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Mechanism of Shengmaisan Based on Network Pharmacology

LIU Xin-kui, WU Jia-rui® , ZHANG Dan, ZHANG Xiao-meng
( Beijing University of Chinese Medicine, Beijing 100102, China)

[ Abstract | Objective; To investigate the mechanism of action of Shengmaisan. Method: Potential
targets related to 33 active chemical components from Ginseng Radix et Rhizoma, Ophiopogonis Radix and
Schisandrae Chinensis Fructus of Shengmaisan were predicted through PharmMapper server. Compound-target
network , protein-protein interaction ( PPI) network, gene ontology ( GO ) enrichment analysis and Kyoto
encyclopedia of genes and genomes ( KEGG) pathway enrichment analysis were constructed to explore the
mechanism of action of Shengmaisan. Result: Compound-target network contained 249 nodes, in which the key
targets involved Transthyretin ( TTR), etc. PPI network contained 155 nodes, in which the key targets involved
Proto-oncogene tyrosine-protein kinase Src ( SRC), RAC-alpha serine/threonine-protein kinase ( Aktl ), etc. In
GO enrichment analysis, there were 95 GO terms, including 67 terms related to biological process, 22 related to
molecular function and 6 related to cellar components. In KEGG pathway enrichment analysis, there were 8 KEGG
pathways, involving pathways in cancer, prostate cancer, insulin signaling pathway and so on. Conclusion: The
results of the study have preliminarily verified the basic pharmacological effects and related mechanisms of
Shengmaisan, and laid a solid foundation for further studies on the mechanism of action of Shengmaisan.
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ANTE PRI S X G R AT RIE ST, Hoo N2 AT Re,
MAZ A 20-(R)-Rg, , NS A Rg, MAZS R
20-(R)-Rg; , AZ AT Rhy FIAZ AT 20-(R) -Rh,
SR RAE R ] — A 153, e AW 8 h 33 A4y, 8
14 TCM Database@ Taiwan ( http;//tem. emu. edu. tw/
zh-tw/ ) A1 PubChem #(4& J& ( https://pubchem. ncbi.
nlm. nih. gov/) £ $&IF T 1 33 AIE P> = 4EfL
SE R EE

L2 A DRI P o v R 40 U A BRI
J 53 B T 7R HE 18 5 PharmMapper fiik 55 % (http://
59.78.96. 61/pharmmapper/ ) Tl Il , PharmMapper &
LT B 1) 245 280 DG E ¥ 00 A 2 /N 1 0 AR HE R AR
Vi o 70 7Y Rk 55 4% , 8 4 %) Targetbank , Binding
DB, Drugbank , PDTD DU R 406 128 BE 47 PR 32 4G 2% 2K B
2R A B O T % SR AT R o 33
ANE MR g 1 = 4E Al e A5 RCHE o 3 A
PharmMapper, 1% & S 88 R B L E b, EHEA
KRG R, BB RA T E SO ANEAMER, K
PharmMapper X [a] — k&5 4 70 I 7 A= (4 A [] 42 5 531
B, BT A= ik oA 5 W T A A A R
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5220 ML R A EAER], LfﬂifATiﬂﬂ(ﬁﬁg
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R S 49 F5 TTR, GSTP1, FKBP1A, HSPO9OAAL,
CA2, FABP6, CRABP2, METAP2 , MAP2K1, MMP3,
THRB,HSD17B1, AR, ABO, TTPA, 3t , i {4 £t 73
A IRIR R E A (TTR) BB 5 32 & W) & 4 A1
HAE R, B AE RS 894 Bt H IR S-FL A% i Pl
(GSTP1) il FKBP12 & [ (FKBP1A) ¥ gE 5 29 1~k
B REMEAER

2.2 AENKHCE AL PPLRZE Y53BT 4 B i
Az DK A A I BILAR A B 58 2% 7 4 1 -2 A B
VEJI G2 M 1 A DR AR 70 38 A 4R 1 -2 1 T
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Table 1 Information for 33 active compounds of Shengmaisan

s ety S 5 2 ok 5 A A 12
1 AZEIHR, NS TCM Database@ Taiwan
2 AZ2H Ra A TCM Database@ Taiwan
3 ANZ BT Ra, A= TCM Database@ Taiwan
4  ASHEH Ra, AN TCM Database@ Taiwan
5  AZREIf Rb, AZ TCM Database@ Taiwan
6 AZEH Rb, A TCM Database@ Taiwan
7 AZE Rb, A= TCM Database@ Taiwan
8  AZREH Re A% TCM Database@ Taiwan
9 BAF Rd Az TCM Database@ Taiwan
10 ANZ B Re A& TCM Database@ Taiwan
11 ASEIFRf ANZ TCM Database@ Taiwan
12 AZHFF Rg AZ TCM Database@ Taiwan
13 AZRIT Rg, A& TCM Database@ Taiwan
14  AZS R Rg A TCM Database@ Taiwan
15 AZ B Rh, A= TCM Database@ Taiwan
16  AZRAf Rh, AN TCM Database@ Taiwan
17 AZSRAf Rhy AN TCM Database@ Taiwan
18  AZHFF Rh, Az TCM Database@ Taiwan
19 EAREALGI A EX PubChem
20 2 AW L 38 e i B # A TCM Database@ Taiwan
21 ERBFA L TCM Database@ Taiwan
22 EKHIFB 3 TCM Database@ Taiwan
23 FX B D #& TCM Database@ Taiwan
24 RKFEA kT TCM Database@ Taiwan
25 THBRTFEEH Tk T PubChem
26 HWRFHE HWRT PubChem
27 HWTFZE kT PubChem
28 HRTFRE HWR T PubChem
29 HBRTFERH Tk T PubChem
30 ABRTRRS R T TCM Database@ Taiwan
31 HWKTER FE T TCM Database@ Taiwan
32 TRTE T T TCM Database@ Taiwan
33 ARTEZ Tk T PubChem
THME(E=0.025 5, {8 =6.8) &8T5 A5 A
214N (3R 3), i i A8 H M 13.55% , XLk
PR S AL F5 SRC, Aktl, AR, HSPO9OAA1, HRAS,
ESR1, MAPK14, EGFR, RARA, RACI, PTPNII1,

IGF1, PGR, PPARG, PRKACA, NTSM, F2, MMP9,
ALDOA ,GSTAL, CYP2CO, H: v, JiF {1 5 5 1Y 1% &
B Sre (SRC) BB S 34 MNEHAAEMEAEH,
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Fig.1 Compound-target network of Shengmaisan
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Table 2 Topology characteristics of hub targets from compound-target network

£ 3 L
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Fig.2 PPI network of Shengmaisan related targets

AL (HER) A (ER) i i3
TTR Transthyretin 0.037 556 79 32
GSTP1 Glutathione S-transferase P 0.031 532 16 29
FKBP1A Peptidyl-prolyl cis-trans isomerase FKBP1A 0. 033 085 20 29
HSP90AAL Heat shock protein HSP 90-alpha 0. 027 868 20 28
CA2 Carbonic anhydrase 2 0. 025 662 46 27
FABP6 Gastrotropin 0. 025 943 66 27
CRABP2 Cellular retinoic acid-binding protein 2 0.026 041 45 26
METAP2 Methionine aminopeptidase 2 0. 024 225 33 25
MAP2K1 Dual specificity mitogen-activated protein kinase kinase 1 0.019 586 82 24
MMP3 Stromelysin-1 0.020 975 10 24
THRB Thyroid hormone receptor beta 0.019 302 79 24
HSD17B1 Estradiol 17-beta-dehydrogenase 1 0.022 302 24 24
AR Androgen receptor 0.014 474 00 21
ABO Histo-blood group ABO system transferase 0.016 253 31 21
TTPA Alpha-tocopherol transfer protein 0.012 907 20 20
®3 PPINKHHXBETRARERIZEER
Table 3 Topology characteristics of hub nodes from PPI network
B8 (JE) R (ER) 18 i3
SRC Proto-oncogene tyrosine-protein kinase Src 0.132 761 09 34
AKTI RAC-alpha serine/threonine-protein kinase 0. 098 006 87 30
AR Androgen receptor 0.207 466 96 28
HSP90AAL Heat shock protein HSP 90-alpha 0.163 311 80 25
HRAS GTPase HRas 0. 060 688 66 25
ESR1 Estrogen receptor 0.087 707 65 24
MAPK14 Mitogen-activated protein kinase 14 0. 065 651 96 22
EGFR Epidermal growth factor receptor 0.042 243 94 22
RARA Retinoic acid receptor alpha 0.072 828 46 20
RACI Ras-related C3 botulinum toxin substrate 1 0.051 373 53 20
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AT (EEHN) A (EH) I8 13
PTPNI11 Tyrosine-protein phosphatase non-receptor type 11 0. 036 128 21 20
IGF1 Insulin-like growth factor IA 0. 066 283 19 19
PGR Progesterone receptor 0. 028 255 04 19
PPARG Peroxisome proliferator-activated receptor gamma 0.039 316 30 17
PRKACA cAMP-dependent protein kinase catalytic subunit alpha 0.209 979 08 15
NT5M 5(3) -deoxyribonucleotidase, mitochondrial 0.086 796 76 13
F2 Prothrombin 0. 055 271 70 12
MMP9 Matrix metalloproteinase-9 0.032 903 37 9
ALDOA Fructose-bisphosphate aldolase A 0.064 691 46 8
GSTA1 Glutathione S-transferase Al 0. 141 417 62 7
CYP2C9 Cytochrome P450 2C9 0. 027 490 42 7

JIE (B 55 B HL S 9 2 PO Bar (Akel) FTHEL R 52 14
(AR) 7355 30 A28 NEH A AEMEAEM.

2.3 GO Ifew ot A DAVID ¥ & 47 GO
T Re e &0, X A Bk i PPL W 2% vh i J2 i 155 4>
HATERE R I RE b R/ EEAT TOFSE . MRE SR K
P (false discovery rate, FDR) #iE T 95 4~ GO %
F (FDR <0.05,% 4 4 FDR %1 i 20 4, &1 3) ,

R4 HBEHBPPINZL A GO % H(FDR<0.05)

Hop Y AR A A%, A 67 4>, R K
WRAR AL XA B J5T B4 B | 40 P9 A 5 B 0
P BN A AR A T I e 1 D BE A S B A5 H
224, BBW R R RO T R R
HIRES &, ATP 255 55 J7 10 s 20 Mg 4 A G 25 H 6
A, T B R AN B AR M2 Gy AT A AL )
SEIT I

Table 4 List of GO enrichment results to genes in PPI network ( FDR <0. 05)

x5 GO %% EZ S HRB/A FDR
ST 6 0003707 steroid hormone receptor activity 18 3.82x10° "8
AFIhE 0004879 ligand-dependent nuclear receptor activity 18 1.06 x 10 "¢
AW it 0006468 protein amino acid phosphorylation 40 2.92x10°"
AW it 0010033 response to organic substance 41 6.12x10° "
H e A 0007242 intracellular signaling cascade 52 2.89x10° '
A W5t 0016310 phosphorylation 42 3.55x10° "
EL7/Bu i 0009719 response to endogenous stimulus 31 8.39 x10 1
Yt 0006793 phosphorus metabolic process 45 1.89 x10 "
A W5t 0006796 phosphate metabolic process 45 1.89 x 10"
43T YIRE 0004672 protein kinase activity 37 3.11x10° "
Az Wit 0009725 response to hormone stimulus 29 5.77x10° "1
20 i 21 1%, 0005829 cytosol 49 1.70 x10 "2
2 F Iy fig 0001882 nucleoside binding 53 3.06 x10~°
Az W3t 0032868 response to insulin stimulus 15 6.45 x10~°
4 F ik 0001883 purine nucleoside binding 52 8.85x10°
2 F Iy fg 0032555 purine ribonucleotide binding 56 1.06 x10 ~*
4y T UIhE 0032553 ribonucleotide binding 56 1.06 x10 7%
SFIfE 0004713 protein tyrosine kinase activity 18 1.25 %1078
eIk 0017076 purine nucleotide binding 57 1.75 x10 %
43T UIRE 0005524 ATP binding 49 2.37x10°%
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Fig.3 Distribution of GO terms in biological process, molecular

function and cellular component( FDR <0. 05)

2.4 KEGG @t e 0t A DAVID &
KEGG 18 ' 45 73 B D R , % AR Bk i PPT W) 2% rh
S i) 155 A8 A AE AR 5 30 3% b iy 7 3EAT BF O L 15
F| 56 S/ 5 B, RYE FDR <0. 05 5k 8 4 (3
5,K4) , 345 kbR 5 5 8 1% ( pathways in cancer) , {j
B i J65 ( prostate cancer) , il & Z {§ 5 1@ # (insulin
signaling pathway ) , 2 P /1 £~ 5 1 0 5% 401 I 3, 24
( progesterone-mediated oocyte maturation ) , I /4 {5}
( purine metabolism ), VEGF {g§ 5 # ¥ ( VEGF
signaling pathway ) , FceRI 1§ 5 i % ( Fc epsilon RI
signaling pathway) , GnRH 155 18 % ( GnRH signaling
pathway) .

®S5  HERKE PPI B4t i@ B (FDR <0.05)

Table 5 List of pathway enrichment results to genes in PPI

network ( FDR <0.05)

%5 i 44 B N B A FDR
hsa05200 Pathways in cancer 29 1.34 x107°
hsa05215 Prostate cancer 15 5.40 x10°
hsa04910 Insulin signaling pathway 17 3.37x10°*
hsa0aors | rogesterone-mediated 13 0.001 978 13

oocyte maturation
hsa00230 Purine metabolism 16 0.009 133 163
hsa04370 VEGF signaling pathway 11 0. 022 863 961
hsa04664 Fc epsilon Rl signaling pathway 11 0.032 484 371
hsa04912  GnRH signaling pathway 12 0.045 585 466
3 g

A KO T BE £ SRR 3 4 7 TE IR R

J Uz AT O S 3 0 LR O LA BE AE O

I 995 PR T, Bl LA B 22 N W7 & e, 2 Tk

RS B B 25z S TR ST AR K O

YEFIBLE] A0 58 e BOAE Bk b 3 skrh g A= 22
. 224 .

E4 $EA- @MYL (FDR <0.05)
Fig.4 Target-pathway network( FDR <0. 05)

X HEW T &AM 33 A E MR 4, i
PharmMapper JIg 55 &% S0 1 A= BSOS 1 B o3 1) 38 7E
LS R R T A S R R i TR Y
L YNk AL R (P WS S E e 2 L
BRI IR T B % LA N
28 1) G B ER S A0 35 TTR, GSTP1, FKBP1A 4%, TTR
e DY B AR S R R 1, AR AE T AL ROR I
Wi e, 23 ) ph R U R A A 0K 4% A7 A o TTR 76
W E B IRE RS 5 HUR IR 2 R B B, 4
A DR R T FPOIR B 2 R B R Y OE
K. TTR 25 (A HAb IR 33 2 1100 3 RE 10K A
HRMEE 1 AL BB (1 RE TE A 2 30 I 0 R RE 1k 5 K i
AB TERYRE SR 1 B0 8R4 I P A % T K 9 SR E R
45, BAEM TTR 5 MR 2 R s M1 6, I 2 4E 1k &
GeVEVE MY REAS |G TR R 22 20 2 R 6
2 MEPRIR JEAE A L DR e, I A Tk A 9T R
9 58 0 LA 9 9 O DR 25 3 4 5 T 5 9
P2 TTR B (A 6. 1Pk O J7 58 38 50 3% A7 76 WK R
WY WA, IR MR S 2 5 o B 0 U O 7
JiE A S A UK T S T ) OF 7 Ak 0 g R0 R
) FFOR R 2K B R A 0 A K A 3
P43 7T B S I8 35 TTR 35 51 2 1F BT R 22 45 00
SEH o 8 A KA B A BEAT PPL M I b
W2, X263 WTJG R IR T 24~ 5 £ 70 55 22 50 1%
B AF 56 1 S HE R A5, F1 4% SRC, Aktl AR 4§, SRC /2
RS 435 5 A 52 1A I 4 TR B 1 B R R B 2 — , A
22 96 (9 B4 B L 4 A6 AN A PR 5 B Y AR PR
I, SRC & il it & & 05 5 W B A S A1 1
SAE 2 5 M 00 B A 58 B A0 KD G 1 5 L 40 i
9 A7 5% LA WA 40 5 ML R 38 K 58 2 5 L A 2 S
A 2 400 Y R L G e R R L 4 M R
B st 4 o SRC i 26 18 53 PR3 5 Y. SRC il i
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(R JR R 1, 5 ) 40 T 2 1 25 4 5 T BB Y e
SN i G A, 8 A A B O g T ke
FHE BT A= JCHC 1 0 P AR 43 T RE GE S R 4% SRC i #
BT 2R M BRI B Y. Akl JE T G B
(Akt/PKB) K — Bt o Akt Ji: 22 & B2/ 9 2 R R
F PG, 78 40 MR 40 A TS A0 R A A g S
P 2R A e B A AR S 5 RAE .
SR W DR T B L G 45 1 2 A e e 0 L IR
o5 — 4 LA s IS S R AE 60 438 P 5, Herh 90%
DA 2 ROME PR T o B PR I v B VY B 2
RUBE PR £ 25 LA W i 20 B ok 22 WL T R kiR
A e A Z T, EIR AR, 2B bk H s
7 6B R TR PR 16 T P U BB R
g 5 ZE APPSR 2 FOME RS 1 2 R A 7E 2 AUBE IR
o B R AR i Tl i PISK/ Akt k5 2515 5 38 4
SR SER SRR . AR R, 2 B R
A B Akl 78 AT 2 20 36 3K 45 0 H 6 IR B AR R
e AR 3 R 302 O SR R IR R B R
PI3K/ Akt {55538 % Bl 8006 , Akt B8R (8 38 /K OF 3
I DR HE AR KGR YT 2 OB R R 4 AL
il AT RE SR 4R Ak AWM KRB B, BT
Tk W A K BV FH B 7 3 TR ) R RN A5 5 3 I R A A
F L ARBFGE X PPL R 45 v i B 3£ [ E 4T T GO 1)
AEHE £ KEGG i@ % & £ 0. GO Iifigs &b
I, BKEOR YT 22 Fog g i 5 I8 T g S SR B 7
WEmR AL XA AL 5 10 B L 32 AR P LR 1 O
P A R BT R BT A 2 A T . fE R ) KEGG
i L TR AT E 8 A fn S, Hoh 6 ok
Yo e AH OG5 5 8 B, 2 4% B A DG A 4l .
A=Yy REAE AT 5 T8 B, P9 43 WA R T R DG (5 5 38
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