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Clozapine is a highly effective atypical antipsychotic drug used primarily for treatment-

resistant schizophrenia. However, its oral bioavailability is significantly limited due to 

poor aqueous solubility, extensive first-pass metabolism, and variable absorption. 

Nanosuspension technology has emerged as a promising strategy to enhance the 

dissolution rate, solubility, and overall biopharmaceutical performance of poorly water-

soluble drugs. This review provides a detailed and comprehensive overview of the 

formulation strategies and in-vitro evaluation methods associated with Clozapine 

nanosuspensions. Key formulation approaches, stabilizer selection, preparation methods 

such as high-pressure homogenization, media milling, and emulsification–solvent 

evaporation are discussed extensively. In-vitro evaluation techniques including particle 

size analysis, zeta potential, saturation solubility, dissolution studies, morphology 

characterization, and stability assessments are critically reviewed. The article 

summarizes current advancements, advantages, limitations, and potential research 

opportunities for Clozapine nanosuspension development. This review aims to provide 

a detailed scientific reference for researchers working on nano-enabled drug delivery 

systems for poorly soluble antipsychotics. 
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INTRODUCTION 

1.1 Background 

Clozapine is an atypical antipsychotic used for 

managing treatment-resistant schizophrenia and 

reducing suicidal behavior in patients 

unresponsive to other drugs. Despite its clinical 

benefits, Clozapine suffers from extremely poor 

aqueous solubility and belongs to 

Biopharmaceutical Classification System 

(BCS) Class II, where dissolution is the rate-

limiting step for absorption. Poor solubility results 

in: 

• Low oral bioavailability (~27–50%) 

• Delayed onset of therapeutic effect 

• High inter-patient variability 

• Requirement of high doses 

https://www.ijpsjournal.com/
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Nano-based drug delivery systems have attracted 

attention as effective strategies to improve 

solubility and dissolution characteristics of 

hydrophobic drugs. 

1.2 Need for Nanosuspensions 

Nanosuspensions are submicron colloidal 

dispersions of pure drug particles stabilized by 

surfactants or polymers. They are particularly 

useful for drugs: 

• With poor aqueous solubility (<100 µg/mL) 

• With high melting points 

• That exhibit dissolution-limited absorption 

Clozapine fits this category, making 

nanosuspension an appropriate formulation 

approach. 

1.3 Advantages of Nanosuspensions 

• Enhanced solubility and dissolution rate 

• Increased saturation solubility (Ostwald–

Freundlich effect) 

• Improved bioavailability 

• Dose reduction potential 

• Uniform absorption profile 

• Versatile administration routes 

1.4 Objective of the Review 

This article aims to systematically review: 

• Formulation strategies for Clozapine 

nanosuspension 

• Critical process variables 

• Stabilizer effects 

• In-vitro characterization techniques 

• Stability parameters 

• Future opportunities and challenges 

2. Clozapine: Physicochemical and 

Biopharmaceutical Overview 

2.1 Physicochemical Properties 

• Molecular Weight: 326.83 g/mol 

• Log P value: ~3.2 

• Aqueous Solubility: <0.05 mg/mL 

• Melting Point: 182–183°C 

• BCS Class: II 

These properties highlight dissolution-rate limited 

absorption, supporting nanosuspension 

development. 

2.2 Pharmacokinetic Limitations 

• Extensive first-pass metabolism 

• Erratic oral absorption 

• High inter-individual variability 

• Nonlinear pharmacokinetics 

Improving dissolution makes absorption more 

predictable. 

3. Nanosuspension Technology 

3.1 Definition 

A nanosuspension is a biphasic system containing 

pure drug particles of <1 µm dispersed in an 

aqueous medium with stabilizers. 

3.2 Mechanisms of Drug Solubility 

Enhancement 

• Increased surface area improves dissolution 

rate (Noyes-Whitney equation) 

• Enhanced saturation solubility due to 

reduced particle size 

• Improved adhesiveness of nanoparticles 

enhances absorption 

4. Methods for Formulating Clozapine 

Nanosuspensions 

The most widely reported techniques include: 
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4.1 Emulsification–Solvent Evaporation 

Method 

Widely used for Clozapine due to its solubility in 

organic solvents. 

4.1.1 Principle 

The drug is dissolved in a water-immiscible 

organic solvent and emulsified in aqueous 

stabilizer solution, followed by solvent 

evaporation resulting in nanosized particles. 

4.1.2 Steps 

1. Dissolve Clozapine in solvent (e.g., 

dichloromethane, acetone). 

2. Prepare aqueous stabilizer solution (e.g., PVP 

K30, Poloxamer 188). 

3. Add organic phase into aqueous phase with 

high-speed homogenization. 

4. Evaporate organic solvent under reduced 

pressure. 

5. Filter and collect nanosuspension. 

4.1.3 Advantages 

• Simple 

• Suitable for thermolabile drugs 

• Produces small and uniform particles 

4.2 High-Pressure Homogenization 

Principle 

Drug suspension forced through narrow gaps 

under high pressure → particle size reduced. 

Advantages 

• Scalable 

• Solvent-free 

4.3 Media Milling (Nanomilling) 

Uses milling media (zirconia beads) to reduce 

particle size. 

Advantages 

• Versatile 

• Produces stable nanosuspension 

4.4 Precipitation Method 

Drug dissolved in solvent is rapidly mixed with 

non-solvent → immediate precipitation of 

nanoparticles. 

5. Selection of Stabilizers 

Stabilizers prevent aggregation and enhance long-

term stability. 

5.1 Types of Stabilizers 

Polymeric Stabilizers 

• PVP K30 

• HPMC 

• Carbopol 

Surfactants 

• Poloxamer 188 

• Tween 80 

• Sodium lauryl sulfate 

5.2 Role of Stabilizers 

• Provide steric hindrance 

• Reduce surface energy 

• Improve wettability 

• Enhance zeta potential and stability 

6. Formulation Considerations 

6.1 Drug-to-Stabilizer Ratio 

Affects particle size, stability, and dissolution. 
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6.2 Homogenization Speed and Time 

Higher speed reduces particle size but may lead to 

overheating. 

6.3 Solvent Selection 

Should solubilize drug and be easily removed. 

6.4 pH and Temperature Effects 

Affect solubility and crystallinity of Clozapine. 

7. In-Vitro Evaluation of Clozapine 

Nanosuspension 

7.1 Particle Size and Polydispersity Index (PDI) 

Measured by Dynamic Light Scattering (DLS). 

• Ideal particle size: 100–500 nm 

• Ideal PDI: <0.3 

7.2 Zeta Potential 

Indicates electrostatic stability. 

• Desired value: ±20–40 mV 

7.3 Morphology Characterization 

Scanning Electron Microscopy (SEM) or 

Transmission Electron Microscopy (TEM) used to 

assess shape and surface nature. 

7.4 Saturation Solubility 

Nanosuspensions enhance saturation solubility 

through the Ostwald–Freundlich effect. 

7.5 Dissolution Studies 

Carried out using: 

• USP Type II (Paddle method) 

Enhanced dissolution compared to pure Clozapine 

indicates formulation success. 

7.6 Drug Content and Entrapment Efficiency 

Indicates the proportion of Clozapine present in 

nanosuspension. 

7.7 Crystallinity Analysis 

Using: 

• Differential Scanning Calorimetry (DSC) 

• X-Ray Diffraction (XRD) 

Reduction in crystallinity leads to faster 

dissolution. 

7.8 Stability Studies 

Assessed under: 

• Refrigerated conditions 

• Room temperature 

• Accelerated conditions (40°C ± 2°C) 

Evaluations include sedimentation behavior, 

changes in particle size, and zeta potential. 

8. Applications and Benefits of Clozapine 

Nanosuspension 

8.1 Enhanced Bioavailability 

Smaller particles dissolve faster → improved 

absorption. 

8.2 Lower Dosage Requirement 

Higher solubility reduces therapeutic dose. 

8.3 Reduced Side Effects 

Predictable drug release minimizes toxicity. 
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9. Challenges in Nanosuspension Development 

• Risk of particle growth (Ostwald ripening) 

• High energy input required 

• Instability on long-term storage 

• Need for proper sterilization 

10. Future Perspectives 

• Combination of nanosuspension with 

mucoadhesive polymers for targeted delivery 

• Solidification of nanosuspensions to create 

Nanocrystals 

• Exploration of novel stabilizers such as lipid-

based polymers 

• Enhancement of pharmacokinetic 

predictability through in-vivo studies 

CONCLUSION 

Clozapine nanosuspension is a promising 

formulation strategy to overcome challenges 

associated with its low aqueous solubility and 

limited bioavailability. Techniques such as 

emulsification–solvent evaporation, high-pressure 

homogenization, and media milling provide 

efficient particle reduction and stabilization. 

Comprehensive in-vitro evaluation confirms 

improved solubility, dissolution, and stability. 

Although challenges exist, advancements in 

nanotechnology and stabilizer science continue to 

expand the potential of nanosuspensions for 

enhancing the therapeutic performance of poorly 

soluble antipsychotic drugs like Clozapine. This 

review highlights essential formulation principles 

and evaluation procedures that can guide future 

research toward the development of optimized 

Clozapine nanosuspensions. 
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