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Abstract

Objective: To explore the mechanism of capsicum in improving arrhythmia through network phar-
macology and molecular docking technology. Methods: By searching the literature to find the main
active ingredients of capsicum, the target genes of active compounds in capsicum were predicted by
pubchem and Swiss Target Prediction. Gene Cards and OMIM database were used to screen arr-
hythmia target information. Cytoscape 3.9.1 software was used to construct the visual network of
drug-component-target. The protein interaction (PPI) network of key targets was constructed by
STRING database. David database was used to perform GO and KEGG pathway enrichment analysis
of the common targets. Finally, molecular docking of active ingredients with core targets was per-
formed to preliminarily verify the network pharmacology results. Results: Five common capsaici-
noids (capsaicin, dihydrocapsaicin, nordihydrocapsaicin, homocapsaicin and homodihydrocapsai-
cin) were selected by searching the literature. 15 core targets of capsaicin for arrhythmia (AKT1,
HSP90AA1, ESR1, STAT3, ERBB2, PRKCA, HIF1A, MMP9, GRIN2B, RAC1, SLC6A4, CNR1, CHRNA7,
TRPV1, NR3C2). KEGG pathway enrichment results showed that the improvement of arrhythmia by
capsaicin involved neuroactive ligand-receptor interaction, calcium signaling pathway, PI3K-Akt
signaling pathway, etc. The results of molecular docking showed that capsaicin, dihydrocapsaicin,
reduced dihydrocapsaicin, high dihydrocapsaicin and high capsaicin all had good binding to the
core targets, suggesting that these components may be the main active ingredients for the treat-
ment of arrhythmia. Capsaicin may act on key targets such as AKT1, HSP90AA1, ESR1, STAT3,
ERBB2, PRKCA, HIF1A, MMP9, GRIN2B, RAC1, SLC6A4, CNR1, CHRNA7, TRPV1, NR3C2, etc. To im-
prove arrhythmia by regulating neuroactive ligand-receptor interaction, calcium signaling pathway,
PI3K-Akt signaling pathway, and preliminarily reveal the potential mechanism of pepper in im-
proving arrhythmia.
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DR H R —REFENR SRR OISR 1] BEAE R E N D28 A E R A7 A e,
OHRHE RIREAREETE, HEWFRBEA2]. OFKE EF RIRRRIATCRER B O FREE, SO
TEHERRIE B T 50%~60% [3]. 2022 4 7 A &AL MU EEE 5 cm il 2021 ) o, FRIE
JE RO MR AR T AT IR T AL [4] 3™ i HHCo i 2R XU TR0« FoB35 R 7 458 i PR 5K AR A 38006 A2
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MOAER . AT R A% 5 B T S5 LR IR R SR A AE,  LAG sl i 92 Bl il 38 f sloAS £
BN AR B RS0 I PRARE L Bl A3 5 K FL o3 D PR 1 (B oo 1 R 5 AN RAG M () A SR K
¥, FEFBERLAET 03B o “NEMT © BRIE” S, (EWNL) hlA CLTFET . D
W57« COFEYERZN” FIRKAHE “SHEAR” SR E. BT, RESERIT AT IO
BASERk[6], HHARKRMNMHSEM. T4k, FHEAGFELBEERG. FREH/D. TR ES
R, FEOHRE R o R R R AR

B (Capsicum annum L) NAIEN AR YL AS P ) TR SE[ 7] BRUG ™ & 590,  BIEAR %
ANRE, RECHREMEERZMERZ —. BE & 2MEFRRI, WHERS. 4457 AL 4R
C. BT ME. MBS N L MR TTE[8]. Thresh T 1876 F & /&5 45 i XL &4, IF
e a4 “HBIRZE " [9]. BBUR BV VBB TR A 10— KA & Y, =& 7 SRR SC
SRR R RS . YR ETE 5 M BIR(CAP). S MM (DHCAP). M4 S, = 4
BHRBSUIRAN = BRI 8] [10] BRABRAN — S HAR & Bl 8, BB 90%, —FHRZENET X
HERG TR AR O AL ANV RIRUEE[ 1] V5P Bt o RO BB R A — UL % — S SBfABURU R o SRR 12] o
P DUARHE FORUEBRBUR BV BAA RO L L BRAR . BushBoRFERE G . Buis S 2 ER[13]. Af
FERY, O RGHSTHANEBUKN TRPV 1 BB S, ATRRCS Rk, 784 3T DL S O
R OB 0 77 3 0 55 O LA 5008 ()R B A B b R ¥ 5 [ 14]. RIS, 55— TUWF AR, B
RN H A EAES TRPV 1 Z AR B DL[15].

AM T B AER X 245 23 5 F il N SR Im AR S 107, RN EIZ iy ZEE R ER R R,
BH RO S0 O R S RV LE RS HILIR D Bt e A — ol () R R AR AR
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TS B S ST HR SR B T SRR RSy, T DA R BE PE R 2 oS Bin], K A F pubchem %
P 22 R SRAF AR N 2D 254 XATARHE T SMILES 4wt (simplified molecular input entry specification). Fifi
JEfd FH Swisstarget Prediction Z(4 %2, [RE¥)#°A “Homo sapiens” , FIH SMILES &5# A1 2D 544X
XL G ADIEAT RE SUTN,  HX Probability > 0 FUEE AT, &I G RFRESE, RIGARULERES,
NERARAFE A CSV 1838, FIH Uniprot 3 FE (http://www.uniprot.org/) i T brEAL AL B, K50 ER A & R 4L %
R A ) = DRI R TRTRR o

2.2, ILEAEE LR

Pl “cardiac arrhythmia. arrhythmia” Jy<$#i5, FfH Genecard %% (http://www.genecards.org/)Fl
OMIM ##& FE (https:/www.omim.org/) AT K &, Fiidk tH -5 O 2 AH G BB #E 2L, #E Uniprot 4 2
PrRAE G 2B A R A, R B A i i £E -

23, XEERRGHIE

FIF Venny 2.1 (https://bioinfogp.cnb.csic.es/tools/venny/index.html), SN “2.1.” 1 “2.2.” TiFFEH
BE S i) T R 193 B A2 SRR AR A BARE T O O B DGR A

24. “REF - pRSY - KRS - R MERE

B2y, TR BTGRP 5 O RE 25 3N Cytoscape 3.9.1 B f4, #5717 f(Node) 2 7~ il 7 FH#E 55,
H(Edge)Rn 1 AHEAERH KR, i Merge DhREFI L5
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B AL E PR A S N STRING 11.0 #di 72, i%$8“ multiple proteins " ¥E 10, #Fh#% & A“Homo sapiens”,
HAASEARFFERIN, FRIUE A B 1F H (Protein-protein interaction, PPDHIZEHR, T HA csv i CfF, 5
A Cytoscape 3.9.1 BT #RAL 4% ilid [ 481+ Network Analyzer i 45 36 2 5010 15 (Degree)
# R0 M (Betweenness Centrality) “F-32) 5 55 4124 E (A verage shortest path length) F1323T H 04 (Closeness
Centrality)#47 7347 Hf3E T Betweenness HEATHEF . 1.6 GO ‘& &£/ H Al KEGG I & /01T,

AR 7HE = D51 44 R T O 375 R B 23 R DR B AR B DR 91 36 3\ DAVID s P2
(https://david.nciferf.gov/home.jsp), ¥ EFRIAFF A “OFFICIAL-GENE-SYMBOL” , FRZE¥#4 “Homo
sapiens” , WEMIE P<0.05, WHEME ST GO B4 M KEGG B &£t Nit— i
S SRRV KRS s . AEWikFE(Biological Process, BP). 44l 43(Cellular Component, CC). 4T3}
fit(Molecular Function, MF)%5(5 &, #H¥HRE /5 5 A4 15 (https://www.bioinformatics.com.cn) /] #AL AL EE .

3. 858

3.1. EMRS RS

ST R 3 5 A FEEMER S, WAL 1. 3T Swiss Target Prediction 4 22 Hh 4k Hi 4k 22 573
Hob N7 R E R A4 B, PR ER %A “Homo Sapiens” , ZBREE IR, G 114 NS,

Table 1. Actice ingredients of Capsicum

=1 RHEERER

G W4 CAS Smiles
1 BB capsaicin 404-86-4 CC(C)C=CCCCCC(=0)NCC1=CC(=C(C=C1)0)0C
2 TS B, dihydrocapsaicin 19408-84-5 CC(C)CCCCCCC(=0)NCC1=CC(=C(C=C1)0)OC
3 [ A nordihydrocapsaicin  28789-35-7 CC(C)CCCCCC(=0)NCC1=CC(=C(C=C1)0)0C
4 U homocapsaicin 58493-48-4  CC(C)C=CCCCCCC(=0)NCC1=CC(=C(C=C1)0)OC
5 B A, homodihydrocapsaicin - 20279-06-5  CC(C)CCCCCCCC(=0)NCC1=CC(=C(C=C1)0)OC

3.2. BEEREATN

List 1 List 2

Figure 1. Capsicum-Cardiac arrhythmia common targets (Venn)
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PRIE ST DR AR REE A 116 A4S, wE 1.

3.3. PPI MEMESER ST

W 116 ANSL[RIHE AT F A% % STRING 11.0 HHfs PEZEAT 7317, 44 2 JAUBUIRR 15 /0 A3 2K i TR B R PP 25 1]
Z R AR B U EAE R S 114 AR 2 AN SR R AEE T EAEH, M), B 116 A1
M 739 k30, CPEIAT S EEAE N 12,7, W 2. J8F Cytoscape 3.9.1 45t 114 AR AT AN b,
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Figure 2. PPI network construction and core target screening process diagram
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Figure 3. PPI core target map (the darker the color and the larger the circle, the larger the value)
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Figure 4. Construction of “TCM-component-disease-target” network
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iz Cytoscape 3.9.1 BUAFHA G BRASBRE 1 o0 11 FIHE L - 5 5 Bt X 25 (1] 4) o P o B0 58 bt ol 7
54 BRGSO R H SR R R 114 s (5508 E 10 . G0k B AR 1R B3 IO A A A

3.5. GO ThEEESE i

GO BEESMERERE 5), HMWZS5RAEY) L (biological process, BP)WHh: & A FBRIL
(protein phosphorylation). G & FBECZAA(E Si@EE, HECIAZ ERREE (5 f1(G-protein coupled receptor
signaling pathway, coupled to cyclic nucleotide second messenger). G & [ X L7 145 51 % (G-protein
coupled serotonin receptor signaling pathway). MAP FligE £ I 1] 442 (positive regulation of MAP kinase
activity)s b 225 filif% 3% (chemical synaptic transmission). 40 i3 5E 1) 1F [7] 185 (positive regulation of cell
proliferation) MAPK 2K X[ 1 [7] 1 4% (positive regulation of MAPK cascade)- 5 5 % T (signal transduction)
Jok S5 1 22 R T R 14 (peptidy]-tyrosine phosphorylation). X Ht4A 1) /< M (response to hypoxia). 25404k ik
(cellular component, CC)F- AU 5551/ (plasma membrane))iii JIE (1) 2H il 73 (integral component of
plasma membrane). # %% (dendrite). FEfill /5 ¥ (postsynaptic membrane). Zfii(synapse) Z it 5 i A 28 i
4y (integral component of presynaptic membrane). 2 2 B& At 28 fih (glutamatergic synapse) 2% fitt Aij i
(presynaptic membrane)- 42 JL4H i 44 (neuronal cell body)~ FEfilt 5 5 T 2H B35 77 (ntegral component of
postsynaptic membrane)%5. 43T IIfE(molecular function, MF)EZEEET: G & A MBLMTE &R AT
(G-protein coupled serotonin receptor activity). H§45 & (enzyme binding). 148156 Jii 52 /4 7 1 (neurotransmitter
receptor activity). 2 % M (protein kinase activity). ATP 455€(ATP binding). & 4 22 & FR/ 77 R B A it
W% PE (protein serine/threonine kinase activity). AH [F]¥) &5 [ 51 454 (identical protein binding). ¥ 14
(kinase activity). & &2 BRI EF S 14 (protein tyrosine kinase activity). 855 57 4 &5 [ % 2 BR Bl % P

(transmembrane receptor protein tyrosine kinase activity)Zs .
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Figure 5. GO analysis of Capsicum therapy for arrhythmia
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3.6. KEGG BEESE ST

KEGG 18 # & 5 (UL ] 6), BRAHEGE O 32 2% 0 i B f 32 S48 Th 78 1 41 [l i (Prostate cancer) i
i I % (Pathways in cancer). FHZIETEELAR - 524440 B F FH (Neuroactive ligand-receptor interaction). J#%iE
/R ) 2R A 5K Bl (Proteoglycans in cancer) P43 I BH 77 (Endocrine resistance). JiEJiRJE (Pancreatic cancer).
#1545 5 18 % (Calcium signaling pathway). F#iE H () X B AL (Central carbon metabolism in cancer). JE/)
41 i Jifi%8 (Non-small cell lung cancer). PI3K-Akt {5 5 il #(PI3K-Akt signaling pathway)=%.

Central carbon metabolism in cancer
Pancreatic cancer
- log1o(pvalue)
Non- small cell lung cancer
! 12
Prostate cancer - o
Endocrine resistance

Proteoglycans in cancer -

count
@ 15
Calcium signaling pathway ®
® =
Neuroactive ligand- receptor interaction - . . 30

PI3K- Akt signaling pathway | @
Pathways in cancerP
6 8 10 12 14
Enrichment

K, KA bR e & S5 8 ((Fold Enrichment), Z\ALKRZEEEZHR, |5 P K
MR B BRAE kegg % FILFMHE , [ EEENAR S £ EEE,
BUERRAL, WKL E KEGG b S 2 .

Figure 6. Analysis of KEGG pathway in treatment of arrhythmia with Capsicum
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ORI RO R IR TS S BBk S RE ) e B . SE 5 4 s R B A, Ak s =
SR A K - E T RGMERE, HFURGME O E B, OEREAIEARSSERSSGEIE.
PEOFEE . O EENEE . O R E AR RO T A AR O . IR R O BT E D=
DhaelnG l e FECC /i BOL AL . O WG RS IRA k2. O, LB tREE.

IR FAHROCHR, BBGH OGRS A S A, KBS 50 R R AT AR, SR EE
FARHE i L R L E R 45 114 4, 3808 T BBUA T O R E B AEINPE A o X L (R BE p it — 25 4R $h 0 HT,
I Betweenness {HHEZ AT 15 HI#EA, #KIKA AKT1. HSP9OAAL. ESR1. STAT3. ERBB2. PRKCA.

HIF1A. MMP9. GRIN2B. RACI1. SLC6A4. CNR1. CHRNA7. TRPV1. NR3C2, HEllixXLe4E 5T Re
SENEE DR PO A . A KEGG &4 R, MEimtEicid - A EEH . 555 58
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