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ABSTRACT:—

The administration of medications through the eyes is a well-established method. The mechanism of the eye is such that it aids in the removal of different foreign
substances, such as invasive germs, that may block the normal physiological function. For a more effective therapeutic effect, a proper medication delivery must
release the medicine in a regulated and sustained manner. Traditional drug delivery methods like eye drops, solutions, and emulsions supply the right amount of
medication, but barriers like lacrimal drainage and tear flow, among others, cause the medication to drain from the ocular surface others.This led to the introduction
of novel approaches to medication administration to the eye.To improve both, methods like liposomes, niosomes, ocuserts (also known as ocular inserts),
nanoparticles, nanosuspensions.

* INTRODUCTION :-

For pharmaceutical chemists, getting a medicine into the eye has remained one of the most difficult tasks. Due to factors such naso-lachrymal drainage,
lacrimation, medication dilution with tear fluid, tear turnover, and conjunctival absorption, the intraocular bioavailability of the medicine by standard eye
drops is relatively low.Drug loss through the precorneal parallel elimination loss route is also influenced by drug binding to proteins. As a result, only a
tiny fraction of the medicine (1-3%) really reaches the intraocular tissue via penetrating the cornea.Sincere attempts to extend the time that an ophthalmic
medicine is in contact with the cornea can boost its effectiveness. This can be achieved by adding a viscosity-enhancing ingredient to eye drops or by
employing an ointment base that is water insoluble in ophthalmic formulations.There are numerous benefits over traditional dosage forms, including
extended ocular residency, prolonged release, precise dosing, and decreased dose frequency.

*History :-

In the nineteenth century, squares of dry filter paper were impregnated with dry solutions (such as atropine sulphate and pilocarpine hydrochloride) to
create the first solid medication (forerunners of the current insoluble inserts). Small pieces were cut and placed beneath the eyelid. Lamellae, the
forerunners of the current soluble inserts, were later created. They were made of glycerinated gelatin that included several ophthalmic medications. Up
to the early part of the 20th century, official compendia contained 'lamellae’ of glycerinated gelatin. Lamellae were used, but their use was discontinued
when stricter guidelines for the sterility of ophthalmic preparations were implemented. Ophthalmic inserts are currently seeing an increase in attention.
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* Physiology of eye :-
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Figure :- physiology of eye

The vitreous body, which lacks blood vessels, the cornea, which is transparent, and the lens make up the eye. Aqueous humour, which has a high oxygen
content and the same osmotic pressure as blood, transports nutrients and oxygen to this non-vascular tissue. Humans have 300 | of aqueous humour,
which fills the anterior chamber of the eye, which is where the lens is located. At the corneasclerotic junction, the conjunctiva and a thin epithelial layer
that covers the cornea are joined. Collagen fibres cross each other to form the cornea's main bulk, which is bordered on the front and back by elastic
lamina. A layer of endothelium is present on its posterior surface. Free nerve terminals are abundantly present throughout the cornea. Eye consists of four
structure :-

a. Lacrimal glands
b. lacrimal canals

c. lacrimal sac

d. nasolacrimal duct.

At a rate of 16% per minute, the lacrimal fluid secreted by the lacrimal glands is discharged onto the conjunctiva of the upper eyelid. The motion of the
eyelids blinking sweeps it across the eyeball and away. The lacrimal sac is compressed by muscles connected to blinking reflux; when these muscles
relax, the sac expands and drawslacrimal fluid from the edges of the eyelids along the lacrimal canals into the lacrimal sacs. Human lacrimal fluid has a
volume of 7  and a pH 7.4 isotonic aqueous solution of sodium chloride and bicarbonate. It is used to wash foreign objects out of the conjunctival sac or
to dilute irritants. It has lysozyme, which has bactericidal properties.

* Conventional Delivery System :-

Greater corneal penetration with longer drug cornea contact time are necessary for effective ocular drug administration with eye drops. Improvementsin
precorneal residence duration and corneal penetration have been made in a number of ways. lontophoresis, prodrugs, ion-pair forming substances, and
cyclodextrins are used to increase corneal permeation[9-13]. There is a large selection of ophthalmic products on the market, and about 70% of
prescriptions call for traditional eye drops. High patient acceptability, drug product efficacy, stability, and cost effectiveness may all play a role in the
reasoning.

Barriers :-The following barrier factors affect the administration of ocular drugs:-
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* Eye and lacrimal fluid separation :-

The corneal epithelium found in the eye can restrict drug absorption from the lacrimal fluid. The penetration of the medication paracellularly is restricted
by tight junctions made of corneal epithelial cells. Drugs that are lipophilic have greater corneal permeability than those that are hydrophilic. In other
terms, we can state that conjunctiva has leaky epithelium compared to that of the cornea and also has twenty times more surface area than the cornea that
allows rapid systemic absorption.

« Blood-ocular partitions :-

Blood-ocular barriers shield the eye from xenobiotics by being present in the bloodstream. Blood-aqueous and blood-retina barriers make up its two
components. Endothelial cells in the uvea, or the layer of the eye between the sclera, iris, ciliary body, and choroid, make up the anterior blood-eye
barrier. This barrier limits the admission of plasma albumin into the aqueous humour as well as the entry of hydrophilic medicines thatmake up the
posterior barrier, which stands between the eye and the plasma stream, form a tight wall junction. Because of the large blood flow and porous walls of
the choroid vasculature, medicines are easily accessed.

* Disorder :-

Cataract

Normal Eye Cataract Eye

a‘'»r

A healthy lens allows for all Clouding of the lens in the eye that affects vision,
parts of the reting to receive the image A cloudy dens scatters light, causing an image

that's out of focus and hary

—4

Any opacity or cloudiness of the ordinarily transparent crystalline lens of the eye is referred to as a cataract. Depending on the size, density, and location
of the opacity, a cataract may or may not impair vision. A significant global contributor to curable blindness is severe cataracts.

Figure :- Cataract
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Conjunctivitis :-

Types of conjunctivitis

Allergic conjunctivitis

- there is itching and redness of the eye,
swelling of the conjunctiva and the eyelid

- redness of the eyes and periodic
itching, increased lacrimation

- redness, dryness of the eyes and the skin
around them, mucopurulent discharge

Figure :- Types of Conjunctivitis

An inflammation of the conjunctiva, the clear mucous membrane lining the inside of the eyelids and the white of the eye, is known as conjunctivitis.
When the conjunctiva is inflamed, its typically invisible blood vessels become engorged, making the eye seem red. typically, the white, or sclera, is
clearly visible through the conjunctiva. Numerous infectious agents, including bacteria or viruses, as well as irritants that are poisonous, chemical, or
allergic can all contribute to conjunctivitisconjunctivitis.

Degeneration of the macula :-

Macular Degeneration
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Figure :-Degeneration of the Macula
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An inflammation of the conjunctiva, the clear mucous membrane lining the inside of the eyelids and the white of the eye, is known as conjunctivitis.
When the conjunctiva is inflamed, its typically invisible blood vessels become engorged, making the eye seem red. typically, the white, or sclera, is

clearly visible through the conjunctiva. Numerous infectious agents, including bacteria or viruses, as well as irritants that are poisonous, chemical, or
allergic can all contribute to conjunctivitisconjunctivitis.

Sicca keratoconjunctivitis :-
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Figure :-Sicca keratoconjunctivitis

Dry eye is a tear film condition brought on by inadequate or excessive tear production. It damages the interpalpebral ocular surface and is accompanied
by a number of symptoms that represent ocular discomfort.1 Keratoconjunctivitis sicca (KCS), another name for dry eye syndrome, is a frequent ailment
that people who seek ophthalmologic care report. It is characterised by inflammation of the ocular surface and lacrimal glands.

Early identification of a potentially fatal condition may result from the early discovery of dry eye symptoms, which can be an indication of a systemic
disease. Additionally, those who have dry eyes are more likely to contract infections that could result in blindness, including bacterial keratitis, and are
also more likely to experience complications from routine operations like laser refractive surgery.

Night Blindness :-
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Figure :-Night Blindness
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Night blindness, also known as nyctalopia, is the impairment of the eyesight that is typically possible in low light. Given that vitamin A is crucial for
maintaining the eye's cells' sensitivity to low light, it might be a warning sign of vitamin A shortage. Other eye conditions including glaucoma and optic
nerve disease can also present as night blindness. It is frequently the first sign of retinitis pigmentosa, a chronic and progressive retinal inflammation.
Congenital fixed night blindness, one variation of the disorder, is inherited.

¢ Classification of ocular inserts:-

OPHTHALMIC INSERTS

\
SOLPBLE BIOERODIBLE

SYSTEMS SYSTEMS

DIFFUSIONAL  OSMOTIC SYNTHETIC AND SEMI-SYNTHETIC
INSERTS INSERTS NAT{'RAL POLYMERS

POLYMERS

CONTACT LENS
SODI  COLLAGEN
SHIELDS

Figure :- Classification of Ocular inserts

Ocular insert are mainly divided in three classes.
1. Insoluble ocular inserts.

2. Soluble ocular inserts

3. Bioerodible ocular inserts.

L.Insoluble ocular inserts :-
The insoluble inserts have been divided into three groups:

1.hydrophilic contact lenses,
2.0smotic systems,

3.diffusion systems.

In the first and second classes, a reservoir that supplies drugs to the rate controller's inner surface is in touch with it. The reservoir includes a liquid, gel,
colloid, semisolid, solid matrix, or a drug carrier that is disseminated or dissolved therein in a homogeneous or heterogeneous manner. Carriers can be
constructed of organic, inorganic, synthetic, naturally occurring,hydrophobic, or hydrophilic materials. Contact lenses are included in the third class. The
fundamental drawback of these devices is that they are insoluble, necessitating removal after usage.
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Diffusion inserts :-

The diffusion systems are comprised of a central reservoir of drug enclosed in semi permeable or micro porous membranes, which allow the drug to
diffuse through the reservoir at a precisely determined rate. The drug release from such a system is controlled by The membrane is permeable to lachrymal
fluid until enough internal pressure is created to force the drug out of the reservoir. Diffusion through the membrane, which is controllable, regulates the
rate at which drugs are delivered.

Osmotic inserts :-

Osmotic inserts are often separated into two categories; the first type has a centre portion that is surrounded by a periphery. A single reservoir or two
separate compartments can make up the first central component. The first kind consists of a drug disseminated across a polymeric matrix with or without
an extra osmotic solution so that the drug is coated by the polymer as distinct tiny deposits. The second version uses an osmotic pressure sensor and a
medication. The drug reservoir is covered by an elastic impermeable membrane, and the osmotic solute reservoir is covered by a semi-permeable
membrane. Solutes are deposited in two different compartments. The peripheral section of these osmotic inserts contains in all cases a covering film
comprised of an insoluble semi permeable polymer. Through the semi-permeable polymeric membrane, the tear fluid diffuses into peripheral deposits
and moistens them to promote their breakdown. The hydrostatic pressure that the solubilized deposits create against the polymer matrix causes the matrix
to explod. This is in line with the osmotic portion, which is zero order drug release analysed.

Soft Contact lenses :-

These are structured structures constructed of a covalently bonded hydrophilic or hydrophobic polymer that creates a three-dimensional matrix or network
capable of holding onto water, aqueous solution, or solid components.

A hydrophilic contact lens will absorb a drug solution, but it won't administer the medication with the same level of precision as other non-soluble
ophthalmic systems. Drug release such a device often starts out quickly and then decreases rapidly over time. Incorporating a homogeneous drug
combination during manufacturing or adding a hydrophobic component can both reduce the release rate.

Soluble Ophthalmic Inserts :-

The earliest class of ocular inserts are soluble inserts. They have the significant benefit of being completely soluble, preventing the need to remove
them from the application site and restricting treatments to insertion only.

* Types of soluble ophthalmic inserts :-
a) Based on natural polymers e.g. collagen.
b) Based on synthetic or semi synthetic polymers.

Mechanism of Drug release from ocular inserts :-
Diffusion

Through the membrane, the drug is constantly released in this method at a controlled rate. When a medication is in a dispersed form and the insert is
made of a solid, non-erodible body with pores, the drug is released by diffusion through the pores. The progressive disintegration of the solid drug in the
matrix caused by the inward diffusion of agueous solutions can sustain controlled drug release. True dissolving in a soluble device mostly happens as a
result of polymer swelling. Theactive ingredient in swelling-controlled devices is uniformly disseminated in a glassy polymer. Since glassy polymers are
essentially resistant to drugs, there is no diffusion through the dry matrix. Water from the tear fluid leaks out of the eye as the insert is inserted.

Osmosis

transverse impermeable elastic membrane used in the Osmosis mechanism divides the insert's interior into two compartments, first and second. The first
compartment is surrounded by a semi-permeable membrane and the elastic membrane, while the second compartment is surrounded by an impermeable
material and the elastic membrane. The impermeable membrane of the insert has a medication release hole. The second compartment serves as a reservoir
for the drug, which is present in liquid or gel form, while the first compartment contains a solute that cannot flow through the semi-permeable barrier.
Water diffuses in the first compartment of the insert when it is inserted into the aqueous environment of the eye, stretching the elastic membrane to expand
the first compartment.

Bioerosion

The insert in the bioerosion mechanism is made of a matrix of bioerodible material, and the medicine is disseminated there. By causing the matrix to
bioerode, contact of the insert with tear fluid causes a controlled, prolonged release of the medication. The drug is equally distributed throughout the
matrix, but it is thought that if the drug is superficially concentrated in the matrix, a more controlled release is obtained. The drug release in fully erodible
or E-type devices is regulated by a chemical or enzymatic hydrolytic reaction thatsolubilizes the polymer or breaks it down into smaller, water-soluble
molecules. If the devices maintain a stable surface geometry and the medication is present, these polymers can undergo bulk or surface hydrolysis, which
exhibits zero order release kinetics.
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¢ Evaluation test for ocular inserts:-

1. Thickness

2. Folding Endurance Test

3. Surface pH

4. Weight uniformity

5. Drug content uniformity

6. Tensile strength

7. In vitro drug release study

8. Ex vivo transcorneal permeability study
9. Drug releasr kinetics

10. Accelerated stability study.
Ointments and Gels:-

Although ophthalmic ointments have the advantage of extending medication contact time with the external ocular surface, their main disadvantages—
vision blurring and eyelid mating—can limit their use. For 24 hours, pilopine HS gel with pilocarpine was utilised to give sustained activity. The duration
of action and ocular bioavailability of many medications delivered by topical ocular route can be prolonged and improved by using ointments and gels
as vehicles, according to a number of workers. A biphasic system made up of two immiscible phases is an emulsion. Ophthalmic emulsions can increase
the bioavailability and solubility of previously water-insoluble medications. The categories of pharmaceutical emulsions are numerous.

Objectives with ophthalmic drug delivery methods :-

The creation of a therapeutic system that can deliver an ideal concentration of a drug to the target region and with high therapeutic efficacy is a challenge
in ocular drug delivery systems. Due to the cornea's architecture, physiology, and barrier properties, medicines are absorbed quickly; therefore, fast
instillations of eye drops are necessary to maintain the therapeutic level in tear film or at specific spots. Consequences of utilising medication
solutionsoften include the potential for toxicity at the ocular surface and cellular damage. Due to precorneal loss, which includes solution drainage,
lacrimation, tear dynamics, tear dilution, conjunctival absorption, non-productive absorption, and transient residence period, the majority of ocular dose
forms have low bioavailability.

The objective in ocular drug delivery systems are categorized as follows:-
* Anterior segment delivery objective :-

Additionally, repeated instillations of eye drops are required to keep a therapeutic drug level the tear film or at the site of action, but doing so with highly
concentrated drug solutions runs the risk of damaging the eye's surface cells and causing toxic side effects.

* Posterior segment delivery challenges :-

BRB prevents medications used topically for the eyes from entering the posterior segment of the eye. Poor ocular bioavailability is also caused by some
circumstances that prevent drug delivery to the posterior region of the ocular tissue. Both the intravenous route's impact at the posterior site of drug
administration and the systemically delivered medication's ability to enter the retina are constrained by the BRB. Because BRB is permeable to more
lipophilic molecules, such medications can enter the posterior portion of the eye. Regular administration and high drug concentration systematically
generate negative effects [18]. Maintaining the therapeutic concentration of the pharmaceuticals for a longer amount of time while also reducing the
number of injections is a significant problem when delivering medications to the posterior portion of the eye. The aqueous humour is the next stop on the
anterior route of drug elimination before the humour in the anterior chamber.

» Benefits of ocular inserts :-

Benefits of ocular inserts include the following:-
i. Increased ocular residence, which results in a prolonged drug activity and a higher bioavailability compared to standard vehicles.

ii. Possibility of drug release at a slow, constant rate.
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iii. Accurate dosing (in contrast to eye drops, which may be administered incorrectly by the patient and are partially lost after administration, each insert
can be made to contain a precise dose which is fully retained.IV. Better patient compliance due to less frequent administration and a lower incidence of
visual and systemic side effects.

vi. Longer shelf life.

¢ Drawbacks of ocular inserts :-

i. Including the fact that patients, who are frequently overly sensitive, see them as an external body in the eye due to their "solidity."
ii. The straightforward removal is occasionally complicated by the insert's unintended migration to the upper fornix.

iii. Their movement around the eye, and the sporadic accidental loss while sleeping or otherwise.

¢ Conclusion :-

Ocular implants are created to satisfy the growing number of patients who need minimally invasive treatments. Ocuserts require fewer doses to be
administered, enhancing patient compliance. Ocular insets have been found to be advantageous because they prevent drug loss and improve
patientcompliance while removing the negative effects of pulsed dosing of conventional dosage forms. They also provide controlled and sustained drug
delivery with increased bioavailability and corneal contact time. Soluble, insoluble, and biodegradable ocular inserts have all been created so far, and
they are further divided into many categories based on their functions. Ocular insets have been found to be advantageous because they prevent drug loss
and improve patient compliance while removing the negative effects of pulsed dosing of conventional dosage forms. They also provide controlled and
sustained drug delivery with increased bioavailability and corneal contact time.These classes are further divided into different types based on the material
and how it behaves when delivering drugs, such as soluble ocular inserts based on natural, synthetic, or semi-synthetic polymer, insoluble ocular inserts
including diffusion insert, osmotic insert, and soft contact lenses, and bio-e Ocular inserts and contact lenses, among other non-erodible items, are notable
examples of this.
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