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and drug dilution resulting in poor bioavailability. Therefore to
improve the ocular drug bioavailability, considerable amount of
research has been focused in developing controlled drug delivery

systems. These hard works led to development of new drug delivery dosage forms such as
nanoparticles, liposomes, hydrogels, ocuserts and mucoadhesive formulations. Controlled
drug delivery systems offer many advantages over usual dosage forms in terms of improving

drug bioavailability, reducing toxicity and decreasing dosage frequency.
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INTRODUCTION

The eye-ball is an organ protected from exogenous substances and external pressure by
various barriers (Figure 1), therefore, therapeutic drugs must be transported across several
defensive barriers regardless of which administration route is utilized, such as eye-drops and

sub conjunctival, sub-tenon’s and intravitreal injection and/or implant.
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Figure 1: Schematic of the eye-ball structure.

For the treatment of the anterior part of the eye (cornea, conjunctiva, sclera), usually topical
ocular eye-drops are used. An eye-drop, irrespective of the instilled volume, often eliminates
rapidly within five to six minutes after administration, and only a small amount (1-3%) of an
eye-drop actually reaches the intraocular tissue.™ Thus, it is difficult to provide and maintain
an sufficient concentration of drug in the precorneal area. More than 75% of applied
ophthalmic solution is lost via nasolachrymal drainage and absorbed systemically via
conjunctiva, hence ocular drug availability is very low.[? To increase ocular bioavailability
and prolong the retention time on the ocular surface, many ophthalmic vehicles such as
viscous solutions, suspensions, ointments, aqueous gels and polymeric inserts, have been

investigated for topical application to the eye.

In general, topical applied drugs do not attain the posterior part of the eye (retina, vitreous,
choroid), therefore, systemic administration, periocular or intraocular injections of drugs are
normally applied in clinical therapeutics.** However, the exclusive anatomy and physiology
of the eye and its defensive barriers avoid the administrated drugs from penetrating into the
objective tissues. Currently there is also rapidly increasing interest in drug delivery systems
to the posterior part of the eye. This development is toward a polymeric depot system
implanted or injected directly into the vitreous, to obtain long-term, sustained release of

drugs, as described in Figure 2.

Compliance is also problematic, particularly among patients who have constant diseases such
as glaucoma and refractory chorioretinal diseases, including uveitis, macular edema,
neovascular (wet) and atrophic (dry) age-related macular degeneration (AMD) and retinitis
pigmentosa (RP). It has been reported nearly 50% of glaucoma patients discontinued all

topical ocular hypotensive therapy within six months.®! Relatively, for the treatment of
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neovascular AMD and macular edema secondary to retinal vein occlusion (RVO), standard
therapy is intravitreal injections of ranibizumab, an anti-vascular endothelial growth factor
(VEGF) monoclonal antibody fragment (Lucentis®, Genentech, Inc., South SanFrancisco,
CA, U.S.) once a month.[’! The monthly cost of Lucentis® is about $2,000 and that means
efficient treatment by Lucentis® faces a serious social problem.[’®! In addition, frequent
intravitreal injections might cause complications, such as endophthalm it is and retinal
detachment. Therefore, DDSs for increasing patient’s and doctor’s convenience are also

urgently needed.
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Figure 2: Example of intravitreal drug delivery systems for vitreoretinal diseases.

The function of ocular barrier systems is described and then development of ocular drug

delivery system under clinical trials and in late experimental phase is reviewed.

Physiology of Eye

The eye consists of transparent cornea, lens, and vitreous body without blood vessels. The
oxygen and nutrients are transported to this non-vascular tissue by aqueous humor which is
having high oxygen and same osmotic pressure as blood. The aqueous humor in human is
having volume of 300 pl that fills the anterior cavity of the eye which is in front of lens. It is

shown in figure 2.
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The cornea is covered by a thin epithelial layer continuous with the conjunctiva at the cornea-
sclerotic junction. The main bulk of cornea is formed of criss-crossing layers of collagen and
is bounded by elastic lamina on both front and back. Its later surface is covered by a layer of
endothelium. The cornea is richly supplied with free nerve endings. The transparent cornea is
continued posteriorly into the opaque white sclera which consists of tough fibrous tissue.
Both cornea and sclera with stand the intra ocular tension constantly maintained in the eye.™™
The eye is constantly cleansed and lubricated by the lacrimal apparartus which consists of
four structures. lacrimal glands, lacrimal canals, lacrimal sac, nasolacrimal duct. The lacrimal
fluid secreted by lacrimal glands is emptied on the surface of the conjunctiva of the upper eye
lid at a turnover rate of 16% per min. It washes over the eye ball and is swept up by the
blinking action of eye lids. Muscles associated with the blinking reflux compress the lacrimal
sac, when these muscles relax; the sac expands, pulling the lacrimal fluid from the edges of
the eye lids along the lacrimal canals, into the lacrimal sacs. The lacrimal fluid volume in
humans is 7 pl and is an isotonic aqueous solution of bicarbonate and sodium chloride of pH
7.4. 1t serves to dilute irritants or to wash the foreign bodies out of the conjuctival sac. It
contains lysozyme, whose bactericidal action reduces the bacterial count in the conjuctival
sac. The physiological barriers to diffusion and productive absorption of topically applied
drug exist in the precorneal and corneal spaces. The precorneal constraints that are
responsible for poor bioavailability of conventional ophthalmic dosage forms are solution

drainage, lacrimation, tear intensity, tear turn over and conjuctival absorption.?

Accessory Organs of the Eye

The eye is protected by several structures.
[ Eyebrows

[J Eyelids and eyelashes

[J Lacrimal apparatus
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Eyebrows protect the anterior feature of eyeball from sweat, dust and foreign bodies. The
eyelids have various layer of tissue including conjunctiva which protects the slight cornea
and front of the eye. When eye drops are administered, they are placed in lower conjunctival
sac. The lacrimal glands secrete tears composed of water, mineral salts, antibodies and
lysozyme, a bactericidal enzyme. Drainage of the eye drops through nasolacrimal system into
gastrointestinal tract begins instantly on instillation. This takes place when either reflex
tearing or the dosage form causes volume of fluid in peripheral tissue to exceed the normal
lacrimal volume of 7-10 pl. The excess fluid volume enters the superior and inferior lacrimal
puncta, moves down the canalicula into the lacrimal sac and continues into the

gastrointestinal tract.!**!

Routes of Ocular Drug Delivery
There are several possible routes of drug delivery into the ocular tissues. The selection of the

route of administration depends primarily on the target tissue.

Topical route

Typically, topical ocular drug administration is accomplished by eye drops, but they have
only a short contact time on the eye surface. The contact and thereby duration of drug action,
can be protracted by formulation design (e.g. m gels, gelifying formulations, ointments and

inserts).

Subconjunctival administration

Usually subconjunctival injections have been used to deliver drugs at improved levels to the
uveitis. Currently this mode of drug delivery has gained new energy for various reasons. The
development in materials sciences and pharmaceutical formulation have provided new
exciting possibilities to develop controlled release formulations to deliver drugs to the

posterior part and to guide the curative process after surgery.

Intravitreal administration

Direct drug administration into the vitreous offers distinct advantage of more simple access to
the vitreous and retina. It should be noted; however that delivery from the vitreous to the
choroid is more complex due to the barrier by the RPE (Retinal Pigment Epithelium) barrier.
Small molecules are able to disperse rapidly in the vitreous but the mobility of large

molecules, particularly positively charged, is restricted.™*
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Barriers for Ocular Delivery

Drug loss from the ocular surface

After instillation, the flow of lacrimal fluid removes instilled compounds from the surface of
eye. Even though the lacrimal proceeds rate is only about 1 pl/min the excess volume of the
instilled fluid is flown to the nasolacrimal duct rapidly in a couple of minutes. Another source
of non-productive drug removal is its general absorption instead of ocular absorption.
Systemic absorption may take place either directly from the conjunctival sac via local blood

capillaries or after the solution flow to the nasal cavity.

Lacrimal fluid-eye barriers

Corneal epithelium limits drug absorption from the lacrimal fluid into the eye. The corneal
epithelial cells form rigid junctions that limit the paracellular drug permeation. Therefore,
lipophilic drugs have normally at least an order of magnitude higher permeability in the
cornea than the hydrophilic drugs. In general, the conjunctiva is leakier epithelium than the
cornea and its exterior area is also nearly 20 times greater than that of the cornea.

Blood-ocular barriers

The eye is protected from the xenobiotics in the blood stream by blood-ocular barriers. These
barriers have two parts: blood-aqueous barrier and blood-retina barrier. The anterior blood-
eye barrier is composed of the endothelial cells in the uveam (The middle layer of the eye

beneath the the sclera. It consists of the iris, ciliary body and choroid).

This barrier prevents the access of plasma albumin into the aqueous humor and also
restrictions the access of hydrophilic drugs from plasma into the aqueous humor. The
posterior barrier between blood stream and eye is comprised of retinal pigment epithelium
(RPE) and the tight walls of retinal capillaries. Unlike retinal capillaries the vasculature of the
choroid has wide blood flow and leaky walls. Drugs easily gain access to the choroidal
extravascular space, but there after distribution into the retina is partial by the retinal pigment
epithelium and retinal endothelia.l**

Diseases of Eye
The eye is a sensory and receptive organ which is situated on the surface of the body, is

easily injured and infected.
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According to the location of diseases, ocular disorders are grouped as 1. Periocular diseases,

2. Intraocular diseases.

The periocular diseases are explained as follows

Conjuctivitis: It is a condition where redness of the eye and the presence of a foreign body
sensation are clear. There are many causes of conjunctivitis, but the great majorities are the
result of acute disease or allergy. Bacterial conjunctivitis is the most common ocular

infection.

Keratitis: The condition in which patients have a decreased vision, ocular pain, red eye and
often a cloudy/opaque cornea. Keratitis is mainly caused by bacteria, viruses, fungi, protozoa

and parasites.

Trachoma: The conjunctival inflammation is called “active trachoma” and usually is seen in
children, specially pre-school children. It is characterized by white lumps in the undersurface
of the superior eyelid and by non-specific inflammation and thickening often associated with
papillae. This is caused by the organism Chlamydia trachomatis. Active trachoma will often

be irritating and have a watery discharge.

Dry Eye: If the composition of tears is changed, or an insufficient volume of tears is
produced, the symptom of dry eye will result. Dry eye conditions are not just a cause for
ocular uneasiness where it also results in corneal damage. Periocular diseases such as these

are relatively easily treated using topical formulations.

The intraocular diseases are explained as follows
One of the intraocular diseases is intra ocular infection which includes intraocular infections:

i.e.

Infections in the inner eye, including the aqueous humor, iris, vitreous humor and retina.
They are more complicated to manage and occur commonly after ocular surgery, trauma or
may be due to endogenous causes. Such infections carry a high risk for damage to the eye and
also afford the possibility of spread of infection from the eye into the brain. Other common
intraocular disease is glaucoma, considered to be one of the major ophthalmic clinical harms
in the world. More than 2% of the populations over the age of 40 have this disease, in which
an increased intraocular pressure (I0P) greater than 22 mm Hg ultimately compromises blood
flow to the retina and therefore causes death of the peripheral optic nerves. This process
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results in visual field loss and ultimately blindness.!*®! Apart from these common harms of
eye are cataract and macular deterioration and sometimes diseases which may be of a

universal origin such as diabetes or hypertension result the eye.

Ideal Characteristics of Ophthalmic Drug Delivery System

* Good corneal diffusion.

* Maximizing ocular drug inclusion through prolong contact time with corneal tissue.
« Simplicity of instillation for the patient.

* Reduced regularity of administration.

* Patient compliance.

» Lower toxicity and side effects.

* Minimize precorneal drug failure.

* Nonirritative and easy form should not cause blurred vision.

* Relatively nongreasy.

» Suitable rheological properties and concentrations of the viscous system.

Classification of Ocular Drug Delivery Systems

A large amount of ocular dosage forms are available for delivery of drugs to the eye. These
can be classified on the basis of their physical forms as follows:

1. Liquids: - Solutions, Suspensions, Sprays

2. Solids: - Ocular inserts, Contact lenses, corneal shield, artificial tear inserts, Filter paper
strips

3. Semi-solids: Ointments, Gels

4. Miscellaneous: Ocular iontophoresis, Vesicular systems, Muco-adhesive dosage forms,

Particulates.

1. Liquids: - Liquids are the most accepted and pleasing state of dosage forms used for the
eye. This is because the drug absorption is fastest from this state. The slow discharge of the
drug from the suspended solids provides a sustained effect for a short duration of time.

Solutions and Suspensions.

Solutions
Solutions are the pharmaceutical forms most extensively used to administer drugs that must

be active on the eye surface or in the eye after passage through the cornea or the conjunctiva.
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The drug in the solution is in the dissolved state and may be instantly active. This form also
have disadvantages; the very short time the solution stays at the eye surface, its poor
bioavailability (a major portion i.e. 75% is lost via nasolacrimal drainage), the instability of
the dissolved drug, and the necessity of using preservatives. A considerable disadvantage of
using eye drops is the rapid removal of the solution and their poor bioavailability. This rapid
removal is due to solution state of the preparation and may be influenced by the composition
of the solution. The release of a solution in the eye is partial by viscosity, hydrogen ion
concentration, the osmolality and the instilled volume. Extensive work has been done to
prolong ocular retention of drugs in the solution state by enhancing the viscosity or changing
the pH of the solution.[*8%!

Suspensions

Suspensions are called as dispersion of finely divided comparatively insoluble drug
substances in an aqueous vehicle which contains suitable amount of suspending and
dispersing agents. Because of a tendency for the particle to be retained in the cul-de-sac, the
contact time and duration of action of a suspension exceed those of a solution. While the
retention increases with an increase in the particle size, so does the irritation of the eye. The
rate of the dissolution of the suspended drugs increases with decreasing particle size. Thus an
optimum particle size has to be selected for each type of drug and it is recommended that the

particles in an ophthalmic suspension should be not more than 10 um in size.

[20,21]

Sprays
Although not usually used, some practitioners use mydriatics or cycloplegics alone or in
combination in the form of eye spray. These sprays are used in the eye for dilating the pupil

or for cycloplegics examination.

2. Solids: - The concept of using solids for the eye is based on providing sustained release

characteristics.

Ocular inserts

Ocular inserts are aseptic, thin, multilayered, drug loaded, solid or semisolid dosage forms
placed into the cul-de-sac or conjunctival sac, whose dimension as well as build are
specifically planned future for ophthalmic application and can conquer the hindrance stated
with conventional ophthalmic systems. The ocular inserts assert an efficient drug

concentration within the intended tissue.”? Ocular inserts tender an appealing optional
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advent to the formidable difficulty of bounded pre-corneal drug residence time®!: another
promising benefit of insert therapy is the potentiality of endorsing non-corneal drug
penetration, consequently enlarging the effectiveness of a number of hydrophilic drugs that
are dreadfully absorbed via cornea.

The inserts are classified according to their solubility as insoluble, soluble, or bio-erodible
inserts. The release of drug from the insert depends upon the diffusion, osmosis and
bioerosion of the drug.24?

Contact lenses

Contact lenses are shaped structures and originally used for vision correction. Their use has
been extended as potential drug delivery devices by presoaking them in drug solutions. The
main benefit of this system is the possibility of correcting vision and releasing drug
simultaneously. Refojo has proposed a subdivision of contact lenses into 5 groups.

a) Rigid

b) Semi-rigid

c) Elastomeric

d) Soft hydrophilic

e) Bio-polymeric

Rigid contact lenses have the drawback of being composed of polymers (e.g., poly methyl
methacrylic acid) hardly permeable to moisture and oxygen, a difficulty which has been
overcome by using gas permeable polymers such as cellulose acetate butyrate. However,
these systems are not suitable for prolonged delivery of drugs to the eye and their rigidity
makes them very uncomfortable to wear. For this reason, soft hydrophilic contact lenses were
developed for prolonged release of drugs such as pilocarpine, chloramphenicol and
tetracycline prednisolone sodium phosphate. The most commonly used polymer in the
composition of these types of lenses is hydroxy ethyl methylmetacrylic acid copolymerized
with poly (vinyl pyrrolidone) or ethylene glycol dimethacrylic acid (EGDM). Poly (vinyl
pyrrolidone) is used for increasing water of hydration, while EGDM is used to decrease the
water of hydration. The soft hydrophilic contact lenses are very popular because they are easy
to fit and are tolerated better. The drug incorporation into contact lenses depends on whether
their structure is hydrophilic or hydrophobic. When contact lens (including 35 to 80% water)

is flooded in solution, it absorbs the drug. Drug release depends markedly on the amount of
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drug, the soaking time of the contact lens and the drug concentration in the soaking

solution.?

Artificial tear inserts?”

A rod shaped pellet of hydroxypropyl cellulose without preservative is commercially
available (Lacrisert). This device is designed as a sustained release artificial tear for the
treatment of dry eye disorders. It was developed by Merck, Sharp and Dohme in 1981.

Filter paper strips®”!
Sodium fluorescein and rose Bengal dyes are commercially available as drug impregnated
filter paper strips. These dyes are used diagnostically to disclose corneal injuries and

infections such as herpes simplex, and dry eye disorder.

3. Semi solids

Gel

Gel formation is a severe case of viscosity enhancement through the use of viscosity
enhancers which leads to slight extended precorneal residence time. It has advantage like
reduced systemic exposure. Despite the extremely high viscosity, gel achieves only a limited
enhancement in bioavailability and the dosing occurrence can be decreased to once a day at
most. The high viscosity, however, results in blurred vision and matted eyelids, which

substantially reduce patient acceptability.

The aqueous gel typically utilizes such polymers as PVA, polyacrylamide, poloxamer,
HPMC, carbomer, poly methyl vinylethermaleic anhydride and hydroxypropyl ethylcellulose.
Swellable water insoluble polymers, called hydrogel, or polymers having peculiar
characteristics of swelling in aqueous medium give controlled drug delivery systems. The
release of a drug from these systems occurs via the transport of the solvent into the polymer
matrix, leading to its swelling. The final step involves the diffusion of the solute through the
swollen polymer, leading to erosion/dissolution. Poly (acrylic acid) hydrogel has been
reported to augment appreciably the ocular bioavailability of tropicamide in humans, with
respect to both a viscous solution and a paraffin ointment.”® Pilopine HS® gel,

commercialized in 1986 by Alcon and more recently Merck’s Timoptic-XE®.
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Ointments

Ointments are typically formulated using mixtures of semisolid and solid hydrocarbons
(paraffin) which have a melting or softening point close to body temperature and are
nonirritating to the eye. Ointments may be simple bases, where the ointment forms one
constant phase, or compound bases where a two-phased system (e.g., an emulsion) is
employed. The medicinal agent is added to the base either as a solution or as a finely
micronized powder. Upon instillation in the eye, ointments break up into small droplets and
remain as a depot of drug in the cul-de-sac for extensive periods. Ointments are therefore
useful in improving drug bioavailability and in sustaining drug release. Although safe and
well-tolerated by the eye, ointments suffer with comparatively poor patient compliance due to

blurring of vision and occasional irritation.!

4. Miscellaneous

Ocular iontophoresis

lontophoresis is a current non-invasive approach specifically designed for ocular drug
delivery.B% Theoretically, iontophoresis is limited to drugs of a small size, an ionic nature
and with low molecular weight. The practice of iontophoresis implies assigning an electric
current to an ionizable material to step-up its transportability across a surface, a theory that
dates back to the 18th century. The initial transscleral iontophoretic effort for vitreal drug
delivery was proclaimed in 1943.5Y Subsequent, David Maurice performed a vital function in
upgrading the utilization of iontophoresis to intensify ocular drug delivery.2% If the drug
molecules hold a positive charge, they are driven through the tissues at the anode; whether
negatively charged, at the cathode. Ocular iontophoresis overtures a drug-delivery system
that is rapid, pain free and secure; furthermore, in the majority of cases, it consequences in
the delivery of a high concentration of the medicament to a particular site. Implementation of
iontophoresis approach in case of antibiotic's delivery to ocular route may heighten their
bactericidal activity and may diminish the acuteness of disorder; correspondingly, solicitation
of anti-inflammatory agents might stave off or curtail vision intimidating side effects.*"
Vesicular systems

Vesicular systems have been developed to provide improvement in ocular contact time,

providing sustained effect and reducing side effects of the drug(s) entrapped.
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Liposome’s

Liposome’s are phospholipids-lipid vesicles for targeting the drugs to the specific sites in the
body. Because of their structural versatility they can incorporate any kind of drug substance
regardless of its solubility. They provide the controlled and selective drug delivery and
improved bioavailability and their potential in ocular drug delivery appears greater for
lipophilic than hydrophilic compounds. Liposomes are vesicles composed of a lipid
membrane enclosing an aqueous volume. Liposome’s offer the advantage of being
completely biodegradable and relatively nontoxic but are less stable than particulate
polymeric drug delivery systems. Liposome’s were found to be potential delivery system for

administration of a number of drugs to the eye.[***!

Niosomes

In order to circumvent the limitations of Niosomes.

Niosomes are bilayered structural vesicles made up of nonionic surfactant which are capable
of encapsulating both lipophilic and hydrophilic compounds. Niosomes reduce the systemic
drainage and improve the residence time, which leads to increase ocular bioavailability. They
are nonbiodegradable and nonbiocompatible in nature. In a recent approach to deliver
cyclopentolate, niosomal formulation was developed. It released the drug independent of pH,
resulting in important improvement of ocular bioavailability. Niosomal formulation of coated
(chitosan or carbopol) timolol maleate exhibited significant IOP lowering effect in rabbits as

compared with timolol solution.™

Nanoparticles

Nanoparticles are solid, submicron, colloidal particles ranging in dimension from 10 to 1000
nm, in that drug molecules may be present in dissolved, entrapped, adsorbed or covalently
attached form.[*” Based on formulation approaches nanoparticles can be acquired with
distinct properties and release attributes for the capsulized drug.!***? These colloidal particles
can be assigned in the liquid form just like eye drops and diminishes unease provoked by
application of semisolid ointments. They are patient friendly owing to less frequent
application, extended duration of retention in the extra ocular portion destitute of blurring
vision. Nanoparticles have been established to be the most talented of all the formulations
developed over the past a couple of years of marked navigate in ocular therapeutics, payable
to their sustained release and prolonged therapeutic concern. Polymeric nanoparticles are
additionally capable in the targeting of ailments in the posterior segment of the eye.[*]
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Nanoparticles made of biodegradable polymer that combines the capabilities of stimulus
response and molecular recognition hold a pronounced aptitude in ocular drug delivery.
Biodegradable polymers formulated as colloidal systems hold significant promise for
ophthalmic drug delivery. Supplementally, surface altered nanoparticulate carriers may use to
acclimatize a sort of actives.[***!

The serious concerns with regard to the formulation of nanoparticles understand stability,
particle size homogeneity, control of drug release rate and sizeable production of
uncontaminated preparations.®’ Nanocarries possessing polyethylene glycol or surface-
segregated chitosan have been established to be correspondingly stable as well as proficient

at overcoming mucosal barriers.[*”

Mechanism of Control Drug Release into the Eye

Drug in tear fluid

Conjunctival &
Corneal route

- it Scleral route Major routes
= smlo A - Large - Conjunctiva
molecule - Hydrophilic drugs - Nose

Minor routes

- Lacrimal drainage
Pharynx

&I tract

Aqueous humour
Inner ocular tissue

!

g ougs B8

Fig. Ocular Drug Absorption.[*3*]

The mechanism of controlled drug release into the eye is as follows: A. Diffusion, B.

Osmosis, C. Bio-erosion.

A. Diffusion
In the Diffusion mechanism, the drug is released continuously at a controlled rate through the

membrane into the tear fluid. If the insert is formed of a solid non-erodible body with pores
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and dispersed drug. The releases of drug can take place via diffusion through the pores.
Controlled release can be further regulated by gradual dissolution of solid dispersed drug
within this matrix as a result of inward diffusion of aqueous solutions. In a soluble device,
true dissolution. occurs mainly through polymer swelling. In swelling-controlled devices, the
active agent is homogeneously dispersed in a glassy polymer. Since glassy polymers are
essentially drug impermeable, no diffusion through the dry matrix occurs. When the insert is
placed in the eye, water from the tear fluid begins to penetrate the matrix, then swelling and
consequently polymer chain relaxation and drug diffusion take place. The dissolution of the
matrix, which follows the swelling process, depends on polymer structure:linear amorphous
polymers dissolve much faster than cross-linked or partially crystalline polymers. Release
from these devices follows in general Fickian 'square root of time' kinetics; insome instances,

however, known as case Il transport, zero order kinetics has been observed.

B. Osmosis

In the Osmosis mechanism, the insert comprises a transverse impermeable elastic membrane
dividing the interior of the insert into a first compartment and a second compartment; the first
compartment is bounded by a semi-permeable membrane and the impermeable elastic
membrane and the second compartment is bounded by an impermeable material and the
elastic membrane. There is a drug release aperture in the impermeable wall of the insert. The
first compartment contains a solute which cannot pass during the semi-permeable membrane
and the second section provides a reservoir for the drug which again is in liquid or gel form.
When the insert is located in the aqueous environment of the eye, water diffuses into the first
compartment and stretches the elastic membrane to expand the first compartment and

contract the second compartment so that the drug is forced through the drug release aperture.

C. Bioerosion

In the Bioerosion mechanism, the configuration of the body of the insert is constituted from a
matrix of bioerodible material in which the drug is isolated. Contact of the insert with tear
fluid results in controlled sustained release of the drug by bioerosion of the medium. The
drug may be dispersed uniformly throughout the matrix but it is believed a more controlled
release is obtained if the drug is superficially concentrated in the matrix. In truly erodible or
E-type devices, the rate of drug release is controlled by a chemical or enzymatic hydrolytic
reaction that leads to polymer solubilization, or degradation to smaller, water-soluble

molecules. These polymers, as specified by Heller, may undergo bulk or surface hydrolysis.
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Erodible inserts undergoing surface hydrolysis can display zero order release Kinetics;
provided that the devices maintain a constant surface geometry and that the drug is poorly

water-soluble.>”

CONCLUSION

New ophthalmic delivery system includes ocular inserts, ocular films, disposable contact lens
and other Novel drug delivery systems like nanoparticles. Newer trend is a combination of
drug delivery technologies for humanizing the beneficial response of a non efficient drug.
This can give a greater dosage forms for ophthalmic application. In the middle of these drug
delivery systems, Patient acceptance is very important for the design of easy ophthalmic drug
delivery system. Advancement in the field of ocular drug delivery has been established newly
with controlled loading and constant release. Hence, competent drug delivery and targeting is

faced by challenges to overcome these barriers.

ACKNOWLEDGEMENT

Author are thankful to Gourishankar college of D pharma, Limb Satara for providing
valuable help and authors are also Thankful Mr. Raje V.N, Principal, Gourishankar college of
D pharma, Limb Satara for providing necessary guidance for this work.

REFERENCES

1. Maurice, D.M.; Mishima, S. Ocular pharmacokinetics. In Handbook of Experimental
Pharmacology; Sears, M.L., Ed.; Springer: Berlin-Heidelberg, Germany, 1984; 16-119.

2. Schoenwald, R.D. Ocular pharmacokinetics. In Textbook of Ocular Pharmacology;
Zimmerman, T.J., Ed.; Lippincott-Raven: Philadelphia, PA, USA, 1997; 119-138.

3. Geroski, D.H.; Edelhauser, H.F. Drug delivery for posterior segment eye disease. Invest.
Ophthalmol. Vis. Sci., 2000; 41: 961-964.

4. Lee, S.S.; Hughes, P.M.; Robinson, M.R. Recent advances in drug delivery systems for
treating ocular complications of systemic diseases. Curr. Opin. Ophthalmol, 2009; 20:
511-519.

5. Nordstrom, B.L.; Friedman, D.S.; Mozaffari, E.; Quigley, H.A.; Walker, A.M.
Persistence and adherence with topical glaucoma therapy. Am. J. Ophthalmol, 2005; 140:
598.e1-598.e11.

6. Genentech Inc. Lucentis®. Available online:
http://www.gene.com/gene/products/information/ pdf /lucentis-prescribing.pdf (accessed
on 18 October 2010). Polymers, 2011; 3: 211.

WWW.Wjpr.net Vol 7, Issue 2, 2018. 471




Sarika et al. World Journal of Pharmaceutical Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Martin, D.F.; Maguire, M.G.; Fine, S.L. Identifying and eliminating the roadblocks to
comparative-effectiveness research. N. Engl. J. Med., 2010; 363: 105-107.

Gower, E.W.; Cassard, S.D.; Bass, E.B.; Schein, O.D.; Bressler, N.M. A cost-
effectiveness analysis of three treatments for age-related macular degeneration. Retina,
2010; 30: 212-221.

Patel, J.J.; Mendes, M.A.; Bounthavong, M.; Christopher, M.L.; Boggie, D.; Morreale,
A.P. Cost-utility analysis of bevacizumab versus ranibizumab in neovascular age-related
macular degeneration using a Markov model. J. Eval. Clin. Pract. 2010, doi:
10.1111/j.1365-2753.2010.01546..x.

Saati, S.; Lo, R.; Li, P.Y.; Meng, E.; Varma, R.; Humayun, M.S. Mini drug pump for
ophthalmic use. Curr. Eye Res., 2010; 35: 192-201.

Jeffery D.Henderer and christopher J. Rapuano., In: Laurence L.Bruton Johns.La. Kerth
L.parker (eds.), Goodman and Gilman's the pharmacological basis of Therapeutics,
McGarw-Hill, Newyork, 2006; 1707-1735.

Yie W.Chien, Ed. Novel drug delivery systems, VVol-50, Informa health care, USA, 2011,
269-275.

Nanjawade BK, Manvi FV, Manjappa AS. In situ-forming hydrogels for sustained
ophthalmic drug delivery. J Control Release, 2007; 122: 119-34.

Ramaiyan Dhanapal 1* and J. Vijaya Ratna2 OCULAR DRUG DELIVERY SYSTEM —
A REVIEW, Vol 2/ Issue 1/ 2012/ 4-15.

Ramaiyan Dhanapal 1* and J. Vijaya Ratna2 OCULAR DRUG DELIVERY SYSTEM —
A REVIEW, Vol 2/ Issue 1/ 2012/ 4-15.

Masood Chowhan, Alan L.Weiner and Harsh Bhagat (Eds.), In: James Swabrick,
Encyclopedia of Pharamaceutical technology, Informa healthcare, USA, 2007;
1220-1225.

Keister JC, Cooper ER, Missel PJ, Lang JC, Huger DF. Limits on optimizing ocular drug
delivery. J Pharm Sci., 1991; 80: 50-3.

Dr. Mohd. Advances in Ophthalmic Drug Delivery System: Part | & II. 12™ April 2005
(http://www.Pharmainfo. Net).

Oyekoya OK, Stentiford FWM, 2003, “Exploring the Significance of Visual Attention by
Eye Tracking”. Proceedings of the London Communications Symposium, UCL, London,
pp. 149-152.

Eva M, Amo D, Urtti A. Current and future ophthalmic drug delivery systems. A shift to
the posterior segment. Drug Discov Today, 2004; 13: 135-143.

WWW.Wjpr.net Vol 7, Issue 2, 2018. 472




Sarika et al. World Journal of Pharmaceutical Research

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Aqil, Advances in Ophthalmic Drug Delivery System: Part | & 11. 12" April 2005
(http://www.Pharmainfo. Net)

Saettone M F, “Solid polymeric inserts/disks as drug delivery devices”, Biopharmaceutics
of Ocular Drug Delivery, (Ed. P Edman), CRC Press, Boca Raton, 1993; 61-80.

Neefe CW, “Contact lens for ocular drug delivery” US Patent, 1974, 3: 786-812.
Korsmeyer RW, Peppas NA, “Macromolecular and modeling aspects of swelling-
controlled systems” In: Roseman TJ, Mansdorf SZ, editors. Controlled Release Delivery
Systems, New York, Marcel Dekker, 1983.

Darougar S, “Patent literature review of ocular inserts” US Patent, 1999; 6: 264-971.

K. P. Sampath Kumarl*, Debjit Bhowmik2, G.Harish3, S.Duraivel3, B. Pragathi kumar3
Ocular Inserts: A Novel Controlled Drug Delivery System Vol. 1 No. 12 2013.

La Motte J, Grossman E and Hersch J. The efficacy of cellulosic ophthalmic inserts for
treatment of dry eye. J. Am. Optom. Assoc., 1985; 56(4): 298.

Sasaki H, Yamamura K, Mukai T, Nishida K, Nakamura M. Enhancement of ocular drug
penetration. Crit Rev Ther Drug Carrier Syst., 1999; 16: 85-146.

Saettone F, Giannaccini B, Savigni P. Semisolid ophthalmic vehicles. I1l. An evaluation
of four organic hydrogels containing pilocarpine. J Pharm Pharmacol, 1980; 32: 519-21.
Gilger BC, Salmon JH, Wikkie DA, “A novel bioerodible deep scleral lamellar
cyclosporineimplant for uveitis”, Invest Ophthalmol Visual Sci, 2006; 47: 2596-2605.
Sallmann V L, “Iontophoretic introduction of atropine and scopolamine into the rabbit
eye”, Arch Ophthalmol, 1943; 29: 711-719.

Hughes L, Maurice DM, “A fresh look at iontophoresis”, Arch Ophthalmol, 1984;
102(12): 1825-1829.

Jones RF, Maurice DM, “New methods of measuring the rate of aqueous flow in man
with fluorescein” Exp Eye Res., 1966; 5(3): 208-220.

Rootman DS, Jantzen JA, Gonzalez JR, Fischer MJ, Beuerman R, Hill JM,
“Pharmacokinetics and safety of transcorneal iontophoresis of tobramycin in the rabbit”,
Ophthalmologic Visual Science, 1988; 29: 1397-401.

Nagarsenkar M S, Vaishali Y, Londhe, Nadkarni G D. Preparation and evaluation of
liposomal formulations of tropicamide for ocular delivery. Int. J. Pharm., 1999; 190:
63-71.

Singh K, Mezei M. Liposomal ophthalmic drug delivery system 1. Triamcinolone
acetonide. Int J Pharm., 1984; 16: 339- 344.

WWW.Wjpr.net Vol 7, Issue 2, 2018. 473




Sarika et al. World Journal of Pharmaceutical Research

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

Fresta M, Panico AM, Bucolo C, Giannavola C, Puglisi G. Characterization and in-vivo
ocular absorption of liposome- encapsulated acyclovir. J Pharm Pharmacol, 1999; 51(5):
565-76.

Aggarwal D, Kaur IP. Improved pharmacodynamics of timolol maleate from a
mucoadhesive niosomal ophthalmic drug delivery system. Int J Pharm., 2005; 290(1-2):
155-9.

Sahoo SK, Dilnawaz F, Krishnakumar S. Nanotechnology in ocular drug delivery. Drug
Discov Today, 2008; 13: 144-51.

Kreuter J, “Nanoparticles. In: Colloidal Drug Delivery Systems”, New York, Marcel
Dekker, 1994, Chapter 5.

Barratt GM, “Therapeutic applications of colloidal drug carriers” Pharm Sci Technol,
2000; 3: 163-171.

Couvreur P, Dubernet C, Puisieux F, “Controlled drug delivery with nanoparticles:
current possibilities and future trends”, Eur J Pharm Biopharm, 1995; 41: 2-13.

Antoine BR, Francine BC, David B, Robert G,Florence D, “Polymeric nanoparticles for
drug delivery to the posterior segment of the eye”, CHIMIA Intl J Chem, 2000; 559(6):
344-347.

Ambade AV, Savariar EN, Thayumanavan S, “Dendrimeric micelles for controlled drug
release and targeted delivery”, Mol Pharmacol, 2005; 2: 264-272.

Barbu E, Verestiuc L, Nevell T G, Tsibouklis J, “Polymeric materials for ophthalmic drug
delivery: trends and perpectives”, J Material Chem, 2006; 16: 3439-3443.

Mainardes RM, Urban MCC, Cinto PO, Khalil NM, Chaud MV, Evangelista RC,
Gremiao MPD, “Colloidal Carriers for Ophthalmic. Drug Delivery”, Current Drug
Targets, 2005; 6: 363-371.

Alonso MJ, “Nanomedecine for overcomingbiological barriers”, Biomed Pharmacother,
2004; 58: 168-172.

Desai PN. Synthesis and characterization of polyionic hydrogels, Bachelors of
Homoeopathic Medicine and Surgery, LMF’s Homoeopathic Medical College, India,
2005.

He C, Kim SW, Lee DS. In situ gelling stimuli-sensitive block copolymer hydrogels for
drug delivery. J Control Release, 2008; 127: 189-207.

Darougar; Sohrab, Darougar and Dayshad, Patent literature review of ocular inserts.
United States Patent, 6,264,971, Appl. No. 428967, Filed on November 4, 1999.

WWW.Wjpr.net Vol 7, Issue 2, 2018. 474




