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ABSTRACT: 

The solubility is amount of solute which is dissolved in solvent to form a solution below a particular situation of 

gravity / pressure and temperature. But mainly the API (Active pharmaceutical ingredient) are poorly aqueous 

soluble (hydrophobic). The solubility, property of the drug becomes one of the most challenging aspect in the 

formulation development. Poor aqueous solubility may result in the finishing of final product and can result in 

decrease in its full potential and therapeutical range. Hence improvement of aqueous solubility in such a case is 

valuable goal to improve therapeutical efficacy.  Molecules that would have highly beneficial effect on their 

physiological target would not be further developed if their bioavailability is limited by their solubility in water. 

The API / usable pharmaceuticals  with poor solubility must be answered well by solubilization techniques  such as 

chemical modification such as salt formation, co-crystallization and more, physical modification such as 

conventional method, modification of the crystal habit such as polymorphs, complexation such as physical mixture 

and more, Inclusion complex formulation base techniques such as kneading method and more, solubilization by 

surfactants such as self emulsifying drug delivery systemand more, drug dispersion in carries such as solid solutions 

and more, pH adjustment, supercritical fluid process, liquisolid technique, and polymeric alteration. The 

contribution of this article is to combine all the techniques which can enhance the solubility of drug. 

Keywords – Solubility, Bioavailability 

Introduction 

As a widely discussed but still not much impact no greedy researches, solubility or dissolution enhancement 

techniques remain a most interesting topic for the researches in formulation science.  Solubility and dissolution are 

one of the basic Concept of any type of formulation exist including biopharmaceutical and pharmacokinetic 

thoughtful in therapy of any medicine (Yogesh S Thorat, 2011). The physicochemical characteristics of Drug (API), 

such as stability,particle size,powder flowability, taste, hygroscopicity,solubility, and compatibility,are major 

factors that determine the therapeutic effect and manufacturing cost of a solid doses form.   
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As solubility and permeability is the deciding factor for the absorption of the drug in the system, there can be 

changed or variated by enhancement techniques. The term solubility is defined as maximum amount of solute that 

can be dissolved in a given amount of solvent until the saturation reaches, at a fixed temperature and pressure. It 

can also be defined as quantitatively as well as qualitatively. For quantitatively it is defined as the concentration of 

the solute in a saturated solution at a fixed carton temperature. In qualitative, solubility may be defined as the 

spontaneous solute – solvent interaction to form a homogenous molecular dispersion (solution) (Varun Raj 

Veemula, 2010). In pharmaceutical sciences, when quantitative data are available solubility expiration are as 

follows, molarity, normality, formality, mole fraction, percent solution, volume fraction and molality. (Sneha Jagtap 

C. M., 2018) 

Table 1: EXPREESSION FOR APPROXIMATE SOLUBILITY (Derle, Essentials of Physical Pharmacy, 

2008) More than 90% of drugs have to pass the GIT as they are orally administered. Drug absorption,bioavailability 

and pharmacokinetic profile of orally administered drug is highly dependent on solubility of that compound in 

aqueous medium.(Sandhiya Jatwani A. C., 2012)According to BCS the drug is classified in four classes on behalf 

of their solubility and permeability.(Sneha Jagtap C. M., 2018) 

Class I High Solubility, High permeability (Marketed 35% - Candidates 5 – 10%) 

Class II Low Solubility, High permeability (Marketed 30% - Candidates 60 – 70%) 

Class III High Solubility, Low Permeability (Marketed 25% - Candidates 5-10%) 

Class IV Low Solubility, Low Permeability (Marketed 10% - Candidates 10- 20%) 

 

Table 2: BCS Classification of Drug (Nikolakakis, Percentage of marketed drug molecules according to the BCS 

classification system, 2017) 

Factors Affecting Solubility 

Particle Size –As particle size decreases, the surface area in respect to volume increases. As the surface area of 

particle increase it result in good and more interaction with solvent. The effect of particle size on solubility is show 

by graph between particle size and solubility.(Alfred Martin, 1991) or the solid in contact with the solvent, their 

surface area affect the rate of solution and their condition is constant temperature and agitation. When we reduce 

Definition  Part of solvent required for one part 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- 10000 

Insoluble Greater than 10000 

  

http://www.ijnrd.org/


© 2023 IJNRD | Volume 8, Issue 2 February 2023 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2302121 International Journal of Novel Research and Development (www.ijnrd.org)  
 

b184 

 

the surface area of particles it results in decreased in rate of solution, it happens in the process of 

dissolution.(Rawlins, 2002) 

 

 

 

 

 

 

Graph 1: Effect of particle size on solubility(Min Ha Lee, 2012) 

Temperature – The solubility of a respected sample will increase when the temperature in increased because the 

molecule of the solute increases intramolecular space when get energy. If the temperature is decreased the solubility 

will also decrease as the molecules come close and molecules of solvent do not get much space to bind. The effect 

of Temperature on solubility is show by graph between temperature and solubility.(Derle, Essentials of Physical 

Pharmacy , 2008) 

 

 

 

 

 

 

Graph 2: Effect of solubility on temperature 

Nature of Solute and Solvent– The nature of Strong solute-solvent attractions equate to greater solubility while 

weak solute-solvent attractions equate to lesser solubility. In turn, polar solutes tend to dissolve best in polar 

solvents while non-polar solutes tend to dissolve best in non-polar solvents.(Petrucci, 2002)  

Pressure–According to Henry’s Law “The solubility of gas in liquid is directly proportional to the pressure on the 

gas applied above the surface of the solution. So, if the pressure is increased, the gas molecules are forced into the 

solution and the pressure will always reduce the intermolecular space of the respected gas making that gas soluble 

in the liquid. For example, carbonated beverages are bottled under pressure which increases the solubility of carbon 

dioxide but when the bottle is opened the solubility decreases making the carbon dioxide bubbles off.(Ophardi, 

2003) 
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Fig 1: The solubility of gas in liquid can be increased by increasing pressure (Belford, Pressure and temprature 

effect on solubility, 2022) 

 

 

 

 

 

 

 

 

 

 

 

Graph 3: Effect of pressure on solubility (Jirjees, 2017) 

 

Polarity–Substances with similar polarities tend to be soluble in one another (“like dissolves like”). Nonpolar 

substances are generally more soluble in nonpolar solvents, while polar and ionic substances are generally more 

soluble in polar solvents.(Khan, n.d.) 

 

Need of Solubility Enhancement– In our gastrointestinal track (GIT), the absorption of drug can be Limited as 

various factors, most significant contribution being poor aqueous solubility and poor membrane permeability by the 

drug molecule. When we take /administered an active agent by orally, the first step is that their dissolving in the 

body fluid as gastric or intestinal fluid. Before it can permeat the membranes of the GIT to reach systemic 

circulation.  

Eventually, two areas of pharmaceutics research that focus on improve the oral bioavailability of active agent 

include enhancing their solubility and dissolution rate of poorly water-soluble drug and increasing permeability of 

poorly water-soluble drug. And the poor aqueous solubility is caused by two main factors – 

 High Lipophilicity 

 Strong intermolecular interaction which makes the solubilization of solid 

energetically costly. 

In formulation (medicinal), the solubility of API has always been a concern for formulation, so insufficient aqueous 

solubility may hamper development of product and limit bioavailability of oral product. Solubility plays a necessary 

role in drug disposition,Since the maximum rate of passive drug transport acrossthe biological membrane, the main 

pathway of drug absorption is a product of permeability and solubility (Sandhiya Jaatwani, 2012). Currently only 

8%of new drug candidates have both high solubility and high permeability and more than 60% of the product have 

poor water solubility  
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Fig 2: Different Solubility Enhancement Technique 

 

TECHNIQUES TO OVERCOME POOR SOLUBILITY – 

 Chemical Modification: 

 Salt Formulation  

 Co- Crystallization  

 Co-Solvency 

 Hydrotrophy 

 Use of novel Solubility  

 Nanotechnology 

 Nanosuspension 

 Microemulsion 

 Physical Modification: 

1. Particle size reduction 

 Micronization 

 Nanosuspension 

 Conventional method 

2. Modification of the crystal habit 

 Polymorphs 

 Pseudo polymorphs 

3. complexation 

 Use of complexing agent 

 Physical mixture 

 Co- Precipitate 

 Lyophilization / Freeze Drying Technique 

 Microwave irradiation method 

4. Solubilization by surfactants 

 Self- microemulsifying drug delivery system  

 Some common surfactants used in NDDS 
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5. Drug dispersion in carriers 

 Solid solution  

 Solid dispersion 

I.Fusion Process 

II.Solvent Method 

III.Fusion Solvent Method 

IV.Spray Drying  

V.Lyophilization (Spray Freeze Drying Method) 

VI.Hot Melt Extrusion 

VII.Dropping Method 

VIII.Polymeric Alterations 

 Ph adjustment 

 Supercriticalfluid process 

 Liquisolid   method 

 

 Chemical Modification 

 Salt Formation:The salt formation is mainly a neutralization reaction when acid base comes into contact. 
The salt formation is used to increase solubility of drug that can be ionized. When the protons from acid is 

transferred to bases, the salt formation occurs. The ionic bonds of salts can form and will be stable if the 

difference in the pka (Acid dissociation constant) between acid and base (change in pka) is >3.(SL Childs, 

2007) For example If the intrinsic solubility of the given drug is 1-10mg/ml, salt formation could probably 

increase the solubility of the compound. The compound which has intrinsic solubility >10mg/ml are rarely 

transferred to their salt form unless their physical characteristics do not support the current formulation.(MJ 

Bowker, 2008) 

                                                           To increase the solubility of drug salt formation is one of the major 

techniques. It is one of the most effective non processes and is considered to be a low -cost consumption for 

enhancing the drug solubility. (A Ainurotiq, 2018) 

 

Advantage: 

o It Increase the solubility, also increase solubility against thermolysis. 

o It also Increase tabletability.(DP Elder, 2013) 

Disadvantage: 

o The method is used for (API) Compound can also generate some weakness. The salt formed after the 

process can transfer into its nonionic salt from hydrolysis reaction or disproportionation.  

o Disproportionation will change the physicochemical properties of API, thus resulting in decreasein 

solubility of the drug.(AV Ewing, 2015) 

 

 Co-crystallization: Mainly, the co- crystal increases the solubility of drug. In some case it not happened, 

when it contains various types of molecules. For example- Telmisartan is the BCS II class drug containing low 

solubility. Generally, the co-crystallization is also applied for enhancing solubility. The efficiency of drug 

therapy and it is more depends on the equal amount of drug in the system. Therefore, it directly affects the 

solubility and nature of drug as bulk form. For desired pharmacological response the most important factor are 

solubility and dissolution of the drug.(U. Kotak, 2015) 

 

Advantage: 

o It is simple and the formulation is fast to carry out. 

http://www.ijnrd.org/


© 2023 IJNRD | Volume 8, Issue 2 February 2023 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2302121 International Journal of Novel Research and Development (www.ijnrd.org)  
 

b188 

 

 

Disadvantages: 

o There can be uncontrolled formation of ppt (precipitation) when dilution with aqueous media. 

o As its obvious with all solubilized form, the chemical stability of the dissolve API is worse than in its 

crystalline form. 

 

 Co-solvency: When we add poorly water-soluble drug in a water miscible solvent it increases their 

solubility the drug contains good solubility called Co-solvent. 

       For Enhancing the solubility of poorly soluble compound to create a solution from mixture of one or more 

water miscible solvent and water. Their formulation can be administered orally and parently. The formulation 

for spray freezing of liquid we use the so- solvency for example Danazol with polyvinyl alcohol, Poloxamer 

407 and polyvinyl pyrrolidone K-15 as a micronized powder formed. The technique of co- solvency is highly 

used in preparation of different types of formulations. The most widely used for parental preparation their 

reason is irritating effect of surfactant and their low toxicity of many co- solvents.It depends on the ability of 

co-solvent which solubilize in non- polar drugs. Example of parental drug is propylene glycol, ethanol, 

glycerene, polyethyelene glycol(Amit Chaudhary, 2012). 

 

Advantage of Co- solvency  

o It had high solubilization capacity for low or poorly soluble drug, simple and fast to formulate, produce and 

evaluate. 

o It can feather increase solubility by combining some other technique to it, for example Ph 

adjustment and other solubilization techniques. 

Disadvantage of Co- solvency- 

o In case of addition of aqueous media, it may occur uncontrolled precipitation due to dilution. It may be 

amorphous or crystalline precipitation and containing various size 

o On the administration, the level of solvent is related with toxicity and tolerability. 

o The chemical stability of the insoluble drug consider all solubilized form and it is worse when it is 

compared with crystalline state. (Pankag Kumar Sherma, 2020) 

 Hydrotropy: Hydrotropes which are and in hydrotropic solubilization are those compound that help in 

solubilizing hydrophobic compound in aqueous solutions. If we see the structure, we can clearly observe that it 

consists of hydrophobic and hydrophilic groups together. The hydrophobic and hydrophilic group help is 

increasing the solubilizing the drug no matter what they are (Hydrophilic or Hydrophobic). 

Thus, the efficiency of a hydrotrope directly depend on the equilibrium between its hydrophilic and 

hydrophobic portions.(JR Madan V. K., 2017).If we talk on the molecule level hydrotrops and surfactant, they 

both contain hydrophilic and hydrophobic parts too, but when we compare both (hydrophilic and 

hydrophobic) hydrotrops generally contain very small hydrophilic portion then that of surfactant.         

 NOTE: Greater the hydrophobic portion in hydrotrops, the better the hydrotropic efficiency, where 

the charge on the hydrophilic portion is less significant. 

 

Table 3: Some Example of hydrotropic agent 

Advantage- 

o The main advantage of this technique is that it is better than other technique such as miscibility, co- 

solvency, salting and solubility too because the nature of the solvent used is not Ph dependent, as it doesn’t 

requireany chemical modification and also does not require emulsification. The drug is not mixed organic 

solvent.  
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o The main advantage of this technique is that it is better than other technique such as miscibility, co- 

solvency, salting and solubility too becausethe nature of the solvent used is not Ph dependent, as it doesn’t 

require any chemical modification and also does not require emulsification. The drug only compatible with 

hydrotropic compound and water is  

used as solvent and no need to use organic solvent. 

 

Disadvantage- 

o It can gather alone in solution and can finally resist the solubility of drug in water.(G A Abdelbard, 

2016)(Vimalson, 2016) 

 

 Use of novel solubilizer –During this method we use the various type of solubilizing materials which can 

enhance the solubility of poorly soluble drug. For ex. PEG 400 Sepitrap, Conventional solubilizer 

polysorbates, Soluplus, Povacoat, dendrimers are used for enhancing the solubility for lipophilic API. There 

are some types of novel solubilizer- 

 

1.Novel solubilizer Sepitrap– Improvement in dissolution rate, the required ratio of sepitraps and drug is 2:1 

and in other case without any formulation constraints it can’t affect tablets characteristics at the same time. 

The 80% of solubilizers are desorbed from sepitrap but their required time is not greater than 5 

minutes(Microencapsulated solubilizer for solid dosage application) and it is use for solubilize the drug 

substance.  

 

2.Dendrimers – This is considered as static uni-molecular micelles and their structure remains stable at even 

higher concentration of solvent. There micelle behavior is resulted into their application to solubilize 

lipophilic drugs. It acts as solubilizing agent host for both hydrophilic and lipophilic drugs and these known 

for their three dimensional-monodispersed, highly branched, macro molecular nano-scopic architecture with 

number of reactive end groups which gain by repeating sequence of reaction. Due to lipophilic interaction, 

hydrogen bonding and electrostatic interaction between terminal functional groups of the lipophilic and 

dendrimers so, Dendrimers improve the solubility of lipophilic drug. For examples Polyamidoamine 

(PAMAM) is most usually dendrimer and it is most investigated dendrimer in solubilization. Poly (propylene) 

Eminem dendrimer(PPI) components an equally important family of dendrimer which first discovered by 

Brabander and Meijer. Their dendrimer is as a clone of PAMAM dendrimer but only one difference that 

except repeating units.  

 

Aromatic anionics sodium benzene, sodium salicylate, sodium benzoate, sulphonate, 
sodium cinnamate 

Aromatic cations caffeine, para – amine – benzoicacid 189heophylline189, procaine 

hydrochloride 

Aliphatics and linear 

compound 

urea N, N, dimethyl-urea, sodium alkonate 
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 Nanotechnology– The other name of nanotechnology or in short form is nanotech, which is use for 

industrial purpose on the different scale as atomic, molecular and supramolecular. In ancient, the description 

of nanotechnology as widespread and it referred to particular technological goal to definitely manipulating 

atoms and molecules for fabrication of macroscale products, also known as molecular nanotechnology in now 

days (Drexier, 1986) The National nanotechnology initiative, which identified nanotechnology as the 

manipulation of matter with at least one dimension size from 1to 100 manometers (nm). This definition 

reflects the fact that quantum mechanical effects are important at this quantum field scale and therefore 

definition converted to all type of researched category from particular technological goal that deal with the 

special property of matter which happened below the given size of threshold. The other definition of 

nanotechnology is define by size, which is naturally broad, including fields of science as miscellaneous as 

organic chemistry, surface science, molecular biology, semiconductor physics, energy storage,(Alfres W. 

Hubler, 2010)(Eric Shinn, 2012)engineering,(Isaac Elishakoff, 2012) microfabrication (David Lyon, 2013)and 

molecular engineering (Rajiv Saini, 2010). Some scientists are debate on the future implications of 

nanotechnology. They get the results that nanotechnology may be able to make many materials and devices 

with an extensive range of applications like as in nanomedicine, nanoelectronics, biomaterials energy 

production and consumer products. In other cases, the nanotechnology increases many of the same issues as 

any new technology, containing about environmental impact and toxicity of nanomaterials.New chemical 

existence with very low solubility, oral bioavailability improvement by micronization and it is not sufficient 

but micronized product has very low effective surface area for dissolution and their next process is 

nanonisation. Using for preparation there are some processes such as milling, high pressure homogenization, 

vacuum deposition and high temperatures evaporation. (Cristina Buzea, 2007) 

Some preparation that follows nanotechnology method are- 

 Nanosuspensions: This type of techniques is applied for poorly soluble drug which are insoluble in 

oil and water. In pharmaceutical field the Nanosuspension is biphasic systems containing of a nano type sized 

drug particles in surfactant as aqueous vehicle stabilized use as some topical & oral or parenteral and 

pulmonary administration. In nanosuspension the distribution of solid particles less than one micron with an 

average particle Size their ranges between 200 and 600 nm. They are produced by top down & bottom-up 

technology. Top-down technology contain various methods such as nano edge, nano-jet technology, milling 

tech (nanocrystals) .(Mllar, 1995) 

 

Merits of Nanosuspension – 

o In which the particle size is reduced that increase their surface area which directly increase the solubility, 

bioavailability.  

o b. They avoid of the organic solvent. 

o c. Used as permeability enhancement.  

o d. The formulation of nanosuspension exerts advantage of high drug loading.  

 

Demerits of nanosuspension-  

o Facing some problems as crystals growth, instability due to summation, Ostwald ripening. (Sneha Jagtap C. 

M., 2018) 

 

 Micro emulsion – Containing a mixture of oil, hydrophilic surfactant and hydrophilic solvent which 

dissolves in a poorly water-soluble drug. The criteria for the selection of surfactant and HLB and non-toxicity. 

It is an optically clear pre concentrate, 190heophy dynamically stable transparent, isotropic, translucent 

system. On contact with water, the formulation self emulsifies and forms a very clear emulsion of uniform and 

small oil droplets consist poorly water soluble as solubilized. It employed to increase the solubility of drugs 
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that is practically insoluble in water,along with incorporation of protein for oral parenteral.Oil-in-water (o/w) 

micro emulsion is the most suitable formulation. They can also enhance oral bioavailability by decreasing in 

size (< 100nm), and hence increase the rate of absorption due to surfactant induced permeability changes and 

dissolving compound also increase their solubility. (Kumar, 2016) 

 

Advantage – 

o Property as filtered, clarity, simplicity of preparation and incorporate a wide range of drugs of varying 

solubility.  

 

Advantage of nanotechnology -  

o Using in production of nano sized or micro sized spherical particle with smooth surface and narrow particles 

size distribution and high specific surface areas with the results of increasing the dissolution rate and 

solubility.  

 

Disadvantage of nanotechnology– 

o The summation problem is inherent and difficult to overcome. 

 

 Physical modification- 

(1) – Particle size reduction – Frequently, the solubility of drug is intrinsically related to particle size of 

drug. It is Understand as if the Particle have smallSize,then it increases the surface area to volume ratio. The 

larger surface area allows greater interaction with solvent which gives result as increase in solubility. 

Eventually the bioavailability of poorly soluble drug is connected to particle size of drug. Increased surface 

area by reducing their particle size enhance the dissolution character and it gives the wider range of 

formulation approaches and their relative delivery technology. (Chauhan N. , 2012)(Jadhav, 2014) 

 

  Merits of particle size reduction- 

 It is accomplished, reproducible, economic means of solubility enhancement.  

 In case of chemical substances, it is increasing the rate of solution; because reduction of particle size 

resultant increase in surface area for the action of solvent.  

 It also allows rapidly penetration of solvent.  

 

Demerits of particle size – 

 It induces the degradation of active compound by physically & mechanically stress.  

 During high surface charge on distinct small particles, there is higher tendency for particle summation.  

 Problems for thermosensitive agents may present from thermal stress due to thermal stress.  

 During formulation of solid dosage form with a high pay load and without encouraging grouping and 

sterile intravenous formulation is technically challenging. (Sneha Jagtap C. M., 2018) 

 

 Micronization– This type of technique contains high energy which convert coarse particles into smaller 

particles has5 𝑢 in diameter. It gives Resultant as uniform and narrow particle size distribution essential for 

their respective formulation as uniform dosage form. When Micronization occurs then surface area increases 

with decreasing particle size and their solubility increases.Thereare properties as particle size, distribution, 

shape, surface properties and summation behavior and some powder floes are effect by the type of 

Micronization technique and mechanical Communication, spray drying and supercritical fluid (SCF) 

technology for production of Micronized drug particle. According to Noyes Whitney postulation, the 
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administration of a drug in micron size is a legendary method to enhance bioavailability of the type of 

poorlywater-soluble drug substances.  

  

 Techniques for micronization– 

 Micro precipitation & micro crystallization 

 Jet milling /fluid energy mill or micronizer 

 Spray freezing into liquid 

 Rotor stator colloids mills  

 Controlled crystallization 

 Supercritical fluid technology 

 

Merits of micronization – 

 Due to micro-size, it gives uniform particle with increase in surface area and particle size separation. 

 

Demerits of micronization – 

 Due to thermodynamically the amorphous region are unstable and are susceptible to re crystallization upon 

storage particular in humid and hot conditions.  

 This process contains high energy, which resultant rupture in the drug crystal lattice and its presence of 

disordered or amorphous region of the final product.(Sneha Jagtap C. M., 2018) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3: Forces used in particle size reduction (Principle of Size Reduction, 2013) 

 

 Conventional method – The conventional method of particle size reduction containing different 

mechanism are cutting, compression, impact, attrition, combined impact & attrition. In this method such as 

distribution and spray drying are used, rely upon mechanical stress to separate the active compound. The 

particle size reduction is permitting an efficient, economic and reproducible means of solubility 

enhancements. However, the mechanical forces natural to distribution, such as milling and grinding, 

frequently impart sufficient amount of physical stress upon the drug product which may induce degradation. 

The thermal stress which may occur due to distribution and spray drying is consider also when processing 

unstable active agents or thermal sensitive. If using only traditional methods of solubility enhancement it is 

not possible for poorly soluble drugs to increase the solubility up to desirable level. (Sneha Jagtap C. M., 

2018) 
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(2) Modification of the crystal habit-Enhancement of solubility, crystal modified as combining means 

a group of crystal and changes in their property as crystal habit and it is work as 2 type of morphism – 

a) Polymorph  

b) Pseudopolymorph 

 

An element or compound which crystallize in two or more than two crystalline form and it is the property of 

polymorphism. The different types of drugs and their different types of polymorphs are chemically identical, but 

they show different types of physiochemical properties such as melting point, density, solubility, stability, texture. 

Like as comparing between crystalline and amorphous form of drug the more suited form is amorphous due to 

higher energy association and which resultant increase in surface area. There are some different solid forms of drug 

which arranged in order of dissolution as-  

Amorphous > metastable polymorph > stable polymorph.  

 

 Polymorph – A solid can exist either in a crystalline or amorphous form, it depends upon the internal 

structure. A substance has more than one crystalline form, their different forms are known as polymorph and 

their process is known as polymorphism. The amorphous form contains higher aqueous solubility than 

crystalline form their reason is energy required to transfer a molecule from crystal lattice is higher comparing to 

non-crystalline solid. Polymorph can be stable or metastable. Metastable contain higher energy, lower melting 

point and high aqueous solubility as stable so it is more preferred in formulation since having better 

bioavailability.(Sandhiya Jatwani A. C., 2012) 

 Pseudo polymorph – In this polymorph, the solvent can exist in different crystalline form known as pseudo 

polymorph and their process is called as pseudo polymorphism. In which using ratio. The stoichiometric type of 

addicts their molecules of solvent are corporate in crystal lattice of the solid are known as Solvates and trapped 

solvent as solvent of crystallization. Summation of solvent with drug is water, i.e., known as hydrate. 

Comparing between solvate and hydrate so the solvate has highly aqueous solubility their reason is the less 

energy of hydrate used for crystal breaking. The organic solvates have higher aqueous solubility than non-

solvates. E.g., anhydrous form of 1-4 theophylline and ampicillin have higher solubility.(SinghalD, 

2004)(Biopharmaceutics and pharmacokinetics A Teratise, 1st edition) 

 

 (3) Complexation – Forming a non- bonded entity with a well-defined Stoichiometry and it occurs the association 

between two or more molecules in complexation. And in this step two types of complexes- 

a. Stacking complex- The stacking complex is understanding as association of non-polar area of drug and their 

complexes agent and their resultant in exclusion of the no- polar area from contact with water. It is happened by 

homogenous or mixed, but their resultant is always in clear solution. 

b. Inclusion complex- By insertion the non-polar molecule, and their region of one molecule into the cavity of 

another molecular group or molecules. For Example, cyclodextrine and their derivatives commonly used in 

complexation.(Patil J. S., 2010) 

Here are some solid ternary complexes can be formed as – 

 A. Amino acid- Arginine, tryptophan, leucine, phenylalanine, methionine and Isoleucine (Hong, 1996) 

B. Carboxylic acid- Citric acid, tartaric acid.(Enrico, 2000) 

C. Sugar alcohol- Mannitol. (Ghorpade, 2016) 

Their ternary agent (complexing agent) helps in binding of drug.  

The amino acid such as L- Lysine and Arginine ternary complexes may be prepared in molar ratio of 1: 1: 2 or in 

ratio in weight or other suitable ratios.  

The most commonly using acidic ternary compound in case of basic nature of drug or vice versa i.e., using of basic 

ternary compound with acidic nature of drug and they make a solid ternary complexe.  
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 Physical mixture –Through Trituration in mortar and pestle of suitable polymer & drug or CDs and 

get the desired particle size in final product through suitable sieve. 

 

 Kneading method – In this method prepare paste. And it is based on absorption of CDs or suitable 

polymer with small amount of water or hydro alcoholic solution to convert into a paste.Then added the drug 

and kneading for a specified time. Then dried the mixture and passed through sieve. 

 

 Co – precipitate method –This method is used as large scale and it is applicable to industry.This 

method under goes magnetic agitation with controlled process parameters and take required amount of drug 

in the solution of CDs or suitable polymer. The complex is protected by light and formed as precipitate and 

it separated by vacuum filtration and dried at room temperature and it avoided the loss of the texture water 

from the inclusion complex.(Sneha Jagtap C. M., 2018) 

 

 Inclusion complex– Commonly used host molecules are Cyclodextrins. These Complex are formed 

from the lodging of nonpolar molecule or their region of one molecule as host. The cavity of host must be 

large enough to accommodate the guest and small enough to eliminate water, these are prepared by some 

methods such as kneading method, co-precipitation,neutralization,co-grinding, microwave irradiation 

method, spray drying.(Patil M. S., 2013) 

 

 

 

 

 

 

 

 

 

 

Fig 4: Equilibrium binding of drug and CD to form complex ((Patel, 2012) 

 

 Lyophilization/Freeze drying technique – In this technique use freezing as primary and subsequent drying 

of the solution contains both drug and CDs or suitable polymer at decreasing pressure and these are the solvent 

system from the solution that eliminated through upperconditions. Lyophilization isgreat measure dependent on 

unique properties   of water and its role as gas, solvent, diluent, Plasticizer, stabilizer. It involves molecular 

mixing of drug and alternative to solvent evaporation and carrier in a common solvent.  

 

 Advantages -  

o Interaction between drug & suitable polymer with high degree to form a porous, amorphous powder; this 

technique is considered worthy.  

o Due to this method can be successful made into complex from thermolabile substances.  

Disadvantage – 

o Use of specialized equipment.  

o This is time consuming process, and yield poor flowing powdered. 
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  Microwave Irradiation method –This involves reaction between drug and completing agent using a 

microwave oven. The drug & CD in definite molar ratio are dissolved in a mixture of organic solvent and water 

in a specified proportion into a round bottom flask. The reaction of mixture is containing short period of time. 

About one to two minutes at 60°c in microwave oven. After completeness of reaction, adequate amount of 

solvent mixture is added for removal of residue, uncomplexed free drug and CD. And it filtered through what’s 

man filter paper and it dried in vacuum oven at 40°c for 48 hrs. (Sandhiya Jatwani A. C., 2012) 

 

(5)- Solubilization by surfactants -   The surfactant contains a hydrocarbon segment which connected to a polar 

group. And surfactants are molafts with polar and non-polar regions. The polar group can be cationic, anionic, 

zwitterionic or nonionic. When small polar molecules are added they can accumulate in the hydrophobic core of the 

micelles. This Contain most importance in industrial and natural processes. Due to addition of surfactant, they 

reduced the surface tension and increase the solubility of drug by increasing the dissolution of lipophilic drugs in 

aqueous medium. It is used for stabilize drug suspension. When we add the concentration of surfactants more than 

their critical micelle concentration (CMC which is ranging from 0.05 - 0.10% for most surfactant), that micelle 

formation occurs which entrap the drugs within the micelle and it is known as micellization and predominantly 

resultant in elevated solubility of poorly soluble drugs. (Sneha Jagtap C. M., 2018) 

 

  Self-emulsifying drug delivery system –The mixture of oil, surfactant, co surfactant, one or more 

lyophobic solvent and co solvent forms transparent isotropic solution that is known as the self-emulsifying drug 

delivery system (SEDDS). Using the concept of in situ formation of emulsion in the gastrointestinal tract. Self-

emulsifying drug delivery system (SEDDS), self -micro emulsifying drug delivery system (SMEDDS) are 

isotropic solution of oil and surfactant which form oil-in-water microemulsions on mild agitation in the 

presence of water. Their novel colloidal formulation oral administration behaves like oil-in-water 

microemulsion. (Vippagunta, 2006) 

 

 NDDS-The need of solubility in NDDS is important because the drug need to get soluble well in the solvent 

to be formulated and after the formulation the good solubility of drug leads to the good penetration in the 

system and the desired concentration finally result in the good pharmacological response. If the drug is poorly 

soluble is will need higher concentration to generate the pharmacological response.(Ketan T. Savjani, 2012) 

 

Division of NDDS and some common solubilizing agent- 

 

 Control Drug Delivery System–The surfactant used to enhance solubility in control drug delivery system 

areCandelilla Wax, Hypromellose, Magnesium Stearate, Microcrystalline Cellulose, Polyethylene Glycol, 

gelatin, DL-lactic and glycolic acids copolymer carboxymethylcellulose sodium, polysorbate 80.(Limited, 

2017)(Sudafed12-Hour Long- Acting Nasal Decongestant, 2018) 

 Mucosal Drug Delivery System– The surfactant, which improve the solubility in buccal drug delivery 

system are hydroxypropyl cellulose, lactose, sodium stearyl fumarate,(Extended-Release Tablets, 2012)  

polyethylene glycol, sodium stearyl fumarate, maize starch, sucrose, hypromellose, ethylcellulose, talc powder . 

(Pty, 2020) 

 Implantable Drug Delivery System-The surfactant used to improve the solubility in implantable drug 

delivery system are silicone adhesive, polyester, ethylene vinyl acetate copolymer, polyisobutylene.(Mylan-

Fentanyl Matrix Patch, n.d.) 

 Transdermal Drug Delivery system –The surfactant used to enhance the solubility in transdermal drug 

delivery system are polyethylene glycol hard paraffin, cetostearyl alcohol, white soft paraffin, and wool fat. 

(RAYMOND C. V. ROBINSON, 1955) 
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 Gasteroretentive Drug Delivery System –The surfactant used to enhance solubility in Gasteroretentive 

drug delivery system areTween 80, span 80 and SLS.(Ritesh Kumar, Microballoons: An Advance Avenue for 

Gastroretentive Drug Delivery System- A, 2016) 

 Nasopulmonary Drug Delivery System- The surfactant used to enhance solubility in Nasopulmonary drug 

delivery system is polysorbate.(nasopharynx Nasopulmonary drug delivery system, 2022) 

 Vesicular Drug Delivery- 

1. Liposomes-The surfactant used to enhance solubility in liposomes are Tween 80 and P188.(Li P, 2007) 

2. Aquasomes-The surfactant used to enhance solubility in Aquasomes are Albumin, gelatin, calcium 

phosphate, HAP. 

3. Niosomes- The surfactant used to enhance solubility in Niosomes are amphipathic including terpenoids, 

polysorbates, spans, alkyl oxyethylenes.(Xuemei Ge, 2019) 

4. Ethosomes-The surfactant used to enhance solubility in ethosomes are non-ionic in nature for example alkyl 

ethers and alkyl ester and high concentration of ethanol or isopropyl alcohol is used as solvent in combination to 

water.(Rajeshwarrao, 2011) 

5. Polymersomes-The surfactant used to enhance solubility in polymersomes are Paclitaxel, campothecin, and 

Doxorubicin hydrochloride.(Joe Collines, 2017) 

 

(6)- Drug dispersion in carriers – 

 

 Solid solution – A new compound formed by mixing of two components crystallize together in a 

homogenous one phase system. It is complex of two crystalline solids that exist as a new crystalline solid. 

Hence, these expected to yield much higher rates of dissolution than simple eutectic systems. Another case as 

amorphous precipitation occurs when drug ppt in inert carrier as a form of amorphous. The drug contains higher 

energy state and they produce much higher dissolution rates than the corresponding crystalline form of drug.  

 Solid dispersion -The term solid dispersion refers to the dispersion of one or more active ingredients in a 

hydrophilic inert carrier matrix at molecular level. It is prepared by the melt (fusion) method and solvent 

evaporation technique. However, the process is individualized depending on the interaction between drug and 

carrier.   

 

Application of solid dispersion – 

o To stabilize the unstable drug.  

o To formulate a higher release primary dose in a sustained released dosage form.  

o Obtaining the homogenous distribution of a small amount of drug in solid state. 

o To convert the polymorph in a given system into isomorphous, solid.  

o To dispense liquid (up to 10%) or gaseous compounds in a solid dosage. (Kalyanwat R. P., 2010) 

Advantage of solid dispersion – 

o Increase absorption rate of drugs 

o Decrease the crystalline structure of drug into amorphous form.  

o Contain rapid dissolution rates.  

o Prepare fast disintegration oral tablets. 

o Avoid degradation of drugs and polymorphic changes & their bioavailability.  

Disadvantaged of solid dispersion – 

o Fluctuations in solid dispersion 

o In some cases, it produces crystallinity and which resultant reduction in dissolution rate with aging.  

o Sometime it produces decline effect from moisture and temperature. (Verma S. R., 2011) 
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Limitations of solid dispersion – 

 

o Lack of a basic understanding of their material properties, this result in poor predictability of solid 

dispersion behavior.  

o In solid dispersion some most of the polymer have tendency to absorb moisture, that resultant as crystal 

growth, phase separation or conversion from the amorphous to the crystalline state due to the storing which 

cause as reduced solubility and dissolution rate.  

o During processing having possibility as mechanical stress or storage as temperatures & humidity stress and 

amorphous state may undergo crystallization. The effect of moisture on the storage stability of amorphous 

pharmaceuticals is also of an important concern, because it may increase drug mobility & promote drug 

crystallization. (Sareen, 2012) 

 

Methods of solid dispersion – 

 

I.Fusion process –In which heated the drug to a temperature just above its melting point & drug is included in to 

matrix. And their mixture is cooled with constant stirring to homogenously disperse the drug throughout from 

mixture.There are some other factors which may play an important part in including solubilizing effect or 

reduction in their surface hydrophobicity, crystallization, complexation of the drug in a metastable polymorphic 

form of changed thermodynamic ability.  

Disadvantage– 

o Drug elevated their temperature, particularly if the carrier contains high melting solid & the drug is 

thermolabile. 

II.Solvent method –The active ingredient of drug and their carrier are dissolved in a suitable organic solvent. It is 

evaporated under vacuum or as elevate in their temperature. Super saturation occurs through removing of 

solvent and it followed by simultaneous precipitation of the component as Solid residue. It is drained out after 

dried the co precipitate and it adhered to the particle. It is work for every removal of even trace amount of the 

solvent. Highly sensitive techniques like as differential scanning calorimetry (DSC), differential thermal 

analysis (DTA), thermogravimetric analysis (TGA) and some other as fewer sensitive procedures such 

spectroscopy, gravimetry and which used to demonstrate complete solvent removal. (Yella) 

III.Fusion solvent method –This method is use for drugs which have high melting points otherwise their 

thermolabile.In this method the drug is included in the form of a solution and carrier is melted. If carrier have 

ability to hold a certain proportion of liquid while maintenance it’s solid properties and if the liquid is 

unharmed, and it’s need for removal of solvent is eliminated.  

IV.Spray drying –In this step, the carrier and active ingredient are dissolved, and it suspended in a suitable 

solvent. That solution is evaporated by drying it to apply a stream for heated air to remove the solvent. Solvent 

is rapidly evaporated and solid dispersion is formed quickly because of large surface area of droplets.  

V.Lyophilization (Spray freeze drying method) – This process offers a variety of advantages compared to 

traditional technologies for solid dispersion, high surface area and including amorphous structure. In this 

method we freeze, drying the drugs. This method has been used for preparing solid dispersion at comprehensive 

temperature and it avoided the heating during preparation of thermosensitive drugs, spray freeze drying (SFD). 

It involves the atomization of a material liquid that consist poorly water soluble or insoluble APIs and 

excipients director into a cryogenic liquid at comprehensive temperature to produce a frozen micronized powder 

i.e., subsequently dried. (Kushwaha, 2011)(Kalyanwat R. P., 2010)(Verma S. R., 2011) 

VI.Hot melt extrusion –Speiser and Huttenrach were the first persons which use this technique for pharmaceutical 

purpose but this method is choice in the polymer industry.The best merits of this method are that the drug or 

carrier which mix on short time of period as one minute and it only subjected to an elevated temperature, which 
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enables the drug that are thermolabile to be processed.These consist of an opening for raw materials as feed, a 

heating barrel which contain of extruder screws to give and mix the fed materials & an exit port, that contain of 

an optional die extruding mass and their shape. Now, feel the active ingredients andthey carrier into heated 

barrel of extruder at a constant rate. This mixture is conveyed through heated screws, it is transformed into its 

“fluid like state”.That state is allowed intimate & homogenous mixing by the high shear of extruder screws. An 

exit port, that contains of an optional die, shape which melt as required form like as pellets, granules, films or 

powder form. (Habib, 2001) 

VII.Dropping method – In this method required to adjust the temperature. When we melt the mixture of drug & 

carrier of solid dispersion and it pipetted out as dropped onto a plate, where it solidified as round particles. 

Their size & shape alter by viscosity of the melt and the size of pipette. The melt is dropped on plate and it 

solidified to a spherical shape from adjust the temperature and it isdependent on their viscosity & higher 

temperature. (Pawar, 2010) 

VIII.Polymeric alteration– Different types of polymorphs contain different types of property. Their difference 

between physicochemical ability like as physical &chemical stability, self-life, melting point, vapour pressure, 

intrinsic solubility, dissolution rate, density, morphology and biological activities as bioavailability.  The 

metastable crystalline polymorph forms by associated with increase surface area; solubility, bioavailability and 

efficacy. Specially, conversion of form of drug as well crystal form into amorphous or metastable form. In some 

casechange of high energy amorphous or metastable polymorph into low energy crystal form during 

manufacturing & storing of formulation it can’t contain low solubility. Specially their manufacturing for 

thermos-dynamically stable polymorph of drug using for assuring of product as reproducible bioavailability for 

their self-life under a differenttype of real-world storage conditions.(Yogesh S. Thorat, 2011) 

 

 Ph Adjustment:  Many drugs which are poorly water soluble can be able to dissolve in water if, the 

required pH is maintained or a change in pH occurs (Zhu L G, 2002). As the best example of this is many 

insoluble drugs are formulated and designed with pH modification that exist in the market. The principal of pH 

adjustment is widely used in oral and parental formulation. (S Kalepu, 2015). The solubility of drug is 

dependent on the pH too. The pH dependent solubility means that weak acid drug dissolve more easily at 

pH>pka and weak base drug dissolve pH<pka. This dependent solubility isuse to overcome insoluble drug 

solubility. To overcome the solubility with buffer capacity and pH tolerability are important to considered. 

The change in the excipients is also use to adjust the pH in oral doses form such as tablets and capsules. Mainly 

if the formulation is adjusted with the pH, they are easy to produce and develop quickly. 

The pH based on the adjustment is directly solubility of drug in the body, taking care to the organ system in 

which the drug on a different, deliberately maintain pH. 

Advantages- 

1- The formulation and analysis both processes are simple. 

2- Small amount of chemical can be used for making it ideal for high throughout testing.(H Graham, 1986) 

 Disadvantage- 

1- When dissolve in aqueous solution pH less than the components solubility there is a chance of precipitation 

occurring. This can also emboli intravenously, and it can also cause variability when taken orally. 

 

 Liquisolid method- This method is used for conversation of a liquid medication into a dry, non-adherent, 

free flowing and compressible powder from simple blending with selected Excipients like as carrier and coating 

materials. The liquid compacts are used as compressible powder form of liquid medications. We know that, the 

term “liquisolid medication” is oily Liquid drug and solution as suspension of water insoluble drug which 

carried as suitable non volatiles solvent.(Spireas S)(Karmarkar AB, 2009) 
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 Supercritical fluid process– The supercritical fluids (SCFs) process is eco-friendly and it is safe and 

economical. The SCFs exist as single phase and when it reaches above their phase so it obtains a critical 

temperature and pressure. The SCFs can dissolve in the non- volatile solvent like as carbon dioxide, ethanol, 

ammonia, n-pentane, propane, ethylene, nitrous oxide and water. In the present time different type of SCF 

process have been developed which used for address individual phase of these shortcoming, like as rapid 

expansion of supercritical solution, precipitation with compressed antisolvent process (PCA), compressed fluid 

antisolvent, gas antisolvent recrystallization, PPT with infusion of polymer with bioactive material, solution 

enhanced dispersion by SCF (SEDS), aerosol supercritical extraction system (ASES) and supercritical 

antisolvent process (SAS).  

Advantage of supercritical fluid process -   

o The SCF processes present the flexibility and cleanness and it allows the micronization for particles of drug 

in the narrow ranges of particle size, frequently to sub-micron levels.  

o The SCF is useful for product processing because they are intermediate between pure liquid and gas. Some 

other added as density, their transport ability as viscosity & diffusivity and in physical property like as dielectric 

constant and polarity which consider as small changes in operating temperatures and pressure or both around 

the critical point. 

o When we solubilize the drug particle in the SCF they highly reduced particle size as to be recrystallized. But 

the currently SCF processes which have property to make nanosuspensions of particles and their diameter 

contains 5-2,000 nm ranges. 

o This process is applied in the food industry which is adapted by pharmaceutical application recently.For 

pharmaceutical research, the low operating conditions (temperature and pressure) of the SCFs is provides the 

charm.(Kumar, 2016) 

 

Somecommon Solubilizing Agent used in Pharmaceutical Preparation  

1. In Parental preparations 

2. In oral preparation 

3. In Ophthalmic 

4. In Transdermal Preparation  

 

 

 

In Parental Preparation:  

The good water-soluble drug is easy to formulate and their penetration to the systemic circulation is good and fast. 

The poor water-soluble drug needs higher dose to generate their therapeutic response after oral 

administration.(KIetan T. Savjani, 2012)The solvent also increases the solubility of drug, the most critical solvent 

that are use which are miscible in water are ethyl alcohol, liquid polyethylene glycol, and propylene glycol. Ethyl 

alcohol used in intramuscular.Non-ionic polyoxyethylene fatty acid (Polysorbates or Tweens) specifically 

polysorbates 20 and 80 are most common used surface-active agent which are used in parental formulation. 

Polyethoxylated surfactants and polyethylene glycols had been modified to improve the solubility in their 

application.(Challener, 2022)The most used complexing agent for solubility is Captisol R.(Akers, 2010) 

 

In Oral Preparation: 

The need of solubility enhancement in oral formulation is important parameters to get sufficient amount of 

concentration of drug in systemic circulation to generate the required amount of pharmacological response. The 

poor water soluble drug need higher dose to generate their therapeutic response after oral administration.(KIetan T. 

Savjani, 2012)Ethylene, propylene oxide, sorbitan esters, ethoxylates, and copolymers are the most common non-
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ionic surfactants used in oral preparation. The example of some commercially used ionic surfactant are sulphates 

(anionic) or ester sulphonates, quaternary ammonium salt (cationic) and fatty acid.(Muhammad Suhail, 2019) 

 

In Transdermal Preparation: 

Their surfactant has been used to enhance the permeation rates of several drug via transdermal route.The most 

common anionic surfactant for the preparation of transdermal formulation are carboxylates: Alkyl carboxylates-

fatty acid salt (“soaps”); carboxylate fluoro surfactants: Alkyl sulfates (RCOO)(e.g., sodium lauryl sulfate); alkyl 

ether sulfates (e.g., sodium laureth sulfate). Sulfonates: Docusates (e.g. dioctyl sodium sulfosuccinate);alkyl 

benzene sulfonates(Iti Som, 2012). Some other surfactant use in transdermal preparationare tween80, Dodecyl 

trimethyl ammonium bromide, Laureth-3 oxyethylene ether, spanro, tween 20, CremophorRH40, Propyleneglycol-

2, Polyoxyethylene-2-lauryl ether,Polyoxyethylene-2-olecyl ether.(Anushree Pandey, 2014) 

 

In Ophthalmic: 

The useof surfactant(non- ionic)will enhance the bioavailability by increasing the solubility of API, prolonging pre-

corneal retention and enhance permeability.Tween80 is widely used in ophthalmic formulation  due to its safety and 

non-irritant effect on the eye and has an HLB value of 15.(Ana R. Fernandes, 2021) Polyoxyethylene-9- Lauryl 

ether, series and ester linked surfactant and Brij are also use to enhance solubility in ophthalmic 

preparations.(Ranjan Ku. Sahoo, 2014) 

Conclusion: This review article compiles the techniques that can increase the solubility of drugand can increase the 

bioavailability to generate long lasting pharmacological response. This paper will also provide the knowledge of 

surfactant which are being used now a days in some common preparations to enhance the solubility. This 

comparative and combined study will lead a science oriented persons to choose the proper technique and the 

surfactant too, for his new formulation. It’s just a first step to find or identify a drug that can treate a disease, the 

main problem is to formulate it and get it to systemic circulation. 
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