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ABSTRACT

In situ gels represent an innovative and promising approach for enhancing ocular drug
delivery, addressing the limitations of conventional eye drops, such as rapid drainage and
poor bioavailability. This review explores the formulation and optimization of in situ
ophthalmic gels, with a focus on Brimonidine Tartrate, a widely used a2-adrenergic agonist
for glaucoma treatment. These gels are designed to transition from a liquid to a gel form
upon contact with ocular tissues, providing prolonged retention time, controlled release, and
improved bioavailability. The review discusses various polymer systems, including
temperature-sensitive, pH-sensitive, and ion-sensitive gels, and highlights their role in
enhancing ocular retention and drug release. Additionally, the challenges and strategies for
optimizing in situ gels for ophthalmic applications are examined. The potential advantages of
in situ gel formulations, including reduced dosing frequency and improved patient
compliance, are emphasized, particularly for the delivery of Brimonidine Tartrate. In
conclusion, in situ gels offer significant promise as an advanced drug delivery system for
ocular therapy, with the potential to improve the management of glaucoma and other ocular
conditions.

Keywords- In situ gel, Ocular drug delivery, Brimonidine Tartrate, Ophthalmic formulations,
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INTRODUCTION

Ocular drug delivery remains a major challenge in the treatment of various eye disorders due
to the unique anatomy and physiology of the eye. Traditional eye drops face significant
drawbacks, such as rapid drainage, low bioavailability, and frequent dosing, which often
result in suboptimal therapeutic outcomes. In response to these limitations, in situ gel systems
have emerged as an innovative approach to enhance the efficacy of ocular drug delivery.?
These gels are liquid at the time of administration and undergo gelation at the site of
application, triggered by physiological stimuli such as pH, temperature, or ionic strength.
This review focuses on the formulation, optimization, and potential applications of in situ
ophthalmic gels, with a particular emphasis on the delivery of Brimonidine Tartrate, an o2-
adrenergic agonist used in the management of glaucoma. The eye is a complex and unique
part of the human organs that has been considered as the window to the human soul. Broadly,
the human eye is divided into two segments that are anterior and posterior segments.? The
specific disease conditions of the eye are associated with each of these broad segments. For
instance, conjunctivitis, glaucoma, blepharitis, and cataract are some of the diseases that
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affect the anterior segment of the eye, while diabetic retinopathy and age-related macular
degeneration are known to affect the posterior segment.®
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Fig. 1 — In-situ forming gels process. The formulation is liquid when instilled into the eye
which undergoes gel formation rapidly in the cul-de-sac of the eye in response to
environmental changes such as pH, temperature and ion; finally release the drug slowly
under physiological conditions.

In-situ gelling system

Ophthalmic in-situ gelling is comprising of environmentally sensitive polymers that will be
altered structurally with the small changes in specific conditions like pH, temperature and
ionic strength in the environment.* In-situ forming gels are liquids during instillation into the
eye and then undergoes rapid gelation in the cul-de-sac of the eye to form viscoelastic gels in
response to environmental changes (Fig. 1); lastly release the drug slowly under
physiological conditions®. Consequently, the residence time of the gel formed in-situ will be
extended and the drug is released in a sustained manner which leads to enhanced
bioavailability, minimized systemic absorption and reduced frequent dosing regimen
resulting to improved patient compliance®. Furthermore, some other potential advantages
such as simple manufacturing process, ease of administration, and deliverance of accurate
dose have been exhibited by in-situ gelling systems’.

Mechanisms of gelling system

In-situ gel formation may be achieved by a number of mechanisms including temperature,
pH- and ion-activated systems. Temperature triggered in-situ gel system which utilizes the
temperature sensitive polymers that exist as a liquid form below its low critical solution
temperature (LCST) and undergoes gelation when the environmental temperature reaches or
is above the LCST®. The pH induced in-situ gel contains polymers which possess acidic or
alkaline functional groups within the chain molecule and undergoes a sol-gel phase transition
on change from a low pH to high pH environment®. lon-activated systems are also known as
osmotically triggered in-situ gel systems wherein the polymer undergoes a sol-gel transition
due to changes of ionic concentration, which is typically triggered by mono or divalent
cations in tear fluid particularly Na+, Mg2+and Ca2+%. In addition, sol-gel phase transition
has known to be induced by enzymatic cross linking and photon polymerizationt. However,
the pH, temperature, and ion-induced in-situ gel are the most extensively studied approaches
of in-situ gel, and the concern of this review.

Clinical application of in-situ gelling
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To date, some of in-situ gel formulations have been commercially available for ocular drug
delivery. For instance, Timoptic-XE®, containing timolol maleate (0.25% and 0.5%) in
gellan gum has been available on market since 1994, which is applied topically on the eye to
treat glaucoma. Furthermore, some of the patents on in-situ gel for ocular delivery system
have been issued in the last decades, and are being summarized.*?

Challenges in Ocular Drug Delivery®1°

Ocular drug delivery is a highly specialized field that requires overcoming several biological

barriers, including:

a) Tear drainage: Tears rapidly flush out drug formulations, reducing their residence time
on the corneal surface.

b) Blood-aqueous barrier: Limits the absorption of drugs into the systemic circulation.

c) Corneal barrier: Restricts drug permeation through the cornea, especially for
hydrophilic molecules.

These challenges contribute to the low bioavailability of conventional ocular drug delivery

systems, typically below 5%, necessitating frequent administration to achieve therapeutic

concentrations.

In Situ Gel Systems for Ocular Delivery!¢-18

In situ gels are promising candidates for ocular drug delivery due to their ability to form a gel
at the site of administration. This transformation improves the residence time of the drug,
ensuring sustained drug release and reducing the frequency of dosing.

Mechanism of Gelation!®-?

In situ gels are designed to undergo a sol-to-gel transition in response to various

physiological stimuli:

a) Temperature-Sensitive Gels: These gels undergo gelation upon reaching body
temperature (e.g., Poloxamers).

b) pH-Sensitive Gels: Gelation occurs when the pH of the formulation changes (e.g.,
Carbopol).

c) lon-Sensitive Gels: Gelation is induced by changes in ionic concentration (e.g., Gellan
gum).

Advantages of In Situ Gels??-?3

e Prolonged Retention Time: By forming a gel at the ocular surface, in situ gels adhere
better and stay longer, reducing tear drainage and improving drug absorption.

e Reduced Systemic Absorption: By maintaining the drug at the site of application, in situ
gels minimize the potential for systemic side effects.

e Improved Patient Compliance: The need for less frequent dosing and the ease of
administration as a liquid makes these formulations more patient-friendly.

o Sustained and Controlled Release: In situ gels can provide a steady release of drugs
over an extended period, improving the therapeutic outcome.

Formulation Strategies for In Situ Ophthalmic Gels?%

The formulation of in situ ophthalmic gels involves careful selection of polymers and
excipients to achieve the desired gelation behavior, drug release profile, and ocular
compatibility. Key considerations include:

e Polymer Selection:
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a) Poloxamers: Thermosensitive gels that undergo gelation at body temperature and
are commonly used for ocular drug delivery.

b) Carbopol: pH-sensitive gel-forming polymer that offers controlled release by
changing viscosity in response to pH variations.

c) Gellan Gum: lon-sensitive polymer that gels in the presence of multivalent
cations.

d) Chitosan: A biocompatible and biodegradable polysaccharide with mucoadhesive
properties, which enhances ocular retention.

o Excipients:
a) Buffers and pH adjusters are used to maintain the stability and gelation
properties of the formulation.
b) Isotonic agents ensure ocular compatibility, preventing irritation or damage to the
eye.
c) Preservatives may be added to prevent microbial contamination.

Optimization of In Situ Gel Formulations?2

Formulation optimization plays a crucial role in ensuring the efficacy and stability of in situ

gels. The optimization process generally focuses on:

e Viscosity: The formulation must be fluid enough to be administered as a liquid and
viscous enough to form a gel upon contact with the ocular surface.

e Gelation Temperature/ pH: The gelation temperature or pH must align with
physiological conditions (e.g., body temperature for thermosensitive gels or pH ~7.4 for
ophthalmic formulations).

o Drug Release Profile: A sustained, controlled release of the drug is essential for ensuring
the therapeutic effect over time. The release profile can be adjusted by varying polymer
concentration, molecular weight, and crosslinking.

e Ocular Retention: The formulation should provide adequate retention time on the ocular
surface, which can be influenced by polymer type, concentration, and the presence of
mucoadhesive agents like chitosan.

Brimonidine Tartrate in Ophthalmic In Situ Gels

Brimonidine Tartrate is widely used in the treatment of glaucoma and ocular hypertension.
However, its conventional eye drop formulations suffer from poor ocular bioavailability and
frequent dosing. In situ gels offer a promising solution by increasing ocular retention,
improving drug absorption, and providing sustained IOP reduction.?’

Benefits of In Situ Gels for Brimonidine Tartrate

a) Enhanced Retention: The gelation at the ocular surface can significantly prolong
Brimonidine Tartrate’s contact time, reducing the need for frequent application.

b) Sustained Release: Controlled release formulations can provide prolonged IOP-lowering
effects, reducing the need for multiple daily doses.

¢) Improved Bioavailability: Increased retention time at the target site leads to improved
drug absorption and higher bioavailability.?®

Formulation of Brimonidine Tartrate In Situ Gels?

Formulation strategies for Brimonidine Tartrate in situ gels include:

a) Thermosensitive Polymers: Using Poloxamer-based systems to deliver Brimonidine
Tartrate with prolonged action and reduced dosing frequency.
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b) pH-Sensitive Polymers: Carbopol-based systems that gel upon contact with the slightly
alkaline pH of the eye.

¢) Mucoadhesive Polymers: Chitosan or HPMC can be used to enhance the retention time
of the gel at the ocular surface.

CONCLUSION

In situ ophthalmic gels represent a promising approach to enhance ocular drug delivery,
overcoming the limitations of traditional formulations. With the ability to provide sustained
release, increased retention time, and reduced systemic absorption, these systems have the
potential to improve the management of ocular diseases like glaucoma. The formulation and
optimization of Brimonidine Tartrate in situ gels is a step toward more effective, patient-
friendly ocular drug delivery systems, contributing to improved therapeutic outcomes and
enhanced patient compliance.
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