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ABSTRACT 

Nanosuspension technology has emerged as an effective pharmaceutical strategy for enhancing the 

solubility, dissolution rate, and bioavailability of poorly water-soluble drugs. Nanosuspensions are 

colloidal dispersions containing pure drug particles stabilized by surfactants or polymers with particle 

sizes typically below 1000 nm. These systems provide improved therapeutic efficacy, targeted 

delivery, reduced dosage frequency, and enhanced patient compliance. This review discusses the 

fundamental concepts of nanosuspensions, preparation methods, stabilizers used in formulation, 

characterization techniques, advantages, limitations, and biomedical applications. Recent advances in 

nanotechnology and pharmaceutical engineering have further expanded the clinical and commercial 

potential of nanosuspensionbased drug delivery systems.   
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1. INTRODUCTION 

Drug solubility remains a major challenge in pharmaceutical development. Nearly 40% of newly 

developed drug molecules exhibit poor aqueous solubility, leading to low bioavailability and 

inconsistent therapeutic outcomes. Nanosuspension technology addresses this issue by reducing drug 

particle size to the nanometer range, thereby increasing surface area and dissolution velocity. Unlike 

polymeric nanoparticles, nanosuspensions contain pure drug particles dispersed in a liquid medium 

with minimal excipients. Nanosuspensions are particularly useful for Biopharmaceutics Classification 

System (BCS) Class II and IV drugs. These formulations can be administered through oral, parenteral, 

ocular, pulmonary, topical, and targeted delivery routes.   
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Fig: 1 Particles. 

 

2. CONCEPT OF NANOSUSPENSION 

A nanosuspension is defined as a submicron colloidal dispersion of pure drug particles stabilized by 

surfactants and polymers in an aqueous or nonaqueous medium.  

 

Key Characteristics 

• Particle size: 10–1000 nm  

• Increased saturation solubility  

• Improved dissolution rate  

• Enhanced bioavailability  

• Physical stability through stabilizers  

• Suitable for poorly soluble drugs  

 

2.1 Advantages of Nanosuspension Technology: 

• Improved Solubility and Dissolution: Reduction in particle size increases surface area and 

enhances dissolution according to the Noyes–Whitney equation.  

• Enhanced Bioavailability: Nanosized particles improve absorption and therapeutic efficiency.  

• Reduced Dose Frequency: Improved drug absorption allows lower doses and prolonged action.  

• Versatile Drug Delivery: Applicable for oral, ocular, pulmonary, intravenous, and transdermal 

administration.  

• Targeted Drug Delivery: Surface modification enables site-specific drug targeting.  

• Improved Physical Stability: Appropriate stabilizers prevent aggregation and crystal growth.   

 

2.2  Disadvantages of Nanosuspensions: 

• Physical instability  

• Particle aggregation  

• High manufacturing cost  

• Requirement for specialized equipment  
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• Difficulties in scale-up  

• Potential contamination during milling processes  

 

3.  PREPARATION METHODS OF NANOSUSPENSIONS: 

Preparation Techniques Are Broadly Classified Into:  

3.1 Top-Down Techniques 

These methods reduce larger particles into nanosized particles.  

A. Media Milling (Wet Milling) 

Drug particles are milled using milling media under high shear conditions.  

Advantages 

• Suitable for poorly soluble drugs  

• Industrial scalability  

• Simple operation  

Limitations 

• Contamination from milling media  

• High energy requirement  

 

B. High Pressure Homogenization 

Drug suspension is forced through a narrow gap under high pressure, causing particle size reduction 

through cavitation and collision forces. Types  

• Dissocubes 

• Nanopure 

• Nanoedge 

Advantages 

• Sterile production possible  

• Suitable for parenteral products  

Disadvantages 

• Multiple homogenization cycles needed. 

  

3.2 Bottom-Up Techniques: 

These methods involve precipitation from solution. Bottom-up techniques involve precipitation of 

nanoparticles from drug solutions. The drug is dissolved in a solvent and rapidly mixed with a non-

solvent containing stabilizers. Rapid super-saturation leads to nucleation and formation of 

nanoparticles.  

 

A. Nanoprecipitation 

Drug is dissolved in solvent and precipitated by adding anti-solvent.  
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Advantages 

• Low energy process  

• Uniform particle size Disadvantages  

• Solvent residue issues  

• Crystal growth possibility  

 

Principle 

The technique is based on controlled precipitation. When the drug solution comes into contact with 

the anti-solvent, super-saturation occurs, leading to the formation of very small drug particles.  

 

 

Fig: 2 Nanoparticle Formation. 

 

B. Emulsification–Solvent Evaporation 

Drug solution is emulsified and solvent evaporated to form nanoparticles.  

Applications 

• Lipophilic drug formulations  

• Controlled release systems  
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3.3 Combination Techniques 

Hybrid methods combine top-down and bottom-up technologies to improve stability and particle size 

distribution.  

 

4. STABILIZERS USED IN NANOSUSPENSIONS 

Stabilizers prevent aggregation and maintain particle stability.  

4.1 Polymeric Stabilizers 

• Polyvinylpyrrolidone (PVP)  

• Hydroxypropyl methylcellulose (HPMC)  

• Hydroxypropyl cellulose (HPC)  

4.2 Surfactants 

• Tween 80  

• Sodium lauryl sulfate (SLS)  

• Poloxamer 188  

• Poloxamer 407  

4.3 Natural Stabilizers 

• Lecithin  

• Albumin  

• Amino acid copolymers  

 

5. CHARACTERIZATION OF NANOSUSPENSIONS: 

• Particle Size Analysis (Dynamic light scattering , Laser diffraction)  

• Zeta Potential (Indicates physical stability) 

• Morphology (Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM)) 

Saturation Solubility (Determines enhancement in solubility) 

• Dissolution Studies (Evaluates drug release characteristics)  

• Crystalline State (X-ray diffraction (XRD) , Differential scanning calorimetry (DSC) ) 

 

6.  BIOMEDICAL APPLICATIONS OF NANOSUSPENSIONS: 

Nanosuspensions have gained considerable attention in biomedical applications due to their ability to 

improve therapeutic efficacy and targeting efficiency. These systems are extensively studied for 

cancer therapy, pulmonary delivery, ocular delivery, and brain targeting.  

 

• Cancer chemotherapy  

• Targeted brain drug delivery  

• Pulmonary drug delivery  

• Ocular delivery systems  
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• Antimicrobial therapy  

• Vaccine delivery  

• Dermatological applications  

 

7. FUTURE PERSPECTIVES 

Future nanosuspension research focuses on:  

• Smart targeted delivery systems  

• AI-assisted formulation design  

• Scale-up optimization  

• Green manufacturing methods  

• Personalized nanomedicine 

 

Recent innovations in stabilizers and hybrid nanoparticle systems are expected to enhance clinical 

translation and commercialization.   

 

8. CONCLUSION 

Nanosuspension technology represents a powerful pharmaceutical approach for enhancing the 

delivery of poorly soluble drugs. Advanced preparation methods, novel stabilizers, and versatile 

biomedical applications have significantly improved therapeutic outcomes and patient compliance. 

Despite challenges related to stability and manufacturing, continuous technological advancements are 

expanding the role of nanosuspensions in modern drug delivery systems. Future developments are 

likely to focus on targeted delivery, large-scale production, and clinical translation.  
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