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INTRODUCTION 

Hydrophilic carriers are mixed with the active 

pharmaceutical ingredients (APIs). Amorphous carriers 

such as sugars, as well as semicrystalline carriers like 

polyethylene glycol (PEG), can be utilized for the 

preparation of solid dispersions. Just as APIs can exist in 

crystalline, amorphous, or partially crystalline forms, 

hydrophilic carriers may also possess both crystalline 

and amorphous domains.
[1]

 One term for a medication's 

ability to form crystals into a variety of shapes is 

"crystallinity." A number of physiological factors 

influence how well oral medications are absorbed.
[2]

 

Excipients may impact drug absorption in one of three 

ways: (1) by altering the dosage formulation's stability, 

disintegration, or stability; (2) by altering the 

physiological processes that take place in the 

gastrointestinal tract; or (3) by altering all three.
[3]

 As the 

solubility increase bioavailability increases. Solubility 

defines as: 

 

Table 1: Definition of Solubility.
[4]
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ABSTRACT 

Drugs have different degrees of solubility which has an impact on the bioavailability of the drug in the body. Low 

solubility drugs in water have the greatest solubility problems. The effectiveness of drug formulations and therapies 

is limited for Class II BCS drugs, which exhibit high permeability but poor solubility. This review focuses on 

various techniques Employed to improve the solubility of BCS Class II drugs. A number of traditional and 

contemporary methods are employed. These include solid dispersions, complexation with cyclodextrins, 

nanosizing, surfactant formulations, and lipid-based drugs. The review covers in detail the mechanism of molecular 

dispersion, complexation with cyclodextrins, nano-crystallization, surfactant formulations, and lipid-based drugs, 

discussing the pros and cons of each method. The review also covers the recent innovations in the formulation BCS 

Class II like amorphous drug formulations, supercritical fluid technology, and nanocrystals. 
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BCS (Biopharmaceutics classification system) classify 

the drug in to four classes according to their solubility 

and permeability. Solubility challenges are faced in the 

low solubility, high permeability drugs, low solubility, 

low permeability drugs of the BCS system (where 

dissolution becomes the rate limiting step for the 

absorption of drug) which comprises of newer generation 

of NSAIDs like Zaltoprofen, Cyclofenil, Flurbiprofen, 

their older congeners like Indomethacin, Ibuprofen, 

Ketoprofen and Diclofenac; anti-diabetics Gliclazide, 

Glipizide; newer calcium channel blockers (CCBs) like 

Nimodipine, Felodipine. The BCS was first devised in 

1995 by Amidon et al.
[5]

 

 

Table 2: BCS Classification of Drug.
[6] 

 
 

Techniques for solubility Enhancement 

Increasing a drug's solubility and, thus, its oral 

bioavailability can be extremely challenging when 

creating new drugs, particularly for oral drug delivery 

systems. To increase the solubility of medications with 

low water solubility, a number of techniques have been 

reported in the literature. The attribute of the chosen 

excipients, the kind of the intended dosage form, and the 

characteristics of the medication under consideration are 

some of the specific aspects that influence the processes 

that are chosen. Only when oral drugs have good 

bioavailability and are sufficiently soluble in the stomach 

can they be fully absorbed.
[7]

 

 

 
The approaches for improving solubility may be classified into physical changes, chemical changes of the 

medicinal ingredient, and additional ways shown in figure 1. Fig. 1: Solubility enhancement techniques 

 

1. CHEMICAL MODIFICATION 

The solubility of a compound can be increased by 

incorporating polar functional groups, such as carboxylic 

acids, ketones, and amines. By strengthening hydrogen 

bonds and enhancing the contact with water, this is 

accomplished. The chemical alteration of is at the 

forefront of advancements in biological imaging and 

biopharmaceutics. There are different methods for 

chemical modifications which include Salt Formation, 

Co-crystallization, Co- solvency, Hydrotropic, Use of 

novel solubilizer and Nanotechnology.
[8]

 

 

A. Salt formation 

A variety of instability issues frequently prevent the 

development of a therapeutic agent in its original form. 

This causes them to change into solid forms such 

hydrates, solvates, salts, cocrystals, and polymorphs. 

Each of these characteristics improves the medication's 

overall performance attributes by having a unique effect 

on its stability, bioavailability, purity, and 

manufacturability. For many years, the process of 

creating salts from weak acids and bases has used to 

enhance the solubility of the drug candidates that are not 

very soluble. Ionization of a chemical in a solution is the 
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process that creates salts. This technique is efficient for 

injectable and liquid preparation as well as solid dosage 

forms. A salt version that is more soluble than the 

original medication is created from an ionizable drug. 

Progesterone is a steroid that is not hydrophilic but can 

dissolve in peanut oil, serving as an illustration of this 

approach. Barbiturates, theophylline, and aspirin are a 

few more examples.
[9]

 

 

B. Co-crystallization 

An API's many physical, chemical, or physiological 

constraints are lessened via co- crystallization. Co-

crystallization is an excellent technique for maximizing 

therapeutic properties since it changes the molecular 

structure and interaction of medicinal compounds. 

Regardless of an API's ionizable, basic, or acidic 

properties, co-crystals offer an alternate pathway for co-

crystallization.
[10]

 

 

Different techniques for co crystallization 

Solvent Evaporation 

Solvent removal method is widely used in the drug 

industry for microencapsulation.
[11]

  

 

Various Methods of Solvent Evaporation 

Single emulsion method 

The inherent issue of water-soluble and slightly water-

soluble drugs being inadequately encapsulated makes 

this drug entrapment approach reasonably effective. an 

inventory of the nanoparticles made with the single 

emulsion process and solvent evaporation. 

 

Multiple emulsion method 

Usually as double or multiple emulsions, this approach is 

frequently employed to create microspheres containing 

water-soluble medications, proteins, peptides, and 

vaccines.
[12]

 

 

Slurry Co Crystallization 

When the conformers have differing solubilities, slurry 

co-crystallization is an alternate technique that can be 

utilized to create cocrystals. A slurry is created at the 

beginning of the process by suspending one or a mixture 

of the conformer crystals in minimal solvent. Similar to 

solution mediated polymorphic transformation, the 

separate crystals of the single substance dissolve during 

the onset and propagation of the stable cocrystal. Only 

when the intended cocrystal has the highest energy-stable 

shape in relation to other crystal forms is this method 

appropriate for cocrystal creation. Consequently, the 

technique can also be applied to assess the crystal's most 

durable arrangement.
[13]

 

 

Solvent drop grinding 

The application of the dropwise solvent grinding has 

several noteworthy advantages, such as change of 

obtaining pure co-crystals, the use of compatible 

components in an equimolar ratio for the cocrystal, the 

avoidance of excessive solvent evaporation, the use of a 

minor quantity of solvent (an environmentally friendly 

approach), and a significantly shorter time for the 

synthesis of cocrystal phases.
[14]

 

 

Sono crystallization Method 

In contrast to crystallizations that take place without any 

agitation, Sono crystallization speeds up the nuclei's 

creation and produces finer crystal a more constrained 

size range. Although there are studies indicating the 

potential participation of other factors, the exact 

mechanism by which ultrasonography causes nucleation 

is still not entirely understood. shock waves and 

heterogeneous nucleation promotion. Additionally, a new 

phenomenon in the disciplines of Sono crystallization 

and nucleation is the breakdown of molecular crystals 

caused by ultrasonic waves. To confirm that the 

interaction between shockwaves and crystals is the main 

cause of crystal breaking, decoupling investigations were 

carried out.
[15]

 

 

C. Co-solvency/ Solvent Blending 

Cosolvents are widely used as cosolvents in the drug 

industry. There are three types of co-solvency models: 

analytical, partly-empirical, and practical. While the 

empirical models are ideal for examining solubility 

connections, the theoretical models offer essential 

insights into the solution. A fundamental co-solvency 

model, the Yankowski logarithmic model calculates a 

drug's solubility in water-cosolvent combinations by 

taking into account the drug's solubility in water.
[16]

 

 

D. Hydrotropic 

"Salting out" agents are salts that decrease a solute's 

solubility, while "salting in" agents are substances or 

compounds that increase a solute's capacity to disperse in 

a given solvent. Hydrotropic salts, which dissolve in 

water, are present and produce the solubilization of non-

electrolytes by salt due to their large ion. The term 

"hydrotropism" refers to this process. Hydrotropic 

solutions are defined by a weak contact between the 

hydrotropic agent and the solute and lack colloidal 

properties. Enhanced aqueous solubility brought on by 

the presence of a sizable number of additives is known 

as hydrotropic. The main cause of the solubility 

improvement is complexation, which occurs when 

hydrotropic agents such sodium salt, and urea have weak 

contact with low-solubility drugs. Hydrotropic is a novel 

and unmatched technique that uses particular chemical 

components known as hydrotropic to increase the 

solubility of low-solubility compounds.
[17]

 

 

E. Nanotechnology 

By modifying the properties of nanoparticles and 

applying them to the creation of nano formulations, 

dietary supplements, and the food industry, 

nanotechnology has established a new paradigm. 

Nanomaterials are well suited for use in the food and 

nutraceuticals industries because of their distinctive 

properties, which include their low volume and high 

surface-to-volume ratio.
[18]

 

 



Khot et al.                                                                                       World Journal of Pharmaceutical and Life Sciences  

 

 

 

 

 

www.wjpls.org         │        Vol 12, Issue 3, 2026.         │          ISO 9001:2015 Certified Journal         │ 

 

 

 

 

 

 
27 

2. PHYSICAL MODIFICATION 

A. Particle size reduction 

The size of a medicine's particles is frequently 

intrinsically related to its solubility. The specific surface 

area enhanced as particle size decreases. Increased 

solubility is the outcome of improved relationship with 

the solvent made possible by a larger surface area.
[26]

 

Drug micronation has long been thought to be the 

predominantly effective way to accomplish these 

advancements. However, the already extremely poor 

solubility of several novel chemical compounds within 

this range is not greatly impacted by their shrinkage. It is 

necessary to reduce the size to the nanometric scale.
[19]

 

 

Micronation 

In order to overcome issues with dissolving and 

bioavailability, the usage of medicine powders made of 

micronized drug particles has increased in a range of 

pharmaceutical dosage forms. Most newly developed 

drugs are sparingly soluble drug, which limits their 

ability to dissolve rapidly and be absorbed by the body. 

Features of the micronized pharmaceutical material, 

including particle size, size distribution, shape, surface 

characteristics, agglomeration behavior, and powder 

flow, are influenced by the specific micronation 

technique that is employed.
[20]

 

 

B. Modification of crystal Habit Changes in the 

polymorphic form and the crystal morphology can be 

caused by different solvents and processing parameters. 

Furthermore, as crystals grow over time, behavioral 

changes may result. Consequently, it is essential to 

understand the factors influencing crystal habit and to 

carefully evaluate how it affects the efficacy of dose 

forms.
[21]

  

 

The modification of the habit was attributed to PSA's 

specific adsorption onto the needle-like crystal structure's 

fastest-growing crystal face, which prevented the 

structure from forming. Scanning electron microscopy 

(SEM) was used to characterize the griseofulvin and 

PSA particles, yielding results consistent with a selective 

growth suppression technique.
[22]

  

 

Polymorph 

Polymorphism commonly occurs in medications, 

potentially compromising their quality by modifying 

their physical and chemical properties, such as solubility, 

hence reducing their bioavailability. The phenomenon 

known as polymorphism occurs when a material can exist 

in many crystal forms. Materials that differ in the 

arrangement of their molecules in the crystalline form 

but share the same chemical composition are known as 

polymorphs.
[23]

 

 

Pseudo polymorphs 

The material can take on multiple polymorphs, each of 

which is distinguished by unique internal crystal lattices 

and solid crystalline phases. The presence of 

polymorphism and pseudo polymorphism in the 

pharmaceutical industry may affect the bioavailability 

and therapeutic efficacy of the medicine.
[24]

 

 

C. Complexation 

The morphology of protein aggregates plays a crucial role 

in the electrostatic complexation of proteins and 

polysaccharides, as well as in defining the functional 

properties of the resultant complexes. These interactions 

are very important for the development of new dietary 

components.
[25] 

 

Co-precipitate method 

Co-processing is the process of directly co-precipitating 

amorphous solid dispersions (ASDs) in the last stage of 

chemical processing.
[26]

 Co-precipitation was a novel 

method for improving the functional properties of 

proteins in their unadulterated state.
[27]

 Titanium with 

nanotubular structures was anodized and then loaded 

with antibiotics based on penicillin to provide targeted 

drug delivery. Using a co-precipitation technique, the 

drug molecules and simulated physiological fluid were 

mixed together to cause calcium phosphate crystals to 

form as a group.
[28]

 The process also depends on the 

active ingredient co-precipitating with glycinin, a 

biodegradable protein matrix made from edible soybean 

protein, which is made possible by carbon dioxide. 

Under isoelectric conditions, glycinin precipitates easily 

and serves as the framework for capturing the active 

ingredient throughout the precipitation process. To 

illustrate the fundamental idea, the lipase enzyme that 

was extracted from Candida rugosa successfully co-

precipitated with the protein pellet.
[29]

 

 

D. Inclusion Complex Formulation Based 

Kneading method 

High-performance materials (HPs) and a 

polyethyleneimine (PEI) polymer solution are quickly 

combined during kneading to create a "dough" that 

facilitates the formation of stable suspensions in water-

based solutions.
[30]

 

 

Depending on the amount and characteristics of the salt-

kneading material, the final measurements may be 

changed. This method reduces the likelihood of 

unpleasant needle-like forms while allowing 

pharmaceutical researchers to employ a size-reduction 

process that creates tiny, spherical, and readily flowing 

particles of the poorly soluble API.
[31]

  

 

The kneading process is influenced by a number of 

variables, such as the water's temperature, the dough's 

temperature, the pace at which the dough is kneaded, the 

dough's aeration, and the total water content. The 

rheology of dough and the ensuing characteristics of 

bread can be significantly improved by employing 

enhancement techniques and carefully controlling the 

kneading process.
[32]
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Lyophilization/ Freeze- drying Technique 

Despite having only a few steps, the process of freeze-

drying is complex. This is because the final product's 

quality is impacted by the freezing, sublimation, 

desorption, and reconstitution procedures, which may 

subject it to varying pressures at each stage.
[33]

  

 

Different types of lipid and polymeric nanoparticles were 

made and examined. The samples were then sprayed 

into a stream of cold air that contained different 

cryoprotectants to undergo spray freeze drying. After 

that, the frozen spherules were gathered for additional 

freeze drying.
[34]

 

 

Microwave irradiation method 

Reaction time is shortened and product purity is 

increased when microwave irradiation is used in solid 

phase peptide synthesis. Through increased product 

recovery, decreased by-product formation, and decreased 

energy consumption, the use of procedure intensification 

techniques such as ultrasound and microwave irradiation 

may enhance reaction efficiency.
[35]

 

 

E. Solubilization by surfactants 

Low levels of surface tension can be reduced by 

surfactants, which can result in emulsification, foaming, 

wetting, and solubilization By converting phospholipids 

into mixed micelles, surfactants that generate micelles in 

water-based solutions are highly efficient at dissolving 

them. Numerous parameters, including the number of 

aggregations (Nagg), binding constant (K1), micelle-

water partition coefficient, molar solubilization ratio 

(MSR), critical micellar concentration (CMC), and 

Stern- Volmer constant, were evaluated as part of the 

solubilization capability assessment.
[36]

 

 

Microemulsions 

By introducing a suitable concentration of an 

amphiphilic material, like soap or detergent, aqueous 

phase can become completely miscible. Because of its 

historical significance, well dispersed stable solutions 

are referred to as "microemulsions"
[37]

 

 

CONCLUSION 

We have examined a broad range of solubility 

augmentation strategies in this thorough analysis, which 

are essential for resolving the challenges presented by 

poorly soluble drugs. Pharmaceutical researchers have a 

broad range of tactics at their disposal, from traditional 

techniques like particle size decrease and solid solution to 

innovative nanotechnological approaches like 

nanosuspensions and lipid-based nanocarriers. 

Furthermore, a key component of contemporary drug 

development is the incorporation of computational 

techniques for forecasting and refining solubility 

enhancement strategies. Pharmaceutical formulation 

decisions could be made more effectively and intelligently 

if experimental and computational methods work together. 

We can see that solubility enhancement is still a dynamic 

and developing topic as we investigate new approaches 

like co-crystal formation, liquid electrolytes, and 

supercritical medium technologies. 
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