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Abstract: Objective To integrate data mining, bioinformatics, network pharmacology, and molecular dynamics approaches to explore
the medication patterns and molecular regulatory mechanisms underlying different basic syndromes in acute exacerbation of chronic
obstructive pulmonary disease (AECOPD). Methods Clinical research literatures on traditional Chinese medicine (TCM) compound
prescriptions for treating AECOPD with syndrome type information were retrieved and collected. Information including syndrome types,
prescription names, compositions, and dosages was extracted. Based on the RStudio platform, statistical description, Apriori algorithm,
and Phi correlation coefficient analysis were combined to identify high-frequency basic syndromes and core TCM herbs. The ccTCM
database was used to collect TCM components and their targets, with SwissADME for drug-likeness evaluation and SwissTargetPrediction
for target prediction. Meanwhile, AECOPD-related disease targets were obtained from GEO, GeneCards, NCBI-Gene, and DisGeNET
databases. The intersection of TCM-derived targets and disease targets was used to screen potential therapeutic targets, followed by Gene
Ontology and pathway enrichment analysis via the Metascape platform. A protein-protein interaction (PPI) network was constructed based
on STRING, and key therapeutic targets were screened using Cytoscape 3.9.1. Molecular docking and molecular dynamics simulation
were performed for validation. Results A total of 1 306 articles were included, involving 136 syndrome types, 577 prescriptions, and 286
TCM herbs. Thirty-one basic syndromes of AECOPD were identified, with the high-frequency ones being phlegm-heat syndrome, phlegm-
dampness syndrome, and blood stasis syndrome. For phlegm-heat syndrome: Core herbs were Huanggqin (Scutellariae Radixs), Sangbaipi
(Mori Cortex), Zhebeimu (Fritillariae Thunbergii Bulbus), Gualou (Trichosanthis Fructus), and Kuxingren (Armeniacae Semen Amarum),
mapping to 159 potential therapeutic targets. Functional enrichment focused on cell motility regulation and inflammatory signal
transduction, with cellular components localized in endocytic vesicles and receptor complexes. Tumor necrosis factor-o (TNF-a), signal
transducer and activator of transcription 3 (STAT3), and interleukin 6 (IL6) were key therapeutic targets, optimally binding wogonoside,
baicalin, and chlorogenic acid respectively, with TNF-a and wogonoside showing the highest binding score. For phlegm-dampness
syndrome, core herbs were Banxia (Pinelliae Rhizoma), Chenpi (Citri Reticulatae Pericarpium), Fuling (Poria), Zisuzi (Perillae Fructus),
Laifuzi (Raphani Semen), and Baijiezi (Sinapis Semen), mapping to 170 potential therapeutic targets. Functional enrichment centered on
cell motility regulation and metabolic stress response, with cellular components localized in cell-matrix adhesion structures. Epidermal
growth factor receptor (EGFR), TNF-o, STAT3, IL6, and protein kinase B1 (AKT1) were key therapeutic targets, optimally binding
luteoloside, caffeic acid, apigenin, poricoic acid A, and 16a-hydroxytrametenolic acid respectively, with EGFR and luteoloside showing
the highest binding score. For blood stasis syndrome, core herbs were Ligusticum chuanxiong Chuanxiong (Chuanxiong Rhizoma),
Danshen (Salviae Miltiorrhizae Radix et Rhizoma), and Taoren (Persizae Semen), mapping to 120 potential therapeutic targets. Functional
enrichment concentrated on angiogenesis, hypoxia response, and cell apoptosis, with cellular components localized in cell-matrix adhesion
structures. Matrix metalloproteinase-9 (MMP-9), B-cell lymphoma-2 (BCL2), interleukin-1§ (IL1B), Toll-like receptor 4 (TLR4), TNF-
o, STAT3, and AKT1 were key therapeutic targets, optimally binding salvianolic acid B, dihydrotanshinone I, rosmarinic acid, ferulic acid,
caffeic acid, 4-terpineol, and senkyunolide A respectively, with MMP-9 and salvianolic acid B showing the highest binding score.
Molecular dynamics simulation verified that the wogonoside-TNF-a, luteoloside-EGFR, and salvianolic acid B-MMP-9 complexes
demonstrated good stability. Conclusion This study elucidates the scientific connotation of “treating the same disease with different
methods” at the molecular level. Phlegm-heat, phlegm-dampness, and blood stasis are important pathological mechanisms in the
pathogenesis of AECOPD. The regulatory mechanisms of core TCM herbs for different basic syndromes exhibit significant differences.
The combinations of wogonoside-TNF-o, luteoloside-EGFR, and salvianolic acid B-MMP-9 are noteworthy mechanistic pairs in
AECOPD research.

Key words: acute exacerbation of chronic obstructive pulmonary disease; basic syndrome; data mining; network pharmacology;
bioinformatics; molecular dynamics simulation; treating same disease with different methods; phlegm-heat syndrome; phlegm-
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%1 AECOPD EMIESHIER
Table 1 Distribution of basic syndromes in AECOPD
FEAEAIE BRIR e ¥ L /% FEREAIE BIR B % ¥ L /%
PRI 524 49.11 36.44 A 7 0.66 0.49
PRAITAL 332 31.12 23.09 Jiti BH R AIE 5 0.47 0.35
TPFEE 171 16.03 11.89 Jiti BH 2 31E 5 0.47 0.35
Jili =S IE 88 8.25 6.12 FH R IE 16 1.50 1.11
JRGIE 74 6.94 5.15 FEIRAE 5 0.47 0.35
JRS RRAIE 34 3.19 2.36 IR ML 3 0.28 0.21
BRI 30 2.81 2.09 RFRAIE 3 0.28 0.21
B BH R IIE 22 2.06 1.53 B RH R AIE 3 0.28 0.21
KIGIE 21 1.97 1.46 SRR 2 0.19 0.14
JIfF SEAIE 18 1.69 1.25 FEVRAE 1 0.09 0.07
JRFEIE 17 1.59 1.18 TR FGIE 1 0.09 0.07
KEBIE 12 1.12 0.83 SIEIIE 1 0.09 0.07
¥ AR 12 1.12 0.83 R AIE 1 0.09 0.07
KIZAE 12 1.12 0.83 MR 1 0.09 0.07
B BH B IE 10 0.94 0.70 A XIE 1 0.09 0.07
Jili SR AR 6 0.56 0.42

H, RUFIEETEHREE, ARSI RE. TR, ImARIRYE . RS &
IQR S MM 1T R, BRI IQR (WRE= FIEDAIIAXFRREELANTT[F, >0 Ko Hi)
8) FRAIEFAIEBIN, BN IQR (WA {-=0) B4 MK TIAES A (W% =2.83); <0
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Table 2 Analysis of syndrome element association rules in AECOPD
s J& I Hij 1 R BHEE B T
1 % it 0.87 0.89 0.98 1.09
2 Jiti 73 0.81 0.95 0.85 1.09
3 % # 0.52 0.95 0.54 1.17
4 Jifi Fed 0.52 0.95 0.54 1.09
5 Jifi Fr 0.49 0.96 0.51 1.11
6 % e il 0.49 0.97 0.51 1.19
7 % P 0.23 0.99 0.23 1.22
8 it P 0.23 0.96 0.24 1.10
9 Jifi B % 0.22 0.96 0.24 1.10
10 % B A 0.22 0.99 0.22 1.22
11 Jifi S 0.16 0.95 0.17 1.09
12 % i 0.16 0.87 0.18 1.07
13 % P il 0.15 0.91 0.17 1.12
14 Jiti W B 0.14 0.99 0.14 1.14
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Fig.5 Stacked diagram of properties, flavors and meridian tropism of TCM in high-frequency basic syndromes (A) and
windmill bar chart of high-frequency TCM (B)
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Fig. 6 Parallel coordinate plot of TCM association rules for high-frequency basic syndromes
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%3 AECOPD RHIEFZAXELMN 24 (LIFEHT 20)

Table 3 Association rule analysis of TCMs for treating phlegm-heat syndrome in AECOPD (top 20 in support degree)

il Ji5 Tt i1 R BiEE B T
1 WA FARK 0.47 0.83 0.56 1.16
2 g5 i DBk 0.38 0.82 0.47 1.16
3 g WAL FRAK 0.36 0.84 0.43 1.19
4 g FH., HHL 0.35 0.86 0.41 1.21
5 AT FH . EHE 0.35 0.85 0.41 1.24
6 WA it 0.33 0.81 0.41 1.14
7 WA HHE, ZAK 0.31 0.83 0.37 1.16
8 HE FAE. Wi 0.31 0.89 0.34 1.26
9 AT JR TR 0.30 0.88 0.35 1.28
10 AT FHE. FHK 0.30 0.88 0.34 1.28
11 H= JRBE 0.30 0.86 0.35 1.29
12 A E Vi 0.30 0.85 0.35 1.24
13 T FH. REK 0.29 0.87 0.34 1.22
14 B E Yi i 0.28 0.80 0.35 1.13
15 g AT, W DLRE 0.28 0.87 0.32 1.23
16 g A, RS 0.27 0.85 0.31 1.20
17 H= 5, R AR 0.27 0.81 0.33 1.22
18 B FHE, WE. FAK 0.26 0.90 0.29 1.31
19 T FHE, BHLC, FAKE 0.26 0.88 0.30 1.24
20 T HHEL Wi LEE 0.26 0.83 0.32 1.16

&4 AECOPD BRI XEAAN 34T (SIFFEHT 20)

Table 4 Association rule analysis of TCMs for treating phlegm-dampness syndrome in AECOPD (top 20 in support degree)

5 JG T Hij I SRR BB B T
1 5 B 0.43 0.90 0.47 1.75
2 H F 5 0.43 0.83 0.51 1.75
3 FH IR% 0.36 0.92 0.40 1.80
4 Y5 79574 0.35 0.95 0.37 1.86
5 H® TR% 0.34 0.86 0.40 1.83
6 Y5 RE, HE 0.32 0.94 0.34 1.83
7 H P RE 0.32 0.88 0.36 1.86
8 FH E Vi 0.31 0.85 0.36 1.66
9 H 7954 0.31 0.85 0.37 1.79
10 K% 79574 0.31 0.84 0.37 2.14
11 FE MRiz . H 0.30 0.96 0.31 1.88
12 H == Y53 0.30 0.86 0.35 1.81
13 5 M. TR% 0.29 0.95 0.31 1.85
14 R C - INNY: 0.29 0.84 0.35 2.13
15 [958 B IRE 0.29 0.81 0.36 2.20
16 H BT 0.29 0.80 0.36 1.69
17 H MRz, IR%E 0.27 0.89 0.31 1.88
18 IR MR, HE 0.27 0.88 0.31 2.24
19 [958 IRE, HE 0.27 0.80 0.34 2.20
20 5 HE, £+ 0.27 0.93 0.29 1.81
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&5 AECOPD MANEHZGXEXMM 74 (SIFFERT 20)
Table 5 Association rule analysis of TCMs for treating blood stasis syndrome in AECOPD (top 20 in support degree)

75 JE i R I SERRE BiEE Vi RAE
1 FrE R%E 0.26 0.80 0.32 1.55
2 FE R, HE 0.19 0.80 0.24 1.56
3 F+E MRpz . % 0.16 0.90 0.18 1.76
4 RE Y N5 0.16 0.82 0.20 2.56
5 AT HE. FRE 0.16 0.80 0.20 1.65
6 HE P KRT 0.15 0.90 0.17 1.49
7 HE MRz, % 0.15 0.81 0.18 1.34
8 HE K 0.14 0.80 0.18 1.33
9 el HE., 218 0.14 0.89 0.16 1.77
10 HE NS 0.13 0.85 0.16 1.41
11 HE P B IRE 0.13 0.82 0.16 1.36
12 FH MRz IR%E . HE 0.13 0.92 0.15 1.79
13 RE FHE, B, BHE 0.13 0.88 0.15 2.75
14 = =AW 0.13 0.81 0.16 1.62
15 FH JIE . K% 0.13 0.92 0.14 1.78
16 el e AW 0.12 1.00 0.12 1.99
17 el ARG NI 0.12 0.84 0.15 1.67
18 =2 ETENE: Y 0.12 0.81 0.15 2.12
19 A HE, fAK 0.12 0.81 0.15 1.66
20 HE R BT 0.12 0.84 0.15 1.39
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Fig. 7 Clustering heatmap of Phi correlation coefficients between high-frequency basic syndromes and TCMs
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Fig. 9 Box plot of core TCMs for high frequency basic syndromes-their dose

*6 EHMEMIERORANTIESH

Table 6 Dose analysis of core TCMs for high-frequency basic syndromes

IER Bt A puEc TPHIE IQR RER  BERH FIE

BRGE 345 10 10 12.00 5.00 2.83 1675 RGBS AL
FHK 15 15 13.88 5.00 1.49 345 EHFIEMmOS, AR EAETE
W LBk 10 10 11.92 5.00 1.88 786 HEMFIEGET, AR EAEE
A 10 10 10.52 0.00 2.83 16.99  FilEm R, IEARILIRIER
JINE 15 15 16.63 8.00 1.40 210 EHGRIEmOK, AR ERCR

PBIIE RE 10 10 11.22 2.00 1.01 031  HHRIEGEY, BEIEEAR
79574 10 10 10.63 3.00 0.50 —021  EHHESEH, ARG
R 15 15 13.81 5.00 1.54 411 CEPRFIEMWAR, WE RS
Vi 10 10 10.85 2.00 1.66 370 CEMIAEGET, BahuEE R
SERET 10 10 11.22 2.00 1.60 260  HEHFIEGES, BEIEEAR
HIFT 10 10 9.76 1.50 —0.11 0.16  EHFIEE T, FEIHEAR

iR ST 1 k=1 10 10 11.57 5.00 0.66 210 HEHRIEGES, WESAE
B 10 10 11.20 2.00 1.28 272 EHFIEGET, BEEEAR
e 15 15 16.54 7.25 0.92 032  FIEMWERR, FESFHY
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A-phlegm-heat syndrome; B-phlegm-dampness syndrome; C-blood stasis syndrome; D-information on some pharmacodynamic components; figure
includes five parts: a grid layout diagram of potential action targets (sorted by degree), a petal Venn diagram, a PPI network of key action targets, a

prediction score network of “key action targets-potential pharmacodynamic components”,

and a 2D diagram of molecular docking.

B 13 ESREMIER L AT AECOPD KIS BIE SR SRR 4 7% B
Fig. 13 Screening diagram of key targets and pharmacodynamic components of core TCMs for high-frequency basic

syndromes in treatment of AECOPD
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Fig. 15 Free energy, structural comparison, and energy decomposition contribution diagrams of three complexes
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o BRI S HRIE R IR B P R, X RE N
[ I PR SEZ B 1) L 22 B0 AT A S A% O S8,
e G S IAE R R ER S . A
T Fll s 2 P LRI HH AECOPD il S Atk 1)
REEAEFIEE flo JRAVIERY TNF-o. STAT3. IL6 %k
FEET 3 FE 8 rh, BB /bW AEh T RAER B, 2
AECOPD & £\ SIS AT B A4 . TNF-0 5 IL6
VERARR 28 A ER - B AZ O SR h Rl -, B BR B 2
2 M IR S5 A A1), STAT3 L A Rk
L, T RRERSFRFEOR), A, AR
TNF-o 535 H S ERRLF. BIMITTRR,

DUBT 5 H A 0 35 ) ORE ) 28 W05 1 A2 i) TNEF-
o~ iINOS JHAEALF=H) NO (IR, H 58 %5k
FHI 5 B[R] £ F 1441

AT R BGIE, BRI AIE (1) 5 B B s 3G 1
AKT1 1 EGFR. EGFR 1E MBI % 14, /2
A2 R S YA 1 B B R, FLIRONE AT A T T T AL
P -3-F2 I ( phosphatidylinositol-3-hydroxykinase,
PI3K) /& [l B (protein kinase B, Akt) /MfiFL3)
Yy IHFE = $ 8  (mammalian target of rapamycin,
mTOR) %52 2% N, 5 SARAM ML, it
MUCSAC F£ik 54, SEAEFRBES,
EGFR & A] (it 8- VI8 LA B 0 . SR A e
MM BTN, R RTEE R P ORISR,
T g BE W] A SR A ML E — D TR, RIRAIE B A% L
FET “ORBARCERE”, B, M B 3 IERAL KA
FUKIRASR, X—WE - EA R, Fi. K
g5, W R EREBEER IR Z R 1%
MEMEL L EARPER . EHE AR AR RHIE,
INRIN I N0 Mg 5E . RSN TS “ 0
2" fiER. W)L, EGFR /S IERRARE
MAREERSRE, SR K7 9% B A RZ
FINTEIR R o 25808050 J7 0, RT3 T R BB
5 EGFR &5 E Hcls, RS aIE R P i 5-2%
F R B 3R 3 A7 B 3R AR S 45 o REAE AT TE A3
AR AR Z4E KT EGFR L85S8R IRy 7EHIHIF, HA
P A5 A Re ST F0 R AT I 25 A eI 47T o X I e
W2 LRI h I B SR S P T 2540 EGFR
WM, RBEHENH S TEEN 2 —, ATREKE
HEAERH, (HIO TR — P IO e, MG
B R AT EGFR K%k, il PI3K/Akt, 23
JRIE LB I (mitogen-activated protein kinase,
MAPK) S5 Sl B R IEHTRAE N, 12 ERIAE
HEKF O3 FHESER,

MR OB HE s 88 1 IL1B. TLR4. BCL2
A MMP-9. TLR4 5 IL1B 7E 4 i 87 H R H5
fEH], TLR4 W& IS ERANLN M1 BUkiL,
A H AW ILIB. TNF-o %5 2RE R, i1 in Al
COPD HJ#IE W0, [FlIsf, TLR4 £ COPD fifiz)
kIR L 2R3N, I8 (20 N R A g . I
T T LA M 38 T #% A0S ol 82 50 S L A 5 i
M EEEBY, Bel-2 £ Bel-2 FKEIEMHT T &
H, FEDRAE THIdI4EM T, JCH R ZRAA
ToERA% . Bel-2 A Bz AN T, B
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AR R, TR BCCEE Y, fh4h, Bel2id
A RAE P A A AR G, B Y Bel-2 &
T T BB AE 22 it F JERE YV IR 53, MMP-9 & — Fli¥
WAL N IR, T2 DIRE N MR« AR S5 4m f
AhIEJR (extracellular matrix, ECM) 4. 1EH 1%
LT, ECM PEfiRRHZUEE 58 B 1L ZHTT,
{EREFZ ) MMP-9 35 £ AT e 38 ECM 173 57 5 T
FRBCRIR, 3T 51 KA TEBENG B AR A R 500K
ARI4, [F]I, MMP-9 7KF-AE AECOPD 7 i3
BT, HASmtE e ER A, R —Emis
WIAMEBS),  EIRMLE S BE i “ RS, L
FEY 7 RN, B AN AR FAZE L
7 RS R . RN T, FES
PR B 5 MMP-9 25 &kl fty,  HOb B4
RIEAF RN LR E S SRS - FHRIER B 2
FFEKENAE RS S ER&EID, B EE
Bt PUAFIHEA4EL AR, X MMP-9 ik
5 I B R ORI RS . ARSI LR BRI, £
TNF-o 7 )N TR BN Be4mfg b, FHB IR B A
TR AN IS Ho A MMP-9 JETEMFRIL, FEFL
LT TR, FHBER B /2 MMP-9 (138 4t 41|
A, AIEAEAS S LA IR, R VA i
TR, TR O VR BE f ) 200 0 S 0T i o
FHEMAOIIREEA . BRI X 7 T T 5T
EPFEOINILE RS, FEFFIRSUSAHNBRZ, £1X)
FHBTE B 5 MMP-9 FIALH 2H 5 72 R Hh ) RiE
FAEFHE— P IRER.
4 ZEig

KT LrEis HEARIZIE . EME Bae. M4
PGy B 15078, RS T AECOPD
P ARAIE IR AE AN 78 UE 3 i S AE 1 FH 24 A A
Hor FIREHUE] . DNIERIIERL M A “Eqsk-r24-
3-8 R SRR L, [ B AN AR AL S A% O 25
WEZER, W TEHENT “FRRin” BREEN
TR o IO R 2R AR TR ANSZ Y, O AR T
2L 7 R . R, JRE H DO A
REBEF . PHBER B 55508 25 207 vl NP 2538 24
WERISRAELEZR . AHIEFE SN T M2 HHIE 2 UL
HI R GUENT, v BEEAR R AR e i
WP RER .
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