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ADVANCES IN HYDROTROPIC SOLUTIONS: AN UPDATED REVIEW
Approximately a century ago, in 1916, the term ‘hydrotropy’ was coined by
the scientist Carl A. Neuberg to address anionic organic salts which considerably
augmented the aqueous solubility of poorly soluble solutes. Currently hydrotropic
solutions possess high industrial demand due to their unique features, such as easy
availability, good recovery, absence of fire hazards, high separation factors without
any solutes emulsification problem and eco-friendly nature. The present review
takes the readers through a concise overview, geometrical features of hydrotropic
agents, hypothetical mechanisms and their different advances towards drug delivery.
Moreover, this review would provide an insight into the future perspectives concerned
with drug delivery and hydrotropism.
HYDROTROPY, MESOSCALE SOLUBILIZATION, DRUG CARRIER, GREEN CHEMISTRY.

1. Introduction
The current main problem in the
pharmaceutical industry is related to strategies
that augment the aqueous solubility of drugs,
as almost 70 % of the newly discovered
drug candidates suffer from poor aqueous
solubility [1]. Solubility is one of the prime
substance features to accomplish the desired
pharmacological response. The therapeutic
effectiveness of a drug depends upon the
bioavailability and ultimately is attributed to
the solubility of drug moiety [2]. Presently,
numerous formulation technologies are available
to enhance solubility as well as dissolution
profile to enhance oral bioavailability [3]. In
addition to these technologies, ‘hydrotropy’
is one of the recognized techniques available
for resolving solubility issues. This review
will elaborate various hypothetical and
investigational
mechanisms,
geometrical
features and applications of hydrotropic agents
in the pharmaceutical field, which will aid the
researchers in exploring hydrotropy for progress
in drug delivery.
2. Hydrotropy and hydrotropic agents
In 1916, the term ‘hydrotropy’ was coined by
the scientist Carl A. Neuberg [4]. Hydrotropes
with an amphiphilic molecular structure possess
the ability to increase the solubility of sparingly

soluble organic molecules in water [5]. It is
a molecular phenomenon whereby adding a
second solute (hydrotrope) helps to increase
the aqueous solubility of poorly soluble solutes
[6]. Simply, the presence of a large quantity of
one solute enhances the solubility of another
solute [7]. Hydrotropes are stated as ionic
organic salts which help to increase or decrease
the solubility of solute in a given solvent via
‘salt in’ or ‘salt out’ effects, respectively.
Salts which show a ‘salt in’ of nonelectrolytes are called ‘hydrotropic salts’, and
the phenomenon is known as ‘hydrotropism’.
They do not exhibit any colloidal properties
but they improve solubility by forming weak
interactions with solute molecules [8]. A
hydrotropic molecule interacts with a less
water-soluble molecule via a weak Van der
Waals interaction, such as a π-π or attractive
dipole-dipole interaction [9].
Hydrotropes contain both hydrophobic
and hydrophilic fractions. In comparison
to surfactant, they contain a very small
hydrophobic fraction [10]. The efficiency of
hydrotropic solubilization depends on the
balance between hydrophobic and hydrophilic
parts of the hydrotrope [11]. The larger is the
hydrophobic part of an additive, the better is
the hydrotropic efficiency; the presence of the
charge on the hydrophilic part is less important
[12]. Hydrotropes can be anionic, cationic
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Fig. 1. The internal effective structure of a hydrotrope

Table 1
Examples of hydrotropic agents

Type

Example

Aromatic
anionic

Sodium benzoate, sodium salicylate, sodium benzene sulphonate,
sodium benzene di-sulphonate, sodium cinnamate, sodium3-hydroxy2-naphthoate, Sodium para- toluene sulphonate, sodium cumene
sulphonate, nicotinamide, N,N-diethylnicotinamide, N,N-dimethyl
benzamide (see Fig. 2)

Aromatic cationic

Paraaminobenzoic acid hydrochloride, procaine hydrochloride and
caffeine (see Fig. 2).

Aliphatic and linear
compound

Sodium alkanoate, urea and N,N-dimethyl urea (see Fig. 2).

Fig. 2. Chemical formulae of the commonly used hydrotropic agents
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or neutral, organic or inorganic, and liquids
or solids in nature (Fig. 1). These are freely
soluble organic compounds which enhance
the aqueous solubility of organic substances
by forming stack-type aggregation [13, 14]. A
few examples of hydrotropic agents are given in
Table 1 and in Fig. 2 [15, 16].
3. Mechanism of hydrotropism
The enhancement of water-solubility by
the hydrotrope is based on the molecular
self-association of the hydrotrope and on
the association of hydrotrope molecules with
the solute. Although they are widely used in
various industrial applications, only sporadic
information on the mechanisms of hydrotropism
is available. Various hypotheses and research
efforts are being made to clarify the mechanisms
of hydrotropism. The available proposed
mechanisms can be abridged according to three
designs [17]:
(a) Self-aggregation potential,
(b) Structure-breaker and structure-maker,
(c) Ability to form micelle-like structures.
These unique geometrical features and
different association patterns of hydrotrope
assemblies distinguish them from other
solubilizers [18, 19].
Self-aggregation
potential.
Minimum
hydrotropic concentration (MHC) is a critical
concentration at which hydrotrope molecules
start to aggregate, i.e., self-aggregation potential
[6]. The solubilization power of hydrotropes is
governed by their self-aggregation potential [11].
This potential depends upon their amphiphilic
features and the nature of a solute molecule
[18, 20]. They mainly show the volumefraction-dependent solubilization potential
[21]. Hydrotropes strongly interact with the
solute to generate the complexes, and these
complexes could then lead to higher aqueous
solubility. These outcomes have evolved
from the fluorescence emissions methods [9],
crystallography analysis, molecular dynamics
replication and thermodynamic solubility
experiments [22–24]. Apart from these, they
may act as bridging agents by reducing the Gibbs
energy to increase the solubility of a solute [23].
Simply, the structure of the hydrotrope-water
mixture around the drug molecule is the true
key toward understanding the origin of the self-

aggregation potential [25].
Structure-breaker and structure-maker.
An electrostatic force of the donor-acceptor
molecule plays a vital role in the hydrotropic
solubilization; hence, they are also termed as
a structure-breaker and a structure-maker
[26, 27]. Solutes which are capable both of
hydrogen donation and acceptance help to
increase solubility. Solutropic agents, such as
urea, exert their solubilizing effect by changing
the nature of the solvent, specifically by altering
the solvent’s ability to participate in structure
formation or its ability of engaging in structure
formation via intermolecular hydrogen bonding
[28]. Structure-breaker hydrotropes are known
as chaotropes while structure-maker ones are
known as kosmotropes [29]. Kosmotropes
reduce the critical micelle concentration
(CMC) by increasing the hydrophobic
interaction which decreases the cloud point.
Basically, a kosmotrope influences the cloud
point in two ways, i.e., helps (i) to form bigger
micelles and (ii) to decrease hydration. In case
of amphiphilic drugs, promazine hydrochloride
(PMZ) and promethazine, cyclodextrin act as
water structure-makers and reduce the cloud
point [30].
Ability to form micelle-like structures. This
mechanism is based on the self-association
of hydrotropes with solutes into a micellar
arrangement [31]. Basically, they form
stable mixed micelles with a solute molecule
decreasing the electrostatic repulsion between
the head groups [32]. Hydrotropes, such as
alkyl-benzene sulfonates, lower alkanoates and
alkyl sulphates, exhibit self-association with
solutes and form micelles. Aromatic anionic
hydrotrope agents, i.e. nicotinamide, improve
the solubility of riboflavin via a self-association
mechanism [33]. In case of PMZ, anionic
hydrotropic agents, such as sodium salicylate,
form stable mixed micelles by decreasing the
electrostatic repulsion between the head groups
of PMZ [32].
Fluctuation theory of solutions. Moreover,
some researchers also illustrate fluctuation
theory of solutions (FTS) to determine the
mechanism of hydrotropic solubilization. FTS
has recognized two chief factors of hydrotropeinduced solubilization:
(i) Hydrotrope-solute interaction;
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(ii) Water activity depression.
The former is conquered by hydrotropesolute association while the latter is improved
by ionic dissociation and hindered by the selfaggregation of the hydrotropes [34].
Apart from above-mentioned mechanism,
the nature and the concentration are the
drawing forces for the solubilizing potential of
hydrotropes. An aromatic hydrotropic agent
with a planar structure interacts with solute
molecules via inducing stacking aggregation
mechanisms [35, 36]. Caffeine exhibits parallel
stacking in aqueous solutions to solubilize the
riboflavin [37]. Anionic hydrotropic agents
at low concentrations increase but, at higher
concentrations, decrease the cloud point.
Cationic and non-ionic hydrotropes show a
steep rise in the cloud point of amphiphilic
drugs. The extent of the cloud-point variation
for using different hydrotropes does variously
depend on their nature and structure [38].
Hydrotropes in high concentrations (0.1 – 0.8
M) form aggregates and decrease the cloud
point of amphiphilic drugs while in lower
concentrations they increase the cloud point
of amphiphilic drugs [39]. The concentration
of hydrotropes plays an important role in the
solubilization mechanism of drug molecules.
Sodium benzoate and sodium salicylate, when
employed to enhance the aqueous solubility
of nifedipine, illustrated the complexation
type of interaction at a low concentration and
aggregation at a high one [40]. The hydrotropic
solubilization of nimesulide exhibits weak ionic
interactions at a lower hydrotrope concentration
and molecular aggregation at a higher one [41].
Dexibuprofen, when combined with hydrotropic
agents and investigated by the differential scanning calorimetry (DSC) and the infrared (IR)
spectroscopy, demonstrated intermolecular interactions between the drug and the hydrotropic agents, which increased solubility and dissolution rate of the drug [42].
4. Application of hydrotropes
Hydrotropes have many realistic applications
in both the biomedical and the engineering
fields. The uses involve the development of
pharmaceutical formulations, food stuffs,
detergent solutions, solute separation processes,
paint industry, coatings, plastic additives,
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selective separation and alterations in reaction
kinetics. In this connection, various applications
related to development of pharmaceuticals are
discussed.
Hydrotropes as drug carriers. These have
a unique potential to act as carriers for active
pharmaceutical ingredients. They have the ability
to generate dynamic, non-covalent assemblies,
i.e. clusters in aqueous solutions. In the presence
of hydrophobic compounds, these clusters are
stabilized by the formation of long-lived, highly
stable mesoscopic droplets due to a phenomenon
known as ‘mesoscale solubilization’. Such
materials can help in processing various products
ranging from pharmaceuticals, cosmetics and
agrochemicals [43]. Subtle changes in surfactant
geometry lead to a marked effect on the
macroscopic rheological behaviour of the system.
These micellar solutions act as a template for
tissue engineering and as a modifier of the drug
delivery [44]. Additionally, hydrotropes are of
considerable importance in various applications,
such as oil/water (o/w) microemulsion
stabilizers, viscosity modifiers, cleaning agents,
solubilizers
in
formulation
development
[45 – 48]. As they act at the molecular level,
hydrotropes provide better efficacy in the
‘bottom-up’ techniques than the ‘top-down’
ones [49]. Considering these functionalities,
formulation scientists are fabricating several
drug delivery systems based on the hydrotropic
approach in order to enhance the therapeutic
efficacy of critical drug molecules.
Solid dispersions (SD) are the most popular
ways of improving the drug release of poorly
soluble drugs. It is a molecular mixture of poor
water-soluble drugs in hydrophilic carriers
wherein the drug release profile is driven by the
polymer properties. It helps to increase solubility
and dissolution profile of poor water-soluble
drugs. Commonly used polymers in preparation
of SD are povidone, cyclodextrin, starch,
hydroxy propyl methylcellulose, ethyl cellulose,
hydroxypropylcellulose, polyethyleneglycols and
silica [50, 51]. A single hydrotrope or a blend
of them has been effectively used to formulate
the SDs. In case of SDs, hydrotropes enhance
solubility as well as dissolution kinetics due to
complete amorphization and intermolecular
hydrogen bonding with drug molecules (see
Table 2).
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Table 2
Examples of solid dispersions using hydrotropic agents

Drug

Hydrotropic agent

Key finding

Reference

Norfloxacin

Sodium benzoate

9.56 fold enhancement
in aqueous solubility

[52]

Aceclofenac

Urea 20 % and sodium citrate 10 %

1.7 fold improvement in
vitro dissolution

[53]

Theophylline

Urea 5 % and sodium citrate 10 %

142.26 times
improvement in
aqueous solubility

[54]

Diclofenac
sodium
Lurasidone
hydrochloride
Pizotifen malate

Urea 20 % and sodium citrate 10 %
Nicotinamide, sodium benzoate
and sodium citrate
Povidone (Kollidon 12)

Transdermal formulations. Transdermal
administration of drugs provides the benefits of
achieving a remedial effect without the risks
of impending side effects that may occur after
oral administration. The selection of a suitable
drug carrier in transdermal formulation is very
important since it can affect percutaneous
absorption [58].
A 5-Fluorouracil transdermal formulation
was prepared using polyglycerol fatty acid
monoesters (PGMC) as a hydrotrope. Mean
particle size of the solution consisting of PGMC
was approximately 14 nm. The hydrotropic
transdermal
formulation
enhanced
skin
permeation of 5-FU due to the ability of the
hydrotrope to form aggregates [59]. Specifically,
in the topical formulation, the value of the
distribution coefficient (logD) of a compound
played a vital role in solubilization. It showed
a crucial impact on the solubility enhancement
factor (SEF). This factor is a ratio of the
solubility of a substance in ternary mixture to
its solubility in pure solvent under identical
temperature conditions. All compounds with
logD values between 2.0 and 4.5 showed a SEF
more than 5 in 40 % aqueous solutions of urea
while with a logD value below 2 or above 5,
SEF was less than 5. In some cases such as
diclofenac and prednicarbate, SEF achieved a
value that was more than 5 at 5 % urea and

250 times improvement
in aqueous solubility
Improvement of drug
release
Improvement in
aqueous solubility

[55]
[56]
[57]

more than 250 at 20 % urea [60]. Parabencontaining semisolid topical formulations were
prepared with nicotinamide which helped to
reduce the stratum corneum vehicle partition
coefficient. Nicotinamide potentiated the
paraben dissolution in aqueous media (solutions,
gels) and reduced their partitioning in the oily
phase, thereby also reducing the toxicological
risk [61].
Parenteral
formulation
can
be
the
administration via various routes, such as
intravenous,
intramuscular,
intra-arterial,
subcutaneous and intradermal. Currently,
parenteral products are the key element for
therapeutic aliments in hospitalized patients.
These products provide various advantages,
such as a lower dosing frequency, and a rapid
onset of action along with good bioavailability.
In addition to these conventional parenteral
products, novel parenteral delivery systems,
like liposomes, nanoparticles, implants, patches
are also available for controlled, sustained and
active targeted drug delivery [62].
An aceclofenac aqueous injection was
prepared using a mixed hydrotropy (20 %
urea and 10 % sodium citrate) technique via
lyophilization. It showed better solubility
performance as compared to the pure
drug. The enhancement in the solubility of
aceclofenac was more than 250 folds and
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additionally it also exhibited better physical
and chemical stability [13]. Aqueous injectable
indomethacin formulation was developed using
sodium p-hydroxy benzoate, sodium benzoate,
urea and nicotinamide as hydrotropes. The
hydrotropic solubilization of indomethacin at a
lower hydrotrope concentration was attributed
to weak ionic interactions while that at higher
hydrotrope concentration was due to molecular
aggregation. Indomethacin exhibited highest
and lowest solubility in sodium p-hydroxy
benzoate and urea, respectively. Moreover, the
prepared formulation showed better physical and
chemical stability over a period of six months
[63]. An injectable nifedipine formulation was
prepared by a mixed hydrotrope technique (30
% sodium benzoate and 30 % sodium salicylate).
It showed a better aqueous solubility profile
and stability over a period of one month [64].
A temazepam aqueous injection was prepared
using sodium salicyate and nicotinamide as
hydrotropes by the lyophilization method.
Solubilization was enhanced due to an increase
in hydrogen bonding between the drug and
hydrotrope mixtures [65].
Miscellaneous. 2-Hydroxypropyl-beta-cyclodextrin (2-HP-beta-CD) was used to wrap
methyltestosterone (MeT) moiety in the
inclusion complex of MeT-2-HP-beta-CD.
The intermolecular hydrogen bonding between
MeT and 2-HP-beta-CD helped to enhance
the solubility of MeT. The prepared MeT2-HP-beta-CD complex also showed 7-fold
improvement in the oral bioavailability of MeT
[66]. Paclitaxel-beta-cyclodextrin functionalized
hyperbranched polyglycerol (HPG) micelles
were prepared with an objective of solubility
enhancement. The prepared micelles showed a
multimolecular spherical nature with the particle
size of 200 to 300 nm and good dispersity. It
showed a burst release followed by continuous
extended release. Furthermore, MTT analysis
showed good biocompatibility and a promising
hydrophobic drug delivery system [67].
Greseofulvin suspensions were prepared using
the aqueous phase of sodium benzoate. The
particles of the prepared suspension ranged in
size from 10 to 20 μm. It showed a 70 % drug
release at the end of 45 min [68]. Furosemide
floating microspheres were prepared with
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Eudragit RSPO and niacinamide by the
solvent evaporation method. The optimized
formulation exhibited a 98.2 % encapsulation
efficiency and 145 nm particle size in the
average. Surface morphology displayed a
hollow spherical structure with a smooth outer
surface. Enhanced drug solubility was due to
complete amorphization and intermolecular
hydrogen bonding between the drug and the
hydrotropes. Moreover, it illustrated sustained
release in acidic environment and stability
up to one month [69]. Starch gels were
prepared without heat treatment or chemical
modification by using sodium salicylate as
a gelling agent. Release patterns of the gels
were studied using riboflavin as a prototype
drug. Riboflavin showed consistent diffusioncontrolled kinetics. Pattern of the drug release
depended on the initial loading levels and the
starch content of the gels. Thus, hydrotrope
-gelled starch proved to be a better vehicle for
topical drug delivery [70].
Titrimetric
and
spectrophotometric
estimations. The analysis of poorly aqueous
soluble drugs is commonly carried out by the
spectrophotometric method. It involved the
use of various organic solvents, like acetone,
acetonitrile, benzene, carbon tetrachloride,
diethylether, ethanol, methanol and toluene.
The main shortcomings related to these organic
solvents were their volatile nature, toxicity,
flammability and cost. To overcome such
difficulties, hydrotropic solutions were used.
Hydrotropic agents used in titrimetric and/or
spectrophotometric estimations are listed in
Table 3.
Green chemistry. This is a scientific field
that has arisen in the 1990s. It studies enhancements of chemical processes that can have a
beneficial impact on the environment.
Separation of mixture. Hydrotropic solutions
possess high industrial demand due to their
easy availability, good recovery, absence of fire
hazards and high separation factors without
any solutes emulsification problem [105–107].
It helps to enhance the solubility of various organic solutes such as acids, alcohols, aldehydes,
esters, fats, hydrocarbons and ketones [108].
The concentration and hydrophobic parameters (the surface area, the molar volume of the
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Table 3
Examples of titrimetric and spectrophotometric estimations for which hydrotropic agents are used

Drug

Aspirin
Aceclofenac
Furosemide
Famotidine
Ibuprofen
Naproxen
Salicylic acid
Salbutamol
sulphate
Theophylline

Increase in
solubility,
times

Reference

05
120
400
90
25

[71]
[72]
[73]
[74]
[75]

80

[76]

350
12
06

[77]

17

[79]

18

[80]

Urea

07

[81]

2M sodium acetate

75

[82]

1M metformin
hydrochloride

03

[83]

2.5 M sodium salicylate

400

[84]

2M Urea
7.5 M N,N-dimethyl urea
5.5 M sodium acetate
6M urea
7.5M N, N dimethyl urea
Sodium acetate and 8 M
urea solution (50:50%V/V)
2 M sodium acetate, 8 M
urea, 2 M niacinamide
and 2 M sodium benzoate
(25:25:25:25 % V/V)

07
02
1.8
10
11

[85]

[87]
[88]

28

[89]

32

[90]

Tablets

2M Nicotinamide

43

[91]

Capsule
Tablets
Tablets
Tablets

2 M niacinamide
2M potassium acetate
4M sodium acetate
Sodium chloride

05
210
06
63

[92]
[93]
[94]
[95]

Dosage form

Titrimetric analysis
Tablets
0.5M ibuprofen sodium
0.5M ibuprofen sodium
Bulk drug and
tablets
2.5 M sodium salicylate
2 M sodium benzoate
Bulk drug
2M sodium salicylate
Bulk drug
2 M sodium benzoate
and tablets
Tablets
0.5M ibuprofen sodium
0.5 M ibuprofen sodium
Bulk drug
2.0 M sodium salicylate
Bulk drug

Bulk drug and
tablets
Bulk drug and
tablets

Atenolol HCl

Tablets

Atorvastatin

Bulk drug and
tablets
Tablets

Acetazolamide

Bulk drug

Cefadroxil
Diclofenac sodium
Metronidazole and
Furazolidone
Furazolidone
Hydrochlorothiazide
Indomethacin
Ketoprofen
Lovastatin
Losarton

2M nicotinamide

Bulk drug
2M sodium
Spectrophotometric analysis

Amlodipine
besylate
Amlodipine
besylate

Aceclofenac

Hydrotropic agent

Tablets
Tablets

Tablets

[78]

[86]

to be continued
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The end of Table 3
Metronidazole
Naproxen
Naproxen
Nalidixic acid
Ornidazole
Ornidazole
Rosiglitazone
maleate
Simvastatin
Tinidazole
Tenfovir disoproxil
fumerate
Tinidazole

Tablets
Tablets
Tablets
Tablets
Tablets
Tablets
Bulk drug and
tablets
Bulk drug and
tablets

Sodium benzoate
2 M sodium benzoate
0.5 M ibuprofen sodium
Sodium benzoate
0.5M ibuprofen sodium
10 M urea

05
120
350
98
08
10

[96]
[97]
[98]
[96]
[99]
[100]

6M urea

14

[101]

Sodium chloride

90

[102]

Tablets

1 M lignocaine
hydrochloride

06

[103]

Tablets

Sodium benzoate

121

[104]

Tablets

Sodium benzoate

06

[96]

hydrophobic parts) of hydrotropes appear to be
important in solute separations [109]. The influence of a chain length of a hydrotropic agent
helps to improve solute recovery (Fig. 3).
The addition of the short chain of cationic
hydrotropic agents to sodium dodecyl sulfate
(SDS) phase helped to enhance oil recovery
[110]. Hydrotropes separate the close-boiling

isomeric components from their binary
mixtures. They are also used to extract various
bioactive components from the plant material
(see Table 4).
In addition to extractive separation,
hydrotropes are also useful in improving
enzymatic hydrolysis efficiency. Hydrotropic
pre-treatment helps to augment enzymatic

Fig. 3. Hydrotropic mechanism of separation
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Table 4
Examples of mixture separations for which hydrotropic agents are used

Mixture

Hydrotrope
Sodium salicylate and sodium
cumene sulphonate
Sodium cumene sulfonate
Sodium cumene sulfonate
Butyl benzene sulfonate and
sodium dodecyl sulfate

Citrus aurantium L.
Turmeric
Rauwolfia vomitoria
Black pepper

Isolated compound

Reference

Limonoids

[111]

Curcuminoids
Reserpine

[112]
[113]

Piperine

[114]

[115]

[116]

Sugarcane bagasse

Alky benzene sulfonates

Ligno-cellulosic
fibers (without
breaking of the
cellulosic material)

6-aminopenicillanic
acid (6-APA)
reaction mixture

Sodium butyl monoglycol sulphate

6-APA

hydrolysis efficiency of common reed and sugar
cane bagasse to produce fermentable sugar
[117, 118]. In case of enzymatic hydrolysis
of polysaccharides, it significantly increases
the glucose yield. [119]. Olefinic compounds,
like sodium cinnamate (Na-CIN), exhibit
the photoswitchable recovery of solute under
exposure to UV irradiation. Various organic
solutes, such as cinnamic acid, aspartic acid,
curcumin, thymol, benzocaine and natural
compounds, like forskolin and curcumin,
are easily recovered under UV irradiation
with the help of Na-CIN [120]. Hydrotropic
solubilization helps to facilitate the aqueous
solubility of rapamycin, a poorly watersoluble immunosuppressive drug, up to a 1000
times [121]. In extractive isolation process,
hydrotropes reduce the use of harmful organic

solvents and keep the process environmentfriendly.
Green synthesis. Hydrotropes provide a
simple, efficient and green platform for various
industrial organic transformations. Moreover,
being economic, non-toxic, non-flammable
and eco-friendly, hydrotropic solutions possess
surplus physical and chemical features required
as alternate green solvents for organic reactions.
Within the outline of green chemistry, the
aqueous hydrotropic method offers several
advantages, such as trouble-free handling,
cleaner reaction profile, high conversion rate
and short reaction time, making it a useful
option for rapid synthesis. Another important
characteristic of the hydrotropic medium is its
simple recovery from the reaction mixture and
its recyclability. Furthermore, easy recovery of
Table 5

Examples of synthesis for which hydrotropic agents are used

Reaction media
Octahydro-quinazolinone
B-amino carbonyl
compounds
Hautzsch esters
Aza-Micheal reaction

Hydrotropic solution

Substrate

50% aqueous sodium p-toluene
sulfonate
50% aqueous sodium p-toluene
sulphonate
Aqueous sodium butylmonoglycolsulphate
Glycerol

Microwave
irradiation
Ultrasound
irradiation
Domestic
microwave
–

Reference
[122]
[123]
[124]
[125]
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products from hydrotropic solutions makes this
protocol an attractive green chemistry approach
(see Table 5).
5. The perspectives for hydrotropy
The progress in the studies of hydrotropes
has boosted their use in various practical
implementations. Specifically, the utilization of
hydrotropic compounds has been increasingly
recognized in formulation development.
Various experimental studies have confirmed
their solubility potential along with a nontoxic, non-flammable and eco-friendly nature.
However, many challenges remain with respect

to their structure-based mechanism and
toxicity profiling since their crucial side effects
on normal cells during active targeting are yet
to be assessed. When progress in hydrotropy,
as well as novel drug delivery approaches
catch up with the challenge, hydrotropic
mechanisms, stability in biological solutions,
biocompatibility and enhanced efficacy along
with delivery techniques will be one step
closer to reality. This technology is expected
to transform the advances towards enhanced
therapeutic delivery of poorly aqueous soluble
drugs as well as critical moieties with narrow
therapeutic index.
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Дхапте В.В., Мехта П.П. ОБЗОР СОВРЕМЕННЫХ ДОСТИЖЕНИЙ В ИССЛЕДОВАНИИ ГИДРОТРОПНЫХ РАСТВОРОВ.
Около столетия тому назад, в 1916 году, термин «гидротропия» был введен ученым Карлом
Нойбергом для наименования солей с органическими анионами, которые значительно повышают растворимость в воде слаборастворимых веществ. В настоящее время гидротропные растворы
пользуются большим спросом со стороны промышленности благодаря их уникальным свойствам,
таким как доступность, простота утилизации, отсутствие пожароопасности, высокий коэффициент
разделения без каких-либо веществ с проблемами эмульгирования, а также экологичность. Настоящий обзор знакомит читателей с кратким описанием, структурными свойствами гидротропных
веществ, предположительными механизмами доставки лекарственных средств в организме, а также
с подтверждениями этих механизмов. Данный обзор должен создать правильное представление о
перспективах лекарственной доставки и гидротропизма.
ГИДРОТРОПИЯ, МЕЗОМАСШТАБНАЯ СОЛЮБИЛИЗАЦИЯ, НОСИТЕЛЬ ЛЕКАРСТВЕННЫХ СРЕДСТВ, «ЗЕЛЕНАЯ ХИМИЯ».

СПИСОК ЛИТЕРАТУРЫ

[1] Khadka P., Ro J., Kim H., et al. Pharmaceutical
particle technologies: an approach to improve drug
solubility, dissolution and bioavailability // Asian
Journal of Pharmaceutical sciences. 2014. Vol. 9.
Pp. 304–316.
[2] Brahmankar D., Jaiswal S. Biopharmaceutics
and pharmacokinetics: a treatise, 3d ed. India:
Vallabh prakashan, 2011.
[3] Vemula V., Lagishetty V., Lingala S.
Solubility enhancement techniques // Int. J. Pharm.
Sci. Rev. Res. Vol. 5. 2010. Pp. 41–51.
[4] Neuberg C. Hydrotropic phenomena //
Biochem. Z. 1916. Vol. 76. P. 107.
[5] Hodgdon T., Kaler E. Hydrotropic
solutions // Curr. Opin. Colloid. In. 2007. Vol. 12.
Pp. 121–128.
[6] Saleh A., El-Khordagui L. Hydrotropic
agents: a new definition // Int. J. Pharm. 1985.
Vol. 24. Pp. 231–238.
[7] Maheshwari R., Archana A., Amit R.,
et al. Eco-friendly spectrophotometric estimation of
atenolol tablets using metformin hydrochloride as
hydrotropic solubilising agent // Journal of Global
Pharma Technology. 2010. Vol. 2. Pp. 93–96.
[8] Kumar V., Raja C., Jayakumar C. A review
on solubility enhancement using hydrotropic

phenomena // Int. J. Pharm. Pharm. Sci. 2014.
Vol. 6. Pp. 1–7.
[9] Neumann M., Schmitt C., Prieto K., et al.
The photophysical determination of the minimum
hydrotrope concentration of aromatic hydrotropes
//
J. Colloid. Interface. Sci. 2007. Vol. 315.
Pp. 810–813.
[10] Kapadiya N., Singhvi I., Mehta K.,
et al. Hydrotropy: a promising tool for solubility
enhancement: a review // Int. J. Drug Dev. Res.
2011. Vol. 3. Pp. 26–33.
[11] Kim J., Kim S., Papp M., et al. Hydrotropic
solubilization of poorly water-soluble drugs // J.
Pharm. Sci. 2010. Vol. 99. Pp. 3955 –3965.
[12] Bauduin P., Renoncourt A., Kopf A., et
al. Unified concept of solubilization in water by
hydrotropes and co-solvents // Langmuir. 2005.
Vol. 21. Pp. 6769 –6775.
[13] Maheshwari R., Indurkhya A. Formulation
and evaluation of aceclofenac injection made by
mixed hydrotropic solubilization technique // Iran.
J. Pharm. Res. 2010. Vol. 9. Pp. 233–242.
[14] Saleh A., El-Khordagui L. Hydrotropic
agents: a new definition // Int. J. Pharm. 1985.
Vol. 24. Pp. 231–238.
[15] Patil A., Devtalu S., Bari M., Barhate S.

133

Научно-технические ведомости СПбГПУ. Физико-математические науки № 4(230) 2015

A review on novel solubility enhancement technique
hydrotropy // Indo-American Journal of Pharm
Research. 2013. Vol. 3. Pp. 4670–4679.
[16] Sajid M., Choudhary V. Solubility
enhancement methods with importance of
hydrotropy // J. Drug Deliv. Ther. 2012. Vol. 2.
Pp. 96–101.
[17] Szabo K., Wang P., Peles-Lemli B., et
al. Structure of aggregate of hydrotropic p-toluene
sulfonate and hydroxyacetophenone isomers //
Colloids and Surfaces A: Physicochem. Eng. Aspects.
2013. Vol. 422. Pp. 143 –147.
[18] Friberg E., Brancewicz C. O/W
microemulsions and hydrotropes: the coupling
action of a hydrotrope // Langmuir. 1994. Vol. 10.
Pp. 2945–2949.
[19] Hatzopoulos M., Eastoe J., Peter J., et
al. Are hydrotropes distinct from surfactants? //
Langmuir. 2011. Vol. 27. Pp. 12346–12353.
[20] Lai K. Liquid detergents, second ed. CRC
Press, Boca Raton, FL, 2006.
[21] Verma G., Aswal V., Fritz-Popovski G., et
al. Dilution induced thickening in hydrotrope-rich
rod-like micelles // J. Colloid. Interface. Sci. 2011.
Vol. 359. Pp. 163–170.
[22] De Paula W., Denadai A., Santoro M., et
al. Supramolecular interactions between losartan
and hydroxypropyl-β-CD: ESI mass-spectrometry,
NMR techniques, phase solubility, isothermal
titration calorimetry and anti-hypertensive studies
// Int. J. Pharm. 2011. Vol. 404. Pp. 116–123.
[23] Da Silva R., Spitzer M., Da Silva L., et
al. Investigations on the mechanism of aqueous
solubility increase caused by some hydrotropes
// Thermochimica Acta. 1999. Vol. 328.
Pp. 161–167.
[24] Gaikar V., Pathak P. Selective solubilization
of isomers in hydrotrope solution o-p- chlorobenzoic
acids and o-p-nitro anilines // Sep. Sci. Technol.
1999. Vol. 34. Pp. 439–459.
[25] Shimizu S., Matubayasi N., Hydrotropy:
monomer-micelle equilibrium and minimum
hydrotrope concentration // J. Phys. Chem. B.
2014. Vol. 118. Pp. 10515–10524.
[26] Badwan A., El-Khordagui L., Saleh A.,
Khalil S. The solubility of benzodiazepines in sodium
salicylate solution and a proposed mechanism for
hydrotropic solubilization // Int. J. Pharm. 1983.
Vol. 13. Pp. 67–74.
[27] Ferreira G., Perigo D., Politi M., Schreier
S. Effect of anions from the hofmeister series and
urea on the binding of the charged and uncharged
forms of the local anesthetic tetracaine to zwitterionic
micelles // Photochem. Photobiol. 1996. Vol. 63.
Pp. 755–761.
[28] Coffman R., Kildsig D. Effect of

134

nicotinamide and urea on the solubility of riboflavin
in various solvents // J. Pharm. Sci. 1996. Vol. 85.
Pp. 951–954.
[29] Khanam A., Sheikh M., Khan I., Kabirud-Din Aggregational behavior of alkanediyl-α-ω-bis
(tetradecyl dimethyl ammonium) dibromide series
with ionic and non-ionic hydrotropes at different
temperatures // J. Ind. Eng. Chem. 2014. Vol. 20.
Pp. 3453–3460.
[30] Rub M., Azum N., Kumar D., et al.
Clouding phenomenon of amphiphilic drug
promazine hydrochloride solutions: Influence of
pharmaceutical excipients // J. Ind. Eng. Chem.
2015. Vol. 21. Pp. 1119–1126.
[31] Lee S., Huh K., Lee J., et al. Hydrotropic
polymeric micelles for enhanced paclitaxel
solubility: in vitro and in vivo characterization,
Biomacromolecules. 8 (2007) 202–208.
[32] Malik A., Abdullah M., Naved A., Kabir-udDin. Investigation of micellar and phase separation
phenomenon of phenothiazine drug promazine
hydrochloride with anionic hydrotropes // J. Ind.
Eng. Chem. 2014. Vol. 20. Pp. 2023–2034.
[33] Schreier S., Malheiros S., de Paula E.
Surface active drugs: self-association and interaction
with membranes and surfactants physicochemical
and biological aspects // Biochimica et Biophysica
Acta. 2000. Vol. 1508. Pp. 210–234.
[34] Booth J., Abbott S., Shimizu S. Mechanism
of hydrophobic drug solubilization by small molecule
hydrotropes // J. Phys. Chem. B. 2012. Vol. 116.
Pp. 14915–14921.
[35] Kumar S., Gandhi N. Association model of
hydrotropy for the effect of hydrotropes on solubility
and mass transfer coefficient of acetylsalicylic
acid // Int. J. Pharm. Pharm. Sci. 2012. Vol. 4.
Pp. 600–605.
[36] Kumar V., Jayakumar C., Raja C., Gandhi
N.
Hydrotropic aggregation behavior of butyl
stearate // Chemical and Materials Engineering.
2013. Vol. 1. Pp. 1–7.
[37] Cui Y. Parallel stacking of caffeine with
riboflavin in aqueous solutions: the potential
mechanism for hydrotropic solubilization of
riboflavin //
Int. J. Pharm. 2010. Vol. 397.
Pp. 36–43.
[38] Malik A., Asiri A., Azum N., et al.
Amphiphilic antidepressant drug amitriptyline
hydrochloride under the influence of ionic and
non-ionic hydrotropes; micellization and phase
separation // J. Ind. Eng. Chem. 2013. Vol. 19. Pp.
1774–1780.
[39] Andleeb Z., Malik A., Kabir-ud-Din. Effects
of pharmaceutical excipients on cloud points of
amphiphilic drugs // J. Colloid. Interf. Sci. 2011.
Vol. 361. Pp. 42–48.

Физическое материаловедение

[40] Jain N., Patel V., Taneja L. Hydrotropic
solubilization of nifedipine // Pharmazie. 1988.
Vol. 43. Pp. 194–196.
[41] Agrawal S., Pancholi S., Jain N., Agrawal
G. Hydrotropic solubilization of nimesulide for
parenteral administration // Int. J. Pharm. 2004.
Vol. 274. Pp. 149–155.
[42] El-Houssieny B., El-Dein E., El-Messiry H.
Enhancement of solubility of dexibuprofen applying
mixed hydrotropic solubilization technique // Drug.
Discov. Ther. 2014. Vol. 8. Pp. 178–184.
[43] Subramanian D., Anisimov M. Phase
behavior and mesoscale solubilization in aqueous
solutions of hydrotropes // Fluid. Phase. Equilibria.
2014. Vol. 362. Pp. 170–176.
[44] Magid L., Han Z., Li Z., P. Butler P.
Evaluation of ion effects on surfactant aggregation
from improved molecular thermodynamic modeling
// Langmuir. 2000. Vol. 16. Pp. 149.
[45] Saleh A., Khalil S., EI-Khordagui L.
Solubility and stability of diazepam in sodium
salicylate solution // Int. J. Pharm. 1980. Vol. 5.
Pp. 161–164.
[46] Guo R., Compo M., Friberg S., Morris K.
The coupling action of a hydrotrope and structure
transition from lamellar liquid crystal // J. Disper.
Sci. Technol. 1996. Vol. 17. Pp. 493–507.
[47] Gaikar V., Pathak P. Selective
solubilization of isomers in hydrotrope solutionso/p- chlorobenzoic acids and o-/p-nitoanilines //
Separ. Sci. Technol. 1999. Vol. 34. Pp. 439.
[48] Heldt N., Zhao J., Friberg S., et al.
Controlling the size of vesicles prepared from egg
lecithin using a hydrotrope // Tetrahedron. 2000.
Vol. 56. Pp. 6985–6990.
[49] Guo C., Wang J., Cao F., et al. Lyotropic
liquid crystal systems in drug delivery // Drug.
Discov. Today. 2010. Vol. 15. Pp. 1032–1040.
[50] Vasconcelos T., Sarmento B.,
Costa
P. Solid dispersions as strategy to improve oral
bioavailability of poor water soluble drugs//Drug.
Discov. Today. 2007. Vol. 12. Pp. 1068–1075.
[51] Kamble R., Palve P., Mehta P. Preparation
and evaluation of amorphous olmesartan medoxomil
with porous silica microparticles using spray-drying
technique // Journal of Advanced Pharmacy
Education & Research. 2014. Vol. 4. Pp. 65–71.
[52] Girishpai K., Divya S., Reddy M., et al.
Solubility enhancement of norfloxacin by hydrotropy
technique // Int. J. Pharm. Pharm. Sci. 2014.
Vol. 6. Pp. 395–397.
[53] Maheshwari R., Indurkhya A. Novel
application of mixed hydrotropic solubilization
technique in the formulation and evaluation of
hydrotropic solid dispersion of aceclofenac //
Asian Journal of Pharmaceutics. 2010. Vol. 4.

Pp. 235–238.
[54] Jayakumar C., Morais A., Arunodhaya N.,
Gandhi N. Solubility enhancement of theophylline
drug using different solubilization techniques //
International Journal of Pharmaceutical and Clinical
Science. 2012. Vol. 2. Pp. 7–10.
[55] Gupta M., Joshi V., Amipara L., et al.
Development and evaluation of diclofenac sodium
solid dispersion by mixed hydrotropic technique //
International journal of pharmaceutical research
and development. 2011. Vol. 3. Pp. 90–96.
[56] Madan J., Pawar K., Dua K. Solubility
enhancement studies on lurasidone hydrochloride
using mixed hydrotropy // Int. J. Pharm. Investig.
2015. Vol. 5. Pp. 114–120.
[57] Margarit M., Marin M., Contreras M.
Solubility of solid dispersions of pizotifen malate
and povidone // Drug. Dev. Ind. Pharm. 2001.
Vol. 27. Pp. 517–522.
[58] Piao H., Kamiya N., Hirata A., et al. A
novel solid-in-oil nanosuspension for transdermal
delivery of diclofenac sodium // Pharmaceut. Res.
2008. Vol. 25. Pp. 896–901.
[59] Takahashi K., Komai M., Kinoshita
N. Application of hydrotropy to transdermal
formulations: hydrotropic solubilization of polyol
fatty acid monoesters in water and enhancement
effect on skin permeation of 5-FU // J. Pharm.
Pharmacol. 2011. Vol. 63. Pp. 1008–1014.
[60] Herbig M., Evers D. Correlation of
hydrotropic solubilization by urea with log D of
drug molecules and utilization of this effect for
topical formulations // Eur. J. Pharm. Biopharm.
2013. Vol. 85. Pp. 158–160.
[61] Nicoli S., Zani F., Bilzi S., et al. Association
of nicotinamide with parabens: effect on solubility,
partition and transdermal permeation // Eur. J.
Pharm. Biopharm. 2008. Vol. 69. Pp. 613–621.
[62] Gulati N., Gupta H. Parenteral drug
delivery: a review // Recent. Pat. Drug. Deliv.
Formul. 2011. Vol. 5. Pp. 133–145.
[63] Jain A. Solubilization of indomethacin
using hydrotropes for aqueous injection // Eur J.
Pharm. Biopharm. 2008. Vol. 68. Pp. 701–714.
[64] Jain N., Patel V., Taneja L. Formulation
and evaluation of nifedipine injection // Pharmazie.
1988. Vol. 43. Pp. 254–255.
[65] Woolfson A., McCafferty D., Launchbury A.
Stabilisation of hydrotropic temazepam parenteral
formulations by lyophilisation // Int. J. Pharm.
1986. Vol. 34. Pp. 17–22.
[66] Muller B., Albers E. Effect of hydrotropic
substances on the complexation of sparingly
soluble drugs with cyclodextrin derivatives and
the influence of cyclodextrin complexation on the
pharmacokinetics of the drugs // J. Pharm. Sci.

135

Научно-технические ведомости СПбГПУ. Физико-математические науки № 4(230) 2015

1991. Vol. 80. Pp. 599–604.
[67] Zhange X., Zhange X., Wu Z., et al. A
hydrotropic β-cyclodextrin grafted hyperbranched
polyglycerol co-polymer for hydrophobic drug
delivery // Acta.
Biomaterialia. 2011. Vol. 7.
Pp. 585–592.
[68] Shete A., Yadav A., Dabke A., Sakhare
S. Formulation and evaluation of hydrotropic
solubilization based suspensions of griseofulvin
// International Journal of Pharma Sciences and
Research.2010. Vol. 1. Pp. 51–57.
[69] Rathod M., Agarwal S. Development and
evaluation of furosemide microspheres made by
mixed solvency concept // International Journal of
Pharmaceutical Erudition. 2013. Vol. 2. Pp. 22–31.
[70] El-Khordagui L. Hydrotrope-gelled starch:
study of some physicochemical properties // Int. J.
Pharm. 1991. Vol. 74. Pp. 25–32.
[71] Maheshwari R., Saxena M., Gahlot M.,
et al. Novel application of hydrotropic solubilizing
additives in the estimation of aspirin in tablets //
Indian. J. Pharm. Sci. 2010. Vol. 72. Pp. 649–651.
[72] Maheshwari R., Manchandani P., Arif D.,
et al. A novel method for quantitative determination
of
aceclofenac in bulk drug and tablet using
ibuprofen sodium as hydrotropic solubilising agents
//Journal of applied chemical research. 2008. Vol. 5.
Pp. 63–68.
[73] Maheshwari R., Moondra S. A novel
method for quantitative determination of aceclofenac
in bulk drug and tablets using sodium salicylate as
hydrotropic solubilising agent // J. Adv. Pharma.
Tech. & Res. 2010. Vol. 1. Pp. 78–82.
[74] Maheshwari R. Analysis of furosemide
by application of hydrotropic solubilisation
phenomenon //The Indian Pharmacist. 2005.
Vol. 4. Pp. 55–58.
[75] Jayakumar C., Morais A., Rajasekhar
G., Gandhi N. Quantitative analysis of famotidine
bulk sample using sodium salicylate hydrotrope //
International Journal of Institutional Pharmacy and
Life Sciences. 2012. Vol. 2. Pp. 98–103.
[76] Maheshwari R., Chaturvedi S., Jain N.
Novel application of hydrotropic solubilisation in
the analysis of some nsaids and their solid dosage
forms //Indian. J. Pharm. Sci. 2007. Vol. 69.
Pp. 101–106.
[77] Maheshwari R., Wanare G., Chahar N., et
al. Quantitative estimation of naproxen in tablets
using ibuprofen sodium as hydrotropic agent //
Indian. J. Pharm. Sci. 2009. Vol. 71. Pp. 335–337.
[78] Maheshwari R., Chavada V., Varghese
S., Shahoo K. Analysis of bulk sample of salicylic
acid by application of hydrotropic solubilisation
method // Indian. J. Pharm. Sci. 2008. Vol. 70.
Pp. 821–823.

136

[79] Sundari N., Radhika T., Saranya V., Gandhi
N., Quantitative analysis of salbutamol bulk sample
using nicotinamide hydrotrope // International
Journal of Pharmacy and Pharmaceutical Science
Research. 2012. Vol. 2. Pp. 16 –19.
[80] Jayakumar C., Kumar D., Nesakumar D.,
Gandhi N. Quantitative analysis of theophylline bulk
sample using sodium salicylate hydrotrope // Int. J.
Pharm. Sci. 2010. Vol. 2. Pp. 80–81.
[81] Bernard S., Mathew M., Senthilkumar
K. Spectrophotometric method of estimation of
amlodipine besylate using hydrotropic solubilization // J. Applied. Pharm. Sci. 2011. Vol. 1.
Pp. 177–180.
[82] Jain N., Jain R., Jain A., et al.
Spectrophotometric method development and
validation for quantitative estimation of amlodipine
besylate in bulk drug and their dosage forms by using
hydrotropic agent// Eurasian J. Anal. Chem. 2010.
Vol. 5. Pp. 212–217.
[83] Maheshwari R., Agrawal A., Rathore
A., Agarwal M. Eco-friendly spectrophotometric
estimation of atenolol tablets using metformin
hydrochloride as hydrotropic solubilizing agent//
Journal of Global Pharma Technology. 2010.
Vol. 2. Pp. 93–96.
[84] Maheshwari R., Moondra S. A novel
method for quantitative determination of aceclofenac
in bulk drug and tablets using sodium salicylate as
a hydrotropic solubilising agent // J. Adv. Pharm.
Technol. Res. 2010. Vol. 1. Pp. 78–82.
[85] Jadhav S., Bhatia M., Thamake S.,
Pishawikar S. Spectrophotometric methods for
estimation of atorvastatin calcium form tablet dosage
forms // Int. J. PharmTech. Res. 2010. Vol. 2.
Pp. 1948–1953.
[86] Chhajed M., Chhajed A., Shrivastava A.,
et al. New quantitative estimation of acetazolamide
bulk sample using hydrotropic solubilising agents //
World Journal of Pharmaceutical Research. 2012.
Vol. 1. Pp. 50–57.
[87] Shukla R., Patel A., Soni M., Modi V.
Quantitative spectrophotometric estimation of
Cefadroxil using hydrotropic solubilization technique
// Asian. J. Pharm. 2008. Vol. 2. Pp. 146–147.
[88] Maheshwari R., Mathur V., Satrawala Y.,
Sing R. Eco-friendly spectrophotometric estimation
of diclofenac sodium in tablets using N, N-dimethyl
urea as hydrotropic solubilising agent // International
Research Journal of Pharmacy. 2010. Vol. 1. Pp.
157–160.
[89] Jain R., Jain N., Jain D., et al. Novel
UV spectrophotometer methods for quantitative
estimation of metronidazole and furazolidone using
mixed hydrotropy solubilization // Arabian Journal
of Chemistry. doi:10.1016/j.arabjc. 2013.09.003.

Физическое материаловедение

[90] Jain N., Jain R., Jain D., et al. Novel
UV spectrophotometric method for quantitative
estimation of furazolidone using mixed hydrotropic
agent// Pak. J. Pharm. Sci. 2013. Vol. 26.
Pp. 159–162.
[91] Maheshwari R., Shukla R. Novel method for
spectrophotometric analysis of hydrochlorothiazide
tablets using niacinamide as hydrotropic solubilising
agent // Asian. J. Pharm. 2008. Vol. 2. Pp. 68–69.
[92] Maheshwari R., Rathore A., Agrawal
A., Gupta M. Spectrophotometric estimation
of indomethacin capsules with niacinamide as
hydrotropic solubilising agent // Pharm. Methods.
2011. Vol. 2. Pp. 184–188.
[93] Pandey S., Maheshwari R. A novel
spectrophotometric method for the estimation of
ketoprofen in tablet dosage form using hydrotropic
solubilisation phenomenon // World. Appl. Sci. J.
2010. Vol. 11. Pp. 1524–1527.
[94] Patil D. Spectroscopic determination of
lovastatin by hydrotropic solubilization technique
// International Journal of Pharmaceutical and
Chemical Sciences. 2012. Vol. 1. Pp. 1142–1144.
[95] Sable P., Chaulang G., Bhosale A. Novel
spectrophotometric estimation of izetemib, losartan
and simvastatin using hydrotropic solubilising
agents // Int. J. Chemtech. Res. 2009. Vol. 1.
Pp. 1393–1397.
[96] Maheshwari R., Chaturvedi S., Jain N.
Novel spectrophotometric estimation of some poorly
soluble drugs using hydrotropic solubilising agents//
Ind. J. Pharma. Sci. 2006. Vol. 68. Pp. 195–198.
[97] Maheshwari R., Indurkhya A., Jawade
S., Jagwani S. Spectrophotometric estimation of
naproxen tablets employing sodium benzoate as
hydrotropic additive//The Indian Pharmacist. 2009.
Vol. 8. Pp. 75–77.
[98] Maheshwari R., Wanare G., Chahar N., et
al. Quantitative estimation of naproxen in tablets
using ibuprofen sodium as hydrotropic agent //
Indian. J. Pharm. Sci. 2009. Vol. 71. Pp. 335–337.
[99] Maheshwari R., Bishnoi S., Kumar D.,
Krishnan M. Quantitative spectrophotometric
determination of ornidazole tablet formulations
using ibuprofen sodium as hydrotropic solubilizing
agent // Dig. J. Nanomater. Bios. 2010. Vol. 5.
Pp. 97–100.
[100] Maheshwari R., Srivastav V., Prajapat
R., et al. New spectrophotometric estimation of
ornidazole tablets employing urea as a hydrotropic
solubilizing additive // Indian. J. Pharm. Sci. 2010.
Vol. 72. Pp. 258–261.
[101] Sherje A., Desai R. Spectrophotometric
determination of poorly water soluble drug
rosiglitazone using hydrotropic solubilization
technique, Indian // J. Pharm. Sci. 2011. Vol. 73.

Pp. 579–582.
[102] Chavhan V., Naghbhidkar N., Shukla
M., Singh V. UV spectrophotometric method
development and validation for estimation of
simvastatin in bulk and tablet dosage form using
mixed hydrotropy solubilisation technique // An
International Journal of Advances in Pharmaceutical
Sciences. 2014. Vol. 5. Pp. 1740–1750.
[103] Maheshwari R., Rajput M., Sinha S. Ecofriendly spectrophotometric estimation of tinidazole
in tablets using lignocaine HCL as a hydrotropic
solubilising agent // Asian Journal of Pharmaceutics.
2009. Vol. 3. Pp. 319–321.
[104] Sharma M., Sharma S., Sharma
A.
Hydrotropic
solubilization
phenomenon
spectrophotometric estimation of tenfovir disoproxil
fumerate tablet // J. Chemical. Pharm. Res. 2010.
Vol. 2. Pp. 411–415.
[105] Gaikar V., Sharma M. Separations
with hydrotropes // Sep. Technol. 1993. Vol. 3.
Pp. 2–11.
[106] Gaikar V.G., Sharma M.M. Note:
extractive separations with hydrotropes // Solvent.
Extr. Ion. Exc. 1986. Vol. 4. Pp. 839–846.
[107] Perry R. Perry’s Chemical Engineers
Handbook. 7th ed. New York: Mcgraw-Hill, 1997.
[108] Bhat M., Gaikar V. Characterization of
interaction between butyl benzene sulfonates and
cetyl trimethyl ammonium bromide in a mixed
aggregate systems // Langmuir. 1999. Vol. 5.
Pp. 4740–4751.
[109] Agarwal M., Gaikar W. Extractive
separations using hydrotropes // Sep. Technol.
1992. Vol. 2. Pp. 79–84.
[110] Kanan K., Al-Jabari M., Kayali I. Phase
behavioral changes in SDS association structures
induced by cationic hydrotropes //Arabian Journal
of
Chemistry.http://dx.doi.org/10.1016/j.arabjc.
2012.08.003
[111] Dandekar D., Jayaprakasha G., Patil B.
Hydrotropic extraction of bioactive limonin from
sour orange (Citrus aurantium L.) seeds //Food.
Chem. 2008. Vol. 109. Pp. 515–520.
[112] Dandekar D., Gaikar V. Hydrotropic extraction of curcuminoids from turmeric // Separ.
Sci. Technol. 2003. Vol. 38. Pp. 1185–1215.
[113] Sharma R., Gaikar V. Hydrotropic extraction of reserpine from rauwolfia vomitoria roots //
Separ. Sci. Technol. 2012. Vol. 47. Pp. 827–833.
[114] Padalkar K., Gaikar V. Extraction of piperine from piper nigrum (black pepper) by aqueous solutions of surfactant and surfactant + hydrotrope mixtures // Separ. Sci. Technol. 2008. Vol. 43.
Pp. 3097–3118.
[115] Ansari K., Gaikar V. Green hydrotropic
extraction technology for delignification of sugar-

137

Научно-технические ведомости СПбГПУ. Физико-математические науки № 4(230) 2015

cane bagasse by using alky benzene sulfonates as
hydrotropes // Chem. Eng. Sci. 2014. Vol. 115.
Pp. 1157–1166.
[116] Tavare N., Jadhav V. Separation through
crystallization and hydrotropy: the 6-aminopenicillanic acid (6-APA) and phenoxyacetic acid (PAA)
system // J. Cryst. Growth. 1999. Vol. 198–199.
Pp. 1320–1325.
[117] Mou H., Heikkila E., Fardim P. Topochemistry of alkaline, alkaline-peroxide and hydrotropic pre-treatments of common reed to enhance enzymatic hydrolysis efficiency //Bioresource.
Technology. 2013. Vol. 150. Pp. 36–41.
[118] Mou H., Heikkila E., Fardim P. Topochemistry of environmentally friendly pre-treatments to enhance enzymatic hydrolysis of sugar
cane bagasse to fermentable sugar // J. Agric. Food.
Chem. 2014. Vol. 62. Pp. 3619–3625.
[119] Mou H., Orblin E., Kruus K., Fardim P.
Topochemical pre-treatment of wood biomass to
enhance enzymatic hydrolysis of polysaccharides
to sugars // Bioresour. Technol. 2013. Vol. 142.
Pp. 540–545.
[120] Devendra L., Gaikar V. Is sodium cinna-

mate a photo switchable hydrotrope // J. Mol. Liq.
2012. Vol. 165. Pp. 71–77.
[121] Simamora P., Alvarez J., Yalkowsky S.
Solubilization of rapamycin // Int. J. Pharm. 2001.
Vol. 213. Pp. 25–29.
[122] Kamble S., Kumbhar A., Jadhav S., Salunkhe R. Microwave assisted attractive and rapid
process for synthesis of octahydroquinazolinone in
aqueous hydrotropic solutions // Procedia Materials
Science. 2014. Vol. 6. Pp. 1850–1856.
[123] Kamble S., Kumbhar A., Rashinkar G., et
al. Ultrasound promoted efficient and green synthesis of b-amino carbonyl compounds in aqueous
hydrotropic medium //Ultrasonics. Sonochemistry.
2012. Vol. 19. Pp. 812–815.
[124] Khadilkar B., Gaikar V., Chitnavis A.
Aqueous hydrotrope solution as a safer medium for
microwave enhanced hantzsch dihydropyridine ester synthesis //Tetrahedron Letters. 1995. Vol. 30.
Pp. 8083–8086.
[125] Kamble S., Kumbhar A., Jadhav S., Salunkhe R. Aza-Micheal reaction in glycerol as a sustainable hydrotropic medium // Materials Today:
Proceedings. 2015. Vol. 2. Pp. 1792–1798.

Сведения об авторах

ДХАПТЕ Вивидха Вишвас – Ph.D., доцент кафедры фармакологии
г. Пуны при Университете Бхарати, г. Пуна, Индия.
Erandwane, Kothrude, Pune 411038, Maharashtra, India
vividhapte@gmail.com

Фармацевтического колледжа

МЕХТА Пьюш Прадип – мастер фармацевтики, кафедра обеспечения качества Фармацевтического колледжа г. Пуны при Университете Бхарати, г. Пуна, Индия.
Erandwane, Kothrude, Pune 411038, Maharashtra, India
piyu053@mail.com

 СанктПетербургский политехнический университет Петра Великого, 2015

138

