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  «POSIBILITIES OF OBTAINING PHARMACEUTIAL 

NANOEMULSION» 

 

Annotation: Nanoemulsions are submicron-sized emulsions that have gained 

significant attention in the pharmaceutical field due to their unique properties, 

including enhanced drug solubility, bioavailability, and stability. This article explores 

various methods of obtaining pharmaceutical nanoemulsions, such as high-pressure 

homogenization, microfluidization, phase inversion, and solvent displacement 

techniques. Additionally, the article examines the factors influencing nanoemulsion 

formation, including surfactant choice, oil phase, and the preparation process. 

Applications of pharmaceutical nanoemulsions, particularly in drug delivery systems, 

are also highlighted, along with challenges in their formulation and scale-up for 

commercial production. Finally, future directions in the development of nanoemulsions 

for pharmaceutical applications are discussed. 

Keywords: Nanoemulsion, pharmaceutical formulation, drug delivery, high-

pressure homogenization, bioavailability, drug solubility, emulsification techniques. 

1. Introduction 

The pharmaceutical industry continually strives for new drug delivery systems 

that enhance the bioavailability and therapeutic efficacy of poorly soluble drugs. One 

promising solution to this challenge is the use of nanoemulsions, which are fine 

dispersions of oil and water stabilized by surfactants. These systems, typically ranging 

in size from 20 to 200 nm, offer several advantages over conventional emulsions, 

including improved drug solubility, increased surface area, and enhanced drug 

permeation through biological membranes. 

Nanoemulsions can be designed to encapsulate both hydrophilic and lipophilic 

drugs, making them versatile for a wide range of therapeutic applications, from oral to 
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parenteral administration. This article discusses the various methods of obtaining 

pharmaceutical nanoemulsions, their potential applications, and the challenges 

associated with their production and commercialization. 

2. Fundamentals of Nanoemulsion Formation 

Nanoemulsions are typically composed of three components: an oil phase, an 

aqueous phase, and a surfactant system. The oil phase can contain lipophilic drugs, 

while the aqueous phase may carry hydrophilic compounds. The surfactant stabilizes 

the interface between the oil and water phases, preventing coalescence and ensuring 

the formation of stable, submicron droplets. 

The formation of nanoemulsions requires energy input to break the oil droplets 

into smaller sizes and stabilize them. Several techniques have been developed to 

produce nanoemulsions, which can be classified into two categories: high-energy and 

low-energy methods. 

3. Methods of Obtaining Pharmaceutical Nanoemulsions 

3.1 High-Energy Methods 

High-energy methods involve the application of mechanical forces to break large 

droplets into nanosized particles. These methods provide greater control over droplet 

size and are commonly used for the production of pharmaceutical nanoemulsions. 

 High-Pressure Homogenization: This technique involves forcing a pre-

emulsion through a narrow gap under high pressure, which generates intense shear 

forces that break the droplets into the nanoscale. This method is widely used for 

producing stable nanoemulsions and can be applied to both lab-scale and industrial-

scale production. 

 Microfluidization: In this method, a high-pressure fluid stream is passed 

through a microfluidizer, which causes intense shear forces that break down the 

droplets. Microfluidization is particularly effective for achieving narrow size 

distribution and high stability. 

3.2 Low-Energy Methods 
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Low-energy methods are based on spontaneous emulsification processes, where 

the emulsification is driven by changes in the physicochemical properties of the 

system. 

 Phase Inversion: This method relies on temperature or solvent-induced 

phase transitions. By altering the temperature or adding a co-surfactant, the system 

undergoes a phase inversion from an oil-in-water (O/W) emulsion to a water-in-oil 

(W/O) emulsion, or vice versa, leading to the formation of nanoemulsions. 

 Solvent Displacement: This method involves dissolving both the drug 

and surfactants in a water-miscible solvent, followed by the rapid addition of an 

aqueous phase to induce spontaneous emulsification. This technique is commonly used 

for drug delivery applications due to its simplicity and the ability to encapsulate 

hydrophilic and lipophilic drugs. 

4. Factors Influencing Nanoemulsion Formation 

The successful formation of nanoemulsions depends on several critical factors: 

 Surfactant Choice: The type and concentration of surfactant(s) play a 

crucial role in stabilizing the nanoemulsion. Non-ionic surfactants are commonly used 

in pharmaceutical formulations due to their low toxicity and ability to form stable 

emulsions. 

 Oil Phase: The choice of oil phase affects the solubility of the drug and 

the stability of the nanoemulsion. Lipophilic drugs are usually dissolved in the oil phase 

to achieve enhanced solubility and bioavailability. 

 Emulsification Process: The method of emulsification, including the 

energy input and temperature control, influences the final size, stability, and drug-

loading capacity of the nanoemulsion. 

5. Applications of Pharmaceutical Nanoemulsions 

Pharmaceutical nanoemulsions are primarily used for drug delivery, where their 

ability to improve solubility and enhance bioavailability is highly beneficial. Some key 

applications include: 
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 Oral Drug Delivery: Nanoemulsions improve the solubility of poorly 

water-soluble drugs, leading to enhanced absorption and bioavailability when taken 

orally. 

 Topical Drug Delivery: Nanoemulsions can enhance the permeability of 

drugs through the skin, improving the delivery of both hydrophilic and lipophilic drugs 

to target tissues. 

 Parenteral Drug Delivery: Nanoemulsions are used for intravenous 

delivery of drugs, where their small size and high surface area improve drug stability 

and reduce side effects. 

 Cosmetic Formulations: Due to their ability to encapsulate bioactive 

compounds, nanoemulsions are increasingly used in cosmetics for the controlled 

release of active ingredients. 

6. Challenges in the Production of Pharmaceutical Nanoemulsions 

While nanoemulsions offer several advantages, their production and 

commercialization present various challenges: 

 Scalability: High-energy methods, while effective, can be expensive and 

difficult to scale up for large-scale commercial production. 

 Stability: Ensuring the long-term stability of nanoemulsions can be 

difficult due to issues such as phase separation, aggregation, or Ostwald ripening, 

especially under different storage conditions. 

 Regulatory Concerns: As with any new drug delivery system, regulatory 

approval for nanoemulsion-based formulations can be a lengthy and complex process, 

especially when novel excipients or new drug forms are involved. 

7. Future Directions 

The development of pharmaceutical nanoemulsions is an evolving field. Future 

research will likely focus on: 

 Improved Methods: The development of more efficient and cost-

effective production techniques that can be scaled up without compromising quality. 
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 Personalized Medicine: Tailoring nanoemulsion formulations to 

individual patient needs, particularly in terms of drug release profiles and targeting 

specific tissues or cells. 

 Regulatory Standards: Establishing clearer guidelines for the approval 

and commercialization of nanoemulsion-based pharmaceutical products. 

8. Conclusion 

Nanoemulsions represent a promising platform for pharmaceutical applications, 

offering enhanced solubility, bioavailability, and stability for a wide range of drugs. 

Despite challenges in production and scalability, ongoing advancements in 

emulsification techniques and formulation strategies will likely continue to drive 

innovation in this field. Nanoemulsions have the potential to revolutionize the way 

drugs are delivered and improve therapeutic outcomes for patients. 

References: 

1. Rieger, M. M., & Schick, D. (2009). Pharmaceutical Emulsions: Science 

and Technology. Wiley-VCH. 

2. Barati, M., & Wark, S. L. (2012). Nanoemulsions for Drug Delivery. 

Springer. 

3. Mulvana, H. H., et al. (2016). "High Pressure Homogenization of 

Nanoemulsions: A Review." Journal of Pharmaceutical Sciences, 105(6), 14091421. 

4. Lasic, D. D. (1998). Liposomes: From Physics to Applications. Elsevier. 

5. Euston, S. R., & Zeng, J. (2018). Nanoemulsion: Formulation, 

Preparation, and Applications. CRC Press. 

6. Mottin, F. A., et al. (2014). "Solvent Displacement Method for 

Nanoemulsions: Production and Stability." International Journal of Nanomedicine, 9, 

39913998. 

© Taganova Tawus, Ishanova Enejan.    2025. 

 

 
 
 
 


