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Abstract

e AIM. To explore the toxicological mechanisms of
benzalkonium chloride ( BAC) as a preservative in
ophthalmic preparations leading to corneal injury in
dry eye.

* METHODS : Network toxicology was employed to obtain
the chemical structure of BAC, its toxic targets, and
targets associated with dry eye - related corneal injury
from databases including PubChem, CTD, ChEMBL, and
STITCH. The protein - protein interaction ( PPl) networks
were constructed using the STRING database to screen
key toxicity targets. Gene ontology ( GO ) functional
annotation and Kyoto Encyclopedia of Genes and
Genomes ( KEGG) pathway enrichment analyses were
performed to elucidate the potential biological processes
and signaling pathways affected by BAC. Furthermore,
molecular docking techniques were employed to validate
the binding affinity of BAC to its key targets (IL-6, IL-1B,
TNF, and EGF).

¢ RESULTS:BAC had a toxicity grade of 4 and exhibited
significant eye irritation. A total of 85 common targets of
BAC and dry eye corneal damage were screened out, of
which 49 were key toxic targets, including TNF, IL-6,
TP53, IL - 1B, BCL2, etc. KEGG enrichment analysis
showed that BAC mainly acted on 7 corneal injury
pathways closely associated with corneal injury, such as
IL-17, TNF, NF-«B, JAK-STAT, PI3K-Akt, Rap1, and
MAPK. The results of molecular docking showed that BAC
had stable binding ability to IL-6, IL-1B, TNF, EGF, and
other targets (binding energy <0).

¢ CONCLUSION:BAC may induce corneal damage in dry
eye through multi - target and multi - pathway
mechanisms, involving processes such as inflammatory
response, apoptosis, disruption of tear film stability, and
delayed corneal repair, which suggests that long - term
use of ophthalmic preparations containing BAC may
aggravate ocular surface damage.

o KEYWORDS: network toxicology; molecular docking;
benzalkonium chloride; dry eye disease; corneal damage;
mechanism of toxicity
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F1 KEYMBEREXE 49 M RESHES
FLH A PR Gene ID EHAFR Degree
TNF 7124 B8 PR HE R F- ( tumor necrosis factor) 70
1L-6 3569 FI4i it/ % -6 (interleukin—6) 68
ALB 213 125 1 (albumin) 68
TP53 7157 He % 2 4 p53 (tumor protein p53) 66
IL-1B 3553 FI 4h A % - 1B (interleukin-1B) 65
BCI2 596 BCL2 #H =757 ( BCL2 apoptosis regulator) 65
SRC 6714 SRC JFJ# 3£ (SRC proto—oncogene ) 64
TGFB1 7040 A K T 1 (transforming growth factor B1) 63
IFNG 3458 TP y(interferon y) 63
HIFla 3091 BREIE S F 1 W a(hypoxia inducible factor 1 subunit o) 62
1L-10 3586 141141 3 - 10 (interleukin—10) 62
MMP9 4318 H 4B E I 9( matrix metallopeptidase 9) 62
TLR4 7099 toll #£324K 4 (1oll like receptor 4) 60
CXCL8 3576 C-X-C HKFF# b Tl ik 8( C-X~C motif chemokine ligand 8) 60
CCI2 6347 C-C FFHLIN T EAA 2( C-C motif chemokine ligand 2) 59
CASP3 836 PR AN 3 caspase 3) 59
EGF 1950 2% 2 K A F (epidermal growth factor) 59
IL-1a 3552 I 2 1o (interleukin—1a) 58
PTGS2 5743 AT AR N ALY A 1 2( prostaglandin—endoperoxide synthase 2) 58
1CAM1 3383 2 it (5] &5 BR 53 F 1 (intercellular adhesion molecule 1) 56
PPAR-y 5468 T A AL Pl A Y B 0 380G A7 1 —y ( peroxisome proliferator activated receptor—y) 56
1L-2 3558 FI4H S 3 -2 (interleukin-2) 55
IL-4 3565 1411 2 -4 (interleukin-4) 55
ESR1 2099 IV 2 2 1 (estrogen receptor 1) 54
MMP2 4313 [ 45 JE8 2 ¥ 2 (matrix metallopeptidase 2) 53
FGF2 2247 JIEF 44 i A= < IRl F 2 (fibroblast growth factor 2) 52
I1-18 3606 4/ % - 18 (interleukin—18) 50
CD274 29126 CD274 43F (CD274 molecule) 49
HMOX1 3162 I £T ZE N4 1( heme oxygenase 1) 47
CXCL10 3627 C-X-C #F#1E I B 10( C-X-C motif chemokine ligand 10) 47
HSP90AA1 3320 PURTEE 1 900 205 A F5i b1 1 (heat shock protein 90a family class A member 1) 47
CASP1 834 2R AT 1( caspase 1) 47
CSF2 1437 SEIE A F 2( colony stimulating factor 2) 47
KRAS 3845 KRAS J5U# 3 K ( KRAS proto—oncogene ) 46
CCL5 6352 C-C EF#afbH FEAR 5( C-C motif chemokine ligand 5) 46
CXCL1 2919 C-X-C EFF# L TFHEE 1(C-X-C motif chemokine ligand 1) 45
HGF 3082 HF2mHe A=+ [HF (hepatocyte growth factor) 44
BCL2I1 598 BCL2 # 1(BCL2 like 1) 44
CASPS 841 2P B KA 8( caspase 8) 44
FOXP3 50943 SKHEE H P3(forkhead box P3) 44
LGALS3 3958 MRS £ 3 (galectin 3) 41
CASP9 842 2R AC T 9( caspase 9) 40
CCN2 1490 2 Bt TR X 25 17 2 cellular communication network factor 2) 39
GPX2 2877 A W R E AL P B 2 (glutathione peroxidase 2) 39
MMP1 4312 F: 4 )8 B 1 (matrix metallopeptidase 1) 38
IL-5 3567 2014 2% -5 (interleukin—5) 38
ACE 1636 M Sk 2 1 5 angiotensin | converting enzyme ) 37
NLRP3 114548 NLR &S pyrin ZERy B 1 3(NLR family pyrin domain containing 3) 37
BRAF 673 B-Raf J5Ji 5 K 22 (/R / 75 R 25 11 11§ ( B-Raf proto—oncogene, serine/threonine kinase) 37
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BN 49 NIRRT S M 81 AW R (' biological %%ﬁ‘?‘lﬂﬁﬁ( molecular function, MF) | #%#: TOP10 GO Ik
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