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Cardiotoxicity of Aconiti Kusnezoffii Radix Based on Network Toxicology
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[ Abstract ] Objective: The mechanism of action of cardiac toxicity of Radix Aconiti Agrestis was
explored by establishing the active components — targets network of Radix Aconiti Agrestis, protein interaction
network, the biological function and pathway network of targets, and using molecular docking technology.
Methods: The Traditional Chinese Medicine Systems Pharmacology ( TCMSP) database and the Comparative
Toxicogenomics Database (CTD) were used to filtrate the toxic candidates of Radix Aconiti Agrestis. Predicting the
functional targets of toxic candidates of Radix Aconiti Agrestis by PharmMapper and compared with the cardiac
related gene proteins found in the human gene database ( GeneCards) , and the overlapping proteins were selected
as potential cardiac toxicity targets of Radix Aconiti Agrestis. The Cytoscape software was used to construct the
network between toxic candidate components and targets. The protein interaction network was mapped by the String

database combined with Cytoscape software. The biological functions of the targets and the involved pathways were
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analyzed with the DAVID platform. The binding of the key proteins with certain toxic candidate components of
Radix Aconiti Agrestis was verified by Discover Studio software finally. Results: There were six candidates for
toxic ingredients, which involving 27 cardiac toxicity targets. Network analysis results show that the targets were
mainly by participating in the heart of phosphorus metabolism, regulation and other related phosphorus metabolism
and regulation of phosphorylation and FKBP1A | TGF4-8,, INSR targets to have an important impact on the
metabolism, development and form of the heart, and further to have cardiac toxicity. Conclusion: Based on the
characteristics of the multi — component, multi — target and multi — pathway of traditional Chinese medicine, the
mechanism of cardiac toxicity of Radix Aconiti Agrestis was explored and its possible toxicity was predicted, which

provided a new idea and method for further research on the mechanism of cardiac toxicity of Radix Aconiti Agrestis.

[ Key words | network toxicology;

molecular docking
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Table 1 Screening results of components of Aconiti

Kusnezoffii Radix

w4 0B/% DL
karakoline 51.73 0.73
3-deoxyaconitine 30. 96 0.24
3-acetylaconitine 37.05 0.20
crassicauline A 34.13 0.21
yunaconitine 33.56 0.20
napelline 34.48 0.72
izoteolin 39.53 0.51
hypaconitine 31.39 0.26

x2 EHERESHERSHR
Table 2 Screening results of candidate toxic components of Aconiti

Kusnezoffii Radix

MOL %5 ISy 4 TR CAS it 5 MeSH® &5
MOL004757 yunaconitine 70578-24-4 C069835
MOL004759 napelline 5008-52-6 C109326
MOL004763 izoteolin 95508-61-5 C044170
MOLO00538 hypaconitine 6900-87-4 C058309
MOLO004756 crassicauline A 79592-91-9 C576643
MOL004749 3-acetylaconitine ~ 77181-26-1 C031321
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Fig.1 Network of toxic compounds-cardiac targets
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Table 3 Biological process analysis of Aconiti Kusnezoffii Radix

GO =¥t i HEREH Hak P

regulation of protein kinase cascade 6 2.2 8.0x107°
positive regulation of protein kinase cascade 5 18.5 2.3x107°*
protein amino acid phosphorylation 7 25.9 1.1x107?
protein maturation 4 14.8 1.4x107?
regulation of phosphorylation 6 2.2 1.4x107?
regulation of phosphorus metabolic process 6 2.2 1.7x107?
regulation of phosphate metabolic process 6 22,2 1.7x1073
positive regulation of signal transduction 5 18.5 2.0x1073
molting cycle process 3 1.1 2.7x1073
hair cycle process 3 1.1 2.7x1073
hair follicle development 3 1.1 2.7x1073
phosphorylation 7 259 2.8x107?
hair cycle 3 1.1 2.8x107°
molting cycle 3 1.1 2.8x1073
positive regulation of cell communication 5 18.5 2.9x107?
enzyme linked receptor protein signaling 5 18.5 3.3x107°
pathway
regulation of protein  amino  acid 4 14.8 3.8x10°°
phosphorylation
response to hormone stimulus 5 18.5 4.3x107?
positive regulation of protein 4 14.8 4.8x107?
modification process
wound healing 4 14.8 5.1x1073
response to endogenous stimulus 5 18.5 6.1x107?
heart development 4 4.8 7.0x107°
negative regulation of phosphatase activity 2 7.4 7.4%x1073
phosphate metabolic process 7 25.9 7.4x107?
phosphorus metabolic process 7 25.9 7.4x107?
positive regulation of transport 4 4.8 7.8x107°
heart morphogenesis 3 1.1 8.0x107?
positive regulation of cellular protein 4 14.8 8.8x107?
metabolic process
response to organic substance 6 2.2 9.0x107?
positive regulation of growth 3 1.1 9.5x10°?
positive regulation of protein 4 148 9.8x107?

metabolic process

GSTA1,MAOB,CYP2C8, H. #+ GSTA1,MAOB
JE A e A G ) — O IR B IR0 2 v B e R B Y R
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¥ S A B0 2 52 L B Tl A T — 2 e R AR Y

TR AR T B A R 4 Bt 3R P450 2
c8 ( cytochrome P450 2C8, CYP2C8) & CYP2C R ji%
MEEW D Z —,Z 5L 5% ln K 25 DL & i
A AEAE DU R A5 D9 TR AR A 0 i AR . CYP2C8
EH AR 2K CYPAS0 fiff 25 36 [F] 8 45 2 3k A= 9 ok 1k
ISP OR R

3.6 S FXPARGE ARG HT 4y 1 R R I AR 4y
T ICAE 32 ARG PR AL S AL B SR 5 4 B LA B4R, fg
it AN R A BR B E R 1 5 00 Sk S B - T A4 R 32
PRAH B AE R, FE 3R A AT i e AR 25 G A 20, 38 L
B 12 MR EENZIERE LR 4, KX HEm
gL a2k LG e 50 -CDOCKER_ENERGY
{EBR Ry, WP HE A S5 R G . B R S B A AT G AR
43 F izoteolin 5 £ /> 8 B 11 1 X #2 (1 (B ¥ S 1E{A,
X SRR B o e 3 5 P 24 W -8 b Y R
(2 B F2 il MAOB 43 3115 izoteolin X4 (1 4]
LI 3,4, izoteolin 5 F2 Xif 44 Sl fie & B 1 JR X
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Table 4 Molecular docking receptor information

EFH UniProt ID KA

prothrombin P00734 F2

glutathione s-transferase A,

P08263 GSTA,

methionine aminopeptidase 2 P50579 METAP2
peptidyl-prolyl cis-trans isomerase FKBPI1A P62942 FKBP1A
serine/threonine-protein kinase Chkl 014757 CHEK1

amine oxidase [ flavin-containing] B P27338 MAOB

P02766 TTR

transthyretin
renin P00797 REN

cathepsin B P07858 CTSB

cytochrome P450 P10632 CYP2C8

P06213 INSR

insulin receptor

P61812 TGFB2

transforming growth factor beta-2 proprotein

4 g

BiF 52 2 W A= W S Ab 5 W) 2 s 5 93 1R 10 I
e R D T IS N T
KA PR E R O MR
e HEREM RN — HEEHUH Y Eoe VL4
2ok A BE B AR A, 5 S0 LA ML 0 T, Na ™ i 18
SHEC Na " R AF

- 165 -



5525 B 19 W FEXLEAFFERE Vol. 25, No. 19
2019 4£ 10 A Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2019

B-358
ARG S GLY
B:42 B:434
GLY
B:58
€Y

B:397 @

Interactions @

[ van der Vaals B Anide-Pi Stacked
Interactions B Conventional Hydrogen Bond [ Ak
[ van der Waals [ ] carbon Hydrogen Bond [] carbon Hydrogen Bond [ Pi-Alkyl
B Conventional Hydrogen Bond B Anide-Pi Stacked I Pi-Sulfur
& 3 Izoteolin X} F2(1A2C) 4 Izoteolin 3f3E MAOB(1S2Q)
Fig.3 Izoteolin-F2 (1A2C) Fig.4 Izoteolin-MAOB (1S2Q)

x5 HELREASHEALEUS FIIE

Table 5 Molecular docking of candidate toxic compounds of Aconiti Kusnezoffii Radix

FE R g E| pdb 4i 5 [IRREN - CDOCKER_ENERGY
F2 prothrombin 1A2C MOL000538 -61.524 8
MOL004749 -64.229 6
MOL004756 —-70. 860 8
MOL004757 -76.091 1
MOL004759 -112.483
MOL004763 14.343 1
METAP2 methionine aminopeptidase 2 1B6A MOL000538 -85.4279
MOL004749 -84.597 6
MOL004756 -78.011 8
MOL004757 -90.252
MOL004759 —-109. 448
MOL004763 16. 421
GSTA1 glutathione S-transferase Al 1GSE MOL004763 9.441 57
MAOB amine oxidase [ flavin-containing ] B 152Q MOL004763 20. 747
CHEKI1 serine/threonine-protein kinase Chkl 2YDJ MOL004759 -117.659
MOL004763 22.501 8
FKBP1A peptidyl-prolyl cis-trans isomerase FKBP1A 1J4R MOL000538 -74.295 4
MOL004749 —-68.962
MOL004756 -76.043 1
MOL004757 -79.151 2
MOL004759 -113.944
MOL004763 5.654 88
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xS
P EHE pdb %5 [LGEEN - CDOCKER_ENERGY
TTR Transthyretin 4N86 MOL000538 -85.4775
MOL004749 -179.056
MOL004756 -85.246 7
MOL004757 —-84.060 9
MOL004759 -119.85
MOL004763 0. 544 362
REN renin 1BIL( chainA) MOL000538 -66.082 4
MOL004749 -57.990 7
MOL004756 -88.891 8
MOL004757 -71.990 4
MOL004759 —-100. 028
MOL004763 18.321 6
CTSB cathepsin B 1CSB MOLO004759 -105. 195
MOL004763 11.802 4
REN renin 1BIL( chainB) MOL000538 -72.5759
MOL004749 —130. 348
MOL004756 -101.512
MOL004757 -81.463 2
MOL004759 -110.952
MOL004763 18.130 7
CYP2C8 cytochrome P450 2NNH MOL000538 -60.313 3
MOL004749 -53.366 3
MOL004756 -62.655 4
MOL004757 -60.575 7
MOL004759 —-104. 251
MOL004763 15.294 6
INSR insulin receptor 1GAG MOLO000538 -84.419 2
MOL004749 -68.743 3
MOL004756 -89.203 2
MOL004757 -87.947 7
MOL004759 -102.791
MOL004763 20.301 5
3WI1(1) MOT.000538 ~77.937 6
MOL004749 -79.690 6
MOL004756 -83.5825
MOL004757 -87.016 9
MOL004759 - 118.743
MOL004763 1.200 58
3W11(2) MOL000538 -83.416 2
MOL004749 -80.225 8
MOL004756 -92.726 4
MOL004757 -91.614 8
MOL004759 —-116. 606
MOL004763 1.341
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xS
P EHE pdb %5 [LGEEN - CDOCKER_ENERGY
3WI11(3) MOL000538 ~77.449 6
MOL004749 -69.337 1
MOL004756 -81.4
MOL004757 -86.969 9
MOL004759 -113.74
MOL004763 6.984 87
3W11(4) MOL000538 ~78.743 4
MOL004749 -74.227 17
MOL004756 -79.000 5
MOL004757 -86.830 7
MOL004759 -116.744
MOL004763 5.435 18
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