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Abstract—The ability of a drug to dissolve in water, or 

its solubility, is crucial for it to reach the bloodstream in 

the right amount and produce its intended effect. Many 

new drugs are lipophilic, meaning they do not dissolve 

well in water, which often limits their effectiveness and 

market potential. Improving solubility is therefore a 

major challenge in developing new drug formulations. 

Various strategies, such as reducing particle size, 

modifying chemical structure, adjusting pH, making 

solid dispersions, forming complexes, using co-solvents, 

and employing micelles or hydrotropes, have been 

explored to address this problem. 

Atorvastatin calcium is a widely used drug for lowering 

cholesterol and reducing the risk of heart disease. It 

belongs to BCS Class II, which means it is easily 

absorbed by the body but has poor water solubility. 

This low solubility limits how fast it dissolves and how 

well it is absorbed, making formulation more difficult. 

This review looks at the properties that make 

atorvastatin poorly soluble and examines different ways 

to improve it. These include reducing particle size, 

creating solid dispersions, using lipid-based systems like 

SEDDS and SNEDDS, forming co-crystals, making 

nanosuspensions, and adjusting pH or salts, sometimes 

combining multiple approaches. 

The review also discusses solubility enhancement 

strategies used for similar For BCS Class II drugs, both 

traditional and advanced techniques such as 

cyclodextrin complexation, nanosizing, lipid-based 

formulations, and the use of surfactants are discussed in 

terms of how they work, along with their advantages 

and limitations. Newer techniques, including 

amorphous formulations, nanocrystals, and 

supercritical fluid methods, are also highlighted. The 

review wraps up by sharing practical ideas and future 

possibilities for improving how atorvastatin calcium is 

absorbed when taken orally. 

 

Index Terms—Solubility; Bioavailability; Atorvastatin 

calcium; BCS Class II; Solid dispersion; 

Nanosuspension; Lipid-based delivery; SEDDS; 

Cyclodextrin; Co-crystal 

I. INTRODUCTION 

 

Solubility: 

Solubility simply means how much of a substance 

can dissolve in a liquid under set conditions like 

temperature and pressure. In simple terms, it tells us 

how much of a substance can mix completely with a 

solvent to form a uniform solution. This happens 

because the molecules of the solute and solvent 

interact naturally and mix together. The solvent is 

simply the substance that does the dissolving. 

 

How Solubility is Expressed: 

Solubility is commonly described as the amount of a 

substance that can dissolve in a solution at a specific 

temperature when the solution is fully saturated. 

 

Descriptive term Part of the solvent required 

per 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 

Practically insoluble 10000 and over 

 

A solvent is a substance that helps another substance 

(the solute) dissolve. When water is the solvent, the 

process is called hydration. Solubility is simply how 

well a substance can dissolve in a solid, liquid, or gas 

to form a uniform solution. Its ability to dissolve 

depends mainly on the type of solvent, temperature, 

and pressure. 

 

How Solute and Solvent Interact: 

A solution is a consistent mixture of a solute and a 

solvent in specific amounts. The substance present in 

larger quantity is called the solvent, and the one in 
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smaller quantity is the solute. Solvents can be either a 

single liquid or a mix of liquids. 

The general rule for solubility is summarized as “like 

dissolves like”: 

1. Polar substances dissolve easily in polar solvents. 

2. Non-polar substances dissolve easily in non-polar 

solvents. 

3. Substances with very different properties usually 

do not dissolve in each other. 

 

II. IDEAL SOLUBILITY PARAMETERS: 

 

1. Nature and Strength of Solute–Solvent Interaction: 

Solubility depends on how strongly the solute and 

solvent molecules attract each other. If the solute is 

more attracted to the solvent than to itself, it 

dissolves easily. This can be represented simply as: 

Solute + Solvent ⇌ Solution 

2. Polarity of Solute and Solvent: 

Polar solvents, like water, dissolve polar solutes 

better than non-polar ones. Non-polar solutes may 

interact weakly with polar solvents, but these 

interactions are generally weak. So, substances with 

similar polarity dissolve more easily in each other. 

3. Ionization and pH: 

For drugs that can ionize, pH plays a key role. Weak 

acids dissolve poorly in acidic conditions because 

they remain mostly uncharged. When the drug is 

ionized, it interacts better with water, increasing 

solubility. 

4. Effect of Pressure: 

Pressure mainly affects gases. Increasing pressure 

increases gas solubility, while decreasing pressure 

reduces it. For solids and liquids, pressure has little 

effect on solubility. 

5. Effect of Temperature: 

Solubility is greatly influenced by temperature. For 

substances that absorb heat while dissolving 

(endothermic), solubility increases as temperature 

rises. For those that release heat (exothermic), 

solubility decreases with higher temperatures. 

Typically, solids dissolve more easily at higher 

temperatures, while gases dissolve less. 

6. Molecular Size: 

Larger molecules are harder for solvents to surround 

and dissolve, so solubility decreases as molecular 

size increases. In organic molecules, branching can 

reduce molecular volume and improve solubility. 

 

III. UNDERSTANDING AND IMPORTANCE OF 

SOLUBILITY: 

 

Solubility is the ability of a sbstance to dissolve in a 

solvent. It can be described qualitatively (can it 

dissolve or not?) or quantitatively (how much 

dissolves in a given amount of solvent at a specific 

temperature). A solution reaches saturation when no 

more solute can dissolve. 

In pharmaceuticals, drug solubility can be expressed 

in molarity, molality, mole fraction, volume fraction, 

percentage, or parts. Factors like temperature, pH, 

and pressure influence solubility. It is a key property 

because it affects how fast a drug dissolves and how 

much is available in the body (bioavailability). For 

oral drugs, solubility often matters more than 

permeability in determining absorption. 

 

IV. STEPS OF SOLUBLIZATION: 

 

1. Breaking Interactions: 

The first step of solubilization is breaking the bonds 

that hold the solute molecules or ions together. At the 

same time, the solvent molecules move aside to make 

room, allowing the solute and solvent to mix. 

2. Separation of Solute Molecules: 

Next, individual molecules or ions of the solute 

separate from the solid mass. This step separates the 

solute from its bulk solid form. 

3. Incorporation into the Solvent: 

Finally, the separated solute molecules are 

incorporated into the spaces or cavities within the 

solvent, completing the solubilization process and 

forming a uniform solution. 

 

V. BACKGROUND OF BIOPHARMACUTICS 

CLASSIFICATION SYSTEM (BCS): 

 

The Biopharmaceutics Classification System (BCS), 

introduced in 1995, classifies drugs based on how 

easily they dissolve in water (solubility) and how 

well they are absorbed through the intestines 

(permeability). It helps predict how much of a drug 

will enter the bloodstream after oral use. 

Atorvastatin as a BCS Class II Drug 

Atorvastatin is classified as a BCS Class II drug, 

which means it is easily absorbed in the body but has 

poor water solubility. It belongs to the statin family 

(HMG-CoA reductase inhibitors) and is commonly 
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used to lower cholesterol and help prevent heart and 

cardiovascular diseases. 

Atorvastatin helps lower LDL cholesterol, 

triglycerides, and VLDL, while modestly raising 

HDL cholesterol, making it an important drug for 

managing dyslipidemia and reducing cardiovascular 

risk. This thesis explores its therapeutic role, 

physicochemical properties, how it works in the 

body, pharmacokinetics, and the formulation 

approaches used to overcome its solubility issues. 

Significance of Solubility and Dissolution 

Enhancement 

For drugs with poor water solubility, improving 

solubility and the rate of dissolution is essential for 

better absorption and therapeutic effectiveness. Low 

solubility often leads to poor bioavailability, which 

can reduce the drug’s clinical performance. 

Research has shown that techniques such as solid 

dispersions and nanocrystalline suspensions can 

significantly increase dissolution rates and improve 

drug delivery. These approaches highlight how 

important solubility and dissolution enhancement are 

in pharmaceutical development, especially for drugs 

that are poorly soluble in water. Enhancing these 

properties can overcome absorption-related 

challenges and make the drug more effective in the 

body. 

 

VI. IMPORTANCE OF BCS IN DRUG 

DEVELOPMENT 

 

The Biopharmaceutics Classification System (BCS) 

provides a scientific approach to drug development. 

It helps researchers design formulations based on a 

drug’s solubility and intestinal permeability, 

improving absorption and bioavailability without 

relying on trial-and-error methods. 

Regulatory authorities, including the U.S. Food and 

Drug Administration (FDA), follow BCS guidelines 

to: 

Class Permeability Solubility 

I High High 

II High Low 

III Low High 

IV Low Low 

1. Approve New Drug Applications (NDAs) 

2. Approve Abbreviated New Drug Applications 

(ANDAs) 

3. Review scale-up processes and manufacturing 

changes after approval 

 

VII. PHYSICOCHEMICAL PROFILE OF 

ATORVASTATIN CALCIUM 

 

Atorvastatin is a commonly prescribed drug used to 

lower high cholesterol and reduce the risk of heart 

problems like heart attacks and strokes. Sold under 

the brand name Lipitor®, it belongs to a group of 

cholesterol-lowering drugs called statins. 

Statins work by limiting the cholesterol produced by 

the liver. High cholesterol can increase the risk of 

serious heart diseases. Atorvastatin does this by 

blocking a key enzyme, HMG-CoA reductase, which 

is essential for an early step in cholesterol production, 

where HMG-CoA is converted into mevalonic acid. 

By inhibiting this enzyme, atorvastatin decreases the 

formation of cholesterol and lipoproteins such as 

LDL (bad cholesterol) and VLDL. As a result, lipid 

levels in the blood are improved, helping to protect 

against cardiovascular diseases. 

STRUCTURE: 

 
Chemical Formula: C33H35FN2O5 

Weight: Average: 558.6398 

Appearance: Atorvastatin calcium is a white or off-

white crystalline powder.  

 

VIII. MECHANISMS OF ACTION 

 

Atorvastatin works by blocking a liver enzyme called 

HMG-CoA reductase, which the body needs to make 

cholesterol. By stopping this enzyme, the liver 

produces less cholesterol. Because of this reduction, 

liver cells respond by making more LDL receptors on 

their surface. These receptors remove LDL (bad 
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cholesterol) from the blood more efficiently. As a 

result, the level of bad cholesterol in the bloodstream 

decreases and overall lipid levels improve. 

 

IX. USES AND APPLICATION 

 

Atorvastatin is mainly used to treat high cholesterol 

and other lipid disorders, usually alongside a healthy 

diet and lifestyle to reduce the risk of heart disease. 

It also helps prevent serious heart problems, 

including heart attacks, strokes, and chest pain 

(angina), as well as the need for procedures to restore 

blood flow. By lowering cholesterol and triglyceride 

levels, atorvastatin protects against both severe and 

less severe cardiovascular complications. 

 

X. PHYSIOCHEMICAL PROPERTY  

AFFECTING SOLUBILITY 

 

1. Nature of the Solute and Solvent 

A drug’s ability to dissolve depends on the chemical 

properties of both the drug and the liquid it’s placed 

in. Solubility shows how much of the drug can 

dissolve in a certain amount of liquid at a specific 

temperature. 

 

2. Particle Size 

Smaller drug particles dissolve better because they 

have a larger surface area, allowing them to mix 

more easily with the solvent and dissolve faster. 

 

3. Molecular Size 

Larger and heavier molecules usually dissolve less 

easily. This is because solvent molecules find it 

harder to surround and interact with large molecules, 

leading to lower solubility. 

 

4. Temperature 

Temperature has a strong effect on how well a drug 

dissolve. If dissolving the drug absorbs heat, 

solubility increases as the temperature goes up. If 

dissolving releases heat, solubility decreases with 

higher temperatures. 

 

5. Pressure 

Pressure doesn’t have much impact on the solubility 

of solids and liquids. For gases, however, solubility 

goes up when pressure increases and goes down 

when pressure decreases. 

XI. STRATEGIES FOR ENHANCING 

SOLUBILITY OF ATORVASTATIN 

 

1. Solid Dispersions 

How it works: In this method, atorvastatin is evenly 

mixed with a suitable polymer. The polymer helps 

improve the drug’s wettability and increases its 

surface area, which allows the drug to dissolve faster. 

Advantages: Improves solubility and dissolution rate 

Can enhance drug stability 

Limitations: Possible incompatibility between drug 

and polymer. Stability problems during long-term 

storage 

 

2. Cyclodextrin Complexation 

How it works: Cyclodextrins are ring-shaped 

molecules that can trap poorly soluble drugs inside 

their cavity. This reduces drug crystallinity and helps 

the drug dissolve better in water. 

Advantages: Increases solubility and bioavailability 

Safe and biocompatible 

Limitations: Possible stability issues in formulations 

Some cyclodextrin types are expensive 

 

3. Nanosizing 

How it works: Nanosizing reduces the drug particles 

to extremely small sizes, which greatly increases 

surface area and improves the dissolution rate. 

Common methods: Some commonly used techniques 

are high-pressure homogenization, ball milling, and 

solvent evaporation. 

Advantages: Strong improvement in dissolution. 

Better oral bioavailability 

Limitations: Risk of particle aggregation. Scale-up 

and manufacturing challenges 

 

4. Lipid-Based Formulations 

How it works: Lipid systems use oils and surfactants 

to dissolve atorvastatin and form emulsions or self-

emulsifying systems (SEDDS), which improve 

absorption in the body. 

Advantages: Improves solubility and absorption. May 

promote lymphatic transport 

Limitations: Variable drug release. Stability issues in 

the gastrointestinal tract. Higher formulation cost 

 

5. Nanocrystals 

How it works: Nanocrystals are extremely small, 

pure drug particles that are stabilized using polymers 
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or surfactants. Their tiny size helps them dissolve 

quickly and improves solubility. 

Advantages: Faster dissolution. No need for organic 

solvents 

Limitations: Stability can be a concern over time 

Maintaining uniform particle size can be difficult 

 

XII. APPLICATION OF SOLUBILITY 

ENHANCEMENT 

 

1. Improved Oral Bioavailability 

Since atorvastatin is poorly soluble in water, 

increasing its solubility improves dissolution and 

absorption in the gastrointestinal tract, resulting in 

better systemic availability. 

 

2. Enhanced Therapeutic Effect 

Better solubility leads to faster onset of action and 

more consistent blood drug levels, improving 

cholesterol-lowering effectiveness. 

 

3. Greater Formulation Flexibility 

Improved solubility allows atorvastatin to be 

developed into various dosage forms such as: 

Tablets, Capsules, Fast-dissolving films, Gels, 

Suspensions, Transdermal systems 

 

4. Improved Formulation Stability 

Certain techniques like solid dispersions and 

cyclodextrin complexation help protect the drug from 
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