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Abstract:

Nanosuspensions represent a promising formulation strategy to enhance the solubility and bioavailability of poorly
soluble drugs, particularly those classified under Biopharmaceutical Classification System (BCS) Class II. This class
encompasses drugs that exhibit high permeability but low solubility, posing significant challenges for effective
therapeutic delivery. Nanosuspensions involve the reduction of drug particle size to the nanometer scale, leading to
an increase in surface area and dissolution rate. This review explores the methodologies employed in the preparation
of nanosuspensions, including wet milling, high-pressure homogenization, and precipitation techniques. Additionally,
the physicochemical properties, stability considerations, and potential applications of nanosuspensions in drug
delivery systems are discussed. The review highlights the advantages of this approach, such as improved solubility,
enhanced drug stability, and the potential for targeted delivery. Furthermore, recent advancements and regulatory
considerations in the development of nanosuspension formulations are examined, emphasizing their role in
overcoming the solubility challenges faced by BCS Class II drugs.
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INTRODUCTION:

Overview of the Biopharmaceutical Classification
System (BCS)

The Biopharmaceutical Classification System (BCS)
is a scientific framework that categorizes drugs based

R

Manekar et al ISSN 2349-7750

on their solubility and permeability characteristics. It
was developed to predict the absorption and
bioavailability of oral drug formulations. The BCS
classifies drugs into four categories:
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1.Class I: High solubility, high permeability (e.g., Metoprolol).
2.Class II: Low solubility, high permeability (e.g., Fenofibrate).

3.Class III: High solubility, low permeability (e.g., Atenolol).

4.Class IV: Low solubility, low permeability (e.g., Furosemide).

* Significance of Class II Drugs

Class II drugs are particularly significant due to the
following reasons:

1.Poor Solubility: Class II drugs exhibit low
solubility in water, which can limit their absorption in
the gastrointestinal tract. This often results in
inconsistent and inadequate bioavailability.

2.High Permeability: Despite their solubility
challenges, Class II drugs have good permeability
across biological membranes. This characteristic can
potentially allow for higher absorption rates when
solubility is improved.

3.Formulation Challenges: The low solubility of
Class II drugs poses formulation challenges,
necessitating innovative approaches to enhance their

bioavailability. Strategies include using
nanosuspensions, solid dispersions, and lipid-based
formulations.

4.Market Relevance: Many marketed drugs fall into
Class II, and their successful formulation is crucial for
therapeutic efficacy. Enhancing their solubility can
significantly impact treatment outcomes and patient
adherence.

5.Regulatory Implications: Understanding the BCS
classification assists in regulatory submissions and
helps in establishing bioequivalence, especially for
generic formulations.

Nanosuspensions:
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Nanosuspensions are colloidal dispersions of
nanoparticles of drug substances that are poorly
soluble in water. These formulations typically consist
of a drug in a solid state, stabilized by surfactants or
polymers to prevent agglomeration. The particle size
of nanosuspensions usually ranges from 1 to 1000
nanometers, with most particles being below 500
nanometers.

Potential Benefits of Nanosuspensions:

Enhanced Solubility and Dissolution Rate:
Nanosuspensions increase the surface area-to-volume
ratio of the drug, which significantly enhances its
solubility and dissolution rate, leading to improved
bioavailability.

Improved Bioavailability:

The enhanced solubility directly correlates with
increased drug absorption in the gastrointestinal tract,
making it particularly beneficial for poorly soluble
BCS Class II and I'V drugs.

Reduced Dose Size:

Higher bioavailability allows for smaller doses of the
drug to achieve the desired therapeutic -effect,
potentially reducing side effects and enhancing patient
compliance.

Preparation Techniques
There are several methods for preparing
nanosuspensions:

Bottom up process

l

[ Crude drug powder ]

l

[ Surfactant and solvent ]

[ Presuspension ]

N

[ High pressure homogenization ]

and milling
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1.Top-Down Methods: These include wet milling
(e.g., media milling or high-pressure homogenization)
where larger particles are broken down into nano-sized
particles. Media milling, in particular, is widely used
due to its efficiency in producing highly uniform
particles.

2.Bottom-Up Methods: In this approach, the drug is
dissolved in a solvent and then precipitated out into
nano-sized particles. This method is beneficial for
temperature-sensitive drugs, as it typically operates at
lower temperatures.

3.Combination Techniques: Some newer techniques,
such as the combination of bottom-up and top-down
methods, are increasingly popular as they allow for
more control over particle size and distribution.

Benefits of Nanosuspensions for BCS Class II
Drugs

1. Increased Surface Area: The nano ssized particles
provide a larger surface area for dissolution, following
the principles of the Noyes-Whitney equation, which
states that the dissolution rate increases with surface
area.

2. Improved Bioavailability: Enhanced solubility
translates to improved bioavailability, as more of the
drug becomes available for absorption in the
gastrointestinal tract

Top down process

l

[ Crude drug powder ]

l

{ Nanocrystals or amorphous ]

powder

Addition of surfactant and
solvents

Nanosuspension
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Applications of Nanosuspensions in Drug Delivery
1.0ral Delivery: Oral nanosuspensions improve
absorption in the gastrointestinal tract for poorly
soluble drugs, allowing for a more predictable and
controlled release.

2.Parenteral Delivery: Injectable nanosuspensions
offer an alternative to lipid or polymeric carriers.
3.Pulmonary and Nasal Delivery: Nanosuspensions
allow for deep lung or nasal delivery of poorly soluble
drugs, especially useful for localized treatments of
respiratory diseases or for drugs that degrade in the
gastrointestinal tract.

4.Topical and Ocular Delivery: Nanosuspensions
enable enhanced drug penetration in ocular and skin
applications.

Stabilizers and Excipients in Nanosuspensions
Surfactants: Non-ionic surfactants like Tween 80 and
Pluronic F68 are commonly used to reduce interfacial
tension and stabilize particles. Ionic surfactants can
also be used, but they are less common due to potential
irritation or toxicity.

Polymers: Polymers like polyvinyl alcohol (PVA) and
hydroxypropyl methylcellulose (HPMC) provide
steric stabilization by creating a protective layer
around the particles. This prevents particles from
aggregating and stabilizes the suspension during
storage.

Future Directions

Enhancing Stability: Advances in stabilizer materials
and novel formulation techniques (e.g., encapsulating
nanosuspensions in solid lipid carriers) aim to improve
long-term stability.

Targeted and Sustained Release Formulations:
Combining nanosuspension technology with other
delivery systems (e.g., liposomes, microparticles)
could allow for targeted and sustained drug release,
potentially improving efficacy in chronic diseases.
Personalized Medicine Applications: With the
growth of precision medicine, nanosuspensions could
enable individualized dosing regimens for patients
based on metabolic profiles or disease states.

Limitations and Challenges

While nanosuspensions offer significant advantages,
they come with challenges, such as stability issues
(e.g., Ostwald ripening, aggregation), the need for
specialized equipment for production, and potential
toxicity concerns with surfactants and stabilizers.
Additionally, scaling up production while maintaining
consistency in particle size and distribution can be
technically challenging and costly.
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CONCLUSION:

Nanosuspensions represent a promising approach to
overcome solubility issues for BCS Class II drugs,
potentially enhancing their therapeutic efficacy. The
continuous  development in  nanosuspension
technology is making it an increasingly viable option
in pharmaceutical formulations, though challenges
such as long-term stability and manufacturing
complexity need to be addressed to fully harness its
benefits in drug delivery.
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