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Abstract

Objective: To investigate the potential molecular mechanism of Gypenoside L (GP-L) in treating di-
abetic nephropathy (DN) by regulating macrophage polarization based on network pharmacology
and molecular docking technology. Methods: The molecular structure of GP-L was obtained from
the PubChem database, and its potential targets were predicted using the SwissTargetPrediction,
SEA, and TTD databases. Disease targets related to DN and macrophage polarization were screened
from the GeneCards and TTD databases. The common targets among GP-L, DN, and macrophage po-
larization were identified and used to construct a protein-protein interaction (PPI) network via the
STRING database and Cytoscape software, from which core targets were screened. Gene Ontology (GO)
functional enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses
were performed using the DAVID database. Finally, molecular docking was employed to validate the
binding affinity between GP-L and the core targets. Results: A total of 31 common targets of GP-L,
DN, and macrophage polarization were identified. Topological analysis of the PPI network deter-
mined STAT3, AKT1, IL2, PTGS2, and JUN as key core targets. GO and KEGG enrichment analyses
indicated that these targets were significantly involved in biological processes and pathways such
as inflammatory response, cell chemotaxis, PI3K-Akt signaling pathway, chemokine signaling path-
way, and AGE-RAGE signaling pathway. Molecular docking results demonstrated that GP-L had
strong binding activity with most core targets, including STAT3 and AKT1. Conclusion: This study
reveals that GP-L may regulate macrophage polarization through multiple targets and pathways,
thereby inhibiting inflammatory response and improving renal injury. The findings provide a the-
oretical basis for elucidating the molecular mechanism of GP-L in treating DN.
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B R 9% ' 9 (diabetic nephropathy, DN)J2& ¥l JR 97 fi ™ B UL I RRE 2 —, B2 S 3RS m
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AN G R TSR LGB FI[4] [5]. RUSIWT ST MY, SOBC A 2 m] s W PR AR e (0 P A 6], (R
) GP-L B EARSE RILEI, JEH Xt E A AL ORIV E T 58 = RGNV I . AR 2GR A1 —
MRS Z 2RI NS, REY RG4Sy - 4L - BRI E R KR, NIRRT AL
2RI RIRURBR O 0 TR 7] 70 FRHEEOR N A P RUEE T > 5O AL RN S 5 87T, N
WU FE S 70 7 )= 1 FTESE (8] -

AR TCANES 5 P 2B 22 A0 70 TRHEROR, RGURR GP-L il 4% B A Ak s DN (A A
BLH], & £E9 DN 2540367 SR 008 K B MRS -

2. B EFE
2.1. GP-L Y8 & 00

M PubChem %{#}% /% (https://pubchem.ncbi.nlm.nih.gov/) [9]H3REL GP-L fkriE{fk SMILES 7730, ¥
TG B MR LL T = ANEL TN & (1) SwissTargetPrediction
(http://swissTargetPrediction.ch/), (2) SEA (https://sea.bkslab.org/), }(3) TTD (http://db.idrblab.net/ttd/), F
T & gt WO KW AR AR A S S [10]-[12] . PR A TN 4 R B G )5, @i UniProt #IE &
(https://www.uniprot.org/)FEATARfEAL B K] iy 44 [ 13], W ORAE ki i 44 RO 48— VEMHET I

2.2. DN FE M40 Btk 4L A S s ik

1E GeneCards %4 /%2 (https://www.genecards.org/)Fl TTD %4k £ [ 14], LL “diabetic nephropathy” {f
R R AT R AW DN KBITHE R BEJE, BN EaR ER R R4 R T &9, EREEES, &
235455 DN RIRALHI A G 78 7E A HIBE fUBE A o 7E GeneCards (¥ £ o % A macrophage polarization”,
For 2 B 2 A A A DG HE R

2.3. |ARK - EAKRMEE{ER (Protein-Protein Interaction, PPT)4E a3 5 55 S0 = iFi%

B A S L M T & (https:/www.bioinformatics.com) ] Venn 73 #1 TH[15], ¥ GP-L Tl &
5 DN K B4 Mo Al A AH R0 s B SR 3T RGN, SR8 =3 MAC AR A, IR BB KSR GP-L nl gl
IR B A MR A A 23 DN O BEAE B A . K ET ISR AS kS S AR RN STRING %4l
(https://string-db.org/), WEWFISEN “Homo sapiens” , FHEAEH BEERE AN 0.40, FrEFIHLARERIA
ZHGEAT N[ 16]. FIH Cytoscape 3.8.2 AWM 2% 73 Hr 4R A 0T EAE B AT v AL AL B, Ffis
cytoHubba LR HEEAT P2 P 4h 2% 20 AT, 5T 700 pit o PR B3 R 0l PO 285 v D B R 428 A FH P A 0 L
24. BRI IR ERERSH

KH DAVID #(#& F (https:/https://davidbioinformatics.nih. gov/) 3 47 3E R AAK 18 (GO) T e & 581 &
HOARIE R 5 R R A R T(KEGG)@ B AT [ 171 B 20 i 1L 3145 BV LE/E B S R SE S N R4S
PP 5 Homo Sapiens. & T4uit 2= R EHBIE P<0.05, ik R & 5HEM GO hAEER%AH, &
FEAEYIEFEBP) 70T I REME) MR ZH 53 (CO) ot  [FIBR AT e 2 52 KEGG 8 ‘5@, M
RGN GP-L 16T HE PRI B I 15 20 T WL

2.5. HFIHE

M PubChem 1k 2415 B °F 63K GP-L [ftrifE SDF 454 fF. T RCSB Protein Data Bank
(https://www.rcsb.org/) N E LIRS R 10 NREERE &5 A0 =48 SR 458 (PDB #% X c) [18]. i8H CB-
DOCK?2 £ £k %} #2°F 4 (https://cadd.labshare.cn/cb-dock2/php/index.php) 5¢ Al 7 T % BEAE L, 704 GP-L 5%

DOI: 10.12677/tcm.2025.1410602 4148 HRE 2


https://doi.org/10.12677/tcm.2025.1410602
https://pubchem.ncbi.nlm.nih.gov/
http://swisstargetprediction.ch/
https://sea.bkslab.org/
http://db.idrblab.net/ttd/
https://www.uniprot.org/
https://www.genecards.org/
https://www.bioinformatics.com/
https://string-db.org/
https://https/davidbioinformatics.nih.gov/
https://www.rcsb.org/
https://cadd.labshare.cn/cb-dock2/php/index.php

FE SR A REPE19].
3. &5R
3.1. GP-L &7 DN 5 E K& ZnpaiR 4L 48 < 80 s ph 75 1k

M PubChem %i#% FERHL GP-L (1) SMILES 43+, I HH A SwissTargetPrediction. SEA Fl TTD
B, R GP-L (E ISR A, 8T, JLIRME 143 NS . 7E GeneCards HE JE AT TTD $¥E g
A diabetic nephropathy ”, 2= # 5 33543 DN BJ76 975 51 1844 /> . £ GeneCards F4f i A\ “Macrophage
polarization” , 3R 822 > EWRAH MR ALAH S HIHE i o K GP-L #E 55, DN AHSCHE sUF 20 B AR A B A
BT S, e h K, 3RS 31 AN EEE (A 1 A ).
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Figure 1. Venn diagram
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Table 1. Targets related to macrophage polarization in GP-L treatment of DN
# 1. GP-L J&77 DN W5 EREZHAER AL AE X AE8 2

NO. Target NO. Target
1 L2 17 FLT3
2 VEGFA 18 ITGB1
3 FGF2 19 SERPINE1
4 STAT3 20 AKT1
5 HSP90AAL 21 PTGS2
6 LGALS3 22 KDR
7 NR3Cl1 23 PRKCD
8 MMP2 24 TF
9 MMP3 25 CCRS5
10 MMPI12 26 PARPI
11 TLR9 27 CCR1
12 VDR 28 CCR2
13 JUN 29 CCLS5
14 CASP1 30 CCL20
15 FLT1 31 CCL11
16 KIT

3.2. WIS A A PPI LR

¥ PRI SN STRING s e, AT v ML T A 2 PPT 4%, 2230470 B R LM 26 L5 30 A~
A 231 2530151 2) o SR H cytoHubba BT 3R 1%CoBE £, 4% 18 degree [ELHE 44 A1 I HE 2540 A2 STAT3.
AKTI1. IL2. PTGS2. JUN. CCL5. FGF2. CCR2. MMP2 Al KDR (# 2 14 3).

Figure 2. PPI diagram
[ 2. PPI &
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Figure 3. 10 core targets
3.10 ML

Table 2. Top 10 core targets ranked by Degree value
%< 2. Degree HHEZ AT 10 BAZLE

Target Score
STAT3 26
AKTI1 24
IL2 23
PTGS2 23
JUN 22
CCL5 22
FGF2 21
CCR2 20
MMP2 18
KDR 18

3.3. GO IHREE&E 04T KEGG @R EE ST

GO DAL & M Lk 53 233 N6 H, Hd BP160 4, CC20 4>, MF 53 /. BP f4Ex%f 40 it
FEMIIE S . JORE N . R Aatbtt . IE VRS IS A il BEAREEALES 3-U4/ 25 A BEE B 15 5 S IER
WS CC UFEMAMXIE. st E. ZAREEY) . FUBESMIA RS MF AFEMEREA RS S
REF TR AR, PSR R R AR 2R S . A KN4 4. MAE A H3Y41 BlE . §—
ANIIRERIRT 10 N 2% H WK 4. KEGG 43 HT R IE GP-L Y497 DN ¥ KB ER A 53 %, A 75 5
% . AGE-RAGE 15 5. PI3K-Akt {5 508 IL-17 {5 5@ H . HIF-1 {5 5@ . TNF {5 518% . MAPK
&5 5).

3.4. GP-L 5X @B L0 T

¥ Bk 10 MEOEE S GP-L X4, 455K GP-L 5 STAT3. AKTI. IL2. PTGS2. JUN.

CCL5. CCR2. MMP2 il KDR ()45 & it/ F—7.0 keal/mol, Z5&EMETR%]. GP-L 5 FGF2 45 & e/ T

—5.0 kcal/mol, HA BT K45 G 11[20]. BARRIGE A THREN A 3, FARKHE R LA 6. HbrT i, X
10 NMEE A fE GP-L BT B i #Ab 6 77 DN [ B B8 1,
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Figure 5. Enrichment analysis of KEGG signaling pathways
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Table 3. Molecular docking of GP-L with 10 key targets
F3.GP-L 5 10 MR LRI F X%

Target Center (X, Yy, z) Docking size (x, y, z) Vina score (kcal/mol)
STATS3 (6njs) 2,26,29 29,29, 29 =71.9
AKT1 (2uzr) 11,-7,15 29,29, 29 =7.0

IL2 (3qbl) 31,19, 41 29,29, 29 9.1
PTGS2 (5f19) 31,42, 38 29,29, 29 -9.5

JUN (4y46) 11,-16,-31 29, 35,29 —25.2
CCLS5 (5coy) 0,25,-9 29,29, 29 -7.5
FGF2 (8hu7) 18,16, 17 29,29, 29 —6.7

CCR2 (5tla) 6,21, 155 29,29, 29 -9.5
MMP2 (7xjo) 59, —48, 26 29,29, 29 —8.6
KDR (5ew3) 20,7, 14 29,29, 29 —8.7

CCR2-GP-L

CCL5-GP-L FGF2-GP-L

Figure 6. Diagram of optimal docking of GP-L with core targets
& 6. GP-L Sl c gz rEE

4. g

DN 1N —Fh 5 Z: MBI I RORE, IR SRS PR R UG 2R AL A AN AL T I 4R 25 2 5 4y
TXETTVE, RGHE/R T GP-L Al fgilit i B4 A AL F2 1100 DN /I 28 . 2 ImERAE A AL .

W4 B EK W, GP-L fEH T STAT3. AKTI1. IL2. PTGS2. JUN 254 0288 i, Hrf STAT3 Al AKTI
7€ PPI M b F %0 . WIS, STAT3 & BN AL i St i 8 7, s vl BB s
B B TL-6. TNF-a 23t HEsh M1 BUARAL I RN IE 2 AE[21]: 17 AKT1 1E4 PI3K-Akt {55
BB ZOEE, MISHERAQEIEE, LaeEE ] NF-«B 555 5% 1177 M2 841k[22]. GP-L
K A g 3 TR R P 45 5 T T (4 B BE IR T 7.0 keal/mol), $7n L n] BEIE I B4 STAT3 Al
AKTIL, HESE00 R 908 B (1 22 18 R A P R B e 46

GO 3t K3, Tk i) 31 NS REIFE A8 3 4R T RO SN AT . I AR X% PIBK-Akt {55
WA AR, X5 DN AP giiuigie . ol 58 S 20 23T 44k (0 BERFE i FE WD 45 23]

KEGG i@ #7r Hr #8578 GP-L 7] feifiid 2 H 45 5@ i v [ R Fva T 1R . Hob, B 75 5 8
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CCL5. CCR2)F1 IL-17 15 5@ 28 & JOAE A M A 35 5 1E I 2842 [24], AGE-RAGE 2% ) 5 S JE PR 55
N SR ORI ST AL R P AR BB DI (2510 GP-L Fob 3k 63 B 1 % mT Ak M1 7R I 4 iy
DVRES T, FRERE M2 B ERARA FRHSUEE Shik R, thah, PI3K-Akt @B AE N ERAR
WS R AT ORR AL, bl E DR T GP-L 1E OGS 5 RPN 2]

TR R NG E TR T GP-L 5% 0 A M RIF4 &6 )1, B FGF2 4, H4R 9 MRS
5 GP-L MZ5-& e ¥MET—7 keal/mol, 3B H B A B= L [m S A A1 R0 7. L5 PTGS2 1 JUN
(5R2E G 47K GP-L A e e 3 T 41 I 2% A ROV B R B R R LR, X35 75 DN 28 e R Y
HREB PR SR R R AR A 4R ThRE26] [27]-

A FAAEAE— 2 RIRYE . 12, BT G103 T A W(5 B2 10, AE 0 e B fm v . LR, STAT3.
AKT! %088 s rE B AH AR A0 Hh 7R F 2 A RO S5 I 2 SRR S 520, T >4 T 1R 201 B4t 40 #r
MDA TEA I A B Rt . e fE,  HORTISE 0 iR ik A A SR HEAT IR . JE S AL TR R DN ARAY,
BE— LAl GP-L X E VRN AR LR B K B D) ReFR AR B, AR R DR B /KPR R B i 5 i
AR R

2 LR, ARG B GP-L T st 250 0. 2B R B A R, AT DN A
(I JE S N5 A o X — RIS GP-L IR B A6t 7 BES M, o TT R DL R 551
5977 A () DN YR YT SRBS SR AL 1 37 L%

e HE

WA BAE{E RN TR H (No. 2022KY923); #iTL4A W IR R 44 P 22 55 7% 00 H (No. #5524
[2021]22 5).

SE

[1] Dwivedi, S. and Sikarwar, M.S. (2024) Diabetic Nephropathy: Pathogenesis, Mechanisms, and Therapeutic Strategies.
Hormone and Metabolic Research, 57, 7-17. https://doi.org/10.1055/a-2435-8264

[2] Hou, G., Dong, Y., Jiang, Y., Zhao, W., Zhou, L., Cao, S., et al. (2025) Immune Inflammation and Metabolic Interactions
in the Pathogenesis of Diabetic Nephropathy. Frontiers in Endocrinology, 16, Article 1602594.
https://doi.org/10.3389/fendo.2025.1602594

[31 Ma, L., Liu, D, Yu, Y., Li, Z. and Wang, Q. (2025) Immune-Mediated Renal Injury in Diabetic Kidney Disease: From
Mechanisms to Therapy. Frontiers in Immunology, 16, Article 1587806. https://doi.org/10.3389/fimmu.2025.1587806

[4] Xiao, M., Pei, W., Li, S., Li, F., Xie, P., Luo, H., et al. (2024) Gypenoside L Inhibits Hepatocellular Carcinoma by
Targeting the SREBP2-HMGCS1 Axis and Enhancing Immune Response. Bioorganic Chemistry, 150, Article ID:
107539. https://doi.org/10.1016/j.bioorg.2024.107539

[5] Liu, H,, Li, X,, Xie, J., Lv, C., Lian, F., Zhang, S., et al. (2022) Gypenoside L and Gypenoside LI Inhibit Proliferation
in Renal Cell Carcinoma via Regulation of the MAPK and Arachidonic Acid Metabolism Pathways. Frontiers in Phar-
macology, 13, Article 820639. https://doi.org/10.3389/fphar.2022.820639

[6] Lee, Y.Z., Kow, A.S.F., Lee, Q.L., Lim, L.W.C., Yusof, R., Tham, C.L., et al. (2025) Antidiabetic Potentials of Gype-
nosides: A Review on the Preclinical Effects in Glucose and Insulin Modulation as Well as Diabetes-Related Complica-
tions. Naunyn-Schmiedeberg’s Archives of Pharmacology. https://doi.org/10.1007/s00210-025-04265-x

[71 Zhang, P., Zhang, D., Zhou, W., Wang, L., Wang, B., Zhang, T., et al. (2023) Network Pharmacology: Towards the
Artificial Intelligence-Based Precision Traditional Chinese Medicine. Briefings in Bioinformatics, 25, bbad518.
https://doi.org/10.1093/bib/bbad518

[8] Pinzi, L. and Rastelli, G. (2019) Molecular Docking: Shifting Paradigms in Drug Discovery. International Journal of
Molecular Sciences, 20, Article 4331. https://doi.org/10.3390/ijms20184331

[91 Kim, S., Chen, J., Cheng, T., Gindulyte, A., He, J., He, S., ef al. (2024) PubChem 2025 update. Nucleic Acids Research,
53, D1516-D1525. https://doi.org/10.1093/nar/gkae1059

[10] Daina, A., Michielin, O. and Zoete, V. (2019) Swisstargetprediction: Updated Data and New Features for Efficient

DOI: 10.12677/tcm.2025.1410602 4154 HRE 2


https://doi.org/10.12677/tcm.2025.1410602
https://doi.org/10.1055/a-2435-8264
https://doi.org/10.3389/fendo.2025.1602594
https://doi.org/10.3389/fimmu.2025.1587806
https://doi.org/10.1016/j.bioorg.2024.107539
https://doi.org/10.3389/fphar.2022.820639
https://doi.org/10.1007/s00210-025-04265-x
https://doi.org/10.1093/bib/bbad518
https://doi.org/10.3390/ijms20184331
https://doi.org/10.1093/nar/gkae1059

wibg 5

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

Prediction of Protein Targets of Small Molecules. Nucleic Acids Research, 47, W357-W364.
https://doi.org/10.1093/nar/gkz382

Keiser, M.J., Roth, B.L., Armbruster, B.N., Ernsberger, P., Irwin, J.J. and Shoichet, B.K. (2007) Relating Protein Phar-
macology by Ligand Chemistry. Nature Biotechnology, 25, 197-206. https://doi.org/10.1038/nbt1284

Zhou, Y., Zhang, Y., Zhao, D., Yu, X., Shen, X., Zhou, Y., et al. (2023) TTD: Therapeutic Target Database Describing
Target Druggability Information. Nucleic Acids Research, 52, D1465-D1477. https://doi.org/10.1093/nar/gkad751

UniProt Consortium (2025) UniProt: The Universal Protein Knowledgebase in 2025. Nucleic Acids Research, 53, D609-
De617.

Stelzer, G., Rosen, N., Plaschkes, 1., Zimmerman, S., Twik, M., Fishilevich, S., et al. (2016) The GeneCards Suite: From
Gene Data Mining to Disease Genome Sequence Analyses. Current Protocols in Bioinformatics, 54, 1.30.1-1.30.33.
https://doi.org/10.1002/cpbi.5

Tang, D., Chen, M., Huang, X., Zhang, G., Zeng, L., Zhang, G., et al. (2023) SRplot: A Free Online Platform for Data
Visualization and Graphing. PLOS ONE, 18, €0294236. https://doi.org/10.1371/journal.pone.0294236

Szklarczyk, D., Kirsch, R., Koutrouli, M., Nastou, K., Mehryary, F., Hachilif, R., et al. (2022) The STRING Database
in 2023: Protein-Protein Association Networks and Functional Enrichment Analyses for Any Sequenced Genome of
Interest. Nucleic Acids Research, 51, D638-D646. https://doi.org/10.1093/nar/gkac1000

Sherman, B.T., Hao, M., Qiu, J., Jiao, X., Baseler, M.W., Lane, H.C., et al. (2022) DAVID: A Web Server for Functional
Enrichment Analysis and Functional Annotation of Gene Lists (2021 Update). Nucleic Acids Research, 50, W216-W221.
https://doi.org/10.1093/nar/gkac194

Burley, S.K., Bhikadiya, C., Bi, C., et al. (2023) RCSB Protein Data Bank (RCSB.org): Delivery of Experimentally-
Determined PDB Structures Alongside One Million Computed Structure Models of Proteins from Artificial Intelli-
gence/Machine Learning. Nucleic Acids Research, 51, D488-D508.

Liu, Y., Yang, X., Gan, J., Chen, S., Xiao, Z. and Cao, Y. (2022) CB-Dock2: Improved Protein-Ligand Blind Docking
by Integrating Cavity Detection, Docking and Homologous Template Fitting. Nucleic Acids Research, 50, W159-W164.
https://doi.org/10.1093/nar/gkac394

Hsin, K., Ghosh, S. and Kitano, H. (2013) Combining Machine Learning Systems and Multiple Docking Simulation
Packages to Improve Docking Prediction Reliability for Network Pharmacology. PLOS ONE, 8, ¢83922.
https://doi.org/10.1371/journal.pone.0083922

Zhao, Y., Jiang, Y., Wang, F., Sun, L., Ding, M., Zhang, L., et al. (2024) High Glucose Promotes Macrophage Switching
to the M1 Phenotype via the Downregulation of STAT-3 Mediated Autophagy. PLOS ONE, 19, e0314974.
https://doi.org/10.1371/journal.pone.0314974

Li, K. and Li, Q. (2021) LINC00323 Mediates the Role of M1 Macrophage Polarization in Diabetic Nephropathy through
PI3K/AKT Signaling Pathway. Human Immunology, 82, 960-967. https://doi.org/10.1016/j.humimm.2021.08.010

Samsu, N. (2021) Diabetic Nephropathy: Challenges in Pathogenesis, Diagnosis, and Treatment. BioMed Research In-
ternational, 2021, Article ID: 1497449. https://doi.org/10.1155/2021/1497449

Pérez-Morales, R.E., del Pino, M.D., Valdivielso, J.M., Ortiz, A., Mora-Fernandez, C. and Navarro-Gonzalez, J.F. (2018)
Inflammation in Diabetic Kidney Disease. Nephron, 143, 12-16. https://doi.org/10.1159/000493278

Sanajou, D., Ghorbani Haghjo, A., Argani, H. and Aslani, S. (2018) AGE-RAGE Axis Blockade in Diabetic Nephropathy:
Current Status and Future Directions. European Journal of Pharmacology, 833, 158-164.
https://doi.org/10.1016/j.ejphar.2018.06.001

Guan, Y., Davis, L., Breyer, M.D. and Hao, C. (2022) Cyclooxygenase-2 Contributes to Diabetic Nephropathy through
Glomerular EP4 Receptor. Prostaglandins & Other Lipid Mediators, 159, Article ID: 106621.
https://doi.org/10.1016/j.prostaglandins.2022.106621

Song, Y., Wang, X., Qin, S., Zhou, S., Li, J. and Gao, Y. (2018) Esculin Ameliorates Cognitive Impairment in Experi-
mental Diabetic Nephropathy and Induces Anti-Oxidative Stress and Anti-Inflammatory Effects via the MAPK Pathway.
Molecular Medicine Reports, 17, 7395-7402. https://doi.org/10.3892/mmr.2018.8727

DOI: 10.12677/tcm.2025.1410602 4155 HRE 2


https://doi.org/10.12677/tcm.2025.1410602
https://doi.org/10.1093/nar/gkz382
https://doi.org/10.1038/nbt1284
https://doi.org/10.1093/nar/gkad751
https://doi.org/10.1002/cpbi.5
https://doi.org/10.1371/journal.pone.0294236
https://doi.org/10.1093/nar/gkac1000
https://doi.org/10.1093/nar/gkac194
https://doi.org/10.1093/nar/gkac394
https://doi.org/10.1371/journal.pone.0083922
https://doi.org/10.1371/journal.pone.0314974
https://doi.org/10.1016/j.humimm.2021.08.010
https://doi.org/10.1155/2021/1497449
https://doi.org/10.1159/000493278
https://doi.org/10.1016/j.ejphar.2018.06.001
https://doi.org/10.1016/j.prostaglandins.2022.106621
https://doi.org/10.3892/mmr.2018.8727

	基于网络药理学和分子对接研究绞股蓝皂苷L通过巨噬细胞极化治疗糖尿病肾病的机制
	摘  要
	关键词
	Investigating the Mechanism of Gypenoside L against Diabetic Nephropathy via Macrophage Polarization Using Network Pharmacology and Molecular Docking
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. GP-L的靶点预测
	2.2. DN和巨噬细胞极化相关靶点筛选
	2.3. 蛋白质–蛋白质相互作用(Protein-Protein Interaction, PPI)网络构建与关键靶点筛选
	2.4. 基因功能注释与通路富集分析
	2.5. 分子对接

	3. 结果
	3.1. GP-L治疗DN与巨噬细胞极化相关靶点的筛选
	3.2. 构建交集靶点的PPI网络
	3.3. GO功能富集分析和KEGG通路富集分析
	3.4. GP-L与关键靶点的分子对接

	4. 讨论
	基金项目
	参考文献

