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[Abstract] Objective: To explore the action mechanism of medicinal pair Astragali Radix-Angelicae
Sinensis Radix against diabetic cardiomyopathy (DCM) based on network pharmacology and in vivo animal
experiment. Method: The active ingredients and targets of Astragali Radix and Angelicae Sinensis Radix were
retrieved from the Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform
(TCMSP) and Bioinformatics Analysis Tool for Molecular mechANism of Traditional Chinese Medicine
(BATMAN-TCM) , and the relevant targets of DCM from the disease database. The common specific targets

between the medicinal pair and DCM obtained via comparison were used for constructing the main active
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ingredients of Astragali Radix-Angelicae Sinensis Radix-DCM-target network, followed by protein-protein
interaction (PPI) analysis of compound-DCM common targets and the screening of important modules using
Molecular Complex Detection (MCODE) plugin. The gene ontology (GO) and Kyoto encyclopedia of genes
and genomes (KEGG) enrichment analysis was carried out based on DAVID for exploring the possible
molecular mechanisms, which were then subjected to experimental verification. Result: A total of 126 core
targets of Astragali Radix-Angelicae Sinensis Radix for treating DCM were screened out based on network
pharmacology. As indicated by KEGG pathway enrichment analysis, the above-mentioned key targets might be
related to such pathways as inflammatory response, oxidative stress, insulin resistance, and apoptosis. The
findings of in vivo animal experiments demonstrated that Astragali Radix-Angelicae Sinensis Radix delayed high
glucose-induced cardiomyocyte injury of DCM rats, suggesting that this medicinal pair intervened in the
pathological process to a certain extent. Conclusion: Astragali Radix-Angelicae Sinensis Radix alleviates DCM
possibly by acting on multiple targets including interleukin-6, vascular endothelial growth factor A, tumor
necrosis factor, TP53 gene, and nuclear transcription factor, regulating apoptosis and glucolipid metabolism,
and improving oxidative stress and inflammatory response. The research based on network pharmacology and

experimental verification has provided new ideas for investigating the pathogenesis of DCM and its clinical

treatment.
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Table 1 Active ingredient in medicinal pair Astragali Radix-Angelicae Sinensis Radix

24 Mol ID By OB/% DL
T MOL000398 isoflavanone 109.99 0.30
#C  MOL000378 7-O-methylisomucronulatol 74.69 0.30
1  MOL000392 formononetin 69.67 0.21
W MOL000433 fa 68.96 0.71
B MOL000438 (3R)-3-(2-hydroxy-3,4-dimethoxyphenyl)chroman-7-ol 67.67 0.26
B MOL000380 (6aR,11aR)-9,10-dimethoxy-6a, 11a-dihydro-6H-benzofurano[ 3,2-c]chromen-3-ol 64.26 0.42
B MOL000211 mairin 55.38 0.78
e MOL000371 3,9-di-O-methylnissolin 53.74 0.48
#1E  MOL000239 jaranol 50.83 0.29
B MOLO000354 isorhamnetin 49.6 0.31
# . MOL000439 isomucronulatol-7,2'-di-O-glucosiole 49.28 0.62
B MOL000417 calycosin 47.75 0.24
B E  MOL000098 quercetin 46.43 0.28
M9 MOL000449 stigmasterol 43.83 0.76
#1E MOL000422 kaempferol 41.88 0.24
& MOL000374 5'-hydroxyiso-muronulatol-2', 5'-di-O-glucoside 41.72 0.69
C  MOL000442 1,7-dihydroxy-3,9-dimethoxy pterocarpene 39.05 0.48
& MOL000296 hederagenin 3691 0.75
M4 MOL000358 beta-sitosterol 36.91 0.75
R MOL000379 9,10-dimethoxypterocarpan-3-0-B8-D-glucoside 36.74 0.92
W MOL000033 (35,85,95,10R, 13R,14S,17R)-10, 13-dimethyl-17-[ (2R, 5S)-5-propan-2-yloctan-2-y1]-2,3,4,7,8,9, 36.23 0.78

11,12,14,15,16,17-dodecahydro-1H-cyclopenta[ a |phenanthren-3-ol

¥ MOL000387 bifendate

31.10 0.67




27 B 184
20214E9 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 27,No. 18
Sept. ,2021

2.2 DCM ¥ %5 8 55 7 & 78 CTD, OMIM A
GeneCards £l FE ih A &, JE 15 2] 5 DCM A G A
FEH AL 1 65614,

2.3 IRJF DCM AL AW e S e &k — 4
i & A5 3] 18 4~ 1€ 15 25 XF -DCM 3L [6] J 43, XF bz 125
ANTERTE R DRUHE A (B T 1244, 209 324, SE R
314N ) o XF 48 HEATHF A BT A5V S A >
10 M4k & W A 14 4>, AL 5 MOL000098 #it £ 1 ,
MOLO000422 111 25 il , MOL000358 B-4 f§§ it %5 %5 | X
SEfb A ) 1T BEFE DCM &0 KR I7 o & v i & AR
Mo eAh, 18k G W B 1 FH AR S i 28 >2, U
BT A 25403497 DCM HL A &2 4= 1 .

2.4 PPIMIZEAGE A ml F BT 45 A9 125 A L[] 80 5
S A STRING ¥ 45 )% v, 45 . 5 A Cytoscape 3.7.2
A, R A MCODE #fi 41 1€ 19 25 XF # 25 % PPI
P 28 AT AL SR 28 43 B 5 % L degree>39 (1 3 510) 1Y
145, F) ] CytoHubba fi {4 i 2 H 37 25 5500 1 10 17
1259

2.5 EHZAX-DCM-E R EY =il B NGO 4
BT &5 B i B8 P<0.05 (3853, 15 H 473 N AW 24 i
T (BP), 81 4~ 4r + T & (MF) S 48 4~ 4 jfd 41 A&
(CC). et MR /N KT HE Y 8w, EIE
25%F-DCM-FE K 1) BP & 3 & S 76 RNA R4l 11 )3
TR IE T AT R R B —
LA (NO) A BV 5 40 i X B 22 0 ) S 7 ol 4%
Ak B IEPETE Y VR A S MF R E RN
BT R ARG PR R A A KR A A R A
A R BEECR Z ARG VS CC T 2w R TR0 i Sh
LT A0 M AR ] BT B /N A LR 2

2.6 EIHZX-DCM-4 H By 4 W) 2% i &
KEGG & £ 73 #7153 2] 30 B% 129 7%, 45 & A ¢ SCHk T
HRAE P<0.05 #E 17 i 1% , 75 5] 5 DCM A il i 3k 120
| I T S A R L R B H R AT HE T S B R
B H R T 20 A58 AR (AT 15 45) , WK 3. 55K
AH I A 47 4%, AL G 1B /2 BOBE DR R IR g 45
e RGBT R O SR RS MR R
i T B P B 2 M R A O TE B G0 A
St F -kB (NF-«B) 15 5 18 % LA & B 98 38 38 H -+
(TNF) {55 10 % 55, BL /A A 16 B R ALt ALEE S
Kl F- (HIF) 1, A8 R2 if 4 (cAMP) {5 538 8% 45, [ ik
45 W PR T 00 245 X AT RE R A T X Lk E B R T
DCM.

2.7 RNSEE

271 SEEBhY) R %k ) SPF ki SD K

B H %m0 S5 50 3 ) B F A BR A R R L, A AR IR
5 SCXK (% )2014-0007 , /4 it & 180~200 g, £+ & 111
IR R 2 KA I e R B SR e s MR B SR
L F5 AWE-2019-007
2.7.2 MR RALES  HERAAL R ZE (STZ, 22 [ Sigma
oy w]L S S0130) 5 — HRUIR (KA 0.5 g/F %20 A,
[ 25 1 - H20023370) 5 75 R R 21 Y4 W (Solarbio
NS G1120) 5 il B4 BK (BNP ) Jilg 5 6z, 92 105 B 0l
JE 1 (ELISA )l &, 85 3 ELISA il & (fe 6 E
YA B2 AL 5 4390 S 108016965, G21016964) 5
I H 0 =R (TG) W2 500 & L6 JE [ s (TC )l
FEART & BRI 2 A (GSP) I IR F & (KA
T AR E S, #S 4 BA 2019003, 2019004,
2019005) . JY92- 11 n 7Y 75 20 A by 042 ML (77 I 47 2
R A BR 2 ) ) s Neofuge 15R I 4 X i 4 4
B0 HL (Heal Force /A Al ) ; DW-86L.626 A ## AIK i vk
6 OF Bl R B dy A R F] ) ; TL-420D BUK IR 65 (2
HE R T BEIT 28 M A R ) s RT3100 B [ 2 e i
#L , Chemray 240 % 4 [ 3l 4= £k 7 #71X ( 55 [E Rayto
/Al ) s Epoch Y iff A5 A5 I A% ( 3 [E] BioTek 23 A ) ;
M5 Vet U8 75 12 Wi 43 (3 Hii 28 4 B 97 oL F B4 A5 BR
YNEID
2.7.3 e RBERIES, SD R R AR ARG |
MR B X Mz Al a4 s B, s A4l
25 T 3 R R S LN A A 45 T i R R R
F7 6 il AR 12 hJ5 M8 JEE T STZ 30 mg-kg' 11K,
72 h 5 % R KB 2SI i (FPG) 15 2k 3 Ik >
16.7 mmol - L™ D) 3 45 jig 2y 2324
274 ST SHTEBN YNGR H TG
Lo S TREWRE R 1 g -mL" 1Y B IH 25 (55
FE)HE'S 5.40 mg-kg'-d”, 5 & N 24 H Td 5 WUk: 34 )
T LU AR v B 2 KA IR B B (AR 10 g/4% ), —H X
WA 25 7 — B WU W e 1 0.45 mg - kg - d72,
SIS AL Gh T R A AL T R v A
Tkt AR H O R B — A O, I AR 5 e
FPG.
2.7.5 ARAKRE BEYE 12 A5 K BRA L, HE 4
B JIE A1 2, Fi B B UM VR O WA DD AL R
KZE P (HE) Y oAb B, 3E47 .0 LI B2 R R ah
P T 725 2 LS, 06T HE 4% 410 WL AN it 45 5 2 % 2F
Yt 25 4% 20 S04 A B A M 20 R T 1 1 A
2.7.6 SERZER o3 (gl SR i g T R
R R I B (P<0.01) ; SRR A, B
925 X% 4l = FOSUCAR 4 — 1 A Y B ek 5
. 19 .



5527 B4 18 1) PEXEAHFRE Vol. 27,No. 18
20214E9 Chinese Journal of Experimental Traditional Medical Formulae Sept. ,2021
F2 KRAHXM-DCM-EEK GO(RI104L)
Table 2 GO analysis of Qi-Gui couplet medicinal-DCM-gene (Top 10)
e S DA BH A P
BP negative regulation of apoptotic process 32 1.38x107
BP response to drug 26 2.02x10™"
BP positive regulation of transcription from RNA polymerase II promoter 38 3.98x10"7
BP aging 19 2.26x10"°
BP positive regulation of gene expression 21 4.97x10™"
BP extrinsic apoptotic signaling pathway in absence of ligand 11 3.76x10™"
BP positive regulation of transcription, DNA-templated 26 5.12x107"
BP cellular response to lipopolysaccharide 15 1.00x10°"
BP response to estradiol 14 1.20x107"
BP positive regulation of angiogenesis 15 1.29x107"
cC extracellular space 45 1.77x107"
cc membrane raft 17 7.36x10™"
CcC cytosol 55 5.34x107""
CC plasma membrane 59 2.42x107
CcC extracellular region 34 5.43x107
cc caveola 9 1.33x10”
cC cell surface 17 8.43x107
cC extracellular matrix 13 8.51x107
CC receptor complex 9 2.49%10°
cC mitochondrion 26 2.84x10°
MF enzyme binding 30 3.06x107%
MF protein binding 108 5.78x107"°
MF identical protein binding 32 1.94x10°"
MF transcription factor binding 18 2.95x10™"
MF protein heterodimerization activity 20 1.27x10°
MF protein homodimerization activity 24 2.98x107
MF cytokine activity 12 7.06x10°
MF protein kinase binding 16 1.10x107
MF steroid hormone receptor activity 8 1.67x107
MF ubiquitin protein ligase binding 14 1.92x107

(P<0.01) ; 274 41 1A) LA, — FOBUIICZH A 16 0 245 %)
ZH A M5 A FH B 5 (P<0.05) , B3 R i 2 AR 1 —
HILES WEK4,

5 g, BEAL4 GSP, I fg (TG, TC) ,
INS } BNP ¥4 B I 25 5% SR A LA, (S IH 245 %
ZH WG 18 bR AT 35 03 (P<0.05) , L H XUIRAL LA B
o bR A 3 5 (P<0.01) , 35 FEAX BNP A9 4E
Y, WL S,6,

AL R R, 55 A b AL A
O % &P 5k K W A2 (LVIDd) , 0 45 K W
(LVIDs) K /& % 3F 70 B (LVEF ) ¥ . 3% 22 5 (P<
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#3 KEHN-DCM-E E K £ Y F1E B (Topl5)

Table 3 Qi-Gui couplet medicinal-DCM-gene biological pathways (Top 15)
S S 4 R BOH A
hsa05200 pathways in cancer 48 3.18x107%
hsa04151 0 PR UL 3 35 Al ( PI3K ) /2K 114 B( Akt AKT) signaling pathway 32 1.16x10™
hsa05161 hepatitis B 30 1.52x107
hsa05205 proteoglycans in cancer 27 2.88x107"°
hsa04668 TNF signaling pathway 24 1.69x10™"
hsa05164 influenza A 24 1.42x10™
hsa04010 MAPK signaling pathway 24 4.22x10™"
hsa05142 Chagas disease (American trypanosomiasis) 23 1.62x107"®
hsa04510 focal adhesion 23 4.77x10™"
hsa05166 HTLV-I infection 23 3.05x10™"°
hsa05215 prostate cancer 21 1.47x10"7
hsa04066 HIF-1 signaling pathway 21 9.21x107"
hsa05152 tuberculosis 21 1.76x10™"
hsa04014 Ras signaling pathway 21 1.49x107
hsa05206 microRNAs in cancer 21 8.41x10°"

T4 BHRB—MBEREE (F£s,n=5)

Table 4 Comparison of general situation of rats in each group

F6 THEKXRINS,BNPREREREELLR (f+s5,n=5)
Table 6 Comparison of INS and BNP absorbance in each group

(X+s5,n=5) of rats (X+s,n=5)
215 1fiL % /mmol - L NG 20 5 INS BNP
Z 4.08+0.35 463.00£16.06 %5 0.57+0.06 0.19+0.08
LT 28.46+1.41" 361.40+14.74" [ 0.21+0.10" 0.37+0.03"
EVEESRCH 19.32+1.26"%9 396.20+18.86 HEIH 2] 0.34+0.03” 0.300.09”
ZHOBUIR 17.22+0.64"% 411.00+13.64% L HOBUNR 0.50+0.09” 0.26+0.13”

TF 5258 FA RV P<0.015 5 BRI 41 L 52 P<0.015 5 — 1AL
BIRZH L 45 % P<0.05(F 6 1)) o

x5 BAXRBEAMFZD.MASLE (F£5,0=5)

Table 5 Comparison of glycation serum protein and blood lipid

x7 BHXREOLEMR FEELE (Gts,n=5)
Table 7 Comparison of blood flow and morphology in each group

of rats’ left ventricle (x+s,n=5)

serotonin in each group of rats (x+s,n=5) mmol-L"
215 GSP TG TC
= 1.60+0.18 0.83+0.06 1.66+0.16
FoL TR 2.77+0.35% 1.98+0.40” 2.41£0.35%
TEIA 2 %) 2.27+0.21"% 1.34+0.42"9 2.24+0.36"%
UK 1.90+0.39% 1.17+0.22Y 1.80+0.35Y

215 LVEF/% LVIDd/cm LVIDs/cm
EyE| 87.39+4.14 0.49+0.04 0.30+0.03
LY 64.67+2.10% 0.70+0.01” 0.63+0.03%
EUEESpS) 68.74+3.60" 0.63+0.04" 0.59+0.03"
HIERUIR 71.77£1.979 0.56+0.08" 0.50+0.07"

T 52 4 H Y P<0.05, P P<0.01 5 5 B8 41 b 4P P<0.05,
Yp<0.01(F7[).
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Fig. 5 Cardiac tissue cells of rats in each group (HE, x200)
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