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Abstract

Objective: To analyze the mechanism of Yudian Decoction in treating schizophrenia using network
pharmacology methods. Methods: The Traditional Chinese Medicine Systems Pharmacology Database
and Analysis Platform (TCMSP) was utilized to screen active components of Yudian Decoction with
oral bioavailability (OB) = 30% and drug-likeness (DL) = 0.18. Potential targets of these components
were identified using the UniProt database. Meanwhile, schizophrenia-related targets were obtained
from the OMIM, DrugBank, GeneCards, and TTD databases. A component-target network was con-
structed using Cytoscape software, and Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Ge-
nomes (KEGG) enrichment analyses of the targets were performed using the DAVID database. Results:
A total of 87 active components were screened from TCMSP, and after deduplication, 76 components
involving 136 potential targets were identified. By intersecting 1445 schizophrenia-related targets
with the potential targets using a Venn diagram, 100 effective targets were obtained. GO and KEGG
enrichment analyses revealed that these targets are primarily involved in biological processes, such
as chemical synaptic transmission, drug response, adenylate cyclase-activating adrenergic receptor
signaling pathway, and G protein-coupled receptor signaling pathway. They are also associated with
molecular functions such as neurotransmitter receptor activity and extracellular ligand-gated ion chan-
nel activity. Conclusion: Yudian Decoction may exert its therapeutic effects by regulating the MAPK,
cAMP, T-cell receptor, IL-17, and calcium signaling pathways. This study provides a theoretical basis
for the mechanism of Yudian Decoction in treating schizophrenia and lays the foundation for further
experimental research.
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1. 5|18

A5 115> Z49E (schizophrenia, SCZ) I A BR R HAE 0.28% /47, KIF BARA T, (HEFRREK mANGIT
FHRECR[1]: ERENEHRL, SCZ Al S ERE S ABI—2F, MR & IR RIS BEEFMERICE 13.5%
[2]; SCZ B#HZItRA HAMGHR HEEREE %, FRER ST RGeS0 . JUsimay
1 L FEATY A A998 BRI BRI 2 BER YT F B RIMTEIRIT IR, BB IR N R SRR 2 il
VYERAA R 2 2 B2 M AR, R SIEARIT B0 AN R0 . #ik, Ik E Py oh i R TAE
Hor R R, AR AR I IE R SRR R VAT LS T e .

SCZ fEESISE RN IHET “WiE” 5 “HFE” . ETZEMERIRKLIHBEK, BKE
BIRWE “TWZ” J7, 2T HEEE (15 g). HIRBAEAS g)s A T(10 g)v =M(15 g). FwA(LS ).
BERB(15 g). KIE(10 g) THIRE(S @3t )\BRZ MR, BA “THHRMRE, WA k. 1R
R, W HHERE . BEREL, 1%J77E SCZiRYT R ILH BT R AR TR AN 2T,
RSy - B - EER” ZETEHMT N, REMERBE T RRIAIRTT SCZ M2 E RINLE], AN S S
Tl SEBRBIF 0 B e PRAHET B SR AL B AR AR IR 245
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2.
2.1. AN ERIHTFESEE

BT 2 RG L EFHARE TCMSP (https:/www.tcmsp-e.com/), K FH 2R3 7] 5 2 50 1% 8837 1)
PRy . TRIERRUEBEE J: T ARA A FH E (oral bioavailability, OB) > 30%, 282414 (drug-likeness, DL) >
0.18. [RIET, £5-E SCHRYZ I A0 70 B P AR USRS M RO 5 S, B DR 20 I8 1Y) A T 12

2.2. FEMERSMEREE R BT S HEHE

B UniProt 04 % (https:/www.uniprot.org)i#E 47 $8 £ F, R FH I 1) 5o $e g A B0 v 70 A FH B A
AT g5 B 5 S IG IR, @A R AR . RN TR S B IE VS A s, &
FRIUARAERE S, B S B im0 T F 4

2.3. S RUER X R BURERI9E

AT FUER IS B 2 IR R TR, A% SCZ AH DGR SUE I E - HE R IE A4S : @ OMIM (Online Men-
delian Inheritance in Man)#(¥8 E 5545 75 2 @ DrugBank 4 EMZ54) - $ESH TAEHEHE; G
GeneCards F8 2 () JE R DY REVERS B ;. @ TTD (Therapeutic Target Database) #1507 B 5 B K
Mgt —Ha 5%, L “schizophrenia” NIRRT R, Lk K HEMRMEWAEE, K15 1445 4> SCZ
FHOGHE 5

2.4. YY) - RISHFERTHES 54

N EVenn 7E£843#71°F & (http://www.ehbio.com/test/venn/#/) it 1T 58 S AT M. R J LA 4 A
ISP A R B, M Venn F R B RZYEE B 5PORE B ES R R, FE, 15 Jaccard AHLL
T RZE, B BT SRR S

2.5. 9 - S - R MBHiaE

FIH Cytoscape 3.9.1 A E “ 2454 - Bigr - $ER7 Z RN . R 28304052508 7%
THEY 5 EH (Degree). /1 H O (betweenness centrality) 25 28, 1R 1) i 42 49 . BT EAL 4
R I DIRE R TT, W BZRIT SCZ 2 1) - 258 s eI .
2.6. EARHEE{EAML (Protein-Protein Interaction Network, PP B2 5% 088 2 4915 5

FEF STRING % ¥ J# (https://cn.string-db.org/), VAEEE > 0.9 NEEME PPI. XH MCODE ik
U 2% ) Th RS ER, 454 CytoHubba 8/ I A% O 88 o B I T I8 Fh FMRFAE,  RBI A 417 55 A
KERE 5 IE
2.7, REHAFHEHYREEREANEYMIEEEE T

M. F DAVID #4% P (https:/david.nciferf.gov)# 4T DI e & H70#r . K H Gene Ontology (GO)Z7rHr#E &
DA R . 2 FIhae Mgzl 4y, @i Kyoto Encyclopedia of Genes and Genomes (KEGG)ii i 7 #7 45
INTETERIE ML W B B MK P<0.05, KM Benjamini-Hochberg 4 i%#HT 2 EiGIAZIE, #i{R7
Mréi Rr T SEtE .

3. &R
3.1. EMRSNTFESEE

FTF TCMSP ¥4 72, K OB > 30%#1 DL > 0.18 XU EAR#ESHAT 0k, WI2E 3RS 87 ANEAEIE M Ak
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e ABEEHVMEE LS, RAHE 76 MHRALEFERENLEWEE 1),

Table 1. Active compound information of Yudian Decoction

= 1. BEAREMNAYERR

ik MOLID RAEEVEA N OB (%) DL
MOLO001755 24-Ethylcholest-4-en-3-one 36.08 0.76
MOL002670 Cavidine 35.64 0.81
MOL002714 baicalein 33.52 0.21
MOL002776 Baicalin 40.12 0.75
MOLO000358 beta-sitosterol 3691 0.75
MOL000449 Stigmasterol 43.83 0.76
MOL005030 gondoic acid 30.7 0.2

PR MOL000519 coniferin 3111 032
MOL006936 10,13-eicosadienoic 39.99 0.2

12,13-epoxy-9-hydroxynonadeca-7
MOL006937 42.15 0.24
10-dienoic acid

(35,6S)-3-(benzyl)-6-(4-hydroxybenzyl)
MOLO006957 46.89 0.27
piperazine-2,5-quinone

MOLO003578 Cycloartenol 38.69 0.78
MOL006967 beta-D-Ribofuranoside, xanthine-9 44.72 0.21
MOLO013146 8,11,14-Docosatrienoic acid, methyl ester 43.23 0.3

[(2R)-2-[[[(2R)-2-(benzoylamino)-3-phenylpropanoyl]
MOLO013156 38.88 0.56
amino]methyl]-3-phenylpropyl] acetate

MOLO001510 24-epicampesterol 37.58 0.71
N

MOLO000358 beta-sitosterol 3691 0.75

MOLO000359 sitosterol 3691 0.75

MOL000449 Stigmasterol 43.83 0.76

MOLO000953 CLR 37.87 0.68

MOLO001348 gibberellin 17 94.64 0.49

4a-formyl-7alpha-hydroxy-1-methyl-8-methylidene-4aalpha
MOL001349 88.6 0.46
4bbeta-gibbane-1alpha,10beta-dicarboxylic acid

MOLO001351 Gibberellin A44 101.61 0.54

MOL002268 rhein 47.07 0.28
BT

MOLO000358 beta-sitosterol 3691 0.75

MOLO000359 sitosterol 3691 0.75

MOL004373 Anhydroicaritin 45.41 0.44

MOL003542 8-Isopentenyl-kaempferol 38.04 0.39

MOL000457 Phaseollidin 52.04 0.53
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MOL005236 gibberellin 81.59 0.53
MOL005240 Nimbolidin B 30.22 0.61
MOL005246 gibberellin A20 94.93 0.49
MOL005247 gibberellin A26 57.75 0.58
MOL005248 gibberellin A29 92.38 0.53
MOLO005251 gibberellin glucoside I_qt 81.86 0.53
MOLO005252 gibberellin glucosidell 37.4 0.48
MOL005257 Penniclavin 48.15 0.31
MOL005260 CHANOCLAVINE 62.64 0.18
MOL005261 LYSERGOL 48.11 0.27
MOL005266 AGROCLAVIN 47.71 0.24
MOL005267 elymoclavine 72.87 0.27
MOLO000554 gallic acid-3-O-(6’-O-galloyl)-glucoside 30.25 0.67
MOL001297 trans-gondoic acid 30.7 0.2
MOL000296 hederagenin 36.91 0.75
=% MOL000358 beta-sitosterol 3691 0.75
MOL000392 formononetin 69.67 0.21
MOL000449 Stigmasterol 43.83 0.76
MOL000296 hederagenin 3691 0.75
FAR MOL000906 wenjine 47.93 0.27
MOL000940 bisdemethoxycurcumin 77.38 0.26
MOLO010482 WLN: 60VR BVO6 43.74 0.24
MOLO010485 EPA 45.66 0.21
MOLO010489 Resivit 30.84 0.27
MOL001749 ZINC03860434 43.59 0.35
TR MOL002032 DNOP 40.59 0.4
(6Z,10E,14E,18E)-2,6,10,15,19,23-hexamethyl-
MOL002372 33.55 0.42
tetracosa-2,6,10,14,18,22-hexaene
MOL000004 Procyanidin B1 67.87 0.66
MOLO000073 ent-Epicatechin 48.96 0.24
MOL002235 EUPATIN 50.8 0.41
MOLO002251 Mutatochrome 48.64 0.61
MOL002259 Physciondiglucoside 41.65 0.63
AR MOL002260 Procyanidin B-5,3’-O-gallate 31.99 0.32
MOL002268 rhein 47.07 0.28
MOL002276 Sennoside E_qt 50.69 0.61
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MOL002280 Torachrysone-8-O-beta-D-(6’-oxayl)-glucoside 43.02 0.74
MOL002281 Toralactone 46.46 0.24
MOL002288 Emodin-1-O-beta-D-glucopyranoside 4481 0.8
MOL002293 Sennoside D_qt 61.06 0.61
MOL002297 Daucosterol qt 35.89 0.7
MOL002303 palmidin A 32.45 0.65
MOLO000358 beta-sitosterol 3691 0.75
MOL000471 aloe-emodin 83.38 0.24
MOLO000554 gallic acid-3-O-(6’-O-galloyl)-glucoside 30.25 0.67
MOL000096 (-)-catechin 49.68 0.24
MOL000354 isorhamnetin 49.6 0.31
MOLO000358 beta-sitosterol 3691 0.75
MOL004609 Areapillin 48.96 0.41
MOLO005573 Genkwanin 37.13 0.24
MOL007274 Skrofulein 30.35 0.3
MOLO008039 Isoarcapillin 574 0.41
HFRE  MOL008040 Eupalitin 46.11 033
MOL008041 Eupatolitin 42.55 0.37
MOL008043 capillarisin 57.56 0.31
MOLO008045 4’-Methylcapillarisin 72.18 0.35
MOLO008046 Demethoxycapillarisin 52.33 0.25
MOL008047 Artepillin A 68.32 0.24
MOLO000098 quercetin 46.43 0.28

3.2. ) - BRI R KBRS AR

JHid %4 OMIM. DrugBank. GeneCards Fl TTD VU KSR FEME B, R RIS 1445 MK
SrZLEAROCHE SRR . 5 EEA 1) 136 ANME AR AT AS ST, U HE 100 /N OGE A AR A (] 1) IX
SR S R B AP IS R . SO SOV A T AR, NS BTk 2).

1445 136

Figure 1. Intersection of active components in tradi-
tional Chinese medicine and disease targets

E 1. hABYS SRFERRRE
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Table 2. Information on 100 intersection targets

F 2. 100 M XEHSHER

FFe Eyi Jrs Ey FFe SN Frs HRK
1 SLC6A4 26 CHRM3 51 EGF 76 IFNG
2 SLC6A2 27 CHRM4 52 GABRAL1 77 NR3C2
3 ADRA2A 28 CHRMS 53 CRP 78 TGFB1
4 CYP1A2 29 SLC6A3 54 PPARA 79 GABRAS5
5 HRHI1 30 KCNH2 55 1IL4 80 MAPK14
6 HTR2A 31 CALMI1 56 APOD 81 KCNMA1
7 ADRAIA 32 CYPIA1L 57 ACHE 82 ICAM1
8 CYP3A4 33 GSTP1 58 NQO1 83 GABRAG6
9 ADRAID 34 XDH 59 RXRB 84 KDR
10 OPRDI1 35 CHRNA7 60 CXCLS8 85 PRKCA
11 HTR2C 36 TNF 61 GABRA2 86 FABPS
12 ADRAIB 37 MAOA 62 PDE10A 87 CD40LG
13 OPRM1 38 AKTI1 63 ESR2 88 PON1
14 HTR1B 39 IL6 64 CHRNA2 89 DPP4
15 CHRM1 40 GSK3B 65 MMP9 90 CASP3
16 DRD2 41 IL1B 66 GSTM1 91 PTGS1
17 DRD1 42 IL10 67 MAPK1 92 IGFBP3
18 DRD5 43 MAOB 68 PTGS2 93 IGF2
19 DRD4 44 1L2 69 RELA 94 NOS2
20 HTR3A 45 FOS 70 VEGFA 95 AR
21 ADRA2B 46 TP53 71 SOD1 96 SIRT1
22 ADRA2C 47 GRIA2 72 NOS3 97 FASN
23 ADRBI1 48 MAP2 73 CCL2 98 GJA1
24 ADRB2 49 ERBB3 74 ILTA 99 EGFR
25 CHRM2 50 ESR1 75 PPARG 100 AKR1B1

3.3. 751 - LSy - BB ARRIHEE

iZH Cytoscape 3.9.1 A/ 25 - (AW 1) - B AR DM EAEH M (E 2). BT,
THRE R & RS H: PO EDCO)HALECN 37.0, A Fb O E(BC) A 40.331, #20T H O (CC) A 0.499.

5T CytoNCA 7 ik T 10 AMZ DR 3).

3.4. PPI MZRIMIES 54

KH STRING ¥z i A4 2 @iz /E FH #E S 82 R - 2 AR AR FH (PP 2%, A5 RIME 13N 0.4,
SIS 5 5, FIH Cytoscape HEAT AT #AL 04 (1] 3) o MR 25 FE {f (Degree) ik Y 10 AN et 2 1 (1]
X G EE AR 1% N 45 TR R A R i .

4), f$5 AKT1. IL6. TNF. TP53 %%,
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Figure 2. Network diagram of traditional Chinese medicine-compounds-targets

2. 7 - LAY - BRMEE

Table 3. Summary of core targets
3. BLEERLR

g 0 JE R DC & BC fH CCH
1 AKTI 114 759.2789 0.6971831
2 IL6 110 633.88855 0.6875
3 TNF 102 228.79745 0.64285713
4 TP53 100 274.1885 0.61875
5 CASP3 94 212.45987 0.6226415
6 IL1B 94 215.20755 0.64285713
7 PPARG 92 248.87817 0.6111111
8 VEGFA 90 76.17275 0.58928573
9 EGFR 90 188.3144 0.6226415
10 PTGS2 90 100.43577 0.6

3.5.GO BEE TS KEGG BEREEST

5T DAVID %4l e xo @iz (e /8 FIBE 25 HET GO ThEgER T, ik P<0.05 MEE4H, 3%
P BT IEEUET 10 AT IR ANMRNT(E] 5). Mg IR, R4 FE(biological process, BP)JZH, i
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Figure 3. Protein-protein interaction (PPI) network of intersection targets
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Figure 4. Key protein nodes in the PPI network
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Figure 5. GO analysis of Yudian Decoction’s targets for SCZ
5. BELAXT SCZ {EA¥ESA GO 734

hsa05321:Inflammatory bowel disease 4
hsa04010:MAPK signaling pathway 4
hsa04024:cAMP signaling pathway

hsa04660:T cell receptor signaling pathway
hsa04932:Non- alcoholic fatty liver disease A
hsa05163:Human cytomegalovirus infection 4 ®
hsa05144:Malaria - ®

hsa04668:TNF signaling pathway ]
hsa04728:Dopaminergic synapse - ®
hsa05140:Leishmaniasis 1 &
hsa05133:Pertussis{®

hsa05142:Chagas disease {@
®

hsa05207:Chemical carcinogenesis - receptor activation
hsa04657:IL- 17 signaling pathway {@

hsa05200:Pathways in cancer

hsa04933:AGE- RAGE signaling pathway in diabetic complications {@
hsa05417:Lipid and atherosclerosis {@

hsa05418:Fluid shear stress and atherosclerosis {@
hsa04020:Calcium signaling pathway

hsa04080:Neuroactive ligand- receptor interaction
0.0e+005.0e- 081.0e- 071.5¢- 072.06- 07

Figure 6. KEGG pathway analysis of core targets of Yudian Decoction for SCZ
E 6. BmERAX SCZ AL R KEGG #HLHI S
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F#H S 5L AP S A% 38 (chemical synaptic transmission). 254 < Jvi (response to drug) LA A IR R AL
BRGS0 IR K B8 A2 1415 518 M (adenylate cyclase-activating adrenergic receptor signaling pathway)&5 i
5 TEAHZH i cellular component, CC)J7 [, ¥ 2 & 5 T /it I 55 2H 73 (integral component of plasma mem-
brane). Zfitt i fE#E 5 2H /7 (integral component of presynaptic membrane) LA & S fih 45 #4(synapse) &5 X 3k ; 43
F-JyfE(molecular function, MF) 73 T8 81, 807 = BLAE A T #0122 388 I 32 7475 1% (neurotransmitter receptor
activity). MEIEANMEAMAC AR 1355 F 1@ 18 75 P (excitatory extracellular ligand-gated ion channel activity) PA &
fitt 4% & (enzyme binding) 25 T At .

HE— il KEGG M@ s £ 08, ik P <0.01 f2E M@K, EIET 20 &8N HMEET 6
(https://www.bioinformatics.com.cn)# 17 P AL 7R (K] 6). 23 HTE5RE I, BB IER VLS R E8 k£
MREESIEE, OS2 ELEARMEEE S IEB(MAPK signaling pathway). IR IR (S 518 %
(cAMP signaling pathway). T 401521445 5@ (T cell receptor signaling pathway). I/ 2-17 {5 Sl B (IL-
17 signaling pathway) LA S 55 8 1{5 5 18 % (Calcium signaling pathway)%% .

4. itig

SCZ fEHEREF & T “HiuE” M “HEUE” k. XK EHERAE Z Flm R ET TAER2EaE F, &
g5 7 KEMERIGT 2% IR A MBI W, JFE0) TR SR R A AN e . E LR
FOISE RN, NS IR I SR AT M A s AT AR R, IR RS SRR . T
NABRIE AR H 5] SR SZ 40, IEIRDIRE R, SR &M BT R o BT “fRH 27,
ATRIRALAEN, (RT3 S B = E . iR, W I =g MR B AME, MBULL T sk, KRN
A, WIBILEK: JHEARERE, WASHLI KA, ASENAE, Fof E A R ERE, SRR, R AT
BRI o RS PRI 7, MR THR IR, A A B SR AR RE, AL RIS ELZE, R AE” , iR
HUL WIS, AT .

R 77 WNIRAE T RCE, DCEE . REEBRM A AR IR, 2418 8RR A3 8% 1
%%, ZEIIEARR 2 Ty s, =8 FRBMAT S, WIS B B SCCMERMATH R, 28 R2H
RACHE . AFELAER, MUMBEFRE . REZ3E, FIBEHRZ R, X TR % 2T, &
AW, WRETE R, AR . A7 NIRITR I ZUEM AR T7,  Im ik 7 75 AR 4 2 B 15 2647
InyEAtE -

AT R G W B A Ry, MR T e - e E ) - BN B, FRa ST,
Wi T p-4% 5l (beta-sitosterol). % 21 st (hederagenin) Al & {§§ B¥ (Stigmasterol) 1% 4H 5 1) < # vl 4
E). CHMARY, KRS EE RS M IIEe R 4 A EEZEM: p-4 SEoa i EH T
L2 P B b ) eSS S A, U b TR A R S 1R SR A IR T o R A SR, DT A i A o o
A3, BAh, p-B EBERENS SRR NRES &, fEARMERAR SN IE LT, 38 0 A iR sl
P, FRTHERRAARIE AL K ATP AR, dEMIAEZZ AR 2 A IE T2 [4]. A RS H oo lE g i 0g 2 DA -5
) EL, SCEMAE SE S, B DM EA RENRPERS]. 58 ENbEE g
NHBRRE AP AL 8 RS, N FHERER 2 AR B N-H £-D- R A2 BR(NMDA) SZ AR IEH, BE AR B s 21
ANRICIZRERG, IMERTHARIDIRE[6]. #uth, @z RO B 28N 2B KRR IR
PEThREHTIER, AHIERN R4 7Rk .

AW TS W2 AR A TR T RO IR ST RS Ry FOE R Rt R - SR A EAE R (PPDAE AL, R
HEMZ O A, BFEEAEIE 1 (AKT1). ENF-6 (IL6). MEIASERE T(TNF). TP53 LLEH M 3-18
(IL1B)% . Ayt — A i W At i AR L], ARBEFTEET 7 GO Thfe'E &£ 70 i fl KEGG 8% = 1.
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SRR, WA ] Re s R 2 R TR R B BNES Sl B (MAPK signaling pathway). B IR H (5
51 E (cAMP signaling pathway). T 2l 52445 5 B (T cell receptor signaling pathway). & -17 {55
JE M (IL-17 signaling pathway) LA & 515 5 18 % (calcium signaling pathway)25 & £ 16 97 15 - DA #F 7L L 5L,
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