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ABSTRACT

The poor bioavailability of typical ophthalmic formulations is because of fast precorneal drug loss (through
dilutionand voidance fromthe eye). There square measure some static (different layers of the attentioni. e. cornea,
sclera, retina) and dynamic barriers (blood liquid and blood retinal barrier) that conjointly have an effect on the
bioavailability of drug. the matter are often overcome by victimization in place forming ophthalmic drug delivery
system ready from compound that exhibit reversible liquid—gel natural process. in place gels square measure the
liquid preparations that upon instillation undergoes natural process in cul-de-sac of the attention to create a viscous
gel and this happens because of the environmental changes within the eye (i.e. because of amendment in
temperature, amendment in particle concentration} and ion evoked change). This nowel drug delivery system
promotes the significantly ease and convenience of administration, rescue of correct dose still on prolong duration
of drug to bear with membrane. The first demand of a eminent management unleash product focuses on increasing
patient compliance, sensible stability and biocompatibility characteristics that create the in place gel indefinite
quantity forms terribly reliable. This review is to specify the fundamental anatomy and physiology of human eye,
varied approaches used for formulation of unmoved gels and polymers utilized in the formulation of in place gels.

KEYWORDS: In situ gel, in situ gelling polymers, pH sensitive, temperature sensitive, ion sensitive.

INTRODUCTION

Key Messages (Provide appropriate messages of about
35-50 words to be printed in centre box): Introduction:
The eye may be a distinctive organ, each anatomically
and physiologically, containing many wide varied
structures with completely different physiological
functions that render the organ extremely resistant to
foreign substances. The traditional drug delivery like
suspension, ointment, answer show some drawbacks
like increase pre- corneal voidance, blurred vision,
low bioavailability low duration. The absorption of
medication within the eye is severely restricted by
some protecting mechanisms that make sure the correct
functioning of the attention, and by alternative
concomitant factors like, voidance of the instilled
solutions, watering and tear turnover, metabolism, tear
evaporation,  non-productive  absorption/adsorption,
restricted tissue layer space and poor tissue layer
permeableness, binding by the lachrymal proteins. A
major goal in ocular medical specialty is to bypass
structural obstacles and protecting mechanisms of the
attention to elicit desired medical specialty response.”
The specific aim of planning a therapeutic system is to
realize associate degree optimum concentration of a
drug at the situation for the suitable period. Ocular
disposition and elimination of a therapeutic agent
depends upon its chemical science properties still
because the relevant ocular anatomy and physiology. A

eminent style of a drug delivery system, therefore,
needs associate degree integrated information of the
drug molecule and therefore the constraints offered by
the ocular route of administration."! Development of
newer, additional sensitive diagnostic techniques and
nowvel therapeutic agents square measure required to
produce ocular delivery systems with high therapeutic
effectuality because the typical systems havwe some
drawbacks that makes them less effective. The various
approaches that are tried to extend the bioavailability
and therefore the period of the therapeutic action of
ocular medication are often divided into 2 classes. the
primary one relies on the utilization of sustained drug
delivery systems, which offer the controlled and
continuous delivery of ophthalmic medication. The
second involves increasing tissue layer drug absorption
and minimizing precorneal drug loss.®!  The
development of in place gel systems has received
appreciable attention owver the past few years
attributable to the many blessings offered by this
chemical compound system, like simple administration
and reduced frequency of administration, improved
patient compliance and luxury. in place gel formation
happens because of one or combination of various
stimuli like hydrogen ion concentration amendment,
temperature modulation and solvent exchange.!*“!
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ANATOMY AND PHYSIOLOGY OF HUMAN
EYE.

Owing to its style, human eye represents a entry to the
method known as vision. Eyeball spherical in form,
homes seweral structures that job along to facilitate
sight. The human eye is comprised of layers and
internal structures, ewvery of that performs distinct
functions. The eye consists of 2 segments.®! The
anterior phase consists of: The liquid body substance
may be a jelly-like substance set within the outer/front
chamber of the attention. it's a watery fluid that fills the
"anterior chamber of the eye" that is found straightaway
behind the membrane and before of the lens. The liquid
body substance is extremely slightly base- forming salt
answer that contains a high chemical element tension and
concerning constant pressure level as blood.

e Pupil typically seems to be the dark "centre" of the
attention, howewver are often additional accurately
delineate because the circular aperture within the
centre of the iris through that lightweight passes
into the attention.

e The iris may be a skinny circular contracted curtain
set before of the lens however behind the
membrane. The iris may be a diaphragm of
variable size whose operate is to regulate the scale
of the pupil to control the number of sunshine
admitted into the attention.

e The ciliary muscle may be a ring of striated swish
muscles within the eye?s middle layer that controls
accommodation for viewing objects at variable
distances and regulates the flow of liquid body
substance into canal. The posterior phase consists
of.

® The sclerotic coat (white portion of the eye) is that
the powerful white sheath that forms the outer-
layer of the ball and may face up to the intra-ocular
tension perpetually maintained within the eye.

e The mucosa may be a skinny clear mucose animal
tissue barrier, lines the within of the eyelids. The
mucosa consists of 2 layers: associate degree outer
epithelial
tissue and its underlying stroma (substantia propria).
The mucosa contributes to the formation of the tear
film by manner of secreting substantial electrolytes,
fluid, and mucins.

¢ The membrane may be a sturdy clear bulge set at
the front of the attention. it's a vital optical operate
because it refracts lightweight coming into the
attention that then passes through the pupil and
onto the lens (which then focuses the sunshine onto
the retina). Non tube-shaped structure in nature,
chemical element and nutrients square measure
transported by liquid body substance and is richly
provided with free nerve endings. face up to the
intra-ocular tension perpetually maintained within
the eye.

e The lens may be a clear structure self-enclosed in
an exceedingly skinny clear capsule. it's set behind
the pupil of the attention and encircled by the

ciliary muscles. It helps to refract lightweight
travel through the attention (which initial refracted
by the cornea). The lens focuses lightweight into a
picture on the membrane. Chemical element and
nutrients square measure transported by liquid
body substance as is non tube-shaped structure.

e The bodily fluid (also called the vitreous body) is
found within the massive space that occupies
around eightieth of every eye within the physical
body. The bodily fluid may be a dead clear
thinjelly-like substance that fills the chamber
behind the lens of the attention. Non structure to
that chemical element and nutrients square
measure transported by liquid body substance.

e The membrane is found at the rear of the human
eye. The retinal "screen” is thus a photosensitive
structure lining the inside of the attention. It
contains sensitive cells (called rods and cones) and
their associated nerve fibers that conwert the
sunshine they discover into nerve impulses that
square measure then sent onto the brain on the
nerwus opticus.

e The membrane layer is found behind the membrane
and absorbs unused radiation and nourishes the
outer parts of the membrane. it's a skinny,
extremely tube- shaped structure (i.e. it contains
blood wessels) membrane that's dark brown in
color and contains a pigment that absorbs excess
lightweight so prevents blurred vision.

e The nerws opticus (a bundle of over one million
nerve fibers) is accountable for transmission nerve
signals from the attention to the brain.

Lachrymal equipment.[**]

Consists of 4 structures: Lachrymal glands, lachrymal
canals, lachrymal sac, naso- epithelial duct. The
lachrymal fluid (7, pH 7.4) secreted by the lachrymal
glands is empty on the surface of the mucosa of the
higher protective fold at a ratio of Sixteen Personality
Factor Questionnaire per min. It washes ower the
eyeball and is swept up by the blinking action of the
eyelids. therefore the eyeball is regularly irrigated by a
delicate stream of lachrymal fluid that stops it from
turning into dry and inflamed.

BARRIERS FOR OCULAR DELIVERY®®!

1. Drug loss from the ocular surface

After instillation, the flow of lacrimal fluid remowves
instilled compounds from the surface of the attention.
albeit the lacrimal ratio is simply concerning one
p/min the surplus volume of the instilled fluid is flown
to the channel speedily in an exceedingly few minutes.
Another supply of non-productive drug removal is its
general absorption rather than ocular absorption.
general absorption might ensue either directly from the
mucous membrane sac via native blood capillaries or
when the answer flow to the cawm. Drug absorption
into the circulation decreases the drug concentration in
lacrimal fluid extensively.
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2. Lacrimal fluid-eye barriers

Corneal epithelial tissue limits drug absorption from
the lacrimal fluid into the attention. The tissue layer
animal tissue cells kind tight junctions that limit the
paracellular drug permeation. Therefore, lipotropic
medication have generally a minimum of associate
degree order of magnitude higher permeableness
within the membrane than the deliquescent medication.
In general, the mucosa is leakier epithelial tissue than
the membrane and its extent is additionally nearly
twenty times bigger than that of the membrane.

3. Blood-ocular barriers.

The eye is protected against the xenobiotics within the
blood stream by blood-ocular barriers. These barriers
have 2 parts: blood-aqueous barrier and blood-retina
barrier. The anterior blood-eye barrier consists of the
epithelium cells within the anatomical structure (The
middle layer of the attention below the the sclerotic
coat. It consists of the iris, membrane, and choroid).
This barrier prevents the access of plasma simple
protein into the liquid body substance, and conjointly
limits the access of deliquescent medication from
plasma into the liquid body substance. The posterior
barrier between blood stream and eye is comprised of
retinal pigment epithelial tissue (RPE) and therefore
the tight walls of retinal capillaries. not like retinal
capillaries the vasculature of the membrane has in
depth blood flow and leaky walls. medication simply
gain access to the choroidal extravascular area,
howewver thenceforth distribution into the membrane is
proscribed by the RPE and retinal endothelia. not like
blood brain barrier, the blood-eye barriers haven't been
defined in terms of drug transporter and metabolic
catalyst expression.

Fate of Formulation Administered Through Eye.!

The general method of absorption into the attention
from the precorneal space (dose site) following topical
ocular administration is sort of complicated. The
classical sequence of events involves drug instillation,
dilution in tear fluid, diffusion through glycoprotein
layer, tissue layer penetration (epithelium, stroma,
endothelium), and transfer from membrane to liquid
body substance. Following absorption, drug distributes
to the positioning of action (e.g., iris-ciliary body).
Parallel absorption via the conjunctiva/sclera provides
a further pathway to eye tissues howewver, for many

medication, is minor compared with tissue layer
absorption.  Also, unproductive, competing, and
parallel pathways (e.g., nasolacrimal woidance or

general absorption via the conjunctiva) work to hold
drug removed from the attention and limit the time
allowed for the absorption method. Moreover, in some
species, like the rabbit, unproductive absorption into
the protective fold will occur.

Factors accountable for Poor Ocular Bioavaibility
of medication.!*®! Factors in the main accountable for
poor ocular  bioavailability following topical

instillation square measure precorneal voidance and
therefore the lipoidal nature of the tissue layer
epithelial tissue.

e Binding by the lachrymal proteins.

e \oidance of the instilled solutions.

e Lachrimation and tear turnover.

o Restricted issue layer space and poor tissue layer
penetration.

Metabolism.

Tear evaporation and permeableness.
Non-productive absorption/adsorption.

Thls can be decreased by developing delivery systems
which offer controlled and targeted drug delivery for
prolonged. typical ophthalmic formulations like
solutions and suspensions exhibit poor bioavailability.
Ower the last decade, varied drug delivery systems are
developed to beat the restrictions of typical indefinite
quantity forms.

Characteristics needed To Optimize Drug Delivery
Systems.!*317]

* sensible tissue layer penetration.
* Prolonged contact time with tissue layer tissue.
e Simplicity of installation for the patient.

* Non- stimulative and cozy kind (the viscous
answer mustn't provoke lachrimation and reflex
blinking).

IN SITU GELLING SYSTEM.!***®!

The word in place comes from Latin which suggests, in
its original place or in position?. This nowvel drug
delivery system promotes the significantly ease and
conwvenience of administration, rescue of correct dose
still on prolong duration of drug to bear with
membrane, that issues typically encountered in solid
indefinite quantity forms. in place hydrogels are often
instilled as eye drops and bear a direct gelation once to
bear with the attention. in place forming hydrogels
square measure liquid upon instillation and bear
natural process within the ocular cul-de-sac to create
elastic gel and this provides a response to
environmental changes.

Advantages of in place forming gel 12431728l

e Less blurred vision as compared to ointment.

e small nasolacrimal woidance of the drug which
can causes undesirable facet effects because of

general absorption (i.e. reduced general facet
effects).
e the likelihood of administering correct and

reproducible quantities, in distinction to already
gelled formulations and furthermore promoting
precorneal retention.

e Sustained, Prolonged drug unleash  and
maintaining  comparatively  constant  plasma
profile.

e Reduced dosing frequency compared to preformed
gel. Reduced number/frequency of applications

WWW.ejpmr.com

236




Bhateja etal.

European Journal of Pharmaceutical and Medical Research

thus improved patient compliance and luxury.

e typically lighter than insoluble or soluble
insertion.

e exaggerated bioavailability because of exaggerated
precorneal duration and absorption.
e dodging of viscus initial pass.
Approaches for in place Gelling System.[***418]
Ideally, associate degree in place gelling system ought
to be an occasional viscous, free flowing liquid to
permit for reproducible administration to the attention
as drops, and therefore the gel fashioned following
natural process ought to be sturdy enough to with
stand the shear forces within the American state
sac|dead end|passage} de sac and incontestable long
residence times within the eye. so as to extend the
effectiveness of the drug a indefinite quantity kind
ought to be chosen that will increase the contact time
of the drug within the eye. this might then prolonged
duration of the gel fashioned in place together with its
ability to unleash medication in sustained manner can
assist in enhancing the bioawvailability, cut back general
absorption and cut back the requirement for frequent
administration  resulting in  improved patient
compliance. There square measure four generally
outlined mechanisms used for triggering the in place
gel formation of biomaterials:
e Physiological stimuli (e.g., temperature and pH),

e Physical changes in biomaterials (e.g., solvent
exchange and swelling),
e Chemical reactions (e.g., enzymatic, chemical and
photo-initiated polymerization).

e In place formation supported physiological
stimuli.

Thermally triggred system.!**8

Temperature-sensitive hydrogels square measure most
likely the foremost usually studied category of
environment-sensitive compound systems in drug
delivery analysis. the utilization of a biomaterial whose
transitions from sol-gel is triggered by increase in
temperature is a gorgeous thanks to approach in place
formation. The best essential temperature vary for such
system is close and physiological temperature, such
clinical manipulation is expedited and no external
supply of warmth apart from that of body is needed for
trigger gelation. A helpful system ought to be tolerable
to account for little variations in native temperature,
like could be encountered in appendages at the surface
of skin or within the rima. 3 main ways square measure

exists in engineering of thermoresponsive sol-gel
chemical compound system. For conwenience,
temperaturesensitive  hydrogels  square  measure

classified into negatively thermosensitive, completely
thermosensitive, and thermally reversible gels.

Negative temperature-sensitive hydrogels have a lower
essential answer temperature (LCST) and contract upon
heating on top of the LCST. Polymers with low

essential temperature (LCST) transition between close
and physiological temperature is employed for this
purpose. one in all the foremost extensively
investigated polymers that exhibit helpful LCST
transition is poly(N-isopropyl acrylamide)
(PNIPAAM). PNIPAAM may be a water soluble
compound at its low LCST, however hydrophobic on
top of LCST, that result on precipitation of PNIPAAM
from the answer at the LCST. Pluronics square measure
poly (ethylene oxide)-poly (propylene oxide)-poly
(ethylene oxide) (PEO- PPOPEO) triblock polymer that
square measure fluid at coldness, however forms
thermo accountable gel once heated as a consequences
of a disorder-order transition in particle packing that
makes these polymers appropriate for in place gelation.

A positive temperature sensitive gel has associate
degree higher essential answer temperature (UCST),
such gel contracts upon cooling below the UCST.
compound networks of poly(acrylic acid) (PAA) and
polyacrylamide (PAAm) or poly(acrylamide-co-butyl
methacrylate) have positive temperature dependence of
swelling. The most usually used thermorewversible gels
square measure these ready from poly(ethylene oxide)-
b-poly(propylene oxide)-bpoly(ethylene oxide)
(Pluronics®, Tetronics®, poloxamer). compound
answer may be a free flowing liquid at close
temperature and gels at blood heat. Nowel “protein
polymers” known as as ProLastins, that bear associate
degree irreversible sol gel transition, once injected as
an answer into the body, the fabric forms a firm, stable
gel inside minutes. It remains at the positioning of
injection providing absorption times from but one
week to several months. Such a system would be simple
to administer into desired body cavity.

Phtriggered systems!***#

Another formation of in place gel supported
physiological stimuli is formation of gel is evoked by
hydrogen ion concentration changes. All the hydrogen
ion concentration-sensitive polymers contain pendant
acidic or basic teams that either settle for or unleash
protons in response to changes in environmental pH.
The polymers with an owversized variety of ionizable
teams square measure called polyelectrolytes. Swelling
of gel will increase because the external hydrogen ion
concentration will increase within the case of feeble
acidic (anionic) teams, however decreases if compound
contains feeble basic (cationic) teams. the foremost of
anionic  pHsensitive  polymers square  measure
supported PAA (Carbopol®, carbomer) or its
derivatives. Likewise poly vinyl acetaldiethyl amino
acetate (AEA) solutions with an occasional viscousness
at hydrogenion concentration four kind gel at neutral
hydrogen ion concentration condition. Drug developed
in liquid solutions have many limitations together with
restricted bioavailability and propensity to be simply
removed by tear fluid. to attenuate this factors and
maximize this drug delivery by creating a poly(acrylic
acid) (PAA) answer that may be gel at hydrogen ion
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concentration seven.4, by that we have a tendency to
found that at concentrations high enough to cause
gelation, however, the low hydrogen ion concentration
of PAA answer would cause injury to surface of eye
before being neutral by the lacrimal fluid. This
downside was solved by part by combining PAA with
HPMC, a viscous enhancing compound, that resulted in
hydrogen ion concentration responsive compound
mixtures that was sol at hydrogen ion concentration
four and gel at hydrogen ion concentration seven.4.
Mixtures of poly(methacrylic acid) (PMA) and
poly(ethylene glycol) (PEG) conjointly has been used
as a hydrogen ion concentration sensitive system to
realize gelation.

e In place formation
mechanism{**¢!

Swelling

In situ formation may additionally occur once material
absorbs water from encompassing surroundings and
expand to occur desired area. One such substance is
mywverol 18-99 (glycerol mono-oleate), that is polar
1400 macromolecule that swells in water to create
lyotropic liquid crystalline section structures. it's some
Bioadhesive properties and may be degraded in vivo by
catalyst action.

supported physical

Diffusion

This methodology involves the diffusion of solvent
from compound answer into encompassing tissue and
leads to precipitation or set of compound matrix.
Nmethyl-pyrrolidone (NMP) has been shown to be
helpful solvent for such system.

e In place formation chemical

reactions™¥

Chemical reactions that leads to situ gelation might
involve precipitation of inorganic solids from saturated
ionic solutions, catalyst processes, and photo- initiated

processes.

supported

lonic cross linking

Polymers might bear natural process in presence of
varied ions. a number of the polysaccharides be the
category of ion-sensitive ones. While k-carrageenan
forms rigid, brittle gels back of touch of K+,
icarrageenan forms elastic gels in the main within the
presence of Ca2+. Gellan gum commercially accessible
as Gelrite® is associate degree anionic polyose that
undergoes in place gelling within the presence of
mono- and bivalent cations, together with Ca2+,
Mg2+, K+ and Na+. Gelation of the low-
methoxy pectins are often caused by bivalent cations,
particularly Ca2+. Likewise, algin undergoes gelation
in presence of divalent/polyvalent cations e. g. Ca2+
because of the interaction with glucuronic acid block in
alginate chains. That is, gelation is triggered by the
presence of cations (Na+, Mg++, Cat+) within the
tear fluid. These are often achieved by polymers like
metal alginate, gellan gum. Gelation is occurred by

ionic interaction of compound and bivalent ions of tear
fluid. once anionic polymers are available contact with
ion ions, it converts to create gel.

Enzymatic cross-linking

In situ formation catalysed by natural enzymes has not
been inwvestigated wide however appears to own some
blessings over chemical and chemistry approaches. For
instance, associate degree catalyst method operates
with efficiency beneath physiological conditions while
not want for doubtless harmful chemicals like
monomers and initiators. Intelligent stimuli-responsive
delivery systems victimization hydrogels which will
unleash hypoglycaemic agent are investigated. ion pH-
sensitive polymers containing immobilized
hypoglycaemic agent and aldohexose enzyme will
swell in response to blood sugar level emotional the
entrapped insulin in an exceedingly pulsatile fashion.
Adjusting the number of catalyst conjointly provides a
conwvenient mechanism for dominant the speed of gel
formation, that permits the mixtures to be injected
before gel formation.

Photo-polymerisation

Photo-polymerisation is often used for in place
formation of biomaterials. an answer of monomers or
reactive macromer and instigator are often injected into
a tissues website and therefore the application of
radiation accustomed kind gel. salt or similar
polymerizable practical teams square measure
generally used because the polymerizable teams on the
individual monomers and macromers as a result of
they speedily bear photopolymerisation within the
presence of appropriate photoinitiator. generally long
wawvelength ultraviolet and visual wawvelengths square
measure used. Short wavelength ultraviolet isn't used
actually because it's restricted penetration of tissue and
biologically harmful. A ketone, such as 2,2-dimethoxy-
2-phenyl acetophenone, is usually used because the
instigator for ultraviolet photo- chemical action,
wherever as camphorquinone and ethyl group
fluorescein initiators square measure usually utilized in
light systems. These systems are often designed pronto
to be degraded by chemical or catalyst processes or are
often designed for future persistence in vivo. icon
polymerizable systems once introduced to the required
website via injection get photocured in place gel with
the assistance of fiber optic cables so unleash the drug
for prolonged amount of your time. The photoreactions
offer fast chemical action rates at physiological
temperature. moreover, the systems square measure
simply placed in complicated formed wvolumes
resulting in associate degree implant formation.

IN SITU GELLING POLYMERS!HIH9-%3

A compound utilized in in place gels ought to have

following characteristics.

1. It ought to be biocompatible.

2. It ought to be capable of adherence to mucous
secretion and non irritating.
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It ought to have pseudo plastic behaviour.

It ought to influence the tear behavior.

The compound ought to be capable of decrease the
viscousness with increasing shear rate there by
providing down viscousness throughout blinking
& stability of the tear film throughout fixation.

okw

EVALUATION PARAMETERS!®®1011.1428,33:33]
Following analysis parameters followed for unmowved gel
for ocular delivery.

* Clarity

The clarity of the formulations before and when gelling
are determined by visual examination of the
formulations beneath fluorescent lightweight, instead
against white and black backgrounds.

] pH
The hydrogen ion concentration of the ready in place
gelling system when addition of all the ingredients are
measured victimization hydrogen ion concentration
meter.

* Gelling capability
The gelling ability of the ready formulations are
determined either visually or by SEM.

By visual inspection- The gelling capability is set by
running a drop of the answer in an exceedingly
ampoule containing two cubic centimetre of artificial
tear fluid that ought to be freshly ready and equilibrated
at 37?C, and each the time of gelation and therefore the
time taken for the gel fashioned to dissolve are noted.

The composition of the bogus tear fluid.[
Composition of Artificial tear fluid.

1. NaCl =0.670g

2.NaHCO3 =0.200g

3. CaCl2 =0.008g

4. sublimate Water = alphabetic character. s. 100g
Physiological hydrogen ion concentration (7.4+0.2)
adjusted by adding the specified quantity of zero.1 N
HCI.

By SEM- SEM studies the surface morphology of the
formulations at answer state and at gel state. By SEM
image we are able to study compact and loose surface
morphology of unmowved gel that helps to find the
gelation time of in place gel.

» viscousness and natural philosophy studies

Viscosity of the instilled formulation is a vital
consider deciding the duration of drug within the eye.
physics of formulation got to be determined before and
when gelation by victimization either the Brookfield's
measuring system (RVT model) or Cone and plate
pure mathematics measuring system (Brookfield
RVCP DV-III). The formulation before gelling ought to
have viscousness from five to a thousand mpas. when
particle gel activation within the eyes it'll have

viscousness of concerning 50-50,000 mpas. The
samples square measure analysed each at temperature
at twenty five °c and thermo declared at thirty seven °c
+ zero.5 °c by a current bathtub connected to measuring
system adapter before every mensuration. conjointly
natural philosophy study has to be performed for
formulations with and while not drug to investigate the
result of addition of drug on natural philosophy
behaviour of compound mix. Angular speed run from
10-100 revolutions per minute. The hierarchy of shear
rates was rewversed and therefore the awerage of 2
readings was accustomed calculate viscousness.

*  Drug content

It is determined by taking 1ml of the formulation and
diluting it to 100ml with H20. one cubic centimetre
was withdrawn and any diluted to ten cubic centimetre
with H20. Concentration made up our minds at 200-
400nm by victimization ultraviolet light visible
qualitative analysis.

o [sotonicity analysis

Isotonicity is vital characteristic of the ophthalmic
indefinite quantity forms. Isotonicity should be
maintained to stop tissue injury or irritation of eye. All
ophthalmic indefinite quantity forms square measure
subjected to isotonicity testing, since they exhibited
sensible unleash characteristics, optimum gelling
capability and therefore the requisite viscousness.
Formulations square measure mixed with few drops of
blood and ascertained beneath magnifier at 45X
magnification and compared with normal marketed
ophthalmic formulation.

* In Vitro Drug unleash Profile
» Can be studied by either of the subsequent method.

By victimization qualitative analysis tube

This study is performed within the qualitative analysis
tube containing 1ml of the formulation, that is then
suspended in beaker at thirty seven + zero.50C
containing a hundred cubic centimetre artificial
simulated tear fluid (pH sewven.4) beneath continuous
stirring at twenty revolutions per minute to stimulate
the blinking result. qualitative analysis membrane
(0.22 pm pore size), antecedently soaked nightlong in
simulated tear fluid is mounted by tied and sandwiched
between the donor and receiver compartment. Aliquots
of one cubic centimetre withdrawn at completely
different time intervals and equal volumes of recent
media additional to interchange the withdrawn samples.
Withdrawn samples analyze by ultraviolet light
photometer at individual nm victimization chemical
agent blank. The drug content calculated victimization
associate degree equation generated from normal
standardisation curve. the share accumulative drug
unleash (% CDR) calculated. The obtained knowledge
is any subjected to curve fitting for drug unleash
knowledge.
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By victimization franz diffusion cell

In vitro unleash studies may be dispensed by
victimization bi-chambered donor receiver
compartment model (Franz diffusion cell). during this
methodology 1ml of answer unfold uniformly on a
qualitative analysis membrane, that is then contacted
with receptor medium that is stirred incessantly at
twenty revolutions per minute to simulate blinking
action of eyelids membrane (0.22 pm pore size),
antecedently soaked nightlong in simulated tear fluid is
mounted by tied and sandwiched between the donor
and receiver compartment. Aliquots of one cubic
centimetre withdrawn at completely different time
intervals and equal volumes of recent media additional
to interchange the withdrawn samples. Withdrawn
samples analyze by ultraviolet light photometer at
individual nm victimization chemical agent blank. The
drug content calculated victimization associate degree
equation generated from normal standardisation curve.
the share accumulative drug unleash (% CDR)
calculated.The obtained knowledge is any subjected to
curve fitting for drug unleash knowledge.

»  Exvivo drug unleash studies

Goat corneas square measure accustomed examine the
permeation across the tissue layer membrane. The
membrane is rigorously removed together with a 5- 6
metric linear unit of encompassing scleral tissue and
washed with cold saline. The washed corneas square
measure unbroken in cold freshly ready answer of tear
buffer of hydrogen ion concentration seven.4. The
study is dispensed by victimization Franz-diffusion cell
in such some way that the membrane facet is
incessantly remained in associate degree intimate
contact ~ with  formulation within the donor
compartment. The receptor compartment is full of STF
hydrogen ion concentration seven.4 at 34°C + zero.5°C.
The receptor medium is stirred on a magnetic stirrer.
The samples square measure withdrawn at completely
different time intervals and analyzed for drug content.
Receptor section is replenished with associate degree
equal volume of STF (pH seven.4) at when interval.

« Ocular irritation studies

Ocular irritancy studies square measure performed on
male unusual person rabbits, consideration 1-2 metric
weight unit. The studies were dispensed with the rules
of Council for the aim of management and supervising
of Experiments on Animals (CPCSEA), Ministry of
Social Justice and management, Government of Asian
nation. The Draize-irritancy check is mostly performed
for the ocular irritation potential of the ophthalmic
product before promoting. Mostly, left eye of every
rabbit was used for check whereas the proper eye was
served as management. per the Draize check, the
number of answer applied to the attention is generally
100yl is placed into the lower cul-de-sac. when dosing,
the lids were control along for few seconds so as to
avoid loss of the indefinite quantity kind by bodily
function. The observation of the redness, swelling and

irritation was done at amount of 1hr, 24hrs, 48 hrs,
72hrs, and lweek when administration. The sterile
formulation is run double every day for a amount of
seven days, and a cross-over study is dispensed (a three
day laundry amount with saline was dispensed before
the cross over study).

« Sterility

All ophthalmic preparations ought to be sterile thus the
check for sterility is extremely vital analysis parameter.
The sterility check is performed per Indian collection.
Direct vaccination methodology is employed, two
cubic centimetre of liquid from check instrumentation
is removed with a sterile measuring system or with a
sterile syringe or a needle. The check liquid is then
aseptically transferred to fluid thioglycolate medium
(20 ml) and soyabean-casein digest medium (20 ml)
sewverally. The liquid is mixed with the media. The
inoculated media is incubated for not but fourteen days
at 30°C to 35°C within the case of fluid thioglycolate
medium and 20°C to 25°C within the case of soyabean-
casein digest media.

» Accelerated stability studies

Formulations square measure placed in close colored
vials and sealed with aluminum foil for a brief terms
accelerated stability study at 25°C to 28°C close
temperature (temperature within the operating area),
4+1°C  (refrigerated temperature) and 37+2°C
(temperature within the incubator) as per International
Conference on Harmonization (ICH) states tips.
Samples square measure analysed each month for
clarity, pH, gelling capability, drug content, natural
philosophy analysis, and in vitro dissolution.

*  Drug compound interaction study

Interaction studies are often performed in 3 ways one is
by victimization ultraviolet light, second is by taking IR
spectra and third is by victimization DSC instrument.In
initial methodology by ultraviolet light the solutions of
compound and drug ready severally and in combos and
square measure autoclaved. The ultraviolet spectra taken
before and when autoclaving victimization double beam
ultraviolet visible photometer. Compare each the spectra
for any attainable amendment in answer content because
of interactions between completely different
ingredients.In the second methodology the IR spectra
was taken by victimization FTIR photometer. The pellets
of drug and restrainer were ready by pressing the
powders at twenty psi on KBr-press and therefore the
spectra was scanned within the oftenness vary of 6000-
400 cm-1.The FTIR graph of pure drug and combination
of drug with excipient square measure recorded, then
compared.In the third methodology DSC scan is runned
for individual element and therefore the mixture for the
interaction study. The interaction studies were dispensed
to envision any attainable physiochemical interaction
among the formulation ingredients. If ultraviolet light
spectra, IR spectra and DSC graph of the ingredients
before and when mixture found to be identical and no
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further peak emerged or existent peak shifted that
confirms the formulation ingredients were compatible to
every alternative and no chemical science reactions
going down.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Bourlais CL, Acar L, Zia H, Sado P, Needham T,
Leverge R. (Ophthalmic drug delivery systems:
recent advances). Prog. Retin. Eye Res, 1998; 17(1):
33-58.

Khurana AK. Comprehensive Ophthalmology. 4th
ed., New Delhi; New Age International (P) Limited,
Publishers, 2003.

Mitra AK. Ophthalmic drug delivery systems. 2nd
ed., New York; Marcel Dekker, Inc, 2003

Rathore K, Nema R. (An insight into ophthalmic
drug delivery system). Int J Pharm Sci Drug Res,
2009; 1(1): 1-5.

Urtti A (Challenges and obstacles of ocular
pharmacokinetics and drug delivery). Adv. Drug
Deliv. Rev, 2006; 58: 1131-35.

Balasubramaniam J, Kant S, Pandit JK. (In vitro and
in vivo evaluation of the Gelrite gellan gum-based
ocular delivery system for Indomethacin). Acta
Pharm, 2003; 53: 251-261.

Deshpande J, Shah PB, Bhandari A. (Design and
Dewvelopment of pH-monitered in situ Gel of
Lomefloxacin). Journal of Pharmaceutical Science
and Bioscientific Research, 2013; 3(1): 10-15.
Gupta A, Manocha N. (Formulation and Evaluation
of In-Situ Ophthalmic Drug Delivery System).
International  Journal of Pharmaceutical &
Biological Archive, 2012; 3(4): 715— 718.

Gupta H, Velpandian T, Jain S. (lon- and pHactivated
novel in-situ gel system for sustained ocular drug
delivery). J. Drug Target, 2010; 18(7): 499-505.
Jigar S, Rakesh P, Hiral S, Tejal M. (Formulation
And Evaluation Of Gelrite based In Situ Ophthalmic
Gel For Controlled Release Of Drug Using Rabbit
Eye Model). International Journal Of Drug
Formulation And Research, 2011; 2(4): 232-246.
Patel JM., Shah KK, Patel MM. (Formulation and
Evaluation of Temperature Dependent Ophthalmic
Gel Forming Solution of Brimonidine Tartrate).
International Journal Of Pharmaceutical And
Chemical Sciences, 2012; 1(4): 1539-1548.
Kumar JRK, Muralidharan S, Dhanaraj SA. (A
Review: Polymeric In-situ Gel System). Research
and Reviews: Journal of Pharmacy and
Pharmaceutical Sciences, 2013;2(1): 1- 7.

Kute PR, Gondkar SB, Saudagar RB. ( Ophthalmic
In-situ Gel: An Overview). World J. Pharm. Pharm.
Sci., 2015; 4(4): 549-568.

Nirmal HB, Bakliwal SR, Pawar SP. (In-Situ gel:
New trends in Controlled and Sustained Drug
Delivery System). Int.J. PharmTech Res., 2010; 2(2):
1398-1408.

Pandya TP, Modasiya MK and Patel VM.
(Opthalmic In-Situ Gelling System). Int. J. of
Pharm. & Life Sci, 2011; 2(5): 730-738.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Saini N, Kumar D. (An Insight To Ophthalmic Drug
Delivery System). Int. J. Pharm. Stud. Res., 2012;
3(2): 09-13.

Patel H, Patel P, Brahmbhatt T, Suthar M. (In-situ
gelling system: A review). J. Chem. Pharm. Res,
2011; 3(6): 217-221.

Nerkar TS, Gujarathi NA, Rane BR, Bakliwal SR,
Pawar SP. (In-Situ Gel: Nowel Approach In
Sustained And Controlled Drug Delivery System).
Pharma Science Monitor, 2013; 4(4): 1-18.

Kakad V, Kumar R, Rupvate S, Nagare R, Madagul
J. (Review On Polymers Used For In Situ Gel For
Ophthalmic Drug Delivery System). International
Journal of Pharmaceutical Research And Bio
Science, 2015; 4(3): 52-68.

Sonawane SD, Patil RY, Lad M. (A Review on
polymers used in novel in situ gel formulation for
ocular drug delivery and their evaluation). Journal of
Biological and Scientific Opinion, 2013; 1(2):
13237.

Ludwig A. (The use of mucoadhesive polymers in
ocular drug delivery). Advanced Drug Delivery
Reviews, 2005; 57: 1595- 1639.

Chawez E, Cervantes L, Naik A, Kalia YN, Guerrero
Q, Quintanar G.(Applications of Thermoreversible
Pluronic F-127 Gels In

Bharath S, Hiremath SR (1999) Ocular delivery
systems of pefloxacin mesylate. Pharmazie, 54(1):
55-58

Kaur IP, Garg A, Singla AK, Aggarwal D (2004)
Vesicular systems in ocular drug delivery: an
overview. Int J Pharm, 269: 1-14.

Jain R, Majumdar S, Nashed Y, Pal D, Mitra AK
(2004) Circumventing P-glycoprotein- mediated
cellular eThux of quinidine by prodrug
derivatization. Mol Pharm, 1(4): 290— 299.

Das S, Suresh PK (2010) Drug delivery to eye:
special reference to nanoparticles. Int J Drug Deliv,
2:12-21.

Sahoo SK, Dilnawaz F, Krishnakumar S (2008)
Nanotechnology in ocular drug delivery. Drug
Discov Today, 13(3-4): 144-151.

Mitra M, Dilnawaz F, Misra R, Harilal A, Verma R,
Sahoo SK et al (2011) Toxicogenomics of
nanoparticulate delivery of etoposide: potential
impact on nanotechnology in retinoblastoma
therapy. Cancer Nanotechnol 2(1-6): 21-36.
Parveen S, Sahoo SK (2011) Long circulating
chitosan/PEG blended PLGA nanoparticle for tumor
drug delivery. Eur J Pharmacol, 670(2-3): 372-383.
Bourges J-L, Gautier S-E, Delie F, Bejjani RA,
Jeanny J-C, Gurny R, BenEzra D, Behar- Cohen F-F
(2003) Ocular drug delivery targeting the retina and
retinal pigment epithelium using polylactide
nanoparticles. Invest Ophthalmol Vis Sci, 44: 3562—
35609.

Sakurai E, Ozeki H, Kunou N, Ogura Y (2001)
Effect of particle size of polymeric nanospheres on
intravitreal kinetics. Ophthalmic Res, 33: 31-36.
De Campos A, Sanchez A, Gref R, Calvo P, Alonso

WWW.ejpmr.com

241




Bhateja etal.

European Journal of Pharmaceutical and Medical Research

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

MJ (2003) The effect of a PEG versus a chitosan
coating on the interaction of drug colloidal carriers
with the ocular mucosa. Eur J Pharm Sci, 20: 73-81.
Calvo P, Sanchez A, Martinez J, Lopez M, Calonge
M, Pastor JC, Alonso MJ (1996) Polyester
nanocapsules as new topical ocular delivery systems
for cyclosporin A. Pharm Res, 13(2): 311-315.
Irache JM, Merodio M, Arnedo A, Camapanero
MA, Mirshahi M, Espuelas S (2005) Albumin
nanoparticles for the intravitreal delivery of
anticytomegaloviral drugs. Mini Rev Med Chem, 5:
293-305.

Van Erdenbrugh B, Froyen L, Vanden HG (2008)
Drying of crystalline drug nano- suspensions the
importance of hydrophobicity on dissolution
behaviour upon redispersion. Eur J Pharm Sci, 35:
127-135.

Pignatello R, Bucolo C, Ferrara P, Maltese A, Puleo
A, Puglisi G (2002) Eudragit RS100 nanosuspension
for the ophthalmic controlled delivery of ibuprofen.
Eur J Pharm Sci, 16(1-2): 53-61.

Patel VR, Agrawal YK (2011) Nanosuspension: an
approach to enhance solubility of drugs. J Adv
Pharm Technol Res, 2(2): 81-87.

Lowelyn C, Attama A (2011) Current state of
nanoemulsions in drug delivery. J Biomater
Nanobiotechnol, 2: 626-639.

Abdulrazik M, Tamilvanan S, Khoury K, Benita S
(2001) Effect of submicron emulsion’s surface
charge on ocular distribution of topical cyclosporin
A. STP Pharma Sci, 11(6): 427-432.

Lallemand F, Daull P,Benita S, Buggage R, Garrigue
JS (2012) Successfully improving ocular drug
delivery using the cationic nanoemulsion, novasorb.
J Drug Deliv, 2012: 604204.

Guilatt LR, Couvreur P, Lambert G, Goldstein D,
Bentia S, Dubernet C (2004) Extensive surface
studies help to analyse zeta potential data: the case
of cationic emulsions.Chemistry and Physics of
Lipids, 131: 1-13.

Boussif O, Lezoualc’h F, Zanta M, Mergny M,
Scherman D, Demeneix B et al (1995) A versatile
vector for gene and oligonucleotide transfer into
cells in culture and in vivo: polyethylenimine. Proc
Natl Acad Sci U S A, 92(16): 7297-7301.

Hagigit T, Abdulrazik M, Orucov F, Valamanesh F,
Hagedorn M, Lambert G et al (2010) Topical and
intravitreous administration of cationic
nanoemulsions to deliver antisense oligonucleotides
directed towards VEGF KDR receptors to the
eye. J Control Release, 145(3): 297-305.
Lallemand F, Felt-Baeyens O, Besseghir K, Behar-
Cohen F,Gurny R (2003) Cyclosporine Adelivery to
the eye: a pharmaceutical challenge. Eur J Pharm
Biopharm, 56(3): 307— 318.

Eljarrat-Binstock E, Domb AJ, Orucov F, Dagan A,
Frucht-Pery J, Peer J (2008) In vitro and in vivo
evaluation of carboplatin delivery to the eye using
hydrogel-iontophoresis. Curr Eye Res, 33(3): 269-
275.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Frucht-Pery J, Raiskup F, Mechoulam H, Shapiro M,
Eljarrat-Binstock E, Domb A (2008) lontophoretic
treatment of experimental pseudomonas keratitis in
rabbit eyes using gentamicin-loaded hydrogels.
Cornea, 25(10): 1182-1186.

Vaka SR, Sammeta SM, Day LB, Murthy SN (2008)
Transcorneal iontophoresis for delivery of
ciprofloxacin hydrochloride. Curr Eye Res, 33(8):
661-667.

Raiskup-Wolf F, Eljarat-Binstock E, Rehak M,
Domb A, Fruct-Perry J (2007) Transcorneal and
transscleral iontophoresis of the dexamethasone
phosphate into the rabbit eye. Cesk Slov
Oftalmol,63(5): 360-368.

Parkinson TM, Ferugoson E, Febraro S, Bakhtiary
A, King M, Mundasad M (2003) Tolerance of ocular
iontophoresis in healthy wolunteers. J Ocul
Pharmacol Ther, 19: 145— 151.

Shastri DH, Patel PB, Shelat PK, Shukla AK (2010)
Ophthalmic drug delivery system: challenges and
approaches. Syst RevPharm, 1: 113-120.

Engel LS, Callegan MC, Hobden JM, Hill JM,
O’Callaghan RJ (1995) Ocular drug delivery: a
comparison of transcorneal iontophoresis to corneal
collagen shields. Int J Pharm, 123: 173-179.
Rootman DS, Jantzen JA, Gonzalez JR, Fischer MJ,
Beuerman R, Hill JM (1998) Pharmacokinetics and
safety of transcorneal iontophoresis of tobramycinin
the rabbit. Invest Ophthalmol Vis Sci, 29: 1397-
1401.

lhre HR, Padilla De JesUs OL, Szoka FC Jr, Frechet
JM (2002) Polyester dendritic systems for drug
delivery applications: design, synthesis, and
characterization. Bioconjug Chem 13: 443-452
PadillaDe Jesus OL, Ihre HR, Gagne L, Fréchet JM,
Szoka FC Jr (2002) Polyester dendritic systems for
drug delivery applications: in vitro and in vivo
evaluation. Bioconjug Chem, 13: 453-461.
Quintana A, Raczka E, Piehler L, Lee I, Myc A,
Majoros I, Patri AK, Thomas T, Mule J, Baker JR Jr
(2002) Design and function of a dendrimer-based
therapeutic nanodevice targeted to tumor cells
through the folate receptor. Pharm Res, 19: 1310—
1316.

Bhadra D, Bhadra S, Jain S, Jain NK (2003) A
PEGylated dendritic nanoparticulate carrier of
fluorouracil. Int J Pharm, 257:111-124.

Kim H, Lizak MJ, Tansey G, Csaky KG, Robinson
MR, Yuan P, Wang NS, Lutz RJ (2005) Study of
ocular transport of drugs released from an
intravitreal implant using magnetic resonance
imaging. Ann Biomed Eng, 33(2): 150-164.

Ooya T, Lee J, Park K (2003) Effects of ethylene
glycol-based graft, star-shaped, and dendritic
polymers onsolubilization and controlled release of
paclitaxel. J Control Release, 93: 121-127.
Vandamme TF, Brobeck L (2005)
Poly(amidoamine) dendrimers as ophthalmic
vehicles for ocular delivery of pilocarpine nitrate
and tropicamide. J Control Release, 102: 23-38.

WWW.ejpmr.com

242




Bhateja etal.

European Journal of Pharmaceutical and Medical Research

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Shaunak S, Thomas S, Gianasi E, Godwin A, Jones
E, Teo I, Mireskandari K, Luthert P, Duncan R,
Patterson S, Khaw P, Brocchini S (2004) Polyvalent
dendrimer glucosamine conjugates prevent scar
tissue formation. Nat Biotechnol, 22: 977-984.
Wimmer N, Marano RJ, Kearns PS, Rakoczy EP,
Toth 1 (2002) Syntheses of polycationic dendrimers
on lipophilic peptide core for complexation and
transport of oligonucleotides. Bioorg Med Chem
Lett, 12: 2635-2637.

Marano RJ, Wimmer N, Kearns PS, Thomas BG,
Toth I, Brankov M, Rakoczy PE (2004) Inhibition of
in vitro VEGF expression and choroidal
neovascularization by synthetic dendrimer peptide
mediated delivery of a sense oligonucleotide. Exp
Eye Res, 79: 525-535.

Calvo P, Vita-Jato JL, Alonso MJ (1997) Evaluation
of cationic polymer-coated nanocapsules as ocular
drug carriers. Int J Pharm, 153: 41-50.
Marchal-Heussler L, Sirbat D, Hoffman M,
Maincent P (1993) Poly(epsilon- caprolactone)
nanocapsules in carteolol ophthalmic delivery.
Pharm Res, 10(3): 386-390.

Losa C, Marchal-Huessler L, Orallo F, Vila Jato JL,
Alonso MJ (1993) Design of new formulations for
topical ocular  administration: polymeric
nanocapsules containing metipranolol. Pharm Res,
10(1): 80-87.

Mainardes RM, Silva LP (2004) Drug delivery
systems: past, present, and future. Curr Drug
Targets, 5: 449-455.

Monem AS, Ali FM, Ismail MW (2000) Prolonged
effect of liposomes encapsulating pilocarpine HCI in
normal and glaucomatous rabbits. Int J Pharm, 198:
29-38.

Diebold Y, Jarrin M, Saez V, Carvalho EL, Orea M,
Calonge M, Seijo B, Alonso MJ (2007) Ocular drug
delivery by liposome—chitosan  nanoparticle
complexes (LCS-NP). Biomaterials, 28: 1553-1564.
Norley SG, Huang L, Rouse BT (1986) Targeting of
drug loaded immunoliposomes to herpes simplex
virus infected corneal cells: an effective means of
inhibiting virus replication in vitro. J Immunol, 136:
681-685.

Bochot A, Fattal E, Boutet V, Dewverre J, Jeanny J,
Chacun H et al (2002) Intravitreal delivery of
oligonucleotides by sterically stabilized liposomes.
Invest Ophthalmol Vis Sci, 43: 253-259.

Habib FS, Fouad EA, Abdel-Rhaman MS, Fathalla
D (2010) Liposomes as an ocular delivery system of
fluconazole: in vitro studies. Acta Ophthalmol 88:
901-904

Kawakami S, Yamamura K, Mukai T, Nishida K,
Nakamura J, Sakaeda T, Nakashima M, Sasaki H
(2001) Sustained ocular delivery of tilisolol to
rabbits after topical administration or intravitreal
injection of lipophilic prodrug incorporated in
liposomes. J Pharm Pharmacol, 53(8): 1157-1161.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Abrishami M, Zaeri-Ghanavati S, Soroush D,
Rouhbakhsh M, Jaafari M, Malaekeh- Nikouei B
(2009) Preparation, characterization, and in vivo
evaluation of nanoliposomes-encapsulated
bevacizumab (avastin) for intravitreal
administration. Retina, 29(5): 699-703.

Miller RH, Maeder K, Gohla S (2000) Solid lipid
nanoparticles (SLN) for controlled drug delivery — a
review of the state of the art. Eur J Pharm
Biopharm, 50(1): 161-177.

Attama AA, Schicke BC, Miller-Goymann CC
(2006) Further characterization of theobroma oil-
bees wax admixtures as lipid matrices for improved
drug delivery systems. Eur J Pharm Biopharm,
64(3): 294-306.

Youshia J, Kamel AO, ElI Shamy A, Mansour S
(2012) Design of cationic nanostructured heterolipid
matrices for ocular delivery of methazolamide. Int J
Nanomedicine, 7: 2483— 2496.

Liu Z, Zhang X, Wu H, Li J, Shu L, Liu R, Li L, Li
N (2011) Preparation and evaluation of solid lipid
nanoparticles of baicalin for ocular drug delivery
system in vitro and in vivo. Drug Dev Ind Pharm,
37(4): 475-481.

Cavalli R, Gasco MR, Chetoni P, Burgalassi S,
Saettone MF (2002) Solid lipid nanoparticles (SLN)
as ocular delivery system for tobramycin. Int J
Pharm, 238(1- 2): 241-245.

Basaran E, Demirel M, Sirmagiil B, Yazan Y (2010)
Cyclosporine-A incorporated cationic solid lipid
nanoparticles for ocular delivery. J Microencapsul,
27(1): 37-47.

Nishiyama N, Kataoka K (2006) Current state,
achievements, and future prospects of polymeric
micelles as nanocarriers for drug and gene delivery.
Pharmacol Ther, 112(3): 630-648.

Pervaiz S, Olivo M (2006) Art and science of
photodynamic therapy. Clin Exp Pharmacol Physiol
33(5-6): 551-556

Bloguel C, Bourge JL, Touchard E, Berdugo M,
BenEzra D, Behar-Cohen F (2006) Non- viral ocular
gene therapy: potential ocular therapeutic avenues.
Adv Drug DelivRev, 58(11): 1224-1242.

WWW.ejpmr.com

243




