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ABSTRACT

Liposomal drug carriers now provide a wide range of options for
ocular delivery. The delivery of medications to ocular tissues is a tough
job for formulation experts. Liposomes have several benefits, allowing
them to be employed in a wide range of applications. Among other
things, they can serve as useful drug carriers in preclinical and clinical
trials. Physiological obstacles (nasolacrimal discharge, blink),
anatomic obstacles (static and dynamic), enzymatic activity, and
metabolism obstacles all obstruct drug transport towards anterior and
posterior regions. Liposomes are categorized according to their
structure, inventions, Intravitreal Implants, classification, preparation

methods, advantages, disadvantages, applications, and formulations.

Furthermore, the recent inventions those are related with ocular drug delivery technologies

also been elaborated. Manuscript also includes the application of lipid nanoparticles those are

used in the treatment of ocular disorders.

KEYWORDS: Liposomes, Ocular drug delivery, lipid nanoparticles, posterior segment,

anterior segment, applications.

INTRODUCTION

Pharmaceutical researchers encounter a huge challenge when it comes to delivering

pharmaceuticals to the eye since a number of impediments in the eye prevent the genuine

dose from reaching the site and maintaining in its therapeutic concentration.™ The eye is

distinguished by its intricate structure and strong resistance to medicines and other external
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agents.”” The medicine's ocular administration is primarily used to treat ophthalmic illnesses
and is not considered a method of achieving systemic pharmacological activity.®! In recent
years, several novel ocular delivery techniques have been devised, as well as safe and
trustworthy ones, to assist overcome all of the obstacles in the eye that contribute to limited
drug bioavailability. The new drug delivery systems are less irritating towards the eyes and
also have a long contact duration inside the eye, leading to increased efficacy and
absorption.[ Delivering medication through the ocular route is difficult due to underlying
characteristics including rapid evacuation of eye-drops from the corneal surface, which leads
to rapid nasolacrimal drainage, and transiting pharmaceuticals over the blood ocular wall and
the cornea.l® For the anterior eye segment, eye drop options are given to cure bacterial or

fungal disorders, conjunctiva, tumours, dry eye condition, and glaucoma.®

Intra vitreal route

Intra cameral
injection

Topical

administration

Sub conjuctival
Injection

Posterior juxta scleral
injection

Figure 1: Routes of entry for ocular medication delivery.

With ocular drug delivery, obtaining optimal medicine concentration is difficult due to the
eye's particular protective factors. A detailed understanding of eye's stationary and non -
stationary obstacles is required for the creation of a drug carrier that achieves dose in the
desired spot. An anterior segment of the eye, which is placed next to the vitreous humour, is
made up of the cornea, pupil, watery liquid, iris, lens, and coloured part of the eye. The
sclera, choroid, retina, vitreous humour, macula, and optic nerve make up the posterior
segment, which covers the back two-thirds of the eye. Local, systemic, mode of occurrence,
and intravitreal medication administration are the most prevalent methods for treating eye
problems. The two primary obstacles for anterior and posterior sector ocular drug dispersion
following systemic injection are the plasma and blood-retinal obstacles, respectively. The
non-coloured ciliary epithelium and the iris blood vessel endothelium form a blood-aqueous
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barrier that prevents dissolved substances from reaching the aqueous fluid. The blood retinal
wall, which limits the entrance of solute into retina, is divided into two layers of cells: retina
capillaries cells and retinal coloured epithelium cells. Liposomal delivery technologies for
medication to the eye is favourable because they can collect either hydrophobic or
hydrophilic medicines and can be delivered to both the anterior and posterior portions of the
eye.l”® The retinal is the sensitive inner coating of the eye's posterior region, which would be
divided from choroid by Bruch's membrane.’® Fluid evacuation and diluting the eye drops,
limited formulation residence time, inadequate corneal and conjunctival uptake of the
medication, and drug losses in systemic circulation are the key drawbacks for topical ocular
delivery. To optimise eye drops intake by improving penetration and reducing pharmaceutical
losses, many resources are used. Another option is to utilise drug delivery systems to improve
ocular absorption, such as nano or micro-systems capable of increasing the active substance's
absorption and delivering a regulated and sustained drug release.l! Non-invasive drug
delivery, such as oral drugs, eye ointments, and external eye drops, has traditionally been
treated a variety of eye disorders, but the majority of them are unsuccessful and only apply in
initial minor symptoms.®! Drug delivery systems try for the highest spatiotemporal efficiency
while delivering therapeutic amounts of an active drug.®® The convenience and stability of
using external and non-invasive procedures for drug administration to posterior part of an eye
over injections are advantages of using external and non-invasive approaches of drug carrier
to posterior part of an eye. In order to promote the product, the delivery system must be cost-
effective, dependable, and adaptable to pharmaceuticals with a wide range of Physico-
chemical features.®”! In ocular drug delivery, the pro-drug idea is used to increase overall
absorption of topically injected drugs, which is a key challenge in the area.l***® The use of
nanoparticles in medication formulations can improve drug absorption in the ocular
tissues.™! Colloidal drug delivery systems are more effective in increasing ocular medication
absorption while reducing systemic absorption and negative effects.™® Drug delivery
techniques based on nanotechnology, such as micro suspensions, lipid nanoparticles, and
polymeric micro systems*® and liposomes have solved many solubility issues with poorly

soluble medications such as dexamethasone, budesonide, ganciclovir, and others.!*"!

The majority of ophthalmic medications are administered topically as eye drops. In the
absence of any attempts to change this, the timing of delivery of drugs out of an eye drop fits
the trend, with Kkinetics that resemble first order, this translates toward "pulse-entry" of the

drug leads to a rapid decline inside the amount in the tears. Efficient eye drop therapy can be
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obtained by providing a suitably big pulse with a long-lasting effect, or by delivering a less
concentrated pulse more often.!*!

Some of the innovative ocular medication delivery technologies have improved pulse
entrance and increased drug absorption in the cornea.

Recent inventions for ocular Drug-Delivery technologies

Anterior Segment Ocular Drug-
Delivery Technologies

Ocular
Punctum Plugs lontophoresis

Subconjunctival/ Drug-Eluting
Episcleral Implants : | Contact Lenses

Cul-de-sac Implants

Figure 2: Inventions for anterior segment.

Posterior Segment Ocular Drug-
Delivery Technologies

Suprachoroidal Drug
Durasert Drug- Delivery Utilizing
Delivery Hollow Microneedles
Technology System and Microsurgical
Cannulas

NOVADUR Drug-
Delivery l-vation Encapsulated Cell

Technology Triamcinolone \ Technology
Acetonide Drug-
Delivery
Technology

Figure 3: Inventions for posterior segment.
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Clinically used intravitreal implants

Non-biodegradable Devices.

Ranibizumahb Port
Delivery System

I-wvation

Figure 4: Non- biodegradable implants.

Biodegradable Devices

Figure 5: Biodegradable implants.

Factors limiting ocular bioavailability of drugs

Factors limiting ocular bioavailability
of
drugs

Blood-ocular
Cornea barriers

Conjunctiva

Figure 6: Factors limiting ocular bioavailability of drug.
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Liposomes

In 1965, liposomes were initially employed as medication delivery vehicles.”? (Fre'zard
1999) Liposomes were lipid bilayers isolated by water sections in artificial vesicles./*!
Liposomes have historically been utilised as drug delivery vehicles, with various
formulations having received FDA approval and being tested in clinical studies./””
Liposomes are lipid multilayer spherical vesicles with aqueous core and repulsive ring.?® In
the pharmaceutical industry, liposomal formulations are being studied intensively as secure
and efficient carrier system.® Liposomes are colloidal vesicles composed with one or many
lipid bilayers enclosed by an equivalent amount of aqueous cores.”?” When phospholipids are
dispersed in water, liposomes develop spontaneously, forming a sealed construct with an
internal aquatic environment enclosed by phospholipid bilayer borders.” Liposomes, which
seem to be micro composed of cell membrane lipid bilayer enclosing the aqueous layer, for a
multitude of purposes, are a viable approach for ocular medication orders, including
increased drug uptake residence time.””! Liposomes are tiny vesicles made up of concentric
lipid bilayers separated by aqueous buffer compartments. The existence of several bilayers
distinguishes multilamellar vesicles (MLV).”% Positive charge liposomes have a greater
propensity for attaching the corneal surface in neutral or negative charge lipid
nanoparticles.®™ In retinal bodies, their half-lives can also be prolonged without generating
toxicity. However, due to their weak bioadhesion, their ability to infiltrate underlying tissue is
restricted. A variety containing biological macromolecules, like polymers and specific
ligands, have been used in combination with liposomes to improve trans-shipment

efficiency.*¥

+—————— Phospholipids

Hydrophilic head —
Hydrophobic tail

Aqueous Phase Fatty Acid chains

Figure 7: Diagrammatical representation for hydrophilic (polar) Head and

Hydrophobic (non- polar) tail.
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Liposomes are generally 40 nm to 120 nm or more in size.?® In these vesicular structures, a
watery area was covered by natural or manufactured phospholipid bilayers.*® Because of the
large number of compounds accessible and the wide spectrum of therapeutic targets, lipid
nanoparticles administration of small-molecule therapies is still a hot topic.% The molecules
of medicine must reach certain areas inner the target tissue in order for the drug's effects to be
maximised. Because drug molecules are often unable to effectively access their site of action,
vehicles that can efficiently carry the needed amount of medication to the target site are
required.” It's also worth looking into the drug delivery effectiveness of PEGylated
liposomes containing cholesterol analogues for ocular medication treatment.? When
compared to those given with uncoated C3G (Cyanidin-3-glycoside)-loaded liposomes, lipid
peroxidation in the lens was significantly reduced." With qualities such as enhanced
permeation, bioactivity, and drug preservation, chitosan's smaller molecular mass might be a
viable eye pharmaceutical carrier.*?’ Muco-adhesive liposomes were created to prevent the
massive loss of a topically administered medication solution.*® Nanotechnology is critical to
scientific and technical advancement in a variety of industries, particularly in the
pharmaceutical industry. Commercially successful nanocarriers systems for superior
properties such as targeting, extended / controllable release, high absorption, and so on are
driving the broad applicability of nanotechnology in the pharmaceutical area.!*”
Chemotherapy uses both pegylated liposome-encapsulated and non-pegylated liposomal
forms.*) Coating liposomes with SF (silk fibroin) assembled many single vesicular
liposomes into a multi-vesicular liposome with a higher particle diameter in a highly

structured and refined way, with no observable cytotoxicity.!®!

It is vital to pay attention to
several specific needs in order to maximise ophthalmic preparations. The most essential
physical and chemical properties of the samples were tested, including pH, osmolarity,
expansion, and viscosity.*”? The use of lipid nanoparticles as topical medication delivery
methods with improved tissue penetration has attracted a lot of attention.[*®! Liposomes might
be a feasible option to eye drops, lowering the number of doses required and improving
patient compliance.*® Due to repulsive generated electrostatic forces, the negative
charge liposome would be an ideal vehicle for medication delivery to the posterio portion of
an eye.® Liposomes can lessen the toxicity of various active chemicals in the eye while also

increasing their residence length.!
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Classification of liposome

Liposomes are classified into three i.e. multilamellar vesicles (MLVSs), large unilamellar
vesicles (LUVs), and small unilamellar vesicles (SUVs).? In small unilamellar vesicles, a
watery inner core is surrounded by a single lipid layer. A multilamellar vesicles are made up
of many levels of lipid bilayers.2*®**1 MLVs are metastable energy configurations with
various features dependent on the liposomal formulation's polydispersity.®? Figure 8
summarises the different types of liposomes and their sizes. The medicine actual size of lipid
nanoparticles was determined by a number of factors, including the diameter of the
nanoparticles, exactly the sort lipid used in their production, and the physicochemical
characteristics of the medicinal agent. SUVs, for fact, are the smallest and so have a lower
entrapment efficiency than MLVs. On the other side, LUVs offer a nice balance of size and

medication loading capabilities.

Large Small
,\-Iul‘tilamellax unilamellar unilamellar
V e51cl_es vesicles vesicles
(300-5000nm) (100-300nm) (20-100nm)

Figure 8: Classification of liposomes — MLV, LUV and SUV.

Liposomes can contain either lipophilic. Hydrophilic medicines become caught in the
water phase, whereas hydrophobic medicines get trapped into lipid bilayers. Developing lipid
nanoparticles using anionic or cationic lipids can increase the entrapment efficiency of ionic
substances even further.™® The most frequent constituents in liposomal formulations are
phosphatidylcholine (PC) and additional elements like cholesterol or lipid-conjugated
hydrophilic polymers. Cholesterol incorporation increases membrane stiffness, which
enhances stability. Liposome stability is determined by the lipids bilayer's surface charge,
volume, interface moisture, and mobility. Liposomes' interaction with the optical layer is
determined by their surface charge. Nanocarriers with a positive charge penetrate the cornea
quicker than those with a negative charge. When delivered systemically, neutral nanocarriers

resist removal by the reticuloendothelial system (RES). On the other side, these vesicles have
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a higher predisposition for self-aggregation. Negative and positive charge liposomes, from
the other side, have a lower tendency to aggregate but are eliminated faster via RES cells
because of greater contact of proteins in the blood. The diameter of lipid nanoparticles affect
RES clearance as well. Due to a reduction in opsonization of lipid nanoparticles with serum
protein, solid lipid nanoparticles with a diameter from less than 100nm have a substantially
longer circulation period.* Phospholipids may create lipid bilayers due to their amphiphilic
nature. This one-of-a-kind characteristic is used in the production of liposomes. In general,
when phospholipids are hydrated, MLVs develop, which can then be converted into SUVs
using sonication. Phospholipid micelles are generated when the concentration of surfactant in
an aqueous solution exceeds the critical micelle concentration. Essential micelle numbers for
amphiphiles are roughly four to five times larger than phospholipids, which produce
liposomes after surfactant filtration and micelle aggregation, resulting in LUVs.P?
Liposomes have been created using a number of techniques. The most common processes are
liquid evaporate, reversal stage volatilization, and soap filtration.*® The encapsulated drug
can be released from a liposome by passive transport, membrane breakdown, or membrane
retaining. Drug molecules travel from the lipid membranes of the lipid nanoparticles to
approach the additional vesicular layer of passive diffusion. The bulk, lipid content, and
properties of the medicine determine the flow rate.®"%8%! Because drug diffusion travels
through a number of barriers in multi-layered liposomes, unilamellar liposomes have such a
greater extraction efficiency than multilamellar liposomes. As a response, the drug's release
has been postponed. Circulating blood phospholipase and increased lipoprotein may damage
the phospholipid coats of liposomes, causing vesicle breakdown and the release of the
encapsulated medication into the cells. The degree of breakdown of the lipid nanoparticles
membrane determines the pace of drug release.™™ The dimensions, charge density,
composition, particular ligand on the lipid nanoparticles exterior, and biological environment
all impact liposome cell interactions. Adhesion, fusing, lipid transfer, and cell devouring are
the four ways liposomes link with cells. Lipid membranes can be formed on the surface of the
cell in a specific or non-specific manner, or they can be attached on living cells and release
the encapsulated drug inside the cell. Liposomes can release encapsulated drugs in front of
each cell membrane during adsorption, but these medications can however enter cells via
micropinocytosis. Endocytosis, a process that can be selected or widespread, can also be used
to absorb them inside the cell. Negative charge liposomes were shown to be more successful
in absorbing into cells through the endocytosis process than neutral liposomes. Liposomes

bind to receptors in lipid invaginations on membranes and pass through the membrane
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through an endocytotic route. They can fuse with the endosomal membrane after endocytosis
to generate an endosome that can be transported to lysosomes. Peptidase & hydrolase within
lysosomes degrade lipid nanoparticles and their ingredients. Liposomes that are responsive to
stimuli (in pH or temperature) were developed to avoid this breakdown and so increase
cytoplasmic bioavailability. Solid lipid nanoparticles that are PH-sensitive can adhere to
endosomal walls and discharge their contents further into cytoplasm. Liposomes can
destabilise within the endosome and discharge their components, or they might disrupt the
endosomal membrane and enable encapsulated material to leak into the cytoplasm.[**®% we
wanted to see how lipid membranes have been employed in the area of ocular medication

delivery by various researchers over the last decade.

Techniques for making liposomes

Techniques for synthesizing in general shown in Figure 9.

All the methods of preparing the
liposomes involve four basic stages:

Figure 9: Different methods for preparation of liposomes.
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Methods For Drug
Loading In Liposomes

ve loading techniques

Figure 10: Drug loading method in liposomes.

There are three types of passive loading

procedures

1. Mechanical dispersion method

— 2. Solvent dispersion method

3. Detergent removal method (removal of
non-encapsulated material)

Figure 11: Different types of passive loading technique.

1. Mechanical dispersion method

(i) Sonication

The somication approach is
perhaps the most commonly
used for SUV preparation.
MILVs are stirred
continuously with a type
sonicator or a probed
somicator im a passive
environment.(TI)

There are two forms of
somication:
a) The probe's sonication.

b) In the bath sonication (74)

(ii) Fremch pressure cell: extrusion

MLV is extruded via a small opening.
(7). During the French pressurized
wvesicle technique, the proteins need

not appear to be as haughty like they

do with sonication, which would be an
important element. (75). One
interesting finding is that enclosed
solutes generated via sonication or
detergent clearance appear to be
remembered for far more inside

French pressurized vesicles than they

do in SUVs. (76, 77, 78). The resulting
liposomes are bigger than somicated

SUVs.

(iii) Fr thawed lip
SUVs are frozen and thawed in
rapid succession. In a brief period
of time, sonication dissolves
aggregated materials to LUV, The
merging of SUV after freezing and
thawing procedures leads to the
Tormation of unilamellar vesicles.
(80, 81, 82) By raising the
phospholipid content and the ionic
strength of the mediom, this kind of
synthesis is dramatically inhibited.
E psulation efficiencies ranging
from 20 percent to 30 percent have
been achieved. (H0).

Figure 12: Mechanical dispersion method.
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2. Solvent dispersion method

Figure 13: Solvent dispersion method.

3. Detergent removal method (remowval of non-
encapsulated material)

Figure 14: Detergent removal method.

Liposome characterization[®6465¢7]

Liposome Characterization

4.
Investigation
of the
Refractive
Index and pH

5. Ix : >
R:-E::E 7. Liposomal 8. Ocular

%md.‘;‘ in Dispersion's Irritation
Vitro Stability Study

Figure 15: Characterization of liposomes.

1. Zeta 2
Potential amd Entrapment 3.
Particle Size Efficiency Morphological
Measurement (EE)
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Zeta Potential and Particle size measurement
The Malvern Zetasizer 2000 has been used to investigate the zeta potential as well as particle
size distribution. Light scattering in a dynamic state was used to estimate particle sizes.®® At

room temperature, all measurements were repeated three times.

Entrapment Efficiency (EE)

The liposomal dispersion was decreased using buffer and spun at 15000 rpm for 30 minutes
in an R-24 centrifuge. A UV spectrophotometer is used to determine the medication content
in the supernatant. The EE is determined as a percentage of the total drug levels with in lipid
nanoparticle dispersion. The effect of vibrating on EE is measured after 3 to 6 hours of
shaking. The EE was calculated using the following equation:

EE = total drug input (mg) — drug in supernatant (mg) x 100/ Total drug input (mg)

Morphologicall®!

Liposome morphology is studied using a light microscopy. Each recipe included a drop of
encapsulated suspension on a glass slide that was coated with a plastic cover for light
microscope. On a stub coated with clean glass, a drop of distribution was inserted. The
sample was sputter-coated with gold using an Apolaron E5100 sputter-coater. For the
electron microscopy (TEM) inspection, a small sample of the liposomal distribution was
negatively stained using uranyl acetate. 80 keV was used to analyse the samples.

Investigation of the refractive Index and pH
The index of refraction of selected formulations is investigated using an optical kind
of refractometer. In order to determine the real pH of liposomal formulation at room

temperature, digital pH metre is used.

Drug release studies in vitro

Float-A lyzer (1000 KD) Dialysis Gadgets facilitated in-vitro drug release by pouring PSA-
loaded lipid nanoparticles in containers. A CA membrane is used to separate the dissolving
media from the samples. Then vials are immersed in 300 ml of simulated tear fluid (STF)
containing 1% SLS and a pH of 7.4. The heat and stirring rate is 37°C and 150 rpm,
respectively. Then sample is suitably diluted, and HPLC is used to determine the amount of

PA present.
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Permeation of in vivo

To assess the in vivo penetration of the PSA packed liposome, migrating cells with a volume
of 10 ml artificial tear fluid pH 7.4, 37°C, 200 rpm is utilised. The receptor chambers are
covered by goat corneal membranes. The donor chambers are filled with 150 mg of PA-
loaded lipid nanoparticles. To duplicate the lowest amount of tear thrown on the eye surface,
the distribution media is poured towards the tip of the lipid nanoparticles. The Franz diffusing
cells stirring speed is set to 600 revolutions per minute. A sample is obtained at regular
intervals. After that, PSA penetration through the ocular membrane is examined.

Liposomal dispersion's stability
The PA-loaded lipid nanoparticles distribution and the blank lipid nanoparticles distribution
is kept in 25°C. Every 15, 30, 60, and 90 days after preparation, they were visually viewed as

well as microscopically examined.

Ocular irritation study!&%!

To test chemicals, the HET-CAM method was used. The exposed CAM membrane was
immediately treated with pure or diluted solutions, which were then examined under a
microscope. The length of time it required for a reaction on the membrane to occur was
recorded around 30, 120, and 300 sec. The compounds were sorted based on their irritation
score (IS). The response effects were seen in the setting of bleeding, coagulation, and lysis.
The research time was 300 seconds, and the test formulation was 0.3 ml. For comparison with

the formulation, negative and positive controls were also examined.

Advantages

e Drug effectiveness and therapeutic index have improved.!™

e The encapsulation improves drug stability.

e It is non-immunogenic, non-toxic, flexible, biocompatible, and biodegradable.

e The encapsulated agents' toxicity is reduced.

e Reduced exposure to hazardous drugs in sensitive tissues.

e The impact of avoiding a particular location.

e Pharmacokinetic effects have improved.!™

e The structure's flexibility allows for the trapping of both water-soluble and insoluble

medicines.

e Controlling the effective release.
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Simple to put together.
Provides both active and passive targeting.
There is no cardiotoxicity because it does not collect in the heart.

Prevent the medication from oxidising.*?

Disadvantages

Solubility is low.!™

It has a short half-life.

Phospholipid oxidation as well as a hydrolysis.

Encapsulated drug/molecule leakage and fusion

Costs of manufacturing are high.

Fewer stables. Liposomes are challenging to develop at an industrial scale due to their

physiological and physicochemical instability.!®"

Application of lipid nanoparticles as ocular dosage!?!

Because of its advantages, the use of liposomes as a carrier system for eye medication has

been studied.

a.
b.

It's a biocompatible, biodegradable nano-carrier.

By adhering to the ocular surface and increasing residence duration, it can help poorly
absorbed medication molecules penetrate better.

It encloses both hydrophilic and hydrophobic pharmacological particles.

Lipid nanoparticles can help with pharmacokinetics, therapeutic impact, and toxicity
associated with larger doses.

Because of their adaptability, lipid nanoparticle is widely explored in therapy of eye

diseases.

Figure 16 summarises, liposomal compositions containing several therapeutic substances

have recently been used.!?!
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Ganciclovir (GCV) ——

Formulation

Liposomes

Liposomal

Ciprofloxacin

Hydrogels

Liposomes attached

Levofloxacin

Herpes Simplex virus

to contact lens

Antigens

Periocular Vaccine

Neutral and surface-

Acetazolamide

Tacrolimus —

charghed liposomes

Liposomes

Clodronate

Liposomes

Plasmid DNA

Cationic liposomes

Therapeuntic DNA

Cationic Lipoplexes

Figure 16: Summarization of liposomal compositions containing several therapeutic

substances.

CONCLUSION

This study is done to improve the basic knowledge of liposomes to treat ocular disease. Both

segment posterior as well as anterior were studied. Liposomes were studied according to its

structure, inventions, Intravitreal Implants, classification, preparation methods, advantages,
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disadvantages, applications, and formulations. Liposomes have been investigated extensively
in the delivery of ophthalmic drugs. By delivering drugs in a regulated and targeted manner,

these carriers have helped increase medication bioavailability.

ACKNOWLEDGEMENT
The authors are highly thankful to institution for providing support.

Conflict of interest

None.

Funding support
None.

REFERENCES

1. Yavuz B, Bozdag Pehlivan S, Unlii N. Dendrimeric systems and their applications in
ocular drug delivery. The Scientific World Journal, 2013; 1: 2013.

2. Mainardes RM, Urban MC, Cinto PO, Khalil NM, Chaud MV, Evangelista RC, Daflon
Gremiao MP. Colloidal carriers for ophthalmic drug delivery. Current drug targets, 2005;
1, 6(3): 363-71.

3. Wadhwa S, Paliwal R, Paliwal SR, Vyas SP. Nanocarriers in ocular drug delivery: an
update review. Current pharmaceutical design, 2009; 1, 15(23): 2724-50.

4. Bhattacharjee A, Das PJ, Adhikari P, Marbaniang D, Pal P, Ray S, Mazumder B. Novel
drug delivery systems for ocular therapy: With special reference to liposomal ocular
delivery. European journal of ophthalmology, 2019; 29(1): 113-26.

5. Qamar Z, Qizilbash FF, Iqubal MK, Ali A, Narang JK, Ali J, Baboota S. Nano-based
drug delivery system: recent strategies for the treatment of ocular disease and future
perspective. Recent Patents on Drug Delivery & Formulation, 2019; 1, 13(4): 246-54.

6. Zhang X, Cao X, Qi P. Therapeutic contact lenses for ophthalmic drug delivery: Major
challenges. Journal of Biomaterials Science, Polymer Edition, 2020; 3, 31(4): 549-60.

7. Mishra GP, Bagui M, Tamboli V, Mitra AK. Recent applications of liposomes in
ophthalmic drug delivery. Journal of drug delivery, 2011.

8. Lopez-Cano JJ, Gonzalez-Cela-Casamayor MA, Andrés-Guerrero V, Herrero-Vanrell R,
Molina-Martinez IT. Liposomes as vehicles for topical ophthalmic drug delivery and

ocular surface protection. Expert opinion on drug delivery, 2021; 3, 18(7): 819-47.

www.wjpr.net | Vol 11, Issue9,2022. | 1SO 9001:2015 Certified Journal | 412



Sandhu et al. World Journal of Pharmaceutical Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Tsai CH, Wang PY, Lin IC, Huang H, Liu GS, Tseng CL. Ocular drug delivery: Role of
degradable polymeric nanocarriers for ophthalmic application. International journal of
molecular sciences, 2018; 19, 19(9): 2830.

Booth BA, Denham LV, Bouhanik S, Jacob JT, Hill JM. Sustained-release ophthalmic
drug delivery systems for treatment of macular disorders. Drugs & aging, 2007; 24(7):
581-602.

Johannesson G, Stefansson E, Loftsson T. Microspheres and nanotechnology for drug
delivery. Retinal Pharmacotherapeutics, 2016; 55: 93-103.

Barot M, Bagui M, R Gokulgandhi M, K Mitra A. Prodrug strategies in ocular drug
delivery. Medicinal Chemistry, 2012; 1, 8(4): 753-68.

Janoria KG, Hariharan S, Dasari CR, Mitra AK. Recent patents and advances in
ophthalmic drug delivery. Recent Patents on Drug Delivery & Formulation, 2007; 1, 1(2):
161-70.

Wang X, Wang S, Zhang Y. Advance of the application of nano-controlled release system
in ophthalmic drug delivery. Drug Delivery, 2016; 12, 23(8): 2897-901.

Ameeduzzafar, Ali J, Fazil M, Qumbar M, Khan N, Ali A. Colloidal drug delivery
system: amplify the ocular delivery. Drug delivery, 2016; 23, 23(3): 700-16.

Nagarwal RC, Kant S, Singh PN, Maiti P, Pandit JK. Polymeric nanoparticulate system: a
potential approach for ocular drug delivery. Journal of Controlled Release, 2009; 21,
136(1): 2-13.

Sahoo SK, Dilnawaz F, Krishnakumar S. Nanotechnology in ocular drug delivery. Drug
discovery today, 2008; 1, 13(3-4): 144-51.

Shell JW. Ophthalmic drug delivery systems. Survey of ophthalmology, 1984; 1, 29(2):
117-28.

Gote V, Sikder S, Sicotte J, Pal D. Ocular drug delivery: Present innovations and future
challenges. Journal of Pharmacology and Experimental Therapeutics, 2019; 1, 370(3):
602-24.

Wang J, Jiang A, Joshi M, Christoforidis J. Drug delivery implants in the treatment of
vitreous inflammation. Mediators of inflammation, 2013; 2013.

Achouri D, Alhanout K, Piccerelle P, Andrieu V. Recent advances in ocular drug
delivery. Drug development and industrial pharmacy, 2013; 1, 39(11): 1599-617.
Bangham AD, Standish MM, Watkins JC. Diffusion of univalent ions across the lamellae

of swollen phospholipids. Journal of molecular biology, 1965; 1, 13(1): 238-IN27.

www.wjpr.net | Vol 11, Issue9,2022. | 1SO 9001:2015 Certified Journal | 413



Sandhu et al. World Journal of Pharmaceutical Research

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Habib FS, Fouad EA, Abdel-Rhaman MS, Fathalla D. Liposomes as an ocular delivery
system of fluconazole: in-vitro studies. Acta ophthalmologica, 2010; 88(8): 901-4.

Geng S, Yang B, Wang G, Qin G, Wada S, Wang JY. Two cholesterol derivative-based
PEGylated liposomes as drug delivery system, study on pharmacokinetics and drug
delivery to retina. Nanotechnology, 2014; 24, 25(27): 275103.

Gulsen D, Li CC, Chauhan A. Dispersion of DMPC liposomes in contact lenses for
ophthalmic drug delivery. Current eye research, 2005; 1, 30(12): 1071-80.

Maestrelli F, Gonzalez-Rodriguez ML, Rabasco AM, Ghelardini C, Mura P. New “drug-
in cyclodextrin-in deformable liposomes” formulations to improve the therapeutic
efficacy of local anaesthetics. International journal of pharmaceutics, 2010; 16, 395(1-2):
222-31.

Maja L, Zeliko K, Mateja P. Sustainable technologies for liposome preparation. The
Journal of Supercritical Fluids, 2020; 1, 165: 104984.

Mosisa B, Birhanu T; Applications of liposomes in ophthalmic drug delivery system;
World Journal of pharmacy and pharmaceutical sciences, 2017; 6(11): 114-153.

Diebold Y, Jarrin M, Saez V, Carvalho EL, Orea M, Calonge M, Seijo B, Alonso MJ.
Ocular drug delivery by liposome—chitosan nanoparticle complexes (LCS-NP).
Biomaterials, 2007; 1, 28(8): 1553-64.

Kaur IP, Garg A, Singla AK, Aggarwal D. Vesicular systems in ocular drug delivery: an
overview. International journal of pharmaceutics, 2004; 9, 269(1): 1-4.

Gan L, Wang J, Jiang M, Bartlett H, Ouyang D, Eperjesi F, Liu J, Gan Y. Recent
advances in topical ophthalmic drug delivery with lipid-based nanocarriers. Drug
discovery today, 2013; 1, 18(5-6): 290-7.

Mainardes RM, Urban MC, Cinto PO, Khalil NM, Chaud MV, Evangelista RC, Daflon
Gremiao MP. Colloidal carriers for ophthalmic drug delivery. Current drug targets, 2005;
1, 6(3): 363-71.

EIBayoumi TA, Torchilin VVP. Current trends in liposome research. InLiposomes, 2010;
605: 1-27. Humana Press.

Lai S, Wei Y, Wu Q, Zhou K, Liu T, Zhang Y, Jiang N, Xiao W, Chen J, Liu Q, Yu Y.
Liposomes for effective drug delivery to the ocular posterior chamber. Journal of
nanobiotechnology, 2019; 17(1): 1-2.

Bochot A, Fattal E, Boutet V, Deverre JR, Jeanny JC, Chacun H, Couvreur P. Intravitreal
delivery of oligonucleotides by sterically stabilized liposomes. Investigative
Ophthalmology & Visual Science, 2002; 1, 43(1): 253-9.

www.wjpr.net | Vol 11, Issue9,2022. | 1SO 9001:2015 Certified Journal | 414



Sandhu et al. World Journal of Pharmaceutical Research

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Ravar F, Saadat E, Gholami M, Dehghankelishadi P, Mahdavi M, Azami S, Dorkoosh
FA. Hyaluronic acid-coated liposomes for targeted delivery of paclitaxel, in-vitro
characterization and in-vivo evaluation. Journal of controlled release, 2016; 10, 229:
10-22.

Wang JL, Liu YL, Li Y, Dai WB, Guo ZM, Wang ZH, Zhang Q. EphA2 targeted
doxorubicin stealth liposomes as a therapy system for choroidal neovascularization in
rats. Investigative Ophthalmology & Visual Science, 2012; 1, 53(11): 7348-57.
Akbarzadeh A, Rezaei-Sadabady R, Davaran S, Joo SW, Zarghami N, Hanifehpour Y,
Samiei M, Kouhi M, Nejati-Koshki K. Liposome: classification, preparation, and
applications. Nanoscale research letters, 2013; 8(1): 1-9.

Urquhart AJ, Eriksen AZ. Recent developments in liposomal drug delivery systems for
the treatment of retinal diseases. Drug Discovery Today, 2019; 1, 24(8): 1660-8.

Honda M, Asai T, Oku N, Araki Y, Tanaka M, Ebihara N. Liposomes and
nanotechnology in drug development: focus on ocular targets. International journal of
nanomedicine, 2013; 8: 495.

Zhang J, Liang X, Li X, Guan Z, Liao Z, Luo Y, Luo Y. Ocular delivery of cyanidin-3-
glycoside in liposomes and its prevention of selenite-induced oxidative stress. Drug
Development and Industrial Pharmacy, 2016; 2, 42(4): 546-53.

Li N, Zhuang CY, Wang M, Sui CG, Pan WS. Low molecular weight chitosan-coated
liposomes for ocular drug delivery: in vitro and in vivo studies. Drug delivery, 2012; 1,
19(1): 28-35.

Mehanna MM, Elmaradny HA, Samaha MW. Mucoadhesive liposomes as ocular delivery
system: physical, microbiological, and in vivo assessment. Drug development and
industrial pharmacy, 2010; 1, 36(1): 108-118.

Gai X, Cheng L, Li T, Liu D, Wang Y, Wang T, Pan W, Yang X. In vitro and in vivo
studies on a novel bioadhesive colloidal system: cationic liposomes of ibuprofen. Aaps
Pharmscitech, 2018; 19(2): 700-9.

Dou XQ, Wang H, Zhang J, Wang F, Xu GL, Xu CC, Xu HH, Xiang SS, Fu J, Song HF.
Aptamer—drug conjugate: Targeted delivery of doxorubicin in a HER3 aptamer-
functionalized liposomal delivery system reduces cardiotoxicity. International journal of
nanomedicine, 2018; 13: 763.

Dong Y, Dong P, Huang D, Mei L, Xia Y, Wang Z, Pan X, Li G, Wu C. Fabrication and
characterization of silk fibroin-coated liposomes for ocular drug delivery. European

Journal of Pharmaceutics and Biopharmaceutics, 2015; 1, 91: 82-90.

www.wjpr.net | Vol 11, Issue9,2022. | 1SO 9001:2015 Certified Journal | 415



Sandhu et al. World Journal of Pharmaceutical Research

47. Budai L, Hajdu M, Budai M, Grof P, Béni S, Noszél B, Klebovich I, Antal I. Gels and
liposomes in optimized ocular drug delivery: studies on ciprofloxacin formulations.
International journal of pharmaceutics, 2007; 1, 343(1-2): 34-40.

48. Chetoni P, Monti D, Tampucci S, Matteoli B, Ceccherini-Nelli L, Subissi A, Burgalassi
S. Liposomes as a potential ocular delivery system of distamycin A. International journal
of pharmaceutics, 2015; 15, 492(1-2): 120-6.

49. Moustafa MA, Elnaggar YS, El-Refaie WM, Abdallah OY. Hyalugel-integrated
liposomes as a novel ocular nanosized delivery system of fluconazole with promising
prolonged effect. International Journal of Pharmaceutics, 2017; 20, 534(1-2): 14-24.

50. Behroozi F, Abdkhodaie MJ, Abandansari HS, Satarian L, Ashtiani MK, Jaafari MR,
Baharvand H. Smart liposomal drug delivery for treatment of oxidative stress model in
human embryonic stem cell-derived retinal pigment epithelial cells. International Journal
of Pharmaceutics, 2018; 5, 548(1): 62-72.

51. Bochot A, Fattal E. Liposomes for intravitreal drug delivery: a state of the art. Journal of
Controlled Release, 2012; 20, 161(2): 628-34.

52. Subash Chandran MP, Prasobh GR, Jaghatha T, Aswathy BS, Remya SB. An Overview
on Liposomal Drug Delivery System. Int. J. Pharm. Phytopharm. Res, 2019; 9(2): 61-8.
53. DB T. Remington: the science and practice of pharmacy. Lippincott Williams & Wilkins,

Philadelphia, 2005; 1782-95.

54. Lian T, Ho RJ. Trends and developments in liposome drug delivery systems. Journal of
pharmaceutical sciences, 2001; 1, 90(6): 667-80.

55. Jesorka A, Orwar O. Liposomes: technologies and analytical applications. Annu. Rev.
Anal. Chem, 2008; 19, 1: 801-32.

56. Niesman MR. The use of liposomes as drug carriers in ophthalmology. Critical Reviews
in Therapeutic Drug Carrier Systems, 1992; 1, 9(1): 1-38.

57. Papahadjopoulos D, Jacobson K, Nir S, Isac I. Phase transitions in phospholipid vesicles
fluorescence polarization and permeability measurements concerning the effect of
temperature and cholesterol. Biochimica et Biophysica Acta (BBA)-Biomembranes,
1973; 6, 311(3): 330-48.

58. Guy RH, Hadgraft J, Taylor MJ, Kellaway IW. Release of non-electrolytes from
liposomes. Journal of Pharmacy and Pharmacology, 1983; 35(1): 12-4.

59. TSUKADA K, UEDA S, OKADA R. Preparation of liposome-encapsulated anti-tumor
drugs; relationship between lipophilicity of drugs and in vitro drug release. Chemical and
pharmaceutical bulletin, 1984; 25, 32(5): 1929-35.

www.wjpr.net | Vol 11, Issue9,2022. | 1SO 9001:2015 Certified Journal | 416



Sandhu et al. World Journal of Pharmaceutical Research

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Zeng L, Wu X. Modeling the sustained release of lipophilic drugs from liposomes.
Applied Physics Letters, 2010; 16, 97(7): 073701.

Torchilin VP. Recent advances with liposomes as pharmaceutical carriers. Nature reviews
Drug discovery, 2005; 4(2): 145-60.

Bonacucina G, Cespi M, Misici-Falzi M, Palmieri GF. Colloidal soft matter as drug
delivery system. Journal of pharmaceutical sciences, 2009; 1, 98(1): 1-42.

Joshi H, Shelat P, Dave D. Optimization and characterization of lipid based nano
emulsion of prednisolone acetate for ophthalmic drug delivery. Research Journal of
Pharmacy and Technology, 2020; 13(9): 4139-47.

Woodle MC, Papahadjopoulos D. [9] Liposome preparation and size characterization.
Methods in enzymology, 1989; 1, 171: 193-217.

Chang HI, Yeh MK. Clinical development of liposome-based drugs: formulation,
characterization, and therapeutic efficacy. International journal of nanomedicine, 2012; 7:
49.

Sasaki H, Karasawa K, Hironaka K, Tahara K, Tozuka Y, Takeuchi H. Retinal drug
delivery using eyedrop preparations of poly-L-lysine-modified liposomes. European
Journal of Pharmaceutics and Biopharmaceutics, 2013; 1, 83(3): 364-9.

Moustafa MA, Elnaggar YS, EI-Refaie WM, Abdallah OY. Hyalugel-integrated
liposomes as a novel ocular nanosized delivery system of fluconazole with promising
prolonged effect. International Journal of Pharmaceutics, 2017; 20, 534(1-2): 14-24.
Vinardell MP, Macian M. Comparative study of the HET-CAM test and the Draize eye
test for assessment of irritancy potential. Toxicology in vitro, 1994; 1, 8(3): 467-70.
Tavaszi J, Budai P. The use of HET-CAM test in detecting the ocular irritation.
Communications in agricultural and applied biological sciences, 2007; 1, 72(2): 137-41.
Gorantla S, Rapalli VK, Waghule T, Singh PP, Dubey SK, Saha RN, Singhvi G.
Nanocarriers for ocular drug delivery: Current status and translational opportunity. Rsc
Advances, 2020; 10(46): 27835-55.

Maja L, Zeljko K, Mateja P. Sustainable technologies for liposome preparation. The
Journal of Supercritical Fluids, 2020; 1, 165: 104984.

Dua JS, Rana AC, Bhandari AK. Liposome: methods of preparation and applications. Int
J Pharm Stud Res, 2012; 3(2): 14-20.

Himanshu A, Sitasharan P, Singhai AK. Liposomes as drug carriers. 1JPLS, 2011; 2(7):
945-51.

www.wjpr.net | Vol 11, Issue9,2022. | 1SO 9001:2015 Certified Journal | 417



Sandhu et al. World Journal of Pharmaceutical Research

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Kataria S, Sandhu P, Bilandi A, Akanksha M, Kapoor B. Stealth liposomes: a review.
International journal of research in ayurveda & pharmacy, 2011; 1: 2(5).

Mayer LD, Bally MB, Hope MJ, Cullis PR. Techniques for encapsulating bioactive
agents into liposomes. Chemistry and physics of lipids, 1986; 1, 40(2-4): 333-45.

Song H, Geng H, Ruan J, Wang K, Bao C, Wang J, Peng X, Zhang X, Cui D.
Development of Polysorbate 80/Phospholipid mixed micellar formation for docetaxel and
assessment of its in vivo distribution in animal models. Nanoscale research letters, 2011,
6(1): 1-2.

Zhang Y. Relationship between Size and Function of Natural Substance Particles. Nano
Biomedicine & Engineering, 2011; 1: 3(1).

Mozafari MR. Liposomes: an overview of manufacturing techniques. Cellular and
Molecular Biology Letters, 2005; 1, 10(4): 711.

Tarig A, Bhawani SA, Moheman A. Nanoparticles for drug delivery. InNanomaterials for
Healthcare, Energy and Environment, 2019; 175-197. Springer, Singapore.

Pick U. Liposomes with a large trapping capacity prepared by freezing and thawing of
sonicated phospholipid mixtures. Archives of biochemistry and biophysics, 1981; 1,
212(1): 186-94.

OHSAWA T, MIURA H, HARADA K. Improvement of encapsulation efficiency of
water-soluble drugs in liposomes formed by the freeze-thawing method. Chemical and
pharmaceutical bulletin, 1985; 25, 33(9): 3945-52.

Llu L, Yonetani T. Preparation and characterization of liposome-encapsulated
haemoglobin by a freeze-thaw method. Journal of microencapsulation, 1994; 1, 11(4):
409-21.

Batzri S, Korn ED. Single bilayer liposomes prepared without sonication. Biochimica et
Biophysica Acta (BBA)-Biomembranes, 1973; 16, 298(4): 1015-9.

Szoka F, Papahadjopoulos D. Procedure for preparation of liposomes with large internal
aqueous space and high capture by reverse-phase evaporation. Proceedings of the national
academy of sciences, 1978; 1, 75(9): 4194-8.

Handa T, Sakano M, Naito S, Hiramatsu M, Tsuboi M. Thermal sio and h13co+ line
observations of the dense molecular cloud g0. 11-0.11 in the galactic center region. The
Astrophysical Journal, 2006; 636(1): 261.

Daemen T, Hofstede G, Ten Kate MT, Bakker-Woudenberg IA, Scherphof GL.
Liposomal doxorubicin-induced toxicity: Depletion and impairment of phagocytic

activity of liver macrophages. International journal of cancer, 1995; 29, 61(5): 716-21.

www.wjpr.net | Vol 11, Issue9,2022. | 1SO 9001:2015 Certified Journal | 418



Sandhu et al. World Journal of Pharmaceutical Research

87. Kirby CJ, Gregoriadis G. A simple procedure for preparing liposomes capable of high
encapsulation efficiency under mild conditions. In liposome technology, 2019; 23: 19-27.
CRC Press.

88. Alpes H, Allmann K, Plattner H, Reichert J, Rick R, Schulz S. Formation of large
unilamellar vesicles using alkyl maltoside detergents. Biochimica et Biophysica Acta
(BBA)-Biomembranes, 1986; 17, 862(2): 294-302.

89. Deamer D, Bangham AD. Large volume liposomes by an ether vaporization method.
Biochimica et Biophysica Acta (BBA)-Nucleic Acids and Protein Synthesis, 1976; 7,
443(3): 629-34.

90. Schieren H, Rudolph S, Finkelstein M, Coleman P, Weissmann G. Comparison of large
unilamellar vesicles prepared by a petroleum ether vaporization method with
multilamellar vesicles: ESR, diffusion and entrapment analyses. Biochimica et
Biophysica Acta (BBA)-General Subjects, 1978; 3, 542(1): 137-53.

91. Shaheen SM, Shakil Ahmed FR, Hossen MN, Ahmed M, Amran MS, Ul-Islam MA.
Liposome as a carrier for advanced drug delivery. Pak J Biol Sci, 2006; 9(6): 1181-91.

92. Dwivedi C, Sahu R, Tiwari SP, Satapathy T, Roy A. Role of liposome in novel drug
delivery system. Journal of drug delivery and therapeutics, 2014; 14, 4(2): 116-29.

www.wjpr.net | Vol 11, Issue9,2022. | 1SO 9001:2015 Certified Journal | 419



