-1) XF B 40 B 0% B 40 e 1 184 4 Ak A
TG BYIMCH R, HIF-1 BA 16 40 i
PIVEF , B 0T B P £ 3 3 2 A file = T e AL AR i
AP HIF-1 38 L0 A% B 40 M 7, i 28 1 Jo i #
SERFE . DRI, 40 7S bR b 3% L8 5 TNF {5 5
% MAPK i %  HIF-1 {5238 %  PI3K/Akt i % .
Toll £ 52 /R A7 5 38 P% 5515 5 38 [ 8 4% AKTI [ 1L6
TP53 .VEGFA [ TNF 2§ 4 it mmf OP, 7SR i
B AL VAR TGP A ) 'ﬁaé%ﬁfﬂm o Fxf e, 45
SR I 2 2 a@éjffﬂc%%'ﬁj TP53 |
AKT1 .1L6 #Xfﬁﬁﬁ‘\‘\éﬁé\ﬁﬁi’{]/J\T-S.O kcal/mol ,
PEAR 7SR HD B AL P (08 A TG R S A
AT S AWM, UL EAT AT BB &G YT OP MW7
TR Y o Uh P38 I ) 4 24 B2 R 43 o T B T
T HE 7S R L 35 ALYA T OP Y PR T35 2 A 20 R O A 4
SR EAT —E MR e SRR

AR S 3 ) 4% 24 BEAF R TR R R R L O
WA b B AL 2o 9 A R E SRE SN 2
SRS RTIBE FR YT OP, B Z iy (2805 £id
BEVEFRRIE . [RIE gh B2 25 B9 OP () HLAARYE
PSR 2 4E AL L A, B0 A T b B 24 1 % 7K 8T
SR A FITF 5 22 592 5 158 B IR AL R R T
(40 i , ok 4 I 25 W Wik A 25 T Bt At S Al B8 =2
o R FIZM R R BRI TR E G R, &
w2 I B A R P9 T P 4 T R R A AR Ak Y A
M, 258 ELARYE FIML G A4 B AT 75 a8 i ik — 45 9 52
B RS

% 0k

1 Ensrud KE, Crandall C]J. Osteoporosis[ J]. Ann Intern Med,
2017,167(3) .ITC17-1TC32.

2 Qaseem A,Forciea MA,McLean RM, et al. Treatment of low
bone density or osteoporosis to prevent fractures in men and
women: A clinical practice guideline update from the Ameri-
can college of physicians[]J]. Ann Intern Med, 2017, 166
818-839.

3 Ge JR,Zheng HX,Wan XM, et al. Expert consensus on the
prevention and treatment for primary osteoporosis with tradi-
tional Chinese medicine[ J]. Chin J Osteoporosis ( H [E ‘& it
A2 ) ,2015,21:1023-1028.

4 Lu YW,Lin GC,Liu QQ,et al. Analysis of the effect of reh-

10

11

12

13

14

15

manniae bolus on the regulation of gene expression in postm-
enopausal osteoporosis with Kidney-Yin Deficiency[ J]. Chin
J Osteoporosis ( H1ElH BTsifA 44 ) ,2017,23:350-356.
Wu RF,Ma SL, Yu L. The impact of six-ingredient rehman-
nia pill on osteocalcin and bone mineral density in patients
with kidney yin deficiency type senile osteoporosis [ J ].
World Chin Med ( {5 [E25) ,2016,11:2043-2046.

Yu JW,Ou ZC. Effect of Liuwei Dihuang pill on osteoporosis
bone metabolism and quality of life[ J]. Guangming J Chin
Med (YA EE ) ,2016,31:2157-2159.

Liu CC,Yang C,Yang T,et al. Exploring the potential mech-
anism of Ginkgo biloba leaves in the treatment of hyperten-
sion based on network pharmacology and molecular docking
[J]. Nat Prod Res Dev( RERF=#HI5E 5 %) ,2021,33 .
468-478.

Jia SS, Wu JR,Zhou W, et al. Study on mechanism of ren-
gingmangjue capsules in treatment of metabolic disease based
on network pharmacology [ J]. Eval Anal Drug-Use Hosp
Chin ([ EEBE 25PN 5 704 ,2019,19(3) :272-276.
Ahmed SS, Ramakrishnan V. Systems biological approach of
molecular descriptors connectivity : optimal descriptors for o-
ral bioavailability prediction [ J ]. PLoS One, 2012, 7.
e40654.

Rebhan M, Chalfa-Caspi V, Prilusky J,et al. Gene cards: In-
tegrating information about genes, proteins and diseases[ J].
Trends Genet,1997,13(4) :163-166.

Yang X, Liu H, Liu J, et al. Rational selection of the 3D
structure of biomacromolecules for molecular docking studies
on the mechanism of endocrine disruptor action [ J]. Chem
Res Toxicol ,2016,29:1565-1570.

Hsin KY, Ghosh S, Kitano H. Combining machine learning
systems and multiple docking simulation packages to improve
docking prediction reliability for network pharmacology[ J].
PLoS One,2013,8:e83922.

Gu YQ,Fu JY,Wu WQ, et al. Quercetin alleviates estrogen
deficiency-induced through ~ anti-senescence
effect on bone cells[ J]. J Tongji Univ: Med Sci ( [f] 3% K2
S, BEAERR) ,2019,40(3) :274-280.

Zeng YR, Zeng JC, Fan YG, et al. Effect of kaempferol on
proliferation and differentiation of osteoblast MG-63 [ J].
Lishizhen Med Mater Med Res ( Bt ¥ [E £ [E 25 ) ,2012,23 .
1463-1465.

Jiang YZ, Wang JJ, Liang JC, et al. Effects of diosgenin on
cell proliferation, differentiation and OPG/RANKL mRNA ex-

osteoporosis

pression of rat osteoblasts cultured in vitro[ J]. Chin J Tradit

Chin Med Pharm( FfgrhEZ52458) ,2010,25(1) :134-136.
(F#4% 1538 W)





