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Liposomal Drug Delivery System: Revolutionizing Medicine
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ABSTRACT

The liposomal drug delivery system has emerged as
a promising approach to enhance the efficiency and
efficacy of pharmaceutical treatments. By
harnessing the unique membrane structure and
properties  of  liposomes, researchers and
pharmaceutical companies have the opportunity to
develop targeted therapies with improved
bioavailability and reduced systemic toxicity. As
the field continues to evolve, it is foreseeable that
liposomal drug delivery systems will play a
significant role in revolutionizing the treatment of
various diseases, including cancer.

l. INTRODUCTION:

In  recent years, the field of
pharmaceuticals has  witnessed  significant
advancements in drug delivery systems. One such
innovation that has gained considerable attention is
the liposomal drug delivery system. Liposomes,
which are hollow spherical microscopic vesicles,
provide an efficient means to encapsulate drugs and
improve their efficacy. With their unique
membrane structure composed of natural and
synthetic  phospholipids, liposomes offer a
promising solution for targeted drug delivery. In
this article, we will delve deeper into the
fascinating world of liposomal drug delivery and
explore its potential impact on the pharmaceutical
landscape.

Hydrophilic drugs can be encapsulated
within the aqueous core of the liposomes, while
lipophilic drugs can be incorporated into the lipid

bilayer. Liposomal drug delivery offers several
advantages over conventional drug delivery
methods. Firstly, liposomes can improve the
solubility of poorly soluble drugs, increasing their
bioavailability  and therapeutic efficacy.
Additionally, liposomes protect drugs from
degradation, thus enhancing their stability and
prolonging their circulation time in the body. This
extended circulation time allows for improved drug
accumulation at the target site, resulting in
enhanced therapeutic outcomes (1). Furthermore,
liposomes possess the ability to selectively
accumulate in specific tissues or cells, making them
ideal vehicles for targeted drug delivery. By
modifying the surface of liposomes with ligands or
antibodies, drugs can be selectively delivered to
cancer cells or other diseased tissues, minimizing
systemic toxicity and maximizing therapeutic
efficacy. This targeted approach has the potential to
revolutionize cancer treatment and significantly
improve patient outcomes (2).

The Structure of Liposomes:

Liposomes consist of a phospholipid
bilayer enclosing an aqueous core. The major
structural components of the liposomal membrane
include cholesterol and phospholipids, which are
also found in various biological entities such as cell
membranes and cell walls. The amphiphilic nature
of phospholipids allows liposomes to form stable
structures in aqueous solutions, utilizing hydrogen
bonds, van der Waals forces, and electrostatic
interactions. This unique structure enables
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liposomes to accommodate both hydrophilic and
lipophilic molecules, making them versatile carriers
for a wide range of therapeutics. Enhancing Drug
Bioavailability: One of the primary advantages of
liposomal drug delivery is its ability to improve
drug bioavailability. Liposomes can encapsulate
hydrophobic drugs within their lipid bilayer,
protecting them from degradation and enhancing
their solubility in aqueous solutions. This property
is particularly crucial for drugs that exhibit poor
aqueous solubility, as it improves their absorption
and distribution within the body. Additionally,
liposomes can shield drugs from enzymatic
degradation and metabolic processes, allowing for
sustained release and prolonged therapeutic effects

3).

Methods of Preparation of Liposomes

Liposomes are lipid bilayer vesicles that
have gained significant attention in the field of drug
delivery due to their ability to encapsulate a variety
of therapeutic agents. The success of liposomal-
based drug delivery systems lies in the precise
preparation methods that allow for the production
of liposomes with desired characteristics. In this
article, we will explore the conventional and novel
methods used for the preparation of liposomes.

Conventional Methods:

1. Bangham method (thin film hydration): This
method involves the evaporation of a lipid film
followed by hydration with an aqueous solution.
The film can be formed by rotary evaporation or
solvent evaporation. This method is widely used
due to its simplicity and versatility.

2. Ether/ethanol injection method: In this method,
lipids are dissolved in an organic solvent such as
ether or ethanol and injected into an aqueous phase
under vigorous stirring. The rapid solvent
evaporation leads to the formation of liposomes.

3. Reverse phase evaporation method: This method
involves the preparation of a water-in-oil emulsion,
followed by the evaporation of the organic solvent.
The lipids then rearrange to form liposomes. This
method is particularly useful for the preparation of
large unilamellar vesicles.

4. Detergent depletion method: This method
utilizes detergents to solubilize lipids, which are
then removed by dialysis or gel filtration. The
removal of detergents results in the formation of
liposomes.

5. Heating method: In this method, lipid mixtures
are heated above the transition temperature of the
lipids, resulting in the formation of liposomes. The

size and stability of liposomes formed by this
method can be optimized by careful control of the
heating parameters.

6. Microfluidic channel method: This method
involves the use of microfluidic channels to
precisely control the mixing of lipid and aqueous
phases. The size and composition of liposomes can
be controlled by adjusting the flow rates and ratios
of the input solutions.

7. Membrane extrusion method: This method
utilizes a filter with defined pore size to force
liposomes through the filter, resulting in the
formation of smaller and more uniform liposomes.
This method is particularly useful for the
preparation of liposomes with a narrow size
distribution.

8. Homogenization and sonication method: In this
method, lipids are dispersed in an aqueous phase
and subjected to mechanical forces either by
homogenization or sonication. The high shear
forces disrupt the lipid bilayers, leading to the
formation of liposomes (4).

Novel Methods:

1. Freeze drying: This method involves freezing
liposomes followed by lyophilization under
reduced pressure. The removal of water results in
the formation of a dry powder, which can be
reconstituted into liposomes by the addition of an
aqueous solution. This method offers enhanced
stability and prolonged shelf life for liposomal-
based drug delivery systems.

2. Dual asymmetric centrifugation (DAC): This
method utilizes a high-speed centrifuge to generate
a centrifugal force that separates liposomes based
on their size. The different fractions can then be
collected and used for specific applications. DAC
allows for the precise control of liposome size and
composition.

3. Supercritical fluid (SCF) methods: SCF methods
involve the use of supercritical fluids such as
carbon dioxide to dissolve lipids and subsequently
form liposomes. These methods offer advantages
such as high encapsulation efficiency, controlled
size distribution, and the ability to encapsulate both
hydrophilic and hydrophobic drugs (5).

Innovative Techniques:

1. Depo-foam liposome technique: This technique
involves the use of liposomes that are capable of
releasing their contents over an extended period of
time. It offers sustained drug release, reducing the
frequency of dosing and improving patient
compliance.
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2. Lysolipid thermally sensitive liposome
technique: This technique utilizes a liposome
formulation that undergoes a phase transition upon
heating, leading to the release of encapsulated
drugs. It offers a triggered drug release mechanism,
which is particularly useful for targeted drug
delivery.

3. Non-PEGylated liposome technique: PEGylation
refers to the attachment of polyethylene glycol
(PEG) to the surface of liposomes, which imparts
stealth properties and prolongs circulation time.
The non-PEGylated liposome technique explores
alternative strategies to improve liposome stability
and biodistribution.

4. Stealth liposome techniques: Stealth liposomes
are coated with hydrophilic polymers such as PEG,
which reduce their recognition by the immune
system and prolong their circulation time. This
technique offers improved drug delivery efficiency
and reduced side effects.

In conclusion, liposome preparation methods have
evolved over the years, from conventional
techniques to novel and innovative approaches.
Each method offers unique advantages in terms of
size control, drug loading, stability, and targeted
drug delivery. The continued development of
liposomal-based drug delivery systems holds great
promise in improving therapeutic outcomes and
patient satisfaction (6).

Drug loading in Liposomes:

When it comes to maximizing drug
loading in liposomes, there are two primary
methods: passive loading and active loading. Both
approaches play a crucial role in encapsulating
drugs within liposomes, with each method offering
distinct benefits and considerations.

Understanding Passive Loading

Passive drug loading involves
encapsulating the drug during the formation of
liposomes. This process allows for the direct
combination of hydrophobic drugs into the
liposomes during their creation. Essentially, the
drug is integrated into the liposome structure as it
forms, without the need for additional steps or
interventions.

The Benefits of Passive Loading

Passive loading offers a straightforward
and efficient means of incorporating drugs into
liposomes. It is particularly useful for hydrophobic
drugs, as their compatibility with the liposome
formation process allows for seamless integration.

This method also provides a high encapsulation
efficiency, ensuring that a significant portion of the
drug is successfully loaded into the liposomes.

Exploring Active Loading

In contrast to passive loading, active
loading involves incorporating drugs into pre-
formed liposomes through specific techniques post-
formation. This method requires additional steps to
introduce the drug into the liposomes, often
utilizing gradients or transmembrane potentials to
drive drug entrapment.

The Advantages of Active Loading

Active loading enables precise control
over the drug loading process, allowing for the
efficient incorporation of both hydrophilic and
hydrophobic drugs into liposomes. This method is
particularly beneficial for drugs with limited
compatibility during the liposome formation phase.
Additionally, active loading facilitates the loading
of higher drug concentrations, offering enhanced
therapeutic potential.

Choosing the Right Approach

The decision between passive and active
loading depends on various factors, including the
properties of the drug, desired encapsulation
efficiency, and the intended therapeutic application.
Hydrophobic drugs, for example, may lend
themselves well to passive loading due to their
seamless integration during liposome formation.
Conversely, active loading may be preferred for
drugs requiring precise control over loading
efficiency and concentration (7, 8).

Targeted Delivery and Controlled Release:

Liposomes offer a precise and targeted
approach for drug delivery. By modifying the
liposomal surface with specific ligands, researchers
can design liposomes to selectively interact with
specific cells or tissues. This targeted delivery
system can significantly reduce the adverse effects
associated with non-specific drug distribution,
while also increasing the accumulation of the drug
at the intended site of action. Furthermore,
liposomes can be engineered to release their cargo
in a controlled manner, providing a sustained
release profile that ensures therapeutic efficacy
over an extended period (9).

Applications:
The versatility of liposomal drug delivery
systems has found significant applications in cancer
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treatment. Liposomes can encapsulate anticancer
drugs, allowing for targeted delivery to tumor sites
while minimizing systemic toxicity. This targeted
delivery approach reduces the adverse effects often
associated with chemotherapy, improving patient
tolerance and quality of life. Moreover, liposomes
can be modified to passively target tumor sites
through the enhanced permeability and retention
effect, a phenomenon associated with the leaky
vasculature commonly found in solid tumors.

Liposomal drug delivery systems have
already found applications in various areas of
medicine. They have been used for the treatment of
diseases ranging from cancer to infectious diseases
and inflammatory  conditions. Liposomal
formulations of anticancer drugs have shown
promising  results, with increased  tumor
accumulation and reduced systemic toxicity.
Additionally, liposomal vaccines have
demonstrated superior immunogenicity and the
potential to combat infectious diseases more
effectively than conventional vaccines. Despite the
numerous advantages of liposomal drug delivery
systems, there are still challenges to overcome. The
production of liposomes on a large scale can be
complex and expensive, limiting their widespread
use. Additionally, ensuring the stability of
liposomal formulations during storage and
transportation poses a significant challenge.
However, ongoing research and technological
advancements continue to address these limitations,
paving the way for the wider adoption of liposomal
drug delivery systems in the future. In conclusion,
liposomal drug delivery systems have the potential
to revolutionize medicine. Their unique structure
and the ability to encapsulate both hydrophilic and
lipophilic drugs make them attractive candidates
for targeted drug delivery. The advantages offered
by liposomes, including improved drug solubility,
stability, and selective accumulation, have already
been harnessed in various medical applications.
While challenges remain, further research and
development in this field hold promises for
advancements in drug delivery and enhanced
patient care.

Limitations and Challenges

Despite their potential, liposomal drug
delivery systems are not without limitations.
Challenges such as drug leakage, stability issues,
and rapid clearance from the body have hindered
their widespread clinical translation.

Future Perspectives

Continuous advancements in
nanotechnology and formulation strategies are
expected to address the current limitations of
liposomal drug delivery. Tailoring liposomes to
optimize their pharmacokinetic properties and
exploring innovative targeting mechanisms can
pave the way for their broader clinical application
(10).

1.  CONCLUSION

In conclusion, liposomal drug delivery
holds immense promise as a targeted and efficient
approach to drug delivery. With ongoing research
and development, overcoming the current
challenges will likely establish liposomal drug
delivery as a cornerstone in modern pharmaceutical
therapy.Remember to consult with a healthcare
professional before making any decisions regarding
your health or treatment options.

ACKNOWLEGEMENT:

I would like to thank my college JMCT Institute of
Pharmacy Nashik for providing us all space and
facility to carry out our work.

REFERENCES:

[1].  Sanarova E, Lantsova A, Oborotova N and
Orlova O: Liposome Drug Delivery,
Journal of Pharmaceutical Sciences & Res
2019; 11(3): 1148-55.

[2]. Sharma  VK: Liposomes  present
prospective and  future challenges,
International Journal of  current
pharmaceutical review and Research
2010; 1(2): 15-19

[3]. Mirzavi F., Barati M., Soleimani A.,
Vakili-Ghartavol R., Jaafari M.R.,
Soukhtanloo M. A review on liposome-
based therapeutic approaches against
malignant melanoma. Int. J.
Pharm. 2021;599:120413

[4]. Ahmed, K., Changling, S., Shan, X., Mao,
J., Qiu, L., Chen, J.,, 2020. Liposome-
based codelivery of celecoxib and
doxorubicin hydrochloride as a
synergistic dual-drug delivery system for
enhancing the anticancer effect. Journal
of Liposome Research., 30(3), 285-296.

[5]. Mishra H, Chauhan V, Kumar K, Teotia
D. A comprehensive review on
Liposomes: a novel drug delivery system.
Journal of Drug  Delivery and
Therapeutics. 2018; 8(6):400-404.

DOI: 10.35629/7781-0901456460

| Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 459



International Journal of Pharmaceutical Research and Applications
. ) Volume 9, Issue 1 Jan-Feb 2024, pp: 456-460 www.ijprajournal.com

| N

UPRA Journal

[6]. Samadikhah HR, Majidi A and Nikkhah
H: Preparation, characterization, and
efficient transfection of cationic liposomes
and nanomagnetic cationic liposomes.
International Journal of Nanomedicine
2011; 6: 2275-83.

[7]. Chauhan T, Arora S, Parashar B, Chandel.
Liposome Drug Delivery. IJPCS. 2012;
1(3):1103-1113.

[8]. Samadikhah HR, Majidi A and Nikkhah
H: Preparation, characterization, and
efficient transfection of cationic liposomes
and nanomagnetic cationic liposomes.
International Journal of Nanomedicine
2011; 6: 2275-83.

[9]. Claudia Zylberberg & Sandro Matosevic (
2016) Pharmaceutical  liposomal drug
delivery: a review of new delivery systems
and a look at the regulatory
landscape, Drug Delivery, 23:9, 3319-
3329.

[10]. Bendas ER, Tadros MI. (2007). Enhanced
transdermal delivery of salbutamol sulfate
via ethosomes. AAPS
PharmSciTech 8:213-20

DOI: 10.35629/7781-0901456460 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 460



