Pre prints.org

Review Not peer-reviewed version

Liposomal Nanocarriers From Concept
to Clinical Applications

Ashutosh Sengar .
Posted Date: 12 March 2025
doi: 10.20944/preprints202503.0837v1

Keywords: Liposomal drug delivery; nanomedicine; targeted therapyl; PEGylation; stimuli-responsive
liposomes

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4059185

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 March 2025 d0i:10.20944/preprints202503.0837.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Review

Liposomal Nanocarriers From Concept to
Clinical Applications

Ashutosh Sengar

Dept. of Pharmaceutics, Smt. Vidyawati College of Pharmacy, Smt. Vidyawati Group of Institutions, Jhansi (U.
P.); ashutoshsengar26567@gmail.com

Abstract: Liposomal drug delivery systems have been used as an innovation tool in nanomedicine to
show improved drug stability, release control, and targeted therapy. The review provided in this
chapter reviews the evolutionary history of liposomes, constitutional structure, and classification.
Mechanistic attributes of drug release, stealth liposomes, and functionalized carriers reflect
innovations that deliver the best in therapeutic efficacy. Their use in cancer therapy, crossing the
blood-brain barrier, infection, and gene therapy are a few examples of their utility in contemporary
medicine. Liposomes are more biocompatible and provide controlled drug release compared to
polymeric nanoparticles but are difficult for stability and large-scale production. Scanning and
regulation are also obstacles to commercialization. But there is hope in the following positive trends:
Al-aided liposomal design, hybrid nanocarriers, and theranostic use, which shall be the next-
generation drug delivery systems. This review presents an overall impression of the development,
challenge, and future trend of liposomes, which is engaged in the construction of precision medicine.
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1. Introduction to Liposomal Drug Delivery Systems

Liposomal drug delivery has transformed the field of pharmacology through improved drug
stability, bioavailability, and site-specific drug delivery. The nano-vesicles, first discovered in the
1960s, were initially employed in studies on membrane biology but eventually came into prominence
in pharmaceutical research [1].

The advance was created in the 1990s when the FDA certified the first liposomal drug product
to treat cancer, Doxil®. This advance led to swift progress and transformed liposomes into a complex
nanocarrier for multiple therapeutic applications [2].

Liposomes are made up of a phospholipid bilayer that encapsulates an aqueous core and hence
act as a good drug carrier. Liposomes are classified into small unilamellar vesicles (SUVs), large
unilamellar vesicles (LUVs), and multilamellar vesicles (MLVs) based on structure [3]. Some
modifications that are considered to be functional ones include PEGylation for prolonging circulation
time and ligand-targeted liposomes for targeted drug delivery [4].

2. Mechanisms and Innovations in Liposomal Drug Carriers

2.1. Liposomal Drug Release and Stability Mechanisms

Release from liposomes is influenced by the lipid structure, pH sensitivity, and external stimuli.
External stimuli like temperature or pH change lead to fast release, whereas passive diffusion allows
for slow leakage of the drug. Balance in lipid composition and cholesterol content can facilitate
stability by preventing premature leakage by the formation and integrity of membranes [6].
Circulation time of sterically stabilized liposomes is also enhanced due to minimal aggregation and
degradation [7].
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2.2. Stealth Liposomes and PEGylation

Stealth liposomes are designed to carry PEG at the surface for avoiding immune recognition and
enhancing systemic circulation. PEGylation decreases opsonization, which avoids rapid MPS
removal. PEGylation has contributed significantly to drug pharmacokinetics that are being
encapsulated into liposomes by making them more appropriate for cancer treatment and other
therapies for prolonged drug delivery [8]. Immune recognition is also reduced, which increases the
drug accumulation in target sites and thus improves therapeutic effects [9].

2.3. Stimuli-Responsive Liposomes and Functionalization

Thanks to developments in liposomal technology, stimuli-responsive carriers that release
medications in response to particular physiological situations have been developed. Drugs are
released via pH-sensitive liposomes in acidic tumor settings and by temperature-sensitive liposomes
at higher temperatures. Site-specific targeting is further improved by functionalization with ligands,
antibodies, or peptides, which raises therapeutic efficacy while lowering systemic toxicity [10]. These
developments maximize therapeutic potential by increasing medication delivery accuracy [11].

3. Clinical Applications and Targeting Strategies

3.1. Liposomes in Cancer Therapy and Tumor Targeting

Liposomal drug delivery stands as a crucial cancer therapy advancement because it enables
better drug distribution to tumor areas and decreases dangerous side effects to the entire body.
Liposomes use enhanced permeability and retention (EPR) effect for passive targeting which enables
them to accumulate in cancer tissues because of their poor-quality blood vessels. The therapeutic
efficiency of liposomes improves when researchers integrate functional targeting components like
antibodies or ligands to enhance the binding properties for cancer cells [12].

The FDA has approved two liposomal formulations which include Doxil® and Myocet® that
maintain better drug retention in tumors while extending circulation durations. The use of liposomes
in treatment has reduced cardiotoxic risks better than traditional chemotherapy thus becoming a
preferred choice for oncological therapy [13]. Scientific study investigates liposomes with dual
imaging and therapeutic properties for specific tumor treatment applications [14].

3.2. Drug Delivery Across the Blood-Brain Barrier

The blood-brain barrier (BBB) stands as a major hindrance for neurological disorder therapeutic
delivery. The advanced nature of liposomes as therapeutic agents depends on their tandem use of
receptor-mediated transcytosis and surface manipulations which enhances their penetration into the
brain. Through their incorporation of transferrin or lactoferrin liposomes achieve superior brain-
entry results which enhance their access to patients suffering from neurodegenerative diseases or
glioblastoma [15].

A number of scientific studies prove PEGylated liposomes work well as drug delivery systems
since they preserve drug stability and block immune system clearance. The brain entry of liposomes
faces limitations because of serum protein consumption which requires better surface chemistry
adjustments [16].

3.3. Liposomes in Infectious Diseases and Gene Therapy

The management of infectious diseases as well as gene therapy advancement needs enduring
support from liposomal technology which extends beyond its applications in cancer treatment and
neurology. The drug encapsulation process in liposomes converts antimicrobial agents into
formulations which improve stability and bioavailability and enhance drug solubility against
pathogenic resistance. Liposomal medications have served as therapeutic agents for treating
tuberculosis and fungal infections and antiviral diseases according to [17].
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The use of cationic liposomes enhances nucleic acid transfection efficiency whereas their
degradation process is blocked during gene therapy. Research teams work to optimize Targeted
liposomal gene delivery systems because they advance genetic disorder treatments and develop
personalized medicine methods to enhance stability alongside unwanted side effect prevention [18].

4. Comparative Study of Liposomes and Other Nanocarriers

4.1. Liposomes vs Polymeric Nanoparticles

Liposomal and polymeric nanocarriers exist as top drug delivery systems due to their ability to
provide specific advantages for pharmaceutical systems. Nanoparticles formed from liposomes
achieve biocompatible properties and maintenance control through their bilayer phospholipid
structure. The nanocarriers establish dual membrane replication which enables them to accomplish
maximum drug loading capabilities and precise delivery functions. Polymeric nanoparticles have
superior longevity compared to both polymeric nanoparticles and other systems yet maintain better
stability than these competitors [19].

Particles that combine chitosan with PLGA maintain better technical stability with agile
pharmaceutical drug release mechanisms. The controlled drug delivery systems in drug carriers
deliver enhanced performance compared to liposomes since they decrease the frequency of
medication requirements. However, concerns over biocompatibility and potential toxicity limit their
widespread use in clinical applications [20].

4.2. Multifunctional Nanocarriers and Imaging Capabilities

New technological progress has enabled researchers to create nanocarriers which combine
therapeutic components with diagnostic (theranostic) functions. The combination of lipospheres with
various diagnostic agents such as contrast agents and fluorescent dyes and magnetic nanoparticles
enables real-time tracking as well as drug delivery. The dual capability of these nanocarriers
improves their ability to deliver precise treatment in cancer therapy [21].

The use of smart liposomal systems introduces self-triggered drug release elements through pH
or enzyme activation which enhances drug delivery effectiveness. Precision medicine will benefit
tremendously from the integrated approach of imaging with targeted therapy although researchers
need to optimize both targeting precision and off-target side effects reduction [22].

5. Challenges and Future Prospects

5.1. Stability, Scalability, and Regulatory Aspects

Industrial pharmaceutical distribution of liposomal drugs encounters two primary obstacles
related to formulation stabilization methods and achieving wider manufacturing facility capabilities
and medical approval authorities. Liposomes break down prematurely and form molecular
aggregates with leakages when stored because of their environments which reduces their operational
period. Research on liposomal stability enhancement focuses on lipid optimization and drug
stabilizer application studies [23].

The thin-film hydration extrusion manufacturing method for liposomes fails to create
homogenous production batches thereby hindering large-scale growth. The solution for
manufacturing defects lies in system production through microfluidics using large-scale production
techniques. Regulatory agency testing requirements for safety and efficacy slow down medical drug
delivery in the clinical phase. The market approval process for regenerative medicine depends on
standardized production approaches and sophisticated characterization techniques per the research
findings published in 2018 [24].
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5.2. Future Trends in Liposomal Research

Liposomal research is moving toward precision medicine with focus on individualized therapy
and improved targeting modalities. Stimuli-responsive drug-releasing functionalized liposomes with
enzyme- or light-inducible release mechanisms are being developed to allow for treatment specificity
[25].

Machine learning and artificial intelligence (Al) are also being explored for use in liposomal
formulation. Optimal lipid composition can be rationally designed, and drug release profiles can be
predicted using artificial intelligence algorithms for the design of next-generation nanocarriers [26].
Multicomponent hybrid liposomes with greater than one nanomaterial, e.g., polymers or inorganic
nanoparticles, also show promise for control of drug delivery and control of theranostic function [27].

6. Conclusions

The liposomal drug delivery system has created revolution in nanomedicine in terms of
improving stability, bioavailability, and targeted delivery of drugs. Initially developed over time, the
liposomes have established themselves in high potential toward clinical practice. Circulation time
and efficient targeting primarily caused by PEGylation and stimulus response have furthermore
supported successful targeted cancer treatment and effective drug delivery across the blood-brain
barrier. Liposomes have also contributed to the treatment of infectious diseases and gene therapy,
along with a bright prospect for nanomedicine in terms of flexibility.

It enumerates the merits of liposomes compared to other nanocarriers in terms of
biocompatibility and control of drug release. Some other significant challenges include stability,
scalability, and regulatory hurdles prior to a broad clinical impact. Future trends include Al-aided
optimization, hybrid nanocarriers, and theranostic liposomal systems for a promising future
roadmap of research and application.

In summary, liposomal drug delivery continues to improve and bridge the gap between
experimental and clinical nanomedicine. Much has already been achieved, but additional
technological advances and research are needed in order to overcome current limitations and fully
capitalize on the therapeutic potential of liposomal formulations for precision medicin.
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