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DESCRIPTION

The development of advanced drug delivery systems has
revolutionized the treatment of various medical conditions,
including eye diseases. Engineered delivery nanoplatforms
represent a significant advancement in this field, offering precise
and efficient delivery of therapeutic agents to specific ocular
tissues. This article delves into the various aspects of engineered
delivery nanoplatforms, exploring their design, mechanisms, and
potential in treating eye diseases. Nanoplatforms refer to
nanoscale materials and systems designed to deliver drugs or
other therapeutic agents to targeted sites in the body. These
platforms can be engineered from a variety of materials,
including lipids, polymers, metals, and biological molecules. The
nanoscale size of these platforms allows them to interact with
biological systems at a molecular level, providing several
advantages over traditional drug delivery methods.

Eye diseases, such as Age-Related Macular Degeneration (AMD),
diabetic retinopathy, glaucoma, and corneal disorders, pose
significant challenges for drug delivery due to the complex
anatomy and protective barriers of the eye. Traditional drug
delivery methods, such as topical eye drops and systemic
fail to adequate  drug
concentrations to the target tissues, leading to suboptimal

administration, often deliver

therapeutic outcomes. Engineered delivery nanoplatforms
address these challenges by enhancing drug bioavailability,
reducing systemic side effects, and providing sustained release of
therapeutic agents. These platforms can be designed to navigate
the eye's barriers, such as the corneal epithelium, blood-retinal
barrier, and vitreous humor, ensuring that the drugs reach their

intended targets effectively.

Liposomes are spherical vesicles composed of lipid bilayers,
which can encapsulate both hydrophilic and hydrophobic drugs.
They offer biocompatibility, biodegradability, and the ability to
fuse with cell membranes, facilitating efficient drug delivery.
Liposomal formulations have been explored for the treatment of
various eye diseases, including glaucoma and AMD. These
nanoparticles are made from biodegradable polymers such as

PLGA (Poly (Lactic-co-Glycolic Acid)) and chitosan. They provide
controlled and sustained release of drugs, enhancing therapeutic
efficacy. Polymeric nanoparticles have shown potential in
delivering anti-inflammatory and anti-angiogenic agents to treat
diabetic retinopathy and AMD.

Dendrimers are highly branched, treelike structures with
multiple functional groups that can be tailored for specific drug
delivery applications. Their unique architecture allows for high
drug loading capacity and precise control over drug release.
Dendrimers have been investigated for delivering corticosteroids
and anti-glaucoma medications. Gold nanoparticles offer unique
optical and electronic properties, making them suitable for
therapeutic They
functionalized with various ligands to target specific ocular

imaging and applications. can be
tissues. Gold nanoparticles have been studied for their potential
in treating neovascular eye diseases and for use in photothermal
therapy. Hydrogels are three-dimensional networks of
hydrophilic polymers that can retain a large amount of water.
They can be designed to respond to environmental stimuli, such
as pH and temperature, for controlled drug release. Hydrogels
are particularly useful for delivering drugs to the anterior
segment of the eye, such as in the treatment of corneal injuries

and infections.

Passive Targeting involves exploiting the unique anatomical and
physiological characteristics of the eye, such as the Enhanced

Permeability and Retention (EPR) effect, which allows
nanoparticles to accumulate in diseased tissues with
compromised vasculature. Active targeting utilizes specific

ligands or antibodies on the surface of nanoplatforms to bind to
receptors on the target cells or tissues. This approach enhances
the specificity and uptake of the therapeutic agents, improving
treatment outcomes. Stimuli-responsive nanoplatforms release
their payload in response to specific triggers, such as changes in
pH, temperature, or the presence of certain enzymes. This
ensures that the drugs are released precisely when and where
they are needed. Many nanoplatforms are designed to provide a
sustained release of drugs over an extended period, reducing the
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need for frequent administration and improving patient
compliance.

Nanoplatforms have been developed to deliver anti-angiogenic
drugs directly to the retinal cells affected by Age-Related Macular
Degeneration (AMD). These platforms help reduce abnormal
blood vessel growth and fluid leakage, preserving vision.
Engineered nanoplatforms can deliver therapeutic agents that
target the underlying mechanisms of diabetic retinopathy, such
as inflammation and oxidative stress. Polymeric nanoparticles
and liposomes have shown efficacy in reducing retinal damage
and improving visual outcomes. For glaucoma, nanoplatforms
can provide sustained release of intraocular pressure-lowering
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drugs, improving adherence to treatment regimens. Dendrimers
and hydrogels have been explored for their ability to deliver
medications to the trabecular meshwork and optic nerve head.
Nanoplatforms offer a potential approach for treating corneal
infections, injuries, and inflammation. Hydrogels and liposomes
can deliver antibiotics, anti-inflammatory drugs, and growth
factors to promote corneal healing and prevent scarring.
Antibioticloaded nanoplatforms can provide targeted and
sustained delivery of drugs to treat bacterial and fungal
infections of the eye. This approach enhances drug efficacy and
reduces the risk of resistance.
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