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Abstract 

The bioavailability of drugs significantly influences their therapeutic efficacy. 

Poorly soluble drugs often present challenges in achieving adequate plasma 

concentrations to produce the desired therapeutic effects. This paper discusses 

various formulation strategies designed to enhance the bioavailability of 

poorly soluble drugs. These strategies include solid dispersions, lipid-based 

formulations, nanosuspensions, and cyclodextrin complexes, among others. 

The paper also highlights the physicochemical properties influencing drug 

solubility and bioavailability, providing an in-depth analysis of each strategy’s 

mechanism of action, advantages, and limitations. Additionally, the paper 

explores current trends in drug formulation and the potential future directions 

to overcome solubility challenges, ultimately improving drug delivery systems 

for better clinical outcomes. 
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INTRODUCTION 

The bioavailability of drugs is a key determinant of their therapeutic efficacy, referring to the 

fraction of a drug that reaches systemic circulation and is available to exert its 

pharmacological effect. This parameter is crucial for determining the effectiveness of oral 

drug formulations, especially for those that are poorly soluble in aqueous environments.  
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 Poor solubility, high first-pass metabolism, and poor permeability across biological 

membranes contribute significantly to low bioavailability, presenting substantial challenges 

for pharmaceutical development. Given these concerns, enhancing the bioavailability of 

poorly soluble drugs is a priority in drug formulation research. 

 

This paper reviews various formulation strategies that have been employed to improve the 

solubility and dissolution rates of poorly soluble drugs. By examining the mechanisms, 

applications, and limitations of these strategies, we aim to provide a comprehensive 

understanding of current efforts to overcome bioavailability issues and suggest future 

directions for research in this field. 

 

1. PHYSICOCHEMICAL FACTORS AFFECTING DRUG BIOAVAILABILITY 

The bioavailability of a drug is influenced by several physicochemical properties, such as 

solubility, permeability, stability, particle size, and polymorphism. These factors determine 

how a drug behaves in the body once administered, affecting its ability to dissolve in 

gastrointestinal fluids, cross cellular membranes, and remain intact until it reaches its target 

site. 

 

Table 1: Physicochemical Properties Influencing Drug Bioavailability 

Property Impact on Bioavailability Examples of Poorly Soluble Drugs 

Solubility Affects dissolution rate Itraconazole, Paclitaxel 

Permeability Affects absorption Ketoconazole, Diazepam 

Stability Affects drug degradation Lopinavir, Indinavir 

Particle Size Affects dissolution rate Glibenclamide, Nimesulide 

Polymorphism Affects solubility Ritonavir, Carbamazepine 

 

2. FORMULATION STRATEGIES TO ENHANCE BIOAVAILABILITY 

Pharmaceutical scientists have developed numerous strategies to enhance the solubility and 

dissolution rate of poorly soluble drugs. These methods typically aim to modify the drug’s 

physical form or its chemical environment to improve solubility in the gastrointestinal tract, 

thereby improving absorption. 
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 1.  Solid Dispersions 

Solid dispersions are one of the most effective strategies for improving the solubility of poorly 

soluble drugs. This technique involves dispersing the drug in a solid matrix of hydrophilic 

polymers or other excipients, increasing the drug’s wettability and surface area for 

dissolution. 

Table 2: Common Materials Used in Solid Dispersion Systems 

Material Function in Solid Dispersion Example Drugs 

Polyethylene glycol 
Improves solubility and 

dissolution rate 

Griseofulvin, 

Phenytoin 

Hydroxypropyl methylcellulose 

(HPMC) 

Enhances drug stability and 

solubility 
Lopinavir, Paclitaxel 

Gelucire 
Acts as a carrier and improves 

solubility 

Fenofibrate, 

Ketoconazole 

 

2.  Lipid-Based Formulations 

Lipid-based formulations, including self-emulsifying drug delivery systems (SEDDS) and 

solid lipid nanoparticles (SLNs), have been increasingly used to improve the bioavailability of 

lipophilic drugs. These formulations use lipids to increase solubility in the gastrointestinal 

tract and enhance drug absorption. 

 

Table 3: Comparison of Lipid-Based Formulations 

Formulation Type Key Advantages Example Drugs 

Self-emulsifying Drug Delivery 

Systems (SEDDS) 

Enhance drug solubility, easy 

to prepare 

Atorvastatin, 

Cyclosporine 

Solid Lipid Nanoparticles (SLNs) 
Improve stability and 

controlled release 
Docetaxel, Paclitaxel 

 

3. Nanosuspensions 

Nanosuspensions are colloidal dispersions where the drug particles are reduced to nanoscale 

sizes (less than 1 micron). This increase in surface area improves the dissolution rate and, 

consequently, the solubility and bioavailability of the drug. 
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 Table 4: Advantages and Challenges of Nanosuspensions 

Advantage Challenge Example Drugs 

Increased surface area Potential stability issues 
Carbamazepine, 

Glibenclamide 

Enhanced dissolution 

rate 

Need for stabilizers to prevent 

aggregation 
Itraconazole, Ketoconazole 

 

4. Cyclodextrin Complexes 

Cyclodextrins are cyclic oligosaccharides that can form inclusion complexes with poorly 

soluble drugs. These complexes can significantly improve the solubility and stability of drugs 

by encapsulating them in a ring structure. 

 

Table 5: Cyclodextrins Used in Drug Formulation 

Cyclodextrin Type Functionality Example Drugs 

Beta-cyclodextrin Enhances solubility and stability Ibuprofen, Ketoprofen 

Hydroxypropyl-beta-cyclodextrin Increases aqueous solubility Progesterone, Paclitaxel 

 

3. CURRENT CHALLENGES AND FUTURE TRENDS 

Despite significant progress in drug formulation techniques, several challenges remain in 

enhancing the bioavailability of poorly soluble drugs.  

 

Some of the major challenges include achieving long-term formulation stability, controlling 

drug release, and ensuring patient compliance. Furthermore, some strategies may only be 

effective for certain drugs, making it necessary to explore novel formulations and excipients. 

 

Future research in this area is focused on developing advanced excipients, nanotechnology-

based drug delivery systems, and personalized approaches to drug formulation. These 

innovations may provide new solutions to current limitations and lead to more effective 

treatments for patients. 
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 Table 6: Challenges in Bioavailability Enhancement of Poorly Soluble Drugs 

Challenge Potential Solutions 

Stability of formulation Use of stabilizers, cryoprotectants 

Controlled release Development of multiparticulate systems 

Patient compliance Development of taste-masked or easy-to-administer forms 

 

CONCLUSION 

The enhancement of the bioavailability of poorly soluble drugs remains one of the foremost 

challenges in pharmaceutical science. Various formulation strategies, including solid 

dispersions, lipid-based formulations, nanosuspensions, and cyclodextrin complexes, have 

been explored to overcome this issue.  

 

Each strategy has its own set of advantages and limitations. Combining these strategies may 

provide the most effective approach for improving the bioavailability of such drugs. The 

future of this field lies in the development of novel excipients, nanotechnology, and 

personalized drug delivery systems, which hold the promise of overcoming current obstacles 

and significantly improving therapeutic outcomes. 
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