
Journal of Pharmaceutical Chemistry and Drug formulation 

Volume 6, Issue 2, May-August, 2024    
 
 

38 Page 38-47© MANTECH PUBLICATIONS 2024. All Rights Reserved 
 

Formulation Strategies for Improving Bioavailability of Poorly 

Soluble Drugs 

 
Preeti Reddy 

Assistant Professor 

Department of Pharmaceutical Chemistry 

Acharya BM Reddy College of Pharmacy, Bangalore 
Email: preetireddy.rcp@gmail.com 

 
Abstract 

Poor solubility is a significant challenge in drug formulation, often limiting 

the bioavailability and therapeutic efficacy of medications. This paper 

explores various formulation strategies employed to enhance the 

bioavailability of poorly soluble drugs. We discuss approaches such as solid 

dispersion, lipid-based formulations, micronization, and the use of 

cyclodextrins and surfactants. Each method's principles, advantages, and 

limitations are analyzed, providing a comprehensive understanding of their 

applications in pharmaceutical chemistry. By improving the solubility and, 

consequently, the bioavailability of drugs, these formulation strategies enable 

the development of more effective treatments for a wide range of medical 

conditions. 
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INTRODUCTION 

The bioavailability of orally administered drugs is often compromised by poor solubility. 

Bioavailability, defined as the proportion of a drug that enters the systemic circulation when 

introduced into the body, is critical for therapeutic efficacy. Poorly soluble drugs pose 

significant challenges in pharmaceutical development as their absorption in the 

gastrointestinal tract is limited. This results in suboptimal therapeutic outcomes and 

necessitates the development of formulation strategies to enhance their solubility and,  
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consequently, their bioavailability. 

 

Improving the solubility of poorly soluble drugs is a multifaceted challenge that involves 

understanding the physicochemical properties of the drug, the biological environment of the 

gastrointestinal tract, and the various formulation approaches available. The purpose of this 

paper is to explore the various strategies employed to enhance the bioavailability of poorly 

soluble drugs, encompassing both traditional and novel approaches. 

 

LITERATURE REVIEW 

The literature on improving the bioavailability of poorly soluble drugs is vast, reflecting the 

complexity and importance of the issue. Early approaches focused on physical modifications 

of the drug substance, such as particle size reduction. More recent strategies have 

incorporated advanced technologies, such as nanotechnology, solid dispersions, and the use 

of surfactants and co-solvents. 

 

Particle Size Reduction 

One of the earliest and most straightforward methods to enhance the solubility of poorly 

soluble drugs is particle size reduction. Reducing the particle size increases the surface area 

available for dissolution, which can significantly enhance the drug's solubility. Techniques 

such as milling, micronization, and nanosizing have been employed. 

 

Nanotechnology 

Nanotechnology has revolutionized the field of drug delivery by enabling the design of 

nanoparticles that can improve the solubility and bioavailability of poorly soluble drugs. 

Nanoparticles offer a high surface area to volume ratio, which enhances dissolution rates. 

Moreover, they can be engineered to target specific tissues, thereby improving the drug's 

therapeutic efficacy and reducing side effects. 

 

Solid Dispersions 

Solid dispersions involve dispersing a poorly soluble drug in a solid matrix, which can 

enhance its solubility. This method relies on the use of polymers and other excipients to 

stabilize the drug in a more soluble form. Techniques such as hot melt extrusion, spray 

drying, and solvent evaporation are commonly used to produce solid dispersions. 
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Use of Surfactants 

Surfactants can enhance the solubility of poorly soluble drugs by reducing the surface tension 

 between the drug and the dissolution medium. They can also form micelles, which can 

encapsulate the drug and improve its solubility. Commonly used surfactants include 

polysorbates, sodium lauryl sulfate, and bile salts. 

 

Co-solvents 

Co-solvents are solvents that are miscible with water and can enhance the solubility of poorly 

soluble drugs by altering the solvent environment. Common co-solvents include ethanol, 

propylene glycol, and polyethylene glycol. The choice of co-solvent depends on the drug's 

chemical properties and the desired formulation characteristics. 

 

CHALLENGES IN FORMULATION DEVELOPMENT 

Despite the advancements in formulation strategies, several challenges remain in developing 

effective formulations for poorly soluble drugs. These challenges include maintaining the 

stability of the drug, ensuring uniformity in the formulation, and achieving a balance between 

solubility enhancement and other formulation attributes. 

 

Drug Stability 

Many poorly soluble drugs are also chemically unstable, which can complicate the 

formulation process. Ensuring the stability of the drug throughout its shelf life is critical for 

maintaining its therapeutic efficacy. Strategies such as encapsulation, use of stabilizing 

agents, and careful selection of excipients are often employed to address stability issues. 

 

Formulation Uniformity 

Achieving uniformity in the formulation is essential for ensuring consistent drug delivery and 

therapeutic outcomes. Variability in particle size, distribution of excipients, and other factors 

can lead to inconsistencies in the final product. Advanced manufacturing techniques and 

rigorous quality control measures are necessary to ensure formulation uniformity. 

 

Balancing Solubility Enhancement with Other Attributes 

Enhancing the solubility of a poorly soluble drug can sometimes lead to compromises in 

other formulation attributes, such as taste, texture, and patient acceptability. It is important to 
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strike a balance between solubility enhancement and other critical attributes to ensure the 

overall success of the formulation. 

 

SCOPE OF THE PAPER 

This paper aims to provide a comprehensive overview of the formulation strategies employed 

to enhance the bioavailability of poorly soluble drugs. It will delve into the mechanisms by 

which these strategies improve solubility, discuss the challenges involved in formulation 

development, and present case studies of successful formulations. By providing a detailed 

analysis of both traditional and novel approaches, this paper seeks to offer valuable insights 

for researchers and practitioners in the field of pharmaceutical development. 

 

MECHANISMS OF SOLUBILITY ENHANCEMENT 

Understanding the mechanisms by which various formulation strategies enhance solubility is 

critical for the rational design of drug delivery systems. These mechanisms can be broadly 

categorized into physical modifications, chemical modifications, and the use of solubility 

enhancers. 

 

Physical Modifications 

Physical modifications, such as particle size reduction and solid dispersions, primarily 

enhance solubility by increasing the surface area available for dissolution. The increased 

surface area allows for greater interaction between the drug and the dissolution medium, 

leading to improved solubility and bioavailability. 

 

Chemical Modifications 

Chemical modifications involve altering the chemical structure of the drug to enhance its 

solubility. This can be achieved through techniques such as salt formation, prodrug 

approaches, and complexation with cyclodextrins. These modifications can improve the 

drug's solubility and stability, leading to better therapeutic outcomes. 

 

Use of Solubility Enhancers 

Solubility enhancers, such as surfactants, co-solvents, and pH modifiers, can improve the 

solubility of poorly soluble drugs by altering the solvent environment or reducing the surface 

tension between the drug and the dissolution medium. These enhancers can be used alone or 
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in combination with other formulation strategies to achieve optimal solubility and 

bioavailability. 

 

Table 1: Common Techniques for Particle Size Reduction 

Technique Description Advantages Disadvantages 

Milling 

Mechanical process to 

reduce particle size using 

mills 

Simple, cost-effective 
Can generate heat, may 

cause degradation 

Micronization 

Reduces particle size to 

micrometer range using 

high-pressure techniques 

Increases surface 

area, enhances 

dissolution 

Requires specialized 

equipment, potential for 

particle aggregation 

Nanosizing 

Reduces particle size to 

nanometer range using 

various methods 

Significantly 

enhances surface area 

and solubility 

Complex process, potential 

stability issues 

 

 
Figure 1: Schematic Representation of Nano particle Drug Delivery 
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Table 2: Examples of Surfactants Used in Drug Formulations 

Surfactant Type Mechanism of Action Common Applications 

Polysorbates Non-ionic 
Reduces surface tension, forms 

micelles 

Oral, injectable 

formulations 

Sodium Lauryl 

Sulfate 
Anionic 

Reduces surface tension, 

enhances wettability 

Tablets, capsules, topical 

formulations 

Bile Salts Amphiphilic 
Solubilizes lipophilic drugs, 

forms micelles 
Oral formulations 

 

 
Figure 2: Solid Dispersion Technique 

 

CASE STUDIES 

Case Study 1: Nanoparticle Formulation of Paclitaxel 

Paclitaxel is a poorly soluble chemotherapeutic agent. Traditional formulations required the 
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use of toxic solvents, limiting its clinical use. The development of nanoparticle formulations 

has significantly improved its solubility and bioavailability, allowing for safer and more 

effective cancer treatment. 

 

Case Study 2: Solid Dispersion of Itraconazole 

Itraconazole is an antifungal drug with poor solubility. The development of solid dispersions 

using hydroxypropyl methylcellulose (HPMC) as a carrier has enhanced its solubility and 

bioavailability, leading to improved therapeutic outcomes in the treatment of fungal 

infections 

 

ADVANCED FORMULATION STRATEGIES 

Self-Emulsifying Drug Delivery Systems (SEDDS) 

SEDDS are lipid-based formulations that spontaneously form emulsions in the 

gastrointestinal tract, enhancing the solubility and absorption of poorly soluble drugs. These 

systems can improve the bioavailability of lipophilic drugs by promoting their solubilization 

and facilitating lymphatic absorption. 

 

Lipid-Based Formulations 

Lipid-based formulations, including liposomes, solid lipid nanoparticles (SLNs), and 

nanostructured lipid carriers (NLCs), offer several advantages for enhancing the solubility 

and bioavailability of poorly soluble drugs. These systems can encapsulate the drug in a lipid 

matrix, improving its solubility and protecting it from degradation. 

 

Use of Cyclodextrins 

Cyclodextrins are cyclic oligosaccharides that can form inclusion complexes with poorly 

soluble drugs, enhancing their solubility and stability. These complexes can improve the 

drug's bioavailability and therapeutic efficacy, making cyclodextrins a valuable tool in drug 

formulation. 

 

POLYMERIC MICELLES 

Polymeric micelles are formed by the self-assembly of amphiphilic block copolymers in 

aqueous solutions. These micelles can encapsulate poorly soluble drugs in their hydrophobic 
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core, enhancing their solubility and bioavailability. Polymeric micelles offer several 

advantages, including improved stability, controlled release, and targeted delivery. 

 

IN VITRO AND IN VIVO EVALUATION 

The evaluation of formulation strategies for poorly soluble drugs involves both in vitro and in 

vivo studies. In vitro studies, such as dissolution testing and stability studies, provide 

valuable insights into the solubility and stability of the formulation. In vivo studies, including 

pharmacokinetic and pharmacodynamic studies, are essential for assessing the bioavailability 

and therapeutic efficacy of the formulation. 

 

CONCLUSION 

Enhancing the bioavailability of poorly soluble drugs is a critical objective in pharmaceutical 

chemistry. Various formulation strategies have been developed to address this challenge, 

each offering unique mechanisms to improve drug solubility. Solid dispersion, lipid-based 

formulations, micronization, and the use of cyclodextrins and surfactants are among the most 

effective approaches. By employing these techniques, pharmaceutical chemists can 

significantly increase the bioavailability and therapeutic efficacy of drugs, leading to better 

patient outcomes.  

 

However, the selection of an appropriate formulation strategy requires careful consideration 

of the drug's properties, intended use, and manufacturing feasibility. Continued research and 

innovation in this field are essential to overcome solubility-related challenges and develop 

more effective drug formulations. Collaborative efforts between academia, industry, and 

regulatory agencies will be pivotal in advancing these technologies and translating them into 

clinically successful therapies. 
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