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Abstract: Objective To explore the mechanisms and medication rules of traditional Chinese medicine (TCM) for idiopathic membranous
nephropathy (IMN) using data mining, network pharmacology, molecular docking, and cellular experiments. Methods Literature on TCM
for IMN was retrieved from China National Knowledge Infrastructure (CNKI), VIP, Wanfang Data, and PubMed. Herb frequencies,

properties, association rules, and clustering analyses were performed to identify core herbs. Active components and targets of core herbs
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were obtained via network pharmacology. Protein-protein interaction (PPI) networks were constructed, and gene ontology (GO) annotation

and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis was conducted. Molecular docking was used to

verify the binding ability of active components with key targets, and in vitro cell experiments were conducted to validate the protective effect

and mechanism of denudatin B. Results A total of 221 articles, 160 prescriptions, and 186 herbs were included. The core herbal combination

acted via 108 active components on 307 overlapping targets, enriched in AGE-RAGE and PI3K-Akt pathways. Molecular docking showed

stable binding between denudatin B, 2-hydroxyisoxypropyl-3-hydroxy-7-isopentene-2,3-dihydrobenzofuran-5-carboxylic, quercetin, and
TP53, STAT3, AKTI1, TNF. In vitro, denudatin B inhibited podocyte apoptosis and enhanced viability via PI3K/Akt pathway. Conclusion

Core herbs may treat IMN via multi-component, multi-target, and multi-pathway mechanisms, supported by experimental validation.

Key words: idiopathic membranous nephropathy; traditional Chinese medicine compound formulations; network pharmacology;

molecular docking; denudatin B; PI3K/Akt pathway; Bax/Bcl-2; podocyte apoptosis
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Table 1 Top 30 drugs by frequency of use
e g SR BERD 75 g P AR /Y%

1 B 136 85.00 16 Vine] 28 17.50
2 R 91 56.88 17 a BRE 26 16.25

3 HAR 87 54.37 18 BE 26 16.25

4 Y| 69 43.13 19 HAEUE 5L 25 15.62
5 WS 65 40.62 20 M= 25 15.62

6 JIE 56 35.00 21 AW 23 14.37

7 Fz 54 3438 22 BBt 23 14.37

8 bz 54 33.75 23 AR 21 13.12
9 K 43 26.88 24 By 21 13.12
10 ST 38 23.75 25 T 21 13.12
11 28 37 23.13 26 1954 20 12.50
12 g 35 21.88 27 AR 19 11.87
13 HE 34 21.25 28 VR 19 11.87
14 75K 34 21.25 29 s 19 11.87
15 =Us 31 19.37 30 BT 18 11.25

&1

Fig. 1 Four gi, five flavors and meridian return statistics of traditional Chinese medicines for treatment of IMN
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Fig. 2 Visual association network of high-frequency herbal

medicines for treatment of IMN
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Table 2 Correlation analysis of high-frequency herbal medicines for treatment of IMN
5 T JE T R BAiEE s I JE T SRR BB
1 P K% HE 0.23 0.97 18 HAR R B 0.33 0.85
2 ST I 0.23 0.95 19 HAR, %S B 0.21 0.85
3 A g 0.33 0.95 20 IR% T 0.48 0.84
4 Hop g 0.21 0.94 21 =R E1E 0.23 0.73
5 JNE IRE W 0.21 0.94 22 HA R% 0.39 0.72
6 &S HE 0.20 0.94 23 = ELE| 0.25 0.71
7 Kig W 0.25 0.93 24 FH& 3815 IR% 0.23 0.71
8 HAR, 245 W 0.21 0.92 25 TREE TS BHA 0.33 0.70
9 == W 0.23 0.90 26 HAR, B R 0.33 0.70
10 = W 0.38 0.90 27 % R% 0.24 0.69
11 25,855 B 0.21 0.89 28 R HAR 0.39 0.68
12 W g 0.35 0.89 29 N3 % 0.21 0.67
13 L% B 0.29 0.88 30 iz IR% 0.22 0.67
14 SEN B 0.48 0.88 31 WS IR% 0.26 0.67
15 = B 0.31 0.88 32 WS EE TR% 0.23 0.64
16 thZ B W 0.20 0.86 33 = R% 0.22 0.63
17 WS AR B 0.23 0.86 34 W5 HAR 0.24 0.62
G 3 BT IMN HNESRh AR LS
0 5 10 15 20 25 Table 3 Cluster analysis of high-frequency herbal
%%i ig il : . H ‘ I medicines for IMN treatment
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Fig.3 Spectral map of cluster analysis of high-frequency

herbal medicines for IMN treatment
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Table 4 Active ingredients of core drugs
Fe AR5 By AR 24
1 Al PESREE (poriferasterol) P&, gl E®E
2 Bl  ARRBHEZE (luteolin) &, &
3 B2 3B-F2 3 HH 3P 22l (3-beta-hydroxymethyllenetanshiquinone) &, %
4 Cl  HHE (stigmasterol) i NEITEZS NG - 30T
SPa

5 DI  JHRE®EE (cholesterol, CLR) gy, BYA
6 CZl L E (wogonin) AR
7 CZ2 5B-F.{§-22-J%-3-H{ (stigmastenone) AR
8 CZ3 3B-LWHEFEAEAR (3B-acetoxyatractylone) EEWN
9 Cz4 3 M (beta-daucosterol_qt) GAR

10 CZ5 2-hydroxyisoxypropyl-3-hydroxy-7-isopentene-2,3-dihydrobenzofuran-5-carboxylic TBA

11 DS 1256-UESFSE (1,2,5,6-tetrahydrotanshinone) Var

12 DS2 EFEEEE (poriferast-5-en-3beta-ol) A

13 DS3 FRKAT#HIZE (isoimperatorin) A

14 DS4 HMIKE (sugiol) A

15 DS5 KZ SIS0 114 (dehydrotanshinone I14) A

16 DS6 XTI (baicalin) A

17 DS7 ®E&TFEEE (digallate) VAR S

18 DS8 5,6-F3Hk-7-FNHE-1,1- = B -2 3- & 3E-4-Hd (5,6-dihydroxy-7-isopropyl-1,1-dimethyl- F+ £

2,3-dihydrophenanthren-4-one)

19 DS9 2-FPgFE-8-FFFE-3 4- [l (2-isopropyl-8-methylphenanthrene-3,4-dione) AR

20 DSI10 3a-#IESHSH 11a (3o-hydroxytanshinone I1a) F+&

21 DSI11 (E)-3-[2-(3,4-dihydroxyphenyl)-7-hydroxy-benzofuran-4-yl]acrylic acid F+Z

22 DSI12 4-WFHFHKET (4-methylenemiltirone) AR

23 DSI13 2-(4-hydroxy-3-methoxyphenyl)-5-(3-hydroxypropyl)-7-methoxy-3- %

benzofurancarboxaldehyde

24 DS14 BEFFFSE (formyltanshinone) AR

25 DS15 KHFFZEE (methylenetanshinquinone) F+z

26 DS16 %Il A (przewalskin A) AR

27 DS17 %P} B (przewalskin B) P&

28 DSI18 (5 FE B (przewaquinone B) 2z

29 DSI19 ¥F+&%F C (przewaquinone c) P&

30 DS20 (6S,7R)-6,7-dihydroxy-1,6-dimethyl-8,9-dihydro-7H-naphtho[8,7-g]benzofuran-10,11-dione  J}=

31 DS21 ##F+Z%E F (przewaquinone F) 2z

32 DS22 FHETFEE (sclareol) P&

33 DS23 J}Z# (tanshinaldehyde) P&

34 DS24 F}ZHF B (danshenol B) 2z

35 DS25 F}Z% A (danshenol A) P&

36 DS26 ¥4ERA (salvilenone) P&

37 DS27 [E@FHZHA (cryptotanshinone) 2z

38 DS28 J}ZHifE D (dan-shexinkum D) 1z

39 DS29 FFZZJiEli Mg (danshenspiroketallactone) P&

40 DS30 JREAEEHFESTSH (deoxyneocryptotanshinone) &

41 DS31 —ZSF>WHs (dihydrotanshinlactone) P&

42  DS32 & F+Z0 1 (dihydrotanshinone I) F1&
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DangS11 Z[E% % (daturilin)
DangS12 BT #E (glycitein)
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43 DS33  RFISBAEEINEE (epidanshenspiroketallactone) Fi%
44 DS34 BAERE (ferruginol) Vae
45 DS35 RS2 (isocryptotanshi-none) Vae
46 DS36  HFFZHd 1 (Isotanshinone II) %
47 DS37 JHAEE (manool) Vae
48 DS38  FFZEEE) I (miltionone ) Vae
49 DS39  FFSEM 1 (miltionone II) A
50 DS40  FFBIPE=IGIIER (miltipolone) 1z
51 DS41 SIS (miltirone) P&
52 DS42  HiF&aSFSER 1T (neocryptotanshinone IT) F1&
53 DS43  Hik&SHSHEi (neocryptotanshinone) F+&
54 DS44  1-F3E-8.9- A -TH-ZEFF[5,6-g] A I -6,10,1 1- = (1-methyl-8,9-dihydro-7H-naphtho[ 5,6- fz
glbenzofuran-6,10,11-trione)
55 DS45 JREKERR (prolithospermic acid) Ft&
56 DS46 (2R)-3-(3,4-dihydroxyphenyl)-2-[(Z)-3-(3,4-dihydroxyphenyl)acryloyl]oxy-propionic acid P&
57 DS47  JFHER G (salvianolic acid G) VAE
58 DS48  FHE3R J (salvianolic acid J) F+&
59 DS49 SR HLRZE R A T (salvilenone I) Pae
60 DS50 BB (salviolone) P&
61 DSS51  (6S)-6-FR3E-1-FI 3 6-FI¥2 3 -8,9- — S -TH-25 3£ [8,7-g) ZE HE W10, 1 1-BE[(6S)-6-hydroxy-1- %
methyl-6-methylol-8,9-dihydro-7H-naphtho[8,7-g]benzofuran-10,11-quinone]
62 DS52  J}Z [ B (tanshindiol B) Var
63 DS53 Y]+ 2 2 E (przewaquinone E) P&
64 DS54  F}Z:f 11a (tanshinone I1) &
65 DS55  (68)-6-(F& W FE)-1,6-— FFHE-8,9- ~4-TH-Z5IF[8,7-g) A - Hki-10,11- ~HR[(6S)-6- Var
(hydroxymethyl)-1,6-dimethyl-8,9-dihydro-7H-naphtho[8,7-g]benzofuran-10,11-dione]
66 DS56 F}Z:0R VI (tanshinone VI) P&
67 DangSl ‘&7 &-7,22E- " #%-3p-lF (poriferasta-7,22E-dien-3beta-ol) W5
68 DangS2 MZEHH (perlolyrine) it
69 DangS3 4ER-HR_5F¥N (diop) WS
70 DangS4 HE{{IE (stigmasterol) W5
71 DangS5 7-FEIE-2-F IR HE] (7-methoxy-2-methyl isoflavone) e
72 DangS6 S &EE (spinasterol) e
73 DangS7 #EARIZEEEA A (frutinone A) e ]
74 DangS8 7 §-7-J%ME (stigmast-7-enol) 5
75 DangS9 —HHk-11,14- &R HEE (methyl icosa-11,14-dienoate) w5
76 DangS10 7-(B-AHEIE) = R42 T [7-(beta-xylosyl)cephalomannine qt] 5
e
e
W

79

80
81
82
83
84

DangS13 (85,95,10R,13R,14S,17R)-17-[(E,2R,5S)-5-ethyl-6-methylhept-3-en-2-yl]-10,13-dimethyl-

1,2,4,7,8,9,11,12,14,15,16,17-dodecahydrocyclopenta[a]phenanthren-3-one

DangS14 11-F2#=4% (11-hydroxyrankinidine)

DangS15 %§# i (chrysanthemaxanthin)

DangS16 TH/AU[E (taraxerol)

DangS17 50-5 %¢-3,6- i (5alpha-stigmastan-3,6-dione)
DangS18 H HINE A (spinoside A)

i
RS
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85 SYI PERBHTHE (piperlonguminine) th#y
86 SY2 M [(-)-taxifolin] %
87 SY3 7 XUBERR (kadsurenone) hzh
88 SY4 XA HH C (hancinone C) ez
89 SY5 24-FRFERH 885475 3E-3B-O- ML IR 8 & BEE (24-methylcholest-5-enyl-3belta-O- ihzg
glucopyranoside qt)
90 SY6 SEIH S (campesterol) L%
91 SY7 SR E R (isofucosterol) iz
92 SYS #1125 2F C (dioscoreside C_qt) ez
93 SY9 FEHEH T (diosgenin) iz
94 SY10  (1S,6R,13S)-6-isopropenyl-16,17-dimethoxy-2,7,20-trioxapentacyclo[11.8.0.03,11.04,8.014,19] 14
henicosa-3(11),4(8),9,14,16,18-hexaen-12-one
95 SY1l  E=JIEF B (denudatin B) thzg
96 SYI12  HFEE (hancinol) ez
97 SY13  [3%Jf (doradexanthin) ez
98 YYRI al-#A#EE (sitosterol alphal) R
99 YYR2 JmBk{_E (mandenol) Y
100 YYR3 4 H&EE (sitosterol) B
101 YYR4 2-HlERH MBS (2-monoolein) R
102 YYRS FEHWAZHE (coixenolide) B
103 YYR6 HJhMERH M ([(2R)-2,3-dihydroxypropyl](Z)-octadec-9-enoate) B
104 YYR7 fi&¥ [(6Z,10E,14E,18E)-2,6,10,15,19,23-hexamethyltetracosa-2,6,10,14,18,22-hexaene] R
105 BHSSC1 2-FH 4 3E-3-H13£-9,10-Bifi (2-methoxy-3-methyl-9,10-anthraquinone) Spia g
106 BHSSC2 B-£4+ #i1F (beta-sitosterol) Spia oy
107 BHSSC3 #i{ iz % (quercetin) (Sp A AR
108 BHSSC4 (4aS,6aR,6aS,6bR,8aR,10R,12aR, 14bS)-10-hydroxy-2,2,6a,6b,9,9,12a-heptamethyl- Spia )
1,3,4,5,6,6a,7,8,8a,10,11,12,13,14b-tetradecahydropicene-4a-carboxylic acid
ﬁﬁﬁ EF' q&;%iu 184 /I\ IMN ﬁﬁfj\% N E STRING STRING  Genecards
s PE AR AR R 49 A IMN BE SRR, A FFAH R
55, BZARE] 3539 A IMN BE AR . R0 2 s 30
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Fig. 4 Venn diagram of IMN disease targets (A) and core

drug therapeutic targets (B) based on multiple databases
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5 LAY IMN R{ERR Hub EE (F] 15)
Table 5 Hub genes acting in core drug therapy for IMN (top 15)

5 B DegreefH
1 AKTI 74
2 STAT3 74
3 MMP9 74
4 TNF 74
5 TP53 74
6 JUN 74
7 HIFI1A 74
8 IL6 74
9 BCL2 74

10 PTGS2 73
11 ESRI 73
12 FOS 72
13 CTNNBI1 72
14 SRC 71
15 TGFBI 71

5 R FH DAVID #4 PE AT & 420, 193] GO ‘&
FE (B D, ZEMB AR E ERN &K H
I, HAEARARRE RIS K H . ST T 4
Praran, JEA3E] 1 544 % GO E4%H, HApET
AR (BP) 94 1173 46, B T4y (CO)
WA 132 %, BT TIiEe (MF) H 239 %. BP
SRR U SRR IE R A A R R IA L X S AR A )
B B ARG FUR R TR IER
W MAPK 215 5 57 41 B xS i 22 W 140 S LR 4
6L K 1 I e R A SR A A R, IR e AR
YIS S S REEFIEE . g0HFE T RFE &
NEEZANEH . CC Rl i FEZAE IR 52
WEEY) . MIANX k. Kasbhasial, Haahshsfa. i
L TH 4 o J R 4 i o S A 2Ly . X SR A
29WE F T eSS A0 MRS b ) S2AABE . IRAME S A%
AR AN E 57 FH K. MF Bl i k£

positive regulation of gene expression -
response to xenobiotic stimulus -

protein phosphorylation -

negative regulation of apoptotic process
positive regulation of MAPK cascade -

cellular response to lipopolysaccharide 4

positive regulation of cell population proliferation <

positive regulation of phosphatidylinositol 3-kinase/protein kinase B signal transduction -
positive regulation of transcription by RNA polymerase I1

protein-containing complex
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protein tyrosine kinase activity -

protein kinase activity -
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Fig. 7 GO enrichment analysis
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BRHEATHERE, XTHT 20 4538 22 AR EEE T i AL
it (B 9), HA G IRE LA 2K P= - i S RE 364k
BRI 4K (AGE-RAGE) . PI3K-Akt J& 3 Z5il I

IMN FAS R S 3T KEGG 1B 5 E45H (K 8),
WA AANIE ) KEGG B, REAkbR RN,
MILE SR 185 5 5k, %W P EXE %

Environmental Information Processing|
Signal transduction

Signaling molecules and interaction
Cellular Processes)

Cell growth and death

Cellular community - eukaryotes
Transport and catabolism

Cell motility

Organismal Systems|
Endocrine system

Immune system

Nervous system

Development and regeneration
Circulatory system

Digestive system

Sensory system

Excretory system

Aging

Environmental adaptation
Human Diseases

Cancer: overview

Infectious disease: viral
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Infectious disease: parasitic
Neurodegenerative disease
Immune disease|

Substance dependencell :
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Fig. 8 KEGG-obtained secondary categorization histogram of 185 pathway enrichments
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Hepatitis B

Lipid and atherosclerosis

Prostate cancer

Proteoglycans in cancer

Kaposi sarcoma-associated herpesvirus infection

o]
Fluid shear stress and atherosclerosis u.j
Endocrine resistance 50
PI3K-Akt signaling pathway 40
Pancreatic cancer
Human cytomegalovirus infection 30
Hepatitis C 20

Chemical carcinogenesis-receptor activation
Bladder cancer

Measles

EGFR tyrosine kinase inhibitor resistance
Toxoplasmosis

Chagas disease

Colorectal cancer
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El9 KEGG hEEEHRAIAT 20 FiBHFHLE
Fig. 9 Bar graph of top 20 pathways significantly enriched in KEGG
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POETES S MOL000179. #ilz %, E2E&
B. M lE S AKTI. 5 55 T R 7 A S 8s R 1
3 (STAT3). MEIAFERT (TNF). My EH ps3
(TP53) & (AT 4> T3 FERAS I NS4 &
RE, 254 BE/ N X Bt Rl (3R 6). BT R I

Hes 450

AKT1 5E2M5% B, Hitf %, STAT3 S5t %,

TP53 5 MOL000179. #it & =45 & RERUIK, 4567
PERT . (EfE R, B4R B 5 PI3K-Akt il
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Table 6 Docking binding energies of active ingredients to

key target molecules

Y= POy 454 68/(kJ-mol ™)
AKT1 MOL000179* —-29.260
E2JEEB —41.382
Mtz 2% —32.604
STAT3 MOL000179 -31.350
E2JERB —-29.678
MRz & -34.276
TP53 MOL000179 -35.530
E2JEEB —32.604
= -30.932
&S —34.694

"MOLO000179 M & £ i 73 2-hydroxyisoxypropyl-3-hydroxy-7-
isopentene-2,3-dihydrobenzofuran-5-carboxylic £ TCMSP H 4> T
ID, BAF¥IEL MOL000179 fRFRi%5: T

MOL000179 is the molecular ID of the active ingredient 2-
hydroxyisoxypropyl-3-hydroxy-7-isopentene-2,3-dihydrobenzofuran-
5-carboxylic in TCMSP. Hereinafter, this molecule will be referred to
as MOL000179.

WIAMICERE 200 B 1EN5 SR ST 5 ExT
R0 TENHVER Y 5B 2 T B UL 10.
24 EZHEZE B X LPS iFSHMEARIGESR
HEFR

NSRS, SRAAFRIREE (0,
6.25, 12.50, 25.00, 50.00, 75.00, 100.00 pg-mL™")
(1) LPS T/ /24008 24 he CCK-8 53 iR
(B 11, LPS BELAR BEAH OG5 30 32 0 i) 48 o 3
I1o B IA RSN T E I 1Cso 210
50 pg-mLt, i SRSk B R P AT I AR

NIRFAEZRER B MRS 208, TEAH
50 pg-mL™! LPS J&RIEI, 43 A0 ANAS [F) ik B
(10~50 nmol-L™") HIE*~fF%& B JLFT-7i 24 h.
CCK-8 g5 in (12), SEAAMLEIL, E=g%
B BEMREAH MRS HE LPS 51 ARAI4HME 11 T .
H1, 20 nmol L WRFEEH IR EE (P<0.0D), Tf
30~50 nmol-L™" WK HIHER M R E (P<0.001),

El 10 EEFEMMSSABELSFIERNX

Fig. 10 Docking pattern of active ingredients with key target molecules

100 9 1Cs =30 ug-mL™!
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M AET 3%
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11 LPS X1/ 5 2 ZRARIE D e HI{E R
Fig. 11 Inhibitory effect of LPS on viability of mouse renal

podocytes

BT, JEESEI Y 20 nmol L AR 22 fIF R B AIK
FIEH, 50 nmol L' NEFIEH.
2.5 EZHEZE B BT PIBK/AKt (S BRAIE
RIP1ER
RS F WL, 18id Western blotting il
T 5MAFIE 2 UIA ST PIBK/AKt {5 5@ i . 45
W 13 fos, HxPHRAARE, BB 240 p-
PI3K Fl p-Akt 8K [ RIAKFEE LH(P<0.01);
1M PIBK AL Akt ()8R E /K AE & ARG R 3% 72
S, R LPS FTRE S S T PI3K/Akt B .
MMM, K28R B T)E, p-PBK
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Fig. 12 Effect of denudatin B on cell viability ( X *+s, n=3)
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Fig. 13 Regulatory effect of denudatin B on phosphorylation levels

of PI3K/Akt pathway in LPS-induced podocytes ( X *s, n=3)
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Fig. 14 Effect of denudatin B on expression of podocyte apoptosis-related proteins Bax and Bel-2 ( X s, n=3)
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Fig. 15 Inhibitory effect of denudatin B on podocyte apoptosis assessed by flow cytometry ( X s, n=3)
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