
Review Not peer-reviewed version

Advancements in Liposomal and

Nanoparticle-Based Targeted Drug

Delivery

Ashutosh Sengar *

Posted Date: 19 March 2025

doi: 10.20944/preprints202503.1397.v1

Keywords: Liposomal drug delivery; Nanoparticles; Targeted therapy; Tumor microenvironment; Stimuli-

responsive nanocarriers

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


 

Review 

Advancements in Liposomal and Nanoparticle-Based 

Targeted Drug Delivery 

Ashutosh Sengar 

Dept. of Pharmaceutics, Smt. Vidyawati College of Pharmacy, Smt. Vidyawati Group of Institutions, Jhansi (U. 

P.); ashutoshsengar26567@gmail.com 

Abstract: Targeted drug delivery systems have become revolutionary in therapy with increased 

effectiveness and reduced side effects compared to traditional practice. Liposomal and nanoparticle 

carriers are among the very effective nanoplatforms with controlled delivery, site-directed drug 

concentration, and enhanced therapeutic outcomes. Transformation of drug delivery from traditional 

systems to nanocarrier systems is presented herein with emphasis on mechanisms, advantages, and 

medical applications. Liposomal nanocarriers are bioavailable and stable, while nanoparticles are 

tumor-specific drug delivery systems based on smart and responsive platforms. Eco-friendly and 

biodegradable materials in drug design also lead to drug safety and biocompatibility improvements. 

One of the key characteristics of modern nanomedicine is its ability to leverage the tumor 

microenvironment, and in particular the EPR effect, to deliver drug concentration in cancer tissue. 

Biological barriers, however, are problematic, and as such new strategies such as surface engineering 

and enzyme-sensitive nanoparticles must be used to increase penetration and therapeutic effect. 

Although these present some issues, long-term nanotechnology research can assist in improving drug 

delivery methods and treatment to become individualized and effective. The present review is a 

summary of existing innovation in liposomal and nanoparticle-based drug delivery, their role in 

precision medicine and the treatment of cancer, and how they have potential to revolutionize. 
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1. Introduction to Targeted Drug Delivery 

Targeted drug delivery revolutionized contemporary medicine by eliminating the limitations of 

conventional drug delivery. Traditional processes have the propensity of causing grand-scale 

distribution of the drugs, accountable for off-target toxicity and poor efficacy. Targeted drug delivery 

systems, as opposed to others, localize the drugs at the target site with increased therapeutic activity 

and least possible systemic toxicity. Combination of nanotechnology with carriers further optimized 

the process to promote controlled drug discharge and increased bioavailability [1]. 

Drug delivery through nanoparticles has been a promise in the past few decades, with the use 

of nanoscale carriers to deliver drugs directly to tissue. From liposomes to polymeric nanoparticles 

and biopolymers, these carriers have improved circulation time, lowered immune clearance, and 

greater cellular uptake [2]. Material science and bioengineering advances further propel these 

systems, moving them toward precision medicine. 

1.1. Evolution from Conventional to Nanoparticle-Based Delivery 

Earlier drug delivery systems included passive diffusion and systemic delivery and were made 

to release suboptimal amounts of the drug to the target location. Inefficiency of this nature 

necessitated regular dosing and raised the prospect of side effects. Trends away from nanoparticle-

based systems with higher drug transport, overcoming physiological barriers, and with sustained 

release [1] have been reported. 
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Nanoparticles provide structural modification to improve drug solubility, stability, and 

specificity. Functionalization processes provide the means of surface modification to allow 

nanoparticles to evade immune recognition and maintain circulation [2]. These technologies have 

been widely used in cancer treatment, where drug-concentrating nanoparticles localize to tumor 

tissue with limited action on normal tissue. 

1.2. Importance of Precision Medicine and Targeted Therapy 

Precision medicine aims at personalizing the treatment based on the patient’s profile so that 

therapeutic agents attack the disease or condition specifically with maximum efficacy and minimal 

side effects. Nanocarriers fulfill this by way of site-specific drug delivery with no systemic toxicity 

and maximum compliance of the patient [3]. 

Targeted drugs are very effective in drug delivery in cancer therapy with ligand drug delivery, 

where nanoparticles have been employed to bind and target particular cell receptors. Targeted 

mechanism prolongs the residence time of the drug in the tumor tissue and reduces exposure in 

normal tissues [4]. Apart from this, biodegradable nanobiopolymers have established 

environmentally friendly drug carriers to offer maximum therapeutic effectiveness and reduce long-

term toxicity complications [5]. 

Table 1. Importance of Precision Medicine and Targeted Therapy. 

Aspect Description Key Benefits Reference 

Precision 

Medicine 

Tailors treatment based on 

patient-specific factors 

Maximizes efficacy, 

minimizes side effects 
[3] 

Nanocarriers in 

Drug Delivery 

Enables site-specific drug 

release with minimal systemic 

toxicity 

Improves patient 

compliance, reduces 

toxicity 

[3] 

Targeted Cancer 

Therapy 

Uses ligand-drug delivery to 

bind specific cell receptors 

Enhances drug 

accumulation at tumor 

sites 

[4] 

Biodegradable 

Nanopolymers 

Environmentally friendly drug 

carriers for safer therapies 

Reduces long-term 

toxicity and 

complications 

[5] 

2. Liposomal and Nanoparticle-Based Drug Delivery Systems 

Application of nanoparticles and liposomes in designing drug delivery systems has been the key 

to enhancing drug selectivity and efficiency. 

Table 2. Liposomal and Nanoparticle-Based Drug Delivery Systems. 

Aspect Liposomal Drug Delivery 
Nanoparticle-Based Drug 

Delivery 

Biocompatibility 
High; composed of phospholipid 

bilayers 

Varies; depends on material 

(polymeric, metal, lipid) 

Drug 

Encapsulation 

Hydrophilic (core) & hydrophobic 

(bilayer) drugs 

Tunable for various drugs, 

including hydrophobic 

Bioavailability 
Improved due to sustained drug 

release 
Enhanced retention and circulation 

Targeted Delivery 
Achievable through PEGylation 

and ligand modifications 
Highly tunable for active targeting 

Applications 
Cancer therapy, infectious diseases, 

gene therapy 

Cancer, chronic diseases, 

regenerative medicine 
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2.1. Mechanisms and Advantages of Liposomal Nanocarriers 

Liposomal drug carriers operate by the entrapment of the therapeutic agents in lipid bilayers to 

protect them from enzymatic hydrolysis and increase the stability of the drug in the bloodstream. 

The carriers may be designed for passive or active targeting to provide delivery of the drug to target 

tissues with decreased side effects [6]. The ability of liposomes to increase drug solubility and 

facilitate drugs with sustained release has made them useful tools in disease treatment such as cancer 

and infection diseases. 

Progress in liposomal nanocarriers has seen the development of PEGylated liposomes with 

longer circulatory half-lives by evading the immune system. Drug levels at desired locations are 

increased, promoting more effective therapy [7]. Ligand-functionalized liposomes are being 

developed for targeted delivery with the aim of improved drug delivery strategies. 

Table 3. Mechanisms, Advantages, and Applications of Liposomal and Nanoparticle Drug Carriers. 

Category Liposomal Nanocarriers 
Nanoparticle-Based Drug 

Delivery 
Reference 

Mechanism of 

Action 

Entraps drugs in lipid 

bilayers for stability & 

protection 

Allows drug loading via 

polymeric, dendrimer, or 

inorganic structures 

[6] 

Targeting 

Approaches 

Passive (EPR effect) & 

active (ligand-

functionalized liposomes) 

Active targeting via aptamers, 

surface ligands, and functional 

coatings 

[7] 

Immune 

System Evasion 

PEGylation extends 

circulation time 

Surface modifications reduce 

immune recognition 
[7] 

Solubility 

Enhancement 

Increases solubility of 

hydrophobic drugs 

Improves solubility and 

stability of poorly soluble drugs 
[8] 

Sustained 

Release 

Prolongs drug action via 

controlled release 

Engineered for slow, controlled 

drug release 
[8] 

Applications 
Cancer therapy, infectious 

diseases, gene therapy 

Cancer, regenerative medicine, 

personalized therapy 
[9] 

Recent 

Innovations 

Ligand-functionalized 

liposomes for enhanced 

targeting 

Aptamer-functionalized 

nanoparticles for precision 

targeting 

[10] 

Theranostic 

Potential 

Imaging-integrated 

liposomes for tracking 

treatment response 

Multifunctional nanoparticles 

for simultaneous therapy and 

imaging 

[11] 

2.2. Clinical Applications and Recent Innovations in Nanoparticles 

Nanoparticles have revolutionized the discipline of drug delivery because they allow specific 

delivery at the cellular level with high specificity. Polymeric nanoparticles, dendrimers, and 

inorganic nanocarriers have been explored extensively for their applicability in enhancing solubility 

along with sustaining controlled release [8]. Nanocarriers hold immense potential in cancer therapy, 

where drugs are entrapped to enhance tumor tissue accumulation with less systemic toxicity. 

Some of the new trends in drug delivery using nanoparticles are aptamer-functionalized 

nanoparticles, which exhibit higher targeting specificity and therapeutic activity [9]. These 

bioconjugated nanoparticles have been found to deliver cancer chemotherapeutic drugs to the target 

cells with reduced side effects by in vivo studies [10]. Nanomedicine is also poised to use 

multifunctional nanoparticles with imaging and therapeutic properties to track the effect of the 

treatment in real time [11]. 
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3. Nanotechnology in Cancer Treatment 

3.1. Role of Nanocarriers in Tumor Targeting and Controlled Release 

Nanocarriers enhance active and passive tumor targeting. The EPR effect enables the penetration 

of nanoparticles via the leaky vasculature of the tumor tissues, thereby localizing the drug at the 

target site [12]. Surface modification through the incorporation of ligands also enhances active 

targeting, hence drug molecules are conjugated to cancer cells with minimal effect on normal tissue. 

Controlled drug release is among the most significant advantages of nanocarriers. Drug release 

may be formulated based on numerous conditions such as pH, temperature, or enzyme 

concentrations of the tumor microenvironment using the concept of stimulus-responsive 

nanoparticles [13]. Such action avoids prior degradation of the drug and enhances the therapeutic 

effect of the anticancer treatment. 

3.2. Smart Drug Carriers and Enhanced Therapeutic Efficiency 

Development in intelligent drug carriers has been improved to improve cancer therapy’s 

efficacy. Targeted nanocarriers attached with antibodies or with peptides, or ligands are extremely 

drug delivery selective in an attempt to reduce off-target toxicities and enhance response rates for 

patients [14]. Stimuli-responsive nanocarriers, for example, release drugs only if they encounter 

specific biological stimulants in order to deliver more targeted therapy. 

The second new field involves light-responsive nanostructures that deliver drug therapeutics 

upon exposure to targeted light wavelengths. The intelligent nanostructures provide spatiotemporal 

control of drug delivery with lower side effects and greater efficacy [15]. Furthermore, multimodal 

functionalized nanoparticles combine drug delivery and imaging to monitor tumor progression and 

therapeutic response in real time [16]. 

4. Biodegradable and Sustainable Innovations in Drug Delivery 

With the growing need for sustainability in the field of medicine, biodegradable drug delivery 

systems have been a successful alternative to traditional therapies. These systems ensure better 

biocompatibility, reduce long-term toxicity, and deliver drugs in controlled ways with eco-safety. 

4.1. Stimuli-Responsive Nanocarriers (pH, Temperature, Enzyme) 

Stimuli-sensitive nanocarriers have been developed in a way that they will release the drug upon 

exposure to the respective biological stimulus, thereby ensuring therapeutic selectivity. pH-sensitive 

carriers, for instance, are physiologically stable at the pH but are degraded by the acidic tumor tissue 

microenvironment and hence local release of the drug takes place [17]. Thermosensitive nanoparticles 

are also thermosensitive, and local delivery is attained in heat-treated tumor tissues [18]. Enzyme-

activated systems constitute another major advance where the drug release is based on cancer-

specific enzymes and therefore specificity of therapy is attained. 

4.2. Sustainable Materials and Biocompatible Drug Delivery Systems 

Progress in biodegradable nanocarriers has improved drug delivery efficacy and safety 

tremendously. Some of the environmentally friendly materials used like mesoporous silica 

nanoparticles, lipid vesicles, and polymeric micelles have increased biocompatibility in addition to 

controlled degradation characteristics that minimize systemic toxicity [19]. Nanotheranostics are 

multi-modal platforms where diagnostic and therapeutic components are integrated into a single 

platform, enabling targeted therapeutic regimens and thereby increasing the efficacy of drugs as well 

as patient outcome [20]. 
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5. Exploiting the Tumor Microenvironment for Effective Therapy 

5.1. Enhanced Permeability and Retention (EPR) Effect 

EPR effect is one of the leading mechanisms utilized in nanomedicine by which nanoparticles 

get passively accumulated within the tumor as a result of leaky vasculature and compromised 

lymphatic drainage. EPR effect results in increased drug concentrations in cancer tissue in 

comparison to normal cells with higher efficacy and fewer side effects [21]. Nanoparticle preparations 

have also been rationally engineered by researchers to maximize the drug retention due to the EPR 

effect with the ideal size, charge, and surface chemistry to penetrate tumors [22]. 

5.2. Strategies for Overcoming Biological Barriers 

In spite of the EPR effect advantage, high extracellular matrices and drug efflux pumps are 

biological barriers to nanoparticle entry. To overcome these limitations, new delivery systems utilize 

surface properties such as PEGylation and ligand-functionalization to enhance circulation times and 

selectivity in targeting [23]. Furthermore, enzyme-sensitive nanoparticles degrade extracellular 

barriers, enhancing tumor penetration and drug bioavailability. 

Conclusion 

The advancements brought in by liposomal and nanoparticle-based drug delivery technologies 

have revolutionized targeted therapy to a great extent. From their early days of existence outside 

conventional drug delivery avenues to formulation of precision medicine technology, these 

technologies have promoted drug stability, drug controlled release, and minimized systemic toxicity. 

Liposomal nanocarriers with biocompatibility and tunability assure proper encapsulation of drugs, 

and nanoparticles assure target site delivery of drugs, especially in cancer therapy. 

Technologies including stimuli-responsive and biodegradable nanotechnology-based carriers 

further prolong the process of drug delivery due to the reaction to the temperature, pH, and 

enzymatic activity biological cues. Green matter is utilized that ensures biocompatibility and lesser 

side effects. Moreover, leverage of the tumor microenvironment through the EPR effect allows cancer 

tissues to achieve higher concentrations of drugs. Biological barriers do exist, though, and so there is 

a requirement to create surface-modified and ligand-targeted nanoparticles that will be able to 

penetrate and exert an effect. 

Withstand record milestones aside, more work remains to render such drug delivery systems 

suitable for therapy. Next-generation research needs to be channeled towards nanoparticle 

stabilization, minimizing immunogenicity, and attaining customized treatment options. Further 

growth in nanomedicine promises to revolutionize drug delivery with improved, more efficacious, 

and less toxic medication for a large array of conditions, particularly cancer. 
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