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ABSTRACT

There has been considerable interest in the pakagplication of contact lenses for ocular drugidery. Static
barriers (different layers of cornea, sclera andima including blood aqueous and blood retinal bars), dynamic
barriers (chroidal and conjunctival blood flow) ms significant challenge for delivery of a drug ttee eye.
Current ophthalmic drug delivery systems are insigffit, especially eye drops, which allow approxieta95% of
the drug contained in the drops to be lost duelisoaption through the conjunctiva or through thartdrainage.

The present article shows that the use of contadds has been a method to deliver drugs to theneyre efficient
manner. Contact lenses are emerging as an altereatphthalmic drug delivery system to resolve tizetsomings
of the conventional / topical application methode leye drops and ointments. The advantages ofj ugintact
lenses are in dosing regimen, bioavailability andlpnging the residence time of drugs .This artsi®ws that the
contact lenses are ideal choice for ophthalmic ddedivery. This review highlights the drug delivehrough

contact lens based ophthalmic drug delivery systsitissignificant potential to use in ocular theragics.
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INTRODUCTION

Eye is the window of our soul. The eye is uniqugaorfrom anatomical and physiological point of viadithout
eye we can not enjoy the beauty of the nature.€lleehas special attributes that allow local druiveley and non —
invasive clinical assessment of disease but alskemanderstanding disease pathogenesis and optheiog
delivery challenges. Topical eye drops proves tohighly beneficial to the patients due to their quarde and
economical effectiveness. But due to their poomsgiifon results in multiple dosing for wide periotbs achieve
therapeutic drug concentrations. Contact lensesusee to deliver an effective amount of drug to ¢ye with
précised target dosing at a prolonged and elongatedto increase bioavailability of the drug. && commercial
ocular delivery devices are available in marketni@ot lenses (CLs) turned out to be a satisfiedy dtelivery
material for ophthalmic drug delivery system.

ADVANTAGES OF OCULAR DRUG DELIVERY SYSTEMS

» Increased accurate dosing. To overcome the sidetefbf pulsed dosing produced by conventionaksyst

» To provide sustained and controlled drug delivery.

» To increase the ocular bioavailability of drug Imgrieasing the corneal contact time. This can béewaeti by
effective adherence to corneal surface.

» To provide targeting within the ocular globe sda@prevent the loss to other ocular tissues.

» To circumvent the protective barriers like draindgerimation and conjunctival absorption.

» To provide comfort, better compliance to the pataard to improve therapeutic performance of drug.

» To provide better housing of delivery system.
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HISTORY

The first successful contact lens (CL) material chhinas been used as early as in the 1930s wadothmethyl
methacrylate (PMMA) (1). Later the use of soft @mttlens (SCL) for ophthalmic drug delivery wasaepd by
Sedlacek in 1965 (2). The discovery of Hydrogels wane by Witcherle and Lim in the early 1960s, tay were
used broadly(3) ,while in the 70s ,Kaufman et alyp a major role for finding out the benefits ohtact lens for
ocular drug delivery (4). The use of Conventiongitikbgel (CH) contact lenses posses one major proklas that
there was a lack of adequate oxygen transmissiothgocornea, resulting in hypoxia related probledasing
overnight wear, restricting their long term thenate potential. In 1990s , the solution of thisussame as in the
form of when highly oxygen permeable Silicone Hygkb(SH) contact lenses were introduced. The ushexfe
lenses permitted near normal corneal physiologynduextended periods of wear and the concept foptiag of
contact lenses for ocular drug delivery became neapmble (5), but the main shortcoming of Silicovees poor
wettability of the lens and the deposition of thed is rapid due to its hydrophobic nature (6) NGt lenses with
optimal of hypoxic difficulties were also describleg Covey et al (7).

ANATOMY AND PHYSIOLOGY OF EYE

The eye is the most precious organ with a wall isbing of three layers: the outer sclera, the naddroid layer
and the inner retina. The sclera is a tough fibroagting that protects the inner layers. It is whékcept for the
transparent area at the front, the cornea whicwallight to enter the eye (8).

THE CHOROID LAYER

The choroid layer, situated inside the sclera doimg many blood vessels and is modified at thatfiaf the eye is
the pigmented iris. The bioconvex lens is situgtestl behind the pupil. The chamber behind the Isrfgled with
vitreous humor, a gelatinous substance occupyirtg 80 the eye ball. The anterior and posterior chemdre
situated between the cornea and iris, and irislemg] respectively and filled with aqueous humdrth®& back of the
eye is the light detecting retina

A. SCELERA
The sclera (white portion of the eye) is the tougtite sheath that forms the outer — layer of thi lais a firm
fibrous membrane that maintains the shape of tbg@y

B. CONJUNCTIVA

The conjunctiva is a thin transparent mucous elighigarrier, lines the inside of the eyelids amders the anterior
one-third of the eyeball. The respective portiorcahjunctiva is referred to as the palpebral anbduconjunctiva.

The conjunctiva is composed of two layers i.e,ateioepithelium and its underlying stroma (substaptiopria).

The exposed surface of the eye includes conjunatidbcornea and is covered with the tear film.

C. CORNEA

The cornea is a strong clear bulge located at ttvet fof the eye .Surface of the adult cornea haadius of

approximately 8mm.It is an important part of an egeit refracts light entering the eye which thasses through
the pupil and onto the lens (which then focuseditie onto the retina).Cornea does not contain lslopd vessels.
It is supplied by many nerves derived from theacilinerves. It is however extremely sensitive.

D. AQUEOUSHUMOR

It is a jelly- like substance located in the outéilont chamber of the eye. It is a watery fluicttills the “anterior
chamber of the eye” which is located immediatelfibe the cornea and in front of the lens. It isyslightly
alkaline salt solution that includes tiny quanstiaf sodium and chloride ions. It is mainly prodiid®y the ciliary
processes. Aqueous humour consists of pressurediepeand pressure independent pathways. In hutimamate
of aqueous turnover is approximately 1% -1.5% efahterior chamber volume per minute (10).

E. PUPIL

It generally appears to be the “dark” centre ofdlie. It can be more accurately described as thelar aperture in
the centre of the iris through which light passes ithe eye. The pupil size (and therefore the arnotilight that
enters into the eye )is regulated by the pupiltafiex ( commonly known as “light reflex”).

F.IRIS

This can be said as a thin circular contractiletaiorlocated in front of the lens but behind thenea. It is a
diaphragm of variable size whose function is tauatlthe size of the pupil to regulate the amourighit admitted
into the eye. It is the coloured part of the eya(es may vary from person to person like bluesmrbrown, grey).
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G.CILIARY MUSCLE

It is a ring of striated smooth muscles in the symiddle layer that controls accommodation for weobjects at
varying distances and controls the flow of aquenwsour into schlemm’s canal. The muscle has parpatimatic

and sympathatetic innervation. The curvature ofiéins can be altered by the contraction and trexagibn of the
ciliary muscle. This process can be illustratedhes balance existing at any time between two stiage<Ciliary

Muscle Relaxed (This enables the eye to focus siaul objects )and Ciliary Muscle Contracted (Téniables the
eye to focus on near objects ).

H.LENS

The lens is a transparent structure enclosed himaransparent capsule. It is located behind thwl f the eye and
encircled by the ciliary muscles. It helps to refrght travelling through the eye (which firstfracted by the
cornea). The lens focuses light into an image @nr#tina. It is able to do this because the shdpgbheolens is
changed according to the distance from the eyheobbject, the person is seeing at. This adjustofeshape of the
lens is called accommodation and is achieved bgdhnéraction and relaxation of the ciliary muscles.

I.VITREOUSHUMOUR

This is also known as the vitreous body. Each éyheohuman body occupies approximately 80% vitsdoumour.
The vitreous humour is a perfectly transparent jilily — like substance that fills the chamber Ioehihe lens of the
eye. Itis an albuminous fluid enclosed in a dédideansparent membrane called the hyaloid membrane

J. RETINA

It is located at the back of the human eye. Theaeatan be explained as the “screen” on which aygaris formed
by light that has passed into the eye via the @ragueous humour, pupil , lens and finally theeweitis humour
before reaching the retina. The function of theeets not just to be the screen onto which an enagy be formed
but the information contained in that image carcbiected and it is transmitted to the brain irugable form for
use by the body. It contains photosensitive callswn as (rods and cones) and their associated fibres convert
the light they detect into the nerve impulses #ratthen sent onto the brain along the optic nerve.

K.MACULA

The centre of the retina is called the maculaotttains a high concentration of photoreceptor aghgch convert
light into nerve signals. Because of the high coiregion of photoreceptors, we are able to seed@tails such as
newsprint with the macula. At the very center & thacula is the fovea, the site of our sharpegirvis

. CHOROID

The choroid layer is located behind the retina abslorbs unused radiation and nourishes the outéopaof the
retina. It is thin, highly vascular (i.e it contaiblood vessels) membrane that is dark brown iowca@nd contains a
pigment that absorbs excess light and so prevduteel vision (due to too much light on the retifide choroid
has one of the highest blood flows in the body. Theroid is loosely attached to the inner surfafcthe sclera by
the lamina fusa.

M. OPTIC NERVE

The optic nerve ( a bundle of over 1 million nefiEers) is responsible for transmitting nerve sigrfeom the eye
to the brain. These nerve signals contain inforomatin an image for processing by the brain. Thetfsorface of
the optic nerve, which is visible on the retinagadled the optic disk.

ACCESSORY ORGANSOF THE EYE:
The eye is protected by several structures:
» Eyebrows

» Eyelids and eyelashes

» Lacrimal apparatus

Eyebrows can be described as the protective ord@ehvprotects our eyeball from sweat, dust and femy foreign
bodies. Eyelids protects conjunctiva which protebts delicate cornea and front of the eye. Thertadrglands
secrete tears which is composed of water, minailtd, santibiotics, lysozyme (a bactericidal enzyfmenediately
on instillation drainage of the eye drops will tglace through nasolacrimal system into gastroiimaistract. The
main cause of this can be like volume of fluid eripheral tissue to exceed the normal lacrimal m@uWhen eye
drops are administered, they are placed in lowejurtiva sac. Apart from other layers of the elyese organs
play a vital role for protection of the most sensit delicate and the most important organ of adyb(11).
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Contact lenses are thin and curved shape plastos dvhich are made to cover the cornea (11). Asfpgdication,
contact lens adheres to the film of tears overcttrmea due to the surface tension. Drug loadedacbigns have
been designed for ocular delivery of numerous dsugh as beta — blockers, antihistamines and ambimials. It
has been studied that in presence of contact tgng, molecules have longer residence time in tret pdens tear
film which ultimately lead to higher drug flux thwgh cornea with less drug inflow into the nasolaali duct.
Usually, drug is loaded into contact lens by sogkihem in drug solutions. These soaked contactetens
demonstrated higher efficiency in delivering driognpared to conventional eye drops.

ADVANTAGESOF USING CONTACT LENSES

Eye drops are the most frequently used method lofedlimg drug to the eye, accounting for approxietat90% of
all ophthalmic formulations (13).While eye dropg @omfortable to instil but the low bioavailabilibf less than
5% is a major drawback. Contact lenses are favburt#ie most successful biomaterial currently avaéda
worldwide (17, 18).They has already been demorstré&d successfully correct refractive errors iniguas. The
addition of drug delivery can potentially incredbe quality of life in patients by reducing dosiingquency. There
is some evidence that concurrent contact lens apital ophthalmic treatment is more effective thapical

treatment alone (19).

The drugs released from the contact lens potentteve a prolonged contact time with the corneditepto
improved bioavailability (20). Over 50% of the dsugeleased from a contact lens can diffuse intactineea, which
at least 35 times more efficient than eye dropsis Tihcrease in efficiency permits substantiallydueed
concentrations to be used , decreasing the potémtiside effects as less drug is absorbed sydteatig(21,22).
Another advantage for using a contact lens as @ delivery platform is the ability to deliver drugser extended
time periods, which eliminates the need for muttigbsing. For ocular infections such as microbehtitis, eye
drop instillation can be as frequent as applicagwery hour. This can be very difficult for patierespecially
during sleep and severe infections often lead tphtitisation, purely to ensure appropriate drugnadstration.
Contact lenses effectively serve as a drug reseaval release the drug over a set time periodn lid@al situation,
the target drug forms an interaction with the contans polymer , and dissociates from the lens/oskt in a time
dependent manner into the post — lens tear filnedf@ntual absorption by the ocular tissues.

ROUTES OF OCULAR DRUG DELIVERY
There are several possible routes of drug deliir@oythe ocular tissues .The selection of the rafitedministration
depends primarily on the target tissue .They affelbsvs,

TOPICAL ROUTE
Topical ocular drug administration is accomplisigdeye drops but they have only a short contaat tm the eye
surface. The contact and thereby duration of datigra can be prolonged by formulation design(21).

SUBCONJUNCTIVAL ADMINISTRATION

Subconjuctival injections have been used to delivegs at increased levels to the uvea. Receriyntbde of drug
delivery has gained new speed for various reas®hg. progress in materials sciences and pharmaaéutic
formulations have provided new enticing possilatio develop controlled release formulations toveledrugs to
the posterior segment and to help in the healinggss after surgery (21).

INTRAVITREAL ADMINISTRATION

Direct drug administration into the vitreous offelistinct advantage of more straightforward acteske vitreous
and retina. It is important to note that delivergnfi the vitreous to the choroid is more complidatdue to the
hindrance by the RPE (Retinal Pigment Epitheliurxier .Molecules of smaller size are able to diffuapidly in
the vitreous but the mobility of molecules of largee particularly positively charged is restra{i21).

OPTHALMIC DISORDERS

Conditions treated by the topical application afgl include are as follows (22) :

» Conjunctivitis — an inflammation of the conjunctitreat may be caused by bacterial and viral infectpmllen and
other allergens ,smoke and pollutants .

» Dry eye syndrome —the inadequate wetting of thdan@urface.

» Glaucoma — the build up of pressure in the antenmt posterior chambers of the choroid layer tisatics when
the aqueous humour fails to drain properly.

» Iritis (anterior uveitis) — commonly has an acutset with the patient suffering pain and inflammatof the eye.
» Keratitis — an inflammation of the cornea causedb&gterial, viral or fungal infections.

» Other conditions include the ophthalmic complicati@f Rosacea, Blepharitis (inflammation of theridrgins)
and Chalazia ( Meibomian cysts of the eyelid ).
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Drugsadministered topically to the eye

It is known that most of the ophthalmic drugs camfanctional groups such as alcohol , carboxyticland phenol
, which lend themselves to simple derivatisatiomdrugs ( pharmacologically not active derivatieésirugs that
are chemically or enzymatically converted to tlagitive parent compound after administration ) édgarpine and
b- blocker have been used to enhance bioavaikabilit

MATERIALSFOR CONTACT LENSES

Many researchers have contributed many advantagebet use of hydrogel in contact lenses such agsl goo
transmission of visible light , high chemical amdechanical stability, affordable cost and high axyg
transmissibility(23).Poly -HEMA has a water conteftabout 38% , however, by applying other monarserch

as methacrylic acid (MAA) with HEMA ,soft contactrises (SCLs) with different water contents , hasdne
,strength and oxygen permeabilities can be credteelrole of HEMA and Aacrylic acid (AA) in contaens based
ophthalmic drug delivery system has also been phédl by other authors (24).

BARRIERS FOR OCULAR DELIVERY:

» DRUG LOSS FROM THE OCULAR SURFACE

After instillation, instilled substances are remo\feom the eye surface by the flow of lacrimal duEven though
the lacrimal turnover rate is only about 1microelif min the excess volume of the instilled flisdflown to the
nasolacrimal duct rapidly in a couple of minutesiofher source of non-productive drug removal issitstemic
absorption instead of ocular absorption. Directiynf the conjunctival sac systemic absorption még falace via
local blood capillaries or after the flow of thdwg@n to the nasal cavity (25).

» LACRIMAL FLUID-EYE BARRIERS

Drug absorption from the lacrimal fluid into theeeys limited by the corneal epithelium. Paracehutlug
permeation is limited by the tight junctions formiegl the corneal epithelial cells. Therefore, lipiiphdrugs have
typically at least an order of magnitude highempeability in the cornea than the hydrophilic druigsgeneral, the
conjunctiva is leakier epithelium than the corned as compared to cornea its surface area is 23 tyreater than
cornea (25).

» BLOOD -OCULAR BARRIERS

Blood - ocular barriers protect the eye from theot#otics present in the blood stream. The bargerssist of two
parts: blood aqueous barrier and blood —retinaidvarThe anterior blood —eye barrier is composedthaf
endothelial cells in the uveam ( beneath the sdteaniddle layer of the eye .It consists of the jciliary body ,
and choroid ).The access of plasma albumin intcatiigeous humour is prevented by this barrier hisdarrier
also limits the access of hydrophilic drugs froragpha into the aqueous humour. The posterior baraareen
blood stream and eye is comprised of retinal pigreeithelium (RPE ) and the tight walls of the maticapillaries.
Unlike retinal capillaries the vasculature of thewid has extensive blood flow and leaky wallsud@r easily gain
access to the choroidal extravascular space, buedfter RPE and retinal endothelia limits theritiation of drug
into the retina (25)

MECHANISM OF DRUG RELEASE

It has been penned down that the hydrophobic ictierss of the active agents ( i.e , drugs or otempounds )
with the contact lens material is the most impdrtiactor in the adsorption and subsequent reledstnese
compounds(26). Initially , material in the form afcation or an anion in the soft contact lens foansionic
complex with the drug content in the drug solutiédfter that applying the soft contact lens to the e ionic
components in the tear fluid , such as Sodium @idoor other elements are replaced gradually withdrug
contents. Continuously sustained release of drkgstalace from the soft contact lens(27).Hydrogetsglassy in
their dehydrated state , and the release of thg danerally involves simultaneous absorption ofewatnd
desorption of drug via a swelling controlled medbam The rate controlling factor responsible fag ttrug delivery
is the resistance of the polymer to an increassminme and change in shape(28).Soft contact lemsese enables
greater penetration of drug into the eye and @teater penetration of drug into the eye can b&waet with higher
water content lenses(29).

TECHNIQUESFOR CONTACT LENSBASED DRUG DELIVERY SYSTEM

For extended and targeted drug delivery to corneatact lenses can be the ideal choice. Releasphihalmic
drugs from commercial contact lenses is for onky 2 hours(30)(36).The most convenient way to ipocate a
drug into soft contact lenses is to soak prefordegses in the drug solution(31)(37).Conventiondt sontact
lenses have the ability to absorb a number of drugen the lenses are pre-soaked in the drug
solution(32)(38),subsequently releasing them iht pgost lens lacrimal fluid. Antibiotics ,anti iafhmatories and
antiallergy agents have all been tested for th@@ase into the ocular tissue , and while diffeesnia the absolute
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amount of the drug being released between comnhéypies of lens are seen ,the release time typicalimited to
one or two hours. Contact lens containing silicorsleased less drug than the p-HEMA containing
materials(33)(39).Given this restriction, incregsthe duration of release of drug through use dbictal system ,
molecular imprinting ,drug binding to the polyméarriers dispersion ,sandwiching a PLGA (poly {lactco —
glycolic acid })layer in a lens and developing nbweterials has been advocated(34,35,40).
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BENEFITSOF DRUG DELIVERY THROUGH CONTACT LENSES

» Diseases of eye like Glaucoma and dry eyes cameagetl by using contact lenses which initiatesasstl
release of drugs to the eye.

» Lenses can be fabricated for the correction obwisthen modification of eye colour or treatmentizbetic eye
diseases can be achieved by the use of lens.

» Any sort of corneal wound healing can also be agliléoy the use of contact lenses.

COMMERCIALLY AVAILABLE CONTACT LENSES
Soft contact lenses (Silicone hydrogel and acrgtirogel)
Silicone hydrogel materials were balafilcon A (&Wision ,Bausch and Lomb)
Comfilcon A (Biofinity,CooperVision )

Galyfilcon A (Acuvue Advance ,Johnson and Johnson)
Lotrafilcon A(Night and Day ,CIBA Vision )

Lotrafilcon B ( CIBA Vision)

Senofilcon A (Acuvue Oasys ,Johnson and Johnson )
Conventional lens material are asfollows:

» Alphafilcon A (Soft lens 66 , Bausch and Lomb)

» Etafilcon A (Acuvue 2 ,Johnson and Johnson )

» Polymacon (Softlens 38,Bausch and Lomb )

Silicone hydrogel materials

Balafilcon A — Delivers highest amount of drug

VVVVVVY
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Fig 2 : Different Techniquesfor Drug Delivery through Contact L enses

CONCLUSION

The use of contact lenses marked a tremendousageweht for the delivery of ocular drugs in a sustdi or
controlled or for prolonged period of time to thgedn an efficient manner. Contact lenses are uséeat many
eye disorders which give moderate results. In esmtto all other parameters contact lenses canbesased for
targeted drug delivery system. Based on the abceationed criteria principally, contact lenses tarrmit to be
satisfied drug delivery material for ocular drudidery system.
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