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Abstract

Objective: To investigate the potential mechanism of chlorogenic acid (CGA) in the treatment of fun-
gal keratitis (FK) by using network pharmacology and molecular docking approaches. Methods: Po-
tential targets of chlorogenic acid were retrieved from databases such as SwissTargetPrediction,
while FK-related targets were collected from GeneCards, OMIM, and other databases. The intersec-
tion of drug targets and disease targets was identified as the common targets of CGA against FK, and
a Venn diagram was constructed. These common targets were imported into the STRING database
to establish a protein-protein interaction (PPI) network, and core targets were further screened
using Cytoscape software. Subsequently, Gene Ontology (GO) functional enrichment analysis and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis were performed
using R software. In addition, molecular docking between CGA and the core targets was conducted
using AutoDock software for validation. Results: A total of 93 common targets between chlorogenic
acid and fungal keratitis were identified. PPI network analysis showed that TNF, IL6, IL1B, AKT1,
TP53, EGFR, MMP9, NFKB1, BCL2, and ALB were located at the core positions of the network. GO
enrichment analysis indicated that the common targets were mainly involved in regulation of in-
flammatory response, response to exogenous stimuli, positive regulation of cell adhesion, positive
regulation of the MAPK cascade, and oxidation-reduction-related processes. KEGG enrichment anal-
ysis revealed that the related targets were mainly enriched in the TNF signaling pathway, IL-17 sig-
naling pathway, NOD-like receptor signaling pathway, and HIF-1 signaling pathway. Molecular dock-
ing results demonstrated that chlorogenic acid exhibited good binding activity with all 10 core tar-
gets, with binding energies all below 0 kcal/mol, among which the binding affinities with MMP9,
AKT1, IL6, and EGFR were relatively stronger. Conclusion: This study preliminarily revealed that
chlorogenic acid may exert therapeutic effects on fungal keratitis through a multi-target and multi-
pathway synergistic mechanism. Its potential mechanism may be mainly related to the regulation
of inflammatory responses, alleviation of stress-induced injury, and promotion of tissue repair. This
study provides a theoretical basis for further elucidating the molecular mechanism of chlorogenic
acid in the treatment of fungal keratitis and for subsequent experimental research.
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AL BN 5 2 IR SR 1 E RRAS SR A HLHI[2]. BRIk, RZEFEPIR . PUEAL RO/ 8
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23 J5 1 (chlorogenic acid, CGA)s&— M 2 A-4E T 2 P2 B RIE Y H I R BRI EY, BRAE
PR Ul P LA LR B A5 E[3]. A RRY, SFEREE HIE TNF-a. 1L-15.
IL-6. NO. PGE2 %5 #AEN B MIFRIE, FH52M NF-«B. MAPK. Nrf2 S5 5CHE S8 S, 752 P 78 5 A
e P R B — E IRIT IS J1[4] [6]. 2T HZH A ST EERRHE, SRR A B G
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T 36 11 375 14 1 5 DB B e 2 [AD (A ELAE A B, AT A F LI FE e B B 3 4 ) B A4

BT, AW FCR 28 2J 3 52 B G TR i, TR 2R IR R YA 7 3 1 1V A 4% R V8 78 A T B
M, MEEEEAEMY, TR GO Ml KEGG &£, HRZ O s T 70 7 XHERAE, DU RS E
W 2 T 4 7S 2 R T TR T M A T A (R T R0 T, DR e — 2 SEER AT 56 R8s A5 1 PR B FH A AL 38
2%,

2. MR55%E
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L4351 (chlorogenic acid) A 7 % 4, E PubChem %4 e ks 22 H: Canonical SMILES. 2D 4544 %
3D £5#4{5 5. ¥ Canonical SMILES 437 5 N\ SwissTargetPrediction A1 SEA i e 35177 75 $0 & T,
IFTmIEMA KT 0 IEE R, R4 IEER 2D 45845 N\ PharmMapper ~F & #EA7#E S 500, Jfd@id HERB
B P2 STV o BB AEAT AN T o R S HE FE AR AR (0 2 A DG B RV R S AT AR A A S A 2
P 4 IR R AT S B AT A 12 . DL “Fungal keratitis” A<, {E GeneCards A1 OMIM %8s & b6 2% L 1
PEFI R R OCHE i, TRIEARORGE RS & I J5 5, W) T P 0 I 8 L L 2

22. XK RHLHIFEEE

W 2R IF IR AR SCHE i 5 BRI A IR A HE AU N Venny 2.1.0 V- G BT &0, TRIE 254 - Bt
FIHE L, IRt R, T RaR e IE RS O P A R 2 R A AE 3R [ A A5

2.3. PPl MEZHHWES DR

KA 3N STRING Hdfa e, BE ¥ A5 (Homo sapiens), fACEAEAIEE RN 0.4, R
SRR B, WEEE - & A EAE H (protein-protein interaction, PP/ %%, # STRING Tt ()45
5N Cytoscape B AFHEAT ATAAL 20 #r, FyZE PPI 2% . #E—25FIF] Cytoscape FH CytoNCA diff-% PPI
W28 AT SR AN HT S I8 U B b0 2 (Degree centrality, DC). H /) 0 2 (Betweenness centrality, BC)
AR 04 (Closeness centrality, CC)5 24,  LAVPAN 19 RUZE M 28 W B 221 . 255 4S80k % O 8E
R FHEHIRZOEE s RN AT

2.4. GO #1 KEGG BE& N

FIF RStudio fF M HAHRFE 74 “ggplot2”  “clusterProfiler”  “enrichplot” A1 “org.Hs.eg.db” ,
X AZ G S HEAT HE PR AR (Gene Ontology, GO) U RE & & 7 Hr Al g & i ] 5 25 R 20 7 #} 4= 5 (Kyoto Ency-
clopedia of Genes and Genomes, KEGG)ill % & £ /0 #7. LA Padj<0.05 Affiksctt, *f % & H£45 H 7 im
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£ PubChem %48 e i SR SR S FR 1Y) 3D 2544, FFFIH OpenBabel 3.1.1 ¥ H A% 44 mol2 # X, R
PPI 4 4% 31 4143 AT 45 S G A% 0o 557, 7E RCSB PDB %477 125 7 " 300 B 2K 19 11 = 4 dfy fA 45 44 . R F PyMOL
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Figure 1. Venn diagram of the potential targets of chlorogenic acid and fungal keratitis. Note: The left
circle represents the potential targets related to fungal keratitis, including 1021 unique targets; the right
circle represents the targets related to chlorogenic acid, including 138 unique targets; the overlapping
region in the middle indicates the common targets, with a total of 93 shared targets. After merging and
counting, there were 231 potential targets of chlorogenic acid and 1114 targets related to fungal keratitis
B 1 fRRSEEMHARKEBEERESNFEE. I ZNAEEMAERCEEERLER,
Heph B S 1021 1t ANARREEREXES, HhMEHES 138 4; hEEBI D AEEE
=, #9341 EHGHE, REEREBEMERESL 2311, EEMARKMEXESH 1114 4
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L[R5 TN STRING i ER 2 PPI 4%, Hfik B Cytoscape 3.9.1 B AFiEAT T AL 04T . 45
R, FRFEE S AP RN E AR A HAE G R (K 2(A)). E—25 R CytoNCA x5 W 4% $ FhRFAE
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STE M 28 T b T RO SGEERIAL S, T BETE SR SR R YA T 3 81 M A7 5 4% (1 3 78 b R BRI (1] 2(B))
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Figure 2. PPI network of the common targets of chlorogenic acid in the treatment of fungal keratitis (A) and the
core target network (B)
2. FIRESATTER M ARKHFEESH PPI MLk (A) R0 ¥E S [E(B)

3.3. IS GO BEESER

GO EHE/MTEE R4 3), Wit FE (biological process, BP) {05t g 22 b e B . ot 4 B KV 20 1
RS BREIR N 4HI P R R E . XS AE RIS R . MAPK 06 T 142 . 4 Rk 3R A= Pl i e
JRE 4 Lo A A58 SRR R 8 T R T a R U 1T DA R LA s B 45 4 B4 53 (cellular component, CC)
FEEET RO MR BRI . BEAE . BERIX . SR AR DCH AL . S A A BT
AMI P 5T A s B 28 L 96 MRV IR B DR R o 43 T ThE (molecular function, MF) B35 2 & 11 2
Gih . ZEEAEERES. MWARSGE. WG dIE7F2h8 6. MREFEE. 2mEns
P % SR A S S 1 2

3.4. KEGG EESTER

KEGG i@ i & i 4 iR, MICHE 5 E %5 F EGFR tyrosine kinase inhibitor resistance. TNF sig-
naling pathway. IL-17 signaling pathway. Coronavirus disease-COVID-19. Kaposi sarcoma-associated herpes-
virus infection. PD-L1 expression and PD-1 checkpoint pathway in cancer. Shigellosis. Prostate cancer. Chagas
disease. AGE-RAGE signaling pathway in diabetic complications. NOD-like receptor signaling pathway. HIF-
1 signaling pathway Influenza A Pancreatic cancer. Herpes simplex virus 1 infection. Proteoglycans in cancer-
Fluid shear stress and atherosclerosis. Hepatitis B. Human cytomegalovirus infection A /& Lipid and athero-

sclerosis 2@ 2 (141 4).
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Figure 3. Results of GO enrichment analysis
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Figure 4. Results of KEGG pathway enrichment analysis
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Figure 5. Network diagram of chlorogenic acid, targets, and fungal keratitis
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3.6. BFIIELER

NRE— D IGUF S SRR 5 4% OB R 2 R A5 B 1 G E PP 4 v 695 21 1) 10 AMZ B8 AT
TR SRR, GJEERS TNF. IL6. ALB. IL1B. TP53. AKT1. NFKB1. BCL2. MMP9 X
EGFR B EARIFMEERE S, HEi A/ N-6.6. —7.9. -7.5. —-7.1. —6.3. —8.2. —6.9. —5.8. —8.8
J—T7.8kcal/mol. 1, ZREERS MMP9 H145& Re i ik, ~-8.8kcal/mol, HkX A AKT1 (-8.2 kcal/mol).
IL6 (—7.9 kcal/mol) }2 EGFR (7.8 kcal/mol) (/%] 6(A)). £ AKT1 X, 4JH 1 5 LYS-133. ASN-
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136 Al LEU-91 £55L KL IF sl BAF FH (18] 6(B)); 7E IL6 X kA b, 4t 1] 5 ARG-37. ASN-248 fl PHE-
307 SEHRALIE EREE (I 6(C))s 7E MMPY XA R, SRR | 5 ALA-130. ALA-191 I LEU-76

SERRIER AL A (5 6(D)).
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Figure 6. Molecular docking results of chlorogenic acid with the core targets. Heat map of the binding energies of chlorogenic
acid with 10 core targets (A); molecular docking pattern of chlorogenic acid with AKT1 (B); molecular docking pattern of
chlorogenic acid with IL6 (C); and molecular docking pattern of chlorogenic acid with MMP9 (D)

E 6. RREEBRSZUERNS FIHEER. RRRS 10 MoLERNESEERE(A); RIRERS AKTL B9 FIHER
AE(B); KREES IL6 K7 FIHEARNXE(C); RIRERS MMPI 15 FXHZE X [E (D)

4. Wi

TR M R 98 I R ™ R e A R AR, PR B A B M I E R A, 18 R0 I SRE R[]
FES PR R AN TIS A R W B SR R [6]. AR, ERME AR R 1 EAR R S S IR . E K
TR S Ak R M B SR B A R [7] . TEARBEFL A, FRAVIE M 2385 5 5y 705078, KGR
5 BRAE 3 1 1 A JBE 9% YR v BV TE S F A

BEAERE AR W], SR — M B HL R MBS VE R RIRI R K B 7, W] N TNF-ais IL-18+ IL-
6. NO Fl PGE2 £ S AEA R B 4 I FHIAKTF, H S NF-«xB. MAPK %505 5B [3] [4]. X E B
PSR TS , MURTE AR 285 2085 3 e R B N2, J5 S PERLA AR 4 i 45 28 RE 40 e 5548
TR EZ PR R T, BRI BRI S 0 [R5 il IR 23 . AR USRI, IL-6 S84 776 H 1E
PE A I 9 AR P B S [8] [91. AT, 0B 1 A B 58 v 1) 9RE A 5 4 5 ) 1 At SRR e M B S 3 1
. H—, MEEREHEEE, — B REREIMIZNE, R~ & E A MM KER, R57ER
T R SOREBORMOA S s =, MRS A, BRE R TYEREE AN, WG T R E
VG BRAFE AR PR AN 7R, A RIEIR T S s =, LR AT RE SRR R 2 Ak, RS
A 1] (4 58 R S B, HETT A i BRRF SR AEAE — SORERFEION - HAVRFERIR " RIBPEEER o Rl Ut
o EE VA S IR YT,  PAES SORE I N AR Al B A K, RS R T R IR R R S E BT A

MAHE TR RTE, SRR S M A 2 L0 13 93 ANLFFE S, PPI 450 #r47R, TNF. IL6.
IL1B. AKT1. TP53. EGFR. MMP9. NFKB1. BCL2 fll ALB Z:4bT W& iz .00 B, T B4 R R0 L 1A
P A T A (0 F00R] B 32 BEAR e SR T . SOUR S S H R i 2 55 5 T . Hed, TNF. IL6 AT IL1B
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S mis EE MR RMIBE F, S5 RIEBOR. %2 SR R AR B FE[6]: NFKBL 124 28 9iE
RO SRR R T, 5 IR RIE N 2 V)M OG[10] o X FE 4% S5 R vT R H AR A0 i — RIE N 1 K
FESMEIAE R, 1 5 AT eI R 4% 2% R IRk s B B e T Ui TR IR 4%, R R R R I IR A . 5 HAth
RIETERA L, EEMEA R IGIT P ORBEIE A R “HiR” , T RAEAHI S5 1E T E W B4 1 R
A I R AE, DAl i iR BRI P 22 BB SR T O ST BEBE A A R TT TR oK . BR ARSE AL, AKTL,
EGFR. TP53 1 BCL2 S5A% 0 s s 4 SR R A HIGE W] RS S 4 M A7 . R TR A ZUE Eid 8

AW, AKTL Z4HMIIGAE . A0 A0SR0 2 f B 2 fi[11]; EGFR S5 MM b B 5. AT
FFAE B C[12]: TP53 A1 BCL2 W 4373l 2 5 4 S ORI T~ A7 [13] o DRI 3¢ J5R 2 0oF 0 12 A B2 4% 1)
TRAE T TROHLA AT REAM AR AL FI I SE , 38 AT R A4 HLAE C5CE IR e P 058 T 1 4 403 4 AN (i g g A 22 52
JCHRAE FLTE I AR 28 v, P22 2ORE S SR B 1 i v A v S5O R e 4 o R O 4 R T

BRI TR, NI RE SO0 i 85 D0 3 A SR B AR . AKTL Al BCL2 AHOCHE fif & S /n 4k J5 g ml
REAT BT 5 o 20 ot LA BRI 32 v, I o B2 JORE S BUNAIAE T EGFR 025 4R Hml e fe
HEFA I b R A B AN b A AR

MMP9 [FIFHEFF ST . BEAEE LB, HEVEAKR T MMP-9 58 B Tha, H5 MR ot P
B S SRR B M 6 [14) . AREFEH MMPO ARAUAL FAZ A8 5 2 51, 1 HAE 7 7t b R 0
BRI G RE, P LT BRI 20 i R 0 B AR B0 sz — o K U0 I ¢ S5 IR T e e v 42 6 I P A A DR TR
T R AIBEAGREIR, WA E B I A R T T R R E .

GO B HEN & R R, Fh A a5 5 U T 98RO RL 5 0T AR R 4 PR R B IR 4% . MAPK
R IE A M B AR R A S ThRE . BAR¥4> 25 H f “response to lipopolysaccharide” ¥ “response to mol-
ecule of bacterial origin” F={E J0 BRI P M 58 98 5 e B2, (H AR T b S WP 2 1 32 X699 S A 0% 297 A R
PERE R 3 S AL o DA, X el RPN S I R nT AR B O T 1 1 32 A SO L e B A A Y
WOIRAS, R LR A A R AR ORI T

KEGG FHE /iR, M S F 3 &% T TNF signaling pathway. 1L-17 signaling pathway. NOD-
like receptor signaling pathway #1 HIF-1 signaling pathway %% . b TNF signaling pathway A1 1L-17
signaling pathway 3 % 15 J& Ju 11 4 RE RO A 98 hE 40 B 242 % UIAH % NOD-like receptor signaling pathway
2 595 JE IR AR 28 AEB0E s HIF-1 signaling pathway U5 S SR RA0E N A E[15]-[17]. _BikgsRit—
PR, SRJERR VT A 3 M AT SROE SN A ROAEAT 5 T B SR A I, O L 1 A R
R .

M TR KA, SIFERE 10 MLOHE RS /M T 0 keal/mol, 5 MMP9. AKTL,
IL6 il EGFR &5 A Re K, R BRI MG MRS ER, SRREREANLEASEG
8, HE 2 RHEIEIRRETY A EAE LM EAEH . XD T2 SR 7T R R st B4/EH T
IR EE, TR SORE RN LR B NSRBI AR . HFEER IR, T
AR A E TR, A RE UG S AR B B A GRS, M RE T A SR R TR Y SR AL
YER, Ti7R456 5 SRR N AP SR ik — P I6HIE

RIME L, SRIERR AR G725 i, 2l 1R TR e . AR 7R T W 25 25 3
SR TR, BN LA RRIE I B2 TNFL IL6. IL1B. NFKB1. AKT1. EGFR 1 MMP9 %5 ¢ T
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