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ABSTRACT 

The development of novel drug delivery systems for poorly soluble drugs has 

become a major area of research in modern pharmaceutical chemistry. Many 

newly discovered chemical entities suffer from low aqueous solubility, which 

limits their bioavailability and therapeutic potential. Various formulation 

strategies have been employed to overcome this issue, such as solid 

dispersions, nanocrystals, liposomes, and polymeric nanoparticles. These 

systems enhance the dissolution rate, improve absorption, and achieve 

controlled drug release. The use of surfactants, co-solvents, and complexing 

agents further enhances solubility. Formulation design requires consideration 

of physicochemical properties, drug–excipient compatibility, and stability 

under physiological conditions. Advanced analytical techniques like FTIR, 

DSC, and XRD play crucial roles in characterizing these formulations. This 

paper emphasizes the need for integrating formulation science with molecular 

chemistry to optimize the performance of poorly soluble drugs, ensuring better 

therapeutic outcomes and patient compliance. 

 

KEYWORDS: Poorly soluble drugs, Nanoparticles, Solubility enhancement, 

Bioavailability, Solid dispersions 

 

INTRODUCTION 

The pharmaceutical industry faces significant challenges in the development of orally 

administered drugs due to poor aqueous solubility, which affects approximately 40% of new 
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 chemical entities (NCEs). Poor solubility leads to reduced absorption in the gastrointestinal 

tract, low bioavailability, and variable therapeutic response. Traditional drug delivery 

approaches, such as conventional tablets and capsules, often fail to address these limitations, 

necessitating the development of novel strategies that can improve drug dissolution, 

absorption, and therapeutic efficacy. 

 

Novel drug delivery systems (NDDS) represent a broad category of advanced formulations 

designed to overcome limitations associated with conventional dosage forms. These systems 

aim not only to improve solubility but also to provide controlled release, targeted delivery, 

and reduced toxicity. By integrating pharmaceutical sciences with nanotechnology, material 

science, and molecular biology, NDDS offers promising solutions for poorly soluble drugs. 

 

LITERATURE REVIEW 

POORLY SOLUBLE DRUGS: DEFINITION AND CLASSIFICATION 

Poorly soluble drugs are typically characterized by low water solubility (less than 1 mg/mL), 

which hampers their absorption and bioavailability. The Biopharmaceutics Classification 

System (BCS) categorizes drugs into four classes based on solubility and permeability. BCS 

Class II and IV drugs, in particular, pose significant formulation challenges due to their poor 

solubility and, in some cases, limited permeability. 

 

Table 1: Classification of Poorly Soluble Drugs (BCS Classification) 

BCS 

Class 
Solubility Permeability Examples Challenges 

I High High Metoprolol, Atenolol Low, readily absorbed 

II Low High Ibuprofen, Naproxen 
Poor solubility, variable 

absorption 

III High Low Cimetidine, Ranitidine Poor permeability 

IV Low Low 
Paclitaxel, 

Hydrochlorothiazide 

Low solubility & permeability, 

formulation difficult 

 

NOVEL DRUG DELIVERY STRATEGIES 

Over the last decade, multiple strategies have been explored to improve the solubility and  
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 bioavailability of poorly soluble drugs. 

Table 2: Common Novel Drug Delivery Systems for Poorly Soluble Drugs 

Delivery 

System 
Principle Example Drugs Advantages Limitations 

Nanoparticles 

Particle size 

reduction, increased 

surface area 

Paclitaxel, 

Curcumin 

Improved 

solubility, 

controlled release 

Stability issues, 

cost 

Solid 

Dispersions 

Drug dispersed in 

hydrophilic carriers 

Itraconazole, 

Ketoconazole 

Faster dissolution, 

better absorption 

Manufacturing 

complexity 

Lipid-Based 

Systems 

Drug solubilized in 

lipids 

Griseofulvin, 

Fenofibrate 

Improved 

lymphatic 

absorption 

Short shelf-life, 

oxidation 

Polymeric 

Micelles 

Amphiphilic block 

copolymers 

encapsulate drug 

Doxorubicin 

Targeted delivery, 

increased 

circulation time 

High cost, 

complex 

preparation 

 

Nanotechnology-Based Approaches 

Nanoparticles, including polymeric nanoparticles, nanosuspensions, and nanocrystals, have 

demonstrated remarkable potential for enhancing the dissolution and absorption of 

hydrophobic drugs. By reducing particle size to the nanometer scale, surface area increases, 

facilitating higher dissolution rates according to the Noyes-Whitney equation. Nanocarriers 

can also be engineered for targeted delivery, thereby improving therapeutic efficacy while 

minimizing systemic side effects. 

 

Figure 1: Schematic Representation of Nanoparticle-Based Drug Delivery 
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 Lipid-Based Drug Delivery Systems 

Lipid-based carriers, such as liposomes, solid lipid nanoparticles (SLNs), and self-

emulsifying drug delivery systems (SEDDS), are particularly effective in enhancing the 

solubility of lipophilic drugs. These systems leverage the lipid solubilization potential to 

facilitate lymphatic absorption, bypassing first-pass metabolism and improving oral 

bioavailability. 

 

Solid Dispersions 

Solid dispersion techniques involve dispersing poorly soluble drugs into water-soluble 

carriers such as polyethylene glycol (PEG) or polyvinylpyrrolidone (PVP). This approach 

increases wettability and reduces drug crystallinity, promoting faster dissolution and 

improved absorption. Hot-melt extrusion, spray-drying, and solvent evaporation are 

commonly used preparation methods. 

 

Polymeric Nanoparticles and Micelles 

Polymeric nanoparticles, formed from biodegradable and biocompatible polymers such as 

PLGA and chitosan, provide controlled release and enhanced stability of poorly soluble 

drugs. Polymeric micelles, composed of amphiphilic block copolymers, can encapsulate 

hydrophobic drugs within their core, increasing solubility and circulation time. 

 

Cyclodextrin Complexation 

Cyclodextrins are cyclic oligosaccharides that form inclusion complexes with poorly soluble 

drugs. This encapsulation improves aqueous solubility and chemical stability while 

potentially reducing irritation at the administration site. 

 

CHALLENGES IN DEVELOPING NOVEL DRUG DELIVERY SYSTEMS 

The development of novel drug delivery systems (NDDS) has transformed modern 

therapeutics, enabling controlled release, targeted delivery, and improved bioavailability. 

However, their development is fraught with several challenges that span formulation, 

manufacturing, regulatory compliance, and economic feasibility. 

 

1. Formulation Challenges 

Formulating NDDS for drugs with poor solubility or stability remains a major hurdle. Key  
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 issues include: 

 Excipient and Polymer Selection: Choosing suitable carriers, polymers, surfactants, or 

lipids is critical. The excipients must be biocompatible, non-toxic, and able to enhance 

drug solubility without altering its pharmacological activity. For example, hydrophobic 

drugs often require lipid-based carriers or cyclodextrin complexes to improve solubility. 

 Drug-Excipient Interactions: Incompatibilities between drugs and excipients can lead to 

chemical degradation, precipitation, or loss of activity. For instance, certain polymers 

may react with functional groups on the drug molecule, forming unwanted adducts. 

 Stability Concerns: Maintaining the stability of NDDS during storage is complex. 

Factors like temperature, light, humidity, and pH can affect nanoparticle integrity, vesicle 

stability, or polymer degradation. This is particularly critical for lipid-based nanoparticles 

and protein-loaded formulations. 

 Release Kinetics Optimization: Achieving controlled or sustained drug release while 

maintaining therapeutic levels requires precise manipulation of formulation parameters 

such as particle size, matrix composition, and crosslinking density. 

 

2. Scale-Up and Manufacturing 

Transitioning NDDS from laboratory to industrial scale introduces significant technical 

challenges: 

 Batch-to-Batch Reproducibility: Processes optimized at a small scale may not directly 

translate to large-scale production. Maintaining consistent particle size distribution, 

encapsulation efficiency, and drug loading is difficult but essential for therapeutic 

efficacy. 

 Sterility and Contamination Control: Many NDDS are designed for parenteral 

administration. Ensuring sterility without compromising formulation stability (e.g., heat-

sensitive nanoparticles) is a critical challenge. 

 Process Complexity: Techniques such as microfluidics, spray-drying, or 

nanoprecipitation are often used at lab scale but require sophisticated, costly equipment 

for scale-up. Parameters like mixing speed, temperature, and solvent removal must be 

tightly controlled. 

 Quality Control: Analytical methods to characterize NDDS, including particle size, zeta 

potential, and in vitro release, must be robust, reproducible, and scalable. Developing 

such methods for complex nanosystems is a non-trivial task. 
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 3. Regulatory and Safety Concerns 

Novel formulations face stringent scrutiny from regulatory authorities due to their complex 

nature: 

 Preclinical and Clinical Evaluation: NDDS must undergo extensive safety and toxicity 

studies, including acute, chronic, and organ-specific toxicity assessments. Nanoparticles, 

for example, may accumulate in the liver, spleen, or kidneys, raising concerns about long-

term safety. 

 Regulatory Guidelines: There is often a lack of standardized regulatory frameworks for 

emerging NDDS, particularly nanomedicines. Companies may face uncertainties 

regarding the type and extent of required preclinical and clinical studies. 

 Immunogenicity and Biocompatibility: Some NDDS components, such as certain 

polymers or surfactants, may trigger immune responses. Comprehensive evaluation is 

necessary to minimize adverse reactions. 

 Intellectual Property Considerations: Novel formulations may involve proprietary 

technologies, adding legal and regulatory complexity during approval processes. 

 

4. Cost Implications 

Economic factors significantly influence the development and commercialization of NDDS: 

 High Manufacturing Costs: Advanced technologies, sterile processing, and precision 

equipment increase production costs. For instance, producing lipid nanoparticles for 

mRNA vaccines requires sophisticated bioreactors and cryogenic storage. 

 R&D Investment: The extensive preclinical and clinical testing required for novel 

systems demands significant financial investment. This includes formulation 

optimization, analytical method development, and toxicity studies. 

 Commercial Feasibility: High production costs can limit accessibility, especially in low- 

and middle-income countries. Balancing innovation with affordability is a key challenge 

for pharmaceutical companies. 

 Market Competition: Cost-intensive NDDS may face competition from conventional 

formulations unless they demonstrate clear therapeutic advantages, such as improved 

efficacy or reduced dosing frequency. 
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 STRATEGIES TO OVERCOME CHALLENGES IN NDDS DEVELOPMENT 

The development of novel drug delivery systems (NDDS) is associated with complex 

formulation, manufacturing, regulatory, and cost-related challenges. However, several 

strategies have been developed to address these issues, focusing on scientific innovation, 

technological advancements, and patient-centric approaches. 

 

1. Multidisciplinary Formulation Approach 

Overcoming formulation challenges in NDDS requires the integration of expertise from 

multiple scientific disciplines: 

 Pharmaceutical Sciences: Knowledge of pharmacokinetics, drug solubility, and stability 

allows researchers to select suitable carriers, excipients, and drug delivery platforms. For 

poorly soluble drugs, strategies like lipid-based nanoparticles, solid dispersions, or 

cyclodextrin complexes can enhance solubility and bioavailability. 

 Materials Engineering: Advanced polymeric systems, hydrogels, and biodegradable 

matrices are designed using principles from materials science to provide controlled drug 

release. Understanding polymer-drug interactions, degradation kinetics, and mechanical 

properties ensures formulation stability and predictable release profiles. 

 Nanotechnology: Nanocarriers such as liposomes, polymeric nanoparticles, dendrimers, 

and micelles allow precise control over particle size, surface charge, and targeting 

capability. Optimization of these parameters improves drug loading, circulation time, and 

tissue-specific delivery. 

 Rational Design: Combining knowledge from these disciplines enables rational 

formulation design. For example, adjusting particle size and surface modification of 

nanoparticles can enhance solubility, reduce aggregation, and facilitate targeted delivery, 

thereby addressing multiple formulation challenges simultaneously. 

 

2. Advanced Characterization Techniques 

Robust characterization of NDDS is essential to ensure stability, efficacy, and safety: 

 Differential Scanning Calorimetry (DSC): DSC helps in evaluating the thermal 

behavior of drugs and excipients, identifying polymorphic transitions, melting points, and 

potential drug-excipient incompatibilities. This ensures that formulations remain stable 

under various storage conditions. 
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  X-ray Diffraction (XRD): XRD is used to determine the crystallinity of drug substances. 

Maintaining amorphous or partially crystalline forms in NDDS can improve solubility 

and dissolution rates, critical for poorly water-soluble drugs. 

 Fourier-Transform Infrared Spectroscopy (FTIR): FTIR provides insights into 

chemical interactions between drugs and excipients by detecting specific functional 

groups and bonding changes. This helps in predicting potential stability issues and 

optimizing formulations. 

 Particle Size and Morphology Analysis: Techniques such as dynamic light scattering 

(DLS), scanning electron microscopy (SEM), and transmission electron microscopy 

(TEM) allow precise measurement of nanoparticle size, shape, and distribution. 

Controlling these parameters is vital for drug release kinetics, bioavailability, and 

targeting efficiency. 

 Stability and Release Profiling: Advanced analytical tools also help in monitoring the 

drug release profile under simulated physiological conditions, ensuring consistent 

therapeutic performance over time. 

 

3. Personalized Medicine Considerations 

Tailoring NDDS to individual patient needs is a promising approach to improve efficacy and 

safety: 

 Dose Optimization: NDDS can be designed to deliver precise drug doses based on 

patient-specific parameters, such as age, weight, metabolism, and disease severity. 

Controlled-release formulations reduce fluctuations in plasma drug concentration, 

enhancing therapeutic outcomes. 

 Customized Release Kinetics: Depending on the clinical requirement, NDDS can 

provide sustained, pulsatile, or targeted drug release. For example, chronotherapeutic 

delivery systems can release medication at specific times to match the body’s circadian 

rhythm, improving efficacy and minimizing side effects. 

 Route-Specific Delivery: NDDS can be adapted for various administration routes, 

including oral, transdermal, pulmonary, ocular, or parenteral. Personalized route selection 

increases drug bioavailability, patient compliance, and therapeutic effect. 

 Targeted Therapy: Nanocarriers can be functionalized with ligands, antibodies, or 

peptides to target specific tissues or cells. This reduces systemic exposure, minimizes 

adverse effects, and enhances drug accumulation at the disease site, particularly useful in  
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 cancer therapy and chronic inflammatory diseases. 

 Integration with Digital Health: Emerging strategies involve coupling NDDS with 

wearable sensors or smart devices to monitor patient responses and adjust drug release in 

real time, further advancing personalized medicine. 

 

SCOPE OF NOVEL DRUG DELIVERY SYSTEMS FOR POORLY SOLUBLE 

DRUGS 

Poorly soluble drugs present one of the biggest challenges in modern pharmacotherapy. Low 

solubility limits absorption, reduces bioavailability, and can compromise therapeutic efficacy. 

Novel Drug Delivery Systems (NDDS) offer promising solutions to overcome these 

limitations, opening a broad scope for improving drug performance and patient outcomes. 

 

1. Enhanced Bioavailability 

One of the primary advantages of NDDS is the improvement of oral bioavailability for poorly 

soluble drugs: 

 Solubility Enhancement: Lipid-based carriers, solid dispersions, nanosuspensions, and 

cyclodextrin complexes can significantly increase drug solubility in gastrointestinal 

fluids. This is particularly beneficial for Biopharmaceutics Classification System (BCS) 

class II and IV drugs. 

 Improved Absorption: NDDS optimize drug particle size and surface area, promoting 

better dissolution and absorption across the intestinal epithelium. Nanoparticles, for 

instance, increase the effective surface area, facilitating faster and more complete uptake. 

 Clinical Benefits: Enhanced bioavailability reduces the required dose, minimizes 

variability in plasma drug concentration, and improves therapeutic outcomes. This is 

crucial in chronic conditions, where consistent drug levels are necessary, and in acute 

treatments, where rapid onset is desired. 

 

2. Targeted Therapy 

NDDS enable site-specific drug delivery, which is particularly valuable for diseases requiring 

precision therapy: 

 Reduced Systemic Exposure: By delivering drugs directly to the target site, NDDS 

minimize systemic distribution, lowering the risk of off-target toxicity and adverse 

effects. 
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  Cancer Therapy: Liposomes, polymeric nanoparticles, and antibody-conjugated carriers 

selectively deliver chemotherapeutic agents to tumor tissues via enhanced permeability 

and retention (EPR) effect, sparing healthy cells. 

 Neurological Disorders: Nanocarriers capable of crossing the blood-brain barrier can 

improve drug delivery to the central nervous system, which is traditionally challenging 

for poorly soluble drugs. 

 Cardiovascular Diseases: Targeted delivery to specific organs, such as the heart or 

vasculature, can improve drug efficacy while reducing systemic side effects like 

hypotension or arrhythmias. 

 

3. Combination Therapy 

NDDS also facilitate co-delivery of multiple drugs to achieve synergistic therapeutic effects: 

 Simultaneous Delivery: Encapsulation of multiple drugs within a single carrier ensures 

simultaneous release at the target site, maintaining optimal drug ratios for enhanced 

efficacy. 

 Reduced Drug-Drug Interactions: Co-delivery within a controlled system can mitigate 

negative pharmacokinetic interactions between drugs, which may otherwise compromise 

safety or efficacy. 

 Applications: This approach is valuable in cancer, where chemotherapy agents are often 

combined, and in infectious diseases, where multi-drug regimens are necessary to prevent 

resistance. 

 

4. Translational Potential 

NDDS offer significant bench-to-bedside potential, bridging the gap between laboratory 

research and clinical application: 

 Addressing Solubility and Stability Issues: By resolving solubility limitations, NDDS 

make previously unviable drug candidates clinically feasible. Drugs with high therapeutic 

potential but poor water solubility can now be formulated for effective delivery. 

 Clinical Translation: NDDS facilitate more predictable pharmacokinetics, controlled 

release, and improved patient compliance, which are essential for successful clinical trials 

and regulatory approval. 

 Innovation Opportunities: Continuous advancements in polymer science, 

nanotechnology, and targeting ligands expand the range of drugs that can be effectively 
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 delivered, offering potential solutions for rare diseases, chronic illnesses, and 

personalized medicine. 

 

FUTURE PERSPECTIVES 

Integration with Nanomedicine 

The future of NDDS for poorly soluble drugs lies in nanomedicine. Multifunctional 

nanoparticles, responsive to stimuli such as pH, temperature, and enzymes, can provide on-

demand drug release and improved targeting efficiency. 

Artificial Intelligence and Predictive Modeling 

AI and machine learning can accelerate formulation design by predicting solubility, stability, 

and pharmacokinetics of new drug delivery systems. Computational tools may reduce time 

and cost associated with experimental trial-and-error approaches. 

Sustainable and Green Formulations 

Future research should focus on environmentally friendly carriers and solvents, reducing the 

ecological footprint of pharmaceutical manufacturing while maintaining formulation efficacy. 

Regulatory Harmonization 

International harmonization of regulatory guidelines for novel drug delivery systems will 

facilitate global approval and market access, accelerating patient access to advanced 

therapies. 

 

CONCLUSION 

Novel drug delivery systems have transformed the formulation landscape for poorly soluble 

drugs by addressing their solubility and dissolution limitations. Through the use of advanced 

formulation techniques such as nano-carriers, lipid-based systems, and polymeric matrices, 

pharmaceutical scientists can significantly improve the pharmacokinetic and 

pharmacodynamic profiles of these molecules. The integration of computational chemistry 

and predictive modeling further aids in the rational design of these systems. Future research 

should focus on scalability, regulatory acceptance, and patient-centric formulations that 

minimize side effects while maintaining therapeutic efficacy. Thus, pharmaceutical chemistry 

continues to bridge the gap between molecular drug design and practical dosage form 

development. 
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