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Abstract

The field of ophthalmic drug delivery has witnessed significant advancements through the integration
of nanotechnology. Despite having numerous conventional dosage forms employed in the ocular drug
delivery system the problem of less bioavailability and less retention time is a significant concern.
Along with it there are various barriers also involved that affects the drug permeability, solubility due
to the lower residence time of the drug on ocular surface. To overcome these problems the
nanotechnology approach can be most suitable. All nanocarriers have emerged as a promising career
for precise drug targeting to ocular tissues. Their small size, biocompatibility and surface modification
enable improved drug solubility, sustained release and enhanced bioavailability. Moreover
nanotechnology facilitates the incorporation of therapeutic agents for various ocular conditions,
including glaucoma, macular degeneration and infections. These advancements aim to overcome the
challenges and barriers in ocular drug delivery system. This review underscores the immense
potential of nanotechnology to revolutionize ophthalmic drug delivery, offering the prospect of more
efficient and patient-friendly treatments for ophthalmic disorders.
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1. Introduction:

The eye is a delicate organ with a complex physiology.
Anterior and posterior portions make up its structure.! Three
levels can be identified by the human eye. The cornea and
sclera make up the outer region. The cornea shields the eye
from infection and structural damage to the deeper regions of
the eye while refracting and transmitting light to the lens and
retina. The eye is shielded from internal and external forces by
the sclera, a connective tissue layer that also helps the eye
keep its shape. At the limbus, the cornea and sclera are joined.
The conjunctiva, a transparent mucous membrane, covers the
portion of the sclera that is visible to the eye. The iris, ciliary
body, and choroid make up the central layer of the eye. The
iris regulates the pupil's size, which affects how much light
reaches the retina; the choroid is a vascular layer that
provides oxygen and nutrients to the outer retinal layers, the
ciliary body regulates the power and shape of the lens and it is
the site of aqueous production. The retina, a complex, layered
arrangement of neurons that stores and processes light, makes
up the inner layer of the eye. The aqueous, the vitreous, and
the lens are the three transparent structures that make up the
ocular layers.2

1.1 Barriers of ocular drug delivery system:

The physiochemical characteristics of the drugs, its
elimination from lacrimal fluid, corneal barriers, and non-
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corneal absorption are the key barriers and determining
variables in ocular drug delivery. The drug is mostly
transported across the corneal epithelium via a paracellular or
transcellular pathway. Hydrophilic drugs prefer the
paracellular route, which involves passive or altered diffusion
via intercellular gaps, whereas lipophilic drugs prefer the
transcellular route.3 The diffusion and productive absorption
of the topically administered drugs are the most common
ODDS physiological barriers. They can be found in both the
precorneal and corneal regions. Tear dilution, solution
drainage, lacrimation, tear turnover, and conjunctival
absorption are all precorneal constraints that cause the poor
ocular bioavailability of conventional ophthalmic dosage
forms.# After using the indefinite quantity type of the drug
within the ocular system, the flow of lacrimal fluid removes
out some of the drug from its surface, with a turnout rate of
approximately one 1/min, whereas a large amount of the drug
is drained through the channel quickly at intervals of
minutes.> Tear film is one of the precorneal barriers that
decreases the effective concentration of drugs administered
due to dilution by tear turnover (about 1 L/min), much more
rapidly clearance, and drug molecule binding to tear proteins.
Additionally, the instillation dose volume usually ranges from
20-50 L, whereas the size of a cul-de-sac is just 7-10 L. Excess
volume may escape through the nasolacrimal duct or spill out
on the cheek. The bloodstream comprises blood-ocular
barriers, which protect the eye from xenobiotics. It is divided
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into two parts: the blood aqueous barrier and the blood-retina
barrier. This barrier prevents hydrophilic drugs in plasma
from entering the aqueous humor and also inhibits the
passage of plasma albumin into the aqueous humor. The
posterior barrier which resides in between the eye and stream
of plasma consists of retinal pigment epithelium (RPE) and
retinal capillaries, resulting in tight wall junction.6 In ocular
wall barriers generally, the ocular wall barriers are the
skeleton of the eye globe consists of the rigid scleral
collagenous shell. That is generally lined internally by the
uveal tract.*

1.2 Diseases of Eyes:

1. Glaucoma

2. Diabetic Retinopathy
3. Keratitis

4. Conjunctivitis

5. Cataract

1.2.1 Glaucoma:

Glaucoma is a common eye illness that, if left misdiagnosed
and untreated, can result in irreversible blindness. Glaucoma
is caused by high intraocular pressure (IOP), which damages
the optic nerve and causes vision field loss. Although
increased IOP is not usually a sign of glaucoma, it is a key risk
factor and a cause of glaucomatous optic neuropathy.? Primary
open-angle glaucoma (POAG) and primary angle-closure
glaucoma (PACG) are the two most common types of
glaucoma.d

1.2.1.1 Primary open-angle glaucoma:

The angle of the eye is the point where the trabecular
meshwork drains aqueous fluid from the anterior chamber of
the eye. The angle remains open in POAG because the
trabecular meshwork is not obstructed by iris tissue.
Intraocular pressure is conveyed as mechanical stress to the
axons of retinal ganglion cells at the optic nerve, resulting in
cell death. However, around 50% of glaucoma patients have
intraocular pressure within the so-called "normal” range of 10
to 21 mm Hg at the time of diagnosis. Perimetric testing
detects visual field impairments only when 30% of retinal
ganglion cells have been destroyed.8 POAG pathogenesis is
unknown. IOP, ocular perfusion pressure, ocular blood flow,
myopia, central corneal thickness, and optic disc hemorrhages
have all been proposed as ocular risk factors. Age, smoking,
African ancestry, family history, genetic factors, systemic
hypertension (HTN), low blood pressure (BP) (especially
nocturnal BP), atherosclerosis, lipid dysregulation, type 2
diabetes mellitus (DM), glucose intolerance, obesity,
vasospasm, migraine, Raynaud syndrome, stress, and primary
vascular dysregulation are all systemic risk factors.?

1.2.1.2 Primary angle-closure glaucoma:

In 90% of instances, pupillary obstruction causes primary
angle-closure glaucoma (PACG). Pupillary block is generated
by the iris apposition against the lens, which restricts aqueous
efflux from the posterior chamber to the anterior chamber and
subsequent drainage through the trabecular meshwork. The
accumulation of aqueous in the posterior side causes the iris
to bow anteriorly and eventually close the angle. This might
happen suddenly, intermittently, or over time. PACG is
associated with a number of risk factors. PACG is associated
with a number of risk factors. Patients with hyperopia, or a
short axial length of the eyeball, and an anterior chamber
length of less than 2.5 mm are more likely to develop
cataracts. Symptoms include impaired vision, discomfort,
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colored halo rings surrounding lights, nausea, and vomiting
emesis and frontal headache.10

In the early stages of angle closure, the angle may only be
appositionally convex. The iris's convex shape puts it in
appositional contact with the trabecular meshwork, impeding
drainage and perhaps allowing PAS to form and advance down
the path to PACG. Due to the apposition of the pupil and
anterior lens capsule, shallow anterior chambers are prone to
pupillary obstruction.11

1.2.2 Diabetic Retinopathy:

Diabetic Retinopathy (DR) is a leading cause of blindness.
Diabetes patients' retinal blood vessels are damaged by DR.
Non proliferative Diabetic Retinopathy (NPDR) and
Proliferative Diabetic Retinopathy (PDR) are the two main
kinds of DR. The DR in its early stages is known as NPDR, and
it is further classified as Mild, Moderate, and Severe. There is
one micro-aneurysm (MA) in the mild stage, which is a little
circular red dot at the end of blood vessels. In the Moderate
stage, the MAs rupture into deeper layers of the retina, causing
a flame-shaped hemorrhage.12

1.2.3 Keratitis:

Infected keratitis is a corneal infection also known as an
infected corneal ulcer or corneal opacity. Infectious keratitis is
characterized as either microbial keratitis (caused by bacteria,
fungus, or parasites) or viral Kkeratitis (caused by herpes
viruses).13

1.2.3.1 Bacterial Keratitis:

Bacterial Keratitis is most commonly connected with contact
lens use. Severe cases can advance quickly and result in
permanent vision loss, necessitating corneal transplantation.
The first-line treatment for bacterial keratitis is still topical
antibiotics. The use of adjuvant corticosteroids in the
treatment of bacterial keratitis has long been questioned.
Corticosteroids, according to proponents, improve results by
decreasing inflammation, which reduces scarring,
neovascularization, and stromal melt.14

1.2.3.2 Viral Keratitis:

One of the most common types of infectious keratitis is viral
keratitis (VK). The alpha-herpes virus herpes simplex virus
(HSV) is the most common cause of keratitis among the many
viruses that have been identified. The beta-herpes virus
cytomegalovirus (CMV), the alpha-herpes virus varicella-
zoster virus (VZV), and the gamma-herpes virus Epstein-Barr
virus (EBV) are all common causes of viral keratitis. The
alpha-subfamily has the broadest host range and establishes
latency predominantly in sensory neurons, the beta-subfamily
has an intermediate host range and establishes latency largely
in lymphoid tissues, and the gamma-subfamily has a limited
host range and establishes latency only in lymphoid tissues.15

1.2.3.3 Fungal Keratitis:

Fungal keratitis, also known as keratomycoses, are corneal
infections that must be evaluated in cases of corneal trauma,
prior corneal surgery, chronic ocular surface illness, topical
corticosteroids, or contact lens wear. Filamentous fungi or
yeasts may be involved. Clinical symptoms such as corneal
infiltrates with feathery edges and/or elevated surface, intact
epithelium with deep stromal involvement, satellite lesions,
endothelial plaques, lack of response with antibiotics, and
worsening with steroids are suggestive of fungal keratitis.
Corneal scraping for laboratory evaluation is required. Medical
treatment with antifungal eye drops and systemic medications
should begin as soon as possible. In many situations, surgical
treatments are required to control the infection. The prognosis
of fungal keratitis is poorer than that of bacterial keratitis.16
CODEN (USA): JDDTAO
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1.2.4 Conjunctivitis:

The conjunctiva is a thin, transparent membrane that lines the
anterior sclera and the interior of the eyelids. It is divided into
two sections: bulbar and palpebral. The bulbar section starts
at the edge of the cornea and extends to encompass the visible
sclera; the palpebral portion lines the inner of the eyelids.
Conjunctivitis is an inflammation or infection of the
conjunctiva that is characterized by dilatation of the
conjunctival capillaries, resulting in hyperemia and edema of
the conjunctiva, generally with accompanying discharge.1”

Bacterial conjunctivitis is typically classified as hyper acute,
acute, or chronic based on its duration and severity. Neisseria
gonorrhea is the most common cause of hyper acute bacterial
conjunctivitis, which is then classified as an oculogenital
disease that affects both newborns and sexually active adults.
Acute bacterial conjunctivitis is distinguished by its sudden
onset, profuse, thick, yellow-green purulent discharge, mixed
ocular injection and chemosis, and the creation of an
inflammatory membrane.18

1.2.5 Cataract:

Cataract is characterized as opacity within the clear lens inside
the eye, which limits the amount of incoming light and causes
eyesight to deteriorate. A natural lens is a crystalline
substance with a precise structure of water and protein that
allows light to flow through. Cataract is frequently compared
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The majority of cataracts are caused by crystalline lens aging.
As new lens fibers are laid down in the crystalline lens and
existing ones are not replaced, the lens is one of the few
structures in the body that continues to grow throughout life.
The lens's transparency is maintained by a number of
interdependent elements, including its microscopic structure
and chemical contents, which are responsible for its optical
homogeneity. With aging, there is a progressive buildup of
yellow-brown pigment within the lens, reducing light
transmission.20

2. Marketed conventional formulations:

In response to the introduction of effective and flexible
therapeutic agents during the last few decades, the diversity of
traditional ophthalmic formulations has gradually expanded,
reaching well beyond basic solutions and currently including a
variety of drug administration methods. Recent articles have
expanded the concept of typical ophthalmic delivery methods
to include more than basic solutions and suspensions.2! There
are various problems related to various conventional ocular
products such as in case of eye drops although they are easily
administrable but the main disadvantage is low residential
time on ocular surface which ultimately decreases the
bioavailability. Ointments and in situ gels are also available in
the market but main constraint is the blurred vision and also
low patient compliant.22 Due to these disadvantages there is a
need to formulation nanotechnology based ophthalmic drug

to peering through a waterfall or waxed paper.19 delivery system.
Table 1: Marketed conventional ophthalmic formulations
Brand Drug Dosage Form Drawbacks Refs
Ciplox Ciprofloxacin Eye drops Drug loss due to blinking of the eyes
Betinisol N Betamethasone Eye drops Drug loss due to blinking of the eyes 23
Dexcin Dexamethasone Eye drops Drug loss due to blinking of the eyes
Refresh Tear Xﬁgﬁ%ﬁﬁg}g Eye drops Drug loss due to blinking of the eyes
Acivir eye Acyclovir Ointment Poor patient compliance due to blurring of vision
Chloromycetin g;lllr(;riz:;r;ghenicol Ointment Poor patient compliance due to blurring of vision
Pred Forte Prednisolone acetate Suspension It does not shows any dose uniformity after storage
Restasis Cyclosporine Emulsion Emulsion can lose their stability at storage condition
It require high level of fluid and more susceptible to 24
Timolol Xe Timolol maleate In-situ gel stability problem due to chemical degradation and also
causes blurred vision.
Pilocarpine HS Eilocarpine. In situ gel More ﬂu_id is needed and unstabl_e . due to chemical
ydrochloride degradation and also causes blurred vision.

3. Nanotechnology based ophthalmic drug
delivery system:

Nanotechnology, derived from the Greek word nano, which
means dwarf, applies engineering, electronics, physical and
material science, and manufacturing processes at the
molecular or submicron level. Nanomaterials can be devices or
systems, or they can be supramolecular structures, complexes,
or composites. Albert Franks, a founder of nanotechnology,
characterized it as a branch of science and technology with
dimensions and tolerances ranging from 0.1 to 100 nm.25 The
eye is a one-of-a-kind organ, both physically and
physiologically, with numerous components with independent
physiological activities that make the organ highly resistant to
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external chemicals. Apart from cartilage, the cornea and
crystalline lens are the only tissues in the body that do not
have a blood supply. Because of the eye's intricacy,
pharmaceutical scientists face particular problems when
developing medication delivery systems.26 The eye is a unique
organ, both physically and physiologically, including multiple
vastly disparate components with autonomous physiological
activities that render the organ highly impenetrable to outside
chemicals. Aside from cartilage, the cornea and crystalline lens
are the only tissues in the body that do not have a blood
supply. Because of the eye's intricacy, pharmaceutical
scientists have particular problems in developing medication
delivery systems.2? The various nanotechnology based
opthalmic formulation are given below.

CODEN (USA): JDDTAO
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3.1 Liposomes:

Liposomes are microparticulate or colloidal carriers with a
diameter of 0.05-5.0 micrometres that develop spontaneously
when specific lipids are hydrated in aqueous conditions.
Liposomes are made up of natural or synthetic lipids (phospho
and sphingo-lipids), and they may also contain cholesterol and
hydrophilic polymer linked lipids. Liposomes are categorized
into five categories based on their composition and
intracellular mechanism: ordinary liposomes, cationic
liposomes, immunoliposomes, and long circulating
liposomes.28 Liposomes for drug delivery are typically
unilamellar and range in diameter from 50 to 150 nm. The
packing of the hydrocarbon chains of the lipid molecules
determines the mechanical strength and function of the
liposomal membrane as a permeability barrier.2 Liposomes
demonstrate their method of action by attaching to cellular
membranes and fusing with them, releasing their material into
the cell. They are sometimes taken up by the cell, and their
phospholipids are incorporated into the cell membrane,
allowing the medication stored inside to be released.30
Liposome development for ocular medication delivery has
gotten less attention than other routes of administration, and
as a result, there is no liposomal ophthalmic medicinal product
on the market. The most convenient and common method of
administration for ocular therapy is topical instillation, and
most studies have used this route to give liposomes.3!
Liposome binding affinity to the cornea suggests that liposome
uptake by the cornea is greatest for positively charged
liposomes, least for negatively charged liposomes, and least
for neutral liposomes, implying that the initial interaction
between the corneal surface and liposomes is electrostatic.
Positively charged unilamellar liposomes increase penicillin G
transcorneal flux across isolated rabbit cornea by more than
fourfold.32  Acyclovir liposome formulated by using
phosphatidylcholine, steryl amine, cholesterol, diacetyl
phosphate and the method employed for the preparation of
the liposome is lipid film hydration which ultimately resulted
in increased residential time on the ocular surface.33

3.2 Nanostructured Lipid Carriers:

Nanoparticulate carriers, with their nanoscale dimensions and
specific features, have showed considerable promise as a
delivery system in recent years. Their benefits include active
component protection from moisture, physiologic pH
enzymes, increased bioavailability, dose reduction, controlled
drug release, and targeted medication delivery to specific
sites. Lipid carriers are classified into several categories based
on how they are prepared.34 Lipid, water, and emulsifiers are
necessary elements for nanostructured lipid carriers. Glyceryl
behenate, glyceryl palmitosterate, fatty acids, steroids, and
waxes are examples of solid lipids often utilized in NLCs. At
normal temperature, these lipids are solid.35 NLCs are divided
into imperfect, amorphous, and numerous oil-in-solid fat-in-
water (0/F/W) types based on the composition of lipid and oil
mixes as well as the manner of manufacturing.34 Preservatives
such as phenols and their derivatives, aromatic alcohols,
organic mercury compounds, and others can be used to
preserve nanostructured lipid carriers.3¢ Xiang Li has
formulated ibuprofen loaded nanostructured lipid carriers for
ocular drug delivery to enhance the drug loading and corneal
permeation of the lipophilic molecules by using triglycerides
as a lipid with the help of melted ultrasonic method.3”
Similarly the NLC of triamcinolone acetonide has formulated
which improved the corneal permeability, drug loading which
ultimately results in increased bioavailability of triamcinolone
acetonide. The method used was high pressure
homogenization.38
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3.3 Nanosponges:

The "Nanosponges" strategy uses a nanoparticle-sized system
to distribute both hydrophilic and hydrophobic compounds.
Because nanosponges particles are soluble in water,
encapsulation can be accomplished within the Nanosponges
by the addition of a chemical known as an adjuvant reagent to
eliminate undesirable flavors and to convert liquids to solids
with fewer adverse effects3® The nanosponges are
encapsulating nanoparticles that contain the therapeutic
molecule within their core. The nanoparticle can be
characterized as encapsulating, complexing, or conjugating
based on its mode of drug attachment. Polymers and
crosslinking agents are vital in the manufacture of
nanosponges. Cyclodextrin and its derivatives such as Methyl
B-cyclodextrin, alkyloxy carbonyl cyclodextrins, and
crosslinking agents such as diphenyl carbonate,
diarylcarbonates epicholridine, glutarldehyde are polymers
used in the manufacturing of nanosponges.#0 The most often
utilized approach in the manufacture of nanosponges is
emulsion solvent diffusion. In the case of nanosponges
formulation, there should be some dose dumping*!
Besifloxacin HCL was loaded by Mousumi Pillai utilizing ethyl
cellulose as a polymer in the presence of polyvinyl alcohol as a
surfactant, which increased ocular retention and
permeability.42

3.4 Nanospheres:

Nanoparticles are particles with a diameter of less than one
micrometer that are made wup of biodegradable or
nonbiodegradable polymers, phospholipids, lipids, or metals.
Depending on whether the medicine has been equally
dispersed or coated with the polymeric material, they are
classed as nanospheres or nanocapsules.*3 Polymeric colloidal
particles with sizes ranging from 10 nm to 1 nm are used to
dissolve, entrap, encapsulate, or adsorb drugs. It is composed
of biodegradable substances such as natural or artificial
polymers, lipids, phospholipids, and metals. In order to
produce nanoparticles, drugs can be manufactured in a variety
of ways, including integrating with the matrix or adhering to
the surface of the biodegradable polymers employed in the
preparation. Polylactides (PLAs), polycyanoacrylate, poly (D,
L-lactides), and natural polymers such as chitosan, gelatine,
sodium alginate, and albumin are examples of nanoparticles
utilized in medication delivery to ocular tissues. Nanoparticles
have been employed as drug carriers for eye illnesses for
around the last ten years, with positive results.6 The
distribution of nanoparticles for posterior segment delivery is
determined by their size and surface quality. After periocular
injection to Sprague-Dawley rats, 20 nm particles were rapidly
removed from periocular tissues. Removal by conjunctival,
episcleral, or other periocular circulatory systems may
account for the fast clearance. Particles in the 200-2000 nm
range, on the other hand, remained at the administrative site
for at least two months. Furthermore, due to the quick
clearance and drug release, small size nanoparticles were
unable to maintain retinal drug levels. As a result, it can be
inferred that nanoparticles with slow drug release and low
clearance by blood and lymphatic circulations are appropriate
drug delivery candidates for sustained transscleral drug
administration to the back of the eye.** Poly(lactide-co-
glycolide) acid (PLGA) nanospheres incorporating flurbiprofen
(FB) were produced by J]. Aradjo by using the solvent
displacement technique, for ocular applications aiming to
avoid/minimize inflammation induced by surgical trauma.*s
Similarly Rahul Garhwal has also formulated conventional
contact lenses that incorporate nanosphere-encapsulated the
drug ciprofloxacin and demonstrated that the lenses provide
sustained antibacterial activity.46
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3.5 Niosomes:

Niosomes are vesicles made up of non-ionic surface active
agent bilayers that function as novel drug delivery methods.
Their size is on the nanometric scale and is formulated by
combining non-ionic surfactants of the alkyl or
dialkylpolyglycerol ether class with cholesterol and then
hydrating in aqueous media. Depending on the method of
preparation, niosomes can be unilamellar or multilamellar.4”
They can be delivered to the site of action via parenteral or
topical routes. Niosomes are osmotically active and stable, and
they improve the stability of drug entrapment.48 Cholesterol
and nonionic surfactant are the two key components utilized
in the formation of niosomes; cholesterol gives the
formulation rigidity and appropriate shape. Nonionic
surfactants such as span, tween, and brij are commonly
utilized in the manufacture of niosomes.*® There are three
types of niosomes that are proniosomes, aspasomes and
defarmable niosomes.5? Aza A. Hasan has formulated the
niosomes of Dorzolamide Hydrochloride by using cholesterol
with sorbitan monoesters. Niosomes are prepared by
mechanical shaking technique. Dorzo-loaded niosomal
preparations as a promising ophthalmic carrier to prolong the
drug effect on the intraocular pressure.>! Zubairu et al
developed niosomal system of gatifloxacin composed of span
60 cholestrol and chitosan which shows enhanced
antimicrobial activity with good ocular permeability.52

3.6 Solid Lipid Nanoparticles:

The introduction of solid lipid nanoparticles (SLN) in 1991
represents an alternate carrier system compared to
conventional colloidal carriers. The system is made up of
nanometer-sized spherical solid lipid particles that are
dispersed in water or an aqueous surfactant solution. It is
identical to an oil-in-water emulsion for parentral nutrition,
except that the emulsion's liquid lipid (oil) has been replaced
by a solid lipid, resulting in Solid Lipid Nanoparticles.53
Because of their nonirritant and nontoxic properties, SLNs
were considered one of the best carriers for ocular drugs. The
sustained and controlled drug release features of SLN may be
advantageous in ocular formulations. Furthermore, a good
biocompatibility of SLN may aid in resolving the issue of
standard ophthalmic solutions' limited bioavailability.>+ Solid
lipid nanoparticles (SLNs) entrapped gatifloxacin drug were
produced and characterized utilizing stearic acid (SLN-A) and
a mixture of stearic acid and Compritol (SLN-B) as lipid matrix
and poloxamer-188 as surfactant, with sodium taurocholate
and ethanol as co-surfactant mixtures. Positive -potential of
the formulations suggested that the SLNs were dispersive and
would promote corneal retention of the lipid nanoparticles,
hence increasing ocular bioavailability of the drug.5 The
formulation study was carried outto produce and analyze
methazolamide (MTZ)-loaded solid lipid nanoparticles (SLN)
with and without low molecular weight chitosan (CS)
modification, and to compare their potential for ocular drug
delivery. A modified chemical oxidative degradation process
was used to produce low molecular weight CS. Enhancement
of transcorneal permeation and absence of cytotoxicity in vivo
was occurred.>®

3.7 Leciplex:

Leciplex is a self-assembled, lecithin-based cationic
nanoparticles; the leciplex system's essential constituents
include phospholipid, a cationic surfactant, and a
biocompatible surfactant such as Transcutol HP.57 There are
various advantages to using Leciplex over alternative
nanovesicular carrier systems. It is simply manufactured
without the need of an organic solvent in a single step
manufacturing approach.58 It also promotes corneal
penetration, which is related to the presence of positive
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charges, which allows the nanovesicles to engage intimately
with the negatively charged corneal mucus membrane. This
results in increased corneal penetration and residence, which
is also supported by its small particle size, as well as reduced
drug deposition via lachrymal flow and increased ocular
bioavailability.59 Sertaconazole-Nitrate-Loaded Leciplex has
formulated by wusing soy phosphatidylcholine (SPC),
cetyltrimethylammonium bromide (CTAB), and
dimethyldidodecylammonium bromide (DDAB) which has
ultimately improved corneal permeability and retention time
of the lipophilic drug.5”

3.8 Nanomicelles:

Micelles are made up of amphiphilic molecules that self-
assemble to form structured supramolecular structures in
aqueous conditions. Micelles come in a variety of sizes (10-
1000 nm) and forms (spherical, cylindrical, star-shaped, and
so on). So far, nanomicelles studied for ODD can be
categorized into three basic categories: polymeric, surfactant,
and polyionic complex (PIC) micelles.6® Amphiphilic di-block
(hydrophilic-hydrophobic) polymers, tri-block (hydrophilic-
hydrophobic-hydrophilic) polymers, graft
(hydrophilichydrophobic) and ionic (hydrophilic-ionic)
copolymers make up the majority of polymeric micelles
utilized in drug delivery. The principal hydrophilic element in
the majority of these systems is poly(ethylene glycol) (PEG).61
A drug is expected to reach posterior segment tissues via the
corneal or conjunctival-scleral pathway after topical
application of an eye drop.62 This work was done in situ gelling
system and a loaded drug self-assembling nanomicellar carrier
as a new possible Ocular Drug Delivery System (ODDS) for
Cyclosporine-A (CyA), a weakly water-soluble medication. The
nanomicelles were created using two non-ionic surfactants (d-
-tocopherol polyethylene glycol succinate, VitE-TPGS, and
polyoxyl 40 hydrogenated castor oil, RH-40) The current
findings show the potential of VitE-TPGS/RH-40 polymeric
micelles in ocular drug administration due to their capacity to
improve CyA solubility and residence time in tear fluid,
particularly when used as an in situ gelling method.63

3.9 Ethosomes:

Ethosomes are non-invasive devices for drug delivery that
allow drugs to reach deep skin layers or the systemic
circulation. These are soft, pliable vesicles that have been
produced for increased active drug distribution. They are
mostly made up of phospholipids (phosphotidlycholine,
phosphotidyl serine, and phosphotidic acid), ethanol, and
water. Ethosomes can range in size from tens of micrometers
to microns. It is a minor modification of well-known drug
carrier liposomes. Ethanol acts as a skin penetration booster.
The method by which it improves penetration is well
understood. Ethanol penetrates intracellular lipids, increasing
the fluidity of the lipid membrane and decreasing the density
of the lipid multilayer of the mobileular membrane. According
to the components incorporated into their formula, the known
ethosomal system can be divided into three distinct types:
classic or conventional ethosomes, binary ethosomes, and
transethosomes. Traditional or classical ethosomes are the
first ethosomal systems produced, which altered the liposomal
composition by incorporating a rather high amount of ethanol,
up to 45%, along with phospholipids and water. Binary
ethosomes are modifications of classic ethosomes caused by
the inclusion of several types of alcohol, and transethosme
being the most recent generation of ethosomes.’* Short
biological half-life, low oral bioavailability, and high
lipophilicity are ideal pharmacological characteristics for
ethosomes.65 The beta-adrenoreceptor blocker Timolol
maleate is a commonly used pharmaceutical agent for the
management of glaucoma. Conventional eye drops have
limitations due to biological factors. Burcu Uner has developed
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Timolol- loaded ethosomes for ophthalmic delivery for the
reduction of intraocular pressure. This formulation shows
similar pharmacological response with lowered application
frequencies. Therefore it can be proved that the novel TML-
loaded ethosomes could be a safe and efficient alternative for
glaucoma treatment.66

3.10 Bilosomes:

Bilosomes are nanotechnology based products consists of
Non-ionic surfactant and bile salt. They are chemically stable
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and no special conditions are required for their storage.t’
Abdelbary et al. developed terconazole loaded bilosomes using
cholesterol, span 60, and edge activator. The resulted formula
showed great entrapment, improved permeation, and
enhanced activity.68  Acetazolamide bilosomes were
synthesized using Span 60, cholesterol, and different bile salts
(sodium cholate, sodium deoxycholate, sodium taurocholate,
and sodium tauroglycocholate) in two molar ratios (1:1:0.1
and 1:1:0.2) which showed improved corneal permeation and
ocular bioavailability.69

Table 2: Nanotechnology based drug delivery carriers used in opthalmic research

Carrier Outcomes
Sr.no Drug Refs
platform
Nanocrystal It shows improved absorption
1. Brinzolamide y } p. . P 70
behaviour with effectivelydecrease IOP
Nanocrystal Enhanced retention time and
2. Dexamethasone 4 71
safety
Niosomes High retention of gentamicin sulphate inside the vesicles such that their in vitro
3. Gentamycin release was slower compared to the 68
drug solution.
Niosomes Overcome the problems ofconventional ocular therapy, such as short residence
4. Acetazolamide time, loss of drug through nasolacrimal drainage,impermeability of corneal 72
epithelium
5. Moxifloxacin Leciplex It improves the therapeuticefficacy of hydrophilic drugs 73
NanostructuredlipidIt enhances drug loading and
6. Ibuprofen ) P . 8 . g. . 37
carrier permeation of the lipophilicmolecules
Nanostructured Superior corneal residential
7. Riboflavin . . . P . 74
lipid carrier time, permeation and safety
Nanosponges It shows greater ocular 42
8. Dexamethasone pong . g .
retention and permeation
Solid lipid It prolongs the drug release and
9. Baicalin bie P & & ) - 54
nanoparticle Enhance the apparentpermeation coefficient of drug
10. Acyclovir Liposome It increases the residential time on ocular surface 33

Conclusion:

Nanotechnology based ophthalmic drug delivery system
represent a promising approach in the field of ocular
therapeutics. The utilization of all Nano drug carriers offers
several advantages, including improved drug solubility,
sustained release and enhanced bioavailability. These nanoscale
delivery systems have the potential to address the limitations of
the conventional ophthalmic drug delivery methods, such as
poor drug retention and limited efficacy. Several methodologies
and technologies have been used to reduce dosing intervals,
administered doses, and undesirable effects while increasing
ocular retention time, drug permeation efficacy, and ocular
bioavailability using a regulated and sustained drug delivery
system.
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