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Abstract 
Oral therapy has been the most convenient and attractive mode of drug applications since the time immemorable to the people 

of present pharmaceutical and clinical arena. Majority of formulations available so far still imply oral therapy despite vast unarresting 
researches have revealed several pharmacokinetic and pharmacodynamic challenges prevailing in the path of successful public health 
care system comprising of overwhelming need of dose optimizing approaches in order to reduce toxic effects, dosing frequency and 
enhancing the efficacy of the drug in a particular formulation. A large fraction of active medicament in conventional dosage form such 
as tablet, capsule, suspension etc. remains unabsorbed from the gastrointestinal tract resulting in increased frequency of administration 
with comparatively lower bioavailability of the drug. A lot of techniques have been used by the formulation scientists to overcome this 
issue like solid dispersion technique, nanotechnology, co-crystallization technique and micronization etc. Here in this review, the main 
focus is to discuss various pharmaceutical approaches to modify the drug solubility profile of pharmaceutical drugs.  
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Introduction 

The aqueous solubility of a drug is an important factor affecting its bioavailability. In order to pass through biological 
membranes, a drug must be soluble in water. If the solubility and rate of dissolution are too low, an enterally administered drug will 
mostly be excreted unchanged without any desired pharmacological results. Solubilty is an important subject in pharmaceutical sciences 
because before a drug becomes available to its receptors, it should be dissolved in the biological fluids surrounding the receptors. 
Solubility depends on many factors including chemical properties of the solute and the solvent, temperature, pressure and pH. The 
concept of solubility is important because a drug must be in solution while getting absorbed by the body to exert biological activity 
(Poochikian et al., 1979). Solubility in the gastrointestinal fluid and permeability through the intestinal wall are the two major 
components of oral drug absorption. During the last decade, a considerable effort was spent on the development of computational models 
predicting intestinal drug permeability. Theoretical models of varying accuracy based on the hydrogen bonding capacity (Conradi et al., 
1992), polar surface area, and lipophilicity and size were developed and subsequently implemented in predictions of passive diffusion 
through the intestinal mucosa (Stenberg et al., 2002). The oldest rule for solubility prediction is “like dissolves like.” This rule is applied 
to a well-known Hildebrand solubility equation in which the solubility of a solute reaches the maximum value when the defined solubility 
parameters of the solute and solvent are equal. However, it has been shown that the Hildebrand equation is valid only for solutions with 
nonspecific interactions hence more accurate equations are needed to predict aqueous solubility of drugs (Liu and Desai., 2005). The 
solubility of a substance at a given temperature is defined as the concentration of the dissolved solute when it is in equilibrium with the 
undissolved solute. Intrinsic solubility is defined as the maximum concentration to which a solution can be prepared with a specific 
solute and solvent at a specific temperature. 

 
Aqueous solubility is one of the most important physicochemical properties of drugs because it is a critical determinant of 

dissolution rate. The limited dissolution rate arising from low solubility frequently results in the low bioavailability of orally 
administered drugs. Aqueous solubility is also a key factor in the design of oral, parenteral and ophthalmic formulations of poorly water-
soluble drugs. 

 
Biopharmaceutical Classification Systems  

The regulations of both guidelines concerning a waiver of BA/BE studies are based on the Biopharmaceutics Classification 
System (BCS) which was developed over last few years. The BCS classifies drug substances in four groups according to their solubility 
and permeability properties (Hering et al., 2021). 
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Table: 1 Biopharmaceutical Classification System (BCS) 
 High Solubility Low Solubility 
High permeability Class I 

Acetaminophen  
Caffeine 
Prednisolone 
Phenobarbital 
Diazepam 

Class II 
Flurbiprofen 
Warfarin 
Carbamazepin 
Griseofulvin 
Phenytoin 

Low permeability Class III 
Acyclovir 
Allopurinol 
Atenolol 
Captopril 
Famotidine 

Class IV 
Acetazolamide 
Azathioprine 
Chlorthiazide 
Furosemide 
Mebendazole 

 
Solubility Expressions 

The most commonly encountered units in pharmaceutical applications are molarity, normality, molality, and mole fraction and 
weight or volume percentages (Sironi D et al., 2017). 

 
Table: 2 Expression for comparative solubility 

Descriptive terms Approximate volume of solvent in milliliters per gram of 
Solute 

Very soluble Less than 1 
Freely soluble From 1-10 
Soluble From 10-30 
Sparingly soluble From 30-100 
Slightly soluble From 100-1000 
Very slightly soluble From 1000-10,000 
Insoluble or practically insoluble More than 10,000 

 
Factors affecting Solubility 

The solubility of a compound depends upon the physical and chemical properties of the solute and the solvent including various 
other factors like: 
1. Temperature: Solubility of material can be increased by raising temperature of the solvent. 
2. Dielectric constant: the solubility is a function of dielectric constant of polar and non-polar medium. Most often, with hydrophobic 
drugs, the solubility decreases with increasing dielectric constant.  
3. pH: pH of a substance is related to its pKa and concentration of the ionized forms of the substance by the equation: pH = pKa + log 
[A-/HA] Where, pKa = dissociation constant. 
4. Solvent: Solubility is greatest between materials with similar polarities. 
5. Particle size: The size of the solid particle influences the solubility because as a particle becomes smaller, the surface area to volume 
ratio increases which allows a greater interaction with the solvent molecules. 
6. Polymorphism: the capacity for a substance to crystallize in more than one crystalline form is polymorphism. Polymorphs can vary 
in melting point. Since the melting point of the solid is related to its solubility, polymorphs will most likely have different solubilities. 
7. Salts: salts selection is often an approach to improve dissolution rate and oral absorption of poorly soluble drugs. Water solubility 
increases in order of selected counter ions as follows: 
Example: Iodide <Tosylate<Glycolate<Mesylate<Acetate<Chloride 
8. Pressure: The solubility of liquids and solids in water are not appreciably affected by increased pressure. The solubility of gases 
significantly increases with pressure. According to Henry’s law, the increase in solubility is directly proportional to the increase in 
pressure. 
9. Steric factors: solubility is also affected by dimension of the structure and its configuration. 
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Process of solublization  
The process of solublization involves the breaking of inter-ionic or intermolecular bonds in the solute, the separation of its 

molecules to provide space in the solvent and interaction between the solvent and the solute molecules or ions. 
 

Techniques to overcome poor solubility 

The technique used to improve solubility can be misleading because the solubility of insoluble compounds does not increase. 
It also requires the specification of temperature and pH. Many important drugs exhibit aqueous solubility only under certain 
physiological conditions and this need to be met at the site of absorption (Camenisch et al., 1998). The techniques that are used to 
overcome poor drug solubility are discussed under following major headings. 

 
Physical Modifications 
(A) Particle size reduction 
 Micronization 
 Nanosuspension 
(B) Modification of the crystal habit 
 Polymorphs 
 Pseudo polymorphs 
(C) Complexation 
 Use of Complexing agents 
(D) Solubilization by surfactants 
 Micro emulsions 
 Self micro emulsifying drug delivery systems 
(E) Drug dispersion in carriers 
 Eutectic mixtures 
 Solid dispersions 
 Solid solutions 
(F) Chemical Modifications 
 Salt Formation 
 Co-crystallization 
 Co-solvency 
 Hydrotropy 
 Solublizing agent 
 Nanotechnology  

 
Physical Modifications 
(1) Particle Size Reduction 

The techniques of size reduction using various milling processes are well established and these practices are a standard part of 
formulation development. This can be done mainly by Micronization & Nanosuspension. As particle size decreases, surface area of 
particle increases resulting in an increase in solubility. Sometimes Sono-crystallisation technique is also used for particle size reduction 
(Keen et al., 1998).  
(2) Modification of the crystal habit 

Polymorphism is the ability of an element or compound to crystallize in more than one crystalline form. Different polymorphs 
of drugs are chemically identical, but they exhibit different physicochemical properties including solubility, melting point density, 
texture, stability etc. Broadly, polymorphs can be classified as enantiotropes and monotropes based on thermodynamic properties. In 
the case of an enantiotropic system, one polymorphic form can change reversibly into another at a definite transition temperature below 
the melting point while no reversible transition is possible for monotropes. Once the drug has been characterized fewer than one of this 
categories, further study involves the detection of metastable form of crystal. Metastable forms are associated with higher energy and 
thus higher solubility. Similarly, the amorphous form of drug is always more suited than crystalline form due to higher energy associated 
and increased surface area. Generally, the anhydrous form of a drug has greater solubility than the hydrates. This is because the hydrates 
are already in interaction with water and therefore have less energy for crystal breakup in comparison to the anhydrates (i.e. 
thermodynamically higher energy state) for further interaction with water (Kawabataa et al., 2011)  
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On the other hand, the organic (nonaqueous) solvates have greater solubility than the nonsolvates. Thus, the order for 
dissolution of different solid forms of drug is Amorphous >Metastable polymorph >Stable polymorph. Melting followed by a rapid 
cooling or recrystallization from different solvents can produce metastable forms of a drug. 
(3) Complexation 

Complexation is the association between two or more molecules to form a non-bonded entity with a well defined stoichiometry. 
Complexation relies on relatively weak forces such as London forces, hydrogen bonding and hydrophobic interactions. Examples of 
complexing agents are; chelates- EDTA, EGTA, molecular complexes- polymers and inclusion complexes i.e. cyclodextrins (William 
L et al., 2002) 
(4) Solublization by Surfactants 

Surfactants are molecules with distinct polar and nonpolar regions. Most surfactants consist of a hydrocarbon segment 
connected to a polar group. The polar group can be anionic, cationic, zwitterionic or nonionic. When small polar molecules are added, 
they can accumulate in the hydrophobic core of the micelles. This process of solubilization is very important in industrial and biological 
processes. The presence of surfactants may lower the surface tension but increases solubility of a drug within an organic solvent. 
Although salt formation, particle size reduction etc. have commonly been used to increase dissolution rate of the drug, the desired 
bioavailability enhancement may not always be achieved due to practical limitations of these techniques. Therefore, formulation 
approaches are being explored to enhance bioavailability of poorly water-soluble drugs. One such formulation approach that has been 
shown to significantly enhance absorption of such drugs is to formulate/prepare solid dispersion. Solid dispersion of an amorphous drug 
in a polymer matrix has been demonstrated to be an effective tool for solubility and subsequently, bioavailability enhancement (Henning 
H et al., 1999). 
(5) Solid Dispersion 

Solid dispersion was firstly referring to the dispersion of one or more active ingredients in an inert carrier in a solid state, 
frequently prepared by the melting (fusion), solvent, or fusion solvent-methods.  

 
Chemical Modifications 
(1) Salt Formation 

 It is the most common and effective method of increasing solubility and dissolution rates of acidic and basic drugs. Such drugs 
are converted into salt forms having more solubility than respective drug itself. eg: Aspirin, Theophylline, Barbiturates etc. 
(2) Co-crystallization 

New approach available for the enhancement of drug solubility is through the application of the co-crystals.It is also referred 
as molecular complexes. A Co-crystal may be defined as crystalline material that consists of two or more molecular (& electrical neutral) 
species held together by non-covalent forces. It can be prepared by evaporation of a heteromeric solution or by grinding the components 
together or by sublimation, growth from the melt & slurry preparation. It is increasingly important as an alternative to salt formation, 
particularly for neutral compounds (PatilSatish K et al., 2011) 
(3) Co-solvent  

It is well-known that the addition of an organic cosolvent to water can dramatically change the solubility of drugs. Weak 
electrolytes and nonpolar molecules have poor water solubility and it can be improved by altering polarity of the solvent. The solvent, 
used to increase solubility, is known as cosolvent. It is also commonly referred to as solvent blending. Most cosolvents have hydrogen 
bond donor and/or acceptor groups as well as small hydrocarbon regions. Their hydrophilic hydrogen bonding groups ensure water 
miscibility while their hydrophobic hydrocarbon regions interfere with water hydrogen bonding network, reducing the overall 
intermolecular attraction of water molecules. By disrupting water self-association, cosolvents reduce water’s ability to squeeze out non-
polar, hydrophobic compounds, thus increasing their solubility. A different perspective is that by simply making the polar water 
environment, more non-polar like the solute, co solvents facilitate solublization. Solubility enhancement as high as 500-fold is achieved 
using 20 % of 2-pyrrolidone. 
(4) Hydrotropy 

It designates to increase solubility in water due to the presence of large amount of additives. It improves solubility by 
complexation involving weak interaction between hydrophobic agents (Sodium benzoate, sodium alginate, urea etc) & solute. e.g 
sublimation of Theophylline with Sodium acetate & Sodium alginate. 
(5) Solubilising Agents 

The solubility of poorly soluble drug can also be improved by various solubilizing materials. Ex. PEG 400 improves the 
solubility of hydrochlorothiazide. Modified gum karaya (MGK), a recently developed excipient, was evaluated as carrier for dissolution 
enhancement of poorly soluble drug, nimodipine. The aqueous solubility of the antimalarial agent halofantrine is increased by the 
addition of caffeine and nicotinamide. 
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(6) Nanotechnology Approaches 
Nanotechnology will be used to improve drugs that currently have poor solubility. Nanotechnology refers broadly to the study 

and use of materials and structures at the nanoscale level of approximately 100 nanometers (nm) or less. For many new chemical entities 
of very low solubility, oral bioavailability enhancement by micronisation is not sufficient because micronised product has very low 
effective surface area for dissolution and next step taken was nanonisation. 
(7) Solid dispersion  

Solid dispersion (SD) technique has been widely used to improve the dissolution rate, solubility and oral absorption of poorly 
water-soluble drugs. Solid dispersion is defined as the dispersion of one or more active ingredients in an inert excipient or matrix 
(carrier), where the active ingredients could exist in finely crystalline, solubilised or amorphous state. Once the solid dispersion is 
exposed to aqueous media and the carrier dissolves, the drug is released as very fine to colloidal particles. Because of greatly enhanced 
surface area obtained in this way, the dissolution rate and the bioavailability of poorly water-soluble drugs are expected to be high. 

 
The enhanced solubility and dissolution rate of drugs, from solid dispersions, is based on following mechanisms: 

 Reduction in particle size: provides large surface area.  
 Particles with improved wettability and dispersibility of drug.  
 Particles with higher porosity.  
 Drugs in amorphous state.  
 Solubilizing effect on the drug by water soluble carriers.  
 Formation of metastable dispersion. 

 
Mixed Hydrotropy  

Mixed hydrotropic solubilization technique is the phenomenon to increase the solubility of poorly water-soluble drugs in the 
blends of hydrotropic agents, which may give miraculous synergistic enhancement effect on solubility utilizing mixed hydrotropes in 
the formulation of dosage forms of water insoluble drugs with reduced concentration of individual hydrotropic agent, minimizes the 
side effects and thereby reducing their individual toxicities. 

 
Advantages of Mixed Hydrotropy Solubilization 
 It may reduce the large total concentration of hydrotropic agents necessary to produce modest increase in solubility by employing 

combination of agents in lower concentration. 
 It is new, simple, cost-effective, safe, accurate, precise and environment friendly method for the analysis (titrimetric and 

spectrophotometric) of poorly water-soluble drugs. 
 It precludes the use of organic solvents and thus avoids the problem of residual toxicity, error due to volatility, pollution, cost etc. 

 
Pharmaceutical Applications of Solid dispersion 

The pharmaceutical applications of solid dispersion techniques are numerous. They may be employed-  
 To enhance the absorption of drug. 
 To obtain a homogeneous distribution of a small amount of drug in solid state. 
 To stabilize unstable drugs and protect against decomposition by processes such as hydrolysis, oxidation, racemization, photo 

oxidation etc. 
 To dispense liquid or gaseous compounds. 
 To formulate a fast release priming dose in a sustained release dosage forms.  
 To formulate sustained release preparation of soluble drugs by dispersing the drug in poorly soluble or insoluble carrier. 
 To reduce side effects-(a) the binding ability of drugs for example to the erythrocyte membrane is decreased by making its 

inclusion complex, (b) the damage to the stomach mucous membranes by certain non-steroidal anti-inflammatory drugs can be 
reduced by administration as an inclusion compound.  
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Methods of preparing solid dispersions  

 
Fig 1. Schematic diagram showing methods for the preparation of solid dispersion. 

 
Preparation of hydrotropic solid dispersions (HSD) 

This method is similar to the common solvent method. The only difference is that here hydrotropic solubilization technique is employed 
to solubilize the poorly water-soluble drugs. At first, a concentrated solution of hydrotropic agent is prepared in minimum quantity of 
water by the application of heat (80°- 85°C). The drug is added to this clear and concentrated solution with the aid of stirring or any 
other type of mechanical agitation and solvent (water) is removed simultaneously by heating at 30°- 40°C. Stirring is continued till a 
semisolid mass is formed in the beaker (after evaporation of a large quantity of water). Semisolid mass so formed is spread on several 
watch glasses in thin layers for quick drying. The watch glasses are kept in oven maintained at 40°C for drying. When the mass becomes 
pulverizable, it is triturated with the help of pestle mortar and again kept in oven for drying. After almost complete drying, the powder 
of solid dispersion is passed through sieve number 100 and is kept for six days in a desiccator containing blue silica gel. The dried, HSD 
powder is stored in air-tight glass bottles (Meera C et al., 2010). 
 
Hydrotropy  

Hydrotropy is a solubilization process whereby addition of a large amount of second solute results in an increase in the aqueous 
solubility of another solute. Hydrotropic agents are ionic organic salts. These salts, called hydrotropes, include sodium, potassium, 
calcium and ammonium salts of aromatic sulfonic acids, benzoic acids, phenols and quaternary ammonium salts. Neuberg first reported 
hydrotropy by dissolving a variety of organic substances, such as carbohydrates, esters, lipids, drugs, fats and oils in aqueous solutions 
containing hydrotropes. Later McKee and Booth and Everson had shown that concentrated aqueous solutions of organic salts, such as 
sodium benzoates, salicylate, benzene sulfonate, cumene sulfonate and cymene sulfonate can increase the solubility of many compounds. 

 
Mechanism of action of Hydrotropes 

A hydrotrope is a compound that solubilises hydrophobic compounds in aqueous solutions. Typically, hydrotropes consist of 
a hydrophilic part and a hydrophobic part (like surfactants) but the hydrophobic part is generally too small to cause spontaneous self-
aggregation. Hydrotropes do not have a critical concentration above which self aggregation 'suddenly' starts to occur. Instead, some 
hydrotropes aggregate in a step-wise self-aggregation process, gradually increasing aggregation size. However, many hydrotropes do 
not seem to self aggregate at all, until a solubilisate has been added. Maheshwari et.al enhanced aqueous solubility of paracetamol, 
poorly water soluble drug, by the use of concentrated solution of urea (a hydrotropic agent). This hydrotropic phenomenon was employed 
to prepare solid dispersion (SD) and syrup of paracetamol. SD was evaluated which resulted marked increase in dissolution rate. IR 
analysis revealed that there was no complexation / interaction between paracetamol and urea. Paracetamol syrups prepared with urea 
showed good chemical stabilities. 
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Advantages of Hydrotropic solublization  
 Hydrotropy is suggested to be superior to other solubilization methods, such as miscibility, micellar solubilization, cosolvency 

and salting in, because the solvent character is independent of pH, has high selectivity and does not require emulsification.  
 It only requires mixing the drug with the hydrotrope in water.  
 It does not require chemical modification of hydrophobic drugs, use of organic solvents, or preparation of emulsion system. 

 
Conclusion 

Combinatorial chemistry and high-throughput screening used in drug discovery have resulted in an increase of poorly water-
soluble drug candidates. In drug discovery, the number of drug candidates having low solubility has increased and in general 
approximately 70 % of new drug candidates have shown poor aqueous solubility. Currently, approximately 40 % of the marketed 
immediate release (IR) oral drugs are categorized as practically insoluble (<100 µg/mL) and generally present dissolution limited 
absorption. The solubility is the maximum quantity of solute that can dissolve in a certain quantity of solvent or solution at a specified 
temperature. In the other words, the solubility can also be defined as the ability of one substance to form a solution with another 
substance. The substance to be dissolved is called solute while the dissolving fluid, in which the solute dissolves, is called as solvent. 
The process of dissolving solute into solvent is called as solution or hydration, if the solvent is water. The limited dissolution rate arising 
from low solubility frequently results in the low bioavailability of orally administered drugs. Aqueous solubility is also a key factor in 
the design of oral, parenteral and ophthalmic formulations of poorly water-soluble drugs. 
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