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Abstract 

The increasing prevalence of poorly soluble drugs has become a significant 

challenge in the pharmaceutical industry, as it directly impacts bioavailability 

and therapeutic efficacy. Novel drug delivery systems (NDDS) have emerged 

as a pivotal solution for enhancing the solubility, stability, and targeted 

delivery of such drugs. This paper explores the design and development of 

various NDDS, including solid dispersions, nanoparticles, liposomes, self-

emulsifying drug delivery systems (SEDDS), and polymeric micelles, 

highlighting their formulation strategies, characterization techniques, and 

clinical relevance. Additionally, critical parameters such as particle size, 

drug-polymer compatibility, and release kinetics are discussed to understand 

the optimization of these systems. The implementation of NDDS not only 

improves drug solubility but also reduces dosing frequency and minimizes 

adverse effects. Through systematic analysis and comparison, this study 

emphasizes the importance of integrating NDDS in modern pharmaceutics to 

overcome solubility-related challenges in drug therapy. 
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INTRODUCTION 

The pharmaceutical landscape has witnessed a surge in the development of poorly water-

soluble drugs, particularly Biopharmaceutics Classification System (BCS) Class II and IV 

compounds. Poor solubility often leads to suboptimal absorption, reduced bioavailability, and 

variable therapeutic outcomes. Conventional formulations frequently fail to address these 

challenges, necessitating innovative approaches in drug delivery. Novel drug delivery 

systems (NDDS) are designed to optimize solubility, enhance stability, and enable targeted 

delivery, thereby improving patient compliance and therapeutic efficacy. 

 

CHALLENGES IN POORLY SOLUBLE DRUG FORMULATION 

Formulating poorly soluble drugs is challenging due to their low aqueous solubility, poor 

dissolution rate, and unpredictable pharmacokinetics. Drugs such as paclitaxel, curcumin, and 

itraconazole exhibit low bioavailability in conventional oral formulations. Strategies to 

improve solubility include salt formation, particle size reduction, solid dispersions, and lipid-

based formulations. However, these approaches often face limitations such as chemical 

instability, complex manufacturing, and poor scalability. 

 

DESIGN STRATEGIES FOR NOVEL DRUG DELIVERY SYSTEMS 

Solid Dispersions 

Solid dispersions involve dispersing poorly soluble drugs into hydrophilic carriers to enhance 

dissolution rates. Techniques include melt extrusion, solvent evaporation, and spray drying. 

Polymers such as polyethylene glycol (PEG), polyvinylpyrrolidone (PVP), and 

hydroxypropyl methylcellulose (HPMC) are commonly used. 

Nanoparticles 

Nanoparticles improve solubility and bioavailability by reducing particle size to the 

nanometer scale, increasing surface area, and enhancing dissolution. Types include polymeric 

nanoparticles, lipid nanoparticles, and nanosuspensions. Methods such as high-pressure 

homogenization, nanoprecipitation, and solvent evaporation are utilized for their preparation. 

Liposomes 
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Liposomes are vesicular systems composed of phospholipid bilayers that encapsulate 

hydrophobic drugs. They offer controlled release, protection from degradation, and targeted 

delivery. Techniques like thin-film hydration, reverse-phase evaporation, and ethanol 

injection are commonly employed. 

Self-Emulsifying Drug Delivery Systems (SEDDS) 

SEDDS are isotropic mixtures of oils, surfactants, and co-surfactants that form fine oil-in-

water emulsions upon contact with gastrointestinal fluids. They enhance solubilization, 

improve oral bioavailability, and reduce food effects. 

Polymeric Micelles 

Amphiphilic block copolymers self-assemble into micelles, with a hydrophobic core 

encapsulating poorly soluble drugs. These systems improve solubility, circulation time, and 

tumor targeting for anticancer drugs. Critical factors include polymer selection, drug loading, 

and micelle stability. 

 

CHARACTERIZATION OF NOVEL DRUG DELIVERY SYSTEMS 

Particle Size and Morphology 

Dynamic light scattering (DLS) and scanning electron microscopy (SEM) are used to 

measure particle size and surface morphology, which influence dissolution and 

bioavailability. 

Drug-Polymer Compatibility 

Fourier-transform infrared spectroscopy (FTIR) and differential scanning calorimetry (DSC) 

assess drug-polymer interactions, ensuring stability and preventing precipitation. 

In Vitro Drug Release 

Dissolution studies evaluate drug release kinetics from NDDS. Mathematical models like 

Higuchi and Korsmeyer-Peppas equations describe release mechanisms. 

 

Table 1: Comparative Features of NDDS for Poorly Soluble Drugs 

Drug Delivery 

System 
Advantages Limitations Typical Applications 

Solid 

Dispersions 

Enhanced dissolution, 

simple preparation 

Stability issues, 

hygroscopic 

Oral formulations of 

BCS Class II drugs 

Nanoparticles Improved Complex Cancer therapy, poorly 
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bioavailability, targeted 

delivery 

manufacturing, cost soluble antivirals 

Liposomes 
Controlled release, 

reduced toxicity 
Low stability, expensive 

Anticancer drugs, 

vaccines 

SEDDS 
Increased solubility, 

oral absorption 

Surfactant toxicity, 

formulation complexity 

Oral delivery of 

lipophilic drugs 

Polymeric 

Micelles 

High solubility, 

prolonged circulation 

Limited drug loading, 

stability 

Anticancer drugs, 

hydrophobic 

nutraceuticals 

Table Explanation: The table summarizes the advantages, limitations, and applications of 

different NDDS employed for poorly soluble drugs, providing a comparative understanding 

for formulation scientists. 

 

FORMULATION OPTIMIZATION AND SCALE-UP 

Formulation optimization involves selecting appropriate carriers, surfactants, and polymers to 

enhance solubility and stability. Design of experiments (DoE) approaches facilitates 

systematic investigation of formulation parameters. Scale-up challenges include maintaining 

particle size, drug loading, and batch-to-batch consistency. Regulatory considerations, 

including Good Manufacturing Practices (GMP) and stability studies, are critical for 

commercial development. 

 

CLINICAL RELEVANCE AND APPLICATIONS 

NDDS have shown remarkable improvements in oral bioavailability, reduced dosing 

frequency, and enhanced therapeutic outcomes. Examples include lipid-based formulations of 

cyclosporine and paclitaxel-loaded polymeric nanoparticles for targeted cancer therapy. 

Additionally, NDDS facilitate the delivery of hydrophobic nutraceuticals, antiviral, and 

antifungal drugs with improved patient compliance. 

 

FUTURE PROSPECTS 

Emerging technologies like 3D printing, stimuli-responsive nanocarriers, and hybrid delivery 

systems hold promise for personalized medicine. Integration of computational modeling and 

artificial intelligence in formulation design can optimize NDDS development, reducing time 
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and cost. Moreover, the combination of multiple strategies, such as liposome-nanoparticle 

hybrids, may further enhance solubility and targeted delivery. 

 

CONCLUSION 

Poorly soluble drugs present significant challenges in pharmaceutical development, affecting 

bioavailability and therapeutic efficacy. Novel drug delivery systems offer effective solutions 

by improving solubility, stability, and targeted delivery. Techniques such as solid dispersions, 

nanoparticles, liposomes, SEDDS, and polymeric micelles demonstrate substantial potential 

in addressing solubility-related issues. Characterization, optimization, and scale-up are 

critical for successful implementation. As the field advances, the integration of NDDS with 

personalized and computational approaches promises enhanced therapeutic outcomes and 

improved patient care. Continued research and innovation are essential to fully realize the 

benefits of NDDS in modern pharmaceutics. 
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