REVIEW ARTICLE

Nanoparticles laden in situ gelling system for ocular
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Designing an ophthalmic drug delivery system is one of the most difficult challenges for
the researchers. The anatomy and physiology of eye create barriers like blinking which
leads to the poor retention time and penetration of drug moiety. Some conventional ocular
drug delivery systems show shortcomings such as enhanced pre-corneal elimination,
high variability in efficiency, and blurred vision. To overcome these problems, several
novel drug delivery systems such as liposomes, nanoparticles, hydrogels, and in situ
gels have been developed. /n situ-forming hydrogels are liquid upon instillation and
undergo phase transition in the ocular cu/-de-sac to form viscoelastic gel and this
provides a response to environmental changes. In the past few years, an impressive
number of novel temperature, pH, and ion-induced /n situ-forming systems have been
reported for sustain ophthalmic drug delivery. Each system has its own advantages and
drawbacks. Thus, a combination of two drug delivery systems, i.e., nanoparticles and
in situ gel, has been developed which is known as nanoparticle laden in situ gel. This
review describes every aspects of this novel formulation, which present the readers an
exhaustive detail and might contribute to research and development.
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INTRODUCTION

In last few decades, significant attention has been focused
on development of controlled and sustained drug delivery
systems. The unique structure of the eye restricts the entry
of drug molecules at the site of action. Drug delivery
to the eye can be broadly classified into anterior and
posterior segments. Conventional systems such as eye
drops, suspensions, and ointments cannot be considered
optimal in the treatment of vision, threatening ocular
diseases.'? Among them the extensive research has been

Address for correspondence:

Mr. Divya Kumar,

Department of Pharmaceutics, School of Pharmacy, BIT,
Meerut, Uttar Pradesh, India.

E-mail: divya.chakraborty@gmail.com

Access this article online

Quick Response Code:

Website:

www.japtr.org

DOI:

10.4103/2231-4040.107495

carried in designing of polymeric drug delivery systems. The
development of in situ gel systems has received considerable
attention. Ocular in situ gels are the delivery system, which
can be instilled as eye drops and undergo an immediate
gelation when in contact with the eye. In situ-forming
hydrogels are liquid upon instillation and undergo phase
transition in the ocular cul-de-sac to form viscoelastic gel and
this provides a response to environmental changes.” The
stimuli that induces various responses to form hydrogels
includes: Physical stimuli such as change in temperature,
electric fields, light, pressure, sound, and magnetic fields;
chemical stimuli such as change in pH and ion activation
from biological fluids; and biological or biochemical stimuli
such as change in glucose level. Out of these different
environmental conditions only pH, ion activated, and
temperature stimuli are used for ophthalmic drug delivery
system.!

In situ drug delivery system offers advantages such as
reduced frequency of administration and improved
patient compliance and comfort. An in situ gel formulation
provides an interesting alternative for achieving effective
plasma drug concentration, an advantage over conventional
delivery systems. In situ gelling system delivers accurate
dose as well as prolongs residence time of drug in contact
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with mucosal membrane, thus overcomes the problems
generally encountered in semisolid dosage forms. It is
interesting that in situ gel is in sol form outside the body
and once administered in the body, it changes to the gel
form. The dosage form has sought attention because of
many advantages like increased accurate dosing. Thus the
in situ gelling system overcomes the side effects of pulsed
dosing produced by conventional drug delivery systems.
The drug delivery system provides sustained and controlled
drug delivery. In situ gels increase the ocular bioavailability
of drug by increasing the drug retention time. This can be
achieved by effective adherence to corneal surface by the use
of suitable polymers. The dosage form enables the targeting
within the ocular globe so as to prevent the loss to other
ocular tissues, and also provide comfort, better compliance
to the patient, and improves therapeutic performance of
drug.P*®

Any medicament when achieve minimum therapeutic
concentration at the intended site of action is able to elicit
pharmacological response. A major problem being faced
in ocular therapeutics is the attainment of an optimal
concentration at the site of action. Tear production,
transient residence time, and non-permeability of
corneal epithelium create major problem resulting in
poor bioavailability and absorption of ocular dosage
form. Binding to the lachrymal proteins, limited
corneal surface, and metabolism are the other problems
associated with the poor bioavailability of ocular
dosage forms. Failure to attain minimum therapeutic
concentration by conventional ophthalmic solutions is
the result of rapid pre-corneal elimination of drug that
can be minimized and overcome by the use of a sol-gel
system. 10l

In situ gel upon administration does not cause blurred vision
orirritation. These are delivered as solution in cul-de-sac and
depending upon the physiological stimuli, they undergo
sol to gel transition."! Topical route of administration is
preferred in treatment of ocular problems because a lesser
fraction of the dose will effectively pass the blood-retinal
barrier. Thus, the eye seems an ideal and easily accessible
target organ for topical treatment, but the absorption of drug
moiety from the corneal surface is also restricted." In situ
gelling system provides the increased pre-corneal residence
time of drugs and consequently, their bioavailability by the
use of polymeric solutions which change to a gel as a result
of exposure to the physiological temperature, pH, or ionic
composition of the lachrymal fluid. For in situ gels-based
ocular drug delivery, natural polymers such as gellan
gum, alginic acid, and xyloglucan are most commonly
used. Topical delivery of the formulation to the eye is a
complicated issue because of the numerous protective
mechanisms that are present in the eye to prevent the visual
pathway from foreign particles.['>1¢!

Problems Associated with Intraocular Drug
Transportation

Tear

One of the main pre-corneal barriers for ocular dosage form
is the tear production. It reduces the effective concentration
of the instilled drugs due to dilution by the tear turnover
which is approximately 1 uL/min. Tear production also
causes rapid clearance and binding of the drug molecule
to the tear proteins.['”!

Cornea

Cornea is the outermost transparent layer of eye. It
consists of three layers: Outer epithelium, middle stroma,
and inner endothelium. Cornea consists of a mechanical
barrier to inhibit transport of exogenous substances into
the eye. Each possesses a rate-limiting structure for drug
permeation. The corneal epithelium is of a lipophilic nature,
and tight junctions among cells are formed to restrict
paracellular drug permeation from the tear film.!'® Stroma,
a highly hydrated structure, composed of an extracellular
matrix of a lamellar arrangement of collagen fibrils acts
as a barrier to permeation of lipophilic drug molecules.
The innermost single layer corneal endothelium is made
up of hexagonal-shaped cells, and acts as a separating
barrier between the stroma and aqueous humor. The
endothelial junctions are leaky and facilitate the passage of
macromolecules between the aqueous humor and stroma.™!

Conjunctiva

Conjunctiva is a thin and transparent membrane, involved in
the formation and maintenance of the tear film. Conjunctiva
has a rich supply of capillaries and lymphatics; hence, the
drugs administered in the conjunctival or episcleral space
are cleared through blood and lymph. The conjunctival
blood vessels do not form a tight junction barrier, which
means drug molecules can enter into the blood circulation
by pinocytosis and/or convective transport through
paracellular pores in the vascular endothelial layer. The
conjunctival lymphatics act as an efflux system for the
efficient elimination from the conjunctival space.l*

Sclera

The sclera mainly consists of collagen fibers and
proteoglycans embedded in an extracellular matrix.
Hydrophobicity of drugs affects scleral permeability.
An increase in lipophilicity shows a lower permeability,
while hydrophilic drugs may diffuse through the aqueous
medium of proteoglycans in the fiber matrix pores more
easily than lipophilic drugs. Posterior sclera is composed of
alooser weave of colla gen fibers than the anterior sclera.?'#

Novel approaches for in situ gelling Ocular Targeting
Hydrogels are high molecular weight hydrophilic and
cross-linked polymers that form a three-dimensional
network in water or aqueous media. Hydrogels have
relatively a longer residence time in the cul-de-sac with an
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increased bioavailability. These dosage forms are more
acceptable by the patients and increases patient compliance.
The polymers used for these gelling systems exhibit
reversible phase transitions. The most common way to
improve drug retention on the corneal surface is undoubtedly
using polymers to increase solution viscosity.*! Hydrogels
are polymers endowed with an ability to swell in water or
aqueous solvents and induce a liquid-gel transition. Many
mechanisms have been employed to cause reversible sol-gel
phase transition, i.e., in situ gel-forming system under the
influence of biological conditions.?! The stimuli that induce
various responses to form hydrogels include physical
stimuli such as change in temperature, electric fields, light,
pressure, sound, and magnetic fields; chemical stimuli such
as change in pH and ion activation from biological fluids;
and biological or biochemical stimuli such as change in
glucose level. Out of these different conditions, only pH, ion
activated, and temperature stimuli are used for ophthalmic
drug delivery system.[*?]

In situ gelling based on change in pH

Sol to gel transition is induced by the pH change of the
physiological environment. The pH sensitive polymers
contain pendant acidic or basic group which is able to either
accept or to release a proton in response to change in the
pH.?I'The polymers with a large number of ionizable groups
are called as polyelectrolytes. Weakly acidic polymers,
containing anionic groups which swell on increase in the
pH, while swelling decreases in case of weakly basic drugs.
Buffer plays an important role in designing the ophthalmic
drops. They contribute significantly to chemical stability and
clinical response. They also influence the comfort and safety
of the product. In this mechanism, the sol to gel transition
is pH triggered. Potential ophthalmic in situ gels reported
in the literatures include gelling triggered by a change in
pH. The viscosities increase when the pH is raised from its
native value to the eye environment (pH 7.4) like cellulose
acetophthalate (CAP) latex, cross-linked polyacrylic acid
derivatives such as carbomers and polycarbophil. The pH
of eye works as stimuli for the conversion of polymeric
solution into the gel form. Polyacrylic acids are used as
the gelling agent in combination with other polymers
like hydroxypropyl methylcellulose (HPMC), which also
help in enhancement of viscosity." The formulation
with pH-triggered in situ gel is therapeutically efficient
than the conventional dosage forms since these are stable,
non-irritant, and provide sustain release of the drug for
longer duration. CAP is a polymer undergoing coagulation
when the original pH of the solution 4.5 is raised to 7.4 by
the tear fluid.

In situ gelling based on Temperature Modulation

These hydrogels are liquid at room temperature (20-25°C)
and forms gel when in contact with body fluids (35-37°C),
due to an increase in temperature. The use of biopolymers
whose transition from sol to gel is triggered by an increase

in the temperature is an attractive way to approach in situ
gel formation.®!] Temperature-sensitive polymers have a
lower critical solvent temperature (LCST). These polymers
contract when heated above LCST. LCST is a temperature
below which the components of the mixture are miscible
in all proportions. The ideal critical temperature for this
system is ambient and physiological temperature so that
phase transition does not require any external source of
heat other than the body heat. Different thermo-setting gels
have been described in this review, including pluronics,
cellulose derivatives, and xyloglucan. This system is
designed to use poloxamer as a vehicle for ocular drug
targeting using in situ gel formation characteristic of
polymer. The gelation temperature of graft copolymers
can be determined by measuring the temperature at
which immobility of the meniscus in each solution
was first noted. The bioadhesive and thermo-gelling of
these graft copolymers expected to be an excellent drug
carrier for the prolonged delivery to surface of the eye.
Poloxamer-407 (polyoxyethylene polyoxypropylene block
copolymer, Pluronic F-127°) is a polymer with a solution
viscosity that increases when its temperature is raised to
the eye temperature.**

Ion-activated in situ Gelation

Ion-activated in situ systems are able to cross-link with
cations present in the tear fluid on the corneal surface
and prolongs the retention time of the drug. Sodium
alginate is a sodium salt of alginic acid.” It is a natural
hydrophilic polysaccharide and contains two types of
monomers, d-mannuronic acid (M) and I-guluronic acid (G).
The characteristic properties of these hydrogels, such as
mechanical strength and porosity, are dependent upon the
G:M ratios, type of ionic cross-linker (bio- or polyvalent
cations), concentration, and viscosity of the initial alginate
solution. The polymer forms three-dimensional matrices
of hydro gels and the high G content alginate forms a low
viscosity, free-flowing liquid at concentrations suitable for
gel formation in the lacrimal fluid. Polymer like alginate is
used as the gelling agent in combination with HPMC which
acts as a viscosity-modifying agent.™ Gelrite gellan gum
is a novel ophthalmic vehicle that gels in the presence of
mono or divalent cations, present in the lachrymal fluid can
be used alone, and in combinations with sodium alginate
as the gelling agent.

Nanoparticles

Over the past few decades, concept of nanoparticle has been
emerged considerably. Various polymeric nanoparticles
are being used in drug delivery effectively to the specific
site of action at therapeutically optimal rate and dosage
regimen. Nanoparticles vary in size from 10 to 1000 nm.
Drug is dissolved and entrapped in a polymeric matrix.
Nanoparticles have shown a great potential in ocular
targeting drug delivery [Figure 1].%¢
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Figure 1: Drug uptake from corneal membrane through (a) free drug
and (b) through Nanoparticles

Polymeric nanoparticles can be prepared using some
suitable methods. In solvent evaporation method, the
polymer is dissolved in any organic solvent. Drug is
dissolved or dispersed into the polymer solution and
emulsified into an aqueous solution to make a W/O (water
in oil) emulsion. Organic solvent is then evaporated by
increasing the temperature under pressure or by continuous
stirring. Solvent evaporation method implies the use of
organic solvent that may be hazardous to the physiological
system. US FDA specified the residual amount of organic
solvent in injectable colloidal system. However, salting out
method and use of supercritical fluid are also widely used
for the production of polymeric nanoparticles.”3!

Drug loading in the nanoparticles can be achieved by two
methods, either by incorporating the drug at the time of
nanoparticle production or by adsorbing the drug after
the formation of nanoparticles by incubating them in drug
solution. Incorporation method entrapped large amount of
drug and is thus efficient method than the later one. These
drug containing nanoparticles are then incorporated to the
gels for ocular treatment.

MATERIALS USED FOR PREPARING
NANOPARTICLES LADEN IN SITU GEL

Biopolymer as Drug Carrier

Biopolymers are produced by living organisms.
Biopolymers, contain monomeric units that are covalently
bonded to form larger chain. There are three main classes of
biopolymers based on the differing monomeric units used
and the structure of the biopolymer formed. Polynucleotides
are long polymers composed of 13 or more nucleotide
monomers; polypeptides are short polymers of amino acids;
and polysaccharides are often linear-bonded polymeric
carbohydrate structures. The concept of using polymer in
ocular drug deliveries is not new. Ocular drug delivery

systems using polymers especially biodegradable polymer
have already been studied. Polymers were added to the
vehicle to increase the viscosity of the preparation that
may reduce the drainage rate and subsequently improve
the therapeutic efficacy. High molecular weight polymers
with different functional groups such as carboxyl, hydroxyl,
amino, and sulfate are capable of forming hydrogen bonds
and not crossing the biological membrane; have already
been tried as vehicle in ocular drug deliveries. Nanoparticles
of polymers are having many advantages like when used
as carrier, the potency of the drug is not affected by pH and
enzymes and also the drug develop high interaction with
tissues and biological fluids. All these factors ultimately
lead to increase bioavailability of the drug. But the major
developmental issues in the case of nanoparticles include
the formulation stability, particle size uniformity, control
of drug release rate, and large-scale manufact ure of sterile
preparations.?40

Poly (dl-lactic acid) Nanoparticles

Poly (dl-lactic acid) (PLA) is a glassy material, occurring as
white to golden-yellow pellets or granules. PLA is stable
under dry conditions. However, it typically biodegrades
over a period of 10-15 months depending on the molecular
weight. Increasing moisture and temperature enhance
biodegradation; the onset of degradation in water at 25°C
is 6 months. In contrast to many other biodegradable
polymers, PLA degrades through a two-step mechanism.
PLA is used in drug delivery systems in implants,
injections, and oral solid dispersions. It is also used as a
coating agent. PLA nanoparticles have shown promising
results in rabbit model for the sustained release of various
drugs and increased corneal penetration of acyclovir eye
ointment for antiviral treatment. The use of PLA results in
several fold increase in the aqueous humor concentration
of antiviral drug acyclovir as compared to the conventional
preparations of acyclovir.*!

Chitosan Nanoparticles

Chitosan is a natural polymer which is being implied
in colloidal carrier preparations like nanoparticle.
Chitosan is basically a cationic polysaccharide copolymer
of 1,4-(2-amino-2-deoxy-D-glucopyranose) and
1,4-(2-acetamide-2-deoxy-D-glucopyaranose. Recent
researches have been demonstrated that indomethacin
when coated with chitosan and polylysine obtain a
positive electrical charge in order to interact with anionic
ocular mucin layer of pre-corneal tear film and thus
caused a significant increase in the bioavailability of the
indomethacin.*”

Acrylic Nanoparticles

Acrylic acid-derived polymers are also investigated
for the ocular targeting. Polyalkyl cyanoacrylate and
polymethacrylates are the most commonly used carriers
in the range of 200-500 nm size. Mucoadhesive properties
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of acrylates created more interest for their implementation.
Kreuter™! had experimentally proved the increased drug
binding to the cornea and conjunctiva after instillation, while
Diepold et al.**l have been reported higher concentrations
of nanoparticles in inflamed eye of rabbit in comparison to
normal eye. Few other studies have been reported that use
of acrylic nanoparticles are helpful in glaucoma therapy and
reduced side effects of the drug by the use of nanocarriers.

Poloxamer Nanoparticles

Poloxamer has been widely used in pharmaceutical industry
as dispersing agent, emulsifying agent, solubilizing agent,
tablet lubricant, and as wetting agent. Poloxamers are
non-ionic polyoxyethylene-polyoxypropylene copolymers
used primarily in pharmaceutical formulations as
emulsifying or solubilizing agents. Poloxamers generally
occur as white, waxy, free-flowing prilled granules, or as
cast solids. They are practically odorless and tasteless. At
room temperature, poloxamer 124 occurs as a colorless
liquid.®!

Carbomer Nanoparticles

Carbomers are used in liquid or semisolid pharmaceutical
formulations as rheology modifiers. Formulations include
creams, gels, lotions, and ointments for use in ophthalmic,
rectal, topical, and vaginal preparations. It has been used
as gelling agent at a concentration of 0.5-2.0%. Carbomers
are used as controlled release agents and/or as binders.
In contrast to linear polymers, higher viscosity does not
result in slower drug release with carbomers. Lightly
cross-linked carbomers (lower viscosity) are generally more
efficient in controlling drug release than highly cross-linked
carbomers (higher viscosity).!*!

Nanoparticles from Cationic Polymers

Retinal surface bears negative charge that created an
interest in developer to search for cationic polymers for the
carrier for ocular ointments pest, and gels. Many cationic
polymers have been studied to prepare nanoparticles
with positive charge to facilitate an effective adhesion to
ocular surface that bears negative charge. Pignatello et al.["]
employed copolymers of poly (ethacrylate), poly (methyl
methacrylate), and poly (chlorotrimethylaminoethyl
methacrylate) with quaternary groups.*#! In vivo
experiments in rabbit eyes showed good tolerance with no
inflammation and/or discomfort. Nanoparticles resulted in
a prolonged release of the drug and an increased retention
to the corneal surface resulted in the persistent higher
concentration of the drug in aqueous humour.*%

Nanoparticles of Hyaluronic Acid

Hyaluronic acid also known as hyase has also been
incorporated as nanoparticle carrier for ocular disease
treatment. Kyyronen et al.’l have studied the release
of methyl prednisolone from particles consisting of
hyaluronic acid esters both in vitro and in rabbit eyes. They

demonstrated that the polymer bound drug itself increased
the penetration to aqueous humor but when combined with
hyaluronic acid, the pre-corneal resident time of methyl
prednisolone increased many folds that helped in sustain
release of the drug.?®"

RECENT ADVANCEMENTS

Hasan Sathali et al.5% developed a niosomal in situ gel
ocular delivery system of brimonidine tartrate. The
objective of the study was to develop brimonidine
tartrate niosomal in situ gels for glaucoma treatment.
Niosomes were formulated using different ratios of
span series and cholesterol. The niosomal formulation
was transformed into gel when it instilled into the
eye. All the gel formulations exhibited pseudo-plastic
rheological behavior and controlled drug release
pattern.® Bhalerao et al.®¥ formulated an in situ gelling
ophthalmic drug delivery system for the treatment
of glaucoma. Sodium alginate in combination with
hydroxypropyl cellulose (HPC) was used as gelling
agent, which also acted as viscosity-enhancing agent.
Darwhekar et al.5* developed and optimized dorzolamide
hydrochloride and timolol maleate in situ gel for the
treatment of glaucoma. In situ gel was prepared using
various concentrations of Pluronic F-127 (15-20% w/v)
as a temperature-induced gelling system in combination
with varying concentrations of HPMC (0.5, 1.0, 1.5% w/v)
(Methocel K15M) as a viscosity-enhancing agent with an
objective of increasing contact time, achieving controlled
release, reduction in frequency of administration, and
greater therapeutic efficacy of drug. Pandey et al.’
developed and optimized in situ gel of levobunolol
hydrochloride for the treatment of glaucoma. Levobunolol
HCl in situ gel was prepared using various concentrations
of polymers such as Carbopol-940 (0.1%, 0.2%, 0.3%, and
0.4% w/v), HPMC-E50 LV (0.5%, 1.0%, 1.5%, and 2.0%
w/v), and HPMC E4M (0.2%, 0.4%, and 0.6% w/v) by
pH-induced gelling system and shown a prolong release
characteristics. Liu et al.’% developed in situ gelling
gelrite/alginate formulations as vehicles for ophthalmic
drug delivery. The objective of this study was to develop
an ion-activated in situ gelling vehicle for ophthalmic
delivery of matrine. Bharath ef al.’”) formulated and
evaluated sustained ophthalmic delivery of ofloxacin from
an ion-activated in situ gelling system. Sodium alginate
was used as the gelling agent in combination with HPC
that acted as a viscosity-enhancing agent. In vitro release
studies indicated that the alginate/HPC solution retained
the drug better than the alginate or HPC solutions alone.
The formulations were therapeutically efficacious, sterile,
and stable, and provided sustained release of the drug
over a period of time. Hiremath ef al.*® formulated and
evaluated a novel in situ gum-based ophthalmic drug
delivery system of linezolid. Hydroxypropyl guar and
xanthan were used as gum with the combination of
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hydroxyethyl cellulose, carbopol, and sodium alginate
as viscosity-enhancing agents. Suitable concentrations
of buffering agents were used to adjust the pH to 7.4.
The developed formulations exhibited sustained release
of drug from formulation over a period of 6 h, thus
increasing residence time of the drug.™ Mishra et al.>!
studied the design and characterization of bio-adhesive
in situ gelling ocular inserts of gatifloxacin sesquihydrate.
Polymeric ocular inserts of Gatifloxacin sesquihydrate
were composed using sodium alginate and chitosan with
glycerin as plasticizer by solvent casting method. Gupta,
Jain, et al.®! prepared and evaluated sustained ocular
drug delivery from a temperature and pH triggered novel
in situ gel system using Pluronic F-127 (a thermo-sensitive
polymer) in combination with chitosan (pH sensitive
polymer also acts as permeation enhancer) was used as
gelling agent with timolol maleate. Table 1 comprises the
recent developments in the field of in situ gelling systems
for different uses and indications.

Characterization of in situ Gelling System
In situ gel for ocular treatments should be evaluated for the
following parameters.

Gelling capacity

The gelling capacity of the prepared formulation is
determined by placing a drop of the formulation in a vial
containing 2.0 ml of freshly prepared simulated tear fluid
and visually observed.[354

Rheological studies

The viscosity measurements can be calculated using
Brookfield viscometer. The formulation before gelling
should have a viscosity of 5-1000 mPa s and after ion gel
activation by the eye should have a viscosity of 50-50,000
mPa s. The samples should be analyzed both at room
temperature at 25°C and thermo stated at 37 £ 0.5°C by a
circulating bath connected to the viscometer adaptor prior
to each measurement.®*°!

Table 1: /n situ gelling systems available in market

In vitro drug release studies

In vitro release study of in situ gel solutions should be
carried out using Franz diffusion cell. The formulation
placed in donor compartment and freshly prepared
simulated tear fluid in receptor compartment. Between
donor and receptor compartment, dialysis membrane is
placed (0.22 um pore size). The whole assembly should be
placed on the thermostatically controlled magnetic stirrer.
The temperature of the medium should be maintained at
37 £ 0.5°C.I6¢)

Texture analysis

The consistency, firmness, and cohesiveness of in situ gel
are assessed using texture profile analyzer which mainly
indicated gel strength and easiness in administration
in vivo. Higher values of adhesiveness of gels are needed to
maintain an intimate contact with mucus surface.””]

Isotonicity evaluation

Isotonicity is an important characteristic of the ophthalmic
preparations. Isotonicity has to be maintained to prevent
tissue damage or irritation of eye. All ophthalmic
preparations are subjected to isotonicity testing, since they
exhibited good release characteristics and gelling capacity
and the requisite viscosity. Formulations are mixed with
few drops of blood and observed under microscope at x45
magnification and compared with standard marketed
ophthalmic formulation.*®!

Drug polymer Interaction study and Thermal Analysis
Interaction study can be performed with Fourier transform
infra-red spectroscopy. During gelation process, the nature
of the interacting forces can be evaluated using the technique
by employing KBr pellet method. Thermo-gravimetric
analysis can be conducted for in situ forming polymeric
system to quantitate the percentage of water in hydrogel.
Differential Scanning calorimetry conducted to observe
whether there are any changes in thermograms as compared
with pure active ingredients used for gelation.[*”)

Product name Manufacturing company

Polymer incorporated

Indication/route of administration

Hypan!6'.62! Hymedix International (Dayton, NJ,
USA)
Aquatrix™ 1 | Hydromer

Aquamere ™62l Hydromer (Somerville, NJ, USA)

Smart Hydrogel™!6'.62] MedLogic Global Polymouth, UK

Cervidil*1®? Vaginal insert  Controlled therapeutics, UK,
Marketed by Forest pharmaceuticals

(St. Louis, MO, USA)

SQZ Gel™ oral controlled Macromed (Sandy, UT, USA)

release system!®"!

Hydrophilic acrylic acid
derivatives

Chitosan

Interpolymers of PVP and
PVP-grafted polymers with
urethane

Poly (acrylic acid) and poly
(oxypropylene-co-oxyethylene) administration
glycol

Poly ethylene oxide and
urethane

Chitosan and polyethylene
glycol

Used in manufacturing of contact
lenses

Skin adhesive gel
Topical skincare

Ophthalmic, buccal, nasal and vaginal

Vaginal insert

Oral administration

NJ: New Jersey, MO: Missouri, SQZ: Brand name of the product, UT: Uttah, PVP: Poly vinyl pyrrolidine
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Ocular Irritancy Test

The Draize irritancy test is used for the ocular irritation
potential of the ophthalmic product prior to marketing.
According to the Draize test, the amount of substance
applied to the eye is normally 100 ul placed into the lower
cul-de-sac of male rabbit with observation of the various
criteria made at a designed required time interval of 1 h,
24 h,48 h,72 h, and 1 week after administration. The sterile
formulation is instilled twice a day for a period of 7 days,
and a cross-over study is carried out (a 3-day washing
period with saline was carried out before the cross-over
study). Rabbits are observed periodically for redness,
swelling, and watering of the eyes.[™

Antibacterial Activity

The formulated in situ gels for treating infectious diseases
of eye are studied for their antimicrobial spectrum. The
microbiological growth of bacteria should be measured by
concentration of antibiotics and this has to be compared
with that produced by known concentration of standard
preparation of antibiotic. To carryout microbiological assay,
serial dilution method is employed."*7

Accelerated Stability Studies

Formulations should be placed in ambient color vials and
sealed with aluminum foil for a short-term accelerated
stability study at40+2°C and 75+ 5% RH (Relative Humidity)
as per International Conference on Harmonization states
Guidelines. Samples should be analyzed every month
for clarity, pH, gelling capacity, drug content, rheological
evaluation, and in vitro release.”!

CONCLUSION

Advancement in the understanding of principles and
processes governing ocular drug absorption and elimination
and continuing technological advances brought some
improvements in the efficacy of ophthalmic delivery
systems. Use of polymeric nanoparticle loaded in situ gel
provides a number of advantages over the conventional
ocular dosage forms. Sustain and prolonged release makes
the delivery system more reliable. Use of biodegradable
and water soluble polymers for the nanoparticle loaded
in situ gel formulations makes them more acceptable and
excellent drug delivery systems. I situ activated gel-forming
systems seem to be favored as they can be administered in
drop form and produce appreciably less inconvenience with
vision. The dosage form due to its control release of drug
is more acceptable to the patients and increases the patient
compliance. This drug delivery system is now being in use to
treat glaucoma, dry eye syndrome, Sjogren’s syndrome, etc.
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