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[Abstract] Objective: To investigate the effective constituents and mechanism of Tingli Dazao
Xiefeitang for the treatment of heart failure through network pharmacology and high resolution mass

spectrometry technique as well as molecular docking technique. Method: Chemical components and potential
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targets in Descurainiae Semen Lepidii Semen and Jujubae Fructus were searched by referring to literature and
BATMAN-TCM database. The disease targets were searched in GeneCards database with "heart failure" as the
key word. STRING platform was used to construct protein-protein interaction (PPI) network based on common
targets of drugs and disease. The network topology was analyzed by using Cytoscape 3.7.2 software to obtain the
core targets eventually. Kyoto encyclopedia of genes and genomes (KEGG) enrichment analysis of the core
targets was conducted through DAVID database to draw a network of “herb-compound-target-pathway”. Based
on the results of the network pharmacology research above, high resolution mass spectrometry was used to
analyze the decoction and confirm the selected active components. AutoDock 4.2.6 software was used for
molecular docking verification of key active components and related targets. Result: A total of 85 components
were obtained in Descurainiae Semen Lepidii Semen, and 49 components were obtained in Fructus Ziziphi
Jujubae. A total of 1 078 drug targets and 1 549 disease targets were identified. After PPI analysis and network
topology analysis, 23 core targets and 33 active components were obtained, involving 19 signaling pathways (P<
0.05). Mass spectrometry analysis results indicated that 18 components such as isovanillic acid, descuraininA and
kaempferol-7-O-B-D-glucopyranoside were confirmed in decoction. Molecular docking analysis results indicated
that 6 core components (degree value top 6) , such as isovanillic acid, descurainin A and kaempferol-7-O-B-D-
glucopyranoside, had good binding activity with silent information regulatory factor 1(SIRT1) , interleukin (IL)
1B, protein kinase Ba (AKT1) and tumor necrosis factor(TNF). The compound recipe for heart failure mainly
involved mitogen-activated protein kinase (MAPK) , hypoxia inducible factor-1 (HIF-1) , Mammalian target of
rapamycin (mTOR) and other signaling pathways. Conclusion: This study preliminarily investigated the
effective constituents and mechanism of Tingli Dazao Xiefeitang in the treatment of heart failure. It can provide
references for the precise clinical medication and screening of quality control markers, as well as the discovery of
active components in the treatment of heart failure.
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Table 1  Enrichment analysis of key target KEGG pathway of

Tingli Dazao Xiefeitang

o B I

% A
HIF-1 signaling pathway 5.88x10712  43.48 10
FOXO signaling pathway 1.24x10°1°  43.48 10
Proteoglycans in cancer 1.65x1071°  47.83 11
Prostate cancer 6.43x10°  34.78 8
Hepatitis B 8.00x10°  39.13 9
TNF signaling pathway 2.55x10°® 34.78 8
Thyroid hormone signaling pathway 4.21x10% 34.78 8
Prolactin signaling pathway 6.39x10°® 30.43 7
Pathways in cancer 1.15x107  47.83 11
MAPK signaling pathway 6.13x107  39.13 9
Toll-like receptor signaling pathway 7.09%1077 30.43 7
mTOR signaling pathway 8.44x107  26.09 6
ErbB signaling pathway 6.41x10°  26.09 6
NOD-like receptor signaling pathway ~ 2.58x10°  21.74 5
Non-small cell lung cancer 2.58x10°  21.74 5
AMPK signaling pathway 3.48x10°  26.09 6
VEGF signaling pathway 3.63x10°  21.74 5
T cell receptor signaling pathway 2.52x10* 21.74 5
Ras signaling pathway 6.10x10*  26.09 6
c¢GMP-PKG signaling pathway 1.42x1073 21.74 5
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x2 EFKXESHHZRE LN EERS
Table 2 Active ingredient of Tingli Dazao Xiefeitang

oy W e T
DZ1 betulin( HEA i) C30Hs500, KA
DZ2 betulinic acid( [1HEE R ) CyoHys0;4 R
DZ3  catharanthamine( £ % {E 1) C,HyN,O, KA
DZ4  maslinic acid( L2 ) C,,H,0, KA
DZ5  protoporphyrin( J& AfBf ) C,,Hy,N,O, NS
DZ6  stepholidine( & iE T 4 M ik ) C,,H,,NO, KA
DZ7  stigmasterol( 57 f§ %) C,,H,,0 KA
DZ8  sylvestrene CH,, NS
DZ9 tauremisin C,sH,,0, KA
DZ10  ursolicacid( AE % ) C,H,50, KA
DZ11  vitamin B,(4E4: % B,,) Cy;HggCoN ,O, P K%
DZ12  vomifoliol( IH: i) C;H,,0, KA
TLZ1  4-H &I TR C,H,,0; 2T
TLZ2  WLZEH-3-0-B-D-Mk I #4555 5L -7-0-[(2-0- L -+ T Bh 5L ) -B-D- ik Wi #5145 5% 5 (1—6) 1-B-D-NL I 4 25 B 1 C,,H00,5 BT
TLZ3  4-JuH ki C,H,NO T
TLZ4  cholesterol( JIH & ) C,,H,,0 i
TLZ5 quercetin-3-O-a-L-rthamnopyranosyl-(1—2)-a-L-arabinopyranose ChH50,5 i
TLZ6  thymine(5-H! Ik % 0E ) C;HN,0, £
TLZ7  uracil( BRIEIE ) C,H,N,0, i
TLZ8 % 3 WA MUk e 2 19 e C,,H,N,0, T
TLZ9 THmR C,H,,0; BT
TLZ10 Hi}Jz -3, 7-—-O-B-D-IH I 34 % H C,,H,,0,, EH T
TLZ11 i % -7-0-B-F¢ IH XUB C,H,,0,, BT
TLZ12 FEEPHE A C,6H,,0, B
TLZ13  JRWEE R AT C,H,,N,0, BT
TLZ14 125 -3, 7-—-O-B-D-Hk I 4 2 B C,,H;,0,, BT
TLZ15 125 H5-7-0-B- 6 B BURH C,eH,,0,5 BT
TLZ16 11125 [ -7-0-B-D-H, i 75 725 Hi 4 CoHL0, T
TLZ17 SRZE#-3,7-.-0-B-D- ML I 25 4 45 C,H,,0,, YT
TLZ18 5l 2% 5 -3-0-B-D- M e 4 % 1 17 Cy,Hy0,, i
TLZ19 5tERZEE-7-0-8-Je IR T CyoHy,0, BT
TLZ20 5B 2E 2 -7-0-B-D-NH Wi 4 4 b 1 C,,H,,0,, T
TLZ21 S&HR C,H,0, BT

T b 5 [ 4

Y S ol VS B R i VR 1Tl 1 K RN =T L= N = 2% ORARSEAE AL

a2 R IR b, H R R R B RS il M 47T LA B, AW 58 b fie 28 0 2k 3] 33 4%
BRI A0 IT 18 MO 52 R4 & 97 20, iy B4 O L b Lo BLAY 23 AN AR, DL RRT IV (Y 19 45 G 53 1 .
8 HXT 0 3 IR TT AR SCH o 9 2% 24 12 i B 2 A TEAS 3 1Y 23 > QAR F#E bs vp, 290 I SIRTI,
W5 B S BUE LI B Cytoscape, Autodock 55 2 4~ & ILIB,TNF,EGFR,AKT1 Z#E 45 .

1, ¥ 3 PP 2% LA K 285 ) - 1l - H A - 36 7 1) 0 Horp, SIRTI 2 2% 3 K & 1 % & Bt b i
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Table 3 Compound identification and attribution in positive ion models
No. f/min T SCH  BLR(H s 53 F & P 3
1 0.63 [M+H]" 137.1318 137.1325 -5.10 C,H,, sylvestrene KA
2 140 [M+H]" 113.0341 113.0346 -4.42 C,H,N,0, uracil(JRW5NE) E T
3 1.48 [M+H]" 169.0489 169.049 6 -4.14 CH,0, SRR YT
4 3.3 [M+H]" 100.0750 100.0757 -6.89 C;H,NO  4-J%Ja&MEI% E e
5 555 [M+H]" 449.1064 449.1079 -3.34 C, H,0,,  LLWZR1-7-O-B-D-NH I 4 45 b T
6  5.69 [M+H]" 641.1658 641.1712 -8.42 C,H,,0,, SH&A%E-3,7-.-0-B-D- M I 5 %5 W 11 BT
7 573 [M+H]" 328.1528 328.1544 -4.88 C,,H,NO, stepholidine(Zc i T 4x /¥ I i ) KA
8§ 740 M* 480.144 2 480.1415 5.62 C,H,,0, FIHBHEA BT
9 824 [M+H]* 611.1555 611.1607 -8.51 C,H,0,, IZHE-3,7--0-B-D-ML I # ZTHE 1 T
10 861 [M+H]" 2251472 2251485 =577 C,,H,)0,  vomifoliol( M) PN
11 8.81 [M+Na]" 603.1293 603.1320 -4.48 C,H,,0,; quercetin-3-O-a-L-rhamnopyranosyl-(1—2)-«a-L-ara binopyranose 4 JJj F
12 9.68 [M+H]" 479.1163 479.1184 -4.38 C,,H,,0,, 2% -3-0-B-D- M Il 1 % Bl 11 B F
13 9.68 [M+H]" 479.1163 479.1184 -4.38 C,,H,,0,, 52 %K -7-0-B-D- M Il 1 4 Bl 11 B F
14 1632 [M+H]" 473.3597 473.3626 -6.13 C,)H, O,  maslinic acid( Il # [ ) NS
15 1778 M~ 456.356 4 4563598 -7.45 C,H,0,  betulinic Acid( F1HEIF AR ) NS
16 1778 M* 456.356 4 456.359 8 -7.45 C,H,,O,  ursolicacid( AEM2) NS
17 2024 [M+H]" 4452122 4452122 0.00 C,,H,N,0, &% %AMEERE £ TR R BT
18 2494 M* 638.1827 638.184 1 -2.19 C,H,,0,, 5 WZEH-7-0-p- T HIUFEH BT

141516 17 18 L\
|1k L)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
t/min

Es5 EFAERSMZEBFREE(254n0m)

Fig. 5 TIC of Tingli Dazao Xiefeitang (254 nm)

Sirtuins %< (Y 502 AL 01, AR 0 L 3h ) 19 .0 JE 2 18
1o B 36 Gl SIRT 1 RE % 205 O L 48 B AR i, 2% i
O REHERET IR R P I A5 AR B, R 4 0 JUL A0 R 4
B, HE I O Y R U AR SR B & R MR
I7 0 B B B ROV R A o 2 4R
FE 1 H0 5 B 336 5 (Western blot) A6 1) R Ly L 4H 21
HSIRT1 Y 2 3K 7K, & B 5.0 = BB 4 A1 1L,
SIRT1 ¥ i 7 78 o 3% O % 09 [\ B, K B i i wh
IL-18, TNF-a /K ¥ B i W] . FE K, 7 UL SIRT1 A LA
3 A A0 5 RE K, SO LAY R PR D AR A
G857 F NP HE A R R BT KRR b i
Sylvestrene X % 8 by HL AT B4 (19 45 & 4F 1 ILIB 1]

VIS HLAAS 09 B 92 R, 7E O % T8 I B 23355 0
LA A AE K, 508 0 3 1 2% AL SRR e
T SCRR b A TR R ALY, ] Western blot I 15
AR P ILIB R E K & TRFAL, Ha
B & 0 D REAS 4 52 2Pk T, 1 TE Bl LA 25 IR 9T LA
Je o B3 0 3 1) TR I IL 1B Y 363k A BRAK, oT W
IL1B 5.0 DI Re % I A5G A B 5 40 1 % Bz 25 e 4
7N B R il i vh Y S A R R R AR B R
UF 45 A VETH 5 TNF J2& 48 AF 48 Jf PR 19 22 i
HEE st E T i 0 =5 A S
B g5 1 A SR 4 0 AR [R] B 3A e A i L 2 AR AR
525 AL AT 3 O UL R 1 B 42 230 AR 5% 0 Xof
LA AR B KEVE i h i 7 R % -7-0-6-
T R SORE 1 5 B 2% 2 -3-0-B-D- Itk TR 78 45 4 1 %) %
B AR B AP A5 A VR R SCERIE 9T R W, i 2o 9
" EGFR fE % B AR 42 48 I A9 3R 3k, 10 ) 240 i o4
T4 0 SC Rk R E T A Kk R A S R0 U
KAERY | K F Western blot 43 #7 & PLAL R 41 EGFR 5
FIk , MAE AT EGFR I HIHA YT IS, O WUIE KA ¢
RSNt /R R S I i N S e O £

7R B2y K AYE i iz v i L A% ) -7-0-B-D- M IR
E Mt 5 EGFR B A B4 45 5 1E ™ AKTL 78
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Table 4  Verification results of molecular docking between

components and corresponding targets

Yk At

— ZA T He -

LA fOhR A mol P30

SRR SIRT! -2552 BT
INS -25.15
IL1B -24.56
BDNF -23.39
IL6 -19.87
TP53 -19.75
PPARG -18.74

sylvestrene IL1B -30.08 KA#

LEP -28.07
CAT -24.73
ESRI -23.60
IGF1 -23.47
EDN1 -21.21

BT EA AKTI -3489 EFTF
SRC -34.72
EGFR -27.28

WA By -7-0-B-D-ML AT & ¥ EGFR -31.76 EHT
TNF -27.53

SRR -7-0-B- T IH U1 TNF -26.11 T
EGFR -18.12

S RAE-3-0-p-D-ML W W A BT TNF -25.52  ENT

A AR N 2 5 AR R T R R A R A A — A i
it B2, KAPUSTIAN %5278 JLERE (% T 0 LR 1Y
7N RS 6 A R vp 5% A Western blot 3IE B T 78 O 3 i
R AKT1 BTG M S T, AKT1 5.0 D) BE 77 75 %
VIXZR IJFHAWR R, BEA D K82 T 38 i
- Fi AKT -85 A5 e UL 3 3 (PI3K) -mTOR #4) 1
P4 A 38 B, 00 o0 L0 M O T 0 I R R Y
O 2 TG RE AR AR B 5 20 F B A SRR B T K
YGRS B R A 5 AKT1 B B 454
EH

J 3 o BT B oy TR BRI IE 25 R WOR R R R
5 SIRT1 43 F XF # 19 45 45 fig & -25.52 kJ - mol”;
Sylvestrene 5 ILIB 43+ F X % B9 45 & #&
1-30.08 kI-mol ' ; Fi &1 & A 5 AKT1 43 F X% 1Y
254 e -34.89 kI - mol™; 1L Z5 W -7-0-B-D- it g %
B 5 EGFR 70 + XF 42 19 45 &5 AE M -31.76 kJ
mol”; 5 2 K -7-0-B- ¢ I BB 57 2= % -3-0-
B-D-TIHk i 4 %5 B5 1 5 TNF 4% 7 0 3 5 10 45 4 fe 4
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oA =26.11 kJ » mol™ F1-25.52 kJ - mol', — & 1% %
T LA A RE<0 ¥ RE UL Loy SRR AR IS 0 K454
245 4 fE<-20.92 kI -mol B, P B A 20 5 #E AR 45 &
BT, X 0 25 5 R AR, U I 45 5 BB L T AR
(R A RN S 2 L LA B A0 R ) O A
B BAT B 45 G T P N R A AR R SR
T G A AR AR 1 I 5% 25 B A O 45 R L

FeT =T IE , DA 2% 2 B 22 G 1 145 2 19 33
AT M A R B AR X R T KRS it v 1k AT T
LI UE S W A3 B 18 AN gy . HR I —Jr w2 T
H br o & ok A8, 55 — O il T AR AR R R
HOBET M S SN RN, SREHREEY
B A B A A I 2 o AE ARSI Ok Y 18 AN A4y il
A5 B -7-0-B-D-NL g # 45 B 5 2K -7-0-- )8 IR
SUBEE 5 B2 22 -3-0-B-D- I Mt 38 78 4 1 45 1 Sl 4
AT R P9 K A IS AR R R A A T, i A% L5
RZEZE M %, KREMFR R, X855t F
O FEIRARA — IR VE L, 040 - i e R B A B
AR 1 R P R B SR AR Y B R A
R0 O LA 15, 536 P B A i DA % O B R Y A
FHEO 1L 2% By X 401 405 2 20 B AT A4 Y TR B
HA YU PR 5 ok 5 2 R ae g 8 Y 1M
BN R AN PR S B UL SR DY B
AR & B S B2 AR O A B IR YT T I B
il ot b B A A o, PR B RE T B Dk o R A Ak H
il O JILRE R 46 55 4 Y 1210

KEGG il f#% 7 7 45 R B, 22 105 KRS il v 1
WG 7 0 = 1 o B b W & MAPK, HIF-1,
mTOR, FOXO, TNF % 19 & {5 5 @ # . H i,
MAPK 15 55 38 % 2 M\ 40 ff 3% 18 1% 5 20 40 i A% o8 356
() AL, 0T DL S 4 A T, HL by p38
MAPK 15 55 i il & 51 A 2 .0 JLEF 44k 3 i 3
W, S0 EEMXRECHEY, BT ESO
LR F1 4 1%, 6T p38 MAPK i % 7T LA ki .0 JILAE
ROFNHG R, ok O D) BE S s HIF-1, 0 3% i 77 76 T 0l
R R Y/ N A R RNl N G £ 1 P R
HIF-1a J2 HIF (4 98 715 0 3, H A 2 1 48 37 A4 L o ik
AHCGET A TR HIF-1 38 52 9 35 i SR H
2 R AT i A AR L 2H R A e R A O
O WA O T A5 0 M 5 T A4 B ol 2 G BT Y
mTOR J& — Flt 22 5 1R /75 % 1R B 1 VG , A DF X &
W, 0% mTOR A7 538 8% Ak 0% 191 B i i P98 v 54 3
20ME I T SO0 U B, B A5 F R L 8 i
AMPK/mTOR {5 5 i #& A 5:.0 LA A s, ke )0
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a. S H R 5 SIRT1 ;b.Sylvestrene 55 IL1B ;c. 1§ 2 15 2 A 5 AKTI ;d. 1l 25 i -7-0-B-D-M 1l 3 2 B 5 EGFR ; e. 5 il 25 & -7-0-B- ¢ I WUR A

5 TNF; f. 5 Bl 25 % -3-0-B-D- ML i 4 45 B 1F 55 TNF
Bl6 Xx#EEMRIEE4ARBENBIREARANARXER

Fig. 6 Conformational relationship between the key active components and most stable binding target proteins

WU TR 0, e Ak, FOXO 1 1R Ry &% SE R 7 35 %
S MR T ORI Ty i R A AR AR A 2 el
AW DI RE 50 R O LR S B0 IEAR S A
T RE R B BA D) R, B2 il a AR
P HTE RPN T A R AT il 0 Y B2 2R AE
FHAL

25 b oy M A SOR T I 46 25 B2 03 3 B
TR AR, X i B 1 R AT i 1 Bt O 3 1 A AL
3 B HAE AL 2647 B9, H 85 SR ) 198 il IR
G THE FH 25 DL K 58 17 AT Jili i Jo i 42 ) B 25 0 Y
7 39 LA K 00 3 0 PR 00 A e IR A 2 5%
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