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INTRODUCTION 
 

About 90% drugs are administered orally as this route is 

easily accepted by patients and due to ease of production. 

Once delivered by mouth, the first necessary step is 

dissolution of drug in the body fluids, before it can 

permeate the GI tract membranes to enter systemic 

circulation. Since solubility is an essential factor in drug 

absorption, its bioavailability plays a key role. Drug 

solubility is the overall concentration of the substance 

dissolved in specific amount of solvent under defined 

temperature and pH conditions.
[1] 

To absorb any drug it 

must be present at the absorption site in the form of an 

aqueous solution.
[2-4]

 Drug absorption and bioavailability 

of drug substances administered orally relies heavily on 

solubility in aqueous media. Out of all new chemical 

entities, about 40% have poor water solubility. Such 

poorly water soluble drugs display a sluggish pattern of 

absorption of drugs leading to insufficient and variable 

bioavailability and toxicity of gastrointestinal mucosa.
[5]

 

Drugs having aqueous solubility smaller than 1µg/ml 

will surely create problem related to bioavailability. 

Since solubility and permeability are the key factor in the 

drug’s in-vivo absorption, techniques for improving the 

solubility can enhance these. Bioavailability can be 

improved particularly for BCS class II drugs by 

increasing the dissolution rate and solubility of the drug 

in the GI fluids.
[6] 

 

Some medications such as Itraconazole and 

Carbamazepine and log P value 2 medications such as 

morphine, ketamine, diphenoxylate have significant 

absorption difficulties because these are least soluble in 

both organic and aqueous media. These drugs also have 

inconsistent absorption profile and highly variable 

bioavailability because their output is restricted in 

dissolution rate and is influenced by patient’s fasting/ fed 

state.
[7] 

 

There have been a number of attempts to change the 

dissolution properties of some drug products to ensure 

more rapid and full absorption. The novel methods 

generally used for solubility enhancement of drug 

includes micronization, nanonization, super critical fluid 

method, spray freezing into liquids, sonocrystallization, 

hydrotropy method, solid dispersion, salt formation, co-
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ABSTRACT 
 

Solubility is one of the most critical criteria for achieving optimal concentration of the drug in systemic circulation 

to exert therapeutic effect. Solubility can be defined as the solute dissolving phenomenon to give a homogenous 

system.  An effective formulation depends on how effectively drug is made available at the place of action. Drugs 

having high aqueous solubility get absorbed through GIT membrane and reaches in systemic circulation easily. 

Poor aqueous solubility is the main problem facing the development of new API formulations and generic 

production. The solubility and dissolution rate of poorly soluble drugs must therefore be increased, because these 

drugs are weak in absorption and less bioavailable.  This review is intended to with discuss thoroughly different 

techniques employed to enhance the aqueous solubility along appropriate examples of drugs whose solubility is 

enhanced by these techniques. There are number of solubility enhancement techniques include micronization, 

nanonization, super critical fluid method, spray freezing into liquids, hydrotropy method, solid dispersion, salt 

formation, co-solvency, addition of solubilizing agents, complexation and pH adjustment etc. Selection of the 

method for enhancing the solubility depends on the drug properties, the site of absorption and the features of the 

appropriate dosage type. The purpose of this review article is to describe BCS classification system, various 

solubility enhancement techniques of poorly soluble drugs with increased bioavailability for successful absorption 

and also tried to focus on the factors affecting process of solubilization. 

 

KEYWORDS: bioavailability, micronization, nanonization, hydrotropy, BCS classification. 
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solvency, addition of solubilizing agents, complexation 

and pH adjustment. The methods are selected based on 

the physicochemical properties of the drug in question, 

the properties of the excipients to be used and the 

complexity of the dosage type. In screening studies of 

new chemical entities as well as in the design and 

development of formulations, the solubilization of poorly 

soluble drugs is often met with dispute. Drug solubility is 

expressed by different expression of concentration such 

as parts, percentage, molarity, molality, mole fraction 

etc.
[8] 

 

The solubility of drugs is classified into seven classes as 

per Indian Pharmacopoeia as listed in Table1.
[9] 

 

Table1: Solubility Description Table as per IP. 
 

Sr. No. Category  Parts of solvent required for part of solute 

1 Very soluble Less than 1 

2 Freely soluble From 1 to 10 

3 Soluble From 10 to 30 

4 Sparingly soluble From 30 to 100 

5 Slightly soluble From 100 to 1000 

6 Very slightly soluble From 1000 to 10,000 

7 Practically insoluble, or insoluble 10,000 or more 

 

Biopharmaceutics Classification System For Drugs
[10] 

The rate and extent of oral absorption of drug from solid 

dosage form type depends on two factors:  

1. Solubility: The substance dissolves to prepare a 

solution. 

2. Permeability: The dissolved drug is transferred 

through the gastrointestinal membrane. 

 

So based on these two factors of the drugs, Amidon et al 

developed Biopharmaceutics Classification System 

(BCS) according to which drugs are classified into 4 

classes as shown in Table 2. 

 

 

 

Table 2: Biopharmaceutical Classification of Drugs. 
 

Class Solubility Permeability Absorption 
Rate limiting step 

in absorption 
Example 

Challenges in drug 

delivery 

I High High 
Well 

absorbed 
Gastric emptying 

Diltiazem 

Verpamil 

Propranolol 

Metoprolol 

No major problem for 

immediate release dosage 

forms but controlled release 

forms have as drug 

absorption is rapid. 

II Low High Variable Dissolution 

Nifedipine 

Ketoconazole 

Mefenamic 

acid Naproxen 

Formulations are designed to 

overcome solubility or 

dissolution problems. 

III High Low Variable Permeability 

Acyclovir 

Captopril 

Metformin 

Cimetidine 

Approaches are employed to 

enhance permeability. 

IV Low Low 
Poorly 

absorbed 
Case by case 

Chlorthiazide 

Furosemide 

Meloxicam 

Taxol 

 

Both strategies employed for 

class II and III drugs are 

used to improve both 

dissolution and intestinal 

permeability. 

 

Process of Solubilisation 

Solubilisation essentially involves three steps- separation 

of the solvent molecules to incorporate solute molecules, 

breaking of inter-ionic or intermolecular forces in the 

solute and contact between the solvent and the solute 

molecule or ion
[11]

 as shown in Fig.1. 

 

 
Step 1: Separation of the molecules of the solvent to 

incorporate solute molecules. 
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Step 2: Breaking of inter-ionic or intermolecular 

bonds in the solute. 

 

 
Step 3: Contact between the solvent and the solute 

molecule or ion. 

Figure 1: Diagrammatic Representation of Process of 

Solubilization. 

 

Factors Affecting Rate Of Solubility 

1. Particle size of solute: The dimension of the solid 

particles affect the solubility because particle size is 

inversely proportional to the surface area. Larger the 

surface area, greater the contact with solvent 

molecules.
[12]

 The effect of particle size on solubility rate 

can be given by Eq.1.   

 

log S/S0 = 2γM/ 2.303 RTρr………………………Eq.1 

where, 

S= solubility of small particles of radius r 

S0 = normal solubility  

γ = interfacial energy 

M = molecular weight of solid 

ρ = density of the bulk solid 

R = gas constant 

T = temperature 

r = radius of fine particle 

 

2. Molecular size: Larger the molecular size of the 

molecule, lesser the substance’s solubility. Bigger 

molecules are harder to surround with solvent molecules 

in order to remove the material. In case of organic 

compounds, more carbon branching will increase the 

solubility because further branching will decrease the 

molecule’s size and make it easy to dissolve the solute 

molecules within the solvent. 

 

3. Nature of solute and solvent: As we know “like 

dissolves like” so when two substances are identical they 

can dissolve easily in one another i.e. dissolve polar 

solute in polar solvents and dissolve non-polar solute in 

non-polar solvents. In polar solvents, ionic compounds 

are more soluble than in non-polar solvents. 

 

Solute Polar solvent Non-polar solvent 

Polar Soluble Insoluble 

Non-polar Insoluble Soluble 

Ionic Soluble Insoluble 

 

Solvent purity and solute also influence the solubility. 

The presence of small quantities of impurities can either 

increase or reduce the solubility. 

4. Effect of Temperature: The process of dissolution 

is typically heat absorption process i.e. heat is generally 

consumed as dissolution takes place. A rise in 

temperature in this type of system may lead to increase 

the solubility of solids with positive heat of solution. In 

comparison, in frequently occurring systems with 

exothermic dissolution, temperature change can result in 

lower solubility.
[12]

 

5. Effect of pressure: In case of liquid and solid 

solutes, pressure variations have almost no effect on the 

solubility. With the application of pressure, the solubility 

is improved for gaseous solutions. 

6. Polymorphs: When there is material that exist in 

crystalline forms more than one, then these different 

crystalline forms are called polymorphs. The melting 

point of the polymorphs can vary. Since the solids 

melting point is correlated with solubility, the various 

polymorphs of the same material would have different 

solubility. Owing to relatively small variations in the free 

energy, the solubility difference range between different 

polymorphs is usually only 2-3 times. 

7. Stirring: As such the stirring has no effect on 

substance’s solubility. It just speeds up the solubilisation 

process. Stirring increases movement that exposes solute 

to fresh portions of solvent thus allowing solubility. By 

stirring the chemical interaction between the solute and 

solvent molecules get increased.
[12]

 

 

Need For Solubility Enhancement 
Just 8 percent of the new drug candidates belongs to 

BCS Class I category that have high solubility and high 

permeability, according to recent figures. Upto 40 

percent of new drug substances currently being 

discovered are completely insoluble in water. Many of 

the drugs mentioned in US Pharmacopoeia fall into the 

category of poorly water soluble. Poor aqueous solubility 

is the main problem facing the production of new 

chemical moieties for formulation. Since the solubility is 

one of the essential criteria for achieving desired drug 

concentration in blood circulation, a drug must be 

solubilized to exert its pharmacological response. 

The factors responsible for poor aqueous solubility are: 

1. Strong intermolecular interactions which complicate 

and energetically cost the solubilisation of solid particles. 

2. High degree of lipophilicity. 

 

The enhancement of drug solubility is always one of the 

most critical and challenging aspects of the long drug 

development process, particularly for oral drug delivery. 

There are different methods available to improve the 

solubility of medicines which have partial aqueous 

solubility. Some of them are discussed as follows: 



www.wjpls.org 

 

130 

Roobal et al.                                                                                      World Journal of Pharmaceutical and Life Science  

Solubility Enhancement Techniques 
There are many available strategies for enhancing the 

solubility of poorly soluble drugs. These techniques are 

categorized under following major classes.
[13,14] 

 

1. Physical Modifications 

i. Particle size reduction 
a. Micronization 

b. Nanonization 

c. Supercritical fluid recrystallization 

 

ii. Modification of crystal habit-  
a. Polymorphs 

b. Pseudopolymorphs 

 

iii. Drug dispersion in carriers-  
a. Eutectic mixture 

b. Solid dispersions 

c. Solid solutions 

 

iv. Solubilisation by surfactants 

a. Microemulsions 

b. Self emulsifying drug delivery system (SEDDS). 

 

2. Chemical Modifications 

 Salt formation 

 Complexation 

 Co-crystallisation 

 Co-solvency 

 Hydrotropy 

 

Physical Modifications 
Particle size reduction: The bioavailability of poorly 

soluble drugs is boosted up by reducing their particle size 

to sub-micron level. This can be done by the use of 

approaches to micronization or nanonization. 

 

a. Micronization: Micronization requires decreasing the 

size of the solid drug particles from 1-10 microns. By 

that decreased particle size, the surface area is increased 

which improves the properties of drug’s dissolution. 

Micronization may be achieved by spray drying or using 

methods of air attrition methods like fluid energy or jet 

mill. The method is also known as micro-milling. This 

technique is not ideal for drugs that have high dose 

number because it does not alters the drug’s saturation 

solubility.
[10,15,16]

 

 

Example: Drugs whose bioavailability has improved 

through micronization include Griseofulvin, a variety of 

steroidal drugs and Sulpha drugs. 

 

b. Nanonization: It is a mechanism by which the 

powdered drug is processed into nanocrystals of between 

200-600nm size range. Specific nanonization techniques 

have been utilized to improve the solubility and 

dissolution property and ultimately to improve the 

bioavailability of drugs. For new chemical entities with 

least aqueous solubility, solubility improvement by 

micronization is not sufficient because the micronized 

substance has the propensity to result in clump formation 

which leads to reduction of effective surface area, so the 

alternative method is nanonization. Three main 

technologies commonly used in the preparation of 

nanoparticles are pearl milling, homogenization in water, 

homogenization in non-aqueous media or in water with 

water- miscible liquids.
[10] 

 

Example: Drugs to which nanonization has increased 

their bioavailability include Tarazepide, Amphotericin B, 

Paclitaxel and Atovaquone. 

 

c. Supercritical Fluid Recrystallization: Reduction of 

particle size via supercritical fluid method is another 

innovative technology for nanosizing and solubilisation, 

whose use has increased in recent years. Supercritical 

fluids have higher temperature and pressure than critical 

temperature (Tc) and critical pressure (Tp). They have 

the properties of both a liquid and a gas. Examples of 

supercritical fluid includes CO2, N2O, ethylene, 

propylene, ethanol, ammonia. Of such, most used is 

carbon dioxide and water, since it is safe, environment 

friendly and economical. When the drug particles are 

solubilized within super critical fluids, they can be 

recrystallized at much reduced particle size. Current SCF 

processes have the ability to produce nanosuspensions of 

5-2000nm in diameter with wide surface areas, uniform 

controlled particle size and smooth surface finally raising 

the drug bioavailability.
[10]

 

 

Various supercritical processes include
[17] 

- particle 

formation from gas- saturated solutions (PGSS), rapid 

expansion of supercritical solutions (RESS), super 

critical anti solvent process (SAS), gaseous anti-solvent 

(GAS), aerosol solvent extraction system (ASES), 

precipitation with compressed anti-solvent (PCA), 

solution enhanced dispersion by supercritical fluid 

process (SEDS) etc.  

 

Example: Drugs include Fluorouracil, Acetaminophen, 

Ampicillin, Amoxicillin, Felodipine, Carbamazepine, 

Indomethacin, Ketoprofen etc. 

 

Modification of Crystal Habit: A drug’s crystalline 

form is of medicinal significance from both the 

perspectives of stability and bioavailability. These types 

of crystalline forms of solid drug are polymorphs and 

pseudopolymorphs that can cause changes in melting 

point, density, stability and solubility of drugs. These 

must be addressed during preformulation studies to 

prevent further problems with solubility or stability.
[6]

 

 

a. Polymorphs: Polymorphism is the capacity of 

chemical compound to crystallize in more than one 

crystalline form of an element or compound. Different 

drug polymorphs are chemically similar, yet have 

specific physical and chemical properties like solubility, 

melting point, density, texture, stability as such 

properties rely on the molecules’ escape tendency from 

particular crystalline structure. As a rule, the lowest 
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amount of free energy holds the high melting point and 

the lowest solubility value for a substance that has the 

greater degree of crystallinity is the most stable form. It 

is possible to stabilize metastable or amorphous types of 

drugs showing high free energy by manipulating the 

crystallization process. By controlling the process of 

crystallization, metastable or amorphous forms of drugs 

showing high free energy can be created. They offer high 

solubility but have some stability issues which can be 

overcome by adding stabilizers in the formulation.
[18]

 

 

The dissolution order for various solid forms of drug is  

Amorphous > Metastable > Stable Polymorph 

 

Example: 1. Riboflavin’s polymeric form III is 20 times 

more soluble in water than form I. 

2. Novoboicin in an amorphous form is 10 times more 

soluble than crystalline. 

 

b. Pseudopolymorphs (hydrates/ solvates): The 

molecular adduct which integrates solvent molecules in 

the solid crystal lattice is called solvates. The solvates 

may exist in various crystalline forms and may be called 

pseudopolymorph and this phenomenon is called as 

pseudopolymorphism. If water is a solvent in 

conjunction with the product, the solvate is known as 

hydrate. The anhydrous form of the product has higher 

aqueous solubility than hydrates as hydrates have already 

integrated water molecules and therefore have less 

capacity for crystal breakup as opposed to anhydrous 

form. Additionally, organic solvates have more aqueous 

solubility than non-solvates. 

 

Example 
1. Anhydrous form of Theophylline have higher 

solubility in comparison to their monohydrate form. 

2. Griseofulvin Chloroform solvates are more soluble 

in water than their non solvate form. 

 

Drug Dispersion in Carrier: It refers to the dispersion 

in solid state of one or more active ingredients into an 

inert carrier. Hydrophilic carriers which are most widely 

used include polyvinyl pyrrolidone, polyethylene glycols 

etc. Dispersion of drugs are prepared using melting 

method, solvent method or solvent fusion process. New 

techniques include supercritical fluids and spray drying 

and rapid precipitation by freeze drying.
[19]

 

 

a. Eutectic Mixture: A eutectic mixture is characterized 

as a mixture of two or more components that usually do 

not interact as such to form a new chemical compound 

but inhibit each other’s crystallization process at certain 

ratios. This results in a system with a lower fusion point 

as compare to individual components.
[20]

 The soluble 

carrier molecule dissolves when eutectic mixture comes 

into contact with water, leaving the drug in 

microcrystalline state that easily becomes solubilized. An 

eutectic mixture consists of two compounds which are 

immiscible in solid state but get completely miscible in 

the liquid state. Solid eutectic mixtures are typically 

prepared by fast cooling method to obtain a physical 

mixture of the two components with very fine crystals. 

The wide effective surface area of the formed suspension 

will lead to an increased rate of dissolution and thus to 

improved bioavailability.  

 

Example: 1. Genistein and PEG 460 in ratio of 1:24 

could help in injection development by solubilising 

Geinstein crystals. 

 

2. Menthol and Poloxamer 188, Ibuprofen in ratio of 1:9 

shows higher AUC as compared to a solid suppository.  

b. Solid Dispersion: In 1961, solid dispersion approach 

was first recognized to increase the dissolution rate and 

absorption of drugs. Solid dispersion can defined as the 

dispersion in an inert excipient or matrix of one or more 

active ingredients where the active ingredients may exist 

in finely crystalline, soluble or amorphous state.
[21]

 The 

mechanisms responsible for enhanced solubility and 

dissolution rate of  solid dispersion drugs are as follows: 

 Large surface area given by decrease in size of 

particles. 

 Improved product wetting and dispersing properties. 

 Particulate matter of greater porosity. 

 Drugs in amorphous form. 

 Solubilizing effect produced on the drug by water 

soluble carrier. 

 

Example:  
1. Nifedipine + Polyvinylpyrrolidone dispersion 

polymer. 

2. Fenofibrate + polyethylene glycol 

3. Itraconazole + HPMC 

 

Solid dispersion can be prepared by various methods like 

co- precipitation, lyophilization, spray drying, melting 

solvent method, melt extrusion method, fusion method 

etc. 

 

c. Solid Solutions: A solid solution is a binary 

compound consisting of a molecularly dispersed solid 

solute in a solid solvent. It is also known as mixed 

crystals or molecular dispersion. Solid solutions exhibit 

greater aqueous solubility and faster dissolution than 

eutectics and solid dispersion due to reduction in particle 

size to molecular level. They are usually prepared by 

fusion method in which mixture of solute and solvent is 

melted together and rapid solidification is followed by. 

Often called melts are solid solutions, prepared by fusion 

process.
[22]

 

 

Example: Griseofulvin- succinic acid: Griseofulvin from 

such solution dissolves 6 to 7 times faster than pure 

Griseofulvin. 

 

Solubilisation by Surfactants: Surfactants are 

substances that adsorb onto system’s surface and 

interface and decrease the interfacial stress. With distinct 

polar and non-polar region, they have characteristic 

structure. In order to increase the solubility of poorly 
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soluble substance, the concentration of surfactants must 

be above the critical micelle concentration (CMC). 

Surfactants can be anionic, cationic and non-ionic in 

nature.
[6]

 Various surfactants such as Tween, Spans, 

polysorbates, polyoxyethylated glycerides etc. are used 

to facilitate the dissolution of poorly soluble compounds. 

a. Microemulsion: Microemulsion is an oil, water and 

surfactant system that forms a single, thermodynamically 

stable and optically transparent emulsion. These are 

water based formulations that typically have very small 

emulsified droplet size usually between 0.01-0.05µm 

rendering the formulation transparent. Microemulsions 

improve the solubility of many medications that are 

practically insoluble in water, along with protein 

incorporation for oral, parentral and percutaneous/ 

transdermal usage.
[23]

 Surfactants, surfactants mixture 

and co-surfactants play a significant role in increasing 

the solubility microemulsion formulated products. The 

main downside of microemulsion is its high 

concentration of surfactant/cosurfactant which makes 

them unfit for IV administration. 

 

Example: Drugs whose solubility improved by 

preparing microemulsion are Tipranavir (HIV protease 

inhibitor) and cyclosporine A (immunosuppressant)
[24] 

 

b. Self Emulsifying Drug Delivery System (SEDDS): 

Self emulsifying drug delivery system has unprecedented 

potential to boost the oral bioavailability of drugs that ae 

poorly soluble in water. Such systems immediately 

disperse after oral administration in gastrointestinal 

fluids that produce micro or nanoemulsions containing 

the solubilized drug. 

Owing to the relatively small size of the globule, the 

micro/ nanoemulsified drug can be readily absorbed 

through lymphatic channels, bypassing the hepatic first 

pass effect.
[25]

 

Since SEDDS contains high surfactant concentrations, 

they should be limited to oral applications and may not 

be recommended for long term use due to the potential to 

cause diarrhoea. 

 

Example: The relative bioavailability of cyclosporine A 

administered as SMEDDS may account for 174-239 

percent of the bioavailability of cyclosporine A from the 

formulation originally marketed.
[24] 

 

2. Chemical Modifications 

Salt Formation: Salt formation has enhanced the 

characteristics of solubility and dissolution as compared 

to the original drug. Typically a minimum difference of 3 

units is required between the group’s pKa value and that 

of its counterion is required to form stable salts. The 

primary salt formation prerequisite is that the drug 

should have ionizable groups that will assist in salt 

formation. The criterion used to pick counter ion is as 

follows: 

  Difference of 2-3pKa units between drug and 

counter ion should be atleast. 

 Counter ion should decrease crystal lattice forces. 

 It requires approval by  FDA.
[26]

 

 But this method of improving dissolution has some 

limitations: 

 The formation of salt of neutral compounds 

practically not feasible. 

 Salts with very low acids and bases are hard to form. 

 The salt may be hygroscopic, may exhibit 

polymorphism or may have poor processing 

characteristics.
[10]

 

 

Example: 1. Alkali metal salts of acidic drugs such as 

Penicillin and strong acid salts of basic drugs such as 

Atropine are more water soluble than parent drug. 

 

2. Tetracycline hydrochloride, Diclofenac sodium have 

better solubility than parent drug. 

ii. Complexation: The use of complex formation 

techniques has been more explicitly employed among the 

various numerous techniques of solubility enhancement 

to improve the aqueous solubility, dissolution rate, and 

bioavailability of poorly water soluble drugs. Inclusion 

complexes are created by the inserting the non-polar 

molecule or the non-polar region of one molecule (called 

guest) into the cavity of another molecule or group of 

molecules (called host). The host molecules which are 

most widely used are cyclodextrins.
[27] 

Cyclodextrins are non reducing, crystalline, water 

soluble, and cyclic oligosaccharides composed of 

glucose monomers arranged in a donut shaped ring with 

hydrophobic cavity and hydrophilic outer surface. Three 

CDs that exist naturally are 𝛼-cyclodextrin, 𝛽-

cyclodextrin, and 𝛾-cyclodextrin.
[28]

 The cyclodextrin 

molecule’s surface makes them water soluble, but the 

hydrophobic cavity provides a microenvironment for 

suitably shaped non-polar molecules. 

 

Example: 1. With the use of cyclodextrin inclusion 

complex, the solubility as well as oral bioavailability of 

Piroxicam, Rofecoxib, Glipizide and Carvedilol can be 

enhanced.  

2. Rifampicin-CD inclusion compound when given as 

aerosolized solution will enhance lung transport of drug. 

 

Co-Crystallisation: Co-crystallization is a common 

method capable of enhancing the physicochemical 

properties of the drug such as solubility, dissolution rate, 

bioavailability, and stability.
[29]

 It can be applied to any 

type of compound like acidic, alkaline, neutral and ionic 

compounds.
[30]

 The technique  is commonly used to alter 

the characteristics of a pharmaceutical drug compound 

and thus to change it into a compound with the desired 

characteristics.
[31]

 Co-crystal is becoming an essential 

class of pharmaceutical solid that by forming a complex 

crystal, can increase the solubility and dissolution of the 

API. It consists of a drug and co-crystal former (co-

former) with a given defined stoichiometric ratio and 

linked by a synthon.
[32]

 A synthon is a non-covalent 

interaction involving the hydrogen bonds, Vander Waals, 

and π-π electrons. Synthon interaction can be expected 

via the in silico system. It is always advantageous to 
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know the kind of API and co-former interaction. A 

variety of techniques were to synthesize co-crystals such 

as melting extrusion, ultrasonic slurry formation, particle 

size reduction, spray drying and solvent evaporation.
[33]

 

Example: Co-crystals of Carbamazepine, Fluoxetine 

hydrochloride, Itraconazole, Sildenafil, Theophylline, 

Aceclofenac, 5-fluorouracil, Indomethacin provide 

improved solubility.
[34] 

 

Co-Solvency: Co-solvency is another popular approach 

in pharmaceutical liquid dosage forms to increase the 

solubility of poorly water soluble drugs.
[35]

 Cosolvents 

consists of water miscible solvents that can dramatically 

alter the solubility of poorly water soluble drugs.
[36] 

Through incorporating any water miscible solvent in 

which the product has strong solubility , the solubility of 

poor electrolytes and non polar molecules can be 

increased. This process of adding water miscible solvent 

is known as cosolvency, and the solvent used for it is 

known as cosolvent. Cosolvent system works by 

decreasing the stress between the water and hydrophobic 

solute. It is widely referred to as solvent blending.
[36]

 

Cosolvents have both donor and/or acceptor groups of 

hydrogen bond as well as small hydrocarbon regions. 

Responsible for water miscibility is their hydrophilic 

hydrogen-bonding groups, whereas their hydrophobic 

hydrocarbon regions interfere with water bonding 

network. Cosolvents minimize the ability of water to 

extract nonpolar, hydrophobic compounds and thereby  

increase the solubility.
[37]

 Cosolvent technology has 

advantages of simplicity, safety, preventing 

contamination in the dispensing process, affordable, no 

need for costly pharmaceutical technology for 

medication formulation.
[38]

 Polyethylene glycol, 

dimethylsulfoxide, and dimethylacetoamide, propylene 

glycol, ethanol, glycerin are widely used cosolvents for 

parenteral usage.
[39-43]

 

 

Example: Simvastatin, Lornoxicam, Etoricoxib, 

Diazepam, Etoposide, 5-fluorouracil, Erythromycin, 

Chloramphenicol. 

 

Hydrotropy: Neuberg first coined hydrotropy to explain 

the increase in the aqueous solubility of BCS Class II 

molecules by the introduction of high concentrations of 

alkali metal salts of different organic acids. It is a 

solubilization process in which addition of significant 

quantity of hydrotropic agent results in an improvement 

in first solute aqueous solubility. Hydrotropic agents are 

typically ionic organic salts, composed of alkali metal 

salts of various organic acids. Additives which increase 

the solubility in given solvent are said to “salt in” the 

solute and those salts which decrease solubility “salt out” 

the solute. The mechanism by which this technique 

increases the solubility is almost same as that of 

complexation involving interaction between the 

hydrotropic agents such as sodium benzoate, sodium 

acetate, sodium alginate, urea and the poorly soluble 

drugs.
[44-45] 

 

The hydrotropes in solution are used to self-assemble. In 

addition to improving the solubilization of compounds in 

water, they also influence aggregation of surfactants that 

lead to miceller formation, clouding of polymers and 

surfactants etc.
[46] 

 

Example: Cefprozil, Cefadroxil, Furosemide, 

Hydrochlorothiazide, Salicylic acid, Nifedipine, 

Ketoprofen. 

 

CONCLUSION 
 

A drug’s therapeutically effective concentration at the 

target action site depends on the bioavailability, which 

ultimately depends on the solubility of the drug 

molecule. Solubility is one of the significant and crucial 

factor necessary to achieve the effective concentration of 

drug in systemic circulation to elicit therapeutic effect. 

Since dissolution of drug is the rate determining stage for 

oral bioavailability of the poorly soluble drugs, the 

various methods as mentioned above can be employed 

either individually or in combination to improve the drug 

solubility.  Selection of appropriate method is the key 

point for the enhancing the solubility of hydrophobic 

medicinal products. The method selection should 

depends on the quality of the drug, its effectiveness, its 

association with other chemicals compounds that are 

used, reliability when the process is performed and the 

end product yield. At the same time, account should be 

taken of economic factor when choosing either of the 

methods.   
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