
INTRODUCTION
Numerous factors, including the amount of drug, pH, 
gelation temperature (Tsol–Tgel), mucoadhesive strength, 
viscosity, statistical analysis, and study on histology, rapid 
stability analysis, in-vitro dispersion analysis, and ex vivo 
penetration analysis to improve our formulation.1 The drug 
component’s nature, physical characteristics, and qualities 
were examined, and the melting point was determined using a 
capillary and the melting point device.2 In drug development, 
insufficient solubility remains a prevalent and worsening issue, 
underscoring the need to enhance drug solubility through 
various techniques.3 Factors such as temperature, molecular 
weight, pH, and the physical and chemical properties of 
solutes and solvents influence solubility. Thermodynamic 
equilibrium solubility is reached when the system’s energy is 
minimized.4 BCS class II drugs, like phenytoin and nifedipine, 
and BCS class IV drugs, such as hydrochlorothiazide and 
taxol, illustrate poorly soluble medications.5,6 Hydrotropy, 
first reported by Neuberg in 1916, increases the solubility of 
one solute in water by adding a significant quantity of another 
solute, a hydrotrope. Hydrotropic solutions generally show 
weak interactions between hydrotropes and solutes and lack 
colloidal properties.7 Hydrotropes, salts of organic acids, 
greatly enhance the solubility of sparingly soluble solutes.8 
The rise of genomics, combinatorial chemistry, and high-
throughput screening has led to an increase in potential drug 

candidates, many of which are poorly soluble and hydrophobic. 
Solubility is a critical property for drug development, affecting 
bioavailability and the feasibility of various dosage forms. 
Experimental formulations often require high concentrations 
for preclinical studies, and while organic co-solvents like 
DMSO are used, they pose toxicity risks and are unsuitable 
for therapeutic applications.9 Hydrotropes offer a promising 
solution to these challenges, providing a robust solubilizing 
system across a range of poorly soluble drugs. Despite the 
extensive study of hydrotropes like nicotinamide, which 
offers limited solubility enhancement, there is a need for 
stronger hydrotropes to create more effective solubilization 
vehicles.10,11 The development of a versatile hydrotropic 
system faces challenges, including accommodating diverse 
pharmacological compounds and optimizing hydrotrope 
doses. This study explores the solubilizing characteristics of 
hydrotropic systems, with ongoing research addressing these 
challenges.11-15 
Steps of Hydrotropic Solubilization

Hydrotropic solubilization enhances the solubility of poorly 
water-soluble drugs using hydrotropic agents
•	 Selection of Hydrotropic Agents: Choose agents like urea, 

sodium benzoate, sodium salicylate, nicotinamide, or 
sodium citrate based on their solubilization efficacy for 
the target drug. 
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Figure 2: Diagram of hydrophilic part•	 Preparation of Hydrotropic Solution: Create a water-based 
solution with the selected agent, adjusting concentration 
based on drug solubility and desired final formulation 
concentration. 

•	 Drug-Hydrotrope Interaction: Study interactions to 
optimize solubilization and formulation parameters.

•	 Solubilization Technique: Use methods like mixing, 
heating, sonication, or stirring to improve drug solubility. 

•	 Formulation Characterization: Assess the solubilized 
drug-hydrotrope complex using UV-visible spectroscopy, 
HPLC, or DSC. 

•	 Optimization of Formulation: Adjust hydrotrope 
concentration, temperature, and pH for maximum 
solubilization. The steps of hydrotropic solubilization are 
shown in Figure 1.

The basic structure of hydrotrope and its history:
Neuberg introduced the term “hydrotropy” to describe 
increased solubility of a solute with high concentrations 
of organic acid alkali metal salts.7 Initially applied to non-
micelle-forming substances, hydrotropy involves cooperative 
intermolecular interactions rather than complexation or 
cosolvency. Hydrotropic agents, like sodium benzoate, 
typically have a hydrophobic aromatic ring and an anionic 
group that enhances aqueous solubility. Studies16,17 found 
that amphiphilic drugs, such as sodium ibuprofen, can act 
as effective hydrotropes. El-Khordagui16 proposed that some 
cationic salts and neutral molecules, including procaine 
HCl and pyrogallol, may also exhibit hydrotropy. The basic 
structure of a hydrotrope is shown in Figure 2.
Significance of hydrotropic solubilization technique17

•	 Because hydrotropy’s solvent character is very selective, 
pH-independent, and emulsification-free, it is considered 
a superior solubilization technique compared to other 
methods such as salting in, cosolvency, micellar 
solubilization, and miscibility.

•	 All that needs to be done is combine the medication and 
hydrotrope in water.

•	 The medication and hydrotrope only need to be mixed 
with water.

Mechanism of solubilization
Numerous studies have investigated hydrotropic solubilization 
mechanisms. One proposed mechanism is complexation, 
where hydrotropic agents form complexes with poorly soluble 
drugs, enhancing solubility, exemplified by the riboflavin-
nicotinamide system. Another mechanism involves the 
self-association of hydrotropes in aqueous solutions, such as 
nicotinamide, which improves solubility.18 Molecular dynamics 
simulations have shed light on interactions during dissolution 
and self-assembly of hydrotropes like nicotinamide.19 Research 
also explores other agents, like N,N-diethyl nicotinamide, to 
understand solubilization mechanisms.20

Other Mechanisms Proposed Are

Salt-induced hydrotropy
Salt-induced hydrotropy enhances the solubility of poorly 
soluble substances by adding salts like sodium salicylate, 
sodium benzoate, and sodium citrate to aqueous solutions. 
These salts dissociate into ions, which interact with 
solute molecules through ion-dipole interactions, breaking 
hydrophobic bonds and facilitating the solute’s dispersion in 
water.21

Micellar hydrotropy
Amphiphilic compounds, like surfactants, form micelles 
in aqueous solutions, similar to micellar hydrotropy, 
which involves a critical micelle concentration (CMC). 
Hydrotropes also have a solubilization threshold called the 
“minimum hydrotrope concentration” (MHC). Micelles 
feature a hydrophobic core with hydrophilic heads outward 
and hydrophobic tails inward, allowing hydrophobic 
solutes to dissolve in the aqueous solution.22 Lower 
alkanoates, alkyl sulfates, and alkylbenzenesulfonates 
exhibit hydrotropic behavior, while longer alkyl chains 
show micellar behavior.23

Co-solvent hydrotropy
Co-solvent hydrotropy is a technique that entails adding 
organic solvents that are miscible with water to aqueous 

Figure 1: Steps of hydrotropic solubilization
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solutions in order to enhance the solubility of hydrophobic 
substances. The organic solvent molecules engage in 
interactions with both water molecules and solute molecules, 
creating a more advantageous environment for solubilization.24 
Typical solvents used include ethanol, propylene glycol, and 
polyethylene glycol. 
Polymeric hydrotropy
Water-soluble polymers are used in polymeric hydrotropy 
to increase the solubility of hydrophobic compounds in 
aqueous solutions. By interacting or forming complexes 
with the solute molecules, these polymers may efficiently 
increase the solute molecules’ dispersibility in water.25 
Among the polymers used in polymeric hydrotropy include 
cyclodextrins, hydroxypropyl methylcellulose (HPMC), and 
polyvinylpyrrolidone (PVP).
Types of Hydrotropic Agent

Aromatic hydrotropes
Toluene, xylene, and cumene, benzene derivatives, act as 
aromatic hydrotropes, dissolving hydrophobic chemicals 
through π-π interactions and hydrophobic forces. Their 
effectiveness depends on alkyl chain length and aromatic ring 
substitution. The minimum hydrotropic concentration (MHC) 
is measured using an aggregate-to-monomer emission ratio 
method, avoiding interference from probes or additives.26 
Nicotinamide, a safe vitamin B3, is a common hydrotropic 
agent, with complexation as the primary solubilization 
method.14 Hydrotropes include anionic (e.g., sodium benzoate) 
and cationic (e.g., para-aminobenzoic acid hydrochloride) 
types.27

Aliphatic hydrotropes
Alcohols with a straight or branched chain, like ethanol and 
isopropanol, are classified as aliphatic hydrotropes. These 
substances cause hydrogen bonding to break down the 
structure of water, which promotes solute solubility. Examples 
of aliphatic hydrotropes are sodium alkanoate, urea and N, 
N-dimethyl urea.27

Polymeric hydrotropes
Because they are amphiphilic, polymers like polyethylene 
glycol (PEG) and polyvinylpyrrolidone (PVP) display 
hydrotropic behavior. These polymers can solubilize a wide 
variety of substances because they include segments that are 
both hydrophilic and hydrophobic. So far, many polymeric 
solubilizing systems, such as polymeric micelles and micelle-
like aggregates from polymeric amphiphiles, have been used 
to enhance the solubility of pharmaceuticals that are not easily 
soluble in water.25

Sugar-based hydrotropes
Sugars such as glucose and sucrose have hydrotropic qualities 
because of the hydrophilic hydroxyl groups that they contain. 
As a result of their formation of hydrogen bonds with water 
molecules, hydrophobic substances become more easy to 
dissolve.26

Factors Affecting Solubility of Drugs14,26-29

Nature of solvent
The solubilization process is tremendously impacted by the 
nature of the solvent that is used. Using hydrogen bonding, 
polar solvents like water are able to effectively dissolve polar 
solutes. On the other hand, nonpolar solvents, which are 
characterized by van der Waals forces, are more successful 
in dissolving nonpolar solutes. In order to achieve effective 
solubilization, it is essential that the solute be compatible with 
the polarity composition of the solvent.
Temperature
The kinetics of solubilization are significantly impacted by 
temperature, which is an important factor. In endothermic 
dissolving processes, the solubility of the substance often 
rises as the temperature becomes higher. The solubility 
of substances may, however, decrease with increasing 
temperature in the case of exothermic activities. When it 
comes to optimizing solubilization settings, having a solid 
understanding of the correlations between solubility and 
temperature is very necessary.
Pressure
Pressure may affect solubility, especially in systems where 
gases are present. For example, Henry’s law says that the 
solubility of a gas in a liquid is exactly proportional to the 
partial pressure of the gas above the liquid. High pressure 
may promote gas solubility, altering solubilization processes 
in systems like carbonation.
Particle size and surface area
Finely split solutes with greater surface area display higher 
solubility owing to improved interaction with the solvent. 
Particle size reduction using processes like milling or 
micronization may considerably enhance solubilization 
efficiency, especially for weakly soluble substances. 
Polarity
According to the principle of “like dissolves like,” polar 
chemicals dissolve readily in polar solvents and nonpolar 
substances dissolve readily in nonpolar solvents.
Commonly Used Hydrotropes30-34

Hydrotropes are known to self-assemble in solutions. Due 
to the wide range of compounds exhibiting hydrotropic 
behavior, including ethanol, salicylates, caffeine, and SDS, 
classifying them by chemical structure is complex. The 
present investigation focuses on the enhancement of the 
solubility and dissolution rate of poorly water-soluble drug 
rosuvastatin calcium by hydrotropic and mixed hydrotropic 
agents in solid dispersion techniques. The techniques of rotary 
evaporation and lyophilization prepared solid dispersion by 
using urea, sodium salicylate, and sodium benzoate. The study 
will evaluate the compatibility of pharmaceutical excipients 
and compare the solubility and dissolution profiles of the 
rosuvastatin calcium solid dispersion.
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MATERIALS AND METHODS
This review article examines hydrotropic solubilization 
technology through a comprehensive analysis of literature on 
hydrotrope composition, history, and types. Key sources include 
recent studies, computational modeling, and QSAR analyses 
related to hydrotropic systems. The review synthesizes findings 
on hydrotropic agent optimization and their impact on drug 
solubility, bioavailability, and pharmacokinetics. Data were 
collected from peer-reviewed journals and scientific databases, 
focusing on advancements in hydrotropic technology and its 
implications for pharmaceutical formulations and patient care.
Evaluation of Rosuvastatin Calcium Solid Dispersions
•	 To determine the percent drug content, 100 mL of 0.05 

M citrate buffer pH 6.6 was added to 10 mg rosuvastatin 
calcium in SDRE, SDFD and physical mixtures with 
hydrotropic agents (sodium benzoate, sodium salicylate, 
urea) in a 100 mL volumetric flask. Then, the solution was 
filtered through a 0.45 μm syringe filter after 30 minutes of 
shaking and appropriately diluted with the same solvent. 
Read the UV-visible spectrophotometer at 241 nm.35 The 
analysis was repeated three times for accuracy.

•	 Percentage determination of drug yield the weight of the 
dried solid dispersion was determined by the following 
procedure, which then multiplied by the weight of the 
starting components yielded the percentage yield.36

•	 The solubility of pure rosuvastatin calcium, solid 
dispersions, and physical mixtures was determined by 
doing the solubility study in distilled water. Saturation 
solubility was measured in triplicate by the Higuchi and 
Connors method. Samples were shaken for 24 hours at 
37 ± 0.5°C in a mechanical isothermal bath shaker and 
then allowed to equilibrate for a further 24 hours. The 
aliquots were filtered through a 0.45 μm syringe filter, 
diluted, and analyzed using a UV-visible double-beam 
spectrophotometer.37 

•	 Dissolution rate studies for rosuvastatin calcium solid 
dispersions, physical mixtures, and pure drug were 
conducted using USP apparatus I with a basket stirrer. 
The dissolution medium consisted of 900 mL of 0.05 
M citrate buffer (pH 6.6), recommended by the FDA for 
rosuvastatin calcium.32 The system was maintained at 
37 ± 0.5°C with a rotation speed of 50 rpm. Ten mg of 
rosuvastatin calcium from each solid dispersion was used, 
and 5 ml samples were taken at 5, 10, 15, 20, 30, and 45 
minutes and replaced with fresh medium. Samples were 
filtered through a 0.45 μm filter, diluted, and analyzed 
spectrophotometrically at 241 nm. Results were plotted 
against time and compared with the pure drug. Each 
formulation was tested in triplicate.36,37

•	 Fourier Transform Infrared Spectroscopy (FTIR) was 
conducted using an FT/IR-6700 JASCO spectrophotometer. 
FTIR spectra were recorded for samples (2 mg in 200 mg 
KBr) across a 400 to 4000 cm⁻¹ range at 4 cm⁻¹ resolution. 
Analyzed samples included pure rosuvastatin calcium, 
sodium benzoate, sodium salicylate, and urea.38

•	 Differential Scanning Calorimetry (DSC) was performed 
using a DSC 3 Mettler Toledo. Thermograms were 
recorded for hydrotropic agents, solid dispersions (SDs), 
drug physical mixtures (PM), and pure rosuvastatin 
(ROS). Four milligrams of each sample were weighed, 
sealed in an aluminum pan, and heated from 30 to 300°C 
at 10°C per minute in a nitrogen environment with a 
20 mL/min flow rate.38

Computational Modelling and Simulation
In many branches of science and engineering, computational 
modeling and simulation are effective methods for 
comprehending, forecasting, and improving complicated 
systems. In the context of developing new medications and 
employing hydrotropic agents to solubilize poorly water-
soluble medications.39

Molecular Dynamics (MD) Simulations

Purpose
Molecular dynamics (MD) simulations provide detailed 
insights into molecular interactions, making them essential 
for studying the solubilization of poorly water-soluble drugs 
with hydrotropic agents. Acting as an in-silico laboratory, 
MD simulations visualize structural changes and molecular 
behaviors, revealing the formation and mechanisms of 
drug-hydrotrope complexes. These simulations also predict 
the dynamic stability and thermodynamic properties of 
drug-hydrotrope systems, enabling the optimization of 
formulations by modeling varying concentrations, solvents, 
and temperatures. MD simulations thus support experimental 
studies and guide the rational design of effective drug delivery 
systems by offering crucial molecular-level insights.40,41

Applications

Comprehending molecular interactions
The MD simulations can thus provide valuable insights into 
the formation process and stability of molecular complexes, 
that is, with dynamic interactions between hydrotropic agents 
and weakly water-soluble medicines.
Virtual experimentation
They permit in-silico tests in a manner tantamount to a ‘virtual 
laboratory.’ Hence, MD simulations allow for testing under 
very different parameters, like temperature or solvent type 
and concentration—all relevant when attempting to optimize 
drug delivery systems.41

Atomic-level visualization
In addition, MD simulation is able to offer a unique view into 
atomic-level interactions and the structure of molecules. This 
kind of graphic representation helps in the best communication 
of research findings and explanations of complicated chemical 
processes.
Optimization of formulation conditions
MD simulations allow for virtual experiments in which 
several formulation conditions can be changed—for instance, 
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concentration, temperature, and choice of solvent. It helps in 
optimizing conditions for maximum solubilization efficiency.
Correlation with experimental data
Such MD simulations deliver results correlating with the 
experimental data to validate computational predictions. This 
iterative process shall guarantee a thorough understanding of 
the solubilization process and enhance the reliability of the 
findings.42

Quantitative Structure-Activity Relationship (QSAR)
Computational techniques like quantitative structure-activity 
relationship (QSAR) investigations help establish the link 
between a molecule’s chemical structure and its solubility 
efficiency. QSAR connects molecular characteristics, such 
as lipophilicity and molecular weight, to the solubilization 
efficiency of hydrotropic agents with poorly water-soluble 
drugs. After pre-processing the dataset, statistical methods 
or machine learning algorithms develop a predictive QSAR 
model, which is validated using statistical metrics. This 
approach aids in optimizing hydrotropic agents for effective 
drug delivery systems and their logical design.43 The QSAR 
study for solubilization of poorly water-soluble drugs is shown 
in Table 1.
Optimization Of Hydrotropic Agent Concentrations
Selecting optimal hydrotropic agents for poorly water-
soluble drugs requires careful consideration. The process 
involves experimental studies and computer modeling to 
determine the best concentration for maximum solubilization 
efficiency. Agents are chosen based on chemical structures, 
with quantitative structure-activity relationship (QSAR) 
analyses predicting their solubilizing potential. Experimental 

validation, including in-vitro assays and dissolution studies, 
fine-tunes these predictions. Systematic optimization varies 
agent concentrations to improve drug solubility, bioavailability, 
and therapeutic efficacy, merging computational insights with 
empirical data for effective drug delivery systems.44

Virtual Screening of Hydrotropic Agents
Virtual screening is a key computational method in 
drug development for identifying potential hydrotropic 
solubilizers for poorly water-soluble drugs. This approach 
involves screening chemical databases using algorithms like 
pharmacophore-based methods or molecular docking. Scoring 
functions assess binding affinity, while molecular descriptors 
and filters refine candidate selection. Experimental validation 
confirms predictions, streamlining lead optimization. This 
method accelerates the development of high-bioavailability 
drug delivery systems, making drug development faster 
and more cost-effective, especially for low-solubility 
pharmaceuticals.
Database Selection
In the in-silico screening of hydrotropic compounds for 
poorly water-soluble pharmaceuticals, a well-curated and 
diversified chemical database is crucial. Researchers should 
select a database including custom libraries, natural products, 
and commercial substances, considering solubilization 
mechanisms, structural complexity, and chemical diversity. A 
well-chosen database ensures comprehensive chemical space 
coverage and improves the likelihood of identifying effective 
solubilizers. It should align with study objectives, focusing on 
agents known to enhance medication solubility.45

Lead Optimization
In virtual screening, lead optimization involves refining 
hydrotropic agents with the best interactions through structural 
changes or computational techniques to enhance solubilization. 
This iterative process improves chemical structure for better 
drug solubility. Lead optimization bridges computational 
predictions with real applications, guiding the selection of 
agents with high potential for experimental validation and 
advancement in drug delivery systems.45

Synergistic Effects in Solubilization
Synergistic solubilization involves combining hydrotropic 
agents with co-solvents or surfactants to enhance the 
solubility of poorly water-soluble drugs. This approach 
leverages the strengths of each component, achieving a 
more effective outcome than individual contributions. By 
integrating hydrotropic agents with other agents, the rate 
of drug solubilization increases, overcoming solubility 
challenges and improving bioavailability and pharmacological 
efficiency. This method also reduces individual component 
concentrations, minimizing potential toxicity. The synergy 
between solubilization techniques supports the development of 
advanced drug delivery systems with better stability, controlled 
release, and improved patient outcomes.46

Table 1: QSAR Study for solubilization of poorly water-soluble drugs

Step Description
Specify the goal Outline the purpose and targets of 

the research, with an emphasis on the 
solubilization of medications with 
hydrotropic agents.

Data collection   Compile a dataset that includes the 
chemical structures, solubilization 
efficiencies, and hydrotropic agents.

Molecular descriptors Determine the pertinent molecular 
descriptors (such as lipophilicity and 
molecular weight) in order to quantify 
chemical structures.

Data pre-processing Treat outliers, handle missing values, 
and normalize the dataset to make it 
clean and ready for pre-processing.

Model development Utilizing statistical methods (such as 
machine learning and linear regression) 
to establish a relationship between 
molecular descriptors and solubilization 
efficiency, create the QSAR model.

Validation To guarantee dependability and 
prediction precision, validate the QSAR 
model with statistical measures.
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Different Techniques for Solubility Enhancement

Physical modifications
Particle size reduction by micronization, nanosuspension, 
dispersion of drug in carriers like eutectic mixes, solid 
dispersions, solid solutions, and cryogenic procedures; crystal 
habit modification by polymorphs, amorphous form, and 
co-crystallization.
Chemical modifications
Change of pH, use of buffer, derivatization, complexation, and 
salt formation. 
Miscellaneous methods
Adjuvants such as surfactants, solubilizers, co-solvency, 
hydrotrophy, and innovative excipients are used in the 
supercritical fluid process.47

Biological Barrier and Transport Mechanism

Biological barriers
Poorly water-soluble drugs struggle with effective delivery 
due to biological barriers in cellular membranes, which 
hinder their passive diffusion and impact absorption and 
bioavailability. Hydrophobic properties limit their passage 
through these membranes, which are primarily composed of 
proteins and lipids. Hydrotropic agents enhance solubility, 
aiding in overcoming these barriers and improving drug 
absorption. Advances in nanotechnology further refine drug 
delivery by targeting specific cellular uptake mechanisms. 
Addressing these biological limitations is crucial for enhancing 
the therapeutic efficacy of hydrophobic medications and 
optimizing formulations.48

Passive diffusion
Molecules travel across biological membranes by a basic 
process called passive diffusion, which transfers them from a 
region of higher concentration to one of lower concentration. 
It runs on the gradient of concentration and doesn’t need any 
energy.
Characteristics of Passive Diffusion

Concentration gradient
This is a type of passive diffusion based on differences in 
concentration for a given substance inside and outside the 
cell. Movement of substances takes place in this direction of 
gradient till it reaches equilibrium.
Lipid solubility
The main passive diffusion barrier is the lipid bilayer of 
cellular membranes. Thus, substances that are lipophilic 
or hydrophobic cross the membrane rich in lipids more 
easily.
Size and charge
The smaller the molecule and more neutral the charge, the 
more easily the molecule will diffuse. Charged molecules may 
be completely unable to move through the plasma membrane 
because the lipids are hydrophobic.49

Active transport
Active transport is a key biological process by which cells 
transfer molecules against their concentration gradient, from 
low to high areas of concentration. Unlike passive diffusion, 
active transport requires an energy supply that drives the 
translocation of materials through the cell membrane; this is 
often provided by adenosine triphosphate, ATP. This process 
makes sure of the selective intake of certain molecules and 
thus sustains cellular homeostasis.
Characteristics of Active Transport

Energy utilization
Active transport is an application process in which energy 
is used to move the molecules against their concentration 
gradient. The energy is usually derived from the hydrolysis 
of ATP.
Carrier proteins
Proteins in the membrane-associated with active transport 
are referred to as carrier proteins or pumps. In this case, the 
protein undergoes a conformational change in an energetically 
dependent process for the active movement of substances 
across the membrane.
Against concentration gradient
Active transport moves molecules against their natural 
tendency to diffuse down the concentration gradient, allowing 
cells to accumulate substances even when their extracellular 
concentration is low.50

Facilitated diffusion
Facilitated diffusion allows compounds to move from higher to 
lower concentration across cell membranes via specific carrier 
or channel proteins, aiding those that struggle to cross the lipid 
bilayer due to their hydrophilic nature, size, or charge.
Features of Diffusion with Assistance

Protein facilitation
Substances can pass across cell membranes more easily when 
they are transported by carrier or channel proteins. Certain 
chemicals can be transported through the channels made by 
these proteins.
Selective specificity
Carrier proteins that display selectivity for specific compounds 
enable extremely selective diffusion. These proteins’ binding 
sites are designed to identify and transfer specific compounds.

Even though proteins are involved in assisted diffusion, it is 
still a passive process because it depends on the concentration 
gradient and doesn’t use any energy.51

Endocytosis and Exocytosis
Materials are moved into and out of cells by the biological 
processes of exocytosis and endocytosis, respectively. 
These processes all significantly impact the regulation of 
cellular communication, waste elimination, and nutrition 
intake.
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Endocytosis
Endocytosis is a cellular process by which cells engulf external 
materials, forming vesicles derived from the cell membrane. 
There are several types of endocytosis, including phagocytosis, 
pinocytosis, and receptor-mediated endocytosis.
•	 Phagocytosis: In phagocytosis, large particles such 

as bacteria or cellular debris are engulfed by the cell. 
Specialized cells, like macrophages, are often involved 
in this process.

•	 Pinocytosis: Pinocytosis, or “cell drinking,” involves 
the non-selective uptake of fluid and solutes. The cell 
membrane invaginates, trapping extracellular fluid and 
solutes in small vesicles.

Exocytosis
Exocytosis is the reverse process of endocytosis. It involves the 
release of substances from the cell by fusion of vesicles with 
the cell membrane. This results in the extracellular release of 
the vesicle’s contents.
•	 Vesicle fusion
Secretory vesicles, formed within the cell, move towards 
the cell membrane and fuse with it. This fusion releases the 
contents of the vesicle into the extracellular space.
•	 Role
Exocytosis is crucial for the secretion of various substances, 
including hormones, neurotransmitters, and enzymes. 
It is involved in processes such as cell communication, 
neurotransmission, and the release of digestive enzymes.52

In-Vivo Pharmacokinetics and Pharmacodynamics

Solubilization of poorly water-soluble drugs
Many drugs, especially those with low aqueous solubility, 
face challenges in absorption and bioavailability. Hydrotropic 
agents act by increasing the solubility of such drugs in aqueous 
solutions through the formation of complexes or micelles.
Pharmacokinetics and pharmacodynamics
Enhanced solubility from hydrotropic agents improves drug 
absorption and bioavailability, leading to better dissolution in 
the gastrointestinal tract and across biological membranes. 
This increased bioavailability can result in more effective 
therapeutic concentrations and improved pharmacological 
effects.
In-vivo studies
In-vivo pharmacokinetic studies involve the assessment of 
drug absorption, distribution, metabolism, and elimination in 
living organisms. In the presence of hydrotropes, such studies 
could reveal changed pharmacokinetic profiles like increased 
bioavailability and faster absorption.
In-vivo pharmacodynamic studies
Pharmacodynamic studies assess the in-vivo relationship 
between drug concentrations and therapeutic effects. The 
application of hydrotropic agents can result in more predictable 
and reproducible pharmacodynamic responses due to improved 
solubility and absorption.53

Clinical significance
Hydrotropic agents have an enormous application in the 
development of pharmaceutical formulations and, more 
particularly, for pharmaceuticals with poor solubility in water. 
It will help in developing formulations that will maximize drug 
delivery, improve patient compliance, and enhance therapeutic 
outcomes.54

Clinical Translation and Market Preservative
One of the major problems in pharmaceutical formulation is to 
increase the solubility of weakly water-soluble medicaments; 
hydrotropic agents play a key role in this regard. The term 
“hydrotropy” designates the phenomenon where some 
compounds, called hydrotropic agents, enhance the solubility 
of poorly water-soluble drugs in aqueous solutions. This 
process is based on the complex structural formation between 
the hydrotropic agent and drug molecules that gives rise to 
enhanced solubility. Applications of hydrotropic agents affect 
markets and therapeutic settings.
Clinical Translation

Improved bioavailability
Poorly water-soluble drugs generally have low bioavailability 
due to inadequate absorption. Hydrotropic agents enhance the 
solubility, which aids in better absorption and hence improves 
the bioavailability of the drug.
Enhanced therapeutic efficacy
In general, higher solubility tends to result in more consistent 
and reliable drug concentrations, thereby probably increasing 
the overall therapeutic efficiency by improving its bioavailability 
at an appropriate site of action.
Dose reduction
Enhanced solubility can have the clinical benefit of reduced 
dosing while maintaining therapeutic efficacy, which 
minimizes side effects and improves patient compliance.
Formulation flexibility
These hydrotropic agents can give the formulator more 
flexibility in designing a formulation. This is especially 
important in oral formulations, wherein the ability to solubilize 
quite often influences absorption.55

Market Perspective

Expanded market potential
This enhances the solubility of poorly water-soluble drugs, 
hence opening opportunities for the development and 
marketing of drugs that were otherwise considered tough 
because of solubility issues.
Life cycle management
To sum up, the re-formulation of existing drugs, which 
are facing patent expiry, using hydrotropic agents can 
be considered a cycle time extension strategy for such a 
product, either by means of increased efficacy or through the 
introduction of new dosage forms.
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Competitive advantage
Companies applying novel solubilization technologies, of 
which hydrotropic agents form one, are better placed to 
command product differentiation in the market—important 
in developing competitive advantage. This can become 
particularly relevant for the generic drug markets.
Market share and patient preference
Products with increased solubility and bioavailability will get 
more preference in the market, leading to an increased market 
share. Patients are also more attracted to formulations that give 
better efficacy and potentially fewer side effects.56

CONCLUSION
The development of hydrotropic solubilization technology has 
dramatically improved the problem of the low water solubility 
of medications. It offers a valid route to the improvement of 
therapeutic formulations by increasing drug solubility and 
bioavailability with the aid of hydrotropic agents. This paper 
is able to outline basic processes and variables impacting 
medication solubility by doing an in-depth review of the 
basic composition, history, and types of hydrotropes. One 
has to optimize the concentrations of hydrotropic agents 
and synergistic effects on solubilization in order to derive 
maximum advantages through the technique. Computational 
modeling and QSAR studies on the solubilizing characteristics 
of hydrotropic systems have created a better understanding 
and underlined its potential use in the development of drugs. 
The clinical significance of hydrotropes is further put forward 
by the capability to improve in-vivo pharmacokinetics and 
pharmacodynamics while letting go of the biological obstacles.
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