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ABSTRACT:- 

The solubility of drugs plays a pivotal role in their bioavailability, particularly for poorly water-soluble drugs. 

Biopharmaceutical Classification System (BCS) Class II drugs, characterized by high permeability but low 

solubility, pose significant challenges for effective drug formulation and therapeutic efficacy. This review delves 

into various solubility enhancement techniques employed for BCS Class II drugs, highlighting both 

conventional and advanced strategies. Techniques such as solid dispersions, complexation with cyclodextrins, 

nanosizing, lipid-based formulations, and the use of surfactants are discussed in detail, with a focus on their 

mechanisms, advantages, and limitations. Furthermore, emerging methods like amorphous drug formulations, 

nanocrystals, and supercritical fluid technology are explored, reflecting the ongoing innovation in 

pharmaceutical formulation.  
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INTRODUCTION: 

The solubility of a drug is a critical determinant of its bioavailability and overall therapeutic effectiveness. 

According to the Biopharmaceutical Classification System (BCS), drugs are classified into four categories based 

on their solubility and permeability characteristics. Among these, BCS Class II drugs are particularly 

challenging due to their high permeability but low solubility in aqueous environments. These drugs often exhibit 

poor dissolution rates, which can lead to inadequate absorption and suboptimal clinical outcomes. Consequently, 

enhancing the solubility of BCS Class II drugs has become a central focus in pharmaceutical research and 

development.Numerous strategies have been devised to address the solubility limitations of these drugs, aiming 
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to improve their dissolution rate and bioavailability. These techniques range from conventional approaches, 

such as solid dispersions and complexation with cyclodextrins, to more advanced methods like nanotechnology 

and lipid-based formulations.  

Aim :- A review on solubility enhancement techniques of BCS class 2 drugs  

Objective:- 

1.Identify the practical challenges in applying these techniques at a commercial scale, including formulation 

complexity, cost, and stability issues. 

2.Provide recommendations for selecting the most appropriate solubility enhancement technique based on the 

physicochemical properties of the drug and the intended therapeutic application. 

 

 

                                                             Fig 1:-Bcs Class Ii Classification 

 Techniques for solubility enhancement :- 

 1.Solid Dispersions 

Mechanism: Solid dispersions involve dispersing the drug in a polymeric matrix, which can either be 

hydrophilic or hydrophobic. This process can increase the drug’s surface area and improve its wettability, thus 

enhancing its dissolution rate. 

Types: 

Physical mixtures: A simple blending of drug and polymer. 

Solid solutions: Drugs are molecularly dispersed within a polymer matrix. 

Co-crystals: Drug is co-crystallized with a co-former to improve its solubility. 

Advantages: Increased solubility and dissolution rate, enhanced stability. 

Limitations: Potential issues with drug-polymer compatibility, stability during storage. 

 

http://www.ijcrt.org/


www.ijcrt.org                                                   © 2024 IJCRT | Volume 12, Issue 12 December 2024 | ISSN: 2320-2882 

IJCRT2412011 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a78 
 

2.Cyclodextrin Complexation 

Mechanism: Cyclodextrins are cyclic oligosaccharides that can form inclusion complexes with hydrophobic 

drugs, improving their solubility by modifying the drug’s crystalline structure. The drug molecules are 

encapsulated in the hydrophobic cavity of the cyclodextrin, preventing their crystallization and increasing their 

solubility. 

Advantages: Improved solubility, enhanced bioavailability, non-toxic, and safe. 

Limitations: Stability issues in some formulations, and the cost of cyclodextrin derivatives can be high.  

3.Nanosizing 

Mechanism: Nanosizing reduces the particle size of the drug to the nanometer scale (typically < 1 micron), 

increasing the surface area and improving the dissolution rate. This technique is particularly effective for drugs 

with low solubility. 

Approaches: Methods like high-pressure homogenization, ball milling, and solvent evaporation are commonly 

used to achieve nanosizing. 

Advantages: Significant improvement in the dissolution rate, higher bioavailability. 

Limitations: Instability of nanoparticles, aggregation or recrystallization over time, and challenges in large-scale 

production. 

4..Lipid-Based Formulations 

Mechanism: Lipid-based formulations involve the use of lipids (oils, surfactants, or phospholipids) to improve 

solubility. These formulations can enhance the solubility of lipophilic drugs through the formation of emulsions, 

microemulsions, or self-emulsifying drug delivery systems (SEDDS). 

Advantages: Improved solubility, ability to enhance drug absorption via the lymphatic system, suitable for drugs 

with poor aqueous solubility. 

Limitations: Potential variability in drug release, issues with gastrointestinal stability, and higher production 

costs. 

5.Nanocrystals 

Mechanism: Nanocrystals are submicron-sized drug particles that are stabilized using surfactants or polymers 

to prevent agglomeration. The reduced size leads to a higher surface area, which facilitates faster dissolution 

and increased solubility. 

Advantages: Enhanced dissolution rate, no requirement for organic solvents. 

Limitations: Challenges in long-term stability, difficulty in maintaining nanoparticle size during storage. 

 Methodology: 

Classification of Solubility Enhancement Techniques 

Categorization: The techniques were categorized into traditional, advanced, and emerging methods. Traditional 

methods included solid dispersions, cyclodextrin complexation, and co-solvency. Advanced methods comprised 

lipid-based formulations, nanosizing, and nanocrystals, while emerging techniques involved supercritical fluid 

processing and hybrid methods. 
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Mechanistic Understanding: For each technique, the mechanism behind its solubility enhancement was 

discussed, based on chemical, physical, and pharmaceutical properties. This included how the techniques 

modify the drug’s crystalline structure, surface area, or solubility in the gastrointestinal tract. 

 Critical Evaluation of Techniques 

Advantages and Limitations: A detailed analysis of the strengths and weaknesses of each method was conducted. 

This included assessing the improvement in solubility and dissolution rate, stability issues, and regulatory 

considerations. 

Case Studies: Selected case studies and examples were included to highlight the practical application of each 

technique in real-world drug formulation and to illustrate successful implementations or challenges faced. 

 Emerging Trends and Innovations 

Novel Approaches: The review also focused on emerging solubility enhancement strategies, including the use 

of nanotechnology, amorphous formulations, and supercritical fluid techniques. It explored the innovative 

potential of these technologies, their scalability, and their regulatory hurdles. 

 Comparative Analysis:  

A comparative analysis was made between traditional and emerging techniques, with particular emphasis on 

the future prospects of combining multiple strategies for optimal results. 

Regulatory and Industrial Considerations 

Regulatory Aspects: The review examined the regulatory requirements for solubility-enhanced formulations, 

including guidelines for drug approval, stability testing, and scalability in the pharmaceutical industry. 

Commercialization Challenges: Practical challenges in scaling up these techniques from laboratory settings to 

large-scale production were analyzed. This included cost implications, equipment requirements, and 

formulation stability over time. 

 Future Directions:- 

The review concluded by summarizing the most effective solubility enhancement strategies for BCS Class II 

drugs, considering both their scientific feasibility and commercial applicability. Future research trends, 

including the role of personalized medicine and advancements in nanotechnology, were also discussed.Through 

this methodical approach, the review aims to provide an all-encompassing perspective on the state of solubility 

enhancement for BCS Class II drugs, aiding researchers and pharmaceutical formulators in selecting the most 

appropriate techniques for improving drug bioavailability and clinical research. 

MARKET DRIVERS 

 Rising Demand for Oral Bioavailability: Many drugs in development, especially those targeting chronic 

diseases, cancer, and infectious diseases, face poor solubility issues. With oral formulations being the most 

convenient method of administration, there is an increasing need for technologies that can improve the 

solubility and bioavailability of these drugs. 

 Regulatory Support: Regulatory agencies like the FDA and EMA provide guidelines for improving 

solubility and bioavailability. This has encouraged pharmaceutical companies to invest in solubility-

enhancing technologies. 

 Increase in Research and Development: Companies are focusing on developing new and more effective 

solubility enhancement techniques, often through collaborations with academia or specialized technology 
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providers. This includes advancements in nanotechnology, polymeric carriers, and lipid-based 

formulations. 

 Patent Expirations: As many blockbuster drugs face patent expirations, generic companies are exploring 

solubility enhancement strategies to compete in the market with bioequivalent formulations that offer 

improved solubility profiles. 

2. Key Solubility Enhancement Techniques and Market Penetration 

Particle Size Reduction (Micronization, Nanosuspensions) 

 Market Penetration: High; particle size reduction is one of the most widely used techniques to enhance 

drug solubility and is well established in the pharmaceutical industry. 

 Market Example: Griseofulvin, Ketoconazole, and Rifampicin have been marketed using micronization 

and nanosuspension technologies. The AbbVie product Kaletra (Lopinavir/Ritonavir) uses nanosuspension 

technology to improve the solubility of poorly soluble components. 

 Growth Potential: The market for nanosuspensions is expected to grow significantly due to their ability to 

increase bioavailability of poorly soluble drugs and the increasing trend of developing generic formulations 

of existing drugs. 

Solid Dispersions 

 Market Penetration: Medium; solid dispersion technologies are widely studied and used, but they are less 

frequently commercialized compared to particle size reduction methods. 

 Market Example: Indomethacin, Fenofibrate, and Griseofulvin have been formulated using solid 

dispersions, with several marketed formulations available. 

 Growth Potential: Solid dispersion technologies, including hot-melt extrusion and solvent evaporation 

methods, are gaining traction, particularly for high-potency drugs with poor solubility. As more biologically 

active molecules with poor solubility are developed, the demand for solid dispersion-based formulations is 

likely to increase. 

Cyclodextrin Complexation 

 Market Penetration: Moderate; cyclodextrin-based formulations are in use but are often limited by cost 

and regulatory complexities. However, they are gaining popularity due to their versatility and ability to 

increase solubility without altering the chemical structure of the drug. 

 Market Example: Ibuprofen, Ketoconazole, and Griseofulvin have formulations that utilize 

cyclodextrins for solubility enhancement. 

 Growth Potential: As cyclodextrins are biocompatible and have relatively low toxicity, this market is 

expected to grow, especially for drugs that require controlled release or improved stability. 

Lipid-Based Formulations (SEDDS, SNEDDS) 

 Market Penetration: High; lipid-based formulations have been widely adopted, especially for poorly 

water-soluble drugs with higher lipophilicity. The growth of self-emulsifying drug delivery systems 

(SEDDS) and self-nanoemulsifying drug delivery systems (SNEDDS) has revolutionized drug solubility 

enhancement. 

 Market Example: Drugs like Saquinavir, Ritonavir, and Paclitaxel have been formulated using lipid-

based systems. Cyclosporine A, Lopinavir, and Saquinavir are examples of widely prescribed drugs that 

utilize lipid-based formulations to improve solubility. 

 Growth Potential: The market for lipid-based systems is expected to grow rapidly due to their ability to 

improve the solubility of both hydrophobic and poorly soluble drugs. As the demand for personalized and 

precision medicine rises, lipid formulations will continue to be a key part of the drug development pipeline.  

http://www.ijcrt.org/


www.ijcrt.org                                                   © 2024 IJCRT | Volume 12, Issue 12 December 2024 | ISSN: 2320-2882 

IJCRT2412011 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a81 
 

Co-Crystallization 

 Market Penetration: Low to Moderate; co-crystallization is still a relatively new technology but is gaining 

attention as it offers a unique way to enhance solubility without changing the drug’s chemical composition. 

 Market Example: Carbamazepine has been successfully co-crystallized to improve its solubility. This 

technology has been implemented in a limited number of commercial formulations. 

 Growth Potential: The co-crystallization market is in its nascent stage but is poised for growth as it offers 

potential advantages in terms of stability, solubility, and formulation flexibility. 

Salt Formation 

 Market Penetration: Very High; salt formation is one of the oldest and most widely used techniques for 

improving solubility. 

 Market Example: Dipyridamole, Chlorpromazine, and Verapamil are examples of drugs that have been 

formulated as salts to improve solubility. 

 Growth Potential: The market for salt formulations is likely to remain strong due to its simplicity, low cost, 

and proven effectiveness in improving solubility. 

Nanocrystal Technology 

 increased significantly in recent years, especially for high-value drugs. 

 Market Example: Fenofibrate, Itraconazole, and Griseofulvin are marketed in the form of nanocrystals 

to enhance solubility and bioavailability. 

 Growth Potential: Nanocrystal technology is expected to grow, particularly as more biologic molecules 

with poor solubility are developed. Advances in nanotechnology and Market Penetration: Moderate to 

High; the development of nanocrystal formulations has manufacturing will further boost the market. 

Market Trends 

 Personalized Medicine: The shift toward personalized medicine and precision drug delivery is expected to 

drive the need for solubility-enhancing technologies, as many new drugs, including biologics and small 

molecules, face solubility challenges. 

 Combination of Techniques: There is a growing trend towards combination therapies that utilize multiple 

solubility enhancement strategies. For example, combining particle size reduction with lipid-based 

formulations or solid dispersions may provide synergistic effects for enhanced solubility and bioavailability. 

 Regulatory Pressure: The increasing scrutiny of drug bioavailability by regulatory agencies will push 

pharmaceutical companies to adopt solubility enhancement technologies to meet bioequivalence standards 

for generics and new molecular entities (NMEs). 

 Challenges 

 Cost and Complexity: While many of these technologies offer substantial benefits, they can be 

expensive to implement at a large scale, particularly for more complex formulations like lipid-based 

systems and nanocrystals. 

 Stability Issues: Some solubility-enhanced formulations, such as those using amorphous solid 

dispersions or nanosuspensions, face stability challenges that can limit their long-term viability in the 

market. 

 Regulatory Hurdles: New solubility enhancement technologies may face regulatory challenges, 

particularly for novel systems like nanocarriers or co-crystals, which require thorough testing and 

approval. 
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                                              Fig 2:-Market Evaluation Of Bcs Class II Drug 

Application :- 

BCS (Biopharmaceutics Classification System) Class II drugs are characterized by low solubility and high 

permeability. These drugs often present challenges in pharmaceutical development because their poor 

solubility limits their bioavailability. To overcome this, various solubility enhancement techniques are 

employed to improve the dissolution rate and, ultimately, the absorption of these drugs in the gastrointestinal 

tract. 

1. Particle Size Reduction (Micronization and Nanoparticles) 

Reducing the particle size of a drug increases its surface area, which can enhance its dissolution rate. The smaller 

the particle size, the greater the surface area exposed to the solvent, which accelerates dissolut ion. 

 Micronization involves reducing the particle size to the micrometer range (typically 1-10 µm). 

 Nanoparticles are even smaller (typically < 1 µm) and can further enhance dissolution. 

Application: 

 Drugs like Griseofulvin (which has poor solubility) are micronized to improve their bioavailability. 

 The development of nanoformulations (e.g., using nanoemulsions or nanosuspensions) has been shown to 

significantly enhance solubility and bioavailability for many BCS Class II drugs. 
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2. Solid Dispersions 

Solid dispersion is a technique where the drug is dispersed in an inert carrier matrix to improve solubility. The 

drug can be in its amorphous form or dissolved in a carrier, such as PEG (polyethylene glycol), PVP 

(polyvinylpyrrolidone), or other polymers. 

 Amorphous drugs generally have higher solubility than crystalline forms, and by dispersing the drug in an 

amorphous state, solubility can be greatly enhanced. 

 The technique is typically used for poorly water-soluble drugs to prevent crystallization and increase 

dissolution rates. 

Application: 

 Solid dispersion technologies like hot-melt extrusion and solvent evaporation are often employed to 

create Fenofibrate and Indomethacin are examples of drugs that have been formulated as solid dispersions 

to improve their solubility. 

 these formulations. 

3. Cyclodextrin Complexation 

Cyclodextrins are cyclic oligosaccharides that can form inclusion complexes with hydrophobic drugs, 

improving their water solubility. The drug molecule is encapsulated within the hydrophobic cavity of the 

cyclodextrin, which can enhance its dissolution rate. 

 The drug’s solubility can be enhanced without changing its chemical structure. 

 Cyclodextrin derivatives such as β-cyclodextrin or hydroxypropyl-β-cyclodextrin are commonly used. 

Application: 

 Ibuprofen and Ketoconazole have been successfully formulated using cyclodextrins to enhance their 

solubility and improve their bioavailability. 

4. Lipid-Based Formulations (Self-Emulsifying Drug Delivery Systems, SEDDS) 

Lipid-based formulations use oils, surfactants, and co-solvents to form self-emulsifying systems that can 

improve the solubility of hydrophobic drugs. 

 Self-emulsifying drug delivery systems (SEDDS) are mixtures of lipids and surfactants that, upon contact 

with aqueous media, spontaneously form emulsions, enhancing the solubility of the drug. 

 Self-nanoemulsifying drug delivery systems (SNEDDS) take this a step further by forming nanoscale 

emulsions, providing even greater surface area for drug dissolution. 

Application: 

 Drugs like Saquinavir, Lopinavir, and Rifampicin have been formulated using lipid-based systems to 

improve bioavailability. 

5. Co-crystallization 

Co-crystallization involves forming crystalline structures that contain the active pharmaceutical ingredient 

(API) and one or more co-crystal formers (typically a non-toxic molecule with similar hydrogen-bonding 

properties). This approach can modify the solubility and dissolution characteristics of the drug. 
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 The co-formers often improve the dissolution rate of the drug without altering its pharmacokinetic 

properties. 

Application: 

 Theophylline and Rofecoxib have been studied for co-crystal formation to improve solubility. 

 Carbamazepine, a BCS Class II drug, has been successfully co-crystallized to enhance solubility and 

dissolution rates. 

6. Salt Formation 

Salt formation is one of the most common techniques to enhance the solubility of weakly acidic or basic drugs. 

By converting the drug into a more soluble salt form, the solubility can be significantly increased. 

 Acidic drugs are typically converted into sodium or potassium salts. 

 Basic drugs may form salts with acids such as hydrochloric acid or sulfuric acid. 

Application: 

 Dipyridamole and Chlorpromazine are examples where salt formation has been used to improve solubility. 

7. Nanocrystal Technology 

Nanocrystal technology involves the preparation of nanoscale drug crystals. This technique typically utilizes 

high-energy milling or precipitation techniques to reduce the particle size of the drug to the nanometer scale, 

improving solubility and dissolution rate. 

 This method is especially useful for poorly soluble drugs that require a higher surface area for dissolution.  

Application: 

 Drugs like Fenofibrate, Itraconazole, and Griseofulvin have been formulated as nanocrystals to improve 

their solubility. 

8. Use of Surfactants (Solubilization) 

Surfactants, such as polysorbates or cetylpyridinium chloride, can be used to solubilize poorly water-soluble 

drugs by reducing the interfacial tension between the drug and the solvent, thereby increasing the solubility of 

the drug. 

 Micellar solubilization is a common method used, where surfactants form micelles in aqueous solutions, 

providing a hydrophobic environment in which the drug can be dissolved. 

Application: 

 Diazepam and Hydrocortisone are examples of drugs that can be solubilized using surfactants to improve 

solubility. 

9. pH Adjustment 

Adjusting the pH of the formulation can also be used to enhance solubility. For instance, many poorly water -

soluble drugs may dissolve better in an acidic or basic environment, depending on their pKa. 
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 Acidic drugs are often formulated in a more basic medium to enhance solubility, or vice versa. 

Application: 

 Ketoconazole can be dissolved better in an acidic pH, which enhances its solubility and bioavailability 

when formulated accordingly. 

10. Spray Drying 

Spray drying is a technique used to convert liquid formulations into solid particles by rapidly evaporating a 

solvent. In this process, the drug is usually dissolved or suspended in a solvent, which is then sprayed into hot 

air, causing the solvent to evaporate and leaving behind solid particles of the drug. 

 This technique is often used in combination with polymers or excipients to enhance the solubility of BCS 

Class II drugs. 

 

CONCLUSION:- 

The solubility enhancement of BCS Class II drugs remains a significant challenge in pharmaceutical 

development, primarily due to their inherent low solubility in aqueous environments. This review has 

highlighted the diverse range of techniques available to address these challenges, ranging from well-established 

methods like solid dispersions and cyclodextrin complexation to advanced technologies such as nanosizing, 

lipid-based formulations, and supercritical fluid processing. Each technique offers distinct advantages, such as 

enhanced dissolution rates, improved bioavailability, and potential for targeted delivery, but also comes with 

limitations related to formulation stability, scalability, and cost-effectiveness.Recent advancements in 

nanotechnology, including nanocrystals and hybrid approaches, show promising results in overcoming 

solubility issues and have the potential to revolutionize drug delivery systems. However, these technologies also 

pose challenges in terms of long-term stability, regulatory hurdles, and large-scale production. As 

pharmaceutical companies move towards personalized medicine and precision drug delivery, the need for more 

efficient, scalable, and patient-friendly solubility enhancement strategies will become even more pronounced. 
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