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Abstract

Objective: To investigate and screen the targets and pathways of Paeony in the treatment of Tourette
syndrome and clarify the mechanism of Paeony in the treatment of Tourette syndrome. Methods:
By using the National TCM System Pharmacology Research Platform (TCMSP), the screening crite-
ria were defined as bioavailability (OB) = 30%, drug class (DL) = 0.18, the main active ingredients
and functional targets of Paeony were selected, and DrugBank database, OMIM database, Gene-
Cards database and DisGeNET database were used, and gene target sites related to Tourette’s dis-
ease are searched in genet database. Components of Paeony and gene sites related to disease tar-
get are selected through UniProt database. Then, a network diagram of Paeony-effective compo-
nents-common targets-disease is constructed using Cytoscape 3.9.1 software. The protein-protein in-
teraction (PPI) network was used to select the core disease targets of Paeony therapy for Tourette
syndrome. Then, DAVID database was used for gene ontology (GO) biological process analysis and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis to predict the me-
chanism of action of core target proteins, and GO histogram and KEGG bubble map were drawn to
visualize the data. Finally, using OpenBabel-2.4.1, AutoDockTools-1.5.7 and PyMOL software, the mo-
lecular docking between the active components of Paeonia and the core targets of Paeonia in the
treatment of Tourette’s disease was verified. Results: 13 active components, including f-sitosterol,
naphthene, paeoniflorin and paeoniflorin, and 29 key targets, including SLC6A4, IL6, TNF and CYP3A4,
were obtained. By using GO functional enrichment analysis, 332 GO items were obtained (P < 0.05).
In these projects, two pathways of chemical synaptic transmission and adenylate cyclase inhibition
of G-protein-coupled acetylcholine receptors play a major regulatory role as active components. In
the KEGG enrichment analysis, the results included 26 signaling pathways (P < 0.05), mainly includ-
ing cholinergic synapses, GABA synapses and neuroactive ligand-receptor interactions. Conclusion:
Paeonia alba may act on SLC6A4, IL6, CYP3A4, TNF, CHRNA7 and other targets through f-sitosterol,
naphthol, paeoniflorin, paeoniflorin and other active components, and regulate the signaling pathways,
such as cholinergic synapses, GABA synapses, calcium signaling pathway, neuroactive ligand-receptor
interaction, cyclic adenylate signaling pathway, etc. to play the role of relieving spasm and improv-
ing muscle tension and body microcirculation, so as to achieve the purpose of preventing and treat-
ing children with tic syndrome.
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1. BY

B IE LR Gk (Tourette Syndrome, TS){FEJy—Ff i WL (1 JLARHIR PRI, A2 — Bl AT R AN B 1k
ANk, TR SR A R % O AR B A 2R R [1] . DA A2 AE I 08T IR AL T T 4
REIR, FEER AR, HESBRE ) L2 P A R H 2 4

H AT A R, FE BRI A0 A L AR I sh AR SR S AR AR R 4108 0.3%~0.9%, {HZfEH
Rl Z 0 B AR R A ik 6.1%, XA EUT- i T HAN2]. “HsiWiEsraAt” , XAk “ ol skt ",
AT £ [ T AOSCHR R BOA B (BRSSP A RIS AR AL iR, FATRT A R 3 —
SEARALLAR, TS R BE R BT 1) SRR 5 A A AR R R FiR AN R R, i “A8st” IR« “K
&7 CIPRGE” 8. BURAHERENIRZ YA IE TR “215007 o “BPXEE” o “HitaAEE" .«
&7 Sl o, Hp DL PR U A S RAE” $ORINEI R [3]. AR B LE i AR R B AR E A
PRT SRS AL S B« AN B iR DL P iR 2R A, T R B e P X S AR KUAS A B RFAE[4] -
HORHRIEE N CMAER) i “ARARZHE” AT WS A9 ) A AR 3 DR OR

FPRE RS VR 2 A A . R B R A, PR oK, AR, Rk, AL Y B
HE RS 1M EAATN BRI FPXGER IR H 2561, PIIE B AT AW Feia )T TS HIZ5).

FATT (PRARZ) HR I, AN CPRANRITMEZ M) o Huker. iR, YEROE,
ERE. Mg, HAFRMME. ST, FIFERR. PR DRk, A= 167 M 1 0 6
TFUE[7]. HHTEATD0T TS MRS M AE 2, U076 2 H SR MR T Bt T 8 — P IR R

00 22 24 B 27500 8 I ZR G TR R AR 0 286 (0 B P2 1 8, ST 26500 B X R TR 23 R IR
HAt e 5 R BRI BAEA R &, # 2N T2 2 SR L. BARIERIAL
R 2 S AT FIRC AR TS5 5 T, DAh 25 R 2R R FU B 1R R, Dol R S B 4
WA RSSO TR RHECSCE8]. Ik, AW T/ R4 25 B 22 AR A B, SRS AT TS 10
OEPER . EEE SIE BN OCBAL A, IR TR RO G RO AT IRIE, IO EATIRIT TS
3k 25 e PR L FH A BE RS2 R K 2 AR WE FE SR (AR 3 AN B IR AR T -

2. MM ERZE
21. BAEMHAMEEFERRTFE

E XK T 2504 2 4F 4, B TCMSP (https:/old.tcmsp-e.com/tcmsp.php) $dfE e, & — M S5 2h . 4
KREE A s S AR BN 1 =R R 2 B WIF &, @ TCMSP i e, 75 8 A “ B
AJ7 JE, KR AATHR A . 8 2 ANEMEAE, HRATHE(OB) > 30%, 2K#Zj#)(DL) > 0.18 HI T
TEVERL ORI T 16 [9], RIS PR FE A 2022-10-01, ik HA VG 1tk Ak 2% B 40 Ko KR G FRIVES 76 BEARAS .o
ifId UniProt £4# & (https://www.uniprot.org) [10]%F B AR A EIE R 4 AT VLS, 05 ik B An FE 34T F5
AL, 19 H AT AT BEAELE A 2L [11].
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2.2. ERE A RYTHIE

j#IE OMIM (https://omim.org/) DrugBank (https://www.drugbank.ca/).DisGeNET (https://disgenet.com/)
F1 GeneCards (https://www.genecards.org/) [12], LA “Tourette syndrome™ Ay 1] £ 2% 3 sh #1822 S 1E X
HAx, TR %80 R A AT % S FIHE A SN Venny 2.1.0 (https://bioinfogp.cnb.csic.es/tools/venny/) 7E £& B {435
R R, A3 BATIRYT TahE 3L RV FTRE A0, IRl o= AL

2.3. R R ANAR AR E A I AR LA

F bR AR b R4S 1 45 R I Cytoscape 3.9.1 BT I, M@t BATIRYT TS 1“2l - WETE R
gy - JLREE AT - B RIS, RS LR R g% BEAT AN BT, o, EERIBUEROR, XA
HIREN E AT I BIE IRV RIS TR B o

2.4. PP P& AYHIEFNIFEZ DR

¥ 2.3 T R IL[FIEE 3N STRING 7£ 2 34 P (https://string-db.org/) [13], &2 (e 15ir,
WL % AF € N human,  XERTIRAS B85 AT SR 40 AT, TEAS 2259 - 5o 3t [A) 38 S0 A T4 A O
ARG, BimEFMEREREFRE = 0700 [14]. KA RS B HIFREE tsv XMHFF, A
Cytoscape 3.9.1 1, %l F: 44 £ & [ i AH FLAE FH B 4% ¢ R IEI(PPI) . I CytoNCA Hei 4] 1% W 45 14T
¥ HT[15], K Betweenness. Closeness. Degree iX 3 AMNETEASEFRUENHT, SR)5i1ET Degree
EXT BT RIS B AT HE P, B e e L Degree {EHE/T S 10 MRS,  DLAE A AATIE T i SAE
A 10 #Z0BE AL

25 BERRER(GOEYBEMABEEASEFHEENE P (KEGC) B ER N T

] DAVID 7E 28 W3 (https://david.ncifcrf.gov/) K F AE W5 B 25 7150 WRE st AT & 4 /0 [16] (P <
0.05). WAL FE(BP). 4 FIIRE(MF). 4L (CC)FI KEGG i@ K= 40T, FERIX S s 4L 1) 45
RLHIRSEEMZEE, BEEMAEFEL I T & R LHI[17].

26. FFXE

1 2.1 TR IR, ARAE 29 S s HE 4G, ARG BT A S sy, DAk AN 2.4
OB AT LA B AT 2 TN R AE . Rl I X — IR AR SR SE T AR VE M o AV AR 2 T AR D AR
HAER S &, 7£ PDB ¥ (http://www.rcsb.org/) 3515 H k#1411 3D 4584, M TCMSP
(https://old.tcmsp-e.com/tcmsp.php) Z 4 e o ELAE I 14 %53 (1) 3D 4544, 1 BT 3R 15 1 3045 A\ AutodockTools
1.5.7 BAFh AT Z2AKMA R BRAE, SRR T 3RA5.45 RARAF Ay*pdb #6 X [18]. b3 5 xf B 3R 45 I 45 SR kAT
HATITHE, RN BRENE T WEENE, BRI B e, LT 5 2 rn #t
i, W B 45 AW TR R AT A pdbat 45 3X, Kiz 0 E A SN, B Vina TRET T2
TXH%E. WE Gridbox LAWIZECE L, FHABARDN, a2 RRE AR, BN,
A A3 4 G Re AT P, ik iRai SRt/ g BT H v pdbat #% 20, &S5, FIH PyMol F A5x4t
R AT AR [19].

3. &R
3.1 EEEPRTTIE
£ TCMSP #¥5 2, ik th AT s e sy 36 85 /. B ffiik 4618 2 XN LA I ARF) I & (Oral Bio-

DOI: 10.12677/tcm.2024.137251 1638 HRE 2


https://doi.org/10.12677/tcm.2024.137251
https://omim.org/
https://www.drugbank.ca/
https://disgenet.com/
https://www.genecards.org/
https://bioinfogp.cnb.csic.es/tools/venny/
https://string-db.org/
https://david.ncifcrf.gov/
http://www.rcsb.org/
https://old.tcmsp-e.com/tcmsp.php

Xk, TRk

availability, OB) > 30%. 25Z4445%(Drug Like index, DL) > 0.18, #Z& LI 13 MF &L, E
BV WA 1 AE NEE ST A A I R T35 1 R 3 B B AR 25 e 2 REL I AT BE 55 86 .

Table 1. Main active ingredients of Paeonia alba

=1L BOEEFEMHRS

2 s FE R LB OB DL
=k MOL001918 paeoniflorgenone ATZH T 87.59 0.37
EL] MOL001921 Lactiflorin AU 49.12 0.8
HAj MOL001924 paeoniflorin S ERER 53.87 0.79
A5 MOL001925 paeoniflorin_qt AjYE_qt 68.18 0.4
SE] MOL001930 Benzoylpaeoniflorin 7% FHEEA) 257 31.27 0.75
HAS MOL000211 Mairin -2 YN 55.38 0.78
HA] MOL000358 beta-sitosterol B-AT S 36.91 0.75
=] MOL000359 sitosterol 23 [H] 36.91 0.75
SES] MOL000422 kaempferol ITE- 3 41.88 0.24
S} MOL000492 (+)-catechin (H)- L 54.83 0.24

3.2. KRB RATNERS S B ERLH)

7 OMIM %i#i& % . DrugBank %4 2 . DisGeNET %U4# % I GeneCards 4 22 il AT Hd i ik, 985
i Excel HMHER S ThREXS Fr k5 A S BB L2 S 040 S AT I G B 1 0E, mAEEE G
M3t 1982 4. aEIHE A Venny 2.1.0 k3t (https://bioinfogp.cnb.csic.es/tools/venny/) 75 2| (4 A5 V4 T7 S E 19
TETERIVE R A 3R 29 4y, FEeh FRE, WA 1.

BS TS
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Figure 1. Common target Venn diagram
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3.3. B - SR EAE

i Cytoscape 3.9.1 #fF, 707 FAPTRINZIA RSy, CLEAYISFmIE R R, 3
Pt — A 24 - IR Ry - JERIAE AT - RS, VRS LI 20 JLRdRAE 35 AT AL 70 %L, &4
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3.2 RE 25 - PR A B SN String 7E T 5 54T PP1 230 #T(25 1) Homospaiens),
SALIRIT 29 MR AT EAET R, 99 2kil, P AE R 6.83, WL 3. B PTIRIGSCARL tsv A K ERAE
TR P3R4 B 45 JRAE Cytoscape 3.9.1 H4TJT, JFFMY@ATALAL M 45 & 76 W 2% I i i 45 R s, 1
CytoNCA fLE 45 R 124, LLKT Degree. Closeness. Betweenness [ A 501E S hrik.
JERE AR IR, s =S EUN A U R B fH 2 17.61280664. C fE & 0.509090909. D 1H /2
7, FEAERF G bR AR 50 id IS Degree HEF , i fE 1 HL Degree {8 = (1 AT 10 /M £1[20], 435l SLC6A4 .
IL6. CYP3A4. TNF. CHRNA7. CHRM1. HTR2A. ACHE. FOS. ADRB2, E/{k#FrAITHikbruER 7
2. WS L

3.5. GO 44318 KEGG B EE S

VA 1 29 ANE S AEH DAVID #HATAMME B30 fa, L3815 GO % H 332 %, M, Wi
(BP)F:5 A 110 A, 404 /3 (CO)I & & 24 A LA K 35 /N T HIRE(MF), B BhIE I RT$E 8 & N P 18,
DAL k4, GRiE i GO s6 H b, HEATT 10 45, R WKl 5

KEGG ®H ML R ER, & P < 0.05 h/ﬁaﬁhﬁk%%ﬁ 26 5. PrfH@Esh, BRRETE AATIRYT
TS i 2 ke 2 8 AR F 23 2 IR BRI A —— 40 G B R EE S BEAR B SZ 445 5 Il K | 10 5 S A%
BRI RE s BT K A B RS R SR AT R R A L AR SR A s SRS B0 I R A s B
G RZARIEE . GABA-A ZAATE M4 T ThRg
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Figure 3. Protein-protein interaction network diagram of Paeonia alba in the treatment
of Tourette syndrome

E 3. AR HENEERR - EARBEERMEE

Table 2. Top 10 core targets of Paeonia alba in the treatment of Tourette syndrome

2. BAATTHEIER DS

GENE S A FR Degree Betweenness Closeness
SLC6A4 TR K 6 14 139.5831357 0.666666667
IL6 FIAN% 6 12 93.47343016 0.608695652
CYP3A4 UM A 3R P450, K3, XK A, Bk 4 10 55.58425186 0.538461538
TNF JHIR SR FE A T 9 36.40787905 0.528301887
CHRNA7 EBRAE 2R, R, o 9 57.81985678 0.549019608
CHRM1 MEARREZ A, BEEH 1 9 40.07768865 0.518518519
HTR2A 5-FR (0552 1k 2A 9 75.0769616 0.595744681
ACHE T PR T 8 46.73352203 0.549019608
FOS B AR s A e i R [ R 8 38.33415441 0.571428571
ADRB2 B EIREREE, B2 2k 8 30.35569561 0.538461538

A4h, TLRAG I IL-17 {5 5 i S50 A8 o i (3 i e th 2 30 7 — € AR ORHE, HE4 AT 10 f3E
WA 3, RUWZHEE. ZHNSS T HANRIT TS IR, Kkl i 5 R REFE VIR 20 %8
BRIEHCHIR, FRadl s, e ILIE 6.
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Table 3. KEGG pathway enrichment analysis information of Paeonia alba target

#* 3. BN# S KEGG BEREENER

ID %H RXCARR RS K
o s CHRM2, GABRA2, CHRM3, GABRA1, CHRM1
~ VZO= _ , , ) ) )
hsao4ogo  Neuroactive ligand-receptor ﬁ;ﬁé%%% 16  GABRAS, CHRM4, CHRNA7, GABRA3, ADRB2,
e HTR2A, OPRML1, F2, ADRA1B, ADRA1A, DRD1
o s CHRM2, CHRM3, CHRM1, CHRNA7, DRD1,
hsa04020  Calcium signaling pathway #5155 i i 9 ADRB2, HTR2A, ADRALB, ADRAIA
L e CHRM2, ACHE, CHRM3, CHRM1, CHRNA?,
hsa04725 Cholinergic synapse REB e 5 fi 7 CHRM4, FOS
hsa05033 Nicotine addiction Je T R 5 GABRAZ, GABRAL, GABRAS, CHRNAY,
GABRA3
hsa05032 Morphine addiction sy 6 GABRAZ, GABRAL, GABRAS, GABRAS, DRDI,
OPRM1
Chemical b 35008 - 24k AR, CHRNA7, CYP1A2, CYP1AL, FOS, ADRB2
hsa05207 carcinogenesis-receptor o 7 ! ! CYI53 A4 ' ' !
activation i
hsa04742 Taste transduction B fE 5  GABRA2, GABRAL, CHRM3, GABRA5, GABRA3
Chemical W2EEUE-DNA
hsa05204 carcinogenesis-DNA adducts P 4 GSTP1, CYP1A2, CYP1Al, CYP3A4
Metabolism of biotics b AL ESE PASO
hsa009gp v c1apolISm OTXENOBIOUCS DY gy vy mry 4 GSTP1, CYP1A2, CYP1AL, CYP3A4
cytochrome P450 "
AR
hsa04727 GABAergic synapse ~ GABA fHZ:5¢fih 4 GABRA2, GABRA1, GABRA5, GABRA3
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3.6. FIHHEER

iz F Autodockvina ¥ F1ATIIAZ 0o B B-43 B8 LU 25 35 VAT 248 J6 A 248 5 00 A% O BT 2 SLCBAG
IL6. CYP3A4. TNF. CHRNA7. CHRM1. HTR2A. ACHE. FOS. ADRB2 #17/r Txf#%, WAAD T
MIZARE AR S 45 A E i FE B 455 Re BB AT VPG, IR ai & ae/h T 0 W5t T4 A
R G2 E AT S, RS E/NT-5.0 kImol™, AL S REMITEREL:, FTis4s Bk,
SO B RBAYE, HoP 4/ % 6 (Interleukin 6, 1L6) 5 4 Filse 42 (¥ B B X s 1, 51028
R HAG 7 101, BA R EGETE, K B4R 7 (H 2 Ak (2 4) MR (E] 7)), [EI 23]
IL6 5 4 Bl it e o BRT 0 S b 45 G B B AR B 1T =42 BB (] 8)

Table 4. Docking score table
F 4. MEEDE

WwEY HSC AR fra e
i\

. IL6 SLC6A4 CYP3A4 TNF CHRNA7
kaempferol INZER -10.1 75 —6.3 -85 -8.4
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Figure 7. Heat map of docking scores
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