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ABSTRACT

Nanoparticle-mediated drug delivery systems (NDDS) have emerged as a revolutionary approach in the field of medicine, 
particularly in targeted therapy and controlled release applications. This article reviews recent advancements in NDDS, focusing 
on various types of nanoparticles, their fabrication methods, mechanisms of drug loading and release, and their applications 
in treating cancer, cardiovascular diseases, and infectious diseases. The potential of NDDS to improve drug solubility, stability, 
and bioavailability is also discussed, alongside the challenges and future perspectives in the field.
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Editorial

INTRODUCTION

The advent of nanotechnology has transformed drug delivery 
systems by enabling the design of nanoparticles that can encapsulate 
therapeutic agents, enhancing their efficacy and minimizing side 
effects. Conventional drug delivery methods often face limitations 
such as poor solubility, rapid clearance from the body, and non-
specific distribution. Nanoparticle-mediated drug delivery systems 
(NDDS) address these challenges by facilitating targeted delivery 
and controlled release, thus improving therapeutic outcomes [1].

TYPES OF NANOPARTICLES

Liposomes

Liposomes are spherical vesicles composed of lipid bilayers that 
can encapsulate both hydrophilic and hydrophobic drugs. Their 
biocompatibility and ability to form stable formulations make 
them ideal for drug delivery. Liposomal formulations, such as 
Doxil® (liposomal doxorubicin), have shown enhanced circulation 
time and reduced toxicity, leading to improved therapeutic indices 
in cancer treatment [2].

Dendrimers

Dendrimers are branched macromolecules with a well-defined 
structure. Their unique architecture allows for multiple functional 
groups on their surface, enabling drug loading and targeting. 
Dendrimers can deliver anticancer agents and imaging agents, 
enhancing the effectiveness of chemotherapy and diagnostic 
imaging.

Polymeric Nanoparticles

Polymeric nanoparticles, made from biodegradable polymers 
like PLGA (poly(lactic-co-glycolic acid)), offer advantages in 
controlled release and biodegradability. These nanoparticles can be 
engineered to release drugs in response to specific stimuli (e.g., pH 
or temperature), making them suitable for targeted cancer therapy.

Metallic Nanoparticles

Metallic nanoparticles, such as gold and silver nanoparticles, have 
unique optical and electronic properties. They can be used for 
drug delivery, photothermal therapy, and imaging applications [3]. 
Their ability to enhance drug solubility and stability makes them a 
promising platform in nanomedicine.

MECHANISMS OF DRUG LOADING AND 
RELEASE

Drug Loading

The efficiency of drug loading in NDDS is critical for therapeutic 
efficacy. Methods for loading drugs into nanoparticles include 
passive loading, solvent evaporation, and coacervation techniques. 
For instance, in liposomes, drugs can be encapsulated during the 
formation of the lipid bilayer, while dendrimers can load drugs via 
non-covalent interactions or covalent bonding.

Drug Release

Controlled release of drugs from nanoparticles can be achieved 
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through various mechanisms, such as diffusion, degradation, or 
external stimuli. Stimuli-responsive nanoparticles can release drugs 
in response to specific environmental triggers, such as pH changes 
in tumor tissues or temperature variations. This targeted release 
enhances therapeutic effects while minimizing side effects [4].

Applications in Medicine

Cancer Treatment

NDDS have shown significant promise in cancer therapy by 
improving the selectivity and efficacy of chemotherapeutic 
agents. By encapsulating drugs within nanoparticles, it is possible 
to achieve higher concentrations of drugs at tumor sites while 
reducing systemic toxicity. For example, polymeric nanoparticles 
loaded with paclitaxel have demonstrated enhanced antitumor 
activity and reduced side effects in preclinical models.

Cardiovascular Diseases

In cardiovascular therapy, NDDS can facilitate the targeted 
delivery of anti-inflammatory drugs and gene therapies. Lipid-based 
nanoparticles have been used to deliver siRNA targeting genes 
involved in atherosclerosis, showing potential in reducing plaque 
formation and improving vascular health [5].

Infectious Diseases

Nanoparticles can enhance the efficacy of antiviral and antibacterial 
agents. For example, silver nanoparticles exhibit antimicrobial 
properties and can be used in formulations to treat infections. 
Furthermore, lipid-based nanoparticles are being investigated for 
delivering mRNA vaccines, showcasing their role in combating 
infectious diseases such as COVID-19 [6].

ADVANTAGES OF NANOPARTICLE-MEDIATED 
DRUG DELIVERY

Enhanced Solubility and Stability: NDDS can improve the 
solubility of poorly water-soluble drugs, enhancing their 
bioavailability and therapeutic efficacy.

Targeted Delivery: Functionalization of nanoparticles with 
targeting ligands (e.g., antibodies, peptides) allows for selective 
delivery to specific tissues or cells, reducing off-target effects.

Controlled Release: NDDS can provide sustained or controlled 
release of drugs, maintaining therapeutic levels over extended 
periods and minimizing dosing frequency [7].

Improved Pharmacokinetics: Nanoparticles can alter the 
pharmacokinetics of drugs, prolonging circulation time and 
enhancing tissue accumulation.

CHALLENGES AND LIMITATIONS

Despite their potential, NDDS face several challenges

Biocompatibility and Toxicity: The long-term effects of 
nanoparticles in the body are still not fully understood. Ensuring 
biocompatibility and minimizing toxicity remain critical concerns.

Scalability and Manufacturing: The production of nanoparticles 
at a commercial scale poses challenges related to consistency, 
quality control, and regulatory approval [8].

Stability: Maintaining the stability of nanoparticle formulations 
during storage and administration is essential for ensuring 
therapeutic efficacy.

Regulatory Hurdles: The approval process for nanoparticle-based 
therapies can be complex, requiring extensive preclinical and 
clinical testing to demonstrate safety and efficacy [9].

FUTURE PERSPECTIVES

The future of NDDS holds great promise, with ongoing research 
aimed at overcoming current challenges. Innovations in nanoparticle 
design, such as the development of hybrid nanoparticles and 
personalized nanomedicine, are expected to enhance the specificity 
and efficacy of drug delivery systems. Furthermore, integrating 
advanced imaging techniques with NDDS may provide real-time 
monitoring of drug distribution and therapeutic response [10].

CONCLUSION

Nanoparticle-mediated drug delivery systems represent a 
transformative approach in modern medicine, offering numerous 
advantages over traditional drug delivery methods. By enhancing 
drug solubility, stability, and targeting, NDDS have the potential 
to significantly improve therapeutic outcomes in various diseases, 
particularly cancer. However, addressing the challenges related to 
biocompatibility, scalability, and regulatory compliance is essential 
for the successful translation of these systems into clinical practice.
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