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Abstract: Objective To predict the active constituents and targets of Guizhi Shaoyao Zhimu Decoction (GSZD) in the treatment of
rheumatoid arthritis by using molecular docking and network pharmacology, and to analyze the effect of multi component-multi

target-multi pathway combined with the theory of compatibility of TCM prescriptions. Methods The main chemical constituents of
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nine kinds of Chinese herbal medicines (Cinnamomi Ramulus, Paeoniae Radix Alba, Anemarrhenae Rhizoma, Glycyrrhizae Radix et
Rhizoma, Ephedrae Herba, Zingiberis Rhizoma Recens, Atractylodis Macrocephalae Rhizoma, Saposhnikoviae Radix and Aconiti
Lateralis Radix Praeparata) were collected from TCMSP, TCM-Datebas@Taiwan and PubChen Compound database. The protein
targets to the treatment of rheumatoid arthritis are found through DrugBank and TTD databases and uploaded to the String online
database to build the network relationship of protein interaction. Appropriate crystal structures of protein targets were downloaded
from PDB database, and molecular docking between compounds and targets was performed by using Discovery studio 4.5.0 software.
A drug-compound-target visualization network was constructed by using Cytoscape 3.6.1 software to elucidate the main mechanism of
GSZD against theumatoid arthritis. Results The results of molecular docking showed that there were 316 potential anti-arthritis active
components in GSZD, acting on 26 targets, among which MAPK1, ZADH2, P38, AKR1C2, DHODH, CA2, MMP3, MMP9, RANKL,
and other proteins were the main targets. Biological function and pathway analysis indicated that the mechanism of GSZD mainly
involved in bone absorption (28%), histone kinase activity (20%), peptide tyrosine phosphorylation (20%), prostaglandin metabolism
(12%), and other biological processes. The main pathway was osteoclast differentiation (94.12%). Conclusion In this study,
molecular docking combined with network pharmacology was used to study the pharmacodynamic material basis and molecular
mechanism of GSZD in the treatment of rheumatoid arthritis from the perspective of multi-target and multi-approach, providing
reference and basis for better clinical use.
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Fig. 1 Herbal-molecular-target network
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Table 2 Protein target information

Uniport ID  PDB ID ESEYE] 45 B I gLtk
Q8N4Q0 2X7H FUFIMR 2L i 1 3 ZADH2 219 0.160 794 0.605 536
P35968 4ASE I PR A KR T 52 4k 2 VEGFR2 14 0.000 191 0.350 701
P1375 2AZ5 Ji g PR BE K 7 TNF-a 2 0.000 001 0.340 467
P43405 3SRV T R 2 A B SYK SYK 31 0.001193 0.364 583
Q14788 3URF PR SR BB R T ECAREE R R 11 RANKL 91  0.064 886 0.419 664
Q16512 40TI 22 G R/ R B L N1 PKNI 72 0.010 343 0.400 458
Q15759 10UY 22 24 U0 B R 11 P38 137 0.044 582 0.469 169
P14780 1GKC ERE&REAE9 MMP9 101 0.023 431 0.427 873
P8254 4G9L ER&EEANE3 MMP3 93 0.016 352 0.420 673
P3956 3AYK EREREEAE 1 MMP1 25 0.000 734 0.359 343
Q2750 189J KU S 22 28 50 B (AR 1 MEK 1 5 0.000011 0.341 131
P28482 4QP2 22 24 5O B R 1 MAPK1 236 0.413 462 0.643 382
P35968 4]Q4 I N R AR K DR 32 4k 2 KDR 8  0.000 107 0.345 850
P45983 3PTG 22 3 )OO B N 8 JNK 25 0.000 774 0.359 343
P52333 3PIC Tt R 52 A B JAK3 18  0.000 387 0.353 535
060674 4BBE T R 2 A JAK2 48 0.003 889 0.379 610
P23458 3EYG TR A JAKI 37 0.001 831 0.369 198
Q2127 3FJ6 T TR A DHODH 182 0.087 760 0.536 810
P403 5KIR itz ¢ EALAEE COxX2 62 0.005979 0.390 625
P24941 1PYE 2 e J) 9 B AR P B 2 CDK2 61  0.006 647 0.390 625
P43235 4DMY HRE AR K Cathepsin K 6  0.000 034 0.345 168
P42574 2XYG e BN & S B 1 3 Caspase3 49 0.004 185 0.380 435
P918 2AW1 TR T 2 CA2 126  0.035978 0.456 919
P10415 6GL8 S TR S Ak BCL-2 3 0.000 009 0.341 797
014727 1Z6T AT F RS AR T 1 Apaf-1 4 0.000012 0.341 131
P52895 4JQ4 AR SR G 0 1 A AKRI1C2 212 0.135 746 0.591 216

®3 EMLEYER

Table 3 Active compound information

LIl FR KR B N BEGL
7-53 aurantiamide K1EE 24 0.011 345 0.510 949
3-10 gancaonin E HEE 23 0.000 131 0.393 701
5-10 3,5-dihydroxy-1,7-bis(4-hydroxy-3-methoxyphenyl)heptane A22% 22 0.003 228  0.436 954
5-15 1,7-bis(4-hydroxy-3-methoxyphenyl) hept-4-en-3-one A 22 0.001 071 0.484 094
5-5  5-hydroxy-1-(3,4-dihydroxy-5-methoxyphenyl)-7-(4-hydroxy-3-methoxyphenyl)heptan-3-one 2 22 0.006 829 0.506 512
5-11 5-hydroxy-1-(4-hydroxy-3-methoxyphenyl)-7-(3,4-dihydroxyphenyl)heptan-3-one A2 21 0.007 086 0.507 983
5-12 hexahydrocurcumin A:35 21 0.001 459 0.488 145
3-1  3'-(y,y-dimethylallyl)-kievitone HEE 20 0.003 219 0.430 504
3-45 glabrol HEE 20 0.002 259 0.495 050

5-13 3-acetoxy-1,5-epoxy-1-(3,4-dihydroxy-5-methoxyphenyl)-7-(4-hydroxy-3-methoxyphenyl)heptane 4:Z% 19 0.001 718 0.490 884
5-6  5-hydroxy-1-(4-hydroxy-3-methoxyphenyl)-7-(3,4-dihydroxy-5-methoxyphenyl)heptan-3-one A22% 19 0.005 394 0.496 454
5-7 1,5-epoxy-3-hydroxy-1-(4-hydroxy-3,5-dimethoxyphenyl)-7-(4-hydroxy-3-methoxyphenyl)heptane 422 19 0.006 151 0.506 512




© 4678 ¢ ¢ $# Chinese Traditional and Herbal Drugs 3£ 51 % 25 18 3 202049 A

gR3
5 YR KR N BEGL
5-37 curcumin 2 18 0.000 209 0.413 223
5-38 1,5-epoxy-3-hydroxy-1-(3,4-dihydroxy-5-methoxyphenyl)-7-(4-hydroxy-3-methoxyphenyl)heptane “£Z 18 0.000 209 0.413 223
8-21 marmesin B R, 18 0.000 421 0.401 837
3-13 gancaonins H HH 17 0.000 976 0.478 796
3-62 licoflavone C HE 17 0.000 788 0.401 837
3-31 licoricidin HE 16 0.001 298 0.425 273
3-33 licorisoflavan A HH 16 0.000 764 0.476 190
4-36 nebrodenside A JBRH 16 0.000 879 0.477 490
9-22 14-O-cinnamoylneoline F$F 16 0.001 273 0.478 796
9-51 aconicarchamine B Ff¥¥ 16 0.000 523 0.472 335
3-37 l-methoxyficifolino HE 15 0.000 764 0.476 190
3-9 gancaonin D HE 15 0.000397 0.471 063
7-56 n-trans-feruloyltyramine H1BE 15 0.002 568 0.497 866
9-70 episesamin ¥ 15 0.001 644 0.484 094
3-29 licoisoflavanone HH 14 0.001 122 0.485 437
3-38 lupiwighteone HE 14 0.002 806 0.430 504
9-23 14-O-anisoylneoline FftF 14 0.000 908 0.476 190
9-24 14-O-veratroylneoline Ff$¥ 14 0.000 121 0.392 817
3-56 licorice chalcone D HE 13 0.000 397 0.398 180
3-28 licocoumaron HH 12 0.001 464 0.426 309
5-31 6p-hydroxystigmast-4-en-3-one A3 12 0.003 717 0.502 152
7-4  timosaponin Al K1EE 12 0.000 490 0.472 335
7-55 n-p-coumaroyltyramine H1BE 12 0.001 942 0.493 653
8-5 ledebouriellol B R, 12 0.000 230 0.455 137
9-71 isolariciresinol FF 12 0.000 259 0.395 480
3-6 y-sitosterol HE 11 0.000 331 0.397276
3-7 gancaonin B H 11 0.000 987 0.477 490
4-25 feruloylhistamine FRIE 11 0.000 045 0.312 221
4-50 nebrodenside B JFRTE 11 0.000 376 0.468 541
7-40 2'-O-methylphlorethin HIBE 11 0.001 748 0.492 264
8-1 3'-0O-angeloyhamaudol B5 X 11 0.001 582 0.484 094
9-69 sesamin Bff¥ 11 0.001 609 0.426 309
3-14 gancaonin | HE 10 0.000 133 0.391 061
4-29 geranyl-B-D-glucopyranoside JFR¥E 10 0.001 196 0.481 431
4-34 dihydroquercetin JEEE 10 0.001 196 0.481 431
4-53 3'4',5,7-tetrahydroxyflavanone BRFE 10 0.001 019 0.480 110
4-72 (+)-leucocyanidin JFR¥E 10 0.000 072 0.398 180
5-17 (3S,59)-[6]-gingerdiol £3% 10 0.000 209 0.413 223
5-49 cianidanol A2 10 0.000 064 0.394 589
6-44 stigmasterol FAR 10 0.000 418 0.471 063
7-65 oxy-cis-hinokiresinol H16E 10 0.001 581 0.490 884
8-20 (3'S)-hydroxydeltoin B %, 10 0.000 230 0.455 137
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Fig. 2 Partial target docking results
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GO &HESHT % Genes/Term
01234567 89I101112I1314151617 1819 2021 2223 242526
cellular response to cadmium ion S
positive regulation of sprouting angiogenesis 3
collagen catabolic process 4
positive regulation of proteinimport 1 |_—_—
positive regulation of protein import into nucleus | _—<G_—G_—
oxidoreductase activity, acting on the CH-CH group of donors | 3
prostanoid metabalic process | —_—_—_——
prostaglandin metabolic process 1 | _—_———
response to inferleukin-2
non-membrane spanning protein tyrosine kinase activity | _—_——_@j_—_—_
interleukin-2-mediated signaling pathway
cellular response to interleukin-2
peptidyl-tyrosine autophosphorylation  |E—_——— 5
vascular smooth muscle cell proliferation  j—=_ 3
histone kinase activity [ 3
regulation of vascular smooth muscle cell proliferation j—3
positive regulation of vascular smooth muscle cell proliferation E————1
histone phosphorylation 3
activation of JUN kinase activity | 3
positive regulation of tissue remodeling | EEG—_—_—_——_—
regulation of bone remodeling 3
bone resorption =4
positive regulation of bone remodeling | EEG—_G—_S_———
regulation of bone resorption | IEEG_—_—_—_—_ 7

positive regulation of bone resorption  |EEEG—_—_—_————

3

3

3

cellular response to cadmium ion 4.0%

positive regulation of sprouting angiogenesis 4.0%

bone resorption 28% collagen catabolic process 4.0%

positive regulation of protein import 8.0%

prostanoid metabolic process 12.0%

histone kinase activity 20%

peptidyl-tyrosine autophosphorylation 20.0%

% Genes/Term
KEGG &#/#7 0 1 2 3 4 5 6 7 8 9 10
umatoid arthritis | E— ' | | ' !
VEGF signaling pathway S 3
Osteoclast differentiation T
IL-17 signaling pathway s
Thl and Th2 cell differentiation s
Th17 cell differentiation S S
B cell receptor signaling pathway S 3
Fc epsilon RI signaling pathway 104
TNF signaling pathway F0 s
progesterone-mediated oocyte maturation 1 4
prolactin signaling pathway s
leishmaniasis 00 3
hepatitis B 6
pancreatic cancer g
prostate cancer _ 5
bladder cancer A
non-small cell lung cancer 1 3

- rheumatoid arthritis 5.88 %

osteoclast differentiation 94.12%

&3 GO ZEENM KEGG EE NI

Fig.3 GO enrichment analysis and KEGG enrichment analysis
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Table 4 GO enrichment analysis results
GO %5 G4 FEIE HHICEE HHIGEE R 2
GO0:0035173 histone kinase activity molecular function CDK2, JAK2, PKN1 3

molecular function JAK1, JAK2, JAK3, SYK
molecular function AKR1C2, DHODH, ZADH2

GO:0004715 non-membrane spanning protein tyrosine kinase activity

GO0:0016627 oxidoreductase activity, acting on the CH-CH group of donors

GO0:0007257 activation of JUN kinase activity biological process PKN1, SYK, TNFSF11
GO0:0034105 positive regulation of tissue remodeling biological process CA2, SYK, TNFSF11
GO0:0046850 regulation of bone remodeling biological process CA2, SYK, TNFSF11

GO0:0045453 bone resorption
GO0:0046852 positive regulation of bone remodeling

CA2, CTSK, SYK, TNFSF11
CA2, SYK, TNFSF11
CA2, SYK, TNFSF11

biological process
biological process

GO:0045124 regulation of bone resorption biological process

GO:0045780 positive regulation of bone resorption biological process CA2, SYK, TNFSF11
GO0:1990874 vascular smooth muscle cell proliferation biological process JAK2, MMP9, PKN1
GO:1904705 regulation of vascular smooth muscle cell proliferation biological process JAK2, MMP9, PKN1

JAK2, MMP9, PKN1
CDK2, JAK2, PKN1
JAK1, JAK3, SYK

GO:1904707 positive regulation of vascular smooth muscle cell proliferation biological process
GO:0016572 histone phosphorylation
GO:0070669 response to interleukin-2

biological process

biological process

GO:0038110 interleukin-2-mediated signaling pathway biological process JAKI, JAK3, SYK
GO:0071352 cellular response to interleukin-2 biological process JAKI, JAK3, SYK
GO0:0038083 peptidyl-tyrosine autophosphorylation biological process JAKI, JAK2, JAK3, KDR, SYK

GO0:0006692 prostanoid metabolic process

GO0:0006693 prostaglandin metabolic process

GO:1904591 positive regulation of protein import
GO0:0042307 positive regulation of protein import into nucleus
GO0:0030574 collagen catabolic process

GO:1903672 positive regulation of sprouting angiogenesis

GO0:0071276 cellular response to cadmium ion

biological process
biological process
biological process
biological process
biological process
biological process

biological process

AKRI1C2, COX2, ZADH2
AKRI1C2, COX2, ZADH2
COX2, JAK2, MAPK 1

COX2, JAK2, MAPK 1

CTSK, MMP1, MMP3, MMP9
COX2, JAKI, KDR

MAPK 1, MAPKS, MMP9

LW W B W W W W W W W W W W W W W W W R W W W W N

*5 KEGG BEERESER
Table 5 Results of KEGG pathway enrichment analysis

KEGG %i'5 B HHIGHE A HHRFE R
KEGG:04380 osteoclast differentiation CTSK, JAK1, MAP2K1, MAPK1, MAPKS, SYK, TNFSF11 7
KEGG:05161 hepatitis B CDK2, JAK1, MAP2K1, MAPK1, MAPKS, MMP9 6
KEGG:04917 prolactin signaling pathway JAK2, MAP2K1, MAPK1, MAPKS, TNFSF11 5
KEGG:04658 Thl and Th2 cell differentiation JAK1, JAK2, JAK3, MAPK1, MAPKS 5
KEGG:04657 IL-17 signaling pathway MAPK1, MAPKS, MMP1, MMP3, MMP9 5
KEGG:05215 prostate cancer CDK2, MAP2K1, MAPK1, MMP3, MMP9 5
KEGG:04659 Th17 cell differentiation JAK1, JAK2, JAK3, MAPK1, MAPKS 5
KEGG:04668 TNF signaling pathway MAP2K1, MAPK1, MAPKS, MMP3, MMP9 5
KEGG:05219 bladder cancer MAP2K1, MAPK1, MMP1, MMP9 4
KEGG:04664 Fc epsilon RI signaling pathway MAP2K1, MAPK1, MAPKS, SYK 4
KEGG:05212 pancreatic cancer JAK1, MAP2K1, MAPK1, MAPKS 4
KEGG:05323 rheumatoid arthritis CTSK, MMP1, MMP3, TNFSF11 4
KEGG:04914 progesterone-mediated oocyte maturation CDK2, MAP2K 1, MAPK1, MAPKS 4
KEGG:04370 VEGF signaling pathway KDR, MAP2K1, MAPK1 3
KEGG:05223 non-small cell lung cancer JAK3, MAP2K1, MAPK1 3
KEGG:04662 B cell receptor signaling pathway MAP2K1, MAPK1, SYK 3
KEGG:05140 leishmaniasis JAK1, JAK2, MAPK1 3




. 4682 - L5 X ]

Chinese Traditional and Herbal Drugs 25 51 % % 18 3] 202049 A

4 PPl EHEIEMLE
Fig. 4 PPI protein interaction network
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