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Abstract: This study was designed to explore the anti heart failure mechanisms of the compatibility of
Gualou with Xieba based on network pharmacology in rat model of myocardial ischemia-reperfusion injury.
Using the databases of Traditional Chinese Medicine Database@Taiwan (TCM Database@Taiwan), Traditional
Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP), Drug Repositioning and
Adverse Drug Reaction Chemical-Protein Interactome (DRAR-CPI) and Universal Protein Resource (Uniprot)
to screen compounds and predict the target of active components, the Database for Annotation, Visualization,
and Integrated Discovery (DAVID) database, we predicted the biological pathway and signal pathway in
the compatibility of Gualou with Xiebai. The effects of Gualou Xiebai dropping pills on the apoptosis of
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myocardial cells and the expression of protein kinase B (Akt), p-Akt and cysteine aspartate-specific proteinase
(caspase-3) protein were examined in the related signal pathway phosphatidylinositol-3-kinase/protein kinase B
(PIBK/Akt) of myocardial ischemia reperfusion injury in rats. Twenty two compounds, such as 10 a-cucurbita-
5,24-diene-34-0l and macrostemonoside were found to protect rats from heart failure through multiple targets,
multiple biological pathways and multiple pathways, involving biological pathways such as hormone stimulation
reaction, phosphorylation, apoptosis regulation, and signaling pathways such as insulin, mitogen-activated
protein kinase (MAPK), cell apoptosis and so on. After the intervention of Gualou Xiebai dropping pills, the
PI3K-Akt signaling pathway was activated to promote the phosphorylation of Akt protein, reduce the expression
of caspase-3 protein, inhibit apoptosis and protect the myocardium. The data verify the results of the network
pharmacology, and explain the mechanisms of anti-heart failure activity of combination of Gualou with Xiebai.
Key words: Gualou-Xiebai; compatibility; heart failure; network pharmacology; myocardial ischemia
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JREE NP RHEYAE B (Trichosanthes kirilowii
Maxim.) 8% X 4 4% #  (Trichosanthes rosthornii
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VR ZH A7 FT T B 1 AT 0 K B O I I — PR v
#1145 (myocardial ischemia reperfusion injury, MIRI)
(25 R0 AT TR, R IS B TG AT PT AT A
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0.05 5 P < 0.01), St O NIAHZVRM, FERA% O ULEESE
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G HAES SCXK (#7) 2008-0033 .
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(5t 7 [ 25 Bt 24 5 e 24 400 1) 771 A Jo & 42 ) UR R 4 4%
fit); FLIE TUNEL 28 M 3 T S A ks il il n) & (R sl
BAEMFHOR FEA IR A F, KGA7032); Wik F iR
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LAY TREA R AR, AR0L46); BT K
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Plus (P0018). caspase-3 $iffk (AC033). phospho-Akt
(Serd73) Hifk (AA329-1). Akt Fiifk (AA326). tubulin
Pk (AT819). BRI E LYl (horseradish peroxi-
dase, HRP) #xic il 2:Hi% 1gG (H+L) (A0208). HRP
FrRic il E /N 1gG (H+L) (A0216). wortmannin
(S1952) (32 = REDFH AR TN

L& HX-300 /NP HL. BL-420 “EAHLEE
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Database@Taiwan (http://tcm.cmu.edu.tw/) . TCMSP
(http://Isp.nwsuaf.edu.cn/tcmsp.php) - DRAR-CPI (http://
cpi.bio-x.cn/drar) . UniProt (http://www.uniprot.org/)
CooL GeN (http://ci.smu.edu.cn/CooL GeN/Home.php)
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PrifF %4 ChemBioDrawUltta 14.0. Gephi0.9.2
BAF
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Taiwan. TCMSP ##fls e (K% H#1Jy 2018 4 3 H
18 H), ik i A D REYFIHE (ora bicavaila-
bility, OB)=30%. 25244 (drug like, DL)=0. 18 )1k
& 21 4. RiF (adenosine) Y OB iy 15.98%, DL
0.8, AL AW AR EE HE o 2 R0k 4,
R 3R 1S 22 MEEY, Wk L iAW E o T4
#) 7% H] ChemBioDrawUltta 14.0 #4724, 45
{547y MDL SDfile (*.sdf) SCfF#s & .
EBESSMTN Bk DRAR-CPI % 1 43l
bR 1 SRSy sof RSO (BdE B H A
2018 4E 3 H 18 H, 58/ H N 2018 44 H 2 H), &
% Z-score< -1 ik A A ¥ PDB ID R A
UniProt ##E 22, FRA INEEHE [ % 7 2 1) 5 DR A
(K& 0819 2018 4F 4 H 3 H).
DHREBHEHXNEFRERRMNKE @i
CooLGeN #1455, LA “heart failure” AyZeftia, £
% Medline & GeneRIF ¥ 2, W AR50 )13 K
MR SR (KR 06 2018 4 4 A 5 H).
EYRERESBR IR KESAEOE
il 2 DAVID ¥(#i Em) 5 &, & FEhx s fF AN
official_gene_symbol, #J#ii%y homo sapiens, i
47 GOTERM_BP_DIRECT &4 #1f1 Kyoto Ency-
_clopedia of Genes and Genomes (KEGG)_PATHWAY
PR T (K H N 2018 45 4 H 6 H).
RA-EAMS-ESBEMESMMEE K
PO S5, A Gephi B 5 i H K RIS 1
gy BE AU AAVE BB - E AR
1A % D 25
YA RATE SPF 2% SD KREENL N 6
H, /6 X, BFARA. BAA. wortmannin 414
BE T AR EK, R A AL 225 g-kg !t TR

#E 1 HL 22,5 g-kg A1 wortmannin & FH4H, B 7))
S A4 85.05 mg-kg ™, RER 1R, HEE, AR
3mL-kg L. iR 15 min, wortmannin 25 5 wortmannin
& P 418 s vE 5 wortmannin 15 pg-kg Y, HiA & 408
Jr kSt AR F AR K, VESHAR S mL kg .

MIRI shiRBHI & 4 K RIE S 10% /K&
FWE (3mL-kg™) BREE, SUEHRE, WO BE AR,
Je s IR BN KA L 30 min J5 fif 45 4L FHEETE 120 min. T
BERSEHRE, TAOERMNIFE TS KN OR -
NP R L % i 2K T80 CUKAE, &
F; [RGB IE T 0 a4 43 P 4, 43l B T-80 °C
AR 4% 2 R A T 24~48h, %A

DAVARBETNE B 4%2 5 F S 5 O,
SR TUNEL 2460 00K B30 LN R i T i % T
5% (apoptosis index, Al), B AL T K= (/4
T 0o JULH 50/ JUL 4 L 50) < 100%17

DAELRERIRI K Western blot 594 B
—80 CIRAFHIOE, FREIAIHK. IO ER (g) @ &
T (mL) =1: 10 NN RIPA 24830, RS, VK LW
B 2w RE, 13000 xg B0 5 min, B EIERE A
HEAFEM. H BCA EHEERXAEITE&SHEMED
WEE . R IR BE s bk oy B AR, X
BENEVERERS KT PVDF ] BSA 3 M 53T
PUAREE, —Pi. ZHior e/ R S i s BB AA
HRP FRICHIEHi % 19G; ECL [ B8, BRI R %
HIHB AL 82 Akt. p-Akt. caspase-3 25 [ ik 1B H .

Gt FE S N SPSS 13.0 S #E47 4e it 4
B R bR A B bR E 2 (X £9) R, PidLlal Ll
BHtk. P<0.05 NERA ST EE YL, P<0.01
NERARERITFE L.

Table 1 Information on main compounds in Gualou and Xiebai. (Z)-3-Acrylamide: (Z)-3-(4-Hydroxy-3-methoxy-phenyl)- N-[2-(4-
hydroxyphenyl)ethyl]acrylamide
Mol ID Compound l\?g:;c;l:r Source Mol ID Compound h:g::;':r Source

MOLO007165 10a-Cucurbita-5,24-diene-34-0l  CzoHs00 Gualou MOL006946 Adenosine Ci0H13Ns04  Gualou, Xiebai
MOLO007171 5-Dehydrokarounidiol CaoH4602 Gualou MOLO000358 Beta-sitosterol Co9Hs500 Xiebai
MOLO007172 7-oxo-Dihydrokaro-unidiol CaoH4g03 Gualou MOLO000631 Coumaroyltyramine C17H17NO3 Xiebai
MOL002881 Diosmetin C16H1206 Gualou MOL002341 Hesperetin C16H1406 Xiebai
MOLO005530 Hydroxygenkwanin C16H1206 Gualou MOL007640 Macrostemonoside Co7H4403 Xiebai
MOLO007179 Linolenic acid ethyl ester Ca0H340; Gualou MOL004328 Naringenin C15H1205 Xiebai
MOL001494 Mandenol CaoH3602 Gualou MOL000332 n-Coumaroyltyramine  Ci7H17NOs Xiebai
MOLO006756  Schottenol CagHs00 Gualou MOL007650 PGA Ca0H3204 Xiebai
MOL004355  Spinasterol CagHa0 Gualou MOLO007651  Prostaglandin B1 Ca0H3204 Xiebai
MOLO007180 Vitamin-e C4H34N4OsS  Gualou MOLO001973  Sitosteryl acetate Cs1Hs20; Xiebai
MOLO000098 Quercetin C15H1007 Gualou MOLO000483 (2)-3-Acrylamide C19H18NO4 Xiebai
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Abeﬂﬁlﬁ%ﬁﬁfffrfﬁch#ﬁ xof HE R = AT
R, I GO &AM AT UL T M 2 B AR AR
VI IheE. # 28 NMEAEAEH S DAVID HudiE#
%) #, %75 GOTERM_BP DIRECT &4/ Hr4s
B, 4% PN, BT 20 GO AW This 45 5 W%
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stimulus). ##21L (phosphorylation) F14H i 5 T- i 15
(regulation of apoptosis) ZAH 5K .
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NN 28 ANEE AR N AR ThRE, I8
I NE T AT E A, v AT 0 S R A R
FROAE %, 5L S RIS 58 (insulin signaling path-
way). MAPK {5518 (MAPK signaling pathway) . 4i
JadH T (apoptosis) %, P<0.05 {15 5 il % & 4 45 1
W3 4.
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E%@vﬁ H1, PI3K/AKt 5 5l 2 5 £ A5
G, WA T B E S 45 E W
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Table2 Main potential target information related to heart failure in Gualou and Xiebai

No. PDBID Protein number Target name Protein class
1 2BlY 015530 PDPK1 Phosphoinositide-dependent protein kinase 1
2 INSI P35228 NOS2 Nitric oxide synthase, inducible
3 1UKI P45983 MAPK8 Mitogen-activated protein kinase 8
4 1ZEO P37231 PPARG Peroxisome proliferator-activated receptor gamma
5 2GU8 P17612 PRKACA CcAMP-dependent protein kinase catalytic subunit alpha
6 1A9U Q16539 MAPK14 Mitogen-activated protein kinase 14
7 1FT4 P19438 1FT4 Tumor necrosis factor receptor superfamily member 1A
8 1F3M Q13153 PAK1 Serine/threonine-protein kinase PAK 1
9 1TVO P28482 MAPK1 Mitogen-activated protein kinase 1
10 2AUH P06213 INSR Insulin receptor
11 2CYK P05112 L4 Interleukin-4
12 1GoY P14778 IL1IR1 Interleukin-1 receptor type |
13 1GMN P14210 HGF Hepatocyte growth factor
14 11GS P09211 GSTP1 Glutathione S-transferase P
15 1ROE P49841 GSK3B Glycogen synthase kinase-3 beta
16 1GFW P42574 CASP3 Caspase-3
17 1CTR PODP23 CALM1 Calmodulin
18 3CQW P31749 AKT1 RA C-alpha serine/threonine-protein kinase
19 10PL P00519 ABL1 Proto-oncogene tyrosine-protein kinase ABL1
20 2ILK P22301 1L10 Interleukin-10
21 275X P21397 MAOA Amine oxidase [flavin-containing] A
22 3IDW P50440 GATM Glycine amidinotransferase, mitochondrial
3 1B2T P78423 CX3CL1 Fractalkine
24 1ICE P29466 CASP1 Caspase-1
25 1HOC P21549 AGXT Serine--pyruvate aminotransferase
26 2GIN P00797 REN Renin
27 1R4L Q9BYF1 ACE2 Angiotensin-converting enzyme 2
28 1CGH P08311 CTSG Cathepsin G




-+ 1410 - #j 2424 3%  Acta Pharmaceutica Sinica 2018, 53 (9): 1406 —1413

Table3 GO hiological process enrichment analysis of potential targets of active ingredients in Gualou and Xiebai

No. 1D GO functional annotation Target number P-value
1 G0:0009725 Response to hormone stimulus 10 2.19e-8
2 G0:0007243 Protein kinase cascade 10 2.35e-8
3 GO0:0009719 Response to endogenous stimulus 10 5.14e-8
4 G0:0007242 Intracellular signaling cascade 14 2.07e-7
5 GO0:0006468 Protein amino acid phosphorylation 1 3.12e-7
6 G0:0044093 Positive regulation of molecular function 10 1.17e-6
7 G0:0016310 Phosphorylation 11 1.65e-6
8 G0:0042981 Regulation of apoptosis 11 1.73e-6
9 G0:0043067 Regulation of programmed cell death 11 1.90e-6

10 G0:0010941 Regulation of cell death 1 1.96e-6

1 G0:0070201 Regulation of establishment of protein localization 6 3.63e-6

12 G0:0043066 Negative regulation of apoptosis 8 4.47e-6

13 GO0:0043069 Negative regulation of programmed cell death 8 4.90e-6

14 GO0:0060548 Negative regulation of cell death 8 5.00e-6

15 G0:0051338 Regulation of transferase activity 8 6.20e-6

16 G0:0032880 Regulation of protein localization 6 6.92e-6

17 G0:0010627 Regulation of protein kinase cascade 7 7.83e-6

18 G0:0006796 Phosphate metabolic process 11 9.64e-6

19 GO0:0043434 Response to peptide hormone stimulus 6 1.18e-5

20 GO0:0050727 Regulation of inflammatory response 1.46e-5

Table4 KEGG signaling pathway enrichment analysis of potential anti-heart failure targets in Gualou and Xiebai
No. 1D Pathway Target number P-value
1 hsa04910 Insulin signaling pathway 8 5.04e-5
2 hsa04660 T cell receptor signaling pathway 7 1.29%-4
3 hsa04722 Neurotrophin signaling pathway 7 2.71le-4
4 hsa04012 ErbB signaling pathway 6 4.20e-4
5 hsa05200 Pathways in cancer 10 5.3le-4
6 hsa04010 MAPK signaling pathway 9 6.4le-4
7 hsa04664 Fc epsilon RI signaling pathway 5 0.00254
8 hsa05210 Colorectal cancer 5 0.00333
9 hsa04510 Focal adhesion 7 0.00339
10 hsa04914 Apoptosis 5 0.00378
11 hsa05215 Prostate cancer 5 0.00411
12 hsa04912 GnRH signaling pathway 5 0.00579
13 hsa05213 Endometrial cancer 4 0.00661
14 hsa04614 Renin-angiotensin system 3 0.00689
15 hsa05014 Amyotrophic lateral sclerosis (ALS) 4 0.00697
16 hsa04621 NOD-like receptor signaling pathway 4 0.0107
17 hsa04062 Chemokine signaling pathway 6 0.0119
18 hsa05211 Renal cell carcinoma 4 0.0149
19 hsa00260 Glycine, serine and threonine metabolism 3 0.0221
20 hsa04960 Aldosterone-regulated sodium reabsorption 3 0.0371
21 hsa04620 Toll-like receptor signaling pathway 4 0.0388
22 hsa04930 Type |1 diabetes mellitus 3 0.0476

J. mTOR 15 5@ . A E R R[G5k, /gl
J i R I . 2 I O BRI B T
B T 40 52 AR (5 5 0 % Toll FESZRME 5 il % 2
ok, EFRAMRA TIEA R PIBK/AK {5 5 %
AT A IR, 5 52 INEE FHE 11 3 AL TR A 2% JUL SR

i — P VR 453475 O Bt oo AL 08 T R 3 T AH 95 AF 5

% PI3K/AKt H 2R A R IA IR
5 MEZEFHFALITKEROALGMLE
AR

DA ER A

F20 LZH O T2 00 52 T ik Al B, AR IR B AL
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Table 5 Compare of each group myocardial apoptotic index.
n=6, x+s. P<0.05vs model group; P <0.05 vs Gualou
Xiebai dropping pills group

Group Apoptosis rate/%
Model group 35.74 +2.77
Gualou-Xiebai dropping pills group 2271+ 153"
Wortmannin group 36.81 + 2.53"
Gualou-Xiebai dropping pills + wortmannin group 28.17+ 235"
Compound Danshen dropping pills group 18.87+1.21°

6 }R%?ﬁa;‘%mﬂ‘kﬁ&kﬂnﬁﬁéﬁ:bﬂn PI3K/Akt
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W %% 25 41 KRR O UL BRI PV 5 caspase-3.
Akt. p-Akt %k (K 3), SETRALLE, BAH
caspase-3 VG PEW Wt TH s (P <0.05), #7~iGE R,
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Flgure 2 Stained sections of Gualou Xlebal dropplng pills
against myocardial apoptosis induced by ischemia and reperfu-
sion injury in rats (x200). A: Sham operation group; B: Model
group; C: Gualou-Xiebai dropping pills group; D: Wortmannin
group; E: Gualou-Xiebai dropping pills + wortmannin group; F
Compound Danshen dropping pills group; 1: Normal cells; 2:
Apoptotic cells
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Figure 3 The protein expressions of caspase-3, p-Akt and Akt were determined by Western blot analysis (A).
1: Sham operation group; 2: Gualou-Xiebai dropping pills group; 3:

of caspase-3 (B), p-Akt (C) and Akt (D) relative to p-tubulin.

The protein expression

Compound Danshen dropping pills group; 4: Model group; 5: Wortmannin group; 6: Gualou-Xiebai dropping pills + wortmannin group.
n=6, x+s. 'P<0.05 "P<0.01vsmodel group; *P<0.01 vs Gualou Xiebai dropping pills group

LR 40 LA, wortmannin 2 caspase-3 Fl1 p-Akt/Akt
FIE TR Z R, Ui wortmannin %} caspase-3. Akt
p-Akt IR0 ] 20, SRR LR, JNEEHE
T ALZH e 2 4 caspase-3 YR 1 (P<0.01), Hud
PI3K/Akt B fb i #E, i p-Akt EEARIEKTF, 5
JRZEHE i UL LU, T3 13 AL 5 wortmannin &
FI4H p-Akt/Akt {E 529/ (P<0.01), #E7~ wortmannin
REFHLIT Akt B2 E RIBERR LI, #] PIBK/AKt 155
BTN 3 R T i 411 i R

g

AW 5L B DRAR-CPI J& DAVID 2554 g, %f
JREEHE A 22 MEEGPREAT N2 25 B2 00 i, KN
10a-cucurbita-5,24-diene-34-ol A1 macrostemonoside %%
22 MuEwiES 28N ZEMSRE K2 T
PRI BT J 3y, W MR RO R BERR AL . 4
TSR FIE R RS F . MAPK, A0 T
AE T, W DIRE O SCERIRIE, N I8
i 3% MAPKs 15 ‘51l % 2 5 51K B SO LR L e
B WU, TR AR K R
1) p38. c-Jun 22 i K Ui PGS 5 I B, FRAC.O A,
BERR AL FE AT 5 BB A, o, TR 7 iE
N FaslFas-L HIREX RN E FRERIFE RO
WLAm B A -0, @I R B R MIRI AR S 6 HIE B,
JNEE 3 1 09 nl o g AKERE IR R R - 38
WEfR 1L 340 Bel-2/Bax LB . T cleaved-caspase-3

AT A0 o LA M T

S ff R T o0 UL R I R A A A 1 A
W, AZMERZSE . @i A0 W 4% 25 3
WA %0, JK3EHE A 5-dehydrokarounidiol . 7-oxo-
dihydrokaro-unidiol . quercetin (Ck 5 JRZ£) X sitosteryl
acetate (K H#E H) 4 Fhpk oy 8 % Aktl .
TNFRSF1A. IL1R1. CASP3 il PRKACA XK %
Sy f2. Hrh caspase-3 (CASP3) 22K k4
PRRAHREOMF IR REEN KA —, 24
PR T S SRk B i 2 2 1, PIBK/AKE 15538
SR T 0 R T ) R A S Y Akt (R IER 1L
FEREE AR o™ YRR Akt TR T IESE A, $0)
CASP3 SEU 4 715, 4l S5 kA5 5 3 1 oL bk 71
wortmannin 7] 1] PISK/AKt [ R (LT £ .

A gE R RIR, SR, wortmannin Xt
O WA B 8 T2 /K B 2 o vt 2 X, TR 3k
T ALZE P BRI UL e T FE 3 (P < 0.01). 5 R
w1 LALAR B, N (1% LS wortmannin & H
M T HEEI N (P<0.01), ¥iH] wortmannin fig 1114
JZE 5 ¥ AT VLA TR o R ZE 5 (i AL
A A ) O B 2 o JUL R I — 9 VA A5 B0 UL R
CASP3 fEHHIFRIE, Rt Akt & H BRI . 25 E,
JICZE A G A mT e ek 40 O O A R R AL S5 AR
FIEEREIOO I ERAER, BB RAE T N2
PR RO EE R, TR — BRI TN FE R
e 7132 v AR LI B AT 85 3.
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