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Abstract

Eye diseases are commonly encountered in day-to-day life, which are cured or prevented through the conventionally used dosage

forms like eye drops, ointments. Delivery to the internal parts of the eye still remains troublesome due to the anatomical and protec-

tive structure of the eye. The newly developed particulate and vesicular systems like liposomes, pharmacosomes and discomes are

useful in delivering the drug for a longer extent and helpful in reaching the systemic circulation. The most recent advancements of

the ocular delivery systems provide the delivery of the genes and proteins to the internal structures which were once inaccessible

and thus are of great importance in treating the diseases which are caused due to genetic mutation, failure in normal homeostasis,

malignancy but also maintaining the physiological function of eye. The review focuses on the developments achieved in this mode of

delivery of the drugs along with the pros and cons associated with greater focus on the advanced delivery systems.
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Introduction

The field of ocular drug delivery has undergone a remarkable
evolution in response to the intricate challenges posed by the
unique anatomy and physiology of the eye. The intricate structure
of the eye, comprising multiple barriers and dynamic fluid dynam-
ics, necessitates innovative approaches to ensure the effective and
targeted delivery of therapeutic agents. As we delve into the cur-
rent status and advancements in ocular drug delivery systems, it
becomes evident that traditional methods, while widely employed,
often encounter limitations such as low bioavailability, short resi-

dence times, and patient compliance issues [1].

Current ocular drug delivery relies heavily on conventional for-
mulations, including eye drops, ointments, and injections. While
these methods have proven effective for certain conditions, their
shortcomings, such as rapid clearance by tears and the need for
frequent administration, underscore the need for more sophis-

ticated and tailored approaches. Recognizing these challenges,

researchers and pharmaceutical innovators have embarked on a
journey to explore cutting-edge technologies and materials, paving
the way for advanced strategies that hold the promise of revolu-

tionizing ocular therapeutics [2,3].

In this dynamic landscape, nanotechnology emerges as a beacon
of progress, offering nanoparticulate systems designed to enhance
drug solubility, stability, and bioavailability. The ability of nanopar-
ticles to facilitate sustained release and improve drug penetration
makes them a focal point for overcoming the limitations of tradi-
tional formulations. Complementing this, in situ gels present a
novel solution, undergoing a phase transition upon ocular contact
to form a gel that adheres to ocular tissues, thereby extending drug

release and addressing the challenge of short retention times [4].

Beyond these innovations, the integration of drug-releasing ma-
terials into contact lenses and ocular inserts provides a tangible

shift towards patient-centric drug delivery. These technologies
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promise prolonged drug release, mitigating the need for frequent
administration and improving overall patient compliance. Fur-
thermore, the exploration of iontophoresis and electroporation
introduces methods leveraging electrical currents to enhance drug
penetration, offering an avenue to overcome barriers that hinder

effective drug delivery to ocular tissues [5,6].

The advent of cell-penetrating peptides and gene therapy in-
troduces a paradigm shift towards precision medicine in ocular
therapeutics. These approaches aim to enhance cellular uptake of
drugs and target the underlying genetic causes of ocular diseases,
representing a frontier where innovation meets the intricacies of

ocular biology [7].

In this comprehensive exploration of current status and ad-
vanced approaches in ocular drug delivery systems, it becomes ev-
ident that the convergence of diverse technologies holds immense
potential to transform the treatment landscape for a myriad of oc-
ular conditions. As we navigate this frontier, the synthesis of inno-
vative materials, personalized medicine strategies, and smart drug
delivery systems with monitoring capabilities emerge as pivotal

elements in reshaping the future of ocular therapeutics. The fol-
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lowing discourse delves into the intricate details of these advanced
approaches, offering insights into their mechanisms, benefits, and
the transformative impact they bring to the forefront of ocular drug

delivery research and development [8].

The rapid progress of the biosciences opens new possibili-
ties to meet the needs of the posterior segment treatments. The
examples include the antisense and aptamer drugs for the treat-
ment of cytomegalovirus (CMV) retinitis and age-related macular
degeneration, respectively, and the monoclonal antibodies for the
treatment of the age-related macular degeneration. Other new ap-
proaches for the treatment of macular degeneration include intra-
vitreal small interfering RNA (siRNA) and inherited retinal degen-
erations involve gene therapy®. This review article briefly covers
general outline with examples of various conventional and recent
past time formulations for ophthalmic drug delivery. it also pro-
vides the limitations of conventional delivery with a view to find
modern approaches like vesicular systems, nano technology, stem
cell therapy as well as gene therapy, oligonucleotide and aptamer
therapy, protein and peptide delivery, ribozyme therapy for treat-
ment of various ocular diseases. Different drug delivery system for

ocular therapy is shown in figure 1 [10].

Figure 1: Different drug delivery systems for ocular therapy.
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Intraocular de-

Topical delivery systems livery Reference
Solutions Inserts 11
Suspensions Implant 12
Gels - degradable - degradable 13
- in situ-forming gels - non-degradable
Ointments Micro/nanopar- 14

ticulates

Mucoadhesive polymers

Conjunctival inserts

Contact lenses

Micro/nanoparticulates

Table 1: Main Types of Ocular Delivery Systems.

Control delivery systems
Implants in ocular drug delivery

Implants represent a significant advancement in ocular drug
delivery, offering a targeted and sustained-release approach that
addresses some of the limitations associated with conventional de-
livery systems. These devices, typically small and biocompatible,
are strategically placed within or around the eye to provide con-
trolled release of therapeutic agents over an extended period. The
utilization of implants has gained prominence in the treatment of
chronic eye conditions, providing a promising alternative to fre-

quent administration and improving patient compliance [15].

Types of ocular implants

Intravitreal implants

e Implanted into the vitreous humor of the eye.
e  Provide sustained release of drugs directly to the retina.
e  Commonly used for conditions like diabetic macular edema

and retinal vein occlusion.

Scleral implants

e Placed in the sclera, the outer white layer of the eye.

e  Offerlocalized drug delivery while avoiding the complexities
of intravitreal administration.

e  Used for conditions such as uveitis and glaucoma.

e  Subconjunctival Implants:

e  Positioned beneath the conjunctiva, the clear membrane cov-

ering the white part of the eye.
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e Release drugs into the subconjunctival space for gradual ab-
sorption.

e  Suitable for treating conditions like inflammation and infec-
tions [16].

Iontophoresis

lontophoresis is an innovative and non-invasive technique em-
ployed in ocular drug delivery, utilizing the application of a low
electrical current to enhance the penetration of therapeutic agents
across ocular tissues. This method has garnered attention for its
ability to overcome barriers that limit traditional drug delivery, of-
fering a promising solution to improve drug permeation and bio-

availability within the eye [17].

Mechanism of iontophoresis

During iontophoresis, a small electric current is applied to the
ocular surface, typically through an electrode-containing drug
reservoir. The electric field generated facilitates the movement of
charged drug molecules across the cornea and other ocular bar-
riers. This process can enhance drug penetration, enabling more

efficient delivery to targeted tissues within the eye [18].

Key features of iontophoresis
Enhanced drug permeation
e Jontophoresis improves the permeability of ocular tissues,
overcoming natural barriers that limit drug absorption
[18,19].

Controlled drug delivery
e  The application of an electric current allows for precise con-
trol over the rate and duration of drug delivery, optimizing

therapeutic outcomes.

Reduced systemic exposure
e By directly targeting ocular tissues, iontophoresis minimizes
systemic exposure, lowering the risk of side effects in other
parts of the body [19].

Non-invasiveness
e Jontophoresis is a non-invasive method, eliminating the need
for injections or surgical procedures, which can enhance pa-

tient acceptance [19,20].
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Versatility

This technique is adaptable for a wide range of drugs, mak-

ing it suitable for treating various ocular conditions.
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Dendrimers

Dendrimers, a class of hyperbranched, well-defined, and three-

dimensional macromolecules, have emerged as promising nano-

carriers in the field of ocular drug delivery. These nanostructures,

Figure 2: Diagram of ocular iontophoresis delivering a positively charged drug.

characterized by a central core, repeating units, and terminal func-

tional groups, offer unique properties that make them suitable for

encapsulating and delivering therapeutic agents to the eyes [20].

Key characteristics of dendrimers

Nanostructure: Dendrimers possess a well-defined and
compact nanostructure, allowing for precise control over
size, shape, and surface functionality.

Multivalency: Terminal functional groups enable multiva-
lent interactions, facilitating drug encapsulation and con-
trolled release.

Biocompatibility: Dendrimers can be engineered to be bio-
compatible and exhibit low cytotoxicity, essential for appli-
cations in ocular drug delivery [21].

Versatility: Dendrimers can encapsulate a variety of thera-
peutic agents, including small molecules, peptides, and nu-
cleic acids, making them versatile carriers for different types
of drugs.

Cyclodextrins: Cyclodextrins, a family of cyclic oligosaccha-

rides composed of glucose units, have found significant ap-

plications in the realm of ocular drug delivery. Their unique
molecular structure, characterized by a hydrophobic central
cavity and hydrophilic outer surface, enables them to form
inclusion complexes with a variety of drugs. This property
makes cyclodextrins versatile carriers for enhancing the
solubility, stability, and bioavailability of therapeutic agents,
particularly those with limited water solubility [22].

Key characteristics of cyclodextrins

Inclusion Complex Formation: Cyclodextrins can form in-
clusion complexes with lipophilic drugs, increasing their
aqueous solubility and bioavailability [23].
Biocompatibility: Generally recognized as safe (GRAS) by
regulatory authorities, cyclodextrins are biocompatible and
suitable for various pharmaceutical applications.

Surface modification: The outer surface of cyclodextrins
allows for functionalization, enabling targeted drug delivery
and controlled release.

Versatility: Cyclodextrins can encapsulate a wide range of

drugs, including small molecules, peptides, and proteins [24].
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e  Contact: Contact lenses, traditionally used for vision correc-
tion, have evolved into innovative platforms for ocular drug
delivery. These devices offer a non-invasive and patient-
friendly approach, providing sustained and controlled re-
lease of therapeutic agents directly to the ocular surface. The
integration of drug-releasing materials into contact lenses
addresses the challenges associated with traditional ocular
drug delivery methods and enhances patient compliance
[25].

Key features of drug-releasing contact lenses

e  Material selection: Contact lenses are made from materi-
als that allow for the incorporation of drug-releasing compo-
nents, such as nanoparticles or hydrogels.

e Sustained drug release: Drug-releasing contact lenses pro-
vide controlled and prolonged release of therapeutic agents,
reducing the need for frequent administration.

e Customizable design: Contact lenses can be engineered to
release different drugs at specified rates, catering to the re-
quirements of specific eye conditions.

e Comfortable wear: Patients find drug-releasing contact
lenses comfortable to wear, promoting better compliance
compared to other ocular drug delivery methods [26].

e Collagen shield: A collagen shield, also known as a collagen
corneal shield or collagen bandage, is a medical device made
from collagen materials that is designed to protect and sup-
port the cornea, particularly after certain eye surgeries or in
cases of corneal injuries. These shields are thin, transparent,
and conformable, resembling a contact lens, and they can be

placed directly onto the surface of the eye [27].

Key Features and Applications of Collagen Shields

e Material Composition: Collagen shields are typically com-
posed of purified collagen derived from animal sources, such
as bovine or porcine collagen.

e Conformability: These shields are flexible and conform to
the shape of the cornea, providing a comfortable fit.

e Biodegradability: Collagen shields are biodegradable, gradu-
ally breaking down over time as the cornea heals.

e  Moisture retention: The collagen material retains moisture,
helping to prevent dryness on the ocular surface and promot-

ing a suitable environment for corneal healing.
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e Protection and support: Collagen shields are used to protect
the cornea from mechanical irritation, such as blinking, and to
provide support during the healing process after surgery or
injury [28].

e Microemulsions: Microemulsions are thermodynamically
stable colloidal systems composed of water, oil, and surfactant,
often with the addition of a co-surfactant. These nanoscale
droplets of oil dispersed in water (or vice versa) form trans-
parent and isotropic solutions, offering unique properties that
make them highly effective carriers for ocular drug delivery
[29].

Key Characteristics of Microemulsions:

e Nanoemulsion Structure: Microemulsions consist of nano-
sized droplets (typically 10-100 nm) stabilized by surfactants,
forming a thermodynamically stable and transparent system.

e Enhanced Solubilization: Microemulsions can solubilize
both hydrophobic and hydrophilic drugs, overcoming the limi-
tationof drug solubility in traditional formulations.

e Improved Bioavailability: The nanoscale droplets increase
the surface area available for drug absorption, leading to en-
hanced bioavailability.

e Thermodynamic Stability: Microemulsions exhibit long-
term stability without phase separation, ensuring consistent

drug delivery over time [30].

Nanosuspensions: Nanosuspensions are submicron colloi-
dal dispersions of drug particles in a liquid medium stabilized by
surfactants or polymers. In ocular drug delivery, nanosuspensions
have gained attention as effective carriers to overcome challenges
related to poor drug solubility, low bioavailability, and limited pen-
etration into ocular tissues [31].

Microneedles: Microneedles are minimally invasive devices
with tiny needle-like structures that can penetrate the skin or mu-
cosal surfaces, including the ocular surface, for the delivery of ther-
apeutic agents. In ocular drug delivery, microneedles offer a novel
approach to bypass barriers, such as the corneal epithelium, and

deliver drugs directly to the targeted ocular tissues [32].

Key features and applications of microneedles include
e Drug Delivery: Microneedles are utilized to enhance trans-
dermal drug delivery, enabling medications to be delivered
through the skin in a less invasive manner compared to tra-

ditional injections.
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They can improve the bioavailability of certain drugs by
bypassing barriers in the skin and targeting specific tissue
layers.

Vaccination: Microneedle-based vaccine delivery is being
explored as an alternative to traditional needle and syringe
injections. It offers potential advantages such as improved
patient compliance, reduced needle phobia, and simplified
administration.

Diagnostics: Microneedles can be incorporated with sen-
sors for diagnostic purposes. By collecting interstitial fluid
or blood, they can provide real-time information about bio-
markers or other analytes.

Cosmetic Applications: Microneedle rollers or patches are
used in cosmetic procedures to improve the absorption of

skincare products and promote collagen production.

Advances and Challenges in Ocular Drug Delivery Systems: A Comprehensive Review
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Research and Sampling: In research settings, microneedles
are employed for collecting small quantities of interstitial
fluid or extracting biomolecules for analysis.

Pain Reduction: Due to their smaller size and reduced nerve
stimulation compared to traditional needles, microneedles
may offer a less painful experience for patients.

Patch Technologies: Microneedle patches, which typically
consist of an array of microneedles on a patch, are being de-
veloped for various applications, including vaccine adminis-
tration and continuous glucose monitoring.

Fabrication Techniques: Microneedles can be fabricated us-
ing different materials and methods, including silicon, metals,
and polymers. Fabrication techniques include lithography,

micromolding, and laser cutting [33].

Figure 3: Ocular routes for drug delivery systems.
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Prodrugs

Prodrugs are pharmacologically inactive compounds that un-
dergo biotransformation in the body to release the active drug. In
ocular drug delivery, prodrugs play a strategic role in improving
the bioavailability, stability, and penetration of drugs to target tis-
sues within the eye. The design of prodrugs allows for enhanced
drug delivery while addressing challenges such as limited solubil-

ity, rapid metabolism, and poor tissue permeability [34].

Key features of prodrugs

Chemical modification: Prodrugs involve the chemical modi-
fication of the parent drug to create a derivative that is inactive
or less active until it undergoes a specific enzymatic or chemical
transformation in the body.

Enhanced lipophilicity or hydrophilicity: Prodrugs can be
designed to enhance the lipophilicity or hydrophilicity of the drug,
influencing its pharmacokinetics and tissue distribution [20].

Improved stability: Prodrugs can enhance the stability of the
active drug, protecting it from degradation and improving its shelf
life.

Targeted drug delivery: Prodrugs allow for targeted drug de-
livery by facilitating the release of the active drug at the desired

site or within specific tissues [35].

Penetration

Penetration enhancers, also known as permeation enhancers or
absorption enhancers, are compounds that improve the delivery of
drugs across biological barriers. In ocular drug delivery, penetra-
tion enhancers play a crucial role in enhancing the permeability of
drugs across the cornea and other ocular tissues. These enhancers
can be employed to overcome the challenges associated with the
protective barriers of the eye, such as the corneal epithelium, and

improve the bioavailability of therapeutic agents [36].

Mucoadhesive

Mucoadhesive polymers are substances that adhere to mucosal
surfaces, providing sustained contact and facilitating the delivery
of drugs to these tissues. In ocular drug delivery, mucoadhesive
polymers are utilized to enhance the residence time of therapeutic
agents on the ocular surface, particularly the cornea and conjunc-
tiva. This prolonged contact improves drug absorption and bio-
availability, making mucoadhesive polymers valuable components

in the development of ophthalmic formulations [37].
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Key points about mucoadhesives

Applications

¢ Drug delivery: Mucoadhesive materials are commonly used
in pharmaceuticals for controlled drug release. They can en-
hance the residence time of a drug at the site of administra-
tion, leading to improved absorption and bioavailability.

e Medical devices: Mucoadhesive properties are exploited in
the development of medical devices, such as patches, gels,
and films, that adhere to mucosal surfaces for prolonged
therapeutic effects.

e Topical formulations: Mucoadhesive materials are used in
various topical formulations, including gels and ointments, to

improve adhesion and drug retention on mucosal surfaces.
Types of mucoadhesives

e Synthetic polymers: Synthetic polymers such as poly (acryl-
ic acid) and polyethylene glycol can be modified to possess
mucoadhesive properties.

e Natural polymers: Natural polymers like chitosan, alginate,
and hyaluronic acid exhibit inherent mucoadhesive charac-
teristics and are widely used in pharmaceutical formulations.

e Thiolated polymers: Polymers modified with thiol groups,
such as thiolated chitosan, can enhance mucoadhesion due to

interactions with mucin proteins.
Mechanisms of mucoadhesion

e  Adsorption: Mucoadhesive materials can adhere to mucosal
surfaces through non-specific interactions, such as hydrogen
bonding, van der Waals forces, and electrostatic interactions.

e  Covalent bonds: Some mucoadhesives form covalent bonds
with mucosal proteins, leading to a stronger and more durable
adhesion.

e  Hydration: Swelling and hydration of mucoadhesive polymers
can contribute to adhesion by facilitating interactions with the

mucosal surface.

Benefits
e Improved bioavailability: Mucoadhesive drug delivery
systems can enhance the absorption of drugs, leading to in-

creased bioavailability.
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e Prolonged action: The prolonged contact time provided by
mucoadhesion allows for sustained release of drugs, reduc-
ing the frequency of administration.

e Targeted delivery: Mucoadhesive formulations can target
specific mucosal sites, improving the therapeutic outcome
[38].

Challenges

e Variability in mucosal surfaces: Mucosal surfaces can vary
in composition and characteristics, making it challenging to
design universal mucoadhesive formulations.

e Biocompatibility: Ensuring the biocompatibility of muco-
adhesive materials is crucial to prevent irritation or adverse

reactions at the application site.

In situ gel systems

In situ gel systems, also known as phase transition systems, are
formulations that undergo a phase transition from a liquid to a gel
state under specific physiological conditions. In ocular drug deliv-
ery, these systems are designed to improve the residence time of
drugs on the ocular surface, enhancing drug absorption and bio-
availability. The transition from a liquid to a gel phase can be trig-
gered by factors such as temperature, pH, or the presence of ions,

allowing for controlled and sustained drug release [39].

Key Features of In Situ gel systems

Thermosensitivity: In situ gel systems can exhibit thermosen-
sitive properties, undergoing gelation in response to the tempera-
ture of the ocular surface.

pH-Dependent gelation: Some formulations undergo gelation
in response to the pH of the tear fluid or ocular surface, leading to
increased viscosity and prolonged drug retention.

Ion-Induced gelation: Certain formulations can undergo ge-
lation in the presence of specific ions found in tears, providing a
mechanism for in situ gel formation.

Ease of administration: These systems are often administered
as liquid drops, ensuring ease of application, and then undergo a

phase transition to form a gel [40].

Particulates (Nanoparticles and microparticles)
The maximum size limit for microparticles for ophthalmic ad-

ministration is about 5-10 mm above which a scratching feeling

10

in the eye can result upon ocular instillation. That is why micro-
spheres and nanoparticles are promising drug carriers for ophthal-
mic application.39 Nanoparticles are prepared using bioadhesive
polymers to provide sustained effect to the entrapped drugs. An
optimal corneal penetration of the encapsulated drug was reported
in presence of bioadhesive polymer chitosan.40 Similarly Poly bu-
tyl cyanoacrylate nanoparticles [41,42].

Advanced delivery system
Cell encapsulation

Cell encapsulation has shown promise as a novel approach
in ocular drug delivery, offering unique advantages in protecting
therapeutic cells and facilitating controlled release of therapeutic
agents. While the field is still evolving, researchers are exploring
the potential applications of cell encapsulation for treating various
ocular diseases. Here are some key aspects of cell encapsulation in

ocular drug delivery [43].

Gene therapy

Along with tissue engineering, gene therapy approaches stand
on the front line of advanced biomedical research to treat blindness
arising from corneal diseases, containing pilocarpine into collagen
shields, showed greater retention and activity characteristics with
respect to the controls. Nanospheres made up of poly lactic acid
(PLA) coated with Poly Ethylene Glycol (PEG) shown better efficacy
compared to conventional dosage form of Acyclovir for the treat-
ment of ocular viral infections. Microspheres of poly lacto gylcolic
acid (PLGA) for topical ocular delivery of a peptide drug vancomy-
cin were prepared by an emulsification/spray-drying technique
modified human RPE cells secretes ciliary neurotrophic factor into
the vitreous humour of the patients’ eyes [39]. ECT can potentially
serve as a delivery system for chronic ophthalmic diseases like neu-
roprotection in glaucoma, anti-angiogenesis in choroidal neovascu-
larization, anti-inflammatory factors for uveitis which are second
only to cataract as the leading cause of vision loss. Several kinds
of viruses including adenovirus, retrovirus, adeno-associated vi-
rus, and herpes simplex virus, have been manipulated for use in
gene transfer and gene therapy applications. Topical delivery to the
eye is the most expedient way of ocular gene delivery. However, the
challenge of obtaining substantial gene expression following topi-
cal administration has led to the prevalence of invasive ocular ad-

ministration [44].
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Stem cell therapy in ocular regenerative medicine

Stem cell therapy holds significant promise in the field of ocular
regenerative medicine, offering potential treatments for various
eye diseases and conditions. Stem cells possess the unique ability
to differentiate into different cell types, making them a valuable re-
source for repairing damaged tissues and promoting regeneration.
In ocular applications, stem cell therapy is being explored for its
potential to treat conditions affecting the cornea, retina, and other

components of the eye [45].

Protein and peptide therapy in ocular diseases

Protein and peptide therapy is a rapidly evolving field with
promising applications in the treatment of various ocular diseases.
Proteins and peptides offer targeted therapeutic approaches, ad-
dressing specific molecular pathways involved in ocular disorders.
Here’s an overview of the use of protein and peptide-based thera-

pies in ocular medicine [46].

Anti-VEGF therapies

e Purpose: Anti-vascular endothelial growth factor (VEGF)
therapies are designed to inhibit abnormal blood vessel
growth, a hallmark in conditions like age-related macular de-
generation (AMD), diabetic retinopathy, and macular edema.

e Examples: Bevacizumab, ranibizumab, and aflibercept are
monoclonal antibodies used to neutralize VEGF and are ad-

ministered through intravitreal injections.
Neuroprotective peptides

e Purpose: Neuroprotective peptides aim to prevent or limit
damage to retinal ganglion cells, offering potential therapeu-
tic strategies for conditions like glaucoma.

e Examples: Brimonidine, a neuroprotective alpha-2 adrener-
gic agonist, has been investigated for its neuroprotective ef-

fects in glaucoma.

Corticosteroids

e Purpose: Corticosteroids have anti-inflammatory and im-
munosuppressive properties, making them useful in treating
inflammatory conditions of the eye, such as uveitis.

e Examples: Dexamethasone and prednisolone are cortico-
steroids that can be administered topically or through intra-

vitreal injections.
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Growth factors

e  Purpose: Growth factors play a role in tissue repair and re-
generation. They are investigated for their potential in pro-
moting healing and regeneration in ocular tissues.

e Examples: Epidermal growth factor (EGF) and fibroblast
growth factor (FGF) are among the growth factors studied for

their ocular therapeutic potential.
Peptide-based drug delivery systems

e Purpose: Peptide-based drug delivery systems enhance the
delivery of therapeutic agents to specific ocular tissues, im-
proving bioavailability and reducing systemic side effects.

o Examples: Peptide carriers, such as cell-penetrating peptides
(CPPs), have been explored to improve the transport of drugs

across ocular barriers.
Antimicrobial peptides

. Purpose: Antimicrobial peptides are investi-
gated for their potential in treating ocular infections by
disrupting the membranes of microbial pathogens.

. Examples: LL-37 is an antimicrobial peptide
with broad-spectrum activity against bacteria and fungi
[47].

Ribozymes

Ribozymes, with their ability to specifically target and cleave
RNA molecules, have been explored as a potential therapeutic
strategy for various ocular diseases. The targeted RNA cleavage
offered by ribozymes presents an opportunity to modulate gene
expression, inhibit the replication of specific RNA sequences, and
potentially address molecular abnormalities associated with ocu-
lar disorders. Here are some key considerations and applications of

ribozymes in the context of ocular diseases [48,49].

Retinal diseases

e Angiogenesis inhibition: Abnormal angiogenesis is a hall-
mark of retinal diseases such as diabetic retinopathy and
neovascular age-related macular degeneration (AMD). Ribo-
zymes can be designed to target RNA sequences associated
with the overexpression of angiogenic factors, potentially in-

hibiting abnormal blood vessel formation.
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Figure 4: Protein and Peptide Therapy in Ocular Diseases.

Genetic disorders

e Genetic mutation correction: Inherited genetic disorders
affecting the eye, such as certain forms of retinitis pigmen-
tosa, involve specific mutations in RNA sequences. Ribozymes
can be tailored to target and cleave mutant RNA, potentially
correcting the genetic defect or reducing the expression of

deleterious proteins.

Antiviral strategies

Viral RNA inhibition: Ocular viral infections, including those
caused by herpes simplex virus (HSV) or cytomegalovirus (CMV),
may be targeted using ribozymes. Designing ribozymes to cleave
viral RNA can potentially inhibit viral replication and limit the pro-

gression of viral-induced ocular diseases [50].

Scleral plug therapy

Scleral plug can be implanted using a simple procedure at the
pars plana region of eye, made of biodegradable polymers and
drugs, and it gradually releases effective doses of drugs for several
months upon biodegradation. The release profiles vary with the
kind of polymers used, their molecular weights, and the amount
of drug [51].

siRNA therapy

For various angiogenesis-related diseases, the use of siRNA is
considered as a promising approach. Feasibility of using siRNA
for treatment of choroidal neovascularization has been demon-

strated using siRNA directed against vascular endothelial growth

factor (VEGF) or VEGF receptor 1 (VEGFR1), and both of these ap-
proaches are being tested in clinical trials. Topical delivery of siR-
NAs directed against VEGF, or its receptors has also been shown to
suppress corneal neovascularisation. siRNA has become a valuable
tool to explore the potential role of various genes in ocular disease

processes [52].

Figure 5: siRNA therapy.

Aptamer

Aptamers are oligonucleotide ligands that are used for high-af-
finity binding to molecular targets. They are isolated from complex
libraries of synthetic nucleic acid by an iterative process of adsorp-
tion, recovery, and reamplification. They bind with the target mol-
ecules at a very low level with high specificity. One of the earliest

aptamers studied structurally was the 15 meters [53].
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Delivery platform Drug Method of delivery |Developmental stagel REFERECNCE
Clearside Biomedical Triamcinolone acetonide Suprachoroidal injection P2(TYBEE) 54
P3(PEACHTREE)
Microcannulation Stem cell (CNTO 2476) Suprachoroidal injection P1/2 55
Microcannulation [luvien Suprachoroidal injection Ex-US P1 56
Encapsulated cell technology | Ciliary neurotrophic factor (CNTF) Intravitreal implant P2 57
Retiset Fluocinolone acetonide Intravitreal implant Launched 58
[luvien Fluocinolone acetonide Intravitreal implant Launched 59
Ozurdex Dexamethasone Intravitreal implant Launched 60
PLGA nanoparticles Bevacizumab Intravitreal implant Pre-clinical 61
PLGA microparticles Bevacizumab Intravitreal implant Pre-clinical 62
Graybug vision GB-102 Sunitinib malate Intravitreal implant P1/2a 63
Ocular therapeutix OTX-IVT Aflibercept Intravitreal implant Pre-clinical 64
Ocular therapeutix OTX-TKI Tyrosine kinase inhibitor Intravitreal implant Ex-US P1 65
Thermoresponsive hydrogel Bevacizumab or ranibizumab Intravitreal implant Pre-clinical 66
In situ hydrogel Bevacizumab Intravitreal implant Pre-clinical 67
Microsphere-thermoresponsive Bevacizumab, ranibizumab, or Intravitreal implant Pre-clinical 68
composite system aflibercept
Port delivery system Ranibizumab Intravitreal implant P2 69

Table 2: Ocular drug delivery systems in clinical trials or in development.

Conclusion

Ocular drug delivery systems provide local as well as systemic

delivery of the drugs. The novel advanced delivery systems offer

more protective and effective means of the therapy for the nearly

inaccessible diseases or syndromes of eyes. The latest available

targeted drug delivery systems focus on the localised delivery of

the drugs as well as certain macromolecular substances like pro-

teins, genes like DNA, siRNA to the internal parts of the eye. Fur-

ther developments are preferable which will eliminate the cons of

these available advanced delivery systems and readily acceptable

with the regulatory authorities as well.
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