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Abstract

One of the most challenging tasks faced by the pharmaceutical researchers is the ophthalmic drug
delivery. Their aim is to obtain and maintain a therapeutic level at the site of action for prolonged
period of time. Therefore, to sustain drug levels at the target site for a sufficient time, novel drug
delivery techniques should be developed. Ophthalmic drug delivery has proved significant ad-
vancement for future point of view. This article evaluates a variety of novel systems for ophthal-
mic drug delivery.
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1. Introduction

Novel drug delivery systems are new in the market and are the modifications of previous ones in terms of unique
delivery systems or unique devices, which are to be used before during or after administration. The existing
therapies are diminishing because of the development of new technologies. New drug delivery systems increase
the amount and persistence of a drug in the vicinity of target cells and minimize the drug exposure of non target
cells, in consequence promoting the therapeutic effects of a drug and reducing its toxic effects [1]. One of the
most confronting routes of delivery for the pharmaceutical researchers is ophthalmic drug delivery [2]. The
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conventional delivery systems like suspensions, solutionss and ointments have poor ocular bioavailability, i.e.
less than 1%, because of various factors which cause fast yield, less absorption & short residence time in the
cul-de-sac and relatively impermeable drugs [3].

The administered dose up to 80% may be lost by tears and nasolachrymal drainage within 5 minutes of ad-
ministration. Formulations that may increase the contact period of drug with corneal exterior may use to extend
period of therapy and this is achieved by the use of viscosity enhancers, by means of ophthalmic solutions in
which drug dissolve slowly or by the use of ophthalmic inserts [1]. Ideality of ophthalmic drug delivery is that it
sustains the drug release and provides longer contact with the front of the eye [4]. Novel ophthalmic drug deli-
very endeavor is to improve drug bioavailability by facilitating the transcorneal drug penetration or/and to en-
sure a prolonged retention time of the medication in the eye [5]. The topical ocular drug delivery has been im-
proved from eye drops to ophthalmic iontophoresis, in situ gels, dendrimers, ocular inserts mucoadhesive poly-
mers, penetration enhancers, mucoadhesive polymers, hydrogels and targeted drug delivery systems [6]. Most
frequently available ophthalmic preparations are eye drops and ointments. Nevertheless these preparations when
instilled into the cul-de-sac are rapidly drained away from the ocular cavity due to tear flow and lachrymal nasal
drainage. Only a minute amount is available for its therapeutic effect ensuing in frequent dosing. Thus, to over-
come these troubles, newer pharmaceutical ophthalmic formulations such as in situ gel, nanoparticle, liposome,
nanosuspension, microemulsion, intophoresis and ocular inserts have been developed in last three decades to
amplify the bioavailability of the drug as a sustained and controlled approach [7].

2. Objective

The purpose of this paper is to briefly appraise the novel techniques for ophthalmic drug delivery so that the
pharmaceutical researchers get the concept of the latest trends regarding this aspect.

3. Ophthalmic Inserts

The solid devices that are placed in the conjunctival sac and provide slow drug delivery are called ophthalmic
inserts [5]. Figure 1 shows ophthalmic inserts based upon their solubility behavior. Figure 2 shows non erodi-
ble insert and erodible insert.

Insoluble Soluble
Inserts Inserts
—— ——
Reservoir Matrix Based Synthetic Or
System System Onnatural Semisyntheti
Polymers ¢ Polymers
Diffusional Contact
Inserts Lenses
Osmotic
Inserts

Figure 1. Categorization of ophthalmic inserts based upon their solubil-

ity behavior [8].
Non Erodible Insert Erodible Insert
Ocular Insert Sodi
Hydrogel Collagen Shield
Contact Lens Minidisc OTC
Ocufit SR

Figure 2. Non erodible insert and erodible insert [9].
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3.1. Insoluble Ocular Inserts:

3.1.1. Reservoir Systems
The drug is released either by osmosis or diffusion by the reservoir systems which contain a liquid, gel, colloid,
semisolid, carrier containing drug or a solid matrix. The carriers are prepared of polymers such as hydrophilic,
hydrophobic, organic, natural or synthetic.
» Diffusional Insert or Ocusert:

Diffusional insert is based on porous membrane and the drug release is based on mechanism of diffusional
release.
» Osmotic Insert:

The osmotic insert comprise of a peripheral part which surrounds the central part.

3.1.2. Matrix Systems

They are represented by contact lenses mainly which are composed of hydrophilic or hydrophobic polymers that
are covalently cross linked and form a three dimentional matrix network which retains water, solid components
or aqueous drug solution [8].

» Contact Lenses:

Absorption by contact lenses of water soluble drugs in drug solutions is achieved by soaking and is used to
achieve sustain drug release and for this purpose hydrophilic contact lenses are used [4]. Figure 3 shows types
of lense.

Soft hydrogel contact lenses were developed to achieve prolonged drug release [8].

3.2. Types of Polymeric Hydrogels

In the veterinary patients, treatment of ocular surface and anterior segment can be achieved by specialized drug
eluting contact lenses, which have proved to be beneficial [11]. Figure 4 shows polymeric hydrogels.
Soluble Ocular Inserts:
They don’t need to remove from the site of application because they offer the advantage of solubility, there-
fore they limit the intervention to insertion only [8]. Figure 5 and Table 1 show ophthalmic inserts.
Advantages of Ophthalmic Inserts:
* They provide increased contact time, better bioavailability and prolonged drug release.
* They provide better efficacy as well as administration of exact dose in the eye.

Rigid Elasto Semirig Soft Biopoly
Lenses meric id Hydrop meric
hilic

Figure 3. Subdivision of contact lenses [8].

Polymeric hydrogels for
conventional contact lens
to absorb and release
ophthalmic drugs.

Polymeric hydrogels for
piggyback contact lens Molecularly imprinted
combining with a drug polymeric hydrogels.
plate or drug solution

Polymeric hydrogels for Surface-modified
lon ligand-containing inclusion of drugs in a polymeric hydrogels to
polymeric hydrogels colloidal structure immobilize drugs on the
dispersed in the lens. surface of contact lenses.

Figure 4. Polymeric hydrogels for novel contact lens-based ophthalmic drug
delivery systems [10].
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Figure 5. Classification of soluble ophthalmic inserts [8].
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Description
They are oval, sterile, thin films that weigh 15 - 16 mg.

It is like a small wafer which softens on insertion. It comprises of soluble
copolymers which consist of acryl amide, N-vinyl pyrolidone and ethyl acrylate.

The drugs are administered to the eye in the form of film which is loaded with water
soluble drug. It is preservative free and it provides accurate and reproducible dosing,
water soluble polyvinyl alcohol film incorporates the drug.

It is erodible disc which consist of scleral collagen that is cross linked porcine.

It is used for the treatment of dry eye disorder, also termed lacrisert.
It’s a rod shaped pellet that is designed as artificial tear and provides sustained release.
It is made up of hydroxy propyl cellulose and doesnot contain preservative.

Insoluble flat flexible device consisting of 2 layers in which a reservoir is enclosed.
Commercially, it is used to deliver pilocarpine for seven days.

They belong to soluble inserts group which are made up of
synthetic and semisynthetic polymers.

Their water absorbance is upto 80% which depends on their composition,
amount of hydroxyl groups and degree of cross linking.

It is a monolytic device which is shaped like a miniature polymeric contact lens.
Its diameter is 4 - 5 mm. with a convex and concave face.
The concave face be conventional to the eye sclera.

The OTS offer extended release of water soluble and water insoluble drugs
because it may be hydrophilic or hydrophobic.

It has non biodegradable polymers coating. It is reservoir type and exhibits the most
long lasting release profile of drug because it reserves a large drug amount.

They provide sustained drug release after being placed in the lower conjunctival sac.

Processing of this can be into nanoparticles, rods, discs or tablets and many
varieties of configurations. As an outcome they stabilize the drug release profile,
as well as cut down the drug release extent because the drug content is limited.

These comprise of bioerodible polymers such as derivatives of cross linked gelatin
and polyester which undergo dissolution and chemical bonds hydrolysis.

It is a rod shaped device made up of silicone elastomer
and provides sustained drug release.

They are non biodegradable. They have superior reliability since they
are easily detected when expelled. They have better drug release kinetics.

Non erodible ocular inserts have dispersed drug so the major mechanism
of absorption is passive diffusion.

The polymer is fabricated as hydrophobic but is biodegradable.
Drug is released as a result of surface erosion of the insert.
After intended drug delivery episode, they don’t require exclusion.

* They are sterile, stable without preservatives and provide reduced systemic and adverse effects with in-
creased shelf life due to absence of water.

* They are advantageous on account of their compliance, ease of handling and insertion, lack of explosion, re-
producibility of release kinetics as well as non interference with vision and oxygen permeability [8].
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* Examples of implantable systems that deliver sustained drug release to the eyes include membrane con-
trolled, implantable infusion and implantable silicon devices and systems. Silicon rubber balloon with anti-
neoplastic agent is evaluated as an example of implantables for management of ocular cancer [16].

* Non biodegradable implants and inserts are the clinically successful cases that have been recently developed
in intraocular delivery systems to enable effective ocular drug delivery [17].

* A new hope for the fungal deratitis patients is the concept of intracorneal insert [13].

Disadvantages of Ophthalmic Inserts:

* Immediate loss of the insert or the device may be dislocated in front of the pupil.

» If the insert twists, it forms a figure eight, therefore the delivery rate diminishes and a leakage may occur [8].

Recent Studies:

Malaekeh-Nikouei et al. prepared a series of imprinted and non imprinted hydrogels using 2-hydroxy ethyl
methacrylate (HEMA) as a backbone monomer, ethylene glycol dimethacrylate (EGDMA) as a cross linker
monomer, methacrylic acid (MAA) as a functional monomer and dorzolamide (DZD) as a template molecule.
The authors concluded that the use of suitable co-monomer and applying a molecular imprinting technique had
important influence on loading and releasing properties of hydrogels [17].

Peng et al. compared the efficacy of timolol delivered via contact lenses to eye drops in beagle dogs that suf-
fered from spontaneous glaucoma. Experiments were conducted with NIGHT AND DAY silicone hydrogel
contact lenses and NIGHT AND DAY loaded with vitamin E, which was included in the lens to extend the drug
release duration. The authors concluded that the ophthalmic drug delivery through contact lens increased bio-
availability and reduced systemic drug uptake [18].

Sindhumol et al. formulated sodium cromoglycate ophthalmic inserts using hydroxy propyl methyl cellulose
and gelatin as polymers by solvent casting method with aim of compliance and greater therapeutic efficacy. The
prepared ocular inserts were then evaluated. In vitro release studies of formulated ocuserts were performed. The
authors concluded that the formulation of ophthalmic inserts containing sodium cromoglycate and HPMC (1:2)
seemed to be promising [19].

Gilhotra et al. formulated ophthalmic insert of brimonidine tartrate using PVA, chitosan, HPMC and sodium
alginate via solvent casting method. The prepared inserts were then estimated. The authors accomplished that
the chitosan based brimonidine ocular insert could be a potential vehicle to enhance ocular bioavailability and
patient compliance [20].

Shanmugam et al. prepared inserts containing acyclovir by using solvent casting method. Rate controlling
membrane and drug reservoir were prepared using different hydrophilic and hydrophobic polymers respectively
with polyethylene glycol 400 as plasticizer. The prepared inserts were evaluated. The authors concluded that the
developed formulation was stable, sterile and non irritant [21].

Rajasekaran et al. studied that ocular drug delivery system for natamycin, a polyene antibiotic was highly
useful for the treatment of conjunctivitis and keratitis. They prepared ocuserts using different polymers at vari-
ous proportion and permutation. They evaluated prepared ocuserts. The authors concluded that the ocuserts of
natamycin were capable of exhibiting controlled drug release with ideal sterility and stability [2].

Molokhia et al. devoloped a novel intraocular implant for drug delivery. The capsule drug ring was a reser-
voir introduced in the lens capsule during cataract surgery refillable and capable of delivering multiple drugs
and avastin was the drug of interest in this study. Prototypes were manufactured. The device showed near zero
order release kinetics and the authors investigated avastin stability with accelerated temperature studies [22].

Ramkanth et al. prepared diclofenac sodium ocuserts by using different polymers such as HPMC, HPC, MC
and EC at various concentrations and combinations using dibutyl phthalate as plasticizer. They prepared ocu-
serts by solvent casting technique. The prepared ocuserts were evaluated. The authors concluded that the formu-
lation had achieved the targets of present study as prolonged zero order release increase in contact time and re-
duction in frequency of administration and thus improved patient compliance [23].

4. Colloidal Carriers

They are successful drug carriers for ophthalmic applications. The significant absorption of drug in comparison
with eye drops owe to the slower elimination rate of particles in the ocular region. Smaller particles have better
tolerance by the patients than larger particles; therefore nanoparticles may represent very promising ophthalmic
delivery systems providing prolonged action [24]. Colloidal carriers may emerge as an alternative and substan-
tially improve the present therapy, subsequent their periocular administration [25] (Table 2).
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Table 2. Types of colloidal carriers.

Reference Colloidal Carriers Description

The amount of concentric alternating layers of phospholipids

] Liposomes: and aqueous phases decides that the liposome is either unilamellar or multilamellar.

They have diameter of less than 1 micrometer consisting of various
biodegradable polymers or non-biodegradable metals, lipids or phospholipids.
Depending upon whether the drug has been coated with a polymeric material
or has been uniformly dispersed, they can be classified as nanocapsules or nanospheres.

[25] Nano Particles

The interaction of bioadhesive polymer chains with mucin and the potential entrapment
of particles in the mucus layer of ocular surface are the basis of the development
of particulate systems for ophthalmic drug delivery.

Bioadhesive

[26] Nanopolymers

Micron sized polymeric particles that contain the drug and are suspended

[25] Microparticulates in a liquid medium, or the drug can be dispersed in a polymer backbone physically.
[27] They have 20 - 200 nm droplet size usually, and are isotropic, transparent, translucent,
thermodynamically stable system of oil, surfactant and water.
[5] Microemulsions They appear as clear transparent dispersions and comprise of larger swollen micelles
that contain the internal phase.
[28] Eg. Polyanhydride microspheres, polyadipic acid.

The power of irritation of surfactants decrases in the following order:
[25] Niosomes cationic > anionic > ampholytic > nonionic, therefore the nonionic surfactants are preferred.
For mutually hydrophilic and lipophilic drugs, niosomes are a suitable delivery system.

[29] Nanocrystals The mean diameter of pure solid drug nanocrystals is below 1000 nanometer.
[25] Nanosuspensions Nanosuspensions are inert in nature and usually consist of colloidal carriers like polymeric resins.

Dendrimers are macromolecules or nanosized, radially symmetric molecules having
repeated tree like arms or branches, having well defined homogenous and monodisperse
structure and they can resolve the increasing challenges of newly developed
drugs such as bioavalability, permeability and poor solubility.

[30] Dendrimers

Advantages:

* Liposomes are biocompatible, stable and biodegradable liquid preparations; therefore they improve the bio-
availability of ophthalmic drugs after topical administration [9].

* Nanoparticles after being topically administered are retained in the cul-de-sac to provide sustained drug re-
lease and prolonged therapeutic activity because the entrapped drug is released at appropriate rate from the
particles. Nanosuspensions are nonirritant and help in drug solubility enhancement and bioavailability.

* Microparticulates can be administered topically as an eye drop thus providing better patient acceptability
[25].

* By the use of nanoparticles, drug surface area is increased per mole of drug compound which increases tis-
sue exposure and absorption [11].

Disadvantages:

* Major issues for colloidal carriers involve dispersed phase percentage/problem of entrapment coefficient, i.e.
amount of active ingredient present in a drop of the final product.

* Antimicrobial preservation, stability and shelf life.

» Tolerance of surfactants that are used.

* Bulk manufacture of sterile preparations [12].

* Make use of nanoparticles, drug surface area is increased per mole of drug compound which increases tissue
exposure and absorption [11].

Recent Studies:

Sabitha et al. developed and evaluated moxifloxacin containing nanoparticles as potential ophthalmic drug
delivery system. Nanoparticles were prepared and characterised. The in vitro release profile of moxifloxacin
from the nanoparticles and the dispersion was observed. The authors concluded that moxifloxacin loaded chito-
san nanoparticles appeared promising for effective management of ocular conjunctivitis infections [3].

Han et al. developed a cubosomes based novel vehicle as an ophthalmic drug delivery system for flurbiprofen
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to ease ocular aggravation and increase bioavailability. They prepared cubosomes loaded with flurbiprofen via
homogenization through hot and high pressure. The authors concluded that cubosomes based low irritant novel
vehicle might be a capable technique for efficient ocular delivery [31].

5. lontophoresis

The method which is minimally invasive and has ability to propel charge compounds, i.e. low molecular weight
drugs, high molecular weight biological proteins (less than 14 kDa) into ocular tissues is iontophoresis [11]. A
mild electric current is required to enhance ioniged drug penetration into the tissues. E.g. OcuPhor system de-
signed for transscleral iontophoresis is designed with dispersive electrode, an applicator and a dose controller.
Advantages:
* lontophoresis drug delivery can overcome the potential side effects caused by intraocular injections and im-
plants [25].
* Fungal Keratitis, uveitis, retinitis, retinoblastoma, proliferative vitreal retinopathy and various retinal dege-
nerations are the diseases that may benefit by ocular iontophoresis [11].
Disadvantages:
» If improperly used, there is a possibility of burns and pains due to excessive current density, therefore ion-
tophoretic delivery is limited clinically for brief drug delivery period applications.
» For iontophoretic delivery, ionic form of drug in sufficient concentration is necessary. Due to high molecular
weight, i.e. 8000 - 12,000, tentative delivery rate results [32].

6. In Situ Gels

In situ gels change in certain physicochemical parameters like temperature, ionic concentration or pH thus re-
veal transition of sol to gel phase on the ocular surface [33].
Various approaches of in situ gelation (Figure 6):
Advantages:
» Patient compliance, reducing frequency of administration and easy to instill.
* High-quality stability along with biocompatibility uniqueness [35].
* The drug remains for longer period at the desired site due to increased contact time of the drug to the tissue
[24].
* Less blurred vision than ointments (Less blurred vision as compared to ointment) [36].
* Endow with sustained drug release owing to amplified residence time [37].
Disadvantages:
The gels have open pore structure that does not extend the duration of drug beyond a few hours because gels
are water predominantly [11].
Recent Studies:
Vodithala et al. formulated and evaluated the in situ ocular gelling systems (ion activated gelling systems) of

pH Triggered System

Solvent Exchange Induced
Gelation

lon Activated Systems

UV Induced Gelation

Temperature Dependant
Systems

Figure 6. Kinds of system in in situ gelation [34].
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ketorolac tromethamine. These gelling systems engage the use of gelrite as polymer. The formulations were
evaluated and ex vivo corneal permeation studies carried out. The authors found that the developed formulation
showed sustained release of drug for up to 6 h and concluded that the formulation was found to be non irritating
with no ocular damage [33].

Hiremath et al. prepared and evaluated ophthalmic drug delivery system of linezolid based on novel in situ
gum. The authors used hydroxypropyl guar and xanthum as gum with the amalgamation of viscosity enhancing
agents like carbopol, hydroxyethyl cellulose and sodium alginate. Appropriate dilutions of buffering agents were
used for pH adjustment to 7.4 and the evaluation and sterilization of the formulations was done. The authors
found that the formulations were soothing with no ocular harm or unusual clinical indication to the iris, cornea
or conjunctiva and concluded that gums holding in situ gelling systems may be a beneficial substitute to the
conventional systems [37].

Varshoaz et al. increased the low bioavailability and short ocular residence time of ciprofloxacin eye drops.
They prepared aqueous solutions of drug in chitosan/pluronic (poloxamer). Mixtures of solutions of pluronic (10%
- 25% wi/w) with chitosan (0.1% - 0.3% w/w) of different molecular weights (Mw) were prepared. Ciprofloxacin
release was determined. The rheological behavior, phase change temperature (PCT) and antimicrobial effect of
the solutions was studied. The authors found that this in situ gel released the drug by a Higuchi model and Fick-
ian mechanism, it was liquid in non-physiologic conditions and transferred to the gel form upon physiologic
conditions and they concluded that the PCT of this in situ gel did not change upon dilution and the zone of inhi-
bition of the growth of both studied bacteria was significantly greater for it than the marketed eye drop of ci-
profloxacin [38].

7. Prodrugs

Prodrugs are chemically or enzymatically liable simple derivatives of drugs, which as a result of hydrolysis in
the eye are converted to their active parent. Functional groups such as alcohol, phenol, carboxylic acid and
amine are present in most ophthalmic drugs and lend to derivatization. By changing the physicochemical be-
longings of drugs, the chemical structures are adapted.

Advantages:

* Prodrug technique improves corneal permeability of drugs.
* Pharmaceutical formulation problems such as poor solubility and stability are also solved [9].

Disadvantages:

» After it reaches the site of action, the metabolism of the prodrugs is not controlled and the toxicity concerns
can’t be ruled out completely.
* As an outcome of reactive intermediate, the adverse drug reaction can possibly occur [39].

“Ophthalmic Drug Delivery Systems for the Management of Retinal Diseases: Clinical Applications:

Combined Anterior and Posterior Segment Diseases”

Endophthalmitis, uveitis, and glaucoma are common combined anterior and posterior segment diseases, but
each presents a different unmet need. For endophthalmitis, the unmet need is prevention. When prevention fails,
treatment is the most effectively performed with prompt intravitreal and subconjunctival antibiotics, with or
without vitrectomy and systemic antibiotics. For uveitis, high-quality short-term control of the disease can be
obtained with topical, periocular, or systemic anti-inflammatory or immunosuppressive drugs (e.g., corticoste-
roids). The major unmet need involves the treatment of chronic or recurrent uveitic disease, because long-term
treatment with these agents commonly results in toxicity and complications due to cumulative dose-related side
effects, such as cataract and glaucoma. Finally, for glaucoma, although fair to adequate control of intraocular
pressure can be obtained with topical drugs and various anterior segment procedures and surgeries, a treatment for
optic nerve or ganglion cell neurodegeneration is still largely unavailable [40].

Posterior Segment Diseases

Concerning strictly posterior segment diseases, the two major blinding diseases in the United States are diabetic
retinopathy (DR) and age-related macular degeneration (AMD). DR is the main cause of irreversible blindness in
adults aged 20 to 65 years old, with incidence rates of 56% for nonproliferative DR and 29% for proliferative DR.
Macular edema (ME) occurs in approximately 10% of diabetics. AMD is the main cause of irreversible blindness
in adults older than 65 years old. The prevalence of all forms of AMD in the 65- to 74-year-old age group is 20%,
and it is closer to 35% in older age groups [41].
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8. Conclusion

In this review, we have discussed some of the novel techniques for ophthalmic drug delivery. In the novel deli-
very system, various approaches and carriers are used like in situ gelling, ophthalmic inserts, nanoparticles, li-
posomal formulation, dendrimers, prodrugs and ocular iontophoresis. Conventional ophthalmic formulations
like eyedrops have less retention time in ocular cavity and less than 10% of the administered dose could cross
the membrane. Therefore, to satisfy the need, novel delivery systems have been developed to improve the deli-
very of a therapeutic agent.
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