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Study on the Mechanism of Astragali Radix in the Treatment of Ulcerative Colitis Based on Network
Pharmacology and Molecular Docking

HAO Minqi"**, WANG Jiahui"*, LI Xiaoling"*, LI Hailong”*, WU Yuhong' (1. School of Basic Medicine, Gansu
University of TCM, Lanzhou 730000, China; 2. Key Laboratory of Dunhuang Medicine and Its Transformation
of Ministry of Education, Gansu University of TCM, Lanzhou 730000, China; 3. Key Laboratory of TCM
Mining and Innovation Transformation, Gansu University of TCM, Lanzhou 730000, China; 4. First Clinical
Medicial School, Gansu University of Chinese Medicine, Lanzhou, 730000, China)

ABSTRACT OBIJECTIVE: To predict the potential target and mechanism of Astragali Radix in the treatment of ulcerative colitis
(UC), and to provide reference for the clinical application of Astragali Radix in the treatment of UC. METHODS: The active

components and their corresponding target genes of Astragali
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Radix were retrieved by TCMSP and UniProt KB database.
The related target genes of UC were searched by Gene Cards
database. The intersection target genes of Astragali Radix and
UC were obtained by Venny 2.1.0 online mapping tool, and
interaction network of “drug-compound-intersection target”
was constructed by using Cytoscape 3.7.0 software. PPI
network of intersecting targets was obtained by using STRING

database, and the visualization analysis and topological
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analysis were carried out by using Cytoscape 3.7.0 software to obtain the core target genes. By using DAVID database, the gene
ontology (GO) function annotation and KEGG pathway enrichment of intersecting target genes were carried out, and the
“target-pathway” enrichment network was constructed by using Cytoscape 3.7.0 software. Through AutoDock vina 1.1.2 software,
the top five active components in the list of degree value were linked with the protein encoded by the core target genes; Discovery
Studio 3.5 software was applied to draw out binding pattern map. RESULTS: There were 143 compounds in Astragali Radix, 20
active components were screened out, and 189 corresponding target genes were selected; there were 4 356 UC disease related
target genes. There were 126 intersection target genes of Astragali Radix (involving 14 active components) and UC. The core target
genes in PPI network were AKT1, MAPK1, RB1, JUN, etc. A total of 2 294 GO items (g value<<0.05) were obtained from GO
functional annotation, including 2 093 biological process items (e.g. response to lipopolysaccharide, response to molecule of
bacterial origin), 49 cell composition items (e.g. membrane raft, membrane microdomain), and 152 molecular function items (e.g.
nuclear receptor activity, ligand-activated transcription factor activity). KEGG pathway enrichment analysis yielded 160 items (g
value<<0.05) , such as fluid shear stress and atherosclerosis signaling pathway, phosphatidylinositol 3 kinase/protein kinase B
(PI3K/Akt) signaling pathway, interleukin-17 (IL-17) signaling pathway. Molecular docking results showed that top 5 active
ingredients (quercetin, kaempferol, formenonetin, isorhamnetin, 7-O-methylisomucronulatol) in the list of degree value had
binding energies<<5.0 kcal/mol with the protein encoded core targets. CONCLUSIONS: Quercetin, kaempferol, formononetin and
other active components in Astragali Radix may play a role in the treatment of UC through the action of MAPK14,JUN,AKT] and
other target genes,and then on the signal pathways such as PI3K/Akt and IL-17.

KEYWORDS Astragali Radix; Active ingredients; Ulcerative colitis; Network pharmacology; Molecular docking; Mechanism

of action
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1 K2R RIS P 3% 1 B8 A5 UniProt 1D, AR UK
() 5 DR R PR, 25 S DA B B0 M i 4 04 0T g #EE
A
1.2 "YU EY-ZEBREIEMKHE

L “Ulcerative colitis” A 1] , M Gene Cards 54k
% (http://www.genecards.org/) FRRG 2R UC $5m AH G HE 5
FEDR RIS LIRS A A3 R I e B R A
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Tab 1 General information of active ingredients of As-

tragali Radix
TCMSP 45 TR (A 0B,% DL
MOLO0021T T (Mairin) 5538 0.78
MOL000239  #¢ [ % (Jaranol) 5083 029
MOL000296 AT 217 (Hederagenin) 3691 075
MOL000033 B4+ & p-sitosterol ) 3623 078
MOL000354  5f% % (Isorhamnetin) 4960 031
MOL000371  3,9-di-O-methylnissolin 5374 048
MOLO00374 ~ §'-F B R A1 5 R0, 5 —-0- B AT B F (5 hydrowyiso- 4172 0.69

muronulatol-2', 5-di-0-glucoside)

MOL000378  7-O-methylisomucronulatol 7469 030

MOLO00379 9, 10- - Fl 4 3£ % 18 45 3-0-f-D- F 4 BE4F (9, 10-dimethoxy- 3674 0.92
pterocarpane-3-0-f-D-glucoside )

MOLO00380 ~ (6aR, 11aR) -3- 5 JE -9, 10- W1 G S M 4 [(6aR, 11aR) 9, 6426 042
10-dimethoxy-6a, 1 la-dihydro-6H-benzofurano[3, 2- c]chromen 3-ol]

MOL000387 KA (Bifendate) 310 067

MOL000392  T“4i# % (Formononetin) 69.67 021

MOL000398 % 5#EE/H (Isoflavanone) 10999 030

MOL000417 £ F#H( Calycosin) 475 024

MOL000422 1114 (Kaempferol) 4188 024

MOLO00433 (ol acid) 6896 071

MOLO00438 5 B ™ &1 Bt 5 B [(3R) -3- (2-hydroxy-3, d-dimethoxyphenyl) ~ 67.67 026
chroman-7-ol]

MOLO000439  Isomucronulatol-7,2"di-O-glucosiole 4928 062

MOLOOOA42  1,7-Z 543, 9- VAL (1, 7-dihydrowy-3, O-dimethoxy 3905 048
p[Cl’OCﬂYPCl’lC)

MOL000098 ~ filfz & ( Quercetin) 4643 028

22 “HHY-HUEYM-XEES"HEERANEHR ST
%R

M UniProt KB %4 4 Ho He 3R A5 38 18 16 14 15 A0 % v
A0 L R 405 A4, 255 5 45 2148 5 35 A 189 4~ ; M Gene
Cards i 8 rp 20 BE HH UC 529 Al G I 5 3K K] 4 356
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Fig4 Core target gene screening of PPI network of interaction target gene of Astragali Radix and UC
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Tab 2 Topological parameters of the core target genes Tab 4 GO function annotation analysis results of in-
in the intersection genes of Astragali Radix and tersection target genes of Astragali Radix and
uC UC(cell composition, top 10)
BOAER AehOt folpOtt Bhot SEmERO REBEEEEE WEDOH GO %5 GOMRETEROULAT) B gl
MAPK14 3321 0.63 13 022 538 745 0045121 A (Membrane raft) 17200107
Mrc 3418 0.66 15 05 6.67 997 0098857 IER[X (Membrane microdomain) 17 200x107
JUN 91.88 0.74 20 031 7.60 1523 0098589 I IS (Membrane region) 17 239x107
AKTI 81.03 0.69 17 025 553 10.02 0005667 %338 1 A Transeription regulator complex) 17 676x10°
MAPK1 9249 0.74 20 031 710 1437 1902554 A ERYHETRE R A9 (Serine/threonine protein kinse 9 2.11x 107
12 2081 0.61 1 0.19 527 6.65 complex)
RBI 230 061 1l 017 47 6.56 0000307 47 LR A IR A 2 1 G 2 WA A ) (Cyclin-dependent 7 288107
RELA 63.52 0.69 17 0.26 6.71 12.00 protein kinase holoenzyme complex)
X3 BESUCTENSEFAY GO WL TBRAOE 0090575 i;ﬁiﬁﬁfp]}lﬁ%ﬁ%ﬁ%%(RNA polymerase Il transcription 11 2.88x107
Ay 0O i o
ROEWERE BT 104L) 1902911 B FIEEE A4 (Protein kinase complex) 9 877x107
Tab 3 GO function annotation analysis results of in- 0031983 B (Vesicle lumen) 13 43x10°
0000790 B3 (Nuclear chromatin) 13 186x10™

tersection target genes of Astragali Radix and
UC (biological process, top 10)

x5 HESUCKERAERNGOEEIRITE

R(SFINEE, BT 106L)

GO %% GOMRETEROULAT) B gl
0032496 W IRZ MR (Response to lipopolysaccharide) 35 531107 Tab 5 GO function annotation analysis results of in-
0002237 Xﬂlﬂ%%?ﬁﬁl\%ﬁqﬁ(lﬁ(hmme to molecule of bacterial origin) 35 104x IO’IT tersection target genes of Astragali Radix and
0062197 A R ( Cellular response to chemical stress) 34 3101077
0000302 VBB (Response to reactive oxygen species) 29 397x107" UC(molecule function » top 10)
0006979 AL (Response to oxidacive stress) 35 554107 GO %% GOJRAT R (JELAT) R gl
0034599 AR AL R Cellular response to oxidative stress) 29 601x107 0004879 iz ki (Nuclear receptor activity) 10 126x107™
0046677 Witk E A (Response to antibiotic) 29 507107 0098531 FL P 3% 5 3¢ ] F 35 4 (Ligand-activated tanseription fictor 10 1.26x10™"
0034614 AIRFIEHEEL A9 BUN  Cellular response to reactive oxygen species) 23 176107 activity)
0010038 4@ B PR (Response to metal ion) 29 T15x107 0140297 DNAZEAHRHF4 4 (DNA-binding transcription factor binding) 19 5.53x10™"
0031667 HEFK i) i (Response to nutrient levels) 3 325x107” 0061629 RNABATE T 455HE DNASAH R T4545 (RNA polymerase 17 8.11%107™
- . [l -specific DNA-binding transcription factor binding)
%%E‘E < — 7.0 keal/mol EI(J iﬁ’ﬁi_ﬁaﬁiﬁ\%x#_{ﬁ%% 0003707 ZRFEEMEZ I (Steroid hormone receptor activity) 9 1.05x10°
3D 2D /RE K ILIE 7, By a ol 3D G5 M 1K), R 0044389 17 ZHEEHEHA A (Ubiquitinike protein igise binding) 16 265%10°
— o , YN " N — 0035173 LA (Histone kinase activity) 6 498x10°
X LIPS s FHOFE 508 2D Skl 12 0005126 LI 3% K454 (Cytokine receptor binding) 15 623x10°
XTERE R ) o AR ETRC AL GBS PO S 1 3 0020037 [14T%% (Heme binding) 1 940x10°
0005125 AR HE (Cytokine activity) 13 153107

BRI BT AL M R AT 5 MAPK B R G
% 1 (PDB %i 5 6d5y) i 15 0 £ MET-108 , VAL-39 JE
B ; it R AT 5 RB1 K i 26 1 (PDB i 1gux)
& PR 55 ARG-552 JE Bl AU B ; 7-O-methylisomucronu-
latol F] 5 RB1 LK 4t 25 11 (PDB i 5 1gux) 36 PE A7
A ARG-552 . ARG-556 JE i U5 ; iR AL B0 25 A 5 ATK

HEZED 2021455 32 5 10 1

JE K 45 15 25 11 (PDB i 5 Tunp) [ 15 7% 47 £ GLU-40
GLN-43  GLN-47 JE i 2 8 ; T W 46 85 2% T 5 RB1 LA
% 15 % 11 (PDB 4 5 lgux) A9 % 7 {37 & THR-738.
ARG-556 J& il AU , I T 78 HIS-699 Ab B Al m-mr3fE A 5 57
AR5 MAPK1 SR 4 & 1 (PDB 4% 6dby ) 1%
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*6 EEHUCKEHEERFRKEGGEBEENHTH
LER (20 4)

Tab 6 KEGG pathway enrichment analysis of inter-
section target genes of Astragali Radix and UC
(top 20)
KEGG 445 HEERGEER) R gl
04933 WERRARIE AR PO AGE-RAGE 5 5l B (AGE-RAGE signaling 27 1.17x107"
pathway in diabetic complicatiom)
hsa035418  EPRBIVIN S A IKARERE L (Fluid shear stress and atherosclerosis) 29 1.86x107™
005215 5 (Prostate cancer) U 419x107
hsa05161 AR (Hepaitis B) 28 181x107
ha0d657  TL-17fESARB (IL-17 signaling pachway) 3 303x107™
hoa04668  IREBRAEIE T-(TNE) {5 5 B (TNE signaling pathway) %8m0
hsalS167 U 7 A L A o A R (Kaposi sarcoma-associated 29 1.00x 107"
herpesvirus infection)
hsa05160 TR A (Hepatitis C) 25 187x107"
hsa05212 A (Pancreatic cancer) 19 645%x107™"
hsa05163  AFAIEAREE R (Human cytomegalovirus infection) 28 725%107"
05205222 /NRAROMIAE (Small cell lung cancer) 20 120107
h5a05219 BBt (Bladder cancer) 15 394x10™"
05205223 3N (Non-small cell lung cancer) 18 394x10™"
hsa05162 i (Measles) 22 213x107
hsa04659 BN TAN17(Th17)AMELAHE(ThIT cell differentiarion) 20 213x107"
hsa01522 4R (Endocrine resistance) 19 630x10™"
he041ST BRIRMENURE 3 VARS8 11380 B (PISK-AKo) 5 5B (PK/AKe 31 129107
signaling pathway)
ha01S20 S K IH 3 (EGRR) B R SR B 20 (EGFR 17 388107
tyrosine kinase inhibitor resistance)
hsa05169  Zf M- AR A R (Epstein-Barr virus infection) 24 465x107"
h$a05205  F4E P AR 1 2 Proteoglycans in cancer) %4 620x107"

b BEKSUCKERAERMKEGGERKE LM%
(BT204)
Fig 5 Enrichment network diagram of KEGG path-
way intersection target genes of Astragali Ra-
dix and UC (top 20)
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L)% —6.8 -5.3 -5.5 -7.1 -6.9
7-O-methylisomucronulatol —6.1 -5.1 =50 -6.3 -6.4
ML 52 5.4 5.4 6.9 6.7
SRER —6.6 -53 54 -10 =7H
2y -6.7 -5.3 -52 S

ATKL JUN 2 MAPK1 MAPK14 RB1

T X T BRI N 25 RO, 7E R P AR (B IR
Note: the smaller the docking score, the greater the binding energy

and the darker the color in the table
E6 EEHARLALNEERS SR 0ERERERD
EASFXHENE SRS B B K E (keal/mol)
Fig 6 Fractional color order diagram of molecular
docking binding energy between top 5 active
components in the list of degree value and the
core target gene coding protein (kcal/mol)

P 7 & MET-108, GLU-33 & iy &8 ; M= E ] 5
MAPK14 %£ 4 % i 75 14 (PDB % 5 Seti) A4 15 1 407 5
LEU-164 , ASN-82 , ASN-159 J& il Atk ; 5 3 £ 5 RB1
LR 10 2K 1 (PDB 45 Lgux) 1% PE 4 25 ARG-556
ARG-552 ZbJE B AU 5 1L A5 v] 5 MAPK 14 3 R gmith 2
1 (PDB %5 5eti) 75 P4V 5 ASN-159 \ ASN-82 T il A
1 ASH AT 5 RB1 I H 40 A% 2 11 (PDB 45 : 1gux) i)
T PR 5 ARG-T41 , ARG-698 , ARG-552 . HIS-733 J& Ji,
Akt
3 it

UCJ& ARREEEUR & R AERIIETS 68 i £ Sy 32
BRI, PR | L AUm RIS [ A2 4 Bk 1Y)
— PP AR SR I T AR PR, FLR R AL I A 52
SRR, AR WY 2N, UC B kAR R R A
V5 5 S e AR P IS =8 SO 3ok £ DR R ek
JE G TN, — 5 Z A AR F A5 R, B i b s
Jr s g2 S N S DG R B 1, H R BRI R
N, UC K AR AR T R o B 1 <0 L A7 B DA 4 AU A
JI R A= TR A SOk o b S 7R TR YT
UC 2 2 v, %0 24 B BE A A FARR B ™ ) 3%
BEPERGE, BRI G g, B AN A KGR
i FEEEHERE A LA TR, M SR oT BT, B R
% DR 3 G0 92 2 50 % i 0 B L 00 1 i 3 D9 At R R
K0, d e nr I, E T A R AR R X UC YR
ST VER AR B S TR ML AN B 1

AW I LG R M R AT R R
FL 2% 2 | 7-O-methylisomucronulatol £ i 4 5% 43 A4 1E
LY PSR AN SN WEel {0 S AR 1) 0 W £ SEATB L S
FU M R o A% HL ok 3 B TR R R T R
SiE , T3 2410 ) 2 A A L R B R S Tl I 2 4T
RAEFA 11143 Wy HA MR BT R I M L AT i SRE I
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LI 25T -MAPK 14 B[ 4T 6 1

TILZ5-RB1 L i 1

B7 EHERSS5SROESERRBEQNS FIEREE (S A< —7 keal/mol)

Fig 7 Schematic diagrams of molecular docking between active components and core target gene coding protein

(binding energy< —7 kcal/mol)

I, HA R EE I R AR ™. S A & (ORF) B A
AR5k By S AT, AT 5 R 40 B 475 S e T, T AN AL o
R AEMEAT R I 15 BRSNS 25 7 B ORF, X HLIA
HA AP, B s e HA PrR s, 5
R T a2 58, Hpt R A Al B i g e
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ARG NEIA ARGV SR G5, AT 3 2k 0 ] 5 4 g
IRl 2238 D BELIRT A2 TR F-xB (NF-xB ) LA M p38 22 24 535
b B (p38 MAPK) 15 5 18 % , ik 1f & ¥ 9L 9% 1
FH[RZJO

T o 0 A2 A L LR R T GO T RBTE R AT A B,
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RS A DL ) 2 R0 A Rl B A0 R 2E RURN 43 D ek
UC #4784 . KEGG il % & 45 K W] , AGE-RAGE
15 53 % I AR BT 110 77 N sh ik ok B R AR | 4 B
PI3K/Akt . IL-17 \TNF %55 538 o =220 I8 1y 3d i, $2
TN 22 18] AT REAEAE A AR R AR L . B9 &
B, PI3K/AKt {55 538 % 76 1k J5 ol U5 80 T Ui 1Y NF-xB i
i Q1 W R By 2 1 AP R R ki 77 o i
PR, AT 4ERE I8 9 0E , e 28 FEUC I LEXE ™ Y,
BELINTIZ 38 % )5, NF-kB 15 A6 52 S0, (5545 2 1 40
K1 2235 I8, DT B 52 45 W 266 6 14 4 i 103 403
IL-17 3800 5 IL-17 ZAR S & 75 & T 5 S il g 5% 5
AT — 237 S AN R AR fL IR T ik, 5 SORE Al
B B G2 s 5 A OGN, IL-17 34 W] 3 4 1 b
MAPK 553 #1755 rh MBI I SR A2 LA & R AE , I3k
B S AT S B VE T 40 M 17 (Th17) 4K S FH s A R
AP LA IL-17 & f T 24 0] 0T ARE e e, 7R
TNF {5 538, TNF-an] i1t |- NF-«B &K K15
TR Sy F R BRI SE B (A0 BB AE R AE R
R EE R , T INEE UC 1 R AE S ™

PPI [ 2% [ 4h F 27 43 BT 45 R R W, MAPK14 (IL2
MAPK1 55 8 /0 i L Rk T I 28 i A% O B 3X 8 A4
S DA I 22 A6 PR3, T HLZE PP 2% HA
LA, PR 8N AT g2 R4 IR TP E I
W SRR . G0 MAPK JEIH 5 40 O34 58 08 T AR GE
SPGB G, 25 A 22 R I g, H
AT A0 M AR Ak, s AR B A AT AN T, 5 UC
() R HE B UIARDC ™, IL-2 2 —Fh BT Z R A Y2 e
) 240 B L, X B2 R 1 A AR R VR AR, AT 5 A A
MaPRSS &, 35 T 40 TG AL A Al i R /™. 4rF-%F
FEAS RN L OH0 A B RO U A B
BT BTG (4545 ik < —5.0 keal/mol) , HE—L 108 1 8%
B BB PE ALY AT L PR LR O RLET UC R RG
SPAEF B0 E 1 13 ) 24 24 3~ Ft 235 S i) ] Stk

g BRTR B i R LA B SR R
SRR SIS rE AR T MAPK14 MAPK] |
JUN AKT1 588 55 36 5, 11 X TNF \ PI3K/Akt 55455
A % A PR AR A, AT & UC TRITE R . A
SIBTEE R IR AT LU Y 3 R SO R 2 AR A A XA
FH TR0 A5 AT o 9 22 2% 30 % 1T R HE T YR T
AEFT, ACRAS [R50 (19 17 5 3 i Clndiashe R 55155
T %) SO AR ] 4 A, X 5 BE A R R SR
[RGB BN R A B> T LE W24 A FE ) 2
EIE T 2 280 0 2 i 2R IR R R
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