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at a low cost. These systems have unique properties, including increased drug solubility
(as seen with amphotericin B), protection of molecules like DNA and RNA, enhanced
intracellular uptake (especially for anticancer drugs), acting as a drug depot, and
enhancing drug stability. Liposomes have been successfully utilized for the delivery of
various drug categories such as anti-viral, anti-cancer, anti-inflammatory, antibiotics,
and anti-fungal agents. Additionally, there have been efforts in the development and
characterization of liposomal drug delivery systems, for instance, liposomes containing
brimonidine tartrate for ocular applications. These advancements signify the transition
of liposomes from a clinically established drug delivery system to a versatile
nanoparticle platform for theragnostic nanomedicine

INTRODUCTION
Liposomes are minute, spherical synthetic vesicles

properties of liposomes, including lipid
composition, surface charge, size, and

crafted from safe, natural phospholipids and
cholesterol. These artificial structures possess both
hydrophobic and hydrophilic characteristics,
coupled with biocompatibility, rendering them
highly suitable as carriers for drug delivery. The

manufacturing techniques, exhibit considerable
variation. The 'rigidity' or 'fluidity’ and charge of
the bilayer depend on the specific components
incorporated. For instance, unsaturated
phosphatidylcholine species from natural sources
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like eggs or soybeans result in more permeable and
unstable bilayers, whereas saturated phospholipids
featuring long acyl chains, such as dipalmitoyl
phosphatidylcholine, yield rigid and
predominantly impermeable bilayer structures [1-
3]. Research has shown that the hydration of
phospholipids in aqueous solutions leads to the
spontaneous formation of closed structures. These
vesicles, characterized by one or more
phospholipid bilayer membranes, have the
capacity to transport either aqueous or lipid
pharmaceuticals depending on the specific type of
drug involved. In aqueous conditions, lipids
exhibit amphipathic properties—both
hydrophobic and hydrophilic. This dual nature
influences the entropic packing of their
hydrophobic segments into spherical bilayers, a
process influenced by the thermodynamic phase
properties and self-assembling characteristics of
lipids. These layers are referred to as lamellae [4].
Liposomes typically initiate as spherical vesicles
with particle sizes ranging from 30 nm to several
micrometers. These structures consist of aqueous
compartments enclosed by one or more lipid
bilayers, where the polar head groups are oriented
towards the interior and outer aqueous phases. It is
noteworthy that polar lipids have the ability to self-
assemble into various colloidal particles beyond
the conventional bilayer forms. The specific
structure adopted depends on factors such as
molecule  shape, temperature, and the
environmental and preparation conditions [5].
Desirable Characteristics of Liposomes in Drug
Delivery [6,7]
Liposomes enable precise drug or gene delivery to
target sites, supporting cell growth within porous
structures or adjacent tissues. An ideal liposomal
drug delivery system should possess the following
attributes:
e Exhibits low
biocompatibility.

toxicity and high
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e Elicits no adverse
inflammatory responses.

e Yields non-harmful degradation products.

e Protects active components from mechanical
stress.

e Adapts to the intended site of use.

e Maintains stability within a physiological
environment.

e Ensures long-term stability.

e Sustains normal bodily functions.

e Prevents unintended dose release.

e Accommodates a high payload.

e Facilitates straightforward processing.

e Adaptable for shaping to desired forms.

e Enables the production of sterile products

Composition of Liposomes:

Liposomes consist of phospholipids and lipids,

forming spherical or multilayered vesicles with a

lipid bilayer structure when diacyl chain

phospholipids self-assemble in aqueous solutions

[8]. These phospholipids have both a hydrophobic

tail and a hydrophilic head, resulting in an

amphiphilic structure [9, 10] (see Figure No. 1).

Liposomes can be created using both natural and

synthetic phospholipids [11]. The lipid content

significantly influences various properties of

liposomes, including particle size, stiffness,

fluidity, stability, and electrical charge [12, 13].

For example, liposomes made from naturally

occurring unsaturated phosphatidylcholine, found

in sources like eggs or soybeans, exhibit high

permeability and low stability. In contrast,

liposomes composed of saturated phospholipids,

such as dipalmitoyl phosphatidylcholine, form

rigid and nearly impermeable bilayer structures

[9].

immunological or
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Figure 1. Schematic Representation of Liposomes.

Advantages of Liposomes:

e Effective solubilization capabilities

e Ability to encapsulate both hydrophilic and
lipophilic drug compounds

e Demonstrates robust chemical, biological,
and colloidal stability

e Reduces macrophage uptake

e Enhances the therapeutic efficacy of

encapsulated medications

e Maintains a consistent therapeutic drug
concentration in the bloodstream

e Shields drugs from environmental factors

e Facilitates the intracellular delivery of drug
molecules

Challenges Associated with Liposomes:

e Phospholipid oxidation

e Phospholipid hydrolysis

e Limited solubility

e  Short lifespan

e Reduced stability

e Elevated production expenses

e Leakage and fusion issues

e Rapid uptake by the
system (RES)

e Potential allergic responses

e Challenges in drug targeting

e Requirement for specialized equipment

reticuloendothelial
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e Time-intensive process
e Increased costs attributed
phospholipids [14-18]

Mechanism of Liposomes:
Liposomes are created by hydrating thin lipid
films or lipid cakes, causing the liquid crystalline
bilayers to swell and become fluid. Large multi-
lamellar vesicles are produced when the hydrated
lipid sheets self-seal after being agitated (LMV).
The self-sealing shape prevents water from
interacting with the hydrocarbon core of the
bilayer at the edges. The shape and morphology of
the resulting vesicles can be altered through the
application of mechanical and sonic energy input
(see Figure No. 2) [19-21].

Water
_ = flA
Dry lipid film
ﬂ Swelling

@

Multilamellar vesicles

to expensive

Large

unilamellar ’C:I‘ . Extrusion

vesicles C\
© o

Small unilamellay «—— 8°<%

vesicles ©

Sonication

Figure 2: - Mechanism of Liposomes Formation.
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Classification of Liposomes:

Liposomes exhibit a range of sizes, from very
small (0.025 um) to relatively large (2.5 pm), and
their membranes can be either single or bilayer.
The number of bilayers and the vesicle size
significantly affect the capacity for drug
encapsulation within  liposomes, a critical
determinant of their circulation half-life. Based on
their size and bilayer composition, liposomes can
be classified into two main categories:

1. Multilamellar Vesicles (MLV) :

These liposomes consist of multiple bilayers,
creating an onion-like structure.

2. Unilamellar Vesicles:

Unilamellar liposomes, in turn, can be further
classified into two subtypes:

e Small Unilamellar Vesicles (SUV):

These liposomes are characterized by a single
phospholipid bilayer encapsulating the aqueous
solution.

e Large Unilamellar Vesicles (LUV):

Similar to SUVs but larger in size.

This classification system is based on the size
and bilayer structure of liposomes, with
variations in bilayers and size influencing their
drug encapsulation capacity and
pharmacokinetics. [22]

Research Methodology

The preparation of liposomes typically involves
four fundamental steps:

I. Lipid Drying from Organic Solvent:

This step entails removing the solvent from lipids,
leaving a dry lipid film.

Il. Lipid Dispersion in Agueous Media:

The dried lipids are dispersed in an aqueous
medium to initiate the formation of liposomes.
I11. Purification of Liposomes

The resulting liposomes undergo a purification
process to remove impurities.

IV. Examination of Final Products:

The final liposome products are subject to

examination and analysis.

There are three distinct methods for liposome
preparation:
A. Passive Loading Technique:
This technique includes several sub methods:
A. Mechanical Dispersion:

a. Lipid film hydration method (with or
without hand-shaking)
Micro emulsification
Sonication
French pressure cell
Membrane extrusion
Dried reconstituted vesicles
. Freeze-thawed liposomes
B. Solvent Dispersion:

a. Ethanol injection method

b. Ether injection method

c. Double emulsion

d. Reverse-Phase evaporation
C. Detergent Removal:

a. Removal of detergent from mixed micelles

vesicles via dialysis dilution
B. Active Loading Technique:
technique includes:

i. Proliposome Lyophilization
This research methodology outlines the key steps
and techniques used in the preparation of
liposomes for various applications [23-25].
1. Technique of passive loading

a. Mechanical dispersion:
e Lipid Hydration Method:
The most well-known method for creating
Multilamellar Vesicles (MLVSs) involves using a
flask with a circular bottom. In this method, the
dispersion is thoroughly mixed, and the lipophilic
mixture is dehydrated to form a thin coating. Then,
the membrane is hydrated by adding an aqueous
buffer. This hydration process occurs at a
temperature just above the maximal melting point
of the lipid mixture or slightly above the gel-
liquid-crystalline (L-L) transition temperatures of
the lipid. Medications are introduced either into an
aqueous buffer or an organic solvent containing

Q@ o 00 o

This
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lipid solvents, depending on their compatibility.
One drawback of this method is the variation in
size, low internal volume, and inefficient
encapsulation. To overcome lipid's weak
encapsulation capacity, lipids are hydrated in the
presence of non-miscible organic solvents, such as
petroleum ether or diethyl ether. The mixture is
then emulsified using sonication. Finally, nitrogen
flow is applied over the organic layer to remove it,
resulting in the formation of MLVs.[26]

e Micro emulsification:

In  commercial-scale production, small lipid
vesicles are generated using a method involving a
device known as a microfluidizer. First,
concentrated lipid suspension containing large
Multilamellar Vesicles (MLVSs) is prepared. This
suspension is then pumped into the microfluidizer.
High-pressure fluid is forced through a 5-meter
panel in this equipment. [27] Through a long
microchannel, two fluid streams are made to
collide at a straight angle and at very high speeds.
By adjusting rotation speeds ranging from 20 to
200, microemulsions suitable for biological
purposes can be created using this technique.[28]
e Sonication:

Sonication is a process that imparts energy to a
lipid mixture while simultaneously decreasing the
size of vesicles. The application of ultrasonic
waves to irradiate Multilamellar Vesicles (MLV)
facilitates this reduction in size. Two common
techniques for sonication include: (1) utilizing a
bath sonicator and (2) using a probe sonicator. The
probe sonicator is often preferred when dealing
with suspensions that require a substantial amount
of energy in a confined space [29,30,31]. The bath
sonicator is employed for processing large
quantities of diluted lipids, but it comes with
several notable drawbacks. These include the
coexistence of Multilamellar Vesicles (MLV) and
Small Unilamellar Vesicles (SUV), low internal
encapsulation efficacy, potential phospholipid
disintegration, removal of particularly large
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molecules, introduction of metal contaminants
from the probe tip, and suboptimal phospholipid
breakdown. [32,33]

e French Pressure Cell Method

In this extrusion method, Multilamellar Vesicles
(MLYV) are forced through a small hole under high
pressure (20,000) and at a low temperature (4°C).
This technique offers several advantages over
sonication methods, including its speed, ease of
duplication, but it necessitates careful handling of
hazardous substances. However, the liposomes
produced through this method tend to be larger
than those created by sonicated Small Unilamellar
Vesicles (SUVs). Some challenges associated with
this method include maintaining precise
temperature control and the limitation of working
volumes, typically up to a maximum of 50 mL.
[34]

e Membrane extrusion

In this method, a polymer sieve with a web-like
structure is employed to treat a heterogeneous
liposomal suspension. This sieve creates tortuous-
path capillary pores and an interconnected network
with a membrane thickness of at least 100 microns.
By employing this technique, liposomes in the
suspension can be effectively treated, resulting in
liposomes with a narrow size distribution and a
specified mean size of less than 0.4 microns. [35]
Notably, this method can be applied to both Large
Unilamellar Vesicles (LUVs) and Multilamellar
Vesicles (MLVs).

e Dried reconstituted vesicles

In this approach, either lyophilized protein or an
aqueous solution containing a medication is
introduced into  pre-existing liposomes.
Subsequently, these liposomes are dehydrated,
leading to the incorporation of the protein or
medication within the liposomal structure. [36]
e Freeze-Thaw Method

During this technique, the vehicles are rapidly
frozen and then slowly thawed. Sonication is
employed to disperse aggregated chemicals into
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Large Unilamellar Vesicles (LUV). Small
Unilamellar Vesicles (SUV) with a size of 17 nm
are formed through the freezing and thawing
processes. It's noteworthy that increasing the ionic
strength and phospholipid content of the medium
significantly hampers this fusion process. With
this method, an entrapment efficiency of 20% to
30% was attained. [37]

b. Solvent dispersion

e Ethanol Injection Method

In this method, an excess of saline or another
aqueous medium is rapidly mixed with an ethanol
lipid solution through a thin needle. [38] Ethanol
dissolves in water, and phospholipid molecules are
evenly dispersed throughout the liquid. However,
this method has drawbacks, including the potential
for heterogeneous particle sizes (ranging from 30
to 110 nm). Additionally, it is challenging to
completely eliminate all ethanol, which could lead
to the creation of an azeotrope with water. [32]

e Double emulsification

In this method, therapeutics are first combined in
an aqueous phase (wl) to create a primary
emulsion. This initial wl/o emulsion is further
emulsified in an organic polymer solvent. The first
emulsion is then mixed with an emulsifier-
containing aqueous solution to form the wl/o/w2
double emulsion (w2)[33]. As the solvent is
withdrawn from the aqueous continuous stage,
microspheres are left behind and further separated
through centrifugation or filtering.

e Reverse-phase evaporation

The process involves placing the lipid mixture in
an Erlenmeyer bulb, and the solvent is extracted
from the mixture by reducing the pressure using a
rotary evaporator. As the pressure decreases, the
solvent evaporates. Once the nitrogen is removed
from the system, the lipids break down in the
organic phase [39]. In this phase, reverse phase
vesicles are formed. Typically, isopropyl ether and
diethyl ether are the solvents of choice. After the
redistribution of lipids in this phase, the
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medication intended for encapsulation s
introduced into an aqueous phase. All-agueous
systems undergo sonication until a clear, one-
phase dispersion is achieved, and the system is
consistently maintained under nitrogen pressure.
Subsequently, the mixture is transferred to a rotary
evaporator (arotovap), where the organic solvent is
removed until a gel forms, and any non-
encapsulated material is then eliminated [39,40].
The resulting liposomes from this process are
referred to as reverse-phase evaporation vesicles.
One of the notable advantages of this method is its
exceptionally high encapsulation efficiency
[41,42].
c. Detergent removal
In the detergent dialysis method, detergents
solubilize  lipids at  optimal  micellar
concentrations. As the detergent is gradually
removed through dialysis, the micelles become
enriched in phospholipids and eventually fuse to
form Large Unilamellar Vesicles (LUVSs). [43]
This method offers the advantages of producing
homogeneous liposome populations and high
repeatability. However, a significant drawback is
the potential retention of detergent residues within
the liposomes.[44]
2. Active loading technique
e Proliposome
In this method, the medication and lipid are coated
onto a soluble carrier, creating a pro-liposome that
is free-flowing and granular. When hydrated, it
forms an isotonic liposomal solution.[45] This
approach has the potential to drive mass
production of liposomes containing lipophilic
medications at a low cost.[46]

e Lyophilization
Cryodesiccation, or freeze drying, is a process that
involves removing water from a material under
extremely low pressure while the substance is
frozen. It is commonly used for drying materials
that are sensitive to heat and can be damaged by
traditional drying methods. Cryodesiccation is
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particularly important for ensuring the long-term
stability of liposomes. During the freeze-drying
and reconstitution process, trapped materials
within liposomes may leak, and this method helps
address such issues. [47,48]

LIPOSOME APPLICATIONS

Drug Delivery Using Liposomes

Various liposomal systems have been proposed for
delivering drugs to treat opportunistic infections
such as tuberculosis, salmonellosis, herpes
simplex virus, leishmaniasis, cryptococcoses, and
histoplasmosis.  Liposomes  offer  several
advantages, including increased drug solubility
(especially for drugs like amphotericin B),
protection of molecules like DNA and RNA,
enhanced intracellular uptake for anti-cancer
drugs, acting as a drug depot, and improving the
stability of the drug. These properties have made
liposomal systems successful for delivering a wide
range of drugs, including antiviral, anticancer,
anti-inflammatory, antibiotics, and antifungal
medications.[49]

Delivering Genes using Liposomes

Indeed, various lipid complexes have been
extensively studied for gene delivery due to their
advantageous properties. These technologies have
enabled the successful delivery of genetic
materials such as DNA, RNA, plasmids, and
SiRNA to target organs. Liposomal systems, with
their ability to protect genetic materials and
enhance their intracellular delivery, have played a
significant role in advancing gene therapy research
and applications.[50]

Dermatology and Cosmetic Liposomes
Certainly, liposomes have gained attention in the
fields of dermatology and cosmetics due to their
similar lipid composition and structure to human
skin. Researchers have been exploring the
Transepidermal and Transfollicular pathways to
target bioactive compounds encapsulated in
liposomes. These investigations hold promise for
the development of effective delivery systems for

INTERNATIONAL JOURNAL IN PHARMACEUTICAL SCIENCES

skin-related applications in both medical and
cosmetic contexts.[51]

Diagnose Using Liposomes

Liposomes produced through this process can
incorporate various markers and diagnostic agents,
enabling the imaging of different human organs,
cells, and tissues using scanning equipment.
Variants such as stealth pH-sensitive liposomes,
PEGylated liposomes, and paramagnetic
thermosensitive liposomes are utilized for
diagnostic purposes. The use of liposomes in
diagnosis is widespread.[52]

Industrial Uses for Liposomes

Certainly, liposomes have made significant
contributions to the food industry. They, along
with other carriers like electrophoresis, nanotubes,
and inorganic particles, function as vehicles for
transporting drugs, genes, and cells. In the context
of the food industry, liposomes are employed for
delivering  food flavors, nutrients, and
antimicrobials. This application helps safeguard
food products against the growth of harmful
bacteria and deterioration, enhancing the quality
and safety of various food items.[53]

Future Challenges in Liposomal Delivery [54-56]
Indeed, the commercialization of liposomes faces
several challenges, primarily related to their
interaction with the reticuloendothelial system,
complex manufacturing processes, and the
instability of phospholipids. These factors have
limited the number of drugs that have successfully
reached the commercial manufacturing stage.
However, despite these challenges, a few drugs
such as Daunoxome, Ambisome, Doxil, and
Epaxel have overcome these hurdles and entered
the market. Overcoming these challenges is crucial
for the broader application and commercial
success of liposomal drug delivery systems.
Stability

Liposomes are susceptible to both physical and
chemical instabilities. Physical instability can lead
to aggregation or fusion of liposomes, altering
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their size and structure. Chemical instability
primarily arises from the oxidation or hydrolysis
of the phospholipids used in their formation,
making them unsuitable for long-term storage.
Proper storage conditions, such as refrigeration
and the use of antioxidants, are essential to
mitigate these stability issues and prolong the shelf
life of liposomal formulations.

Massive Production

The creation of liposomes involves complex
processes such as thin lipid layer formation,
sonication, solvent evaporation, and more. These
procedures are indeed expensive, difficult to
control, and can be challenging to carry out at the
laboratory level. Moreover, the production of
liposomes often requires specialized equipment
and expertise, making it a sophisticated and
intricate task in the field of pharmaceutical and
research industries.

RESULTS AND DISCUSSION

Liposome drug delivery systems have proven to be
highly effective in delivering drugs to the body.
They enhance drug absorption, biodistribution,
and bioavailability, leading to more efficient
therapeutic outcomes. One of the significant
advantages of liposomes is their ability to enable
targeted drug delivery, minimizing systemic side
effects by directing the drug specifically to the
intended areas of the body. This targeted approach
enhances the efficacy and safety of various
pharmaceutical treatments. Liposomes are highly
regarded for their safety profile. They have been
extensively studied and found to be biocompatible
and non-toxic, even at high concentrations.
Furthermore, liposomes exhibit low
immunogenicity, meaning they do not trigger
significant immune responses. This property is
particularly advantageous in pharmaceutical
applications, as it reduces the risk of allergic
reactions or other immune-related complications,
ensuring a safer drug delivery system.
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Liposomes have proven to be both effective and
safe as a drug delivery system for various drugs
and compounds. Ongoing research continues to
explore their potential in creating new drug
formulations and in combination with other drug
delivery technologies. The versatility and
biocompatibility of liposomes make them a
promising avenue in the field of pharmaceuticals.
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