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ABSTRACT

Eye is the specialized organ for photorecept ion that poses unique challenges for drug delivery. Eye

diseases can be t reated with system ic, int raocular and/ or topical adm inist rat ion of drugs. The rev iew

highlights the challenges in ocular drug delivery through various routes with emphasis on topical route.

The corneal transport process for different drugs is also touched. Different approaches for drug delivery

enhancem ent through cornea are discussed with special at tent ion on chem ical m odificat ion (prodrug)

approach. Nutrient transporter targeted prodrug design approach are discussed with special reference to

amino acid prodrug design approach for enhanced drug delivery.

INTRODUCTION
Eye and Ocular Disorders
Eye is a specialized organ for photoreception. Various
diseases (e.g. Conjunctivitis, endophthalmitis, retinitis,
glaucoma, uveatis, cataract) can adversely affect this
delicate and sensitive organ. Different categories of
drugs are available in ocular therapeutics to treat these
clinical conditions. Medication is applied to the surface
of the eye (topically) for two purposes: to treat outside
of the infections as conjunctivitis, keratitis, blepheritis
or to provide intraocular treatment through the cornea
for diseases such as glaucoma or uveitis1.

Challenges In Ocular Drug Delivery
Ocular diseases may be treated by systemic, intraocu-
lar or   topical administration of drugs. Eye poses unique
challenge by virtue of blood aqueous and blood retinal
barriers present in eye that limits the access of drugs
to the eye when given through systemic route. More-
over, higher dose of a drug is required systemically for
effective treatment of ocular ailments though this route
as compared to intraocular and topical route which fur-
ther may elicit its side effects.2 Intraocular (injection and
implants) route is associated with patient complaint
problems. In most of the cases a surgery is required to
explore this route of drug delivery. 3,4,5

To treat disorders and diseases of eye, drugs given by
topical route may get access to various ocular tissues.

Drugs are administered topically in variety of dosage
forms. Among those eye drops are perhaps the most
popular dosage forms and revealed by the fact that
these constitutes nearly 90% of the accessible mar-
keted ocular formulations 6. Despite of popularity in oph-
thalmology a major problem associated with topical eye
drop instillation is the attainment of an optimal drug
concentration at the site of action. After instillation of
an eye drop, typically less than 5 % of the applied drug
penetrates the cornea and reaches to intraocular tis-
sues. Poor bioavailability of drugs from eye drops is
mainly due to the precorneal loss factors which include
tear dynamics, non-productive absorption, transient
residence time in the cul-de-sac, and the relative im-
permeability of the corneal epithelial that limit their ac-
cessibility into the eye where site of action is located
for most of the ocular drugs. Nevertheless, the practi-
cal reasons for selecting eye drops as a mean of drug
delivery are the generally favorable cost advantage,
the greater simplicity of formulation development and
production and the most important is greater accep-
tance by patient 7-11.

Transport of Drugs Through Cornea
The cornea is considered a major route of ocular pen-
etration for topically applied drugs. Anatomically, cor-
nea is composed of three main layers epithelium, stroma,
and endothelium. The outer- most layer, the corneal
epithelium, is the major rate limiting barrier for drug    
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absorption, because it is a protective barrier that limits
the access of foreign sub- stances into the eye12, 13.
Usually, the lipophilic corneal epithelium, which is 6-7
cell layers thick (50-90 µm), is the main barriers of drug
absorption (particularly for hydrophilic drugs) into eye.
Intercellular tight junctions (Zonula occludence) com-
pletely surround the most superficial corneal epithelial
cells. Drug penetration across cornea occurs via
transcellular and paracellular pathways14.  For most of
the ocularly applied drugs, passive diffusion is thought
to be the main transport process across cornea. Physi-
cochemical properties of drug, such as lipophilicity, solu-
bility, molecular size and shape, drug charge, and de-
gree of ionization affect the transport pathways and
transport rate of drug across the tissue 15-19. Trends in
drug discovery sector indicate that out of every 9000-
10000 drug molecules identified as potential candidate,
only 1 on average reaches to market. The reason lies
behind is lacking of optimal physicochemical properties
that are necessary for any drug candidate to cross bio-
logical barriers (cornea) efficiently in order to elicit the
desired therapeutic response20.  Lipophilic drugs prefer
the transcellular pathway and follows classical pH par-
tition hypothesis. Hydrophilic molecules penetrate
through cornea following paracellular pathway that in-
volves passive or altered diffusion or carrier mediated
transport. The barrier properties of cornea arise from
high electrical resistance of both the outermost cell
membranes and paracellular zonula occludence that
renders delivery of hydrophilic compounds to the deeper
corneal layers a major challenge in ocular therapeutics
21-23.

DRUG DELIVERY ENHANCEMENT
APPROACHES THROUGH CORNEA
1. Improvement of Ocular Retention Time
Various systems have been designed during the past
two decades to maximize ocular drug absorption. The
traditional methods of improving ocular penetration are
those, which increase the ocular contact time of the
drug (viscosity imparting agents for mechanical obstruc-
tion of drainage, formulating ointments) 24-27. These ap-
proaches succeed to a very little extent and were as-
sociated with patient related problems (blurred vision).

2. Permeation Enhancer Approach
Another approach included the use of penetration en-
hancers that modifies the epithelium properties and in-
tegrity. Studies revealed that penetration enhancers

(like EDTA, surfactants, quaternary ammonium com-
pounds) while promoting corneal permeation of drugs
might also damage the cornea 28-38.

3. Chemical Modification (Prodrug) Approach
(a) Conventional Prodrug Design
By changing drug s permeation characteristics  (prodrug
approach) ocular availability of poorly absorbed drugs
may be enhanced. In last three decades a lot of re-
search has been carried out for increasing permeability
of poorly absorbed drugs across cornea by means of
increasing lipophilicity through ester prodrug design.
Increasing lipophilicity to a certain degree lower epi-
thelial resistance by increasing the partitioning of drug
in epithelial cell layers. However only limited success
has been achieved by this approach because contin-
ued increase in lipophilicity lowers permeation across
cornea. In addition increased lipophilicity of modified
drug candidate possessed poor aqueous solubility and
hence present problems in formulation into eye drops
39-52.

(b) Transporter Targeted Prodrug Design
Mammalian cells express different type of transport
systems to transport hydrophilic molecules (nutrients)
across lipid bilayers of epithelial cells, which are required
to maintain integrity of cell functions. These include
peptide, nucleosides, monocarboxylic acid, bile acid,
ascorbic acid, folic acid, organic acid, phosphate, glu-
cose and amino acid transporters 53-61.

Figure 1: Concept of Nutrient Transporter Targeted
Drug Delivery Through Biological Membrane
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The identified transporters may be explored to increase
drug permeability through biological membranes by
mean of prodrug design approach. This may be achieved
by chemical conjugation of a parent drug with the spe-
cific substrate in such a manner that the conjugate may
be transported by the carrier system across the cell
membrane. Specific nutrient transporter proteins located
on various body membranes would recognize the nutri-
ent and drug conjugate that results in translocation of
the conjugate across the membrane. Subsequent
biotransformation of prodrug/conjugate would split in
drug and nutrient. Prodrugs/conjugates designed to
resemble various nutrients structurally, are expected
to be absorbed via specific carrier. This strategy of aim-
ing the membrane transporters holds tremendous po-
tential for enhanced drug delivery through biological
barriers (Figure 1).

1. Amino Acid Transporters Targeted Prodrugs
In mammalian cells multiple systems operate to medi-
ate the transport of amino acids, and these transport
systems differ markedly in their substrate specificity,
substrate affinity, sodium dependence and pH depen-
dence. Numerous amino acid transport systems have
been characterized at the molecular level including L,
y+L, A, ASC, asc, b0,+, B0,+ and x-, Gly, N, and T 62-68.
Various ocular tissues like conjunctiva, retinal-pig-
mented    epithelium, are known to have presence of
some of these transporters. Limited information is avail-
able on the presence of amino acid transporters on cor-
neal epithelium. Existence of oligopeptide transporter
has been reported in rabbit corneal epithelium69. A Na+

dependent cationic and neutral amino acid transporter
B 0, + has been identified recently in human and rabbit
corneas70.

To explore the feasibility of improvement of ocular
bioavailability of the antiviral agent acyclovir by design-
ing amino acid prodrugs targeted to the amino acid
transporters on the rabbit cornea Mitra et al studied
the transcorneal flux of two water soluble ester prodrugs
drugs of acyclovir glutamate and L-tyrosine. They re-
ported that design of amino acid prodrugs seems to be
an attractive strategy to enhance the solubility of the
otherwise poorly aqueous soluble compounds and also
to afford a targeted and possibly enhanced delivery of
the active drug.71 The same research group evaluated a
series of dipeptide monoester ganciclovir (GCV) prodrugs

with the goal of improving ocular bioavailability of GCV
from topical ophthalmic solutions. They demonstrated
that dipeptide ester prodrugs of ganiciclovir (with amino
acid, valine) showed excellent corneal permeability and
chemical stability, high aqueous solubility, and substan-
tial in vivo antiviral activity against the HSV-1 72.

2. Peptide Transporter Targeted Prodrugs: There are
several reports of successful use of peptide transport-
ers for improving drug delivery. PepT1 system trans-
ports Di and tripeptides but not free amino acids or pep-
tide with more than 3 amino acid residues. PepT2, an-
other peptide transporter that is responsible for trans-
port of small peptides. Designing of peptidomimetic
prodrugs of ceftibutan, fosinopril, antiviral compounds
(acyclovir, ganciclovir and valacyclovir) and beta lactam
antibiotics with PepT1 and PepT2 substrates have
shown improved drug delivery 73,74.

3 . Nucleoside Transporters Targeted Prodrugs: In
mammalian cells, transcellular flux of nucleoside and
nucleobases has shown to be mediated specific nucleo-
side and nucleobase transporters. An example of nucleo-
side transporter s role in drug delivery is the movement
of the anti-HIV drug 2 ,3 -dideoxyinosine across blood-
brain barrier 75.

4 . M o n oca r b o x y l ic Acid t r a n sp or t e r s Ta r g e t e d

Prodrugs: The Monocarboxylic acid transporters ex-
pressed by retinal pigmented epithelial cells may be
targeted by monocarboxylate prodrugs for enhanced
uptake (eg. Ganciclovir, acyclovir).76

5. Folate Transporters Targeted Prodrugs: This recep-
tor may be explored for targeted drug delivery of anti-
cancer drugs (folate receptor is upregulated in cancer
cells).77

6 . Ot h e r s: In the similar manner mentioned above
prodrug design targeting to ascorbic acid, bile acid, vi-
tamin B12, transferrin receptors may explore new av-
enue for improved drug delivery.

CONCLUSION
Drug delivery across cellular barriers, such as intesti-
nal, nasal, buccal, alveolar, vaginal, ocular and blood-
brain, is a challenging task. Many factors such as cellu-
lar organization, efflux, and chemical and enzymatic
degradation, as well as physicochemical properties of    
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the drug molecule itself, determine the penetration of
drugs across epithelial cell layers. Limited intestinal
absorption of many novel and highly potent lead com-
pounds has stimulated an intense search for strate-
gies that can effectively enhance permeation across
these biological barriers. Several approaches have been
tried to overcome membrane permeability problems for
poorly absorbed drugs. Prodrugs targeted towards
membrane transporters expressed on epithelial cells
are perhaps the most exciting of all the current drug
delivery strategies This approach achieved success in
drug delivery enhancement through various epithelial
barriers. Membrane transporter targeted drug delivery
utilizing the nutrients linked compounds however is rela-
tively unexplored particularly in case of ocular thera-
peutics.  So far not many people have considered uti-
lizing carrier mediated transport mechanisms on cor-
nea, which is believed as major route of absorption for
topically applied drugs. Prodrug design with water-
soluble nutrient offers dual advantages. For example,
on one hand prodrug design with amino acids that tar-
gets amino acid transporters will increase the corneal
permeability thereby will provide increased accessibil-
ity of poorly absorbed drugs to interior ocular tissues
while on other hand eliminating eye drop formulation
problem (water soluble prodrugs) as compared to con-
ventional prodrugs that are intended to enhance
lipophilicity.  Limited information is available about ex-
istence of amino acid transporters on cornea. More stud-
ies on amino acid transport systems will certainly help
in understanding the mechanisms of corneal transport
and identification of various transport systems that could
be targeted for enhanced drug delivery via prodrug
design approach. The transporters thus identified may
be explored for improved delivery of drugs from various
categories like NSAIDs, antiglaucoma, antivirals etc.
Moreover in future, proteomics is going to rule the drug
therapy and more studies on transport of amino acids
and analogues through cornea may open new avenues
for improved topical ocular drug delivery of drugs.
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