Innovative ophthalmic drug delivery: vancomycin and
cefuroxime eye drops based on a self-emulsifying system
(SEO)
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a model compounds. Preclinical safety, tolerance, and
efficacy were confirmed in rabbits, accompanied by
pharmacokinetic and tissue distribution studies for both
antibiotics in SEO to overcame aqueous instability, and
allowing potential clinical applicability [1-3].

INTRODUCTION

Ophthalmic infections such as keratitis and conjunctivitis
require efficient antibiotic therapy. A common challenge in
the development of ophthalmic drugs is the instability of
many antibiotics in aqueous solutions, which limits their
formulation as ready-to-use eye drops with adequate shelf-
life. Traditional alternatives, like oily formulations, often
cause poor tolerance and interfere with vision. This project
introduces an innovative drug delivery technology using a
self-emulsifying oil (SEO) that converts into an emulsion
upon contact with tear fluid, facilitating rapid dissolution of
water-unstable antibiotics. Vancomycin hydrochloride
(VAN) and cefuroxime sodium (CEF), selected for their
clinical importance against resistant infections, were used as

MATRIALS AND METHODS

A self-emulsifying oil (SEO) system was developed to
incorporate antibiotics unstable in aqueous media,
circumventing the need for extemporaneous compounding
and limitations of oily eye drops. Preformulation studies
involved suspension stability characterization, and
compatibility with pharmaceutical packaging. Analytical
evaluation included microstructural, spectroscopic, and
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chromatographic methods such as HPLC-UV and LC-
MS/MS for quantifying antibiotic content, impurities, and
degradation products (Figure 1). VAN and CEF stability
were assessed immediately after preparation and during
storage. In vivo studies on porcine models evaluated safety,
tolerance, and antibiotic pharmacokinetics, using HPLC-UV
for tear concentration monitoring and LC-MS/MS for eye
tissue distribution studies (Figure 2).

&

Figure 1. Instrumental analysis of CEF and VAN in tears (HPLC-
UV) and eye structures (LC-MS/MS).

RESULTS

VAN and CEF suspended in the SEO system exhibited
sustained stability and rapid in situ formation of an oil-in-
water emulsion upon ocular administration. The delivery
system maintained antimicrobial efficacy, minimized visual
disturbance common to oily drops, and showed excellent
tolerance in preclinical models. Pharmacokinetic data from
pigs demonstrated improved ocular tissue penetration and
favorable distribution relative to aqueous formulations.
Analytical methods enabled reliable detection and
quantification of VAN and CEF, along with their
degradation pathways. Stability studies revealed optimal
VAN preservation at 25°C compared to 40°C, with impurity
levels within pharmacopeial limits across different stress
conditions. The SEO formulations maintained clarity and
analytical reproducibility after filtration, supporting quality
standards.

DISCUSSION

The presented SEO platform represents the first patented
ocular drug delivery system to stabilize water-labile
antibiotics for ophthalmic use. This technology addresses
significant formulation challenges, providing an innovative,
scalable solution that supports industrial manufacturing and
regulatory approval processes. Analytical advancements
allowed precise impurity profiling, stability monitoring, and
measurement of drug levels in ocular matrices. The sustained
chemical stability, combined with the favorable
pharmacokinetic profile and good ocular tolerance,
highlights the clinical potential of SEO-based antibiotic
suspensions. This system could replace extemporaneous
compounding and circumvent shortcomings of existing oily
formulations.

Figure 2. Collection of tears from pig’s eye with the use of
Schrimer strips. CEF and VAN were administered into the eyes
in the SEO formulation and also in typical aqueous eye drops.

CONCLUSION

The SEO-based suspension technology offers a breakthrough
in delivery and stabilization of labile ophthalmic antibiotics,
with VAN and CEF eye drops as a prime examples.
Preclinical data demonstrate safety, efficacy, and substantial
stability improvements crucial for clinical translation. The
simple composition utilizes excipients already approved for
ophthalmic use and employs production processes readily
adapted for industrial scale-up. This novel approach paves
the way for clinical trial batch production and possible future
commercialization, promising enhanced therapeutic
solutions for challenging ocular infections.
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