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ABSTRACT

Ocular drug delivery has been a major challenging and interesting field for the pharmaceutical scientists due to unique anatomy and physiology of the eye. The
major problem encountered in ocular drug delivery is the rapid loss of the drug through lachrymal drainage which results in poor bioavailability and
therapeutic response of the drug. There are some static (different layers of the eye i.e. cornea, sclera, retina) and dynamic (blood aqueous and blood retinal
barrier) barriers which also affect the bioavailability of the drug. In-situ gels are the liquid preparations which upon instillation undergoes the phase transition
in cul-de sac in the eyes to form a viscous gel and this occurs due to environmental changes in the eye ( due to change in pH, change in temperature and ion-
induced). This review is to specify the different phase transition process and polymers used in forming in-situ gelling system.
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INTRODUCTION

Today in the pharmaceutical industry the ophthalmic drug

delivery is one of the most interesting and challenging area.

In past few years there have been tremendous increase in the

research and development in this area. The anatomy and

physiology of the eye makes difficult to achieve proper drug
concentration after the instillation of the desired form'. The
conventional dosage form i.e. eye drops have major problem
that they cannot provide the desired concentration of drug
into the eye due to loss in naso lachrymal drainage’.

Therefore it remains a big challenge for the formulator to

deliver the drug at target tissue without causing much loss of

the drug or increase the systemic side effects'. Various
different preparations like ocular inserts, hydrogel etc have
been developed to prolong the contact time on ocular surface.

The main problem with these preparations is patient

compliance and blurred vision®, so the liquid dosage forms

are more preferable

An ideal ocular preparation must be

1) That on instillation does not cause any irritation to the eye
and blurred vision.

2) Should and be able to withstand lachrymal fluid dilution
without being rapidly eliminated after the instillation by
precorneal elimination.

3) Should have retaining power so that the drug remain in
the precorneal area for longer period of time and increase
the bioavailability of the drug in the eye”.

To overcome the problems of conventional dosage forms i.e.

rapid drug loss, blurred vision and patient compliance in-situ

gels can be prepared.

Reasons For Poor Ocular Bioavailability

Application of eye drops to the cul-de-sac is most common

method of administration of the drug molecule in the

treatment of ocular diseases. The major problem that is
encountered in ophthalmic preparations is the rapid
elimination of the drug from the eye due to the lachrymal
drainage system. This causes undesirable effects. The
residence time of the ocular preparations is limited as the
volume that retain in the cu-de-sac is 7-9uL. and most of the
instilled volume of the preparation is cleared within few

minutes. Thus the bioavailability of the ocular preparations is
limited to 1-10 %’

Nasolacrimal Drainage System

This system major factor which contribute to precorneal drug
loss which results in poor ocular bioavailability’. The
nasolachrymal drainage system consists of three parts the
secretory system, distributive system and the excretory
system’. The secretory system is comprise of secretors which
secretes tear fluid which spreads over the corneal surface
during blinking of eyes through eye lids and tear meniscus
around the lid edge of the open eyes which is distributive
system. The excretory system consists of upper and lower
puncta, canaliculi and nasolachrymal duct’.The cul-de sac
normally holds 7-9pul of tear fluid and normal tear flow rate is
1.2-1.5uL/ minutes®.

Overview Of Eye

For research and to develop an effective ophthalmic delivery
system a good knowledge of the structure and physiology of
the eye is necessary.

The eye is an organ of vision. The eye ball is a spherical
organ of about 25mm in diameter consists of a lens and two
fluid filled chambers which are enclosed by three layers:
Cornea and sclera.

Uveal tract (consist of iris, cilliary body and choroid)

The retina

Sclera®> "'

The sclera is made up of collagen fibres and proteoglycans
which made it tough in nature. It protects the inner layers of
the eye. It constitutes the posterior one-sixth of the eye ball
and also providing integrity to it which helps in defining the
shape and length of the eye. The ocular preparations cross the
sclera through perivascular spaces or through empty spaces
within the collagen network.

Cornea'" > 3

It is composed of five layers the superficial layer is
epithelium, bowman’s membrane, stroma, descemet’s
membrane and the endothelium

The epithelium: it consists of 5 to 6 layers of cells. It makes
up about 10% of the total corneal thickness in man. The
thickness of the membrane is about 5-100pm and the number
of layer increases up to 10 in the thicker cornea. The layer is
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hydrophobic in nature and make it barrier for the hydrophilic
drugs.

The bowman’s membrane: it occurs as a thin uniform sheet
with a thickness of 8-14pm and not a true elastic membrane.
It is not considered as a barrier to drug permeation through
the cornea.

The stroma: this covers the 90% of the thickness of the
cornea and made up of modified connective tissue. The 70-
80% wet weight of the stroma is water and the 20-25 % dry
weight is collagen, some proteins and mucopolysaccharides.
The stroma is main barrier for the lipophilic drugs.
Descemet’s membrane: it lies between the stroma and
endothelium is very strong, homogeneous and resistant
membrane. It has an approximate thickness of 6pum and
regenerates if getting damaged.

The endothelium: this is single layer of flat epithelial like
cells and covers the most of the posterior surface of the
cornea and responsible for maintaining the corneal hydration.
The permeability of the endothelium is 200 times more than
that of epithelium. It consist of Na'/k'-ATPase pump which
depends on the concentration of bicarbonate ion maintains
the balance between passive movement of water into the
stroma and the active movement of fluid out of it which is
responsible for maintaining corneal transparency and
thickness. The absorption of the drug is affected by the
thickness of the cornea by increase in path length.
Conjunctiva”'*'> 1

It is transparent membrane and lines the inner surface of the
eyelids and reflected onto the globe. It is a highly
vascularized mucus membrane which forma a continuous
surface area of 18cm’. It is involved in the formation and
maintenance of the precorneal tear film and in protection of
eye. It is divided into three distinct parts (1) bulbar
conjunctival epithelium which is contagious with that of the
cornea (2) fornix epithelium and (3) palpebral epithelium
which is contiguous with epidermis of the eyelids. The
globlet cells are an important anatomical element of the
conjunctiva. There are about 1.5 million globlet cells. The
globlet cells synthesize secretory mucins and TFF-peptides.
The TFF peptides contribute to the rheological properties of
the tear film by specific non-covalent interactions with
mucins forming an entangled network.

Tear Film®"®

The exposed part of the eye is covered by a thin fluid layer
which is called as precorneal tear film. This film maintains
corneal transparency and good visuals functions of the eye.
The thickness of the film varies from 3-10pum and is the first
structure encountered by the topically applied application.
The resident volume is about 10ul. There are three layers of
the tear film which consists of following:

Superficial layer: it is a multimolecular film and 100nm thick
and derived from meibomian glands embedded in the tarsal
plate of the eyelid and accessory sebaceous glands of zeiss. It
consists of sterols esters, triacylglycerols and phospholipids
and spreads over the aqueous layer during blinking. The
lipids help to reduce the evaporation of the tear fluid and
helps in maintaining the osmolality of the tears.

Aqueous layer: the lachrymal gland and the accessory gland
contribute to the formation of the aqueous layer. It consists of
water, inorganic salts, glucose and urea as well as retinol,
ascorbic acid, various proteins. This middle layer constitute
of 98% of the tear film.

Mucous layer: it is attached to glycocalix of the
corneal/conjunctival surface and consists of glycoprotiens.
The layer is produced by the conjunctival globlet cells and
lachrymals gland. The layer is very sensitive to hydration and
forms a gel-layer with viscoelastic rheological properties. It
plays an important role in the stability of the tear film as well
as in the wetting of the corneal and conjunctival epithelium.
Drug Delivery System For The Eye
The most common route for the treatment of ocular diseases
is topical medication. The application of drug via this route is
preferred due to ease of administration and its low cost.
Topical route of application is used for the treatment of the
disorder affecting the anterior segment of the eye. The
various anatomical and physiological barriers are there which
hinders the drug absorption to the posterior part of the eye. A
major fraction of the applied drug formulation is loss due to
the nasolachrymal drainage and high ratio of tear turnover
which cause lower bioavailability of the drug to the posterior
part of the eye.
The route of administration mainly depends on corneal
permeability of the drug molecule. Other routes are also there
for the treatment of diseases which includes systemic route
and intra-ocular. Systemic route is mainly used for the
treatment diseases affecting the posterior part of the eye. The
main drawback of the systemic route is the availability of the
drug is 1-2 percent which reaches to the vitreous humour.
The main barrier in this route is blood retinal barrier which
governs the entry of the drug to the posterior part of the eye.
The intra-ocular route of administration includes the
intravitreal delivery of drug to the posterior part of the eye.
Intravitreal injections remain the main route of delivery in
order to avoid systemic drug loss'”'®
Mechanism Of Ocular Absorption> ®*
The drug from the eye is absorbed by 2 routes i.e. by corneal
route and by non corneal route
Corneal route
The corneal absorption is the major pathway of drug
absorption for the topically applied formulation. The drug
absorption is occurring by two mechanism transcellular and
paracellular diffusion. Most of the lipophilic drugs are
absorbed by transcellular diffusion and the hydrophilic drugs
are absorbed by parracellular diffusion. In general, corneal
penetration is mainly governed by the lipophilicity of the
drug but it is also affected by other factors including
solubility, molecular size and shape, charge and degree of
ionization.
Non corneal route
The absorption is occurring through conjunctiva and sclera.
There are three routes by which drugs can permeate through
sclera.
a) Through the perivascular spaces.
b) Through the aqueous media of gel-like
mucopolysaccharides.
¢) Through the empty spaces within collagen network.
This route is considered to be non productive route as the
most of the drug reaches to the systemic circulation before it
reaches to the intraocular tissues. This route may be
important for the hydrophilic compounds with large
molecular weights such as timolol maleate and gentamicin.
Barrier In Ocular Drug Delivery
In the ocular drug delivery there are three main barriers for
the drug molecule to pass and penetrate to the intraocular
tissues i.e. a) cornea b) conjunctiva c) sclera
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Cornea'®?°

It is the main pathway for the topically applied drug to
penetrate to the intraocular tissues. It consists of five layer 1)
epithelium 2) bowman’s membrane 3) stroma 4) descemet’s
membrane 5) endothelium. The penetration of the drug is
depending on their n-octanol — water coefficient. The drugs
which have a partition coefficient between 10-100 can easily
pass through the cornea as they contain both lipophilic and
hydrophilic properties.

Conjunctiva™-*'

It is a thin and vascular mucous membrane have two to three
layers of epithelial cells which is over lying to a highly
vascular connective tissue. There are tight junctions on the
apical surface of the epithelium which act as a main barrier to
drug penetration across the tissue. The drug molecule (less
than 20,000 da ) can easily penetrate through the conjunctiva.
Sclera” '’

It is the outermost layer of the eye which acts as a protective
barrier to the inner parts of eye. It is made up of hydrated
collagen fibril and arranged in an irregular manner which
makes it opaque.

There is another barrier which is blood ocular barrier. The
blood ocular barrier is consisting of blood-aqueous barrier
and blood-retinal barrier.

Blood-ocular barrier® '’

It is composed of endothelial cells and it is located in anterior
part of the eye. It regulates the exchange of the solutes
between blood and intraocular fluid and also preventing the
passage of unspecific solutes.

Blood-retinal barrier

It prevents the entry of toxic substance, plasma components
and water into the retina of eye.

Conventional Ocular Delivery Systems22

The conventional delivery system includes solutions,
suspensions, and ointments. These constitute almost 90% of
current ophthalmic preparations and offers some advantages
like ease of administration by the patient, ease of production
and low cost of manufacturing. However there are some
disadvantages are there for these conventional dosage forms
like very short contact time with ocular surface and fast
nasolachrymal drainage which is responsible for the poor
bioavailability of the drug.

Solutions® >

The solutions are most preferred delivery system for
ophthalmic drug delivery system offering advantages like low
cost of production, simplicity and low cost of formulation,
however there are disadvantages like poor bioavailability,
fast nasolachrymal drainage which leads to systemic side
effects also and needs frequent dosage as there is more loss of
drug from precorneal system.

Suspensions™* >> 2

These are formulations in which drug molecule is suitably
suspended in the aqueous vehicle. The particle size of the
drug molecule plays important role in the suspension. The
suspensions have more limitations as compared to the
solutions. They need to be adequately shaken before use to
ensure correct dosing. They are more expensive than
solutions and drug required to achieve marginally improved
bioavailability is high and if the drug particle size is get more
than 10 um then the eye take them as foreign material and
due to reflex action the drug loss is more.

Ointments®” %%

They generally consist of dissolved or dispersed drug into a
suitable base. They are semisolid preparations and well
tolerated by the patient. The bioavailability also get increased
as these preparation are viscous in nature and resist to
nasolachrymal drainage and the contact time of the
preparation also get increased, however these also have some
disadvantage like as they are oily preparations can cause
blurred vision and matting of the eyelids, causes discomfort
to the patient.

Colloidal Drug Delivery Systems
Colloidal drug delivery systems include liposomes, niosomes
and micro and nanoparticles. These delivery systems have
been studied over many years in order to achieve drug
targeting, increasing bioavailability of drug molecules and
protection of drug molecule from enzymatic degradations.
Colloidal carriers are small particulates systems ranging in
size from 100-400nm.

Nanoparticles

They are defined as sub micrometer-sized polymeric particles
ranging from 10-1000nm. In this the drug molecule can be
dissolved, entrapped or adsorbed and depending on the
process by which they are made they can be called as
nanospheres or nanocapsules. Nanospheres have matrix like
structure in which the drug molecule is dispersed or dissolved
in the matrix or drug molecule is adsorbed at the surface of
the particle, whereas nanocapsules consist of polymer shell
and a core, where drug can either dissolved or adsorbed on
the surface. The most common polymers used for the
preparation of nanoparticulate system for ocular drug
delivery system are poly-alkylcynoacrylates, caprolactone
and polylactic-co-glycolic acid copolymers. The major
limiting issue in making nanoparticles is of maintaining the
particles size of the drug molecules, drug release rate and
stability of the formulation.

Liposomes

Liposomes are vesicles which consist of concentric spheres
of lipid bilayers separated by water compartments. The
diameter of the liposomes ranging from 80 nm to 100 nm.
They are amphiphillic in nature and accommodate themselves
into both lipophilic and hydrophilic drugs. According to their
sizes they are classified as small unilamellar vesicles (SUVs)
10-100nm and large unilamellar vesicles (LUVs) 100-300nm
and if there is more than one bilayers they are known as
multilamellar vesicles (MLVs). Liposomes are valuable for
ocular drug delivery system as they are simple to prepare but
the main problem associated with liposomes is there stability
(due to hydrolysis of phospholipids), there limited drug
loading capacity, blurred vision due to large size makes there
use limited.

Niosomes

The limitations of liposomes like their stability; drug loading
capacity niosomes has been developed. Niosomes are the
nonionic surfactant vesicles which also consist of same
bilayered structure as liposomes. They are more stable than
liposomes moreover niosomes are biocompatible and
biodegradable. They were also shown to increase ocular
bioavailability of hydrophilic drugs because of the fact they
contain surfactant which also acts like the permeation
enhancer and also remove the mucous layer from the ocular
surface.

30, 31,40
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Polymeric Delivery System

This Delivery System can be divided into three groups.
Viscosity enhancing polymers’*>’

These polymers increase the viscosity of preparation and thus
decreases lachrymal drainage and increase the bioavailability
of drug to the eye. The different polymers that are used to
increase the viscosity are some hydrophilic polymers include
polyvinyl alcohol (PVA) and polyvinyl pyrrolidone (PVP),
cellulose derivatives such as methyl cellulose and polyacrylic
acids (Carbopols). Chrai and Robinson evaluated the use of
an MC solution of pilocarpine in albino rabbits and found a
decrease in the drainage rate with increasing viscosity.
Mucoadhesive polymers’® >’

Bioadhesion is the phenomena by which the drug molecule is
attached to the specific biological tissue by means of
interfacial forces and if the surface of the tissue contains
mucin then this is known as mucoadhesion.The
mucoadhesive polymers interact with ocular mucin and
increases the contact time of the formulation with the ocular
tissues. The most commonly used bioadhesive polymers are
macromolecular hydrocolloids with numerous hydrophilic
functional groups capable of forming hydrogen bonds.
In-situ gelling polymers**>*

These polymers are also viscous and undergo solution to gel
phase transition when expose to the physiologic condition
present in eye such as ionic strength, temperature, pH or
solvent exchange. The principal advantage of in situ gelling
system is easy, accurate and reproducible administration of a
dose.

Hydrogels®'

Increase in solution viscosity by using polymers improves the
retention of the gels on the corneal surface. Currently there
are two categories of hydrogels namely preformed gels and
in-situ gels. Preformed gels may be defined as the viscous
solution which does not undergo any modification after they
instilled into the eyes. The polymers that are used to prepare
preformed gels may include cellulose, polyvinyl alcohol
(PVA), hyaluronic acid and carbomers, whereas in situ gels
are viscous preparation which when administers into eyes
goes into transition from solution phase to gel phase due to
physicochemical changes.

Methods By Which Phase Transition Occurs

There are three methods which are used to triggers the phase
change at ocular surface these are a) change in temperature
i.e. thermosensitive, ph and electrolyte compositions
Transitions by change in temperature™’*"**

These in situ gels are liquid at room temperature (20-25
degree Celsius) and when they come in contact with fluids
present in eye (35-37deg Celsius) they undergo phase
transition as temperature increases. The polymers used for
temperature induced gelation includes poloxamers, cellulose
derivatives and xyloglucan.

Poloxomers (Pluronics): it is thermo reversible phase change
polymers which consist of more than 30 different non-ionic
surface active agents. These contain tri block of A-B-A type
having polyethylene oxide (PEO) and polypropylene oxide
(PPO). The PEO-PPO-PEO unit is commonly known as
pluronics. It is available as liquid, paste and solid due to
different molecular weights of PEO-PPO units. This ranges
from 11000-14000. The Poloxomers are liquid below 25 deg
and goes thrmogellation between 25 to 35 deg and thus
increases the residence time of the drug and ocular surface.
The process of gellation occurs through micellization which

depend on critical micellization temperature (CMT) and
critical micellization concentration (CMC).
Transition by change in pH™*"*
In these gels the transition of phase is triggered by change in
pH. The polymers used are cellulose acetate phthalate (CAP)
latex and its derivatives like carbomers.
The polymer CAP is a free running solution at a ph 4.2 and
becomes a gel at ph 7.2 for this property it is used in making
ion activated in-situ gel.
Carbomer which is a cross linked poly (acrylic acid) and high
molecular weight polymer commonly known as carbomer is
widely used in ophthalmic preparations. It offers
mucoadhesives properties to the formulation but as the
concentration of carbomer increases its acidic nature causes
stimulation of eye tissues. So to overcome this ocular drug
delivery system which contains carbopol shows the phase
transition into gel from the liquid solution at pka of about 5.5.
Ion- sensitive in-situ gels*" *°
In this the phase transition from sol to gel is triggered by
change in ionic strength. The most common polymer used for
ion sensitive in-situ gel is gellan gum i.e. gelrite which is a
linear anionic heteropolysacchride secreted by microbe
sphingomonas elodea. The gelrite consist of glucose,
glucouronic acid and rhamnose in molar ratio 2:1:1. The
gelrite when comes in contact with cations present in the tear
fluid changes into viscous clear gel. This is caused due to
cross linking of negatively charged helices by monovalent or
divalent cations like Na*, ca*’, k". The mechanism of gelrite
is like in ion free solution it forms double helices at room
temperature and has low viscosity as that of water but when
gel forming cations like calcium, magnesium are present then
they form cation mediated cross linking in the polymer. The
cations which are divalent like calcium or magnesium are
more superior to the monovalent cations like sodium in the
promotion of gellation of the polysaccharides.
CONCLUSION
The solutions and the aqueous suspension are most widely
used for the treatment of ocular diseases. The main
disadvantage of the above pharmaceutical dosage forms is the
rapid drug loss from the surface of the eyes and there poor
bioavailability and due to this there is requirement of frequent
dosing which can lead to systemic side effects. The
ophthalmic drug delivery which we have to be focused is to
minimises the precorneal factors and prolong the activity of
the active ingredient at the site of action and gives better
effects. This can be achieved by approaching the novel in situ
gels for the treatment of ocular diseases these gels are more
stable and easy to administered into the eyes and do not cause
any blurring into the eyes and patient compatible and
improves the bioavailability of the drug , reducing the dosing
frequency up to once daily as required than in case of the
conventional dosage forms.
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TABLE -1 DRUGS WITH THERE MECHANISM OF GELLATION

Drug used Mechanism of gelation Polymer used Reference
Gatifloxacin Ion activated Alginate and HPMC 47
Gatifloxacin Thermosensitive Pluronic f127-g-poly(acrylic acid) 46

copolymer
Timolol maleate Thermosensitive and ph triggered Pluronic f 127, chitosan 12
Ciprofloxacin HCL Ion sensitive Gelrite gellan gum and sodium alginate 12
Ciprofloxacin Thermosensitive, ion activated, Pluronic f-127, gellan gum, carbopol 940 50

pH- triggerd

Indomethacin Ion activated Sodium alginate 51
Indomethacin pH triggered Carbopol 974 P, HPMC K15 49
Pefloxacin mesylate Ion sensitive Gelrite gellan gum 12
Puerarin Ph triggered Carbopol/HPMC based gel 12
Puerarin Ph triggered Poloxamers analogs/carbopol 12
Pilocarpine Ion activated Sodium alginate 52
Biacalin pH Triggered Carbopol 48
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