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Abstract

Objective: Sophora flavescens has the potential to treat cardiovascular diseases, but its mechanism
is not clear. Studies have shown that Sophora flavescens has the effect of treating cardiovascular
diseases. Methods: The active components and targets of Sophora flavescens were screened by
TCMSP, and the related targets of cardiovascular diseases were searched in GeneCards database.
The intersection genes were taken for protein interaction analysis, and GO bioconcentration and
Kegg enrichment analysis were found. Finally, molecular docking was used for verification. Re-
sults: 45 active components were obtained from Sophora flavescens, and 132 cross-over genes
were obtained. Protein interaction analysis showed that MAPK1, JUN and TP53 played a role in the
treatment of cardiovascular diseases. Kegg enrichment results showed that the treatment of car-
diovascular diseases by Sophora flavescens was mainly regulated by PI3K/AKT, TNF, HIF-1 and
Toll receptors. Molecular docking results showed that sophocarpine, Inermin, Wighteone, formo-
nonetin, matrine, luteolin, hyperforin and other active ingredients in Sophora flavescens had good
binding ability with HSP90AA1, MAPK1, JUN and TP53. Conclusion: Sophora flavescens may be
through Wighteone, formononetin, matrine, luteolin, etc. Chemical constituents regulate MAPK1,
JUN and TP53 genes in PI3K/AKT signaling pathways to treat cardiovascular diseases. Last, it can
provide ideas for future research.
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1. 5|15

O I (Cardiovascular disease, CVDs)/& 27 K 51 2 A N2 B O fg e ™ 5 B 1Y) — PR I R 48
B, FHANRSEORM . BURMIE T FEE R, St AT AT AT 45% [1]. CVDs ghthaxiik
THRKRM G, HEBEGRRFEREME. MR BRE. BIEEwR. REsEE1E. RS
I REE[2]. HRETHT CVDs BT 2 LS FPv O M RR 2R, BRI MYER:, ARRMN
8%, MEEIIRE, THaskis H i R 2767 O IS 52 31 5G7E3].

#Z(Sophora flavescens Ait.) y ZRHRJE X T4 7Y, StHUEESEEAR EE 7 he —. T
HSREMATR, EREGHT RS, &FIdET (MRAREZ) , GiEREE. KR, FIRZID)
o HEBFR R, IR AW . H R RIS h A RRE 1 0 () E EER A
HBA A, BABENTUNE . PUTRmE. oo sm e 4] [5] [6]. R RIS S
FIBE BRI R A PUO R H . ik PUESE[7]. Zhongbai Zhang 20 7L HK M, ESF AL TS
BRIE T VR 9T oML L/ P FEE 0 1 F T BE S5 PISK/AKE {5 5 B g ¢, FLIm ik il 5 PISK I35 B Xt HOc2
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ORIV BR8] 7-F3E-47- F1 48 57 #1 il (formononetin) J& T 15 2 B FA S HREEUY) , 28 Foatid i 4k Py oh 5256
RIL 7-F2 -4 - F A S o G A6 M P LA PR LA K IR @ RIAAKCPBRAK, HrTRERIME A MLELZ 7-
FRHk-47- W S s A I % TGF-al/Smad3 15 5 8 B4 i1 i U4 MG FE AT R, X BRI 15 SN
FELI8 A A R ) R AR FH (9] o X S8 SIZB IR 251 78 43t B 23 A 80 538 O ML T A — 52 (78 0,
(RO TR 7 O I 9 PR it B A FEATLLAR) 1o A A i

2. M5 A%
2.1 ERSTHENL

jEit TCMSP il &, KR “5” A mib=msr, LL OB > 30%. DL > 0.18 Mifiikscft, bk
R BRI ZA AV IS TE RS, 3% B35 S (K35 M 55 R AR FRE 55, FEIEEE UniProt #2246 58 A 1 & H
LA FER Ak X, B S R R B A

2.2. BRmiFESEL

#E\ GeneCards %42 % (https://www.genecards.org/), LA “cardiovascular disease” >y JcHain] 7ide 15 0o 1L
IR FF D [ R DR 5, KT HE s RN 244058 f 3L [ 5N Venny2.1 (https://bioinfogp.cnb.csic.es/tools/venny/) 1,
TSI - 29 R SRS .

2.3 KR PPI MR

9T IR 20T O ML R R R A BAE R, K H A S5\ String (hittps://string-db.org/)
o, BN “Homo sapiens (A38)” MRS HAEMZ EI(PPL), BASEE N 0.9, B4 b B fis,
P45 RARLE N tsv SCHE, SN Cytoscape3.6.1 41, RAIJ: “Cardiovascular disease” i/ HEAT /04T, i 25
ZRTT O MU A% O 551

2.4. GO EYIE R EE 7T M KEGG 5518

B - 29 #ES SN DAVID $di FE (https://david.nciferf.gov/) 4T GO A= ¥id 1 & 42 /0 #r Fi
KEGG 5 5B i, 45 R LLRIEEIME TR

25. YIRS SRS FXIE

Hsp90AAL HIdnfAZEf(ID: 1BYQ). JUN HIdnfAZ5H(ID: LIINM). TP53 HydnfAsi#(ID: 1H2B)FI
MAPK1 K fAZ5f(1D: 2Y9Q) F#kT- RCSB PDB ## [ (http://www.rcsb.org/), &)@ TCMSP,
PubChem #47 T4, JHEH SYBYL-X 2.0 B TREREHR/IME, FFiZ1T SYBYL-X 2.0 BiFHEikrhr
“Dock Ligand” #iHet} HSPOOAAL. AKTL Fl MAPKL Ak 45 kAT S AT I AL BE . A5 52 1%
ik B BB F IR R S R A
3. &R
3.1. FEMERR S HITHIE

WA TCMSP B [, L EIF S22 112 4>, L OB > 30. DL >0.18 Affidkscft, L8
FVEPE ) 45 A, HoR 10 ANEPERS N : Inermine (MOL001484). 8-Isopentenyl-kaempferol (MOL003542)
sophocarpine (MOL003627). Inermin (MOL003648). Wighteone (MOL003673). formononetin (MOL000392).

matrine (MOL005944). luteolin (MOL000006). hyperforin (MOL003347). quercetin (MOL000098), % %)
BN ER LR Lo Z9pRE I bR RS NS 3N 162 4y, 5O AT AR AT 132 1.
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Table 1. Sophora flavescens Aiit. active ingredients and target number

1L ESEMS KR

MOL ID a0y R
MOL001484 Inermine 17
MOL003542 8-Isopentenyl-kaempferol 30
MOL003627 sophocarpine 2
MOL003648 Inermin 18
MOL003673 Wighteone 19
MOL000392 formononetin 39
MOL005944 matrine 10
MOL000006 luteolin 56
MOL003347 hyperforin 4
MOL000098 quercetin 148

3.2. R R = B THE

L “cardiovascular disease” <1 {E GeneCards ¥4 it THE R, 45 F 07RO & I AH 5%
AREEDN 3L 13,810 4™, ik relevance score KT 5 HE i, LA 3500 ML P AR OC L [K] 4380 4, K
F Venny2.1 X% S AH S s AL A B 0 AUk T 4 I M 2, WL 1, 8 2IFLHHE RN 132 4y, ixik
#15fFE PPARG. TNF. AKT1. MAPK1 1 1L-6 %,

S O I T
4248
(96. 3%)

Figure 1. Sophora flavescens Ait. target of active ingredient and target of cardiovascular disease

Ell HEEMRSERS DMERRFZERLR

3.3. HEARTLNERFNEREAESHINEH S
I String Kb A ) S S B B il 2 1] AOAR ELAPE F I, 455 23R 7 O VB RO IO 3EAT$E 5 3N String: 1,
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B3)EAEEMK R 2 Fiw), % & minimum required interaction score 4 0.9, M£%4: 175 %] number
of nodes = 132, number of edges = 521. average node degree = 7.89. avg. local clustering coefficient = 0.423.
expected number of edges = 168. 445 L LL TSV # 2\ 5 t, il it Cytoscape3.6.1 FKHL PP (28 i $h 244,
KH Cytoscape3.6.1 ffiff “Network Analyzer” J:AG#E 5[] 124 4>, S5 kI HSP9OAAL (Degree = 35).
TP53 (Degree = 34). MAPK1 (Degree = 32)f1 JUN (Degree = 32)2545 A4 5 mt, &l 3 pondE4 i —+
REE, YRR SR SR YT O MUV R RS AR

3.4. GO EYZETHEEEE DT

N TR 2R T O MU BRI 2 AR AL, fF 132 MILERL S A David T GO &
o, R3] GO AW E LA R 132 . Hrbil 3 s S F4E response to drug. positive
regulation of transcription from RNA polymerase Il promoter. extrinsic apoptotic signaling pathway in absence
of ligand. #58f 20 5% & & LR EIRE R R, HApoH T e BB & AR 10 2 /b il B Bl i R,
R BR[4BT, ISR T R S n] RE R 1 Y I e A ) R
BT O LB o
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Figure 2. Protein interaction network
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Figure 3. Protein interaction diagram of top twenty targets
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Figure 4. Bubble chart of enrichment results of GO biological function

4. GO EMFREERLERSIBE

3.5. KEGG B9

1 132 I RE S 2 David #ds = it T KEGG il w0 H, KfhE SOy “ AR~

349

Y N

FF 50 125 %% WL ™S KEGG &E4LE R EEEGRIET 20 54(5 Sl BHEAT R, XLl
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53S0 97 O MU R AVE ML 2 DI, Wil 5 Fror. HApRT 5 48B4 Pathways in cancer.
Hepatitis B, TNF signaling pathway Proteoglycans in cancer 1 Leishmaniasis 45, iX $63f# 4% K £ 5 HSP90AAL .

JUN. AKT1 1 MAPK1 &4 5%,

Top 20 of KEGG Enrichment

Pathways in cancer- [ )
Hepatitis B o
TNF signaling pathway ®
Proteoglycans in cancer - ()
Leishmaniasis-
GeneNumber
Prostate cancerH o i
Chagas disease (American trypanosomiasis) ® 20
Bladder cancer . @ 25
HIF-1 si li th 1 @ 30
% -1 signaling pathway ®:
= Influenza A o @ 4«0
= .
B Pertussis+ ]
o . ) ) pvalue
Toll-like receptor signaling pathway -
Colorectal cancerH . 1e-09
Toxoplasmosis 5e-10
T cell receptor signaling pathway - ®
HTLV-I infection o
Apoptosis- .
Pancreatic cancer- *
Hepatitis CH ®
P13K-Akt signaling pathway o
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Figure 5. Bubble diagram of KEGG enrichment results
5. KEGG E&RERSIBE

N T TSI I S Oy DS RS IE B 2 (8] 995 & . MIHT Cytoscape3.6.1 BUAFR 5 2 (1
Bar SEAHE R AT I EE BEAT T RRAL 70T, 8 I DR 4 2 B A A L SR T O UV IS L 4%, B
WA S B A, KSR ORI KT M GO ERIE AR S 0770 IR LA L
m HP L ORERACRHER AT 20 MBE R, SERITBARLZER D, 284>, SN TE
SRRLY), G750 cardiovascular A IEIMEZGY) - o) - FERINLE (] 6), TREEWE
T T H A5 10 L R e

3.6. FFXNEER

BT PPI M8 F1 KEGG B4, i S A HE 2R & HE 4 BUm I OB RE S (HSPOOAAL.
JUN. TP53 F1 MAPKL)ZAT o FXtHE, P Cefl o (3% M 7 30T 0 FXHZIRAE,  PAUSHT 43 E (Total
Score) > 5 JAyiiiid S5 A [ 10197 e X B 4 SR I B oy, AT /(BB S S N 45 S BN RS E « W S KT
P 4>fUF5 sophocarpine. Inermin. Wighteone. formononetin. matrine. luteolin. hyperforin. # /¥ %f
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Figure 6. Component-target-disease network diagram

6. WEMS - B - M EE

PRk BT AL S O A B R AT TR, S5 R U 7 FR . G5A U o T I G BR BE AR (1) B IR TR
HIEM LRIk, S ELERIR. rE0 SN wmE 8 Frn. 4558 & L, Norartocarpetin
%5 9 MEA IR RTT DI TR AT BE R 15 EEE .
4 g

PR IR O BIR” IR0, KR BURRHIE AR RERIL, CVDs IHJE T2 Rk
Zw . MRBLCR " SETIRE .. 2RI, ERRP LR CVDs HEIUFIIT . E&E TiEREH 4,
HAT, RS0 KRG VE R ERT ORI R, W45 R BRI S i By B 15 B A
B2 L SR A RS A B2, eI O M 0 B R RIB VR ROER, SR AL H] AN A [11]
[12] [13] [14]. [MBk, AHFFIET TR EZH DRI 25 AEE T 7k, X5 S8 BSR4 A 77

= 2y
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HSPS0AA1-MOL0O06623 HSPS0AA1-MOL0O06604 TP53-MOL004850

JUN-MOL005100 JUN-MOL006650 MAPK-MOL004941

MAPK-MOL006630 MAPK-MOL003673

Figure 7. Visualization of molecular docking
E 7. HFIHETRML
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Figure 8. Molecular docking results
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e

48

AU FOE I 25 - RSy - B OREAR N B, AT IR AN AT, R A S 0 S R
ZH[15] (matrine). 4’-=¥2%£-6-5 %7 55 W[ 16] (Wighteone). AJRE ZK[17] (luteolin) & Fe By M sy, X
S R oy RS B U (1 e O MU R o 15 S0 75 2 1) E BRI R 4), Xin Zhang 250 7 R B S0 T
N p38 FEAAR PN ARSI TEAL, BT /N R RPS5/p38 15 5% SoRkig i O IF 4T 440 [18] . [HII sk
BRI, v S RE NS 5O LTV JULAHE M 9 JRE B S AN I A, il I ] NF-«B 18 2% /D 40 i 3
AR M T R AU SN KR RERBAL B9V FI[19]. Zhou Junli £ AT F53E B T 8 20805 35 #4] 7 ox-LDL %
S E VRN R ORE N, FETEG T SRk R AL R AR [20]0 47- = FRHE-6- 5 A SR IR T S 1 B R
FEEHY), Lea Ling-Yu Kan S5 70 1E S 2 35 WS40 A1) e % I 5 W6k 200 i ke A 1 e T R 1 9 RO A
[21]. [FE, KRBEZRMREESHIRSZ—, PREDARREERIELT S NF-xB @SS EB R ET 4
VE A% A0 B AN B RG B LLER S P B 4t R [22] o 9 AP 90 1IE B A J28 B 3% R W 2 DR IR 22 B 75 3 1) o LA
NEREONETRE, RIEDLR . PUAALIOMER, 2Rk f3 2k, #sl oA To[23]. L AT
RSSO RR N EEA R RS, PSS, 4-=85-6-5 G I AR R RS R Ed £
JRIR 2R RKAEPURAE R T GE O B 50 IR AR

BT PPI W4, KEGG ‘& 5240 H Fl SCHk [ 15, i o 2 2008 70 A0 6 A 30 i 25 6 HE 44 0 1
HSPI0AAL (4 i # AR v 28 H 90a). MAPKY (22 % J5 % A6 85 B 1) JUN (F¢ % [Al - AP-1) A1 TP53 (4
L fiRg Pl p53) SR AT o T, D B S A A B 5 A AR O R R VR T O LA R
AIRERIER EEAEM . BRI E (HSP) 2 —Fh B9 SCREAE B AA 75 JF T T 4 M s 1 . AR KSR T fE
BEA, FRRIL1TAAG & HSPOO M, Rete i ST, HIZR T8 HSPIO ik n i
TGF-B s T 3G 5 8N A7 [24]. Zhu Wen Si ZE0F 7RI T HSPI0AAL & miR-1 A7 LU
BRI/ T EYE (/R — A8 i B A, BEAZ 304 miR-1 10 R HSPOOAAL [R5 4 B T 0 AL /R H1a]
HIVK B [25]. 2254 50510 25 1 08 (mitogen-activated protein kinase, MAPK) /& —Fhfi 3% 22 & % - Jh & ik
WRGAE N R O BG, 7RIS R R I EEAE I [26]. Liu Jun SERFFM25 R, &5 S5 0] Lo
it NF-xB A1 MAPK 5 #5400 1) 75 P S 8 HASMCs 2 il 7= 4258 2 VCAM-1 1 ICAM-1 [{) %k [27].
TP53 A it ik 1 5 ML 14D 3 AR A AR 2 385 s 7 38 17 977 Lo ML 55 9 995 1 R 2B [28] - e-jun AR ity 38 -5 30 ik Y
A R R EY), AR SRR T INK 31 c-dun BEER AL, M RE IE AP-1 ¥,
XTI REXS INOS =2 R PEIHIVE R, TR BNk A B I 45 [29] . X L SLAGHR R 78 S 3808 40 % 0 146 1)
Z AN BERE SVR T O LA B

FIF M2 T Kegg BHE2 T4 RERY], WSiRI7 OISR TS RNA REM G 7. —
A G BRI A2 A I R . PUEL R, BT, PIBKIAKT {55 . cAMP (1R, TNF {55 i#
F . HIF {5 508 Toll 324445 S S A I 115 Sl B A G AE . miRNA J2& H U3 R 9 A 1) —
RAEAL b BEOR S WIRYE /N7, 8 i S Ja aT T S, 9 2 IO U B A DS TR A I TR B,
MIRNA 2 5 5P A0 B B4 . P R 40 BT B 2 77 1 S 7 A KU LA 3 5 S5 AR Ik 78, RIS A
YA R ARVE T RNA RBA B NI FE S miRNA 76 G I 2 TR 42 05 Tl T 78 25 DA 55 [30]
[31] [32]. —SMEEBEARKMER N R HF2—[33]. t4h, TSmiaeasiE Fif— SR AR E R
FIk , DURAE — S A B PR A — S AR e e, AATTHIRATL ML P B AR [34] o S8 N IAE 0 ) 32 0,
Ao JUL SR 0L P FEE VR 0 0 J S R AR 55 22 P TR ORHE T B ORE L ME A . Guanxue Xu S8 50 K I v 2 iid
it HOTAIR/MiR-106b-5p {5 5 i % 50 AKT F1 STAT3 IRARZEMR 1 O LA Mo 24 R 51455 [35] « R, 75
AT DR BB T, 25N PHE I TR BN E T L 4E i MOVAS Al Retl o S5 S E T, it —
B 40 B 3G G [36] o 4 M RS AT 37,57 - IR RR I 1 (CAMP) 7E O JIE AN LA 5 R R 2% OB R, 7E4E
FRANFE A TR 2 AR . cAMP RS EAS KL 40 - 4 AR SR B RS B A A AT
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AL, cAMP XA % ME JAKISTAT G S BEEAT S 71T, P ER 29 [37]. HE 44 BT 20 HIE 5188, PIBK/IAKT
5 5P O MR 1 EEURE, ZRLeiiP <SR 7o UE B v S i i f ) PISK/AKT I8 #5300 LT 4
YA D b B TR AT 4, R AFE DO 4L O TE I [38]. BRUL, TNF {5508E%. HIF-1 {55 @5 Toll
ARG SIS RE R IEDTRAEF R4 E T2[39] [40] [41]. LML R A S R 5 LR iE R I
K, B E BT RAL TR TE S (1 B S SR R R G AR, RO MR 1R T P S B R R AE
FAHH HERHIEH .

5. &g

3 X 2% 25 B SR T SR YT O MU B K AR AL, W10 PRIRE SR 7 O MU R0 R P A7
KU, B RE AL, WO T PSR R S5 . BT S RS h 2 St 1
S A A B S ER IS, AT VBRI U R SCEIIE 1 2% 25 B 22X 2 S ORI IR I, IR AT /RN
XHEGENR I — R TR E, J9idt— BRI TU T 2 H R 5 4 3t 5 BRIS I T 5e38 Je PR T FE S 4 2
T3 THI BB 18 S

E&WmE

E xR BARBIZEEETH , TlH %5 : 81660733; T /& &% LW 7 H 000 H (B & £4[2020] 896 5);
FMERHL B A A B H (B RS F 6 A 412020] 5010); 51 FH o BE 2E Bt 2017 4222 A8 i 15 5% M A5
WEL I H (B FEHEF 6 A A4[2017] 5735 5-15); 548 Ml = 25 2448 LRERF 7 0 Il H (B #E KY
[2015] 337).

Sk
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