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KEGG) &55#T: KH AutoDockVina X GBI/ 5% 0L AT 707X 45 2558 LN 109 (18, $_IALTT 109 H, ¥
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First Affiliated Hospital of Tianjin University of Traditional Chinese Medicine, National Clinical Research Center for Chinese

Medicine and Acupuncture, Tianjin 300381, China

Abstract: Objective To investigate the formulation patterns of traditional Chinese medicine (TCM) in treating peritoneal dialysis-
associated peritonitis (PDAP) and explore the mechanism of action of core drug combinations. Methods Clinical records from PDAP
patients hospitalized in the Nephrology Department of First Teaching Hospital of Tianjin University of Traditional Chinese Medicine
(January 2013—December 2024) were collected to establish a syndrome-pattern and prescription database. Active components were
retrieved from Traditional Chinese Medicine Systems Pharmacology Database (TCMSP), HERB, ETCM, and BATMAN-TCM databases,
with target prediction via Swiss Target Prediction. Disease-related targets were identified through Digsee, DrugBank, GeneCard, OMIM
and NCBI Gene databases. Intersection targets were obtained using the Weishengxin Bioinformatics Platform. Cytoscape was used to
construct “active component-intersection target” networks and protein-protein interaction (PPI) networks, with subsequent screening of
key components and core targets. Gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) enrichment analyses were
performed through DAVID database. Molecular docking was conducted using AutoDock Vina. Results The study included 109 patients
with 109 prescriptions, involving two single syndrome patterns and 22 compound patterns, comprising 210 herbs. Herbs predominantly
exhibited warm, neutral, cold, and slightly cold properties; sweet, bitter, and pungent flavors; and tropism towards spleen, stomach, liver,
and lung meridians. Seven clusters were identified through systematic clustering analysis. The core combination “Banxia (Pinelliae
Rhizoma)-Chenpi (Citri Reticulatae Pericarpium)-Sharen (Amomi Fructus)-Zhike (Aurantii Fructus)” contained 94 active components
and 1 494 targets, with 561 PDAP-related intersection targets. Key components included quercetin, naringenin, 5,7,8,3'4"-
pentamethoxyflavone, carotene, norcotine and skullcapflavone 1. Core targets included interleukin-6 (IL6), tumor necrosis factor (TNF),
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), albumin(ALB), serine/threonine kinase 1 (AKT1), and interleukin-1 beta (IL1B).
KEGG analysis revealed that the main pathways involved were advanced glycation end products-receptor for advanced glycation end
products (AGE-RAGE), phosphatidylinositol-3-hydroxykinase (PI3K)-protein kinase B (Akt), hypoxia-inducible factor-1(HIF-1), focal
adhesion, and other signaling pathways. Molecular docking demonstrated strong binding affinity between key targets and core components.
Conclusion TCM treatment of PDAP primarily focuses on tonifying and protecting the spleen and kidney, resolving dampness,
detoxification, regulating qi, and promoting bowel movement, complemented by blood activation and stasis removal.The potential
therapeutic targets of the core herbs combination “Pinelliae Rhizoma-Citri Reticulatae Pericarpium-Amomi Fructus-Aurantii Fructus” in
the treatment of PDAP primarily involve IL6, TNF, GAPDH, ALB, AKT1, IL1B, etc. Its mechanism of action primarily involves biological
processes such as inflammatory responses, negative regulation of apoptotic process and positive regulation of cell population
proliferation,which may provide the theoretical basis for TCM in the treatment of PDAP, and the direction for further study of the potential
mechanism.

Key words: traditional Chinese medicine; peritoneal dialysis-associated peritonitis; medication regularity; Pinelliae Rhizoma-Citri
Reticulatae Pericarpium-Amomi Fructus-Aurantii Fructus; quercetin, naringenin; 5,7,8,3',4"-pentamethoxyflavone; carotene;

norcotine; skullcapflavone I
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HIFFI N 2013 45 1 H & 2024 4 12 A FMERE B E .
AR AR B0 T8 i R P R 2 R B — P R R B A B
Fi2=4itE (No. TYLL2023[K]5 013).

1.1.2 INSHEERARE IR (1D HIRFFE
2022 F45FEIPDAP IZWihRiE 1) B . Ol ARRER
FEEAATERGS PRI WA, PIAEA BURMEE K
Q@iIENTI AN B 7 M BN (14t
>100 MuL. Z A REE] >50%; (2) fE
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ZERIEER N3 M GE T, « A S “ Bt 7 75
MGttt ZYRTERIAZS. 4RI (R 2%E)

NbRE, RS R TR KBRS, 17, W %,
L&, g, Bs. B4,

1.14 HERESG it ST WPS #EHg (20305) Xt
SENFIEZY K i 2 A . DUk, HE 3
TS M RIES (432 A Y dplyr

15 tidyr BT HOHE P EE (A A m 43 bevk BOR
ik ), Bl ggradar B HER . PUS
fibk. HE A HIEE . 2T Rstudio FAFH 1)
Apriori fH, /NSRBI 20%, DB
FEBEE N 80%, HEAT 22 Bk 2] Bk =20) 1)
RIPHLN 734, FFizH R EF 1 arulesViz T
Ak, M R B FXT 22 BkEi R 25T RS R
Horbr, EEXIERHA Binary FEE, REGIEN
ward.D 7£.
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121 Z 04V E G 15 MR 57 3% B R AT
B 2 RS 25 244 & (Traditional Chinese
Medicine Systems Pharmacology Database, TCMSP)
(https://tcmsp-e.com/) - HERB % ## % (http://herb.ac.
cn/)+ ETCM #dafE (http:/www.temip.cn/ETCM/)
N BATMAN-TCM %% (http://bionet.ncpsb.org/
batman-tem/) WERIZOEWH G FIENERNST .« 8
TCMSP 215 21 b 2540 &4 LA 11 IRA= V)R H EE
(oral bioavailability, OB) =30% M KZj14 (drug-
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RN F 25 A Swiss ADME  Chttp:/www.
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Swiss Target Prediction Chttp://www.swisstargetprediction.
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0, FMEVER A OCHE , f EIR SR E S
3235 M B VB IS E U A5, FF4E Uniprot 2%
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AL HE
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1.24 HEEAR-FEEAFAHBLIEH (protein-protein
interaction, PPI) WS A EE K i 1k HH R ) Ik
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(PPI M 45 150,
1.2.5 #EAFER AR (gene ontology, GO) HlEt #idE
Bl 52 H A R4 (Kyoto encyclopedia of genes
and genomes, KEGG) BEHEN WL ERLAFTA
DAVID ¥, 34T GO TRt s S KEGG i
RSN, WIS SIS (biological
process; BP). 73 FIJfE (molecular function, MF)
F4iffiZH 7 (cellular component, CC) J5 IV M fr 1)
Ae Sk, Horfrai RLL P<0.05 XWEFHAA
D E N, HAE A A MG Chttps:/www.
bioinformatics.com.cn) X 25 F 4T W ML L
1.2.6 15 F PP M EE(EHES T 6 15
B RS B A S Y 6 A FE EOE TR 3 kAT 43
TR, USSR oy - B8 R A ) a5 & rT RetE . A
Pubchem #(#i /% (https://pubchem.ncbi.nlm.nih.gov)
N EAZOTEHE RS ) sdf2D £5H, i@3d UniProt 1
I PE SR s A 22 2548, FFRIFH Chem3D X A% 0
TR AT S A, FAIA AutoDockVina #(
5 IR SRR 1 S A% O M o AT A R,
PLEE & ReE nt# e 45 RV fabr, FFH PyMol
3.0.3 B xR R
2 HFR
21 BENEAREER

109 GIEELENT B &+, H1E 66 Bl (60.6%),
LM 43 B (39.4%), FABIZN 1.5 01, i
(61.65=12.10) %, Hho@E#riey 62 M H . L&t
I, 56 5 IFHERIR (51.4%), 66 & I
Wi (60.1%), 97 BilEIFmILE (89.0%).
2.2 BURIZHERR Y
221 UER R ARAEE T SR 109 B
109 BAab Ty, &2 M—uEsd, 22 MEAIER. H
o, BRUEREEE IS SURIE. IR 2E
IE 2R B4 JI PH R UE-TR AAGIE YRR T LT
JL BH R IE - 7K SCE S I SR IE - LR B R
UE-REARGE RS FH S UE -V e« - 9 R IE- X3

WE BB A IE-XBIE . BB SR IE - /K SUE S S
FH RE -V AAGIE 9 BH R IE- I F8AE <A P4 R IE-
MPFEE S B B B AR -V 3iE ' BH R E- I 38
AR R IE - UBIE « B P R E-T 2aIE S PR
UE-ZKAE B B REE- 7K SE S BV FH R IE- A3
WE AR R UE-SEHUIE S B FH PR RS UE -V FE . B RH
PR E -V E, DLER 1 AT 1.

&1 PDAPIFES%H
Table 1 Distribution of PDAP syndromes

WA B HERY B

W BHRIE-IRPGE 16 | SUBAPIREIE 3
PR SBUE-IR B 15 | S B R R R 2
JRUE R B UE-/KE 12 | I B R - L IE 2
NA 9 | AP R UE- X BIE 2
PR ARUE-MLFSIE 7 | PR R IR 2
R ASBUE-IBPGE 5 | IR IE- KR 2
JRVE R BRI E 5 | S B R E- KRR 1
JHEBRIE-RSE 4 | B SURIE 1
W SBIE-RBIE 4 | R B R E- KBE 1
W SRIE-KSAE 4 | S PIREIE-TR ik 1
JHE BIEUE-IRPGE 3 | BIFHPE R UE-R IR 1
JHVEF BH B UE-MLFIE 3 | BT PH P R UE-PR e 1
AIPEIE-ILFSIE 3

NA- 7 B W -
NA-indicates failure to clearly differentiate syndromes.

LWL R 210 Bk 2y, BRBUERMIKR 1 651 IX,
HEAZHT 10 IR 71 R HE 66 IR % 64 K.
WM 51 k. K348 IR #RF%E 48 IR\ F25 46 IX.
FIAR 43 R TR%F 40 IR 3 38 IR Ml 254t
MR 20 X 210 BRAZHIDYA . TR AL 3T A5
i, SERPAMETR RS MR P FELEE, IRH
L, A&, B&. H&. e, WE 2.
2.2.2 BT G MEE AT AR OGP I T 4 1 R 2 4L 7 )
K 07 3T Rstudio #F Y Apriori ARHR
HEAT m AR 25 (P R IR U 0 A 5 R AL R, i
INTFEREWE RN 20%, /N EEREREN 80%, Hi
T (lhs) FET (rhs) TiHH W EFAEL 54,
HB RO AE 194, B2 8 k. 19 4
L2 G g g R BT, A 3
WA A, FRFE = (PR R CEAE N 100%)
CREE, WM, MR => R (BEEN 100%),
CEE, IRy =W (BEREN 96.97%) W3R 3.
iZ2F R iES arulesViz BN Z I BCHL N #E 4T AT AR
b, W 3. 4.
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Fig. 1 Radar chart of syndrome types in peritoneal dialysis-related peritonitis

&2 JAIT PDAP BXHPHH ST (R>20)
Table 2 Frequency statistics of traditional Chinese

medicines related to PDAP treatment (frequency > 20)

Fe o 7/ G IS SiEs] AR
1 F 5 71 11 4 34
2 s 66 12 JE AR 32
3 5 3z 64 13 AR 31
4 W= 51 14 AV 30
5 K 48 15 LA 22
6 5% 48 16 s 22
7 2z 46 17 AT 22
8 HAR 43 18 BAR 21
9 RE 40 19 % 21
10 B 38 20 HiE 21
Zitk 2k
# H
=t 50% 5 59\ 50%
N 25%
w9 i e
N e
e 5 /
i (T4

e

223 HHRTTHIERE ST fEH RIBF X 22 Ik
AR IR =200 3T RGEERF M, HEX
[B)>KF Binary FEES, HKT7HN wardD 7%, R
(o W7, 193 4 HZWAWHE 3 HZ5XT,
WK 5. C12E: B, LIR%, iliadE; C235: M
Won FEZ. M, C338 (Z%): M. B, C4
s BUA. IREL B FEL B €52 K
B OHE. B AR 5 C6 K (Zix):
. R, CTIE (D WERN. BAR. REE
KPR T AN BB ERDL T FGAL Ik 3 A 575
ANVAFRIN . AR . BB B ARIR SRS
AT I FEEIZE AT A DGR NG 98 i Sz e g . AUMIR IR
BELY R B o

%
el 50%(% e
b L mw
e > :

N :

&l 2 ;AY7 PDAP &5 HhZaR0M. Bk, VAR EFILE

Fig. 2 Radar chart of nature, flavor, and meridian tropism of traditional Chinese medicines prescription for PDAP

treatment

23 MEHEF S

230 Kz 25 WAL T o3 0 3k K HE AN
RIEBIRAZIAR, LR PR . Beiey
PR HEZ T 6 Ar i 2h, T HIAE 4 TOCHR
W PRI . SO B S, HAE 3 T
KB EAZFERT 4 AASRTHEERT 4 Aty oh
H BB BT MGG AL, O E

LR R AR T AR RO S G AT
T W B s FEAT Z A OB DL ik,

SRR < B R - -AR T TEYE RS 94
A, R B8 Bk % f Swiss Target Prediction
(http://www.swisstargetprediction.ch/) ¥ & Fiill, 3k
3P A MR A R A, BB EE IR
Uniprot £(#& % (https://www.uniprot.org/) Fii J5 3
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Table 3 Analysis of association rules of traditional Chinese medicine in treatment of PDAP
s LEESPRESI RILE  HEL BEEY% | F5 LESPRESTN RAE  HE%  BEEY%
1 W, BE=>HE 1.70 22.94 100.00 11 WE=¥%E 1.32 40.37 86.27
2 RH, W, HR=BE 1.70 22.02 100.00 12 MR, Rsi=>%E 1.32 28.44 86.11
3 3H, KE=>EE 1.65 29.36 96.97 13 M=K 1.32 50.46 85.94
4 FH, BHE=>HE 1.65 28.44 96.88 14 RE=R 1.45 31.19 85.00
5 W, HE=>FE 1.47 22.02 96.00 15 FH, = 143 33.94 84.09
6 BRB, B, HE=>YE 1.47 22.02 96.00 16 RE=>LH 1.27 30.28 82.50
7 FEH, AR 1.63 21.10 95.83 17 Wi, AR=>FH 1.26 21.10 82.14
8 MR, RE=>FH 1.44 29.36 94.12 18 HE, HE=>¥FH 1.4 26.61 80.56
9 B, Wi=>%E 1.42 33.94 92.50 19 B 1.36 22.02 80.00
10 HE, #f=>FF 1.36 22.02 88.89
BA
w7
R 5 JM%
PN ° @ 1.6
® 1.5
. 14
HE 13
- o B
. W.@i =/
® . 0.80
® @ BT e 0385
® 0.90
® ¢ @ 095
O ®.° ®1.00
Rz
@
nE
& 3 477 PDAP &75 =i 2R K BRHL k0 £%

Fig.3 Association rule network of high-frequency traditional Chinese medicines in prescriptions for treating PDAP

K13 1494 MR A

2.3.2 i PDAP BIRAL A I8 HE A 2R
PR AL, 9T G 5 R E SR A, FlId Uniprot 44
P& (https: //www.uniprot.org/) FLE f5 IR1S 5 ¥
BT 923 Ao K ZHHE s HE SIS B3R AT
AN A SR R R A 561 AN RIS NAE
{& M3k Chttps : //www.bioinformatics.com.cn) %l 53
B, I 6.

2.3.3 %0 W A T A - S8 SR A R X 2 R A
o TR 561 MR N 5 A MR N R
Z, HLULECE] 92 MEEY, HATEEEE R AR
92 NG T4 Hi N Cytoscape 3.7.2, #J# “H%
OUYIH G TE MR- R W2, 1% 23

A 653 MR (92 DNEIEVER Y« 561 DMACEERE
D, 3577 %00, HAPEEARRZOGWH G
Gy, FEARKRATAEM . ARG M R 5 S
B S HAHEAE G R, W 7. GRS 4T SR
BRI, 1 6 ALARUCHM 2% (quercetin, FE
8 175) Al & (naringenin, FE1H 100). 5,7,8,3"4"
T AL (5,7,8,3",4"-pentamethoxyflavone, &
{6 85). HH# ME (carotene, JE{H 85). HPwIyT
(norcotine, JEAH 74). %A I (skullcapflavone
I JEfH 74), HATGeRZ 0244696097 PDAP |
W iEE Y o

2.3.4 PPl MZHE K 561 MNACHEEEILH TN
STRING 12.0 %48 EAT PP1 M4k, WEEB(S
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Fig. 4 Bubble chart of association rules of high-frequency traditional Chinese medicines in prescriptions in treatment of
PDAP
s i/ PDAP
T AR%
A
%
?‘iﬁ’ 1362
ELE|
T
B
RE
ik 6 HUHYIAS-RBIRERER
2,;1% Fig. 6 Intersection targets of core drug combination-
§§ diseases
Ef@ BEAT 2 IR, 930 R AEHRAT 57 AL ocBE A
% m FRHREH] 57 AN REEEE SR 1L PPL M %%, LA
s 57N, 1560 434 (K1 8-B). 7E[ 8-B Hiits
%j“ﬁ RERAR RN, B, FEMR, RARE
| , | | , B R 6 NS, BRI E A/ 3 -6
I3 10 ];)i'lfary - 0.0 05 (interleukin 6, 1L6). MEIASERH T (tumor necrosis
factor, TNF ), Ty #-3-1 & it (M6 (glyceraldehyde-
5 JAYT PDAP LSRR AR RES 3-phosphate dehydrogenase , GAPDH ) . [ &

Fig. 5 Clustering analysis of high-frequency traditional

Chinese medicines in prescriptions in treatment of PDAP

FE>0.4, BB A AR FLER AR 15 A5, 7931 PPI M4,
YIRS, A 536 N1 AL, 18149 4l (]
8-A). HIRAFM TSV HiE 3 Cytoscape 3.7.2, i&
F CytoNCA 15 PPT P45 ) ¥ #1225 E J& M E 5
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Fig. 8 PPI network (A) and core targets (B) of core drug combination in treatment of PDAP
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Fig. 9 GO functional enrichment analysis of potential therapeutic targets of core drug combinations in treatment of PDAP
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Fig. 10 KEGG signaling pathway enrichment analysis of potential targets of core drug combinations in treatment of PDAP
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Fig. 11 Heat map of binding energy between core active ingredients and key targets
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The red stick model represents the active ingredient. The nearby orange stick structures are the amino acid residues that interact with the active ingredient.

The yellow dashed lines are the hydrogen bonds formed between the active ingredient and the amino acid residues, and the grayish-white dashed lines are

the hydrophobic interactions formed between the active ingredient and the amino acid residues.
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Fig. 12 Diagram of docking modes between core active ingredients and key targets
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