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ABSTRACT

Poor solubility is widely acknowledged to be one of the most frequently encountered
difficulties in the field of pharmaceutics. When it comes to drug bioavailability,
aqueous solubility is one of the most influential factors. Around 40% of all newly
discovered chemical entities are lipophilic and fail to reach therapeutic range due to
poor water solubility. When administered orally, drugs with low water solubility cause
slow dissolution rates, erratic and incomplete absorption, and low bioavailability.
Thus, solubility is a critical concept that playsan important role in the formulation of
pharmaceuticals. The goal of this review is to discuss various solubility enhancement
techniques such as chemical modification, which includes salt formation, co-
crystallization, co-solvency, hydrotrophy, nanotechnology and physical modification,
which includes particle size reduction, complexation, surfactants, solid dispersions, as
well as pH adjustment, supercritical fluid process, liquisolidtechnique, and polymeric
alteration.

*Corresponding Author
Mamatha S.N.

Department of Pharmaceutics,
SIM College of Pharmacy,
Chitradurga-577502

Karnataka, India.

KEYWORDS: Solubility enhancement,
complexation, Liquisolid method.

nanotechnology,  co-crystallization,

INTRODUCTION

Solubility is defined quantitatively as the concentration
of the solute in a saturated solution at a given

Solubilization process occurs into three steps:
Step 1: Holes opens in the solvent

temperature, and qualitatively as the spontaneous o ‘.. ..‘..
interaction of two or more substances to form a ..‘.. [ o e_ o
homogeneous molecular dispersion. A saturated solution ... ‘. i@ ...

Step 2: Molecules of the solid breaks away from the bulk
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Step 3: The freed solid molecule is integrated into the hole in the solvent

is one in whichthe solute and solvent are in equilibrium. @
A drug's solubility can be expressed in terms of parts,
percentage, molarity, molality, volume fraction, and
mole fraction.™

Formulation of poorly soluble drugs for oral drug
delivery is now one of the most interesting challenges for
scientists in the pharmaceutical industries, and
dissolutions is the rate limiting step in the process of
drug absorption for formulations containing poorly
soluble drugs. There are several solubilization techniques

available, but there is no universal excipient or
technique that is versatile enough to solubilize a wide
range of drug molecules. Many potential candidates may
be eliminated during the development stage due to poor
solubility and bioavailability.

SOLUBILIZATION

Solubilization involves the breaking of intermolecular or
inter-ionic bonds in the solute, the separation of solvent
molecules to make room for the solute, and interaction
between the solvent and the solute molecule or ion.?
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Figure 1: Mechanism of Solubilization.

BIO PHARMACEUTICAL CLASSIFICATION
SYSTEM (BCS)

The BCS is a scientific framework for categorizing drugs
based on their aqueous solubility and intestinal
permeability. When combined with the drug product’s in-
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vitro dissolutioncharacteristics, the BCS considers three
major factors: solubility, intestinal permeability, and
dissolution rate, all of which govern the rate and extent
of oral drug absorption from an IR solid-oral dosage
form.® The BCS has proven to be an extremely useful
guiding tool for predicting in-vivo performance of drug
substances and developing new drug delivery systems to
suit drug performance in the body, as well as for
regulating drug product bioequivalence during scale up
and post approval. It divides the drug into four
categories as shown in figure 2.

High solubility Low solubility
:? Class 1 Class 2
£ G High solubility Low solubility
T ¢ High permeability High permeability
% Rapid dissolution
Q.
2 Class 3 Class 4
3 3 High solubility  Low solubility
3§ Low permeability Low per ity
@
Q.

Figure 2: BCS Classification.

As a result of this major reason, solubility enhancement
is one of the critical parameters that should be considered
in the formulation development of orally administered
drugs with low aqueous solubility.

FACTOR AFFECTING SOLUBILIZATION

[1  Molecular size: A substance's solubility will
decrease as its particle size or molecular weight
increases. To solvate a substance, larger molecules
are difficult to enclose in solvent molecules. The
amount of carbon branching in organic compounds
will increase their solubility since more branching
will result in smaller (or lower volume) molecules,
which are easier to dissolve in solvents.

[1 Temperature: If the energy is absorbed during the
solution process, the temperature will rise along with
the solubility. The solubility will decrease with
rising temperature if the solution process releases
energy. In general, a solid solute becomes more
soluble as the solution's temperature rises. Solubility
declines with temperature for all gases.

[1  Pressure; Solubility of gaseous solutes increases
with the application of pressure. Pressure changes
have almost no effect on the solubility of solids and
liquids.

[1 Particle size: Particle size is inversely proportional
to surface area, the dimension of the solid element
influences solubility. The increased surface area
allows for more interaction with the solvent. The
effect of particle size on solubility can be describe
by Eq.1

log S/Sp =2y V/2.303 RTr Eq.1
Where,
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e S is the solubility of infinitely large particles. S, is
the solubility of fine particles.

e Vismolar volume.

e ris the radius of the fine particle.

1 Polymorphs: Although the shape or habit of a

crystal of a given substance may vary, the angles
between the faces remain constant. Polymorphism
refers to a substance’s ability to crystallize in more
than one crystalline form. All crystals have the
potential to crystallize in various forms or
polymorphs.  Enantiotropy occurs when the
transition from one polymorph to another is
reversible. If the system is monotropic, a transition
point exists above both polymorphs' melting points.
Without undergoing a phase transition, the two
polymorphs cannot be transformed from one
another.  Melting points can differ between
polymorphs.  Polymorphs will have different
solubilities because the melting point of the solid is
related to solubility.™
Rate of solution: The rate of solution is
determination of how fast substances dissolve in
solvents.
Size of the particles; Breaking a solute into smaller
pieces increases its surface area, and when the total
surface area of the solute particles is increased, the
solute dissolves more quickly because the action
occurs only at the surface of each particle, increasing
its rate of solution.

1 Temperature; Raising the temperature speeds up
the process of solute dissolution forboth liquid and
solid solutes, increasing both the amount and rate of
solute dissolution. The opposite is true for gases.

] Amount of solute already dissolved: When there

was little solute in the solution before, dissolution

happened quite quickly. Dissolution happens more
slowly when the solution gets closer to the point
where no solute can be dissolved.

Stirring: When stirring liquid or solid solutes, new

portions of the solvent come into contact with the

solute, increasing the rate of solution.[!

NEED FOR SOLUBILITY

Orally administered drugs have been identified as the
primary impediment to the bioavailability of poorly
soluble drugs in the systemic circulation. The drugs will
be determined by two intrinsic factors, namely
dissolution rate and permeability. The dissolutionrate is
determined by a physical property, which refers to the
solvent's ability to dissolve in absolute terms. The second
significant factor, the pharmacokinetics factor (pk), will
apply to orally administered drugs that are highly
dependent on the permeability of drug particles inan
aqueous medium. Hence 90% of generic drugs are
reported to be hydrophilic in nature, with these
categories having low water solubility, and 40% of new
chemical entities (NCE) are screened as having poor
aqueous solubility in nature.
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The pk profile in humans is also regarded as a significant limitations. It is also important to note that water
barrier to oral administration. The rate of absorption and solubility requires temperature and pH specifications;
rate of solubility in classes Il and IV were heavily many important drugs only exhibit aqueous solubility
promoted to have an impact on bioavailability andrate of under certain physiological conditions, which must be
dissolution.["®! met at the site of absorption.™%

When taken orally, poorly water soluble medications This article focuses on the technologies that have
may need high dosages to attain therapeutic plasma emerged to address the challenge posed by insoluble
concentrations. The main issue in developing compounds, as well as how these technologies have
formulations for new chemical entities as well as made a difference. The techniques used to overcome
generics has low water solubility. Any medicine that poor drug solubility are divided into the following major
is to be absorbed must be present at the absorption site  categories.*"*?

in the form of an aqueous solution. The preferred solvent
for liquid medicine compositions is water. . Chemical Modifications
1. Salt Formation
Most medications have poor aqueous solubility and are 2. Co-crystallization
either weakly basic or mildly acidic. Over 40% of the 3. Co-solvency
NCEs (new chemical entities) created by the 4. Hydrotropic
pharmaceutical sector are essentially water insoluble. 5. Solubilizing agent
These poorly water soluble medications' sluggish drug 6. Nanotechnology

absorption  causes insufficient and inconsistent
bioavailability as well as harmful effects on the
gastrointestinal mucosa. The most crucial rate limiting
factor for medications taken orally is solubility, which
allows for the achievement of the desired concentration
of the drug in the systemic circulation for
pharmacological response. A significant hurdle for
formulation scientists is the solubility issue.!®}

I1. Physical Modifications
1. Particle size reductiona.
a. Micronization

b. Nanosuspension

2. Modification of the crystal habit
a. Polymorphs

b. Pseudopolymorphs.

3

4

a

b

5

a

b

TECHNIQUES TO OVERCOME POOR
SOLUBITY

The term "solubility enhancing” can be misleading
because, while the phenomenon of super- saturation
exists, the techniques used do not increase the solubility
of insoluble compounds. They present the drug in a form
that is optimal for absorption, given its solubility

Solubilization by surfactants:
Microemulsions.

Self microemulsifying drug delivery system.
Drug dispersion in carriers.

Solid dispersions.

Solid solutions.

. Complexation.

- ~

‘ Poorly Water Soluble

Drug Candidates
| - | [ _ \ \

| Chemical Physical Alteration of Carrier

Modification Modification Solvent Systems
) \ ¢ . Composition
* Pro drug ('« Nanocrystals )/ ——— ( * Cyclodextrins "

) |[ = pH Adjustment ;
* Salt Formation || = Co-crystals * Micelles
— || Co-solvents s ;
* Loading on porous * Emulsions

« Wetting agents | : ]
structures . gagents)| . Microemulsions

.* Solid Dispersions , * Liposomes

* Amphiphillic
\ Polymers

Figure 2: Approaches to Increase solubility/ Dissolution.™™!

TRADITIONAL SOLUBILITY ENCHANCEMENT  below:!**

TECHNIQUES 1. Surfactant.
The solubility enhancement technique is listed 2. PH adjustment.
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3. Co-solvency.

4. Co-crystallization.

5. Solubilizing agents.

6. Formation of salt.

7. Polymeric alteration.

8. Size reduction of particle.
9. Co-grinding and Co-micronization.
10. Micro emulsion.

11. Solvent evaporation.

12. Sonocrystalization.

13. Inclusion Complexation.

1. CHEMICAL MODIFICATIONS

1. Salt formation

It is effective in parenteral and other liquid formulations,
as well as solid dosage forms. Because of various
instability issues, an API is frequently unable to be
formulated in its purest form. As a result of this
conversion, salts, co-crystals, solvates, hydrates, and
polymorphs are formed. Each one imparts a distinct
physiochemical property that enhances drug performance
characteristics such as stability, bioavailability,
purification, and manufacturability. Salt formation of
poorly soluble drug candidates (weak acids and bases)
has been used to improve solubility for decades. Salts are
formed when a compound is ionized in solution. A salt is
formed when an acidic or basic drug is converted into a
salt with a higher solubility than the original drug.
Between 1995 and 2006, the FDA approved
approximately 300 new chemical entities for marketing,
120 of which were salt forms.

In addition, out of the 101 approved salts of basic drugs,
54 salts were prepared with hydrochloric acid, indicating
the hydrochloride was the predominant salt form 12 For
the salt formation drug should have ionisable groups that
will assist salt formation.™®

The following criteria were used to select counter ion:

» There should be at least a 2-3 pKa unit difference
between the drug and the counter ion.

» The counter-ion should reduce crystal lattice forces.

» It should be FDA approved or have sufficient
toxicological data to support the choice of the
counter ion.

This method can significantly speed up dissolving, but it
has drawbacks, such as the time- consuming process
required for salt approval and the inapplicability of the
method to neutralmolecules.

Advantages

» The best way to speed up the solubility and
dissolution of all basic pharmaceuticals andacidic
natural substances.

Disadvantages

> It results in the precipitation of low water soluble
drugs and exhibits in epigastric stress due to
alkalinity because of the high reactivity with ambient
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CO2 and water.

2. Co-crystallization

A more refined definition of a co-crystal can be
"multicomponent crystal that is formed between two
compounds that are solids under ambient conditions,
where at least one component is an acceptable ion or
molecule. Co-crystals frequently contain self-assembly
units based on supramolecular prodrugs derived from
patterns found in crystal structures. In the case of
pharmaceutical co-crystals, at least one of the
components must be an API, with the remaining co-
crystal former(s) being pharmaceutically acceptable
entities such as commonly used food additives and
excipients.*”] Co-crystals can be prepared by following
methods;

Solvent evaporation method

Anti-solvent method

Cooling crystallization method

Slurry conversion method

Sono-crystallization method

Supercritical fluid atomization

Dry grinding

Liquid assisted grinding.

VVVVVYVYVYYVY

3. Co-solvency

A water miscible solvent can be added to a drug to make
it water soluble. This procedure is simple to create and
assess. Compounds with a high crystalline structure that
are highly soluble in the selection solvent mixture are the
best drug candidates for the co-solvent method. The
aqueous solubility of a compound can be significantly
increased by using co- solvents rather than the compound
alone. This is accomplished by dissolving the compound
in a non-aqueous but water miscible solvent, then adding
water to maintain drug solubility while adjusting the
dose.[*®

Advantages

» When compared to other methods, high
concentrations of the compound can be dissolved.

» The co-solvent method can be combined with other
solubilization techniques, such as pH adjustment, to
increase solubility.

Disadvantages

» The chemical stability of the insoluble drug is worse
than in the crystalline state.

» The toxicity and tolerability of the excipients must
be closely monitored.

» For intravenous administration, uncontrolled
amorphous or crystalline precipitation may occur
upon dilution with aqueous media.™*}

4. Hydrotropic

Hydrotropy is a solubilisation process in which the
addition of a large amount of a second solute increases
the aqueous solubility of a third solute. The solute is
made up of alkali metal salts of various organic acids.
lonic organic salts are mentioned as hydrotropic agents.
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Additives or salts that increase solute solubility in a
given solvent are referred to as "salt in" the solute,
whereas salts that decrease solubility are referred to as
"salt out" the solute.

Several salts with large anions or cations that are highly
soluble in water cause "salting in" of non-electrolytes
known as "hydrotropic salts," a phenomenon known as
"hydrotropism."%%:

Advantages of hydrotropic solubilization technique

» Hydrotropy is thought to be superior to other
methods of solubilization, such as miscibility,
micellar solubilization, cosolvency, and salting in,
because the solvent character is pH independent, has
high selectivity, and does not require emulsification.

» It only requires mixing the drug with the hydrotrope
in water; no chemical modification of hydrophobic
drugs, use of organic solvents, or preparation of an
emulsion system is required.??

5. Nanotechnology

Several nanonization techniques have recently emerged
to improve the dissolution rates and bioavailability of
many drugs that are poorly soluble in water.
Nanonization is the study and application of materials
and structures at the nanoparticle level of 100 nm or
less. Nanonization can improve drug solubility and
pharmacokinetics, as well as reduce systemic side
effects.®!

Oral bioavailability enhancement by micronization is
insufficient for many new chemical entities with very
low solubility because micronized products tend to
agglomerate, resultingin a decrease in effective surface
area for dissolution; the next step is nanonization. Wet
milling, homogenization, emulsification-solvent
evaporation technique, pear milling, spray drying, and
other techniques are used for drug nanonization. There
are numerous examples ofdrug nanonization.?

Il. PHYSICAL MODIFICATION

1. Particle size reduction

Bioavailability is intimately connected to drug particle
size. Increased surface area improves dissolution
properties by reducing particle size. Particle size
reduction is accomplished through milling techniques
such as jet mills,rotor stator colloid mills, and so on.
It is not suitable for drugs with a high dosenumber
because it does not change the drug's saturation
solubility.”™ Particle size reduction can now be
accomplished through micronisation and
nanosuspension.

Micronization: Drugs are micronized using milling
techniques such as jet mills, rotorstator colloid mills, and
S0 on.

Nanosuspension is another technique that involves the
sub-micron colloidal dispersion of pure drug particles
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stabilized by surfactants.

Advantages

» Liquid forms can be rapidly developed for pre-
clinical testing and then converted into solids for
later clinical development.

Low excipient-to-drug ratios are typically required.
Formulations are generally well tolerated as long as
strong surfactants are not used tostabilize them.
Crystal forms are generally more chemically and
physically stable than amorphousparticles.

A method to consider for difficult compounds that
have resisted previous efforts toincrease solubility.

YV WV VYV

Disadvantages

» Because of the high surface charge on discrete small
particles, particle agglomeration is a strong
possibility.

» It may be technically difficult to develop a solid

dosage form with a high pay load without
encouraging agglomeration.
» Technically, developing sterile intravenous

formulations is even more difficult.?®

2. Complexation

Drugs have been complexed with cyclodextrins to
improve aqueous solubility and drug stability.
Pharmaceutically relevant cyclodextrins contain 6, 7, or
8 dextrose molecules (cyclodextrin) bound in a 1,4-
configuration to form rings of varying diameters. The
ring has a hydrophilic exterior and a lipophilic core,
which allows appropriately sized organic molecules to
form noncovalent inclusion complexes, increasing
aqueous solubility and chemical stability.”

Is the formation of a non-bonded entity with a well-
defined stoichiometry by the joining of two or more
molecules. There are two kinds of complexes:

» Complexes that can be loaded: It is caused by the
drug's non-polar area becoming associated with the
complexes agent, which prevents the non-polar area
from coming into contact with water. The layering
can be uniform or uneven, but the end result is the
same.

» Complexes of inclusion: It is created by inserting a
nonpolar molecule or region of a molecule into the
cavity of another molecule or group of molecules.
Cyclodextrine and its derivatives are commonly used
in complexation.?®

3. PH Adjustment

For ionizable drugs, pH modification (via buffering) is a
viable option. lonizable drugs can be protonated if they
contain basic groups (e.g., amine) or deprotonated if they
contain acid groups (e.g., carboxylic acid). Excipients are
also used to raise the pH of the environment in tablet or
capsule dosage forms. pH adjustment is frequently
combined with co-solvents to increase solubility even
further.”® The pH-adjusted formulations are easy to
make, and development moves quickly. Tolerability and
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toxicity may occur as a result of the use of non-
physiological pH levels. When drug molecules in a pH-
adjusted formulation are diluted in aqueous media, they
may become less soluble and precipitate, and if
administered intravenously, they may cause oedema.
Furthermore, because the drug is less chemically
stable in an aqueous environment than in crystalline
form, the pH used may enhance hydrolysis or catalyse
other degradation mechanisms. Commercially available
products that use the pH adjustment method include
phenytoin injection (Epanutin® ready mixed, Pfizer) 50
mg/ml with propylene glycol 40% and ethanol 10% (1.1
mmol Na+ per 5 ml ampoule 22).

Advantages

» Simple to formulate and analyze.

» Simple to produce and fast track.

» Uses small quantities of compound, amenable to
high through put evaluations.

Disadvantages

» Increasing the risk of precipitation by diluting with
aqueous media at a pH where the compound is less
soluble. This may result in intravenous oedema as
well as oral variability.

» Non-physiological pH and extreme pH cause
intolerance and toxicity (both local and systemic).

» A dissolved drug in an aqueous environment is
frequently less chemically stable than crystalline
solid formulations, as are all solubilized and
dissolved systems. The pH chosen could accelerate
hydrolysis ~ or  catalyse  other  degradation
processes.®

4. Microemulsion

A microemulsion is an optically clear pre-concentrate
containing an oil, a hydrophilic surfactant, and a
hydrophilic solvent that dissolves a drug that is poorly
water soluble. Microemulsions have been used to
increase the solubility of many drugs that are practically
insoluble in water, as well as to incorporate proteins for
oral, parenteral, and percutaneous / transdermal
administration.!

Advantages

» The pre-concentrates are
produce.

» Well-developed microemulsion pre-concentrates are
not normally dependent on digestion for drug
release. As a result, without food co-administration,
optimal bioavailability and reproducibility can be
expected (i.e. the fasted state).

relatively simple to

Disadvantages

» The dilution effect of the hydrophilic solvent may
increase the precipitation tendencyof the drug.

» In case where long-term chronic administration is
intended, the tolerability of formulations containing
high levels of synthetic surfactants may be poor.

» Validating formulas with multiple components
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becomes more difficult.

5. Solid dispersion

There are several techniques for increasing solubility.
One of the most effective methods for increasing
solubility is solid dispersion. SD refers to a class of solid
products that contain at least two distinct components,
typically a hydrophilic matrix and a hydrophobic drug.
The matrix can be either crystalline or amorphous, and
the drug can be dispersed either way.?

Advantages of SD

» It is possible to improve drug bioavailability and
change water solubility.

» More efficient than particle size reduction
techniques, which have a particle size reduction
limit of around 2-5 mm, which is frequently
insufficient to significantly improve drug solubility
or drug release in the small intestine.*!

» Increased dissolution rate and absorption extent,
with a decrease in pre-systemicmetabolism.

» When parameters such as carrier molecular weight
and composition, drug crystallinity and particle
porosity, and wettability are successfully controlled,
ET]ey can produce improvements in bioavailability.

Disadvantages of SD

» Aging causes changes in crystallinity and a decrease
in dissolution rate.

» Moisture and temperature have a worse effect on SD
than on physical mixtures.

» Because of their tackiness, some SD may be difficult
to handle.

» A disadvantage of SD is their poor manufacturing
scale-up.B¥

6. Supercritical fluid process

Particle size reduction via supercritical fluid (SCF)
processes is another novel nanosizing and solubilisation
technology that has seen increased application in recent
years. Supercritical fluids have temperatures and
pressures that are higher than their critical temperature
(Tc) and critical pressure (Tp), allowing them to have the
properties of both a liquid and a gas. SCFs are highly
compressible at near-critical temperatures, allowing
moderate pressure changes to significantly alter the
density and mass transport characteristics of a fluid,
which largely determine its solvent power. Once the drug
particles have been solubilized in SCF, they can be
recrystallised at much smaller particle sizes.

Because of the flexibility and precision provided by
SCF processes, drug particles can be micronized within
narrow particle size ranges, often to sub-micron levels.
Current SCF processes have demonstrated the ability to
produce nanoparticulate suspensions with particle
diameters ranging from 5-2,000nm. "
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7. Liquisolid method

Liquisolid Compacts/Methods: Powdered liquid
pharmaceuticals are contained in Liquid Compacts. Oily
liquid pharmaceuticals and solutions or suspensions of
drugs that are not soluble in water are referred to as
liquidsolid medications and are transported in suitable
nonvolatile solvent systems. By combining a liquid
medication with particular powder excipients, such as the
carrier and coating material, the liquid medication can be
transformed into a dry, non-adherent, free-flowing, and
compressible powder. Tweens and other surfactants are
used to make poorly soluble medicines more soluble in
water. %]

Advantages of Liquisolid Methods

» Provides powdered forms of liquid medications that
are easily flowing and compressible.

» The method improves the solubility and
bioavailability of orally administered waterinsoluble
medications and is applicable in industry.

» Beneficial in the formulation of oily/liquid drugs.

> Different carriers and additives, such as PVP, PEG
60000, Hydroxyl Propyl Methyl Cellulose, and
Eudragit, can be used to modify drug release.

» A variety of drugs that are poorly soluble can be
formulated into the system.

» This system is only for powdered liquid medications.

» Production costs are low when compared to soft
gelatin capsule preparation.

Disadvantages of liquisolid method

» It requires recipients of high adsorption properties
and high specific surface area.

» It is not applicable to high dose insoluble drugs
(>100 mg).

CONCLUSION

We conclude from this article solubility is the most
important physical property of a drug for its oral
bioavailability, formulation, development of different
dosage forms of different drugs, therapeutic efficacy of
the drug, and quantitative analysis. Proper solubility
enhancement method selection is critical for achieving
the goals of a good formulation such as good oral
bioavailability, reduced frequency of dosing, and
improved patient compliance while maintaining a low
production cost. The various techniques described
above, either alone or in combination, can be used to
improve drug solubility. Many techniques can be used
to improve solubility and the number of folds increase in
solubility. Many drugs bioavailability is compromised
due to solubility issues, and thus solubility enhancement
is required. It is now possible to increase the solubility of
poorly soluble drugs using the techniques described
above.
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