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ABSTRACT 

In recent times, drug delivery systems are considered a cornerstone for 

enhanced medication efficacy and reduced secondary drug reactions. 

Newer advancements in drug delivery technologies make an impact on 

pharmacotherapy. Improved bioavailability is being achieved along 

with localized release and controlled delivery in pharmaceutical 

agents. This present article reviews the latest generations of drug 

delivery systems-the most advanced drug delivery entities presently 

available-including drug-containing nanoparticles, liposomes, 

transdermal patch system, dendrimers, and microemulsion. 

Mechanisms of action, advantages, challenges, and potential clinical 

applications of each system are discussed. Future prospects for drug 

delivery technologies are also outlined and how interdisciplinary 

approaches can help address and overcome limitations. 
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INTRODUCTION 

The development of effective drug delivery systems (DDS) is critical in the realm of 

pharmacotherapy. Traditional routes of drug administration, such as oral and parenteral 

methods, often lead to challenges, including poor bioavailability, adverse drug reactions, and 

variability in patient responses. These issues necessitate the design of advanced drug delivery 

systems that can optimize the pharmacokinetics and pharmacodynamics of therapeutic 

agents. 
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Innovative technologies in nanotechnology, biopharmaceutical engineering, and materials 

science have led to the emergence of sophisticated drug delivery platforms capable of 

enhancing the solubility, stability, and bioavailability of drugs while ensuring targeted 

delivery to specific tissues or cells. This review aims to provide a comprehensive overview of 

the latest advancements in drug delivery systems, detailing their mechanisms, advantages, 

challenges, and clinical applications. By examining these systems, we can better understand 

their potential impact on patient care and therapeutic outcomes. 

 

Types of drug delivery systems 

1. Nanoparticles 

Nanoparticles (NPs) are nanoscale carriers typically ranging from 1 to 100 nanometers in size 

that can encapsulate therapeutic agents, allowing for targeted delivery and controlled release. 

These nanoparticles can be composed of various materials, including lipids, polymers, 

metals, and ceramics, and are designed to enhance drug solubility and stability. 

 

Mechanism of action: Nanoparticles work through a range of mechanisms to deliver drugs. 

They can enhance drug solubility through encapsulation, improving bioavailability. They are 

small enough to pass through biological barriers such as cell membranes. Passive targeting 

exploits the enhanced permeability and retention (EPR) effect, allowing nanoparticles to 

accumulate in tumor tissues due to leaky blood vessels. Active targeting is achieved by 

conjugating nanoparticles with ligands that specifically bind to receptors on target cells, 

thereby increasing the selectivity of drug delivery. 

 

Advantages 

 Improved bioavailability: NPs enhance the solubility of poorly water-soluble drugs, 

improving their bioavailability and therapeutic effect. 

 Targeted delivery: Nanoparticles can be engineered for targeted delivery, reducing 

systemic side effects and enhancing drug efficacy. 

 Versatility: NPs can be formulated to carry various therapeutic agents, including small 

molecules, proteins, and nucleic acids. 

 

Challenges 

 Toxicity: Concerns regarding the potential toxicity of nanoparticles persist, particularly 

regarding their long-term accumulation in the body. 
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 Scalability: The production of nanoparticles must be scalable for clinical application, 

which can pose significant challenges in terms of reproducibility and cost. 

 

Applications: Nanoparticle systems have demonstrated substantial promise in cancer 

therapy, where they can deliver chemotherapeutics directly to tumor sites, thereby enhancing 

therapeutic efficacy and minimizing systemic toxicity (Peer et al., 2007). Furthermore, 

nanoparticles are being investigated for vaccine delivery, facilitating improved immunogenic 

responses (Zhou et al., 2018). Notably, the use of nanoparticles for targeted RNA delivery, 

such as small interfering RNA (siRNA), holds great promise in gene therapy and genetic 

disorders (Zhang et al., 2020). 

 

2. Liposomes 

Liposomes are spherical vesicles composed of lipid bilayers that encapsulate hydrophilic and 

hydrophobic drugs, enhancing their solubility, stability, and pharmacokinetic properties. 

They can be engineered for controlled release and targeted delivery by altering their 

composition and surface properties. 

 

Mechanism of action: Liposomes encapsulate drugs within their aqueous core or lipid 

bilayer, enabling sustained release. The liposomal surface can be modified with polyethylene 

glycol (PEG) or specific ligands to improve circulation time and enhance targeting to specific 

tissues or cells. 

 

Advantages 

 Biocompatibility: Liposomes are generally well tolerated by the body and can reduce the 

toxicity associated with encapsulated drugs. 

 Enhanced stability: Liposomes protect drugs from degradation, enhancing their stability 

and prolonging their shelf life. 

 

Challenges 

 Physical stability: Liposomes can be sensitive to environmental factors such as 

temperature and pH, which may affect their stability and efficacy over time. 

 Cost of production: The complex manufacturing processes required for liposome 

production can be costly. 

 

Applications: Liposomes have been employed in various therapeutic areas, including cancer 

treatment, vaccines, and anti-infective therapies. The liposomal formulation of doxorubicin, 
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known as Doxil, exemplifies a successful application in cancer therapy, significantly 

reducing cardiac toxicity associated with conventional formulations (Allen & Cullis, 2013). 

Other examples include liposomal amphotericin B for fungal infections and liposome-based 

vaccines for infectious diseases (Levy et al., 2015). 

 

3. Transdermal drug delivery systems 

Transdermal drug delivery systems (TDDS) are designed to deliver drugs through the skin for 

systemic effects, offering a non-invasive alternative to traditional oral and injectable routes. 

 

Mechanism of action: TDDS utilize various methods to enhance drug permeation through 

the skin barrier. These include permeation enhancers, chemical penetration enhancers, and 

microneedles that create microchannels in the skin to facilitate drug absorption. By bypassing 

the first-pass metabolism, TDDS can improve bioavailability. 

 

Advantages 

 Improved patient compliance: Non-invasive delivery methods are generally preferred 

by patients, enhancing adherence to therapy. 

 Sustained release: TDDS can provide continuous medication release, maintaining 

therapeutic drug levels over extended periods. 

 

Challenges 

 Limited drug candidates: TDDS are primarily limited to small molecular weight drugs 

due to skin permeability restrictions, which can limit the range of drugs that can be 

effectively delivered. 

 Variability in absorption: Individual differences in skin thickness and permeability can 

affect drug absorption and overall effectiveness. 

 

Applications: Transdermal patches are well-established applications for delivering nicotine, 

hormones (e.g., estradiol), and certain analgesics (e.g., fentanyl patches). Emerging 

applications include microneedle patches for vaccine delivery, which allow for pain-free 

administration and enhanced immunogenicity (Prausnitz & Langer, 2008). The use of 3D-

printed transdermal systems is also gaining attention, enabling personalized drug delivery 

solutions (Huang et al., 2020). 

 

 

 



www.wjpr.net      │     Vol 13, Issue 22, 2024.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

Chaudhari.                                                                          World Journal of Pharmaceutical Research 
 

404 

4. Dendrimers 

Dendrimers are highly branched, synthetic macromolecules characterized by a well-defined 

structure and surface functionality that enable precise drug delivery and targeting. 

 

Mechanism of action: Dendrimers can encapsulate drugs within their internal cavities or 

conjugate them to their surface, facilitating targeted delivery. Their unique structure allows 

for high drug-loading capacity while maintaining solubility. Additionally, dendrimers can be 

designed to respond to specific biological stimuli for controlled drug release. 

 

Advantages 

 Versatility: Dendrimers can be engineered with various functional groups to facilitate 

specific interactions with target cells. 

 Targeted delivery: Surface modifications allow for active targeting of specific cells or 

tissues, improving therapeutic efficacy. 

 

Challenges 

 Synthesis complexity: The synthesis of dendrimers can be complex and costly, limiting 

their widespread application. 

 Potential toxicity: Concerns regarding the biocompatibility and potential toxicity of 

dendrimers remain under investigation. 

 

Applications: Dendrimers are being researched for applications in cancer therapy, gene 

delivery, and as contrast agents for imaging (Kumar et al., 2019). For instance, dendrimer-

based systems have been utilized to enhance the delivery of siRNA and small molecules in 

cancer cells, demonstrating improved therapeutic effects (Ravindranath et al., 2018). 

 

5. Microemulsions 

Microemulsions are thermodynamically stable mixtures of oil, water, and surfactants that can 

enhance drug solubility and bioavailability. They are typically transparent or translucent, 

allowing for easier formulation and administration. 

 

Mechanism of action: Microemulsions can solubilize hydrophobic drugs, facilitating their 

absorption through biological membranes. The presence of surfactants reduces the interfacial 

tension, allowing for improved penetration of drugs across barriers such as the 

gastrointestinal tract or skin. 
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Advantages 

 Enhanced solubility: Microemulsions can significantly improve the solubility of poorly 

water-soluble drugs, increasing their bioavailability. 

 Stability: They are thermodynamically stable and do not separate over time, providing 

consistent drug delivery. 

 

Challenges 

 Formulation complexity: Developing stable microemulsion formulations can be 

complex, requiring precise ratios of oil, water, and surfactants. 

 Regulatory hurdles: The use of certain surfactants may pose regulatory challenges due 

to safety concerns. 

 

Applications: Microemulsions have been utilized for the delivery of anti-cancer drugs, anti-

inflammatory agents, and vaccines. For example, microemulsions have been developed to 

enhance the oral bioavailability of poorly soluble drugs, such as cyclosporine (Mishra et al., 

2017). Moreover, they are being explored for vaccine delivery, particularly for enhancing the 

immune response (Rudra et al., 2019). 

 

Future perspectives 

The advancement of drug delivery systems continues to evolve, driven by technological 

innovations and a deeper understanding of disease biology. Future research should focus on 

overcoming the challenges associated with existing systems, particularly concerning safety, 

scalability, and regulatory approval. The integration of smart drug delivery systems that 

respond to physiological changes offers exciting prospects for personalized medicine. 

Additionally, collaboration across disciplines, including engineering, materials science, and 

biology, will be crucial for developing next-generation drug delivery technologies. 

 

CONCLUSION 

Innovative drug delivery systems have the potential to revolutionize pharmacotherapy by 

improving drug efficacy, reducing side effects, and enhancing patient compliance. The 

continuous exploration of nanoparticles, liposomes, transdermal systems, dendrimers, and 

microemulsions reflects the dynamic landscape of drug delivery research. As technology 

advances, we must embrace interdisciplinary approaches to tackle existing challenges and 

unlock new opportunities for enhancing patient care. 
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