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Combining Serum Pharmacochemistry and Network Pharmacology to Explore the Pharmacodynamic
Material Basis and Mechanisms of Yangxinshi Tablet in Treating Coronary Heart Disease

YI Xiaojiao'?, ZHU Junfeng®?, YU Lixia!, ZHANG Jinghui?, WU Yongjiangz*(l.Department of Pharmacy, Xixi
Hospital of Hangzhou, Hangzhou 310023, China; 2.College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310058,
China; 3.Department of Pharmacy, Zhejiang Cancer Hospital, Hangzhou 310022, China)

ABSTRACT: OBJECTIVE To explore the pharmacodynamic material basis and mechanisms of Yangxinshi tablet(YXST) in
treating coronary heart disease. METHODS HPLC-ESI-Q-TOF-MS/MS method was performed to analyze the blood-entry
components of YXST. The targets of blood-entry compounds were derived from STITCH, TCMSP and Binding DB database.
The targets related to coronary heart disease were collected from TTD, DrugBank, PharmGKB, MalaCards and CTD database.
Protein-protein interaction(PPI) network was constructed for the obtained compound targets and disease targets using STRING
database to screen potential anti-coronary heart disease targets of YXST. Gene ontology(GO) function annotation and kyoto
encyclopedia of genes and genomes(KEGG) pathway analysis of potential targets were performed using the clusterProfiler
package in R. The blood-entry components-potential target network was further constructed by Cytoscape software to obtain key
compounds and key targets. RESULTS Rat plasma after oral administration of YXST was analyzed and 26 prototype
compounds could be detected. A total of 287 compound targets corresponding to blood entry components and 199 disease targets
associated with coronary heart disease were collected in the database. By intersection analysis and PPI network construction, 70
potential anti-coronary heart disease targets of YXST were obtained. According to the results of GO function annotation and
KEGG pathway analysis, YXST treating coronary heart disease mainly involved in the inflammatory response, oxidative stress
and advanced glycationend products-receptor for advanced glycationend products(AGE-RAGE), atherosclerosis, tumour necrosis
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factor(TNF), interleukin-17(IL-17), C-type lectin receptor, Th17 cell differentiation and Toll-like receptor signaling pathways.
By constructing and analyzing the blood-entry components-potential target network, 3 key compounds and 16 key targets were
obtained. CONCLUSION YXST can interfere with the inflammatory response, oxidative stress and atherosclerosis process by
regulating TNF, PTGS2, NOS2 and NOS3. The potential effective compounds are daidzein, berberine and puerarin. This study
fully reflect the characteristics of YXST in treating coronary heart disease through multi-component, multi-target and
multi-pathway, and provide an important reference for further research on the pharmacological mechanisms of YXST.

KEYWORDS: Yangxinshi tablet; coronary heart disease; prototype compound; network analysis; inflammatory response;

oxidative stress

S Lo SR I PR 8 UL — oo I A s, 32
PR T AR AR EAEE, BE AR EY
FRAETE 2T BB AL, % ) R IR R I T 5
LT, IR R R P U A R
Jeb O 2B R o e bR Bl Dk 5 4 s Dy g SR,
TPeE | RAEPHE, AL ILEI . BRI
FETT B DR R RIS, O
J& BRI MR YR, PRI BE Y, BN
BT, FEOHKAY, mkEHES, SOa77
Jer D) = 7 DA A R i tel

70 G A (Yangxinshi tablet, YXST) /2 i #5 (€
W S B BRI, M 4.
BOE | EHER . RZ . ASHAHEIL 13 BRG]
I R 20 =Ry 1 | B = W S e R 0 (1 N %3 |
JRZIR, FENGIR B8 TIRY7 0 . O80
U ZESE O A R, AR 2 B A Y R B
YXST HAPUM/ IR | BRI R R | $0) i
TR FEARC IR SA S . B OLER I, 38580
DIReEAE B, BT, X YXST B 244 F ik
IRBUZRTE SR X RE e 1 1y % %%, k= %)
H 27800 B Rl A E LS AR AT

Mg 25 2GS T RGEAEY % 22
FHY, X Y- R Z MR E
YEXRR M, 2 )20 H i B 25930 T 50
FIVEFMLEE-100 R4 2 B2z AR . RGN
SAATRERL, CET Iz N H T 2 S T Y
WFoE. weAh, MmiF259 Ay, 425 it
TR AR T 2 5 T AR AR N B R PR A RUE
FH B 120 Rk AR5 1 4Rk F HPLC-ESI-
Q-TOF-MS/MS $i AKX} YXST B9 A M5 #E47 53
Mo TR FERE I, 256 ML 25 B 22 AR 4081 YXST
AR AR R A5, R YXST G970 AT
e 1Y) Jox SE At A FHHIL ]

1 MR5R%
L1 A5G
R AR AN, BCE AR, T

o E AR 22 2020 4F 8 A4S 37 4545 16 1]

B.OMEIRAE . A SRR AR S I g X 36
Waters B4 FR /2w ; Triple TOF 5600P™s i ji%
{X(EE AB SCIEX AH]); XS105DU 5502 —
1, 7 R (B -+ Mettler Toledo 23 )); Milli-Q #R 46
JKZ (3 E Millipore A F]); H1650-W B 5 2
DAL AU S A FR A F]); KQ-500DE
R e A (B L T 5 AR A R A A o

YXSTEUAS: 0.6 gx36 H/&; LS. 151102)
P 5 B L A A R A RIS HE . AR = Bkt
5 MUST-15110910) . 5 4R % (it 5 . MUST-
13111203) . HHEFF@HES . MUST-16032801), #ii%
B (HES : MUST-15011004) . /)N BEfR (L5
MUST-15022101) . K &  (#t %5 : MUST-
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#t*= . MUST-12122110), EEiT{HES: MUST-
12022707, A &S : MUST-12051002),
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51 20141016) A B REFHELARA A s HIR(E
ik, #He e k1612047)0 F BT T 350048 FRA F 5
HAGR R oA 4t
1.2 Y

6 2 SD K, &, B (200+20)g, W FH #T
VLA B2 B2 Be SE g s o o sl FHF Tk
51 SYXK(#7)2012-0178, & M4 7% 1 8, A
HEYOK, FREE 12 h SIRJBRRS, R R(20£2)C,
AR X 4 i E (50£10)% . BT AT B4 52 50 45 4
SERTL RS S0 Zh W B FEAC T 51 25 CHLE -
1.3 FESLlRS
1.3.1  YXST #2BUgAH % B YXST, FR&f
K, WFA . FREL 20 g 32K, FH 500 mL 70% H B
FEALFR 60 min, FE, KLU R A | mL &
R 1 g
1.3.2 REMIEAER RS KRESZEET 12 h 28
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BAEK, DIRMEE AT YXST HBUR 14 gkg'.
BT 2505 1h NEF KB 0.5 mL,
4 000 r-min~' 8.0 5 min, Z3ES I3, T-20 C
o ArHran, BUMBEAES 200 uL, A 5 f5EH
B, RGE 30 s JAfEfE 10 min, 13 000 r-min~' B0
10 min, B EVEWAER R T AR T, 53R
200 uL 70% A %, 13 000 r-min~! B5.0> 10 min,
B |35k HPLC-ESI-Q-TOF-MS/MS 434 .
1.4 @355 g a

HPLC /7&K ] Waters UPLC system, &4}
A Waters CORTECS Cjs+(4.6 mmx150 mm,
2.7 um). FBHAA 0.1% R KA TR (A)FT 0.1%H
iR I BES L (B), BREEPEME: 0~ 20 min, 5%—25%
B; 20~40 min, 25%—41% B; 40~60 min, 41%—
81% B; 60~65 min, 81%—96% B; 65~70 min,
96% B, 43 HrifE] 70 min, 5547 10 min, #FRERE
10 pL, ¥ 0.5 mL-min™', £ 35 C,

JF 1 3K FH Triple TOF 5 600P™ B {%, *f
ESI IE(H ()& FRIBT #7840, SEOENT .
Wi, +5.5 kV(H)M-4.5kV(-); BTIHRIRE.
600 ‘C(+)F1 550 ‘C(-); Gas 1: 25K, 50 psi; Gas
2. %5, 50 psi; CUR: &S, 30 psi; flifEH %
(40+£20) V; FHHEFE: TOF-MS Jy m/z 100~2 000,
TOF-MS/MS "N m/z 50~2 000 , 525 %98 F F
Peakview #/4:(AB SCIEX, version 1.2.0.3)i/F174L#H
1.5 W2 2E AT
1.5.1  YXST AUl mimiicsE BT EiR%
SRR YXST AUy, LS Y24 PRa S5
K (SMILES #% 3784 K H a7 STITCH(Search
Tool for Interactions of Chemicals and Proteins
Database, http:/stitch.embl.de/) . TCMSP(Traditional

Chinese Medicine Systems Pharmacology Database
and Analysis Platform, http://Isp.nwu.edu.cn/tcmsp.
php). Binding DB(https://www.bindingdb.org/bind/

index.jsp) & HEAT R R, 19 BB AL >

AYOHE &5, P58 1 UniProt £04E /2 (https://www.uniprot.

org/VBFHE 5,44 VA %5 Wb E JE R 44 (Official symbol),
FREPF N “Homo sapiens”

1.5.2 e O AHCHE I SE DL “coronary heart
disease” “coronary disease” NI, i#id TTD
(Therapeutic Target Database, http://bidd.nus.edu.sg/
group/cjttd/) . DrugBank(https://www.drugbank. ca/) .

PharmGKB(https://www. pharmgkb.org/), MalaCards
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(https://www.malacards.org/) . CTD(Comparative
Toxicogenomics Database, http://ctdbase.org/) 5L #f /2
HATR R, RBGE.ORAECHEE A, JFHE “1.5.17
WU Ik TR EfL
1.53  YXST A/ DR EAL R i HOA
ML S PR RS2 ER RIS YXST Ry
RN NE R < (VAR E WO a0 NN L W 8 WY IS
i A STRING %4 J (https://string-db.org/)
P17 8 H - HAHE.AE H (protein-protein interaction,
PPD)s3Afr, FREYFI A “Homo sapiens”, AR¥E &
{EE /- {E%$: confidence score=0.7 FIZAE, IF{Hi
H Cytoscape #f4:(version 3.6.0)i47 i Mifk, #—
A 0 198 55 5 A AE T ) A FH G 3R 19 i 4
o B H AR AR S5 R RIS YXST 3097
SEE Lo TS TR A
1.5.4  IHREVERE M pg AT BT RIR TR Y
Y XSTIRYT 7 Lo B TS 7ERE 5, FIHH R 15 5 (version
3.4.1) clusterProfiler i ifF 47 %& K A< K15 (gene
ontology, GO)IIJRE M AN 5T & R AN 5L [H 41 R
45 (kyoto encyclopedia of genes and genomes,
KEGG)i#i #5347, R YXST 16Y7 8 ORI 4+
YEFHLH
155 MZBGE LT RS AL 2 A
XF I TR 5 5 A Cytoscape A8 & “ A LAY,
Or-TRTERR S MK, FEFIH Network Analyzer
I 15 0T 090 £ R AT 0 H R BT AT, LA T R
(degree) . 47EUH 0 (betweenness centrality) 15
25 UL FE (closeness centrality), #KHE 3 T A {E Y4 7E
SEENE L AR ETTE YXST JR77 5 Lo 1) B
AL/ EIPS 1 e
2 #R
2.1 YXST AL %50

MR RTINS YXST b2 1 PR 4 A 1 45
BT ARBFGE X YXST ¥ H 45 245 HiJa 19 R B2
HEAT LT 530, G PR BCRE B LA R B 1 ]
RS e R A, TRl 285 4 SCHR AT B AL A 8,
X YXST WAL #6471 25 2825 HiE R
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Fig. 1 Total ion chromatograms of blank plasma and rat
plasma after oral administration of YXST in positive and
negative ion mode

A-blank plasma; B-rat plasma after oral administration of YXST;
C—extraction ion peaks of prototype components.

2.2 HSIRAE Y] YXST VBT el O T 7 T s i i 2
W1 STITCH. TCMSP #il Binding DB %

P e WS 19 AN AMLAY 73 XTI Y 655 /A,
FOF R LA 287 LA . MRYE TTD
DrugBank, PharmGKB., MalaCards #l CTD (¥
e, BIFEEFIIRE 199 A5 O AH 5 BB
B0 o AT B AL AL 735 5 AR RE & ¥R
2, Bk, B5EE 287 MM S 199 M
S A TOCHR, TR IETS R 42 NEZAEEA, B
N YXST 67776 O 4 B E RIS, SR LI 2.
WAL, Stk — 25 g A 55 e B A AE A A
FH B B3 30 0, R 0 s BRI S A
STRING %H& 34T PP 4347 , K5 445 Ao K s 1)
Cytoscape HEATAI AL . Hirr, B4 A5 5 p i it
SN RE B HE R 4 5 0% AR VR A AR R 2
% . 75 F Network Analyzer ffi{4:%}1% PPI £
FI A1 S degree (H#EAT 04T, 1154571 degree
41 18.33, fiiiik degree KF-F44 degree 2 f5 77 5
14 hub node!™!, Ay 54 ST A ARME. TEIX
4 hub node ', A 40 2L, 26

%=1 # F HPLC-ESI-Q-TOF-MS/MS B YXST A\ fi i 4 S 2 45 &
Tab. 1 Identification of prototype components by HPLC-ESI-Q-TOF-MS/MS
5 fp/min EY 4 PR T m/z CAS
1 12013 Z),((3344dﬁl;grg%pg)nyzl)%eﬂglﬂol)ﬂuf"r;%‘%pﬁgg;’ Side G HaOs M- HJ 3151085 76 873-99-9
2 17.719  puerarin-4’-O-glucoside (&R -4 '"-O-% & #E 1) Cy7H30014 [M-HJ 577.1570 N/A
3 20.124 daidzein-4',7-O-glucoside (K& H J6-4',7-O-F H M)  CaHzoO14 [M+COOH]" = 623.1633 53 681-67-7
4 21.925 S%R)—2;(p—hydr0xybenzyl)malic acid ((2R)-2-(p-F22EF ) C1H1Os [M - H] 2390568 N/A
FIRIR)
58 24.696 puerarin (&R %K) C21H3009 [M-H] 415.1040 3 681-99-0
6 25.993 3"-methoxypuerarin (3"~ F &L H R K) CyH010 [M—-H] 4451148 117 047-07-1
7 27.434  mirificin (558 72 HEH) Ca6Ha3013 [M - H] 547.1469  N/A
82 32.993  liquiritin (H #FF) C21H209 [M-H] 417.1196  551-15-5
9 33.669 g;%rgnﬁag;’“de or isoliquiritin apiosideFr I HFH/ 5 (o o7 o M- H] 549.1626 74 639-14-8/120926-46-7
10 34.604 daidzin isomer (K 7 #414) Cy1H009 [M-H] 4151040 N/A
112 45.096 Salvianolic acid B (8} R B) C36H30016 [M—-H] 717.1483 115 939-25-8
128 46.471 daidzein (K EHJ0) Ci5H1004 [M-H] 253.0516  486-66-8
13 52.829 isoliquiritigenin (7 H H %K) Ci5H1204 [M-HJ 255.0663  961-29-5
14 54.187 formononetin (TS 1L 3 2) C6H1204 [M - H] 267.0670  485-72-3
158 54.829 ganoderic acid A (R Z R A) C30H407 [M-H] 515.3020  81907-62-2
16 55.054 lucidenic acid A (7R Z 1T A) C27H3504 [M—HJ 4572604 N/A
172 16.557 magnoflorine (A 4 1EH5) C0H24NOy [M]* 342.1698 2 141-09-5
18 21.624 tetrahydrocolumbamine (VY& EYN B7 L) C,H3NOy [M +H]* 342.170 8 483-34-1
19 22.507 protopine (J& T HHi) CooHioNOs  [M+H] 3541350  130-86-9
20° 26224 coptisine (FE) CiyHiNO;  [M]* 320.0927 3 486-66-6
218 27.791 epiberberine (3 /NSEHR) CyH;sNO;  [M]* 336.1238 6 873-09-2
22*  29.103 columbamine (IEIM B CA) CyHxoNO,  [M]* 338.1397  3621-36-1
23" 29.180 jatrorrhizine (Z5HRHH) CaoHyNO;  [M]* 338.1394  3621-38-3
24 31.129 berberine (MNEETR) CooH;sNO;  [M]* 336.1237 2 086-83-1
25°  32.645 palmatine (E237T) CyHpNO;  [M] 3521555 3 486-67-7
26 35.197 dehydrocorydaline (i 545 Z ) CyHuNO,  [M]” 366.171 6 3 0045-16-0

TE: 3l 5% B LU IE

Note: *Further confirmed with reference compounds.
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WHLE, BREMEESA 12 ML, R 28
A BISR YXST 697 560008 1 ] 3 4
B EERULIE 20 K 42 A BT E 28 Al
MRS YXST (G977 Co0m T 7E R A . 70 4>
SR A B 2,

AR (42)
NOS3/HMOX 1/TLR4/ABCB1/NOS2/TNF/ESR2/
ESR1/PTGS2/VEGFA/SOD1/PLAT/SELP/AGTR1/
LEPR/F7/KDR/PPARA/APOA1/APOB/CYP2CY/
CYP3A4/PTGS1/ADRB2/MAPK 14/IL6/LDLR/MTTP/
F2/HTR1A/SELE/TERT/PLAU/PLA2G2A/MAPK 11/
ADIPOQ/MAPK12/HP/PCSK9/PON1/LPL/MAPK 13

BOMER

217 PRI
30 143

12

28 14 EEIRA 28
PPARG/CASP3/AKT1/MAPK8/MAPK3/
MAPK1/RELA/STAT3/FOS/MMP9/JUN/SRC/
BDNF/IL2/STAT1/HSP90AA1/TP53/ICAM1/
IL4/RHOA/EP300/IGF1/EGFR/JAK2/SIRT1/
GCG/CCND1/FN1

Hub nodes

B2 %% E-% %% S-hubnode ¥ B H
FETEAE A T3 S 28 4 v 1Y) He A ) SV PR Ao
Fig. 2 Venn diagram of compound targets, discase targets

and hub nodes
Direct and indirect targets in the intersection were list in rectangular box.

2.3 DIRETERE S pg o b

X YXST {077 568 O B RS s AT GO Iy
RETEREIMAT, SERILIE 3. 70 DIBAERE S EEE
LT HUANINNE « AR AN« S SN Y
P TE MR R Y IR L 25 RO SR A
Yyid #(biological process, BP); EE P ML
JEEIX . EfE . BT PN IR AR R R S5 4
M2l 43 (cellular component, CC); FZE 52 MAP
WIS E . A5 S T- 22 8RR PR TSR . %

Biological Process

Cellular Component

OIRE TSR E DNA 254 | 4 £454 . %
(L R N D S R R A e s i e
(molecular function, MF), #f—20 XA S 1T
KEGG i % & 4253 Hr K B, YXST JR7 5 0o+ 2
W LG RS 2R W) -1 B AL 2R 7 1) %
A& (advanced glycationend products-receptor for
advanced glycationend products, AGE-RAGE). 3j
JKikREIEAL . TNF, IL-17., C BUSE4E R Z (k| Th17
oA . Toll FEZAARSER T, 45 ULIAT 4.
2.4 MZERIR R AT

YXST “AMAsr-TE7Es " W28 86
AL IR AL 16 1, BERRE
FERE A 70 45 g 191 5%, TR G YR
RZ AR, 45 R WKL 5. ] Network Analyzer
XS R 2% B PR M AT e A, LA R L Y
B0 o B2 R B PO JRE D s 9 R AL 3 R A
B BT, TR R AR 2. 3 WIEUEYY
TEFEEL BRI SR 3 4>, ARET.
INEERL . AR o 3 B LB A S
#1641, i PTGS2., PTGSI. NOS2. ESRI,
NOS3. HSP90AA1, ADRB2, ESR2, MAPKI14,
CASP3, JUN. PPARG. AKTl. TNF. MAPK3,
MAPK1., X265 A AR A AT B YXST 1RYT
U ) 24555 o A AR AR
3 wtg

TR £ M T A 95 A B0 L
Rz —, HAALHIAE TR gl BK L4 & AR A ke
WEAL G A as M . BHZE)S , O ULk

Molecular Function

Gene number

3 YXST # %% A8 GO o fEE B 447
Fig. 3 GO function annotation for potential targets of YXST
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Proteoglycans in cancer

Kaposi sarcoma—associated herpesvirus infection
AGE-RAGE signaling pathway in diabetic complications
Hepatitis B

Fluid shear stress and atherosclerosis

Tuberculosis

Yersinia infection

TNF signaling pathway

Count
.15
® 17
[ 3T
@21
@23

pvalue

5.227941e-15
3.920956e—15
2.613971e-15

Endocrine resistance

Relaxin signaling pathway
Toxoplasmosis

Th17 cell differentiation

C-type lectin receptor signaling pathway

IL~17 signaling pathway 1.306985¢-15

Prolactin signaling pathway 73341 28

Chagas disease (American trypanosomiasis)
Leishmaniasis

Pertussis

Toll-like receptor signaling pathway { e

PD-L1 expression and PD—1 checkpoint pathway in cancer {

BN HRZH (B AP 2459697 ) A SR TG A (B P 24596
JF+YXST)IRYT R g B Ol T RL, BT O IR
LI PACHE PR o 3 S AR i TR R AL, [l A=
S BUR R, N AT B AL B AT AR I MR
REARK T, da] W, YXST 67 560k Il
PRYTSCE A A, (F 2 H 24550 S S el A A
FHBLHI A &4 B AR

F 2 YXST WBIT BN KR o K 50 8 B W % AT

ZR
Tab. 2 Network analysis of key compounds and key targets

O enerato” of YXST in treating coronary heart disease
4 YXST # 7% % % 81 KEGG # 5 7 #7 F5 Kk WA chol BEhOE
Fig. 4 KEGG pathway analysis for potential targets of Cl Daidzein 37 0.3750 0.506 0
YXST C2 Berberine 36 0.4173 0.506 0
C3 Puerarin 26 0.216 4 0.447 4
BURSRIRIE . HATIIR EASEOREHE — g 1 pIos ls o ouzo osks
v . _ T2 PTGS1 12 0.0515 0.483 0
B 3, (B R P 7 245 A7 A e 2 PR ik L T 52 1 T3 NOS2 1 0.050 3 0.506 0
S A5 a1 B [15] 23 ; T4 ESR1 10 0.044 9 0.500 0
25 AR ESER B, Pk, HEh 5 NOS3 10 0043 4 0.494 2
HHAGEAYGRIFEON . B HEHUR . W T HSP0AAL 10 0o 04722
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