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Solubility, or the phenomenon of a solute dissolving in a solvent under specific
conditions to generate a homogenous system, is one of the most important elements in
attaining the right drug concentration in the systemic circulation for the intended
pharmacological reaction. The primary objective of this review was to improve the
solubility of BCS Class-II drugs due to their low solubility and dissolving rate. In order
to guarantee that the drug molecule has good therapeutic effect at the target site,
solubility and bioavailability are essential. To improve patient adherence to medication,
pharmaceutical technology must therefore develop in tandem with breakthroughs in
chemical research. The purpose of this article is to outline several methods for
improving solubility in order to attain efficient absorption and enhanced bioavailability.
PH adjustment, micronization, homogenization, salt production, lyophilization, hot
melt extrusion, solvent evaporation, melt-son crystallization, prodrug approach, and
other conventional and innovative methods are included in these procedures.

INTRODUCTION

solution, and its gastrointestinal permeability.
When it comes to encouraging the redevelopment
of commercialized refractory medications and

The most preferred method of delivering the dose
form is orally. The bioavailability of the active
ingredient is the main issue encountered with oral
administration. The maximum amount of solute
that may dissolve in a specific volume of solution
or solvent at a specific temperature is known as
solubility. Bioavailability rises with increasing
solubility. The volume and speed of absorption, as
well as the drug's bioavailability, are largely
determined by the solubility of the drug, the

expediting the introduction of exploratory drugs,
formulation design is more important. Adding
solubilizers, hydrotropes, cosolvents, pro-drugs,
modifying the pH and salt, micronization,
cyclodextrin (CD) inclusion, and solid dispersions
(SDs) are examples of conventional solubilization
techniques. Cosolvents are diluted with the danger
of vascular occlusion, long-term wusage of
surfactants can be hazardous, and salt modification
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necessitates that medications contain ionizable
groups. One essential pre-formulation property
that  controls the intended medication
concentration in the systemic circulation is
solubility. Low bioavailability results from the low
solubility of the majority of recently identified
chemical entities. Since it affects the drug's
release, absorption, rate of dissolution, and
eventually its bioavailability, its solubility is an
essential property. As a result, processing is
necessary to improve the drug's dissolution and
water solubility.

Table 1: USP and BP Expression for Approximate
solubility !

Defining Words Milliliters of the
approximate solvent
volume for each gram of
solute.
Very Soluble Less than 1
Freely Soluble From 1 to 10
Soluble From 10 to 30
Sparingly Soluble From 30 to 100
Slightly Soluble From 100 to 1000
Very Slightly Soluble From 1000 to 10000
Insoluble or partially More than 10000
insoluble

A number of novel approaches, such as drug
delivery systems (DDSs), ionic liquids (ILs), and
crystallization techniques, have been created in
response to the aforementioned limitations. Both
cocrystals and nano crystals, which are carrier-free
DDSs, are the focus of the crystallization
technique. High drug loading and safety, ease of
industrial production, and suitability for nearly all

PWSDs are characteristics of nanocrystals. The
maximum amount of solute that may dissolve in a
specific volume of solvent is known as solubility.
It can be described both qualitatively and
mathematically. It is exactly defined quantitatively
as the concentration of the solute at a specific
temperature in a saturated solution. The natural
propensity of two or more compounds to combine
to form a homogenous mixture is known as
solubility.

2. Biopharmaceutics
(BCS) ¥

Classification System

The Biopharmaceutics Classification System
(BCS) was developed by the US Food and Drug
Administration (FDA). divides medications into
four groups based on their permeability and
solubility properties. In Classes II and IV of the
system, where dissolution is the rate-limiting step
of the drug absorption process, low solubility
results in a soluble impediment. The
Biopharmaceutical Classification System (BCS)
classifies the medications based on their intrinsic
solubility and intestinal permeability. A drug's
high bioavailability is influenced by its intestinal
permeability and solubility. Drugs with limited
solubility and permeability have varying levels of
bioavailability depending on their respective
solubility and permeability. Today's
pharmaceutical business produces most of its
drugs with poor solubility. Numerous solubility
augmentation techniques have been successful in
addressing poor solubility.

Table 2: BCS Classification System of drugs

Sr BCS Solubility Permeability Absorption Rate limiting step in | Example
No. Class Pattern the absorption
1 Class I High High Well Absorbed Gastric Emptying Metoprolol
2 Class 11 Low High Variable Dissolution Ibuprofen
3 Class 111 High Low Variable Permeability Cimetidine
4 Class IV Low Low Poorly Absorbed Case by case Nelfinavir
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3. Importance of Solubility 1!

A number of factors affect oral bioavailability,
including the drug's water solubility, ability to
cross membranes, rate of dissolution, metabolism
prior to entering the bloodstream, and
susceptibility to bodily elimination processes. Low
oral bioavailability is mostly caused by poor
solubility and insufficient permeability. For

several kinds of dosage forms, including
parenteral formulations, solubility is also
important. Solubility is a crucial factor in

achieving the right drug concentration in the
systemic circulation and eliciting the necessary
pharmacological response. After oral usage,

medications that are not properly soluble may
require higher dosages to reach therapeutic levels
in the bloodstream. The poor solubility in water is
the main obstacle in creating new chemical entities
and generic medications. The presence of a watery
solution at the site of absorption is necessary for
the absorption of a medication. Water is the best
solvent for medicinal compositions that are liquid.
Since most medications are either moderately
acidic or faintly basic, they are not very soluble in
Since most medications are either
moderately acidic or faintly basic, they are not
very soluble in water.

water.

3.1. Factors affecting solubility

Factor affecting
solubility

Solute and
solvent
properties

Pressure

Nature of
Solvent

Molecular Size

Fig: Various Factors affecting solubility

3.2. Techniques for Solubility Enhancement ['!-
14]

Limited bioavailability and poor water solubility
are major issues for many pharmaceutical
When administered  orally,
pharmaceutical substances with high solubility
have favorable absorption, which results in
increased  bioavailability.  Enhancing  drug

companies.
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solubility is the most important phase of drug
research, particularly for oral treatments.

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 quality of the chosen excipients, the kind of
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the intended dosage form, and the properties 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. One important
consideration in the manufacturing of

pharmaceutical products is the drug's solubility.
The bioavailability of medications is decreased by
their poor water solubility. The solubility issue has
been addressed in a variety of ways, but costly and
advanced technology has not been able to increase
the appropriate bioavailability of medications with
poor solubility.

Prodrug
Technology

Nanosuspension

Particle
Size
Reduction

Methods of
Solubility
Enhancement

cyclodextrin
complex

Solid
Dispersion

Co-

crystallisation

Fig: Various methods of Solubility Enhancement

4. Chemical Modification 1!

Polar functional groups like amines, ketones, and
carboxylic acids can be added to a molecule to
increase its solubility. This is achieved by
improving interaction with water and fortifying
hydrogen bonds. At the forefront of developments
in biopharmaceutics and biological imaging is the
chemical modification. Salt formation, co-
crystallization, co-solvency, hydrotropy, the use of
innovative solubilizers, and nanotechnology are
some of the several techniques for chemical
changes.

4.1. Salt formation!1¢-17l

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

The most common and effective method for
increasing the solubility and dissolution rates of
both basic and acidic medicinal substances is the
creation of salt. A number of factors influence the
final result, such as pH, pKa, Ksp (solubility
product), SO (intrinsic solubility), and pH max (pH
of maximum solubility).

Many times, various instability issues prevent the
development of an active pharmaceutical
ingredient (API) in its original form. This causes
them to change into solid forms such solvates,
hydrates, salts, co-crystals, and polymorphs. Each
of these characteristics improves the medication's
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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 been
employed to increase the solubility of drug
candidates that are not very soluble.

Ionization of a chemical in a solution is the process
that creates salts. This technique is efficient for
parenteral and other liquid formulations as well as
solid dosage forms. A salt version that is more
soluble than the original drug is created from an
acidic or basic medication. Progesterone is a
steroid that is not soluble in water but can dissolve
in peanut oil, making it an example of this
approach. Aspirin, theophylline, and barbiturates
are a few more examples.

4.2. Co-crystallization!'8l

A co-crystal is a multicomponent crystal that
forms between two solid materials in ambient
settings, where at least one of the constituents is a

An APl with an
equivalent amount of a co-crystal former that is
approved for use in medicines make up co-
crystals. These complexes are supramolecular and
nonionic in nature.

suitable ion or molecule.

They address issues with physical characteristics
like solubility, stability, and bioavailability in
pharmaceutical  research.  Crucially, they
accomplish this without changing the API's
chemical composition. 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 alters
the molecular interactions and composition of
medicinal compounds. Regardless of whether an
API is ionizable, basic, or acidic, co-crystals offer
an alternate pathway for co-crystallization.

4.2.1. Different techniques for co crystallization

Slurry Co
Cryatallization

Different

Solvent
Evaporation

Techniques of
Co- grinding

Solvent droping

crystallization

Sonocrystallization

Fig: Different types of techniques used in Co-Crystallization
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5. Physical Modifications
5.1 Complexation 1°-21

The electrostatic complexation of proteins and
polysaccharides, as well as the functional
properties of the resultant complexes, are
significantly influenced by the geometry of protein
aggregates. The development of new dietary
components  greatly benefits from these

interactions .

Organic drug + water =

Squeezed out by strong

water-water interaction
force

Form aggregates

Reduces the contact b/w
nonpolar hydrocarbon
moieties and the polar

water molecules

Random arrangment

Large nonpolar regions

For drugs to be effective whether taken orally or
administered topically to the eye, they must be
soluble in water. In order to be manufactured as
aqueous solutions for techniques like parenteral
distribution, medicines must also be soluble.
Pharmaceuticals with low water solubility can be
made more soluble using a variety of methods, one
of which is the use of solubilizing complexing
agents. Numerous complexes exist, each with a
different level of water solubility.

Complexes can be
homogenous or mixed

Self association
complexation

Eg.; Nicotinamide,

Caffeine, Anthracene

Fig: Process of Complexation

5.2. Solubilization by surfactants 121-231

Low amounts of surface tension can be reduced by
surfactants, which can result in emulsification,
foaming, wetting, and solubilization. By turning
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 (Kmc), molar
solubilization ratio (MSR), critical micellar
concentration (CMC), Stern-Volmer constant

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

(Ksv), and number of aggregation (Nagg), were
evaluated as part of the solubilization capability
assessment.

For the transportation of drugs that are poorly
soluble in water, the concept of micellar

solubilization is essential.
5.2.1. Microemulsions!?3-26]

By adding a sufficient amount of an amphiphilic
material, such soap or detergent, water and oil can
become completely miscible. Because of its
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historical significance, stable homogeneous

solutions are referred to as "microemulsions".

Water, oil, surfactants, and cosurfactants combine
to form a thermodynamically stable solution
known as a microemulsion. Since it aids in
lowering the interfacial tension at the contact, a
cosurfactant is usually required to aid in the
creation of microemulsions. The transparency of
microemulsions is caused by their minuscule
droplet diameter. In stable microemulsions, the
droplet size usually ranges from 10 to 140
nanometers. Triangular phase diagrams, in which
each corner of the triangle represents a distinct

Microemiulsion |

Aqueous phase
(metal salt)
CuCl, FeClz

FeCls Q

auan

Oil phase 3 ¢

-

component, visually depict microemulsions as
areas of stability.

It is true that microemulsions are quaternary
(pseudoternary) systems. Microemulsions were
discovered by Jack H. Schulman, and the use of
microemulsion systems in numerous scientific and
industrial activities has advanced significantly.
Microemulsions  are  optically  isotropic,
homogenous systems made up of water, oil, and an
amphiphile. The thermodynamic stability, optical
transparency, ease of synthesis, and enhanced
diffusion and absorption rates of these complexes
make them advantageous.

Microemlulsion [l

Aqueous phase
(reducing agent)
NaBH: NH.:OH
NzHa

Oil phase

Mix microemulsion | and Microemulsion I

Percolation

Precipitate
(Metal or
metal oxide)

Collision and
coalescence
of droplets

Chemical reaction

Fig: A flowchart represents the microemulsion process

6. CONCLUSION

Furthermore, a key component of contemporary
medication research is the incorporation of
computer approaches for forecasting and refining
solubility augmentation strategies. Pharmaceutical
formulation decisions could be made more

%i"qéi@ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

effectively and intelligently if experimental and
computational methods work together. It is
evident that solubility improvement is still a
dynamic and developing topic as we investigate
new methods including co-crystallization, ionic

liquids, and supercritical fluid technologies.
Technological developments, interdisciplinary
1801 |Page
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partnerships, and a better comprehension of the
intricate relationships influencing drug solubility
will probably influence future developments.

REFERENCES

1.

Kadam SV, Shinkar DM, Saudagar RB.
Review on solubility enhancement techniques.
Int J Pharm Biol Sci. 2013 Jul-Sep;3(3):462-
475.

Amidon, G.L.; Lennernds, H.; Shah, V.P.;
Crison, J.R. A theoretical basis for a
biopharmaceutic drug classification: The
correlation of in vitro drug product dissolution
and in vivo bioavailability. Pharm.Res 1995,
12, 413-420. [CrossRef] [PubMed]

. Williams HD, Trevaskis NL, Charman SA,

Shanker RM,Charman WN, Pouton CW, et al.
Strategies to address low drugsolubility in
discovery and development. Pharmacol Rev
2013;65:315e499.

Chaudhary N, Tripathi D, Rai AK. A technical
approach of solubility enhancement of poorly
soluble drugs: Liquisolid technique. Curr Drug
Deliv [Internet]. 2020, 17(8):638-50.

Rajbhar K, Karodadeo GR, Kumar V,

Barethiya V, Lahane A, Kale S, et al.
Comparative  assessment of  solubility
enhancement of itroconazole by solid

dispersion and co-crystallization technique:
Investigation of simultaneous effect of media
composition on drug dissolution. Ann Pharm
Fr [Internet]. 2023, 81(5):843-55.

Kalhapure RS, Palekar S, Patel K, Monpara J.
Nanocrystals for controlled delivery: state of
the art and approved drug products.Expert
Opin Drug Deliv 2022;19:1303e16.

Vemula VR, Lagishetty V, Lingala S.
Solubility enhancement techniques.
International  journal of pharmaceutical
sciences review and research. 2010 Nov,
5(1):41-51.

'\';‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

8.

10.

11.

12.

13.

14.

15.

16.

17.

Chaudhari VD, Khandre RA. Solubility
enhancement techniques: An overview. Int J
Creat ResThoughts.2022 Oct 10;10(10)
Nainwal N, Singh R, Jawla S, Saharan VA.
The solubility-permeability interplay for
solubility-enabling oral formulations. Curr
Drug Targets [Internet]. 2019, 20(14):1434—
46.

10.Savjani KT, Gajjar AK, Savjani JK. Drug
solubility: importance and enhancement
techniques. International Scholarly Research
Notices. 2012.

Khan KU, Minhas MU, Badshah SF, Suhail M,
Ahmad A, Ijaz S. Overview of nanoparticulate
strategies for solubility enhancement of poorly
soluble drugs. Life Sci [Internet]. 2022,
291(120301):120301.

Kumar A, Sahoo SK, Padhee K. Prithi Pal
Singh Kochar, Ajit Satapathy and Naveen
Pathak Department of Formulation Research
& Development. Jagsonpal Pharmaceuticals
Limited. 2010,

Chivate A, Garkal A, Dhas N, Mehta T. Hot-
melt extrusion: An emerging technique for
solubility enhancement of poorly water-
soluble drugs. PDA J Pharm Sci Technol
[Internet]. 2021, 75(4):357-73.

Chaudhary N, Tripathi D, Rai AK. A technical
approach of solubility enhancement of poorly
soluble drugs: Liquisolid technique. Curr Drug
Deliv [Internet]. 2020, 17(8):638-50.

Devhare L, Kore PK. A recent review on
bioavailability and solubility enhancement of
poorly soluble drugs by physical and chemical
modifications. Research chronicle in health
sciences. 2016, 2:299-308.

Serajuddin ATM. Salt formation to improve
drug solubility. Adv Drug Deliv Rev
[Internet]. 2007, 59(7):603-16.

Rajesh Jagtapl Sneha Jagtap et al. Sneha
Jagtap*1, Chandrakant Magdum?2, Dhanraj
Jadgel. 2018, 10:2205-11.

1802 |Page



Nirmit Patel, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 10, 1795-1803 | Review

. Patole T, Deshpande A. SVKM’s NMIMS,
School of Pharmacy &  Technology
Management. In: Shirpur- 425 405 Dist
Dhulia, Maharashtra, IndiaReceived on 06
March. Babulde, Banks of Tapi River,
Mumbai-Agra Road, 2014.

.Loftsson T. Drug solubilization by
complexation. Int J Pharm [Internet]. 2017,
531(1):276-80.

. Myslinska M, Stocker MW, Ferguson S, Healy
AM. A comparison of spray-drying and co-
precipitation for the generation of amorphous
solid dispersions (ASDs) of
hydrochlorothiazide and simvastatin. J Pharm
Sci [Internet]. 2023, 112(8):2097-114.

. Dennis EA. Micellization and solubilization of
phospholipids by surfactants. Adv Colloid
Interface Sci [Internet]. 1986, 26:155-75.

. Galan-Jiménez MC, Gomez-Pantoja E,
Morillo E, Undabeytia T. Solubilization of
herbicides by single and mixed commercial
surfactants. Sci Total Environ [Internet]. 2015,
538:262-9.

micellar solubilization by single and mixed
nonionic surfactants. J Pharm Sci [Internet].
2018, 107(8):2079-90.

. Vadlamudi H, Narendran H, Nagaswaram T,

Yaga G, Thanniru J, Yalavarthi P.
Microemulsions based transdermal drug

delivery systems. Curr Drug Discov Technol
[Internet]. 2014, 11(3):169-80.

. Dokania S, Joshi AK. Self-microemulsifying

drug delivery system (SMEDDS) — challenges
and road ahead. Drug Deliv [Internet]. 2015,
22(6):675-90.

. Park SY, Jin CH, Goo YT, Chae BR, Yoon

HY, Kim CH, et al. Supersaturable self-
microemulsifying drug delivery system
enhances dissolution and bioavailability of

telmisartan. Pharm Dev Technol [Internet].
2021, 26(1):608.

HOW TO CITE: Nirmit Patel*, Siddharth Siddhpura,
Yaksh Gandhi, Kavita Rana, Dr. Priyanka Patil, A
Review of Solubility Enhancement Techniques, Int. J. of
Pharm. Sci., 2025, Vol 3, Issue 10, 1795-1803
https://doi.org/10.5281/zenodo.17374380

23. Feng S, Catron ND, Zhu A (donghua), Lipari
IM, WuJ, Gao Y, et al. Predictive modeling of

/AU
)

{%%/) INTERNATIONAL JOURNAL OF PHARMACELITICAL SCIENCES

\ 74
=

& 1803 |Page

7



