International Journal of Research Publication and Reviews, Vol 6, Issue 5, pp 18102-18109 May 2025

International Journal of Research Publication and Reviews

Journal homepage: www.ijrpr.com ISSN 2582-7421

WWW.IJRPR.COM

Solubility Enhancement in Pharmaceutical Formulations: A Review of
Recent Advances

Ayesha Subiya , Sheikh Azhar Ahmed®, Prathibha CV* ¢

?College of Pharmacy,Oxbridge College,Bengaluru,Karnataka, India.

®College of Pharmacy,Oxbridge College ,Bengaluru,Karnataka, India.

“Assistant professor,Department of Pharmaceutics,Oxbridge College of Pharmacy,Bengaluru,Karnataka, India.
E-mail: “prathibhacv7 @gmail.com

ABSTRACT

Solubility is a critical factor in pharmaceutical sciences as it affects the bioavailability and therapeutic efficacy of drugs.Many drugs exhibit poor water
solubility,leading to challenges in formulation and drug delivery. Various solubility enhancement techniques have been developed, including particle
size reduction,solid  dispersions,complexation  nanotechnology,co-solvency.  This review explores these techniques,their mechan-
isms,advantages,disadvantages,applications,in pharmaceutical formulationsthe study highlights the importance of solubility enhancement in drug deve-
lopement and the formulation of effective therapeutic agents. A comprehensive understanding of solubility emhancement methods is crucial for opti-
mizing drug delivery and improving patient outcomes. Solubility plays a crucial role in a drug dissolution,absorption,and ultimately the effectiveness of
a medication.
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1. Introduction

A substance's solubility is an essential characteristic, especially in the fields of chemistry, pharmaceuticals, and the environment. For a molecule to be
successful in industrial processes, medicine formulations, or environmental applications, it must be able to dissolve in a solvent. The restricted solubili-
ty of many chemicals, particularly weakly water-soluble medicines, poses serious problems for their overall effectiveness and bioavailability.

Several methods have been devised to improve these compounds' solubility in order to tackle this problem. The use of solubilizing agents, solid disper-
sions, particle size reduction, and complexation procedures are examples of common approaches. Lipid-based formulations and nanotechnology also
provide novel ways to increase bioavailability and the rate of dissolution. In the pharmaceutical business, where many medications' poor solubility can
lead to decreased efficacy and patient noncompliance, these improvement approaches are very crucial. Enhancing solubility is not just important for
drug development; it is also essential. in the food processing, agricultural, and other chemical sectors. Therefore, research is still being done to develop
new and more effective ways to increase solubility without sacrificing the compound's stability or safety. Beyond the creation of new drugs, solubility
enhancement is also essential in the food processing, agrochemical, and other chemical sectors. Therefore, research is still being done to develop new
and more effective ways to increase solubility without sacrificing the compound's stability or safety.

This article discusses a range of solubility improvement strategies, including both traditional and cutting-edge methods. [1].
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2. Classification of solubility enhancement

1. Physical modification

(i) Particle Size Reduction

(a) Micronization
(b)Nanosuspension
(if)Modification of Crystal Habit:-
(a)Polymorphs
(b)Psuedopolymorphs

(iii)Drug dispersion in carriers:-
(a)Solid solution

(b)Solid dispersion

(iv)Use of surfactants:-
(a)Microemulsion

(b)Self emulsifying drug delivery systems(SEDDS)
2. Chemical modification:-

(i) Hydrotrophy

(ii)Co-solvency

(iit)Salt formation

(iv)pH adjustment

3.Supercritical fluid process
4. Liquisolid methods
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3. METHODS OF SOLUBILITY ENHANCEMENT

1. Physical Modification

1.1 Particle size reduction:
Reduction in particle size leads to an increase in surface area, enhancing dissolution rate techniques include:
Micronization: reducing particle size using jet milling or ball milling.
Nanosuspensions : formulating drugs into nano meters sized particles to increase the solubility.
1.2,) Modification of crystal habit :
Altering the crystalline form of a drug can improve solubility.
Polymorphism:-different crystal structures exhibit different solubilities.
Pseudopolymorphism:- inclusion of solvent molecules in the crystal lattice improves solubility.
1.3. Solid dispersion
Involves dispersing a drug in a hydrophilic carrier to enhance dissolution. Fusion process:-drug and carrier are melted together and solidified
1.4 use of surfactants:
Surfactants improve drug solubility by reducing interfacial tesnsion.
Microemulsion:- thermodynamically stable emulsions enhancing drug solubility.
Self emulsifying drug delivery systems (SEDDS):-Lipid based formulations that improve solubility and absorption

4. Chemical modification
2.1 HYDROTROPHY

A solubilization process called hydrotrophy involves adding a significant quantity of a second solute to enhance a third solute's solubility in water.
Complexation, which involves a weak interaction between hydrotropic substances such sodium alginate, sodium acetate, sodium benzoate, urea, and
weakly soluble medicines, is more closely linked to the process by which it increases solubility. Many salts have large anions or cations that are highly
soluble in water, a phenomenon known as "hydrotropism,” which causes the "salting in" of non-electrolytes, or "hydrotropic salts." The hydrotropic
agent and the solute have a weak interaction in hydrotropic solutions, which are non-colloid.

2.2,CO-SOLVENCY

A combination of one or more miscible liquids is called co-solvency, and it is used to increase the solubility of medications. The solubility, miscibility,
and dissolution of the solution can all be enhanced by the addition of a co-solvent solution. The co-solvent improved the low solubility medicine by
over a thousand times when compared to the simple pharmaceuticals. For very crystalline or poorly soluble lipophilic compounds that are highly so-
luble in the solvent mixture, a co-solvent method might be suitable. It has mostly been utilized in parenteral dosage forms due to the low toxicity of
several co-solvents and their relative capacity to solubilize nonpolar medications. Parenteral formulations could need water or an aqueous media dilu-
tion step to reduce the solvent content prior to delivery.. Cosolvents can be used in conjunction with different solubilization techniques and pH modifi-
cations to increase the solubility of weakly soluble compounds. One highly helpful tactic for increasing the solubility of medications that are poorly
soluble is the use of co-solvents. Polyethylene glycol, glycerin, ethanol, and propylene glycol are the most often utilized low-toxicity cosolvents in
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parenteral administration. As cosolvents, dimethyl sulfoxide (DMSO) and dimethylacetoamide (DMA) have been used extensively due to their signifi-
cant solubilization ability for poorly soluble medicines and their relatively low toxicity.

2.3 SALT FORMATION

Salt generation techniques are used to improve medication solubility and dissolution.

The effects of different medications or chemical reactions are observed using this technique. Salt is created when a medicine is ionized. It functions
well when administered parenterally and in various liquid forms. in addition to solid dose forms. The FDA authorized more than 300 new chemical
entities for sale between 1995 and 2006, 120 of which were salt forms. Additionally, 54 of the 101 authorized salts of basic medications were made
using hydrochloric acid, indicating that the hydrochloric salt form was the most widely used. Using a variety of techniques, the water solubility of acid-
ic or basic pharmaceuticals as a function of pH establishes whether the chemical will form appropriate salts.such physiochemical characteristics to
change the drug's purity, stability, bioavailability, and manufacturing capacity.Salt generation has been used for many years to increase the solubility of
low-soluble medications called candidiates. Examples include theophylline, barbiturates, and aspirin, among others.

One commercially available example is progesterone, a steroid that is soluble in peanut oil but insoluble in water.

2.4, pH ADJUSTMENT

If the pH is altered, a medicine that is not very soluble in water could become soluble. When achieving solubility using this approach, the buffer capac-
ity and tolerance of the selected pH must be taken into account. Excipients that raise the pH of the surrounding solution in the dose form above the pH
of weekly acidic pharmaceuticals improve the solubility of the medication. Alkalizing excipients can improve the solubility of weekly basic medica-
tions and can also be applied to poorly soluble crystalline and lipophilic compounds..

2.5,SUPERCRITICAL FLUID PROCESS :-

Non-volatile solvents can be dissolved by supercritical fluids (SCFs) with a carbon dioxide critical point.A SCF exists as a single phase above its criti-
cal temperature and pressure.

It is economical, eco-friendly, and safe. SCFs' modest working conditions (temperature and pressure) make them attractive for pharmacological re-
search. Because SCFs fall somewhere between pure liquid and pure gas, they offer properties that are useful in product processing.

Additionally, density, transport characteristics (such viscosity and diffusivity), and other physical attributes are impacted by tiny variations in operating
temperature, pressure, or both close to the critical points.

Common essential solvents include carbon dioxide, nitrous oxide, ethylene, propylene, propane, ethanol, ammonia, and water.
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2,6. LIQUISOLID METHODS:-

Blending a liquid medication with specific powder excipients, such as carrier and coating material, can turn a liquid medication into dry, non adherent,
free flowing, compressible powder coating material. Examples of such coating materials include microcrystalline and amorphous cellulose and silica
powder. When a drug dissolved in a liquid vehicle is introduced into a carrier material with a porous surface and fibers in its
interior, such as cellulose, both absorption and adsorption occur. The liquid is first absorbed in the interior of the particles and is captured by its

internal structure once this process has reached saturation.[2]
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4. EVALUATION OF SOLUBILITY ENHANCEMENT:

Solubility enhancement is a critical process in pharmaceutical and chemical formulations, as many drugs and compounds have poor water solubility,
which affects their bioavailability. To evaluate the effectiveness of solubility enhancement, several techniques and methods: -

4.1. PHASE SOLUBILITY STUDIES:

These investigations are used to comprehend how a drug's solubility and a solubilizer's concentration relate to one another. According to the phase
solubility diagram, solubility can be classified as more complex (B-type) or linear (A-type), which exhibits direct proportionality..

4.2, DISSOLUTION TESTING:

This approach uses a dissolution tester that simulates the gastrointestinal environment to assess how a compound's solubility affects its rate of dissolu-
tion. Increased solubility may be indicated by improved dissolving.

4.3,PARTICLE SIZE ANALYSIS:

Higher solubility is frequently achieved by decreasing the particle size of a poorly soluble chemical.
The drug's particle size distribution is assessed using methods like laser diffraction or dynamic light scattering to make sure the intended enhancement
has been accomplished.

4.4. SPECTROPHOTOMETRIC METHODS:

UV-Vis spectrophotometry, which measures the drug's concentration at particular wavelengths, can be used to track a compound's solubility. This aids
in measuring the rise in solubility brought about by the addition of a solubilizing chemical.

4.5, IN VIVO STUDIES:

Finally, by analyzing the drug's pharmacokinetic parameters, such as the absorption rate and bioavailability in animal models or human trials, the bio-
logical impact of improved solubility can be evaluated.[3].

5. ADVANTAGES OF SOLUBILITY ENHANCEMENT:
In the pharmaceutical sector, improving the solubility of medications that are not very soluble in water has several advantages:
5.1, IMPROVED BIOAVAILABILITY:

The rate-limiting phase in medication absorption is frequently solubility. Improved solubility allows medications to enter the gastrointestinal system
more easily, increasing their bioavailability and therapeutic effectiveness

5.2 REDUCED DOSE SIZE:

Improved solubility allows a medicine to have the intended therapeutic effect at lower dosages, which may lessen the negative consequences of larger
dosages.

5.3, FASTER ONSET OF ACTION:

For many therapeutic conditions (such as pain relief or anti-inflammatory inflammatory effects), a faster commencement of action is essential, and
drugs that dissolve in the body more quickly are absorbed more quickly as well.

5.4, FORMULATION FLEXIBILITY:

enhancing solubility makes it easier to create products with desired qualities (such as sustained release and targeted administration) by opening up a
greater range of formulation possibilities, such as oral, parenteral, and other delivery methods.

5.5, ENHANCED STABILITY:

By reducing degradation during storage and usage, certain solubility improvement strategies, such the use of specific excipients or complexation
agents, can also increase the drug's chemical stability.
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5.6, COST EFFECTIVE MANUFACTURING:

Enhancing solubility may result in a more effective utilization of active pharmaceutical ingredients (APIs), which could reduce production costs by
improving manufacturing processes and reducing material waste.[4].

6. DISADVANTAGES OF SOLUBILITY ENHANCEMENT
* Although solubility improvement has many benefits, there may be some disadvantages to the methods as well:
6.1, STABILITY ISSUES:

certain solubility-enhancing substances, including co-solvents or surfactants, may cause the active pharmaceutical ingredient (API) to become unsta-
ble. For instance, these substances may cause the medicine to hydrolyze or degrade, which would reduce its effectiveness and shorten its shelf life.

6.2, INCREASED COMPLEXITY IN FORMULATION:

single solubility enhancers may make the formulation procedure more difficult. Higher production costs and lengthier development durations could
result from the need for more excipients, specific manufacturing methods, and rigorous evaluation of the drug's compatibility with excipients. .

6.3, RISK OF TOXICITY:

certain solvents or surfactants that increase solubility may be hazardous, particularly when used for an extended period of time. These excipients' safe-
ty profiles must be carefully examined because they occasionally have the potential to impair drug absorption or cause negative side effects in patients.

6.4 LIMITED EFFECTIVENESS FOR HIGHLY INSOLUBLE DRUGS:

Some augmentation methods may not be very efficient for substances with very low solubility. In certain situations, solubility may still be unsatisfacto-
ry despite the use of techniques like cyclodextrin complexation or nanoformulations, necessitating additional optimization.

6.5 COST IMPLICATIONS:

Although certain solubility enhancement techniques are economical, others such as the application of nanotechnology or specialized excipients may
raise the total cost of medication development considerably, rendering it less feasible for particular drug candidates or markets.[5].

7. APPLICATIONS OF SOLUBILITY ENHANCEMENT

In the chemical and pharmaceutical sectors, solubility enhancement techniques are widely employed, especially to increase the bioavailability and
effectiveness of poorly soluble medications. The key

7.1 PHARMACEUTICAL FORMULATION

Poor solubility is a problem for many medications, particularly those in classes 1l and IV of the Biopharmaceutical Classification System (BCS). Oral
formulations such as tablets, capsules, and oral solutions with improved bioavailability are made possible by solubility enhancement, which is used to
improve medication absorption and therapeutic results.

7.2 PARENTERAL FORMULATION:

To prevent formulation problems, injectable medications frequently require solubility improvement. Parenteral solutions that are stable and provide the
intended therapeutic effects can be prepared using methods like co-solvency or the use of solubilizing agents

7.3 NUTRACEUTICALS AND HERBAL PRODUCTS :

The poor solubility of many vitamins, herbal compounds, and nutraceuticals restricts their bioavailability. By increasing these compounds' bioavailabil-
ity, solubility enhancement techniques improve their effectiveness in a range of dietary supplements.
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7.4 TOPICAL ANDF TRANSDERMAL DRUG DELIVERY

Improving solubility can aid active chemicals in topical formulations, including creams, gels, and ointments, in better penetrating the skin barrier and
enhancing their therapeutic action. .

7.5 ORALLY DISINTEGRATING TABLETS(ODTSs):

Solubility enhancement can be utilized to promote rapid oral disintegration, which enables quicker gastrointestinal tract absorption and dissolving for
medications that need a quick onset of action.

7.6 NANOTECHNOLOGY IN DRUG DELIVERY

Hydrophobic medications can be made more soluble by using nanoparticles and nanocrystals. Larger surface areas for dissolving are made possible by
these technologies, which accelerate medication absorption and improve treatment outcomes, particularly in anticancer therapy and other vital treat-
ments.[6].

8. MARKETED PRODUCTS

To increase their bioavailability and therapeutic efficacy, a number of pharmaceutical compounds have been created using solubility augmentation
techniques. These products use a variety of solubility improvement techniques, such as nanotechnology, lipid-based formulations, and solid dispersions.
Here are a few well-known advertised items:

1. Cayston® (Aztreonam for Inhalation Solution):

The antibiotic aztreonam is not very soluble in water. Cayston® treats infections in people with cystic fibrosis by using a formulation that improves
solubility and facilitates effective inhalation delivery.

2. Vytorin® (Ezetimibe/Simvastatin):

By using solubilizing chemicals to increase the bioavailability of ezetimibe, a medication with poor solubility, this combination solution employs a
solubility enhancement strategy that efficiently lowers cholesterol levels.

3. Nexium® (Esomeprazole):

The acid-reducing medication esomeprazole is poorly soluble in its native form. Solubility-enhancing technology, such as enteric coatings and granules,
is incorporated into the Nexium® formulation to greatly improve its absorption and therapeutic impact for disorders like GERD, or gastric reflux dis-
ease.

4. Celebrex® (Celecoxib):

The solubility of celecoxib, a nonsteroidal anti-inflammatory medication (NSAID), is restricted. By employing a cyclodextrin complex, Celebrex®'s
solubility is improved, resulting in better absorption and more reliable therapeutic benefits. [7].

9. CONCLUSION

In pharmaceutical research, solubility augmentation is a crucial tactic to increase the bioavailability of medications that are not very water soluble. It
guarantees that medications are efficiently absorbed into the bloodstream, hence enhancing their therapeutic results, by tackling the solubility issues.

To improve drug solubility, a number of strategies have been effectively used, including co-solvency, cyclodextrin complexes, lipid-based formula-
tions, solid dispersions, and nanotechnology. These techniques enhance the drug's solubility, stability, release patterns, and general efficacy, increasing
the potential for creating more potent and patient-friendly therapiesBut even though solubility augmentation has several benefits, there are still prob-
lems with formulation complexity, stability, and cost. Therefore, a number of criteria, including the drug's physicochemical properties, goal therapeutic
effect as well as the planned delivery method. All things considered, solubility improvement is still an essential part of contemporary pharmaceutical
development, greatly advancing the creation of novel medications and treatments with greater effectiveness and improved patient adherence. [8].

Acknowledgements : Nil

REFERENCES :

[1]M. Patel and P. Patel (2020). A Review of Solubility Enhancement Methods. 12(8), 1143-1151, Journal of Pharmaceutical Science and Research.
[2]Singh, P., and Kumar, V. (2019). A Review of Solubility Enhancement Methods. 10(3), 473-489, International Journal of Pharmaceutical Sciences
and Research

[3]T. Higuchi (1965). "The role of the drug solubility in the rate of dissolution.” Pharmaceutical Sciences Journal, 54(3), 423-428

[4]Patel, V. R., and Shah, P. A. (2012). "Solubility enhancement techniques: A review." 3(4), 847-860, International Journal of Pharma and Bio
Sciences

[5]In 2009, Vavia, P. R., and V. P. Patel published "Solubility enhancement techniques: A review." 71(4), 368-374, Indian Journal of Pharmaceutical
Sciences.

[6] P. V. Devarajan (2008). "Solubility enhancement techniques: A review of recent advances.” Pharmaceutical Sciences and Research International,
1(5), 323-337.



International Journal of Research Publication and Reviews, Vol 6, Issue 5, pp 18102-18109 May 2025 18109

[7]Porter, C. J. H., and C. W. Pouton (2008) produced "Formulation of oral lipid-based delivery systems."
Reviews of Advanced Drug Delivery, 60(6), 606-618
[8]Porter, C. J. H., and C. W. Pouton (2008). "Formulation of oral lipid-based delivery systems." Reviews of Advanced Drug Delivery, 60(6), 606-618.



