Ophthalmic Drug Delivery Systems

l. Introduction

Ophthalmic drug delivery systems play a vital role in treating various eye disorders by
delivering drugs directly to the affected site. The eye's unique anatomy and physiology present
significant challenges to drug delivery, requiring specialized approaches to achieve effective
therapy. Traditional methods like eye drops and ointments dominate the market, but their
efficacy is often limited by barriers such as tear dilution, blinking, and the corneal epithelium,
which restrict drug penetration.

The global burden of ocular diseases such as glaucoma, dry eye syndrome, and age-related
macular degeneration highlights the need for advanced drug delivery systems that can provide
targeted, sustained, and effective therapy. Recent innovations, including nanotechnology-based
carriers, hydrogels, and implants, aim to overcome these limitations and improve therapeutic
outcomes.

This study material explores the anatomy of the eye in detail, the various types of ophthalmic
preparations, their formulation requirements, challenges in drug delivery, and emerging
technologies that promise to revolutionize ophthalmic pharmacotherapy. By understanding
these concepts, pharmacy students can appreciate the complexities of designing effective drug

delivery systems tailored for ocular applications.

Il. Anatomy of the Eye

The eye is a complex sensory organ responsible for vision. Its structure is intricately designed
to focus light, convert it into neural signals, and transmit these signals to the brain.
Understanding the anatomy of the eye is crucial for developing effective ophthalmic drug
delivery systems as it highlights the barriers and pathways for drug absorption.
1. External Structures of the Eye
o Eyelids:
o Protect the eye from foreign particles, light, and injury.
o Spread the tear film across the eye's surface, ensuring hydration and cleanliness.
o Contain glands (Meibomian glands) that secrete oils to prevent tear evaporation.
e Conjunctiva:
o A thin, transparent membrane that covers the sclera (bulbar conjunctiva) and
lines the inner surface of the eyelids (palpebral conjunctiva).

o Richly vascularized, playing a role in immune defence and drug absorption.



e Lacrimal Apparatus:
o Lacrimal Gland: Produces tears that lubricate the eye and provide nutrients.
o Lacrimal Puncta and Canaliculi: Drain excess tears into the nasolacrimal
duct, connecting the eye to the nasal cavity.
2. Structural Layers of the Eyeball
The eyeball consists of three primary layers, each with distinct functions:
e a. Fibrous Layer:
o Sclera:
= The tough, white outer covering of the eye that provides structural
support and protection.
= Poorly vascularized, making it less permeable to drugs.
o Cornea:
= Transparent, dome-shaped structure forming the front part of the eye.
=  Composed of five layers (epithelium, Bowman’s membrane, stroma,
Descemet’s membrane, endothelium).
= Plays a critical role in refracting light and acts as a primary barrier for
drug absorption due to its lipophilic epithelium.
e Db. Vascular Layer (Uvea):
o Choroid:
= Located between the sclera and retina, it supplies blood to the outer
retina.
= Contains melanin, which absorbs excess light.
o Ciliary Body:
= Produces aqueous humour, a clear fluid that maintains intraocular
pressure and nourishes the lens and cornea.
= Contains muscles that control the shape of the lens for focusing.
o lris:
= The coloured part of the eye that regulates the size of the pupil and
controls the amount of light entering the eye.
e C. Neural Layer:
o Retina:
= A thin, light-sensitive layer that contains photoreceptor cells (rods for
low light, cones for colour vision).
= Converts light into electrical signals sent to the brain via the optic nerve.

= Retinal drug delivery is challenging due to the blood-retinal barrier.



3. Internal Components of the Eye
e Aqueous Humour:
o Aclear, watery fluid produced by the ciliary body.
o Fills the anterior and posterior chambers (space between the cornea and lens)
and is crucial for maintaining intraocular pressure.
o Serves as a medium for nutrient and waste exchange.
e Vitreous Humour:
o A gel-like substance that fills the space between the lens and retina.
o Provides structural support to the eye and helps maintain its spherical shape.
e Lens:
o A transparent, flexible structure behind the iris.
o Focuses light onto the retina by changing its shape (accommodation).
4. Ocular Barriers to Drug Delivery
e Tear Film:
o Composed of three layers (lipid, aqueous, and mucin).
o Protects and lubricates the eye but dilutes and washes away topically applied
drugs within minutes.
« Corneal Barrier:
o Lipophilic epithelium prevents hydrophilic drugs from penetrating.
o Hydrophilic stroma restricts lipophilic drug movement, making the cornea a
dual-barrier.
« Conjunctival Barrier:
o Absorbs some drugs, especially larger molecules, but limits deep penetration
into the eye.
o Blood-Aqueous Barrier:
o Formed by tight junctions in the ciliary epithelium, restricting systemic drugs
from entering the aqueous humour.
o Blood-Retinal Barrier:
o Prevents systemic drugs from reaching the retina, ensuring the retina's
protection but complicating treatment of retinal diseases.
5. Functional Zones of the Eye
e Anterior Segment:
o Includes the cornea, iris, ciliary body, aqueous humour, and lens.

o Commonly targeted in glaucoma and cataract treatments.



e Posterior Segment:
o Includes the vitreous humour, retina, and optic nerve.
o Requires specialized delivery systems like intravitreal injections for effective
treatment.
6. Dynamic Processes in the Eye
e Blinking:
o Occurs ~15-20 times per minute, distributing the tear film and removing debris.
o Causes rapid elimination of topically applied drugs.
e Tear Turnover:
o Tears are replaced approximately every 5 minutes, diluting and washing away
ophthalmic drugs.
o Drainage via Nasolacrimal Duct:
o Topical drugs may drain into the nasal cavity, reducing ocular bioavailability
and causing systemic absorption.
I11. Ophthalmic Preparations
Ophthalmic preparations are specialized dosage forms tailored for application to the eye. They
must meet sterility and stability standards to ensure safety and efficacy.
1. Ophthalmic Preparations
Ophthalmic preparations are specialized formulations designed for the treatment of various eye
conditions, ensuring precise drug delivery to specific ocular tissues. These preparations must
meet stringent requirements such as sterility, safety, and compatibility with the eye's
physiological conditions.
1. Types of Ophthalmic Preparations
A. Eye Drops
o Description: Aqueous or oily solutions or suspensions applied to the conjunctival sac.
o Advantages: Easy to administer, widely accepted by patients.
o Limitations: Rapid tear turnover and drainage reduce drug bioavailability (<5% of the
dose reaches intraocular tissues).
o Examples:
o Antibiotic drops: Ciprofloxacin.
o Anti-inflammatory drops: Ketorolac tromethamine.

o Moydriatics: Tropicamide for pupil dilation.



B. Eye Ointments

Description: Semi-solid preparations containing drugs in a greasy base, such as
petrolatum or lanolin.
Advantages:
o Prolonged contact time with the ocular surface.
o Useful for treating conditions like bacterial infections or dry eye.
Limitations:
o Blurred vision after application due to the greasy base.
Examples:
o Erythromycin ointment (antibiotic).

o Acyclovir ointment (antiviral).

C. Eye Gels

Description: Semi-solid preparations with increased viscosity compared to drops but
less greasy than ointments.
Advantages:
o Prolonged retention time without significant blurring of vision.
o Suitable for conditions like dry eye syndrome.
Examples:

o Carbomer-based gels for artificial tears.

D. Ophthalmic Inserts

Description: Solid or semi-solid devices placed in the conjunctival sac for sustained
drug release.
Advantages:
o Sustained drug delivery for days or weeks, reducing the frequency of
administration.
o Bypasses tear drainage, increasing bioavailability.
Limitations: Inconvenience during application and potential discomfort.
Examples:

o Pilocarpine ocular insert for glaucoma.

E. Intravitreal Injections

Description: Direct injection of drugs into the vitreous cavity for treating posterior
segment diseases.
Advantages:

o Delivers drugs directly to the retina and vitreous, bypassing systemic and ocular

barriers.



o Limitations:

o Invasive, requires sterile conditions, and may lead to complications like
infection or retinal detachment.

o Examples:
o Anti-VEGF agents: Ranibizumab for age-related macular degeneration.
o Steroids: Triamcinolone for diabetic macular oedema.

F. Ocular Implants
o Description: Biodegradable or non-biodegradable devices implanted in the eye for
sustained drug release over months.

e Advantages:
o Long-term treatment for chronic conditions.
o Reduces the burden of frequent administration.

o Limitations:
o Requires surgical intervention for placement and sometimes removal.

o Examples:
o Dexamethasone implants for uveitis.
o Fluocinolone acetonide implant for diabetic retinopathy.

G. Sprays

e Description: Non-invasive delivery method sprayed onto the closed eyelids.

o Advantages:
o Convenient for patients who struggle with eye drops.
o Reduces contamination risks.

o Examples:

o Artificial tear sprays for dry eye.

H. Contact Lens-Based Systems
e Description: Contact lenses impregnated with drugs for continuous release.
e Advantages:
o Provides prolonged and controlled drug delivery.
o Enhances bioavailability by bypassing tear drainage.
o Limitations:
o Requires precise manufacturing and patient compliance.
o Examples:

o Drug-eluting lenses for glaucoma therapy.



[. Hydrogels

Description: Polymer-based systems that swell upon contact with ocular fluids,
releasing drugs over time.
Advantages:
o Biocompatible and capable of sustained drug release.
Examples:

o Timolol hydrogels for glaucoma.

J. Microneedles

Description: Tiny needles that deliver drugs directly into the sclera or other ocular
tissues.
Advantages:

o Minimally invasive and painless.

o Suitable for posterior segment diseases.

Examples: Research-stage formulations for retinal delivery.

2. Requirements for Ophthalmic Preparations

To ensure safety, efficacy, and patient comfort, ophthalmic preparations must adhere to the

following criteria:

Sterility: Essential to prevent infections due to the eye's sensitivity to microorganisms.
Isotonicity: The preparation should match the osmotic pressure of tear fluid
(approximately 0.9% NaCl) to avoid irritation.

pH Compatibility: Ideally between 7.0 and 7.4 to match tear fluid; a buffer system
may be used to maintain stability.

Viscosity: Enhances retention time on the ocular surface. Agents like polyvinyl alcohol
or hydroxypropyl methylcellulose are commonly added.

Particle Size: For suspensions, particles should be fine enough to avoid causing
irritation.

Preservatives: Added to multi-dose formulations to prevent microbial growth (e.g.,
Benzalkonium chloride). However, preservative-free options are preferred for sensitive
eyes.

Antioxidants and Stabilizers: Protect drugs from degradation caused by light, oxygen,

or heat.

3. Challenges in Ophthalmic Preparations

1.

Short Retention Time: Tears and blinking rapidly wash away the drug.

2. Low Drug Absorption: Less than 5% of the administered dose reaches intraocular

tissues due to barriers.



3.
4.

Patient Compliance: Frequent dosing regimens reduce adherence.
Formulation Stability: Sterility and physical stability over the shelf-life can be

challenging to maintain.

4. Innovations in Ophthalmic Drug Delivery

1.

2
3.
4
5

Nanocarriers: Liposomes, nanoparticles, and dendrimers for targeted drug delivery.
Prodrug Approaches: Drugs modified to enhance corneal permeability.

Ocular Microspheres: Biodegradable systems for sustained release.

Iontophoresis: Uses a small electric current to enhance drug penetration.
Thermoresponsive Gels: Liquid at room temperature, gel at body temperature,

ensuring sustained release.



