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Abstract: The mechanism of detoxification of Chebulae Fructus against Aconiti kusnezoffii radix toxicity,
which was known as Mongolian medical theory, was studied by establishing network of active components-
targets-pathways of detoxification and enrichment analysis of targets and pathways based on network pharmacol ogy.
Firstly, the targets of active components collected from TCMSP and TCM Database@Taiwan were obtained
through SwissTargetPrediction compared with disease targets from OMIM, TTD, DiGSeE. Then, the target
enrichment analysis of GO functional annotations and KEGG pathways and protein function were analyzed by
Metascape, furthermore, the action between main active ingredients and targets was assessed by SystemsDock
Web Site. At last, the Cytoscape was used to construct the network of active components-targets-pathways. In
conclusion, there were 15 components and 40 targets related to the cardiotoxicity caused by Aconiti kusnezoffii
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radix. Furthermore, Chebulae Fructus could regulate cardiac function to detoxify the toxicity by Aconiti
kusnezoffii radix through the biological process of negative regulation of blood vessel diameter, regulation of
ion transport circulatory system process, muscle contraction inorganic ion homeostasis and the pathways of
neuroactive ligand-receptor interaction, calcium signaling pathway, adrenergic signaling in cardiomyocytes, etc.
Key words: Chebulae Fructus; Aconiti kusnezoffii radix toxicity; Mongolian medica theory; network

pharmacology; mechanism
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Continued

NO. Name Chemical formula 2D structure
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Table2 Protein function potential targets from main active ingredients of Chebulae Fructus against Aconiti kusnezoffii radix toxicity

NO. Gene symbol Description
1 OPRM1 Opioid receptor mu 1
2 SLC6A2 Solute carrier family 6 member 2
3 TNNC1 Troponin C1, slow skeletal and cardiac type
4 HMGCR 3-Hydroxy-3-methylglutaryl-coa reductase
5 DRD2 Dopamine receptor D2
6 SLC6A4 Solute carrier family 6 member 4
7 KCNA1 Potassium voltage-gated channel subfamily A member 1
8 KCNA4 Potassium voltage-gated channel subfamily A member 4
9 KCNA3 Potassium voltage-gated channel subfamily A member 3
10 KCNAS5 Potassium voltage-gated channel subfamily A member 5
11 MMP2 Matrix metallopeptidase 2
12 GSTM1 Glutathione S-transferase mu 1
13 PGR Progesterone receptor
14 HTR1A 5-Hydroxytryptamine receptor 1A
15 BCHE Butyrylcholinesterase
16 HTR3A 5-Hydroxytryptamine receptor 3A
17 LACTB Lactamase beta
18 SCN5A Sodium voltage-gated channel alpha subunit 5
19 AR Androgen receptor
20 F10 Coagulation factor X
21 ESR1 Estrogen receptor 1
22 ABCB1 ATP binding cassette subfamily B member 1
23 ESR2 Estrogen receptor 2
24 TNNI3 Troponin 13, cardiac type
25 ABCB4 ATP binding cassette subfamily B member 4
26 TNNT2 Troponin T2, cardiac type
27 TNNT1 Troponin T1, slow skeletal type
28 CHRM4 Cholinergic receptor muscarinic 4
29 CHRM2 Cholinergic receptor muscarinic 2
30 CHRM1 Cholinergic receptor muscarinic 1
31 AKR1B10 Aldo-keto reductase family 1 member B10
32 F2 Coagulation factor 11, thrombin
33 ADRA1B Adrenoceptor alpha 1B
34 HSD11B1 Hydroxysteroid 11-beta dehydrogenase 1
35 ADRA1A Adrenoceptor alpha 1A
36 CA2 Carbonic anhydrase 2
37 KCNH2 Potassium voltage-gated channel subfamily H member 2
38 ADRA1D Adrenoceptor alpha 1D
39 OPRD1 Opioid receptor delta 1
40 HTR2A 5-Hydroxytryptamine receptor 2A
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Figure 1 Enrichment analysis of potential targets from main active ingredients of Chebulae Fructus against Aconiti kusnezoffii radix
toxicity. Analysis of Gene Ontology terms for biological process (A), molecular function (B) and cellular component (C); Analysis of

KEGG pathways (D)
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Table3 Protein function potential targets from main active ingredients of Chebulae Fructus against Aconiti kusnezoffii radix toxicity

NO. Gene symbol Protein function
1 OPRM1 G-protein coupled receptors/ GPCRs excl olfactory receptors; transporters
2 SLC6A2 Transporters/electrochemical potential-driven transporters
3 TNNC1 Null
4 HMGCR Enzymes/enzyme proteins/oxidoreductases; transporters/electrochemical potential-driven transporters
5 DRD2 G-Protein coupled receptorssGPCRs excl olfactory receptors; transporters
6 SLC6A4 Transporters/electrochemical potential-driven transporters
7 KCNA1 Voltage-gated ion channel s/'voltage-gated potassium channels
8 KCNA4 Voltage-gated ion channel s/'voltage-gated potassium channels
9 KCNA3 Transporters/transporter channels and pores; voltage-gated ion channels/voltage-gated potassium channels
10 KCNAS5 Transporters/transporter channels and pores; voltage-gated ion channels/voltage-gated potassium channels
11 MMP2 Enzymes/[enzyme proteing/hydrolases, peptidases/metallopeptidases)
12 GSTM1 Enzymes/enzyme proteingtransferases
13 PGR Nuclear receptors; transcription factors/zinc-coordinating DNA-binding domains
14 HTR1A G-Protein coupled receptors/[ GPCRs excl olfactory receptors, serotonin receptors]
15 BCHE Enzymes/enzyme proteins/hydrolases
16 HTR3A Transporters/transporter channels and pores
17 LACTB Enzymes/peptidases/serine-type peptidases
18 SCN5A Transporters/transporter channels and pores; voltage-gated ion channels/voltage-gated sodium channels
19 AR Nuclear receptors; transcription factors/zinc-coordinating DNA-binding domains
20 F10 Enzymes/[enzyme proteing/hydrolases, peptidases/serine-type peptidases)
21 ESR1 Nuclear receptors; transcription factors/zinc-coordinating DNA-binding domains
22 ABCB1 CD markers; enzymes/enzyme proteing/hydrolases; transporters/primary active transporters
23 ESR2 Nuclear receptors; transcription factors/zinc-coordinating DNA-binding domains
24 TNNI3 Null
25 ABCB4 Enzymes/enzyme proteins/hydrolases; transporters/primary active transporters
26 TNNT2 Null
27 TNNT1 Null
28 CHRM4 G-Protein coupled receptorssGPCRs excl olfactory receptors
29 CHRM2 G-Protein coupled receptorssGPCRs excl olfactory receptors
30 CHRM1 G-Protein coupled receptorssGPCRs excl olfactory receptors
31 AKR1B10 Null
32 F2 Enzymes/[enzyme proteins/hydrolases, peptidases/serine-type peptidases]
33 ADRA1B G-Protein coupled receptors GPCRs excl olfactory receptors
34 HSD11B1 Enzymes/enzyme proteins/oxidoreductases
35 ADRA1A G-Protein coupled receptorssGPCRs excl olfactory receptors
36 CA2 Enzymes/enzyme proteins/lyases
37 KCNH2 Transporters/transporter channels and pores; voltage-gated ion channels/voltage-gated potassium channels
38 ADRA1D G-Protein coupled receptorssGPCRs excl olfactory receptors
39 OPRD1 G-Protein coupled receptors GPCRs excl olfactory receptors
40 HTR2A G-Protein coupled receptors/[ GPCRs excl olfactory receptors, serotonin receptors]
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Figure2 Components-targets-pathways network of Chebulae Fructus against Aconiti kusnezoffii radix toxicity

Table4 Top 10 genes related to lidocaine from GeneCards

NO. Gene symbol Relevance score
1 SCN5A 19.57
2 CYP3A4 12.72
3 F2 11.04
4 CYP1A2 10.52
5 HBG2 10.36
6 IL5 85
7 SLC17A5 8.1
8 SCN9A 8.03
9 EGFR 7.79
10 ITGAM 7.73
SCNSA F2 SLCOA2 KCNA3
H1
H2
H3
H4
H5
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H7
HE8
H9
HI10
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HI12
H13
Hl4
HI15
Lidocaine

3 4 5 6 7 8

Figure 3 The docking scores (pKd/pKi) of 4 target from 15
active ingredients in Chebulae Fructus compared to lidocaine

HoN “SH2E7, BRI =R EE.
TBEIRE . R DA 4. FAEA JERT 200
LAERTI (A E257% ) mA S0 51 15 9 T-45 10 i
FIRR, 16 8 L0k (PURPEE ) g “ Bk
TEEETT PN T, BESORE 7, 19 A (ST
)t AR A B 7 7 b S L T

BEO ) I AUNS R R (1230
VR S BRAT S B ), o0 e 2R A L O L I
YER I ENE DR, XTI CRELE
HARHE %, A 2% R B T o i85 ) g
108 (477 B 1% 214 o g A R I B3 W 7K A T B T T 3
£ TR P P 5% ST AR 1 24 o X Y i SR AR )
R KD A 8 o 3% 5 R AL 2L T B9 B0 T o K O R
B 5 B 05 0 o g AR A AR B A 2R, 45 51
2o () 3 M 4y T AR TR AT X B R, 7E 4K
VA VR 27 % MAC 3 T 2 A FG 2 A 17 Y8R — 0, AL T 34
TR BT T 7 68 15 5% R 1 Sk BB B0 O 2k 3 19,
[ Bt il 98 UG 0% o 165 R Lo L PR, PRI, 7E Ak
BRI FE e, R RN S T R T
A IREVE R A HE— 2B 0%, BN 54 MLEIIL
SRR 7 ANER . LA =05 4TI =0
AN EI.

FRA R s R 4 SR, T2 4. 2
P 23 R SRR 1 R O AR T U 1 1
FH R £ T B 5110 GO T B4 7 A8 2 Ty R 49 b
G5, TR R SRR AL LR
Wi JEFF RGEHERE . AN A B T3S e S it e



- 1678 -

2452424 Acta Pharmaceutica Sinica 2018, 53 (10): 1670 —1679

FHOG, W A . M e, BT iEiE . R LR
PEAMMBA 5, G EOMECZA . ARG, F5%
W, Fi2BESE 2RSS T BTz,
SR RIEYE . BB S TR, N
FEE R LR, M SUIE T 45 RBoR, 1T 5
By DA TR F B R 423 M G A 52 A4 A ELAR
F 5 B {5 5 m i O UL IR R RS S W
CAMP {5 5. MEBERG 5 IEBKEE.

AN, 2 e ) 2R AR R A O L
S P P T D45 Na I I R g, A NaRRSE T 2E
A 20 i B AR AL B A2, AT 5 O [ 8 B (1 O A 2R
LA B imiE - R4 Na'L K, Caty
Cl & B TH IR AR I DI Re & A i 1M 25 138
EHRAESE T R AR TE, R OEMERIE
{5 B S D 2324 i R R R A R OR, T
TEBE AL FEHF B 7 R T T PR IETE 28 (KCNAL,
KCNA4. KCNA3. KCNA5, KCNH2). Na'ifi& &
%% (SCN5A) FlNa'/Cl #h £ i g B [ (SLCBA2).
SEH R T AP KCNA3. KCNA3. SLC6A2 4l
FUR] Z R PR 1 15 AP R 34T 0 R, A
TGS R R T 15 MEYER 5 s
G VER TR X B2 R 2 R, g — P IE T
TIRYT B 5 0 O A SR S B TE 1 T 5
PEo [, Zr Pt bR SE R F2 RIS A M
W3 — B R TR TT B SR M O A SR O I
PESRAE TR B .

WP SR ORI KEGG 8 B H i
28 3 PR PO A4 52 AR AR Pl i 1 OB B 1 S 0 R T
Ae s P HIDE 2 K- i 5k R B 0
T BE AL [ DRI T4 B T4 S I 5 0 LN
A B T B AR O, I T 2 1 PO B 4 7 UK
GBS RE AR, HIHIA0 PR AN IR, R A N
TR, PR EE 7y, DGR IR AR T
T ) BB R R S AR 1A S B [ B () T R 3
BHEEVIRR LU B 5214 BE B IR 17 1R R
1L, 3t—0 FECAMPTE R, [FIE, CAMPFI#E &4
OB A (PKA) B8 BERR (050 I Th e AH DG &
FRA (L ANZE TlIE. 2R A%, 58 a5
CAMP 20 X Bl 7 B 5 28000, Bt 1A . JUE Wi 4 A
AP IR B REE AT . DRI, AR TR B S0 I R
{10 B ST B HE I, AT R AP 2 R AR b T Y0 UL A
PSR A ET K, HE— B R4 O IE R IR DI RE, IR
B 38 O SR D IR R, R IA A
XF T TR S B 2 R AL, BRI, TR R

I O AN T BN 5 2 T SE 6 B8 T

g5 bRk, AR CiE F W g 25 B A I D VA AR AR 1
T 15 MEMERSHER T 40 ME S, i 2 RhiEE
Dhde, W 7 Z M@ s A e ERs, g A ¥
Z Y -2 4 R -2 IR AR R R S 0 R O B
(7] B th 0y Jim ST TE A 1 BE R S X A g S R
W RIBACH LB TSR B 1 7 1)

References

[1] SongL. A review of Mongolian herbal medicine[J]. World
Sci Technol Mod Tradit Chin Med (tHFAF#HA (B
ALAR)), 2008, 10: 145—149

[2] Wu LQQG The processing of Mongolian medicine is the
key to improve the curative effect [J]. Chin J Ethnomed
Ethnophamiacy (' B R R [A1 = 24), 2013, (3): 17.

[3] LuoBS. Mongolian Pharmacy [M]. Huhehaote: Nationalities
Publishing House, 1989: 286—-288.

[4]  Encyclopaedia of Mongolian Studies Medical Science  Editoriad
Committee. Encyclopaedia of Mongolian Studies Medical
Science-Medical Volume (% % H Bl & 45 - E % 4%) [M].
Huhehaote: Inner Mongolia Peoples Publishing House, 2012:
29.

[5] Han ZQ, Na SS. Redix Aconjti Feri and its preparation
[J. World Sci Technol Mod Tradit Chin Med ( tH F R} 24
A (REZIAL)), 2008, 10: 150-154

[6] LiZY,Cha XY,YuanT,eta. Referencingandinosculating—
discussion on modern research strategy for ethnomedicines [J].
ChinaJ Chin Mat Med (# E +#j2¢ &), 2017, 42: 1213-1219.

[71  Xu HY, Liu ZM, Fu Y, et a. Exploiture and application
of an internet-based computation platform for integrative
pharmacology of traditional Chinese medicine [J]. China J
Chin Mat Med (' EH #j 44 ), 2017, 42: 3633-3638.

[8] Gfeller D, Grosdidier A, Wirth M, etal. SwissTargetPrediction:
aweb server for target prediction of bioactive small molecules
[J]. Nucleic Acids Res, 2014, 42: W32-W38.

[9] Tripathi S, Pohl MO, Zhou Y, et a. Meta- and orthogonal
integration of influenza “OMICs” data defines a role for UBR4
invirusbudding[J]. Cell Host Microbe, 2015, 18: 723 —735.

[10] Hsin KY, Matsuoka Y, Asa Y, et al. systemsDock: a web
server for network pharmacology-based prediction and analysis
[J. NucleicAcids Res, 2016, 44: W507 -W513.

[11] TuY, Zhang JG, Liu ZQ, et al. Electrospray ionization mass
spectrometry study on processing principle of traditional
Mongolian medicine Aconitum Radix [J. J Chin Med Mat
(R ##1), 2008, 31: 204—206.

[12] An M, QiuY. Research progress on the non anesthetic effect



R R A ST 4R 2 B A BRI SR AT T I R LR T T

+ 1679

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

of lidocaine [J]. JClin Anesthesiol (Ilfi < B2 4% 38, 2015,
31: 928-930.

Pu XQ. Clinica analysis of 35 cases of ventricular tachycardia
caused by severe aconitine treated with high-dose lidocaine
[J. Chin Remed Clin (7 2% 51l /K), 2006, 6: 713.

Li ZY, Li YW, Tu Y, et a. The application of aconitum
in Chinese minority traditional medicine [J]. J Minzu Univ
China (Nat Sci Ed) (AW (HARER)),
2010, 19: 72—74, 81.

Li ZY, Sun JN, Zhang SF, et a. Clinical literature analysis
of aconitine intoxication in the last 10 years [J]. Chin J Inf
Tradit Chin Med (4 [ #2515 B2 &), 2008, 15: 100-102.

LiuS, Li F Hou YF, et a. Influence of tannins from Chebulae
Fructus on Aconitum alkaloids of Aconitum kusnezoffii proc-
essed with Chebulae Fructus-principal of Aconitum processed
with Chebulae Fructus 1 [J. Chin JExp Tradit Med Form
(7 5238 ) 22 258, 2013, 19: 158—-160.

Tu Y, Zhang JG Wang SM, et al.
Naru Sanwei Pill on Radix aconiti kusnezofii by ESI-MSs
[J. Chin Tradit Pat Med (1) 2}), 2008, 30: 889-892.

Zhang AJ, Li H, Tu Y, et a. Terminalia chebula combined

Effect on ingredients in

with Aconitum kusnezoffii in different proportions compatibility
to the content of three kinds of double ester type Aconitum
akaloids [J. J Changchun Univ Tradit Chin Med (K%
% 25 K274, 2016, 32: 697-700.
Liang H, Li JL, Yang YJ, et a. Traditiona Mongolian
medicine Chebulae Fructus protect arhythmia induced by
aconitine in rats [J].  J Med Pharm Chin Minorities ( 7 [# [X
WREEZ 4 &), 2017, 23: 75-77.

Li FQ, Wang CL, Li ZY, et al. Toxicity of total alkaloids
of Aconitum kusnezoffii Reichb processed with myrobalan on
primary cultured myocardial cells of neonatal rats [J. Chin
Tradit Pat Med (" f25), 2012, 34: 823-828.

Liu Y, Zhang SW, Zhou L, et al. The toxicity of aconitum

[22]

(23]

[24]

[29]

[26]

[27]

(28]

[29]

(30]

alkaloids on cardiocytes and the progress of its research using
the methods of molecular toxicology [J]. Chin J Forensic
Med (B % = 244 £), 2009, 24: 398—401.

Liu S, Li Y, Li WF, et al. Advances in studies on toxicity
and modern toxicology of species in Aconitum L. [J]. Chin
Tradit Herb Drugs (1 %24), 2016, 47: 4095-4102.

Liu G Guo JH. Progress in the research of cardiac sodium
channel disease [J. J Clin Cardiol (Il L I 95 44 35),
2009, 25: 166-169.

Bai YX. Progressin research on sudden cardiac death caused
by inherited ion channel defects[J]. Chin J Forensic Med (
FVEPE A2 44 ), 2016, 31: 36-39.

Murphy E, Steenbergen C. Estrogen regulation of protein
expression and signaling pathways in the heart [J]. Biol Sex
Differ, 2014, 5: 6.

Wang Y, Li C, Liu Z, et . DanQi pill protects against heart
failure through the arachidonic acid metabolism pathway by
attenuating different cyclooxygenases and leukotrienes B4 [J].
BMC Complement Altern Med, 2014, 14: 67.
Vazquez-Medina JP, Popovich |, Thorwald MA, et a.
Angiotensin receptor mediated oxidative stress is associated
with impaired cardiac redox signaling and mitochondrial
function in insulin resistant rats [J. Am J Physiol Heart
Circ Physiol, 2013, 305: H599—-H607.
Cain AE, Tanner DM, Khalil RA. Endothelin-1--induced
enhancement of coronary smooth muscle contraction via MAPK-
dependent and MAPK-independent [Ca(2+)](i) sensitization
pathways[J]. Hypertension, 2002, 39: 543 -549.

Lohse MJ, Engelhardt S, Eschenhagen T. What is the role
of beta-adrenergic signaling in heart failure? [J]. Circ Res,
2003, 93: 896—-906.

Zaccolo M, Movsesian MA.  cAMP and cGMP signaling cross-
talk: role of phosphodiesterases and implications for cardiac

pathophysiology [J]. Circ Res, 2007, 100: 1569 —1578.



