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Mechanism of Shaoyao Gancao Decoction in treatment of rheumatoid arthritis
based on network pharmacology

SHI Lu, SUN Wen-yan
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To study the mechanism of Shaoyao Gancao Decoction in the treatment of rheumatoid arthritis (RA) based on
network pharmacology. Methods The active components of Shaoyao Gancao Decoction were obtained from traditional Chinese
medicine systems pharmacology (TCMSP) database, and human target proteins corresponding to active components were searched in
Swiss Target Prediction and TCMSP database. The targets of RA were collected through Therapeutic Target Database and Drugbank
database. The key targets of Shaoyao Gancao Decoction to treat RA were screened by building the Venn diagram. And the key protein
interaction (PPI) network model was constructed by STRING database. The gene ontology (GO) and pathway enrichment analysis were
performed by DAVID database. All of the correlative results were visualized by Cytoscape 3.7.2, and the network feature analysis was
made by Network Analyzer. Results A total of 102 compounds were obtained from Shaoyao Gancao Decoction, with 310
corresponding targets, and 68 common targets of Shaoyao Gancao Decoction-RA were obtained. Herb-compound-target-pathway
network showed that kaempferol, quercetin, formononetin, naringenin, isorhamnetin were the key compounds of Shaoyao Gancao
Decoction in the treatment of RA, and PTGS2, NOS2, MAPK14, PPARG, IL-6, TNF, and IL-1J were the key targets. GO entries
included 28 biological process entries, two cellular component entries, and 13 molecular function entries. There were 40 pathways

involving TNF signaling pathway, osteoclast differentiation, T cell receptor signaling pathway, MAPK signaling pathway, steroid
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hormone biosynthesis and toll-like receptor signaling pathway. Conclusion The results of this study verify the multi-component,

multi-target and multi-pathway regulation characteristics of Shaoyao Gancao Decoction, preliminarily predict material basis and

mechanism of Shaoyao Gancao Decoction in the treatment of RA, which provides reference for further research.
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Table 1 Active compounds in Shaoyao Gancao Decoction

TS WEYA R OB/% DL K
MOLO001910 11a,12a-epoxy-3p-23-dihydroxy-30-norolean-20-en-28,12-olide 64.77 038 HAj
MOLO001918  paconiflorgenone 8759 037 HAAj
MOLO001919  (3S,5R,8R,9R,108,14S)-3,17-dihydroxy-4,4,8,10,14-pentamethyl-2,3,5,6,7,9- 4356 0.53 [AAj

hexahydro-1H-cyclopenta[a]phenanthrene-15,16-dione
MOL001921 lactiflorin 4912 0.80 HAj
MOL001924  paconiflorin 5387 079 AR
MOL001925  paeoniflorin_qt 68.18 040 HAj
MOL001928  albiflorin_gt 66.64 033 HA
MOLO001930  benzoyl paeoniflorin 3127 075 HA
MOLO000358  [-sitosterol 3691 075 [EA)
MOL000492  (+)-catechin 5483 024 AR
MOL000211  mairin 5538 0.78 HAJ. HE
MOL000359 sitosterol 3691 075 HAJ. HE
MOL000422  kaempferol 4188 024 (HAj. HE
MOL001484  inermine 7518 054 HE
MOL001792  liquirtigenin 3276 0.18 H¥H
MOL002311  glycyrol 90.78 0.67 H¥
MOL000239  jaranol 50.83 029 HZ
MOL002565  medicarpin 4922 034 H=E
MOL000354  isorhamnetin 49.60 031 HH
MOLO003656  lupiwighteone 51.64 037 HHE
MOLO003896  7-methoxy-2-methyl isoflavone 4256 020 H¥E
MOL000392 formononetin 69.67 021 H*x
MOL000417 calycosin 47.75 024 HiE
MOL004328 naringenin 59.29 021 H*x
MOLO004805  (25)-2-[4-hydroxy-3-(3-methylbut-2-enyl)phenyl]-8,8-dimethyl-2,3-dihydropyranol[ 2, 31,79 072 HE

3-f]chromen-4-one
MOLO004806  euchrenone 3029  0.57 HE
MOL004808  glyasperin B 6522 044 H=
MOL004810  glyasperin F 75.84 054 HH
MOL004811  glyasperin C 4556 040 H=
MOL004814 isotrifoliol 3194 042 HE
MOLO004815  (E)-1-(2,4-dihydroxyphenyl)-3-(2,2-dimethylchromen-6-yl)prop-2-en-1-one 39.62 035 HHE
MOL004820 kanzonols W 50.48 052 H*x
MOL004824  (25)-6-(2,4-dihydroxyphenyl)-2-(2-hydroxypropan-2-yl)-4-methoxy-2,3-dihydrofuro[ 3, 6025 0.63 HH

2-g]chromen-7-one
MOLO004827 semilicoisoflavone B 48.78 0.55 H
MOLO004828  glepidotin A 4472 035 HE
MOLO004829  glepidotin B 64.46 034 HIE
MOL004833  phaseolinisoflavan 3201 045 HHE
MOL004835  glypallichalcone 61.60 0.19 H=H
MOL004838  8-(6-hydroxy-2-benzofuranyl)-2,2-dimethyl-5-chromenol 58.44 038 HIHE
MOL004841  licochalcone B 7676 0.19 HHE
MOL004848  licochalcone G 4925 032 HHE
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MOL004849  3-(2,4-dihydroxyphenyl)-8-(1,1-dimethylprop-2-enyl)-7-hydroxy-5-methoxy-coumarin 59.62  0.43 HE
MOL004855 licoricone 63.58 047 HE
MOL004856  gancaonin A 51.08  0.40 o
MOL004857  gancaonin B 48.79 045 H
MOL004860 licorice glycoside E 32.89 027 HE
MOL004863  3-(3,4-dihydroxyphenyl)-5,7-dihydroxy-8-(3-methylbut-2-enyl)chromone 66.37 041 o
MOL004864  5,7-dihydroxy-3-(4-methoxyphenyl)-8-(3-methylbut-2-enyl)chromone 3049 041 HE
MOL004866  2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-6-(3-methylbut-2-enyl)chromone 4415 041 o
MOLO004879  glycyrin 52.61 047 HEE
MOL004882  licocoumarone 3321 036 HE
MOL004883  licoisoflavone 41.61  0.42 H
MOL004884  licoisoflavone B 3893  0.55 HH
MOLO004885  licoisoflavanone 5247 0.54 H
MOL004891  shinpterocarpin 80.30 0.73 HE
MOLO004898  (E)-3-34-dihydroxy-5-(3-methylbut-2-enyl)phenyl]- 142 4-dihydroxyphenyl)prop-2-en-1-one ~ 46.27  0.31 HE
MOL004903  liquiritin 65.69 0.74 H=E
MOL004904  licopyranocoumarin 80.36  0.65 HE
MOLO004905  3,22-dihydroxy-11-oxo-delta(12)-oleanene-27-a-methoxycarbonyl-29-oic acid 3432  0.55 H
MOL004907  glyzaglabrin 61.07  0.35 HE
MOL004908  glabridin 5325 047 H=E
MOL004910  glabranin 5290 0.31 HE
MOL004911  glabrene 4627  0.44 HE
MOL004912  glabrone 52.51  0.50 H=E
MOL004913 1,3-dihydroxy-9-methoxy-6-benzofurano[3,2-c]chromenone 48.14  0.43 HHE
MOL004914 1,3-dihydroxy-8,9-dimethoxy-6-benzofurano[3,2-c]chromenone 6290 0.53 H
MOLO004915  eurycarpin A 4328 037 HE
MOL004917  glycyroside 3725 0.79 H
MOL004924  (—)-medicocarpin 40.99  0.95 HE
MOL004935  sigmoidin-B 3488 041 HE
MOL004941 (2R)-7-hydroxy-2-(4-hydroxyphenyl)chroman-4-one 7112 0.18 H
MOL004945  (2S)-7-hydroxy-2-(4-hydroxyphenyl)-8-(3-methylbut-2-enyl)chroman-4-one 36.57 0.32 HE
MOL004948  isoglycyrol 4470  0.84 HE
MOL004949  isolicoflavonol 4517 042 I
MOL004957  4'-hydroxy-7-methoxy-isoflavone 3837 0.21 HE
MOL004959  1-methoxyphaseollidin 69.98  0.64 HE
MOL004961  quercetin der. 46.45 033 HE
MOL004966  3'-hydroxy-4'-O-methylglabridin 43.71  0.57 HE
MOL000497  licochalcone A 40.79  0.29 I
MOL004974  3'-methoxyglabridin 46.16  0.57 H
MOL004978  2-[(3R)-8,8-dimethyl-3,4-dihydro-2 H-pyrano[6,5-f]chromen-3-yl]-5-methoxyphenol 36.21  0.52 H
MOLO004980  inflacoumarin A 39.71  0.33 i
MOL004985 icos-5-enoic acid 30.70  0.20 H
MOL004988  kanzonol F 3247 0.89 HE
MOL004989  6-prenylated eriodictyol 3922 041 H
MOLO004990  7,2',4'-trihydroxy-5-methoxy-3-arylcoumarin 83.71 0.27 Hi
MOLO004991  7-acetoxy-2-methylisoflavone 3892  0.26 i
MOL004993 8-prenylated eriodictyol 53.79 0.40 H
MOL004996  gadelaidic acid 30.70  0.20 HE
MOL000500  vestitol 74.66  0.21 o
MOLO005000  gancaonin G 60.44  0.39 i
MOL005001 gancaonin H 50.10 0.78 H
MOL005003 licoagrocarpin 58.81  0.58 H
MOLO005007  glyasperins M 72.67  0.59 HE
MOLO005008  glycyrrhiza flavonol A 41.28  0.60 H
MOLO005012  licoagroisoflavone 5728 0.49 o
MOLO005013 18a-hydroxyglycyrrhetic acid 41.16  0.71 HH
MOL005016  odoratin 49.95  0.30 HE
MOL005017  phaseol 78.77  0.58 HE
MOLO005018 xambioona 5485 0.87 HH
MOL005020  dehydroglyasperins C 53.82 037 HE
MOLO000098 quercetin 46.43  0.28 HE
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Table 3 Topology parameters of key targets in treatment of RA with Shaoyao Gancao Decoction

e AR H PR AR K i e otk
IL-6 interleukin-6 44 1.338 462 0.103 213 0.747 126
TP53 cellular tumor antigen p53 41 1.400 000 0.072 594 0.714 286
TNF tumor necrosis factor 40 1.430 769 0.047 761 0.698 925
PTGS2 prostaglandin G/H synthase 2 37 1.430 769 0.050 438 0.698 925
MAPK3 mitogen-activated protein kinase 3 36 1.492 308 0.055 497 0.670 103
IL-1P interleukin-1§ 35 1.476 923 0.040 510 0.677 083
JUN transcription factor AP-1 33 1.538 462 0.015 630 0.650 000
CASP3 caspase-3 31 1.569 231 0.016 651 0.637 255
RELA transcription factor p65 29 1.630 769 0.014 815 0.613 208
MPO myeloperoxidase 28 1.692 308 0.024 396 0.590 909
CCND1 G1/S-specific cyclin-D1 26 1.661 538 0.022 186 0.601 852
AHR aryl hydrocarbon receptor 23 1.676 923 0.019 615 0.596 330
CYP3A4 cytochrome P450 3A4 22 1.692 308 0.033 552 0.590 909
ABCBI P-glycoprotein 1 21 1.692 308 0.020 752 0.590 909
CYPI19A1 cytochrome P450 19A1 20 1.707 692 0.047 781 0.585 586
CYPI1Al cytochrome P450 1A1 20 1.723 077 0.024 022 0.580 357
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Fig.4 GO entries of key targets
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Table 4 Pathway enrichment information involving key targets in treatment of RA with Shaoyao Gancao Decoction

ID pil B Yo P1H FDR
hsa05200 pathways in cancer 19 6.86X107° 8.49X 1076
hsa05142 chagas disease (American trypanosomiasis) 15 2.70X10713  3.35X10710
hsa05145 toxoplasmosis 15 599X10713  7.42X10710
hsa05152 tuberculosis 15 4.15X1071°  5.14X1077
hsa04668 TNF signaling pathway 14 8.15X1072  1.01X10°8
hsa04380 osteoclast differentiation 14 1.11X1071°  1.37X1077
hsa05161 hepatitis B 14 4.00X1071%  4.96X1077
hsa05140 leishmaniasis 13 9.80X10°13  1.21X107°
hsa04660 T cell receptor signaling pathway 13 6.57X107""  8.14X10°8
hsa04010 MAPK signaling pathway 13 2.37X10°%  2.93X1073

hsa00140 steroid hormone biosynthesis 12 2.49X10712  3.08X107°




¢ $# Chinese Traditional and Herbal Drugs 35 51 % 524 #§ 20205 12 A © 6253 ¢
g%k 4
1D JE H P FDR
hsa05133 pertussis 12 476X1071"  5.89X10°8
hsa05164 influenza A 12 3.89X1077 4.82X10™*
hsa05222 small cell lung cancer 11 3.63X107°  4.49X10°
hsa04620 Toll-like receptor signaling pathway 11 3.18X10°8 3.94X107°
hsa05160 hepatitis C 11 2.78X107  3.45X107*
hsa05168 herpes simplex infection 11 522X10°%  6.47X1073
hsa04621 NOD-like receptor signaling pathway 10 1.36X107° 1.68X10°¢
h_illrPathway signal transduction through IL-1B 10 3.25X10°%  3.96X107°
hsa05132 salmonella infection 10 4.86X1078 6.02X107°
hsa04064 NF-kappa B signaling pathway 10 7.37X10°%  9.13X107
h_keratinocytePathway keratinocyte differentiation 10 1.09X10°¢  1.32X1073
hsa04722 neurotrophin signaling pathway 10 1.19X10°¢ 1.47X1073
hsa05169 Epstein-Barr virus infection 10 1.37X10°%  1.69X1073
h PparaPathway mechanism of gene regulation by peroxisome proliferators viaPPARa (o) 10 2.22X10°¢ 2.70X 1073
hsa05162 measles 10 2.82X10°¢  3.49X1073
hsa04932 non-alcoholic fatty liver disease (NAFLD) 10 8.02X107° 9.94X1073
hsa05321 inflammatory bowel disease (IBD) 9 9.27X1078 1.15X 107
hsa05220 chronic myeloid leukemia 9 2.37X107  2.93X107*
hsa00980 metabolism of xenobiotics by cytochrome P450 9 2.94X1077 3.64 X107
hsa05215 prostate cancer 9 1.13X10°%  1.40X1073
h_41BBPathway the 4-1BB-dependent immune response 8 8.30X10®  1.01X10™*
hsa05221 acute myeloid leukemia 8 6.27X1077 7.76 X107
hsa05210 colorectal cancer 8 1.27X10°¢  1.58X107
hsa04210 apoptosis 8 1.27X10°¢  1.58X107
hsa05120 epithelial cell signaling in helicobacter pylori infection 8 2.17X10°¢ 2.69X1073
hsa04662 B cell receptor signaling pathway 8 2.66X10°¢  3.29X1073
hsa05216 thyroid cancer 7 1.87X107  231X10*
h_cdmacPathway cadmium induces DNA synthesis and proliferation in macrophages 7 1.54X10°¢ 1.87X1073
hsa04913 ovarian steroidogenesis 7 476X10°  5.90X1073
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SR, B RIS RIE E E VRS AL, $ S B AR A
i (natural killer cell, NK) [R5, #5% CD4'T
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xRS “HY-RRO-EBE-RE” WMERINESH
Table 5 Topology parameters of “herb-compound-target-pathway” network

B EE K B BE K

kaempferol 62 %4> | PPARG 66 Y=
quercetin 55 B4y | PTGS1 43 B
naringenin 16 4> | RELA 41 S
formononetin 12 4 | RXRA 34 I
isorhamnetin 12 4 | JUN 30 B
licochalcone A 11 %4> | NFxBIA 29 Y=
licoagrocarpin 8 B> | MAPKI 29 Y=
7-acetoxy-2-methylisoflavone 4 | IkBKB 29 Y=
2-[(3R)-8,8-dimethyl-3,4-dihydro-2H-pyrano[6, g o TNF 27 B
5-flchromen-3-yl]-5-methoxyphenol MAPK3 27 BB 5
3'-methoxyglabridin 8 By | CHUK 26 B
glabrone 8 4> | ACHE 25 B
shinpterocarpin 8 sy | IL-1B 18 B
glepidotin A 8 4 | BCL2 18 A5
(E)-1-(2,4-dihydroxyphenyl)-3-(2,2-dimeth- g o IL-6 17 B
ylchromen-6-yl)prop-2-en-1-one CASP3 17 B
glyasperin C 8 4 | TP53 15 gy
7-methoxy-2-methyl isoflavone 8 %4> | pathways in cancer 19 I
odoratin 7 J%45 | tuberculosis 15 %
glyasperins M 7 43 | toxoplasmosis 15 Bk
quercetin der. 7 %43 | chagas disease (American trypanosomiasis) 15 I
1-methoxyphaseollidin 7 &4 | hepatitis B 14 T
4'-hydroxy-7-methoxy-isoflavone 7 B4 | osteoclast differentiation 14 JH
glabrene 7 %43 | TNF signaling pathway 14 I
glabridin 7 4> | MAPK signaling pathway 13 E
licochalcone B 7 R4 | T cell receptor signaling pathway 13 SRS
glypallichalcone 7 %45 | leishmaniasis 13 JE
phaseolinisoflavan 7 B4 | influenza A 12 T
kanzonols W 7 4y | pertussis 12 I8
vestitol 7 %43 | steroid hormone biosynthesis 12 JH
calycosin 7 R4 | herpes simplex infection 11 SRS
PTGS2 90 S84 | hepatitis C 11 I8
NOS2 75 #E5 | Toll-like receptor signaling pathway 11 JE
MAPK 14 67 A5 | small cell lung cancer 11 T8

LR BSR4k 22 o AR — R T BT AR
AU H IR T IS E Ry . AR “ -y - R
B -E T IEER T W2 R AL A L
AW (kaempferol) . #it 2 25 (quercetin) # 3
(naringenin). T=HR{ETT R (formononetin). 5 FlA 5
(isorhamnetin). HHAHE A (licochalcone A) 5%,
X5 H G A Y- R R A NS RN AT s R
—E IEM A REPIRAER, hEd ] 225
WAL (1 (mitogen-activated protein kinases ,
MAPK ) . % A5 Bt JUL B -3- 3 B ( phosphoinositide
3-kinases, PI3K) Fl Janus M55 5 F AN SB0E
( Janus kinase signal transducer and activator of
transcription, JAK/STAT) %5{5-5iHEEHIFRIL, D>
RAERIF =4, T Rl JOER R A R lis17);
AR FEMETE SRR, (kK BSR40 L 1 B

34k, FVE RSS90 T O AR EL A L e R Y
TRASETE , X E B G g2 M A R AE FH 200, 4t iz
FAMEHE RA RRETYEREI A0 M T2 piER
Toll F£5244, M p38 MAPK & (4K ik, Jk/b 4
Rl - 38 4k 22231 3f m] i #% Kl 7 «B  (nuclear
factor-kappa-B, NF-«xB) R, 855 MMP [17=4E
BCH O P R R AR R R R T, AN T A Rk
RAPSI, Mg, HEEHESERSBAR. Bt
b AT RIZIER, (HXTHIEIT RA ER BT
i WARGE, AT ARFIRNT T 7 7] o

SEA 2 Fh PN 2E T IR S SCRR RS, ASHIF 5T
Tl PTGS2. NOS2. MAPK14. id% 4k it A 1895
YIBOEZ4A& y (PPARG). IL-6. TNF. IL-1p 47
HEIZIRTT RA B R/ . TNF-a.
IL-1B AT IL-6 S22 SRR R K1, 72 RA KR4 K
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Jerh R FEEEAER, HATERT TNF-o [ 5 5BEHTiA
ANRMTIA A BT TERAE BT, BEXT IL-6 BT
POARIIFCER B HURIET X TL-1 (R SRR3R 1 R O
I ST IR, BOMIRTT RA HIHERLZRY. PTGS2
RIAE A W2 (cyclooxygenase-2, COX-2), s&—Ff
R ZORE SR N5, TS AR A DY R A 7 A iy
Y% E2(prostaglandin E2, PGE2), £ HJ#4 MMPs
HAE, RBEILE KA ORI BIR, f0] T
IR, AERATHA T, COX-2 AR
552 RA I EZFRERS, NOS2 7F RA B T IR
B mRIk, ERAEM BRI, AIAVKA T
Ca? RRALHAEIL L — AU A, B S 8UE.
B BERISC T il IR129-301  PPARG it Ji T 5 254 RA
RAEIS e A0 MG A L I8 550 UM A% 40 1
B, AR B A K IL-1B IL-6 A
TNF-o 4 RFET, /£ RA MG h A A EENE
X BU321, FIREESAE RA R 35 K I E EEAEH,
T 2P X LR R UTVARYT RA.

HE T REY], ATAHEZIRIT RA
(1E A RES T 7 TNF {5 53856 B 4ok
T E3Z A5 5 @B MAPK {55 8#. Toll F%2
A5 5B ST ¢ . TNF-a /F N EUW K F1E TNF 15
TS5 IE RGBT, @RISR T 12
M AZ4K (type 1 and type 2 tumor necrosis factor
receptor, TNFR1/2) V§#=AAIIGSE . /LA T,
RS i MAPKs fil NF-«B {5 5@, 5
WL A 70 IL-6. IL-1p. MMP-1. MMP-3.
COX-2 FIHTIH T Hr F I 28 UR IR R A R 33340,
ARG R TR, AT H RGBSR T Al
HAER T PTGS2. FMEREEN 3 (Caspase-3,
CASP3). TNF. MAPK3. IL-6 %4l & [k —
A5%F TNF 15 5l #4717, AIMIEST RA.MAPK
(EREBEN =i UR SHTCINRaE SN 28 k<11 RPN AR
MMP, {3t B A SN 3] 2 53 I 4 i
WhAE . WCE S, BRI AENE . B
AR MAPK (5 5882 5 T RA BIRTT RAEMH
ZUWEIR, 5 RA BRI YL+ Lo 1 ik e % U1 AH
SRBS-361, R 5T s AT 2 H B T BV It o) T e
AR T M R B R (tumor protein p53,
Tp53)-c-Jun ZHE AR Ui A c-Jun N-terminal kinase,
JUN). MAPKI1. CASP3. MAPK3. MZJEHIZ jiE 45
FIA B (conserved helix-loop-helix ubiquitous
kinase, CHUK). IL-1B & X E 1, M MAPK

G IR PSR OC SORE R T I ERIL,  PRARSSTS RE
L, MTTAYT RA. Toll £ 5244155 18 B 7E [E 1 4
7 5IRAE  h I R E AR . 2R S AL
AEBE 75 P SR I8 S A0 1) AT 5, IS R SR
4if, 25 Th1/Th2 404k M T 42 (regulatory
T cells, Tregs) itk B 4f0IR & b5, S2l
TP ThEe R, JERHBERE 7L 5 (myeloid
differentiation factor 88, My D88) i Al JEAK #fi
P73, WG NF«B 8t MAPK {5 5@ 8%, 1L~
et -, W B IL-18. IL-6 A1 TNF-a 254
PRI 7 3RIE, S RAERI R ABT38], AR5
Ty, ATEH R b RS M R T RE SR AR T
JUN. NF-«B itz H ¥ (IkappaB kinase beta,
IkBKB) . #% A ¥ «xB Il il &£ & -o ( nuclear
factor-kappa-B inhibitor-a, NFkBIA ). MAPK1. TNF,
MAPK3. IL-6. CHUK % kHEELEE, #Ei5m
Toll FE3ZAR(E T, KIFHRIEPTTIIRE . RA K
hHRRES EREEREVIHEK, R E £ RBE
U % 38 % P 38 A 25 H B T R RO P I QB
RIOAELE, SIEMAE RA WBIT R RES S HIAH B
YER, $RIXSCIE Bk v N 5 ZEi ST 77 1)

gi bk, NEHEG W RLEIERT
PTGS2. NOS2. MAPK14, PPARG %% /M,
W TNF {5 5. #eEdifesib. MAPK (55
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P, HPHIORE R PR S T RE LLVATT RAS
AOFEY], AAH RGBT RA 22 .
ZHL . ZIE M EERIS, it B S at
FUAIE PR S S it S E A 2 2 1K
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