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ABSTRACT 

Among newly discovered chemical entities, around 40% of drugs are lipophilic and struggle to reach the market 

due to poor aqueous solubility. For orally administered drugs, solubility is a key factor affecting their ability to 

reach desired concentrations in systemic circulation for effective pharmacological response. Solubility issues 

present a significant challenge for formulation scientists, who use various technological approaches during 

pharmaceutical product development to address this problem. Traditional techniques such as solid dispersion, 

micronization, and salt formation are commonly employed to improve the solubility of poorly soluble drugs, 

each with its own set of limitations and advantages. Emerging methods like nano-suspension, supercritical 

processing, and cryogenic technology offer promising opportunities for enhancing the delivery of poorly 

soluble drugs. Solubility remains a critical and challenging aspect of formulation development. This review 

focuses on both traditional and novel techniques for improving drug solubility to reduce the number of poorly 

soluble drug candidates that are discarded during development. 
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I. INTRODUCTION 

Solubility refers to how a substance dissolves in a specific solvent, quantified by the concentration of the solute 

in a saturated solution at a given temperature. Qualitatively, it involves the continuous interaction of two or 

more compounds to form a single, clear, and homogeneous molecular dispersion. Solubility is determined by 

the maximum amount of solute that can dissolve in a solvent until equilibrium is reached, resulting in a 

saturated solution. A solubility chart lists various ions and shows how they interact with other ions, indicating 

whether they will precipitate or remain in solution. 

Solubility equilibrium is a dynamic state where a solid chemical compound is in equilibrium with its solution. 

This equilibrium is crucial in pharmaceuticals, as drugs with poor aqueous solubility (such as Class II or Class 

IV compounds according to the BCS classification) face challenges related to dissolution and absorption. In 

pharmaceutical sciences, solubility can be expressed in various quantitative terms, including parts per million, 

molarity, normality, formality, mole fraction, percent solution, volume fraction, and molality. 

Solubility is a fundamental concept in chemistry, especially in the context of pharmaceutical sciences, as it plays 

a critical role in drug formulation and delivery. This article provides a detailed overview of solubility, covering 

definitions, factors affecting solubility, methods to enhance solubility, and its significance in drug design and 

delivery, especially in modern nanotechnology-driven applications like the transdermal drug delivery system 

(TDDS). 

Solubility is a fundamental concept in chemistry, especially in the context of pharmaceutical sciences, as it plays 

a critical role in drug formulation and delivery. This article provides a detailed overview of solubility, covering 

definitions, factors affecting solubility, methods to enhance solubility, and its significance in drug design and 

delivery, especially in modern nanotechnology-driven applications like the transdermal drug delivery system 

(TDDS). 

Definition of Solubility 

Solubility refers to the ability of a solute (solid, liquid, or gas) to dissolve in a solvent (liquid or gas) to form a 

homogeneous solution at a specific temperature and pressure. It is often expressed as the concentration of 

solute that can dissolve in the solvent under equilibrium conditions. For pharmaceutical compounds, solubility 

typically refers to how well a drug dissolves in a biological solvent (often water or body fluids like plasma). 

 



                                                                                                                           e-ISSN: 2582-5208 

International  Research  Journal of  Modernization in Engineering Technology and   Science 

( Peer-Reviewed, Open Access, Fully Refereed International Journal ) 

Volume:06/Issue:11/November-2024                     Impact Factor- 8.187                          www.irjmets.com 

www.irjmets.com                              @International Research Journal of Modernization in Engineering, Technology and Science 

 [2918] 

 

Solubility can be classified into different categories: 

 Sparingly soluble: A very small amount of solute dissolves in the solvent. 

 Freely soluble: A significant amount of solute can dissolve in the solvent. 

 Insoluble: The solute does not dissolve in the solvent or does so at negligible concentrations. 

#Solubility expression 

Definition Parts of solvent required for one part of solute 

Very soluble Less than 1 

Freely soluble From 1 to 10 

Soluble From 10 to 30 

Sparingly soluble From 30 to 100 

Slightly soluble From 100 to 1000 

Very slightly soluble From 1000 to 10000 

Insoluble Greater than 10000 

Factors Affecting Solubility 

Understanding the factors affecting solubility is crucial in pharmaceutical development, as these factors can 

significantly impact a drug's bioavailability and therapeutic effectiveness. Here’s an overview of the key factors 

that influence solubility: 

# 1.   Nature of the Solute 

-   Chemical Structure  : The solubility of a compound is influenced by its molecular structure, functional 

groups, and polarity. Polar molecules tend to be more soluble in polar solvents (like water), while nonpolar 

molecules are better soluble in nonpolar solvents (like oils). 

-   Molecular Weight  : Generally, smaller molecules have higher solubility due to a smaller size, allowing them 

to interact more readily with solvent molecules . 

-   Hydrogen Bonding  : Compounds capable of forming hydrogen bonds with solvents tend to have higher 

solubility. For example, alcohols are more soluble in water than hydrocarbons due to their ability to form 

hydrogen bonds . 

# 2.   Nature of the Solvent 

-   Polarity  : The polarity of the solvent plays a crucial role in solubility. "Like dissolves like" is a common adage 

that indicates polar solutes dissolve well in polar solvents, while nonpolar solutes dissolve well in nonpolar 

solvents . 

-   Temperature  : The solubility of most solids increases with temperature, as increased kinetic energy allows 

solute molecules to disperse more easily in the solvent. However, the solubility of gases typically decreases 

with an increase in temperature . 

-   pH of the Solvent  : The pH can affect the ionization of the solute, especially for weak acids and bases. For 

example, increasing the pH can increase the solubility of weak acids by converting them to their anionic forms . 
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# 3.   Temperature 

- Increasing temperature generally increases the solubility of solids and liquids in liquids due to enhanced 

molecular motion. However, for gases, higher temperatures typically lead to decreased solubility . This 

temperature dependence is crucial for formulating dosage forms that may be sensitive to temperature changes. 

# 4.   Pressure 

- For gases, solubility increases with increasing pressure (Henry's Law). The increased pressure forces more 

gas molecules into the solvent. However, pressure has little effect on the solubility of liquids and solids . 

# 5.   Ionic Strength 

- The presence of other ions in a solution can affect the solubility of ionic compounds due to the common ion 

effect or by altering the dielectric constant of the solvent . Increased ionic strength can either enhance or reduce 

the solubility of salts, depending on the specific ions involved. 

# 6.   Particle Size 

- The solubility of a solid increases as its particle size decreases. Smaller particles have a larger surface area 

relative to their volume, facilitating greater interaction with the solvent【10】【11】. This is particularly 

relevant in the context of nanotechnology, where drugs are often formulated as nanoparticles to enhance 

solubility and bioavailability. 

# 7.   Molecular Interactions 

- Solubility is also influenced by the intermolecular forces between solute and solvent molecules. Stronger 

interactions (such as hydrogen bonding and dipole-dipole interactions) enhance solubility, while weaker 

interactions (such as van der Waals forces) may limit it . 

# 8.   Solvation and Hydration 

- Solvation refers to the interaction between solute molecules and solvent molecules. The energy released 

during solvation can offset the energy required to break the solute's intermolecular bonds, leading to increased 

solubility. Hydration specifically refers to the solvation of solute molecules by water and is a key factor in 

biological systems. 

# 9.   Presence of Additives 

- Additives such as surfactants, co-solvents, and solubilizing agents can significantly enhance the solubility of 

poorly soluble drugs. Surfactants reduce the surface tension and improve wetting properties, while co-solvents 

can modify the solvent's polarity. 

Importance of Solubility in Pharmaceutical Sciences 

Solubility is crucial in drug development as it directly influences the drug's bioavailability, i.e., the extent and 

rate at which the active ingredient enters the systemic circulation. Poorly soluble drugs often lead to 

inadequate absorption, which can result in reduced therapeutic efficacy. The Biopharmaceutics Classification 

System (BCS) classifies drugs based on their solubility and permeability: 

 Class I: High solubility, high permeability 

 Class II: Low solubility, high permeability 

 Class III: High solubility, low permeability 

 Class IV: Low solubility, low permeability 

Most new drug candidates fall into Class II or IV, necessitating the use of solubility enhancement techniques. 

# The Need for Solubility in Pharmaceuticals 

Solubility is a fundamental concept in drug development and delivery. A drug must dissolve in a biological fluid 

to exert its therapeutic effect, making solubility a critical factor in determining drug efficacy. Poor solubility is 

one of the most common challenges in pharmaceutical sciences, particularly with the rise of new drug 

molecules that tend to be lipophilic and have low aqueous solubility 

#Importance of Solubility: 
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1.   Bioavailability  : Solubility directly affects bioavailability, which is the fraction of an administered drug dose 

that reaches the systemic circulation. Poorly soluble drugs have limited absorption, leading to suboptimal 

therapeutic effects. Improving solubility enhances drug absorption and bioavailability. 

2. Therapeutic Efficacy  : Drugs need to reach their target sites in effective concentrations to produce the 

desired therapeutic outcome. Poor solubility can limit the drug's ability to reach its intended target, reducing 

therapeutic efficacy and sometimes requiring higher doses to compensate for low absorption. 

3. Formulation Development  : Many drugs in development have low solubility, requiring innovative 

formulation techniques to improve their dissolution rate. Techniques such as micronization, nanotechnology, 

solid dispersions, and the use of solubilizers are often employed to enhance drug solubility. 

4.  Pharmacokinetics  : Solubility plays a role in various pharmacokinetic parameters such as absorption, 

distribution, metabolism, and excretion (ADME). Drugs that are poorly soluble may not be absorbed efficiently 

in the gastrointestinal tract, which can lead to inconsistent plasma concentrations and therapeutic effects. 

5.   Drug Stability  : Poorly soluble drugs may also present challenges with stability. Certain solubility-enhancing 

methods, like complexation or co-solvent use, may help stabilize the drug in its dissolved form and prevent 

issues like precipitation. 

6.   Patient Compliance  : Improving the solubility of a drug can lead to the development of smaller, more easily 

administered dosage forms. This can enhance patient compliance, especially for those who struggle with large 

pills or multiple doses. . 

# Importance of Solubility in Drug Development 

Solubility plays a critical role in drug formulation and development for several reasons: 

1.  Bioavailability  : The bioavailability of a drug is defined as the fraction of an administered dose that reaches 

systemic circulation. Poorly soluble drugs often exhibit low bioavailability, making it challenging to achieve 

therapeutic concentrations in the bloodstream . 

2. Therapeutic Efficacy  : Drugs must dissolve in biological fluids to be absorbed effectively. Low solubility can 

limit drug absorption and efficacy, leading to the need for higher doses and potentially increasing the risk of 

side effects . 

3. Formulation Development  : The physicochemical properties of drugs, including solubility, influence the 

choice of formulation and route of administration. Poor solubility may necessitate the use of specialized 

formulations to enhance drug release and absorption . 

4. Patient Compliance  : Formulations that enhance solubility often result in smaller tablet sizes or more 

convenient dosage forms, improving patient compliance . 

Mechanism of solubilty enhancement 
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# Solubility Enhancement Techniques 

# 1. Particle Size Reduction 

Reducing the particle size of a drug increases its surface area, thereby enhancing solubility and dissolution 

rates. This technique can be achieved through several methods: 

-  Micronization  : This involves reducing the particle size to the micrometer range (1-100 μm) using techniques 

like jet milling, ball milling, or high-pressure homogenization. Micronization improves dissolution by increasing 

surface area and reducing the diffusion layer thickness . 

Nanonization  : This technique reduces particle size to the nanometer scale (1-100 nm). Methods include high-

energy ball milling, media milling, and precipitation techniques. Nanonization can significantly enhance the 

solubility of poorly soluble drugs, as demonstrated by formulations of drugs like cyclosporine A and 

fenofibrate.  

Advantages  : 

- Increased surface area leads to enhanced dissolution rates . 

- Improved bioavailability for poorly soluble drugs . 

Limitations  : 

- Potential for aggregation of nanoparticles . 

- Stability issues may arise, requiring additional formulation strategies . 

Example  : The commercial formulation of   Abraxane   (paclitaxel), which utilizes albumin nanoparticles to 

enhance solubility and bioavailability . 

# 2. Solid Dispersions 

Solid dispersions involve dispersing a drug in a solid matrix of a hydrophilic polymer or carrier, enhancing 

solubility through increased wettability and reduced crystallinity . 

Types of Solid Dispersions  : 

-   Melt-Extruded Solid Dispersions  : Involves melting the drug and polymer together, then cooling the mixture 

to form a solid dispersion . 

Solvent Evaporation  : The drug and polymer are dissolved in a common solvent, and the solvent is evaporated, 

leaving a solid dispersion . 

Mechanism  : The amorphous state of the drug in the solid dispersion increases solubility by providing a higher 

energy state and enhancing dissolution . 

Advantages  : 

- Improved solubility and bioavailability . 

- Versatile formulation approach . 

Limitations  : 

- Potential for phase separation over time . 

- Stability concerns in storage . 

Example  : The formulation of   Griseofulvin   in solid dispersions with polyethylene glycol (PEG) has shown 

improved solubility compared to the pure drug . 

# 3. Use of Surfactants 

Surfactants can enhance solubility by reducing the surface tension of the drug solution, thereby improving the 

wetting properties and dissolution rate. Surfactants can be categorized as: 

Anionic Surfactants  : Such as sodium lauryl sulfate (SLS), which can enhance solubility by interacting with the 

drug molecule and improving its dispersion in aqueous media . 

Cationic Surfactants  : Such as cetyltrimethylammonium bromide (CTAB), which can be used for hydrophobic 

drugs to enhance solubility . 

Nonionic Surfactants  : Such as polysorbates (e.g., Tween 80) and polyoxyethylene fatty acid esters, which can 

improve solubility without altering the pH significantly . 
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Advantages  : 

- Effective in enhancing solubility and dissolution rates . 

- Can improve drug stability. 

Limitations  : 

- May cause irritation or allergic reactions . 

- Optimal concentration must be determined to avoid negative effects on drug efficacy . 

Example  : The use of   Polysorbate 80   to enhance the solubility of poorly water-soluble drugs like   

Itraconazole   in oral formulations . 

Advantages  : 

# 4. Salt Formation 

Converting a drug to its salt form can significantly enhance its solubility, especially for weak acids and bases. 

The solubility of salts is generally greater than that of the corresponding neutral compounds due to differences 

in their crystalline structure and hydrophilicity . 

Mechanism  : The formation of a salt usually results in an increase in the ionic character of the compound, 

improving solubility in aqueous environments . 

- Simple and effective method to enhance solubility . 

- Can improve stability and reduce toxicity . 

Limitations  : 

- Not all drugs can be converted to salts. 

- Salt form may have different pharmacokinetic properties compared to the free acid/base form . 

Example  : The hydrochloride salt of   Ciprofloxacin   exhibits significantly higher solubility compared to its free 

base . 

# 5. Co-solvency 

Co-solvency involves the addition of a water-miscible solvent (co-solvent) to enhance the solubility of a poorly 

soluble drug. Common co-solvents include ethanol, propylene glycol, and polyethylene glycol . 

Mechanism  : The co-solvent reduces the polarity of the solvent system, allowing for better solubilization of 

hydrophobic drugs . 

Advantages  : 

- Simple to implement in formulation. 

- Can improve the solubility of a wide range of drugs . 

Limitations  : 

- May not be suitable for all drugs . 

- The use of co-solvents may complicate regulatory approval . 

Example  : The use of   ethanol   as a co-solvent in the formulation of   Diazepam   enhances its solubility and 

bioavailability . 

# 6. Inclusion Complexes 

Inclusion complexes involve the encapsulation of a drug molecule within a host molecule, often cyclodextrins. 

This technique enhances solubility by altering the drug's physicochemical properties . 

Mechanism  : Cyclodextrins form a hydrophilic cavity that can accommodate lipophilic drugs, improving 

solubility in aqueous environments . 

Advantages  : 

- Increased solubility without altering the drug's structurem . 

- Can mask unpleasant tastes and odors. 

Limitations  : 

- The efficacy depends on the type and concentration of cyclodextrin used . 

- Potential interactions between the drug and cyclodextrin . 
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Example  : The use of   β-cyclodextrin   to enhance the solubility of   Ibuprofen  , improving its dissolution 

characteristics . 

# 7. Nanotechnology 

Nanotechnology offers innovative approaches to enhance the solubility of poorly soluble drugs through various 

nanocarrier systems. 

-  Nanoparticles  : Solid lipid nanoparticles (SLNs), nanostructured lipid carriers (NLCs), and polymeric 

nanoparticles can enhance solubility and bioavailability. They improve drug solubility through increased 

surface area and controlled release. 

Nanoemulsions  : These are emulsions with droplet sizes in the nanometer range. They enhance solubility and 

absorption of lipophilic drugs by providing a stable, dispersed system that increases the drug's effective surface 

area . 

Advantages  : 

- Significant enhancement of solubility and bioavailability. 

- Targeted delivery capabilities. 

Limitations  : 

- Complex manufacturing processes. 

- Stability concerns and potential toxicity. 

Example  :   Nanoemulsions   of   Paclitaxel   have been developed to improve its solubility and therapeutic 

effectiveness in cancer treatment. 

# 8. Supercritical Fluid Technology 

Supercritical fluids, particularly supercritical carbon dioxide (scCO2), can be used to enhance drug solubility 

through a unique process known as supercritical fluid extraction or supercritical antisolvent techniques. 

Mechanism  : In supercritical conditions, CO2 behaves like a gas and a liquid, allowing for the extraction or 

precipitation of drugs with enhanced 

solubility. 

Advantages  : 

- Environmentally friendly method. 

- Can produce drug formulations with improved characteristics. 

Limitations  : 

- High equipment costs and operational complexities. 

- Limited solubility of some drugs in supercritical fluids. 

Example  : The use of supercritical CO2 for the production of   Etoricoxib   nanoparticles, leading to enhanced 

solubility and bioavailability. 

Types of Nanocarriers in TDDS: 

1. Liposomes: Phospholipid bilayer vesicles that can encapsulate both hydrophilic and hydrophobic drugs, 

enhancing solubility and penetration. 

2. Nanostructured Lipid Carriers (NLCs): These carriers provide improved solubility for lipophilic drugs and 

enhanced stability over traditional liposomes. 

3. Solid Lipid Nanoparticles (SLNs): These particles are made of solid lipids and offer a matrix for drug 

loading, enhancing the solubility and controlled release of drugs. 

4. Polymeric Nanoparticles: Biodegradable polymers like PLGA (poly lactic-co-glycolic acid) can be used to 

encapsulate drugs, improving their solubility and providing a sustained release. 

5. Nanoemulsions: Nano-sized emulsions, typically composed of oil, water, and surfactants, can solubilize 

lipophilic drugs, enhancing their absorption through the skin. 
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Enhancing Permeation in TDDS 

Several strategies are employed to enhance drug permeation in TDDS, including the use of chemical enhancers 

(e.g., ethanol, oleic acid) and physical methods (e.g., iontophoresis, microneedles). 

Bioavailability 

Bioavailability is a critical concept in pharmacology and pharmaceutical sciences. It refers to the proportion of 

a drug or other substance that enters the bloodstream when introduced into the body and is thus available for 

therapeutic effect. In simpler terms, it indicates how much and how quickly an active drug ingredient is 

absorbed and becomes available at the site of action. Bioavailability is crucial in determining a drug’s dosage, 

efficacy, and overall performance. 

II. CONCLUSION 

# Conclusion on Solubility Enhancement Techniques 

In the realm of pharmaceutical development, the solubility of drugs is a critical determinant of their 

bioavailability and therapeutic efficacy. As many new drug candidates face challenges due to poor solubility, a 

variety of solubility enhancement techniques have emerged as essential strategies for overcoming these 

obstacles. 

The methods discussed—ranging from particle size reduction and solid dispersions to the use of surfactants 

and nanotechnology—each offer unique advantages and can be tailored to specific drug properties and 

therapeutic goals. For instance, particle size reduction increases surface area, while solid dispersions improve 

solubility through the amorphous state of the drug. Surfactants enhance solubility by reducing surface tension, 

and nanotechnology offers innovative approaches through nanoparticle formulations and nanoemulsions. 

Despite their effectiveness, these techniques also present limitations. Challenges such as potential instability, 

formulation complexity, and regulatory hurdles need to be carefully considered during the development 

process. Furthermore, the selection of an appropriate solubility enhancement strategy depends on the specific 

drug's characteristics, the desired formulation type, and the intended route of administration. 

Continued research and innovation in solubility enhancement techniques are crucial to advancing drug 

development. By integrating these techniques into the formulation process, pharmaceutical scientists can 

improve the solubility of poorly soluble drugs, ultimately leading to enhanced bioavailability, better patient 

compliance, and improved therapeutic outcomes. 

In summary, solubility enhancement techniques are indispensable tools in modern pharmaceutical formulation, 

enabling the effective delivery of a broader range of therapeutic agents. As the field continues to evolve, 

ongoing collaboration between researchers, formulators, and clinicians will be essential to address the 

solubility challenges that remain in drug development. 
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