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this time, hydrotropic solution having significant industrial demand as
a result of their special qualities, such as simple availability, rapid recovery, lack of fire risks,
etc. One method for increasing solubility is hydrotropy, which uses hydrotropes including
urea, sodium benzoate, and sodium citrate. The term "hydrotropy" refers to a certain method
of solubilization that increases a solute's solubility in water by adding a significant amount of

a second solution.
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1. INTRODUCTION

1.1 Hydrotrophy

A considerable amount of a second solute may boost another solute's water solubility during
the hydrotropy solubilization process. More than one-third of the drugs listed in I.P. and
U.S.P. fall into categories that are less or completely insoluble in water. As nearly 41% of the
most recently discovered medication candidates have poor water solubility, The most
challenging issue with these drugs is their poor solubility because created medicinal

molecules have a lipophilic character.™ Several organic solvents, including acetonitrile,
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methanol, chloroform, and dimethyl formide, have been used to dissolve poorly water-
soluble medication to perform an analysis on a medicine that isn't very water soluble. The
high expense of these organic solvents is a disadvantage. Volatility, toxicity, including
nephrotoxicity and teratogenicity, and pollution. therefore, spectrophotometric analysis is used for
these organic detergents. One of the finest options to avoid the operation of organic detergent is the
hydrotropic solubilization approach. In 1916, Neuberg published his first hydrotropy report after
dissolving several organic substances, including carbohydrates, lipids, esters, and drugs in water-
grounded results that contain Hydrotropes. In the hydrotropic solubilization process, intermolecular
cooperation takes place. It is more likely that commerce with multitudinous balancing molecular forces
will do than a single complexation event or a process dominated by a medium effect, similar as co-
solvency or salting- heft. It has been demonstrated that hydrotropic agents enhance the solubility of
drugs that are just hardly answerable in water. Sodium benzoate, sodium salicylate, and water attention in
a hydrotropic result The waterless solubility of multitudinous weakly answerable substances hasbeen set
up to be bettered by urea, nicotinamide, sodium citrate, and sodium acetate \Water-answerable
drug.B4!

1.2 Solubility

The term" solubility” refers to how important solute may dissolve in a given quantum of
solvent. It's described quantitatively as the solute attention in a logged result at a particular
temperature. In qualitative terms, solubility can do when two or further substances mix
spontaneously to  induce a homogenous molecular dissipation.®® Solubility was described
by the International Union of Pure and Applied Chemistry (IUPAC) as " logical composition
of aimpregnated given as a rate of the chosen solute to the chosen detergent. Medicine
solubility can be expressed in terms of corridor, probabilities, molarities, operative fragments,
molality, volumes, fragments, and other units of dimension. inadequately water answerable
specifics and slow medicine immersion lead to shy and variable bioavailability as well as
gastrointestinal mucosal damage.[”? It's also explained in termsof the number of solvent
corridor demanded to equal one solutepart.is bandied in the table- formatted Indian

Pharmacopeia.”
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Table 1: Classification of solubility according to 1P.[®!

Descriptive term Part of the solvent required
per part of solute

Very soluble Lessthan 1

Freely soluble From 1to 10

Soluble From 10 to 30

Sparingly soluble From 30 to 100

Slightly soluble From 100 to 1000

Very slightly soluble From 1000 to 10,000

Practically insoluble 10,000 and over

Drugs can be categorised into four types under the biopharmaceutical classification
systembasedon their solubility. In terms of their water solubility and membrane permeability,

themedicinal ingredient.™

Table 2: BCS classification.™

High solubility, high permeability
Marketed 35% - Candidates 5-10%

Low solubility, high permeability

\\ J

Class II )
Marketed 30% - Candidates 60-70%
( - .1. 1 ” il.
Class III l High solubility, low permeability ‘
Marketed 25% - Candidates 5-10%
Class IV Low solubility, low permeability

Marketed 10% - Candidates 10-20%

1.3 Need of solubility

The bioavailability and solubility of the drug's molecule are both factors that affect a drug's
therapeutic effectiveness. To get the required drug concentration in the systemic circulation
so that a pharmacological reaction can be seen, solubility is a crucial factor. New drugs and
their derivatives are available in a variety thanks to advanced research and development.?!
Even though these drugs may have a high potential for success, more than 40% of lipophilic
medicationcandidates never make it to market. Show possible pharmacodynamic action. The
lipophilic medication that is available on the market needed ahigh dose to get the right
pharmacological activity. The primary goal of the subsequent formulation and development
phase is to make the medicine available at the ideal dose andappropriate location of action.™
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1.4 Mechanism of solubility

The maximum quantum of solute that may dissolve in a given quantum of detergent is
appertained to as solubility. Also, it characterised as both numerically and qualitatively.
Quantitative description the quantum of a solute present in a impregnated result at a
particular temperature. motes spreading out.’! As part of the solubilization process, the
solute's interionic orintermolecular bonds must be broken. unyoking piecemeal of the To give

the soluteroom in the detergent, there must be a detergent patch.!*®"

1.5.Following steps are involve in process of solubilization

Step 1: Heles open in the solvent
Step2: Molecules of the solid breaks away Tom tha bulk

Frea solid molecule

Step 3.The fread solid molecule iz intezratad into the bole in the solvent
Free Molecule - solvanr

200

@) O
o“e o +~ == 0l
0‘.‘. ® 03

1.6.Factors affecting solubility
e Molecularsize

e Particlesize

e Amount of heat

e The pressure

e Solute and solvent temperatures.™”

1.7.Different technique use in solubility enhancement
Various solubilization techniques, including the following, have been used to increase the

solubility of drugs that are poorly soluble in water.
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A) Chemical modifications
e Salt Formation
e Cocrystallization

e Nanotechnology

B) Physical modifications

e Particle size reduction

e Micronization

e Nanosuspension

e Polymorphs

e Complexation

e Inclusion Complex Formulation Based Techniques
e Kneading method

e Lyophilization/ Freeze- drying Technique

e Microwave irradiation method

C) PH adjustment

D) Supercritical fluid process
E) Liquisolid technique
F) Polymeric alteration!****!

2. Hydrotropy

2.1. Hydrotropy and Hydrotropic agent

A. Carl Neu In 1916, physicist Carl A. Neuberg coined the term "hydrotropy.” Organic
compounds that are only weakly soluble in water can be made more soluble by hydrotropes
having an amphiphilic molecular structure. It is a chemical phenomena whereby the presence
ofa second solute, called a hydrotrope, helps poorly soluble solutes become more soluble in
water. Just having a big The solubility of one solute is increased by the presence of another
solute. Numerous drugs with poor water solubility have been observed to benefit from aqueous
hydrotropic concentrated solutions of sodium benzoate, sodium salicylate, urea,
nicotinamide, and sodium sodium acetate and citrate.**! lonic organic salts known as
hydrotropic agents can either increase or decrease a solute's solubility in a particular solvent
by having a "salt in" or "saltout” effect. When non-electrolytes can "salt in," they are said to

be "hydrotropic salts,”" and this phenomenon is referred to as "hydrotropism." Although they
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lack colloidal properties, they aid in solubility by producing weak connections with the
molecules of the solute. - or attractive dipole -dipole interaction, are examples of weak van
der Waals interactions. Allow a less water-soluble molecule to interact with a hydrotropic
molecule.

Hydrophilic part

(Anionor Metal ion)
Munor effect on hvdrotropln

Effective balance
hetween

counteracting part

Hydrophobic part
(Aromatic ring system)
".]||'|x'|| | ||‘||“|||,']Hi'_|-.

Fig. 2: The structure of a hydrotropic agent.

Hydrotropes have both hydrophilic and hydrophobic portions. When compared to surfactant,
they have a remarkably low hydrophobic fraction. The hydrotrope's ability to be dissolved
depends on how well its hydrophobic and hydrophilic components are balanced. The bigger
the hydrophobic component, the better the addition's hydrotropic efficiency; the presence of
impactsare lessened by a charge on the hydrophilic component. Hydrotropic substances in
nature can be either organic or inorganic, anionic, cationic, or neutral. neutral, anionic,
cationic, or liquids in theinorganic realm (Fig. 2). They are organic substances that are easily
soluble andcan stack. in order to make organic molecules more water soluble. Several
examples of hydrotropic drugs are shown in Table 3./ When a third substance is added, the
soluble molecular complex or compound salt of the drug can be formed, improving the

solubility of thedrug. This process is known as hydrotropy.*

Table 3: Classification of hydrotropic agents.™

Table 3: Classification of hydrotrophic agents'*’

Slno | CLASSES OF HYDROTROPIC AGENTS
| Organic acids and their metal salts

2 Urea and its derivatives

3 Alkaloids

4 Phenolic derivatives

5 Surfactants

6 Aromatic cations
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2.2. Mechanism of hydrotropy

The term "hydrotrophy™ describes the rise in water solubility brought on by the abundance of
additives.l*®! The molecular self-association of hydrotrope and the attachment of hydrotrope
molecules with the solute are the basis for hydrotrope's improvement of water solubility.
Only intermittent information is available about their widespread use in many industrial
applications. Available information about the hydrotropism's mechanisms. There are several
hypothetical and investigative attempts being made to the hydrotrope mechanics. There are
three differentways toshorten the proposed mechanisms that are currently available.

1. Possibility of self-aggregation

2. Disrupting and creating structures

3. The ability to form a structure akin to micelles.[*

2.2.1 Self-aggregation potential
Tone- aggregation eventuality The tone- aggregation eventuality, or minimal hydrotropic
attention (MHC), is the attention at which hydrotrope motes start to group together. The
capability of hydrotropes to tone- assemble is what determines how well they can dissolve.
Their amphiphilictraits and the make- up of the solute patch both influence this eventuality.
They substantially show the solubilization. Energy in relation to volume bit. Strong relations
between hydrotropes and the solute result in complexes being formed, and these Complexes
aid in perfecting solubility in water. These results were attained using luminescence
emigration ways, crystallographic analysis, molecular dynamics replication, and
thermodynamic solubility trials. In addition, they can act as bridging agents by reducing the
Gibbs energy and thereby raising the solubility of the solute. Simply simply, appreciation of
The structure of the hydrotrope- water admixture girding the medicine patch plays a crucial
part in the originofself- aggregation eventuality.™*®
2.2.2 Structure-breaker and Structure-maker: Because the electrostatic interaction between
the donor and acceptor molecules is crucial tohydrotropic solubilization, these

molecules are often referred to as structure-breakers and structure-makers.
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Fig. 3: Hydrotropic compounds that are commonlyused.

Solutes that can both donate and receive hydrogen help increase solubility. By changing the
solvent's properties, specifically its capacity to participate in structure formation or to engage
in structure construction via intermolecular hydrogen bonding, solubilizing chemicals like
urea solubilize molecules. Hydrotropes that disrupt structures are called chaotropes, whereas
kosmotropes are hydrotropes that build structures. Kosmotrope reduces the critical micelle
concentration by enhancing the hydrophobic interaction. or CMC, lowering the cloud point as
aresult. Kosmotrope has two effects on the cloud point: (a) it promotes the creation of larger
micelles, as well as (b) decreasing hydration. As a water structure function Object() {[native
code]}, cyclodextrin decreases the amphiphilic cloud point. drugs like promethazine and

promazine hydrochloride (PMZ).1*")

2.2.3 Ability to form micelles like structure

The foundation of this medium is the tone- association of hydrotropes with solutes form a
micellar structure. In substance, they produce stable mixed micelles by adding a solute patch,
which lessens electrostatic magnet between the head groups Alkyl sulphates, lower
alkanoates, and other hydrotropes tone- associate with solutes to produce micelles, similar
as alkylbenzene sulfonates. The sweet anionic hydrotrope nicotinamide increases the
solubility of riboflavin through a process of tone- association. Anionic Sodium salicylate
and other hydrotropic substances lessen the electrostatic aversion between the head groups of

PMZ, performing instable mixed micelles.*®

3. Selection of hydrotrope
Previous research has shown that when the concentration of hydrotrope rises, weakly water-
soluble medications become more soluble in aqueous solutions. As a result, the hydrotropic

compound should be used in high concentrations. In order to create the hydrotropic solution,
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distilled water was employed. Niacinamide solution, sodium salicylate, sodium acetate, urea,
sodium citrate, sodium benzoate, and sodium salicylate a few illustrations of hydrotropic
solutions For a sufficient rise, the hydrotropes should be properly chosen using the suitable
solubility determination method. In the solubilization process depicted in Figure 4, glass
bottles were filled with hydrotropic solution or distilled water, and the gross weight, was
computed, taking the cap into account. The final step was to add a few milligrammes of fine,
dry powder. The bottle was shaken vigorously by hand. when all of the medicine has
dissolved. Continue using this method until only a portion of the extra medication dissolves.

3.1 Selection of hydrotropic agent

Once more, the gross weight was recorded. A rough solubility and solubility enhancement
ratiowas calculated using the difference between the two values. The calculation is applied to
all drugs equally. This led to the selection of the hydrotropic solution with the lowest
solubility enhancement ratio. The outcomes attained must be equivalent to those of the IP
approach.™™

4. Preparation of hydrotrope

As hydrotropes, substances including urea, guanidinium chloride, nicotinamide, tetraalkyl
ammonium halides, sweet sulfonates, sodium thiocyanate, and others have all been used.!*”
By sulphonating an sweet hydrocarbon detergent, hydrotropes are created (i.e., toluene,
xylene or cumin). The attendant sweet sulphonic acid is neutralised using a suitable base
(similar as to give the swab or hydrotrope infinitesimal number 11 hydroxide). No matter
how they're created, the hydrotropesar"” clean™ substances Generally, double chemical results
are delivered at 30- 60 the extent of exertion, while grainy solids are transported at 90- 95
exertion position. Sodium sulphate and water are also included in grainy solids. In a liquid
product is created shut off system. Spray drying, which involves source control and dust
collection, is used to produce grainy binary chemical solutions are delivered at 30-60 the
extent of activity, while granular solids are transported at 90- 95% activity level. Sodium
sulphate and water are also included in granular solids. In a liquid productis created shut off
system. Spray drying, which involves source control and dust collection, is used to create
granular hydrotropes products. Hydrotropes are not employed as intermediatesor derivatives
for other chemical production processes or purposes; instead, they are producedfor industrial,

professional, and consumer use.”
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4.1 Study of achromatism solubility

The system outlined by Higuchi and Connors was utilised to carry out triplet achromatism
solubility tests. In a screwcap tube with different molar hydrotrope results added, redundant
puremedication was shaken for 24 hours at room temperature in a rotary beaker shaker.
Suitablealiquots were taken after equilibrium and passed through pollutants. The filtrate was
weakened withdifferent Hydrotrope molar results were tested at colorful temperatures.
expression of dormancies The results of achromatism solubility showed that sodium benzoate
increases solubility further than other hydrotropes. Phrasings with sodium benzoate
hydrotope as a structured vehicle in colorful molar attention, xanthan goo, acacia, and alum
were used to formulate dormancies with sodium benzoate hydrotope as a structured vehicle.
They created sodium alginate as a suspending agent. Menthol as a decongestant, sodium

saccharin as a sweetener, and a flavouring element.!*®]

4.2 Commonly used hydrotropes

Nicotinamide, potassium citrate, potassium acetate, benzosulfonate, urea, sodium benzoate,
Caffeine, Sodium accurate, Sodium p-Benzoate, Sodium acetate, Sodium salicylate, Sodium
citrate, Piperazine, Resorcinol, and Polyethylene glycol 400 (PEG 400) are a few examples of

chemicals.*”

The distinction between hydrotropy andothercosolvency techniques:
Hydrotropy is distinct from simple phase mixing, the cosolvency process, and salting-in
action. While hydrotrope self-aggregation is comparable to that of surfactants, there are some
key differences. The relatively high quantities of hydrotrope required for
hydrotropesolubilization, in comparison to micellized surfactants, as well as because the
more fabric that was dissolved. Additionally, hydrotropes are more adept at solubilizing guest
molecules in a manner that is specific than surfactants with micellization. Surfactants are
made of long hydrocarbon chains, whereas short, bulky hydrocarbon groups are the hallmark
of hydrotropes. The aggregation numbers observed inhydrotrope aggregates are higher when
compared to micelles smaller. Itcan be shown from a comparison of the properties of
hydrotropes and long chain surfactants that the former have a propensity to form micelles

while the latter have a tendency to createloose aggregates.[3]

5. Characteristics of hydrotropes
Characteristics of hydrotropes Because of their amphiphilic structure, hydrotropes are face
active and total in waterless result. They're fully answerable in water and virtually

undoable in a system. When dissolved in water, it should not induce any temperature.
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Accessible and affordable. Non-reactive and non-toxic When dissolved in water, it's asleep to
the goods of temperature. The other identifying characteristics include the solvent character's
independence from pH, its great selectivity, and its lack of emulsification. the benefits of
hydrotropes.™*!

5.1 Features of hydrotropes

Unusually high solubilization rate. High selectivity, simple solute recovery from solution,
andhigh selectivity. Cost-efficient and economical. No emulsion was present. The lack of
risks associatedwith other solvents used in extractive separation.*2

5.2 Properties of hydrotropes

It is possible to increase the solubility of organic solutes such esters, alcohols, aldehydes,
ketones, hydrocarbons, and lipids by using hydrotropes, which are water-soluble, surface-
active compounds. All are non-toxic and non-reactive, and once dissolved in water, they have
no effect on the temperature. Other characteristics of this solvent include its excellent

selectivity, pH- independent solvent nature, and lack of emulsification. the hydrotropes.

6. Significance of hydrotropy

Colours, specifics, and other substances. Hydrotropes are an extractive detergent that have
beenemployed in the development of styles for extractive protein separation and distillation
as an extractive detergent for separation of phenolic fusions with low boiling points. A safe
and effective methodfor performing organic conflation and rooting natural substances is to
use waterless hydrotrope results. Hydrotropes have a wide range of uses, including the
creation of cleansers, medical treatment, and ménage cleaning.

1) They've been used to speed up miscellaneous responses.

2) They're used as an rooting agent for scents.

3) Inchemical phrasings, as extenders and paddings.

4) Phrasings for medicinals are being created.

5) Hydrotropic solubilization is utilised in nanotechnology (by controlled rush).

6) Inadequately water-answerable medicines can be fleetly released from suppositories via

hydrotrop.

CONCLUSION
We can infer from this study that a drug's solubility is its most critical physical property for

oral bioavailability, formulation, and the creation of various dosage forms for various
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medications. Likewise for quantitative research. Numerous factors can improve solubility.
Hydrotropy is a technique that is quite significant. According to definition, hydrotropy is a
solubilization processinwhich addition a significant amount of the second solute increases the
compounds that are soluble in water and the solubility of other solutes Hydrotropes are
substances used in hydrotropy. For instance, sodium sodium salicylate, ibuprofen sodium,
benzoate, and others Currently, this strategy is yielding a lot of results and may be the future's

finest approach has proven.
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