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Abstract

Glaucoma is one of the most common eye diseases, affecting over 70 million
people worldwide. Topical administration of conventional eye drops is commonly
used to treat glaucoma, but it is limited by poor corneal permeability due to many
drawbacks and ocular constraints that impair eye drops bioavailability. Betaxolol
hydrochloride (BH), an antiglaucoma drug commercially available under the name
(Epitaxol®) used to treat glaucoma. This work aimed to improve the poor ocular
permeability and the low bioavailability of BH, along with evaluating its intraocular
pressure (IOP) lowering efficacy for glaucoma management, using two different
drug delivery systems.

As for BH-loaded reverse micelles based cationic double Wi/O/W>
nanoemulsions (RM-CDNEs), they were prepared by two-step emulsification,
employing homogenization and sonication. RM-CDNEs have successfully entrapped
the hydrophilic drug by acting as a reservoir structure with a hydrophilic core,
offering their potential as a nanoplatform for hydrophilic drug delivery. RM-CDNEs
were demonstrated to have a small nanoscale range with high entrépment efficacy of
BH up to 97.8% +0.68. RM-CDNEs were evaluated in terms of droplet size
(DS), polydispersity index (PDI), zeta potential (ZP), % entrapment efficiency
(%EE) in order to determine the optimized formulation. The optimal formula was
then imaged for morphology with transmission electron microscopy (TEM),
investigated for components interactions using Fourier transform infrared
spectroscopy (FT-IR), and assessed for their stability, in vitro drug-release, ex vivo
behaviors, and in vivo efficacy. The ex vivo permeation study on corneal albino
rabbits proved the superiority of the permeability characteristics of BH from the
optimal formula with a 2.5-fold enhancement in BH permeation compared to the

commercially available BH eye drop.
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Furthermore, the optimal RM-CDNEs demonstrated their potential for enhancing
drug delivery to the corneal tissue and prolonging IOP-lowering efficacy for 24
hours. In the same study, the marketed eye drop form of BH was administered twice
daily and maintained the IOP at a normal level for only 4 hours. As for BH loaded
into highly permeable ocular bilosomes (HPOBs) as drug carriers have recently

gained a lot of attention because of the advantages they have over traditional eye

drop delivery. HPOBs were prepared using a modified ethanol injection technique.
HPOBs were evaluated in terms of vesicle size (VS), zeta potential (ZP),
polydispersity index (PDI) % entrapment efficiency (%EE), % drug content (% DC)
in order to select the optimized formulation. The optimal formula was visualized
under TEM, detected using FT-IR, screened for their stability, in vitro drug-release,

ex vivo, and in viveo behavmrs Ex vzvo permeatlon study on corneal albino rabbits
was demonstrated the superior permeablhty characteristics of BH from the optimal
formula with a 2.2-fold enhancement in BH permeation compared to the
commercially available BH eye drop. In vivo studies were also conducted using a
male albino rabbit as an animal model and proved superior IOP lowering efficacy

and elicited a more prolonged effect over the marketed BH eye drop.

Kevwords:
Betaxolol hydrochloride; Bilosomes; Ex vivo permemation; Glaucoma; hydrophilic

drug; Intraocular pressure; Double Nano-emulsion; Ocular delivery system; Reverse

micelle.
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