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ABSTRACT

Anatomy and physiology of the eye makes it a highdyected organ. Designing an effective
therapy for ocular diseases, especially for thet@agr segment, has been considered as a
formidable task. Limitations of conventional roofeadministration have challenged scientists to
find alternative mode of administration like pendar routes. Targeted drug delivery has
generated a great deal of interest in the fieldehese of its potential to overcome many barriers
associated with current therapy. Application of agethnology has been very promising in the
treatment of a gamut of diseases. In this reviegrhawve briefly discussed several novel ocular
drug delivery systems such as microemulsions, nepesisions, nanoparticles, liposomes,
niosomes, dendrimers, implants, and hydrogels. &@urmomentum in the invention of new drug
delivery systems hold a promise towards much ingardterapies for the treatment of vision
threatening disorders.
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INTRODUCTION

Ocular drug delivery has remained as one of thetmballenging task for pharmaceutical
scientists. The unique structure of the eye rdsttiee entry of drug molecules at the required site
of action. Drug delivery to the eye can be broadigsified into anterior and posterior segments.
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Conventional systems like eye drops, suspensioth®igiments cannot be considered optimal in
the treatment of vision threatening ocular disefspsiowever, more than 90% of the marketed
ophthalmic formulations are in the form of eye drophese formulations mainly target the
anterior segment eye diseases [2]. Most of thecédiyi applied drugs are washed off from the
eye by various mechanisms (lacrimation, tear dituénd tear turnover) resulting in low ocular
bioavailability of drugs. Moreover, human corneangoising of epithelium, substantia propria
and endothelium also restricts the ocular entrgirafj molecules [B As a result of these factors
less than 5% of administered drug enters the eltermative approaches like incorporation of
permeation enhancers/cyclodextrins and increatiayiscosity of solutions did not provide any
significant improvement. Recently many drug effluxmps have been identified and significant
enhancement in ocular drug absorption was achiélexving their inhibition or evasion. But
prolonged use of such inhibitors may result in widble effects [4]. Treatment of posterior
segment diseases still remains a herculean tagkédormulation scientists. The tight junctions
of blood retinal barrier (BRB) restrict the entrfysystemically administered drugs into the retina
[5]. High vitreal drug concentrations are requiredhe treatment of posterior segment diseases.
This can be made possible only with the local adstriation (intravitreal injections/implants and
periocular injections). Periocular injections ass@ciated with fairly high patient compliance as
compared to intravitreal injections [6]. Dramatitaoges have been observed in the field of
ocular drug delivery over a decade. Insight intdotgs membrane transporters/receptors present
on the eye opened a new window of opportunitiepeEiglly polar drug molecules, which fail to
permeate ocular barriers, can be conveniently éedil via targeted drug delivery systems [7].

Overview on anatomy and diseases affecting eye

Broadly we discuss the structure of eye under tulsheadings (a) anterior segment and (b)
posterior segmenfnterior segment consists of front one-third of #yat mainly includes pupil,
cornea, iris, ciliary body, agueous humor, and lhsde the posterior segment consists of the
back two-thirds of the eye that includes vitreoumbr, retina, choroid, macula, and optic nerve

(Fig. 1). [8], [9]
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Novel ocular drug delivery systems

Colloidal carriers have been widely exploited ie field of drug delivery science. It provides a
more selective targeting along with sustained sseaf molecules at the desired site.
Applications of nanotechnology can be very excitinghe treatment of a gamut of diseases
affecting the anterior as well as the posteriorsag of the eye. An ideal therapy requires
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selectively targeting of active agent to variousedses like CNV, diabetic retinopathy and solid
tumors in the eye. Retina does not possess lyngpblgsiem moreover angiogenesis in this part
of eye has similar features to the solid tumor vétthanced permeability and retention (EPR)
effects [10]. Delivery of a drug via nanotechnglogased product fulfills mainly three
objectives as follows (a) enhances drug permedbdrrontrols the release of drug (c) targets
drug [11].

Enhancement in bioavailability
Topical bioavailability can be improved by maxinmgi precorneal drug absorption and
minimizing precorneal drug loss.

Viscosity improver:

The viscosity enhancers used are hydrophilic potgmsich as cellulose, polyalcohol and
polyacrylic acid. Sodium carboxy methyl celluloseone of the most important mucoadhesion
polymers having mono adhesive strength [12]. Théeces of polyacrylic acid and
polyacrylamide based hydrogels are tested on mresponse of pilocarpine. Carbomer were
used in liquid and semisolid formulations as sudp®n or viscosity increasing agents.
Hyaluronic acid offers a biocompatible and biodegtde matrix for fabrication of ocular
sustained release dosage form- Dosage forms bastx denzyl esters of hyaluronic acid were
used for ophthalmic sustained release of methymselone. Films and microspheres were also
prepared from hyaluronic acid. Polysaccharide saagkanthan gum was found to increase the
viscosity [13]. Viscosity vehicles increases thateat time and no marked sustaining effect are
seen.

Penetration enhancers:

They act by increasing corneal uptake by modifythg integrity of corneal epithelium.
Chelating agents, preservatives, surfactants aledshits were studied as possible penetration
enhances [14].

Prodrugs:

Prodrugs enhance comeal drug permeability througidifioation of the hydrophilic or
lipophilicity of the drug .[15] The method includesodification of chemical structure of the
drug molecule, thus making it selective, site dpe@nd a safe ocular drug delivery system.
Drugs with increased penetrability through prodimrgnulations are-epinehrinel, phenylephrine,
timolol, pilocarpine and albuterol [16].

Bioadhesive polymers:

These polymers [17] adhere to the mucin coat cogethie conjunctiva and the corneal surfaces
of the eye, thus prolonging the residence time dfugy in the conjunctival sac. These polymers
can be neutral, synthetic or semi synthetic. Paljecacid, polycarbophil and hyaluronic acid
are synthetic polymers commonly used. Chitosan ibi@dhesive vehicle suitable for
ophthalmic formulation. Xanthan and carrageenan aleo described as bioadhesive
polysaccharides [18].
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Enhancement in controlled drug-delivery

It is realized that the preferred system of ophtial delivery would provide improved
bioavailability, site-specific delivery and with miinuous drug release. So achievements have
been made in the following areas:

In situ forming gels:

The progress has been made in gel technology éimlédvelopment of droppiable gel. They are
liquid upon instillation and undergo phase trapsitin the ocular cul-de-sac to form visco-elastic
gel and this provides a response to environmehtiges [19].

Oil in water emulsions:

Phospholipids and pluronics were used as the efienssi Antioxidants were added to improve
their shelf-life. The intra-ocular pressure redgceifect of a single, topically administered dose
of a pilocarpine emulsion lasted for 29 h in rablibmpared to generic pilocarpine solution
which lasted only for 5hr [20]. Oil in water emudsi is useful for delivery of Water insoluble

drugs, which is solubilised in the internal oil pha

Colloidal Carriers:

Nanoparticles:

According to Sahoo et al., “Nanopatrticles are dafims particles with a diameter of less than 1
um, comprising of various biodegradable or non bgvddable polymers, lipids, phospholipids
or metals” [21]. They can be classified as nanosggher nanocapsules depending upon whether
the drug has been uniformly dispersed or coatedhinvipolymeric material.Nanoparticles
provide sustained release-and prolonged therapactiMty when retained in the cul-de-sac after
topical administration and the entrapped drug mustreleased from the particles at an
appropriate rate. Most commonly used polymers ar®us poly (alkyl cyanoacrylates), poly S-
caprolactone and polylactic-co-glycolic acid, whichdergo hydrolysis in tears [22]hitosan
coated poly (epsilon-caprolactone)nanoparticlesafdomethacin resulted in twofold
enhancement in ocular bioavailability [23]. Enhahgeermeation across the cornea was also
observed when poly (epsilon-caprolactone) nanapestiwere coated with polyethylene glycol
[24]. Mucoadhesive chitosan-sodium alginate nartapes were prepared and evaluated for
topical delivery of gatifloxacin.This system resaltin burst release during the first hour
followed by sustained release for 24 h. This apguidzelps in reducing the dosing frequency of
the antibiotic because of the sustained actionrgbdeafter single administration [25].

Niosomes:

Niosomeswere first reported in the seventies as a featurédhe cosmetic industry by
Vanlerberghe et al[26] Handjani-vila et al.[27] Van Abbe P8] explained that the non — ionic
surfactants are preferred because the irritatiomepmf surfactants decreases in the following
order: cationic> anionic> ampholytic> non-ionic. Green and Dowr{29], Keller et al.[30],
Burstein[31], Kaur and Smitha3R] reported that an increased ocular bioavailabdityvater
soluble, entrapped in niosomes, may be due todbethat surfactants also act as penetration
enhancers as they can remove the mucus layer aal imctional complexes. Singh and Mezei
[33] stated that niosomes are a suitable delivery sy&ie both hydrophilic and lipophilic drugs.
Vyas et al. 84] prepared both niosomes and discomes of watetkotirug timolol maleate and
found that discomes entrapped comparatively a highmunt of drug (25% as compared to 14%
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in case of niosomes). Moreover, an increase in ancbioavailability was found to be
approximately 3.07-fold compared to 2.48-fold irs€aof niosomes with respect to timolol
maleate Ghada abdelbary [35] and Nashwa el-gendbsiigated the feasibility of using non-
ionic surfactant vesicles as carriers for the oalmiic controlled delivery of a water soluble local
antibiotic, Gentamicin sulphate.

L iposomes:

Liposomes are lipid vesicles containing aqueous aghich have been widely exploited in
ocular delivery for various drug molecules.Liposaraee favorable for lipophilic drugs and not
for-hydrophilic drugs. liposomes has an affinity kind to, ocular surfaces, and release contents
at optimal rates [36]. Positively charged liposonewe a greater affinity, to increase both
precorneal drug retention and drug bioavailabilitife addition of stearylamine to a liposomal
preparation enhanced the corneal absorption ofrdetteyl valerate. The corneal epithelium is
thinly coated with negatively charged mucin to whibe positive surface charge of the liposome
may absorb more strongly. Coating with bioadhegpodymers to liposomes, prolong the
precomea retention of liposomes. Carbopol 1342ecbptlocarpine containing liposomes were
shown to produce a longer duration of action [€fprofloxacin (CPFX) was also formulated in
liposomal environmental which lowered tear-drivenlutcbn in the conjunctival sac.
Multilamellar vesicles from lecithin and alpha-Lpdimithoyl-phosphatidylcholine were used to
prepare liposome containing CPFX. This approachdymed sustained release of the drug
depending on the nature of the lipid compositidected [38].

Microparticulates:

They are drug containing, micron sized polymerastiples suspended in a liquid medium.

Drugs can be physically dispersed in the polymekbane [39]. The drug is released in cul-de-
sac through diffusion, chemical reaction, and pdayhegradation and micro particles are larger
than nanoparticles. Acyclovir loaded chitosan nspteeres [40] and Pilocarpine-loaded albumin
or gelatin microspheres.are available. Micropaléit®itechnology has the advantage of better
patient acceptability, since they can be topicatlyninistered as an eye drop [41].

Microemulsion:

Microemulsions are dispersions of water and oillifated by a combination of surfactant and
co-surfactant in a manner to reduce interfaciasiten These systems are usually characterized
by higher thermodynamic stability, small droplezesi(100 nm) and clear appearance [42].
Microemulsion systems have also been exploitedngrove permeation across the cornea. An
oil in-water system consisting of pilocarpine usikegithin, propylene glycol, PEG 200 as
surfactant/co surfactants, and isopropyl myristetethe oil phase has been designed, which is
nonirritating to the rabbit animal model [43]. Sufdrmulations often provide sustained drug
release thereby reducing frequency of the drug adtmation. In case of pilocarpine,
microemulsion based system lowers the frequen@gdofinistration to two times as compared to
four times with conventional eye drops in a dayisMaas due to enhancement of the permeation
by surfactant-co-surfactant combination.

Nanosuspensions:
Nanosuspenisons usually consist of colloidal cesrl&ke polymeric resins which are inert in
nature. They help in enhancement of drug solubiliyd thus bioavailability. Unlike
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microemulsions, they are also popular because eir thon irritant nature. Flurbiprofen
encapsulated in eudragit RS 100® and RL 100® polym&ns prevents myosis, which might
be induced during extracapsular cataract surgety Mimal studies have revealed that anti-
inflammatory effect of nanosuspensions was mora thecrosuspensions. Similar studies were
carried out using piroxicam in eudragit RS 100viko studies in rabbits have shown significant
anti-inflammatory effects compared to microsuspemsi45].

Dendrimers:

Dendrimers are macromolecular compounds made wp saries of branches around a central
core. Their nanosize, ease of preparation, funalipetion and possibility to attach multiple
surface groups render them suitable alternativécieefor ophthalmic drug delivery” [46].

lontophoresis:

Ocular iontophoresis has gained significant interesently due to its non-invasive nature of
delivery to both anterior and posterior segmentietjuires a mild electric current which is

applied to enhance ionized drug penetration irgsute. This mode of delivery can overcome the
potential side effects associated with intraocuigections and implants mentioned earlier.

OcuPhor™ system has been designed with an applicdispersive electrode and a dose
controller for transscleral iontophoresis (DDT) [47

CONCLUSION

Effective treatment of ocular diseases is a forielachallenge for scientists in the field

especially because of the nature of diseases askmre of the ocular barriers especially in
posterior ocular segments. An ideal therapy shonddntain effective levels of drug for the

longer duration following a single application. @rdelivery by topical and intravitreal routes

cannot be considered safe, effective and patiendly. Drug delivery by periocular route can

potentially overcome many of these limitations aisb can provide sustained drug levels in
ocular pathologies affecting both segments. Trariepdargeted delivery can be a promising
strategy for many drug molecules. Colloidal casiean substantially improve the current
therapy and may emerge as an alternative followheg periocular administration.
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