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ABSTRACT 

Ophthalmic drug delivery is one of the most 

interesting and challenging endeavors facing 

the pharmaceutical scientist. The anatomy, 

physiology and biochemistry of the eye 

render this organ exquisitely impervious to 

foreign substances. The challenge to the 

formulator is to circumvent the protective 

barriers of the eye without causing 

permanent tissue damage. Newer delivery 

system is being explored to develop 

extended duration and controlled release 

strategy. Some of the newer, sensitive and 

successful ocular delivery system like 

inserts, biodegradable polymeric system, 

and collagen shields are being developed in 

order to attain better ocular bioavailability 

and sustained action of ocular drugs. 

 

Key-words  : Diffusional inserts, Osmotic 

inserts, Contact lenses, Soluble inserts,                         
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INTRODUCTION 

Eye, as a portal for drug delivery is 

generally used for the local therapy as 

against systemic therapy in order to avoid 

the risk of eye damage from high blood 

concentrations of drug which are not 

intended for eye. 

Newer delivery systems are being explored 

to develop extended duration and controlled 

release strategy. Some of the newer, 

sensitive and successful ocular delivery 

systems like inserts, biodegradable 

polymeric systems, collagen shields are 

being developed in order to attain better 

ocular bioavailability and sustained action of 

ocular drugs. 

The following recent trends are in vogue  : 

a) Mucoadhesive dosage forms 

b) Ocular inserts 

c) Collagen shields 

d) Drug presoaked hydrogel type 

contact lens and pledgets. 

e) Ocular iontophoresis 

f) Phase transition systems  

g) Microspheres and nanoparticles 

h) Chemical delivery systems vesicular 

systems. 

Utilization of the principle of controlled 

release as embodied by ocular inserts 

therefore offers an attractive alternative 

approach to the difficult problem of 

prolonging pre-corneal drug residence 

time
14

. 

Recentaly, drug-presoaked hydrogel contact 

lenses and pledgets have gained some 

popularity in an attempt to bypass the need 

for repeatative drug dosing and to avoid the 

peak and valley activity time curve resulted 

from periodic application of eye drops and 

ointment. A micropump type delivery  

system have also been developed for the 

continuous administration of fluid to dry 
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eyes or medication to infected eyes. These 

drug delivery system have successed in 

significantly reducing the frequency of 

dosing and also in remarkably improving the 

therapeutic efficacy of ophthalmic drug 
5
.  

Ocular disposition and elimination of a 

therapeutic agent is dependent upon its 

physicochemical properties as well as the 

relevant ocular anatomy and physiology 
6 

. 

The successful design of a drug delivery 

system, therefore, requires an integrated 

knowledge of the drug entity and the 

constraints to delivery offered by the ocular 

route of administration.  

mechanism of ocular drug absorption  

Topical delivery into the cul-de-sac is, by 

far, the most common route of ocular drug 

delivery.  Absorption from this site may, 

i. Corneal 

ii. Non-corneal 

The non-corneal route of absorption 

involves penetration across the sclera and 

conjunctiva into the intraocular tissues.  This 

mechanism of absorption is usually not 

productive, as drug penetrating the surface 

of the eye beyond the corneal-sclera limbs is 

picked up by local capillary beds and 

removed to the general circulation.  This 

non-corneal absorption in general precludes 

entry into the aqueous humor. 

The non-corneal route of administration may 

be significant for drug molecules with poor 

corneal permeability.  Studies with Insulin, 

Timolol Maleate, Gentamycin suggest that 

these drugs gain intraocular access by 

diffusion across the conjunctiva and sclera 
7
. 

Corneal absorption 

Represents  the major mechanism of 

absorption for most therapeutic entities.  

Topical absorption of these agents, then is, 

considered to be rate limited by the cornea.  

The anatomical structures of the cornea 

exert unique differential solubility 

requirements for drug candidates.  Cornea 

can be viewed as a trilaminate structure 

consisting of these major diffusional 

barriers. 

a) Epithelium 

b) Stroma 

c) Endothelium 

Out of three, the epithelium and 

endothelium contains on the order of 100 

fold the most of lipid material than stroma.  

Depending on the physicochemical 

properties of the drug entity, the diffusional 

resistance offered by the tissues varies 

greatly 
 
. 

The outermost layer, the epithelium, 

represents the rate limiting barrier for 

transcorneal diffusion of most hydrophilic 

drugs. 

The flattened epithelial cells preclude 

paracellular transport of most ophthalmic 

drugs and limits lateral movement within the 

anterior epithelium.  Corneal surface 

epithelial intracellular pore size has been 

estimated to be about 60 A
0
.  Hence small 

ionic and hydrophilic molecules appear 

theogain access to the anterior chamber 

through these pores. However, for most 

drugs, paracellular transport is precluded by 

the interjunctional complexes. 
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The stroma comprises 85-90% of the total 

corneal mass and is composed mainly of 

hydrated collagen.  The stroma exerts a 

diffusional barrier to highly lipophilic drugs 

owing to its hydrophilic nature. There are no 

tight junction complexes in the stroma, and 

paracellular transport through this tissue is 

possible. 

The innermost endothelium is lipoidal in 

nature; however, it does not offer a 

significant barrier to the transcorneal 

diffusion of most drugs.  Studies have 

shown that endothelial permeability depends 

solely on molecular weight and not the 

charge or hydrophilic nature of the 

compound.  

Transcellular transport across the corneal 

epithelium and stroma is the major 

mechanism of ocular absorption of topically 

applied ophthalmic pharmaceuticals.  This 

type of Fickian diffusion is dependent upon 

many factors i.e., surface area, diffusivity, 

the concentration gradient established and 

the period over which the concentration 

gradient can be maintained.  

The productive absorption of most 

ophthalmic drugs results from diffusional 

process across the corneal membrane.  The 

efficiency of the absorption process is a 

function of the rate and extent at which the 

transport processes occur. The flux of any 

drug molecule across a biological membrane 

depends on the physicochemical properties 

of the permeating molecule and its 

interaction with the membrane.  The 

absorption process is also a function of the 

physiological mechanism of pre-corneal 

fluid drainage or turnover 
8
. 

FACTORS AFFECTING CORNEAL 

TRANSPORT  

The physicochemical properties of the drug 

substance like ionization constants, aqueous, 

oil/water partition coefficients. 

1) The formulation in which the drug 

is prepared e.g. pH of the solution, 

types and concentrations of buffers, 

viscosity inducing agents and 

stabilizers.  

2) The corneal structure and integrity 
9
. 

OCULAR BIOAVAILABILITY 

The topical application of ophthalmically 

active drugs to the eye is the most prescribed 

route of administration for the treatment of 

various ocular disorders.  It is generally 

agreed that the intraocular bioavailability of 

topically applied drugs is extremely poor.  

Upon instillation of an ophthalmic solution, 

most of the instilled, volume is eliminated 

from the pre-corneal area
1,10

. This loss is 

mainly due to drainage of the excess fluid by 

the nasolacrimal duct and dilution and 

elimination of the solution by tear turnover 

and results in poor ocular bioavailability. 

Ocular bioavailability of drugs is an 

important parameter influencing efficacy of 

ophthalmic preparations.  It has long been 

recognized that the vehicle or drug delivery 

system can affect bioavailability. This has 

been well established by invasive 

pharmacokinetic techniques
11-13

 

Factors affecting intraocular 

bioavailability   
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i. The presence of lacrimal fluid in the 

cul-de-sac dilutes the drug solution instilled 

into the pre-corneal area of the eye, and the 

continual inflow and outflow of lacrimal 

fluid can also cause a significant loss of 

applied drug.  

ii. Drug kinetics in the conjunctival cul-

de-sac i.e.  pre-corneal 
9
. 

iii. The efficient nasolacrimal drainage, 

acts as a conduct through which an instilled 

drug solution may be drained away from the 

pre-corneal area. 

iv. The substances like protein present 

in the lacrimal fluid can interact with and/or 

degrade the drugs introduced into the ocular 

cavity. 

v. The permeability of the cornea to 

drug species (Corneal). 

vi. The rate at which drug is eliminated 

from the eye (post corneal) 
9
. 

vii. The productive and non-productive 

absorption to topically applied drugs into 

various ocular tissues, most notably the 

cornea and conjunctiva. 

viii. The high corneal permeability 

corresponding to lipophilic compounds 

produces the highest bioavailability, and is 

relatively unaffected by drug volume
14 

. 

ix. By making the dosage volume 

sufficiently small, a bioavailability factor of 

4 can be obtained for drugs with low corneal 

permeability. 

x. Ocular availability of the topically 

administered drug is dependent on the 

contact time that a drug has with the 

absorbing corneal surface 
10 

.
 
 

Ocular Pharmacokinetics and 

Pharmacodynamics 

The study of pharmacokinetic processes 

called absorption, distribution and 

elimination, are fundamentals to determine 

the appropriate dosing regimen.  These have 

also been indispensable in designing an 

improved therapeutic agent. 

When classic pharmacokinetic approaches 

have been applied to ophthalmic drugs, a 

number of limitations have been found to 

restrict the usefulness of pharmacokinetics 

in the practice of ophthalmology. 

Limitations to the practical use of classic 

modeling   

The most significant reason for not 

conducting ocular pharmacokinetic studies 

in the human eye is the inability to sample 

tissues or fluids from the intact eye without 

risking pain and/or injury.  Predicting 

human ocular pharmacokinetics from a 

rabbit data may not be precise for certain 

drugs.  Moreover, samples, from eye tissues 

cannot be continuously sampled over time. 

Although a number of tissues can be 

removed quickly and precisely from the 

rabbit eye, one animal must be used to 

determine drug concentration at a single 

time point.  Therefore, in order to construct 

a kinetic profile of drug concentration over 

time, a number of rabbits must be sacrificed 

at each time interval 
15.

 

Ocular Pharmacokinetic Modeling  

The classic pharmacokinetic approach of 

expressing the concentration-time curve into 

a sum of exponential has been applied to the 

eye,
16

 but much less extensively than other 

routes of administration.  

In the eye aqueous humor is most often 

assigned the central compartment, which is 

reversibly connected to one or more 
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peripheral compartments and/or a reservoir 

compartments.  Drugs instilled topically on 

the eye primarily reach the first third of the 

eye.  These drugs do not reach the retina in 

significant concentrations.  

 

 

 

The following is the scheme that is most commonly applied to ophthalmic drugs following 

topical application.  

 

            

             Fig. 1 : Scheme for commonly applied ophthalmic drugs for topical application  

 

The scheme depends heavily on the design 

of the study i.e., number and length of 

sampling periods and number of tissues 

measured for drug content over time, the 

specificity and sensitivity of the assay and 

the sophistication of the curve-fitting routine 

used to analyze the data. 

Pharmacokinetic measurements  

The rate and extent of ophthalmic drug 

absorption is restricted largely by non-

corneal absorption in the pre-corneal area 

and the drainage rate.  The lateral process 

because of its rapidly, limits the ocular 

contact time for drugs residing at the 

absorption site to about 3-6 min, whereas the 

rate and extent of penetration across the 

cornea is restricted by the physicochemical 

properties of the drug and/or its 

formulations. 
17-18

 . The fraction of drug 

absorbed can be calculated by the Equation.  

AUC =   FD                    

             K10V 

F –   Fraction of drug absorbed 

D –   Instilled dose 

K10 –The loss of drug from the pre-

corneal area 

V –   0.3 ml 

Distribution 

The volume of distribution serves primarily 

as a proportionality constant to relate 

concentration to amount of dose and also as 

a relative measure of tissue accumulation.  

Whenever drug was maintained on the 

conjunctiva or cornea for a period of 60 min, 

the order of highest to lowest concentration 

of drug following conjunctival contact was 

conjunctiva > cornea > ciliary body > 

aqueous humor. 

 

DOSAGE FORM PRECORNEAL AREA CORNEA

RESERVOIR PHASE AQUEOUS HUMOR
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Fig. 2 : Absorption pathways of an ophthalmic drug following topical application to the 

eye. Solid lines  represents corneal route, whereas the dashed line represents conjunctival/ 

scleral route. 

 

Elimination  

Drug is eliminated from the anterior 

chamber, at least in part, by aqueous 

turnover.  Half-life representing loss from 

aqueous humor is the most common 

pharmacokinetic parameter measured 

following topical administration to the eye.  

There are very few tissue binding sites in the 

eye to lower clearance.  The pathways by 

which drugs are eliminated are very efficient 

since aqueous humor volume is relatively 

large compare  

  

Ocular Pharmacodynamics  

The measurement of pharmacological 

responses in the animal or human eye has 

become a convenient aid in anticipating 

clinical experience of an ophthalmic drug.  

The principal short coming to the use of 

pharmacological measurements to either 

optimize therapy or for use as an aid in the 

development of new ophthalmic drugs is 

that same dose often produces a different 

intensity of effect in different individuals.  

This variability occurs because of 

differences in dose-response relationships as 

well as differences in ocular 

pharmacokinetic behavior between 

individuals.  

Factors contributing to variability are 

I) Eye pigmentation 

II) Individuals wears contact lenses 

III) Allergies to the drugs or 

preservatives 

IV) Physiological factors such as eye 

discomfort leading to induced 

tearing, changes in blood 

pressure, hormonal 

concentrations and/or changes in 

autonomic tone. 

Non-linear pharmacokinetic behavior may 

be more common since many ophthalmic 

drugs are known to alter physiological 

processes.  The inability to measure 

concentrations of drug in the human eye 

provides a strong incentive to continue 

exploring the use of pharmacological 

response intensities to either optimize 

TEARS

CORNEA

AQUEOUS HUMOR

IRIS

CONJUNCTIVA

SCLERA

CILIARY BODY

SYSTEMIC CIRCULATION
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therapy or provide a screening tool for use in 

developing new ophthalmic agents. 

Ophthalmic inserts as ocular controlled 

release drug delivery system  

Ophthalmic inserts are defined as sterile 

preparations, with a solid or semisolid 

consistency and whose size and shape are 

especially designed for ophthalmic 

application. They are composed of a 

polymeric support with or without drug(s), 

the latter being incorporated as a dispersion 

or a solution in the polymeric support.  The 

inserts can be used for topical or systemic 

therapy. 

The main objective of the ophthalmic inserts 

is to increase the contact time between the 

preparation and the conjunctival tissue to 

ensure a sustained release suited to topical 

or systemic treatment. 

In comparison with the traditional 

ophthalmic preparation i.e., eye drops, the 

solid ophthalmic devices presents some 

advantages such as : 

 Increasing contact time and thus 

improving bioavailability. 

 Possibility of providing a prolonged 

drug release and thus a better 

efficacy. 

 Reduction of systemic side effects 

and thus reduced adverse effects. 

 Reduction of the number of 

administrations and thus better 

patient compliance 
19

. 

 

Classification of ophthalmic inserts  

( Based upon their solubility behavior ) 

1) Insoluble       

 a) Diffusion 

  b) Osmotic 

  c) Contact lens 

2) Soluble 

3) Bioerodible  

 

                                           Fig. 3: Classification of Ophthalmic Inserts 

OPHTHALMIC INSERTS

Insoluble

Diffusional

Osmotic

Contact lens

Soluble

Bioerodible
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The desired criteria for a controlled release 

ocular insert are as follows. 

1) Comfort : The foreign-body sensation, 

present a challenge to overcome the 

discomfort leads to poor-patient compliance, 

excessive lacrimation that accompanies 

irritation, dilutes the drug and causes 

reduction in its concentration.  A properly 

designed ocular insert will minimize the 

sensation caused by its insertion and wear. 

2)  Ease of handling and insertion. 

3)  Lack of expulsion during wear. 

4)  Reproducibility of release kinetics  

5) Applicability to a variety of drugs. 

6)  Non interference with vision and oxygen 

permeability. 

7)  Sterility 

8)  Stability. 

9)  Ease of manufacture. 

1) INSOLUBLE OPHTHALMIC 

INSERTS  

The insoluble inserts have been classified 

into three groups. 

a) Diffusional systems 

b) Osmotic systems 

c) Hydrophilic contact lenses. 

The first two classes include a reservoir in 

contact  with the inner surface of the rate 

controller and supplying drug thereto.  The 

reservoir contains a liquid, a gel, a colloid, a 

semisolid, a solid matrix or a carrier-

containing drug homogenously or 

heterogeneously dispersed or dissolved 

therein.  Carriers can be made a 

hydrophobic, hydrophilic, organic, 

inorganic, naturally occurring or synthetic 

material. 

 

 
                                                   Fig. 4:  Ocular lens 

 

The third class including the contact lenses. 

The insolubility of these devices is there 

main disadvantages, since they have to 

removed after use 

 

A. Diffusional inserts : 

The diffusional  systems are composed of a 

central reservoir of drug enclosed in 

specially designed semipermeable or 

microporous membranes which allow the 
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drug to diffuse through the reservoir at a 

precisely determined rate. 

The drug release from such a system is 

controlled by the lacrimal fluid permeating 

through the membrane until a sufficient 

internal pressure is reached to drive the drug 

out of the reservoir. The drug delivery rate is 

controlled by diffusion through the 

membrane, which one can be controlled. 

 

 

Table 1: Components of diffusional inserts 

Central 

reservoir 

Glycerine, ethylene glycol, propylene glycol, water, methyl 

cellulose mixed with water, sodium alginate, poly 

(vinylpyrrolidone), poly oxyethylene stearate. 

Micropores 

membrane 

Poly carbonates, polyvinyl chloride, polysulfones, cellulose 

esters, crosslinked poly (ethylene oxide), crosslinked 

polyvinylpyrrolidone, and crosslinked polyvinyl alcohol.  

 

 

                                                 Fig. 5:  Diffusional inserts 

 

B. Osmotic inserts : 

The osmotic inserts are generally composed 

of a central part surrounded by a peripheral 

part.  The first central part can be composed 

of a single reservoir or of two distinct 

compartments.  

In first case, it is composed of a drug with or 

without an additional osmotic solute 

dispersed through a polymeric matrix, so 

that the drug is surrounded by the polymer 

as discrete small deposits. 

In the second case, the drug and the osmotic 

solutes are placed in two separate 

compartments, the drug reservoir being 

surrounded by an elastic impermeable 

membrane and the osmotic solute reservoir 

by a semipermeable membrane.  The second 

peripheral part of these osmotic inserts 

comprises in all cases a covering film made 

of an insoluble semipermeable polymer.  

The tear fluid diffuses into the peripheral 

deposits through the semipermeable 

polymeric membrane, wets them and 

induces their dissolution.  The solubilized 

deposits generate a hydrostatic pressure 

against the polymer matrix causing its 

rupture under the form of apertures.  Drug is 

then released through these apertures from 
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the deposits near the surface of the device 

which is against the eye, by the sole 

hydrostatic pressure.  This corresponds to 

the osmotic part characterized by a zero 

order drug release profil. 

 

Table No.2: Components of Osmotic Inserts 

Water permeable 

matrix 

Ethylene-vinyl esters copolymers,  

Divers – plasticized polyvinyl chloride, 

polyethylene, crosslinked polyvinyl pyrrolidone  

Semipermeable 

membrane 

Cellulose acetate derivatives, 

Divers – Ethylene vinyl acetate, polyesters of acrylic 

and methacrylic acids 

Osmotic agents Inorganic – Magnesium sulfate, sodium chloride, 

potassium phosphate dibasic, sodium carbonate and 

sodium sulfate. 

Organic – Calcium lactate, magnesium succinate 

and tartaric acid. 

Carbohydrates – Sorbitol, mannitol, glucose and 

sucrose.  

 

C. Contact Lenses : 

These are shaped structures made up of a 

covalently cross-linked hydrophilic or 

hydrophobic polymer that forms a three-

dimensional network or matrix capable of 

retaining water, aqueous solution or solid 

components. 

When a hydrophilic contact lens is soaked in 

a drug solution, it absorbs the drug, but does 

not give a delivery as precise as that 

provided by other non-soluble ophthalmic 

systems.  The drug release from such a 

system is generally very rapid at the 

beginning and then declines exponentially 

with time.  The release rate can be decreased 

by incorporating the drug homogeneously 

during the manufacture or by adding a 

hydrophobic component. Contact lenses 

have certainly good prospects as ophthalmic 

drug delivery systems.  

   

2) SOLUBLE OPHTHALMIC INSERTS 

Soluble inserts correspond to the oldest class 

of ophthalmic inserts.  They offer the great 

advantage of being entirely soluble so that 

they do not need to be removed from their 

site of application thus, limiting the 

interventions to insertion only. 

Types 

Based on natural polymers, e.g. collagen. 

a) Based on synthetic or semisynthetic 

polymers. 

The therapeutic agents are preferably 

absorbed by soaking the insert in a solution 

containing the drug, drying and re-hydrating 

it before use on the eye.  The amount of 

drug loaded will depend upon the amount of 

binding agent, upon the concentration of the 



Research and Review 

 

13                                   International Journal of Current Research and Review www.ijcrr.com  

                                                                   Vol. 02 issue 1      Jan-Feb 2010 

 

 

drug solution into which the composite is 

soaked, as well as the duration of soaking. 

 

 
                         Fig. 6: New ophthalmic drug delivery system 

 

 

The soluble ophthalmic inserts containing 

synthetic / semi synthetic polymers : 

Offers the additional advantage of being 

generally of a simple design.  

a) Based on products well adopted for 

ophthalmic use. 

b) Easily processed by conventional 

methods – slow evaporating, 

extrusion, compression or injection 

molding.  

The release of the drug from such system is 

by penetration of tear fluid into the insert 

which induces release of the drug by 

diffusion and forms a gel layer around the 

core of the insert, this external gelification 

induces the further release, but still 

controlled by diffusion.  

The release rate, J, is derived from Fick's 

first law yielding the following expression.  

  

j = ADkCS 

                      L                                                              

Where: A – Surface area of the membrane 

              k – Diffusion coefficient of the drug 

              L – Membrane thickness 

              CS – Drug solubility in water 

D – Diffusion coefficient of the      ocusert 

membrane 

  The other factors affecting drug release 

from these ocuserts include, 

 Penetration of the aqueous solvent 

into the matrix. 

 Swelling of the matrix. 

 Dissolution of the drug and the 

polymers. 

 Relaxation of the polymeric chain. 

The soluble insert made of cellulose 

derivatives can be sterilized by exposure to 

gamma radiation without the cellulose 

component being altered.  A decreased 

release rate is obtained by using a 

component of the matrix a polymer normally 

used for enteric coatings or by introducing a 

suitable amount of hydrophobic polymer 

capable of diminishing the tear fluid 
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penetration and thus decreasing the release 

of the drug without modifying the solubility 

of the insert when added in proper 

proportion. 

 

 

Table No. 3: Components of soluble inserts containing synthetic polymers 

 

Soluble 

synthetic 

polymers 

Cellulose derivatives – Hydroxypropyl cellulose, methyl cellulose, 

hydroxyethyl cellulose and hydroxypropyl methyl cellulose 

Divers – Polyvinyl alcohol, ethylene vinyl acetate copolymer 

Additives  Plasticizers – Polyethylene glycol, glycerine, propylene glycol 

Enteric coated polymer – Cellulose acetate phthalate, hydroxypropyl 

methyl cellulose phthalate 

Complexing agent – Polyvinyl pyrrolidone 

Bioadhesives – Polyacrylic acids 
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3) BIOERODIBLE OPHTHALMIC 

INSERTS  

The bioerodible inserts are composed 

of matricial homogeneous dispersion 

of a drug included or not into a 

hydrophobic coating which is 

substantially impermeable to the drug.  

They are made of the so-called 

bioerodible polymers.  Successful 

bioerodible materials for ophthalmic 

use are the poly (orthoesters) and poly 

(orthocarbonates).  The release of the 

drug from such a system is the 

consequence of the contact of the 

device with the tear fluid inducing a 

superficial bioerosion of the matrix.  

The use of solid ophthalmic devices 

will certainly increase owing to the 

development of new polymers, the 

emergence of new drugs having short 

biological half-lives or systemic side 

effects and the need to improve the 

efficacy of ophthalmic treatments by 

ensuring an effective drug 

concentration in the eye over an 

extended period of time 
20

. 

CONCLUSION  

The goal of pharmacotherapeutis is the 

attainment if an effective drug 

concentration at the intended site of 

action for a desired length of a time. 

Eye, as a portal for drug delivery is 

generally used for the local therapy as 

against systemic therapy in order to 

avoid the risk of eye damage from high 

blood concentration of drug. Which are 

not intended for eye. 

The conventional ocular dosage forms 

like eye drops and ointments have 

major disadvantages like         

1. Poor bioavailability due to rapid 

precorneal elimination, normal 

tears turnover and conjunctival 

absorption.  

2. Frequent instillation of 

concentrated medication. 

3. Systemic absorption of drug may 

produce undesirable side effects. 

4. Presence of viscous vehicles can 

cause blurred vision. 

The ocular inserts present valuable 

assets such as 

 Increasing contact time and thus 

improving bioavailability.  

 Possibility of providing a 

prolonged drug release and thus a 

better efficacy. 

 Reduction of systemic side effects 

and thus reduced adverse effects. 

 Reduction of the number of 

administrations and thus better 

patient compliance. 
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