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ABSTRACT

Pharmaceutical nanoemulsions are colloidal systems consist of nanoscale droplets of one immiscible liquid dispersed in another liquid, typically stabilized
by surfactants or emulsifiers. Nanoemulsions offer unique advantages, including improved drug dissolution rates, enhanced absorption, controlled release
and targeted delivery to specific tissues or cells. This review provides an overview of the key characteristics, formulation methods and applications of
pharmaceutical nanoemulsions, highlighting their potential in addressing challenges related to poorly water-soluble drugs and optimizing drug delivery
profiles. High-energy methods such as high-pressure homogenization, ultrasonication, or microfluidization are commonly employed in the preparation of
nanoemulsions. The selection of suitable oils, surfactants and co-surfactants plays a crucial role in the development of stable and effective nanoemulsion
systems. Ongoing research and advancements in nanoemulsion technology continue to expand the scope of applications and drive innovation in drug
delivery, positioning pharmaceutical nanoemulsions as a promising platform for improving the efficacy and targeted delivery of therapeutics.
Pharmaceutical nanoemulsions are colloidal delivery systems composed of nanoscale droplets of one immiscible liquid dispersed in another liquid,
typically stabilized by surfactants or emulsifiers. These nano-sized droplets, typically ranging from 20 to 200 nm in diameter, offer unique advantages for
drug delivery applications in the pharmaceutical industry.

Key Words: Nanoemulsions, Drug delivery, Pharmaceutical, Solubility, Targeted delivery etc.

Introduction

Pharmaceutical nanoemulsions are colloidal delivery systems composed of nanoscale droplets of one immiscible liquid dispersed in another
liquid, typically stabilized by surfactants or emulsifiers. These nano-sized droplets, typically ranging from 20 to 200 nm in diameter, offer unique
advantages for drug delivery applications in the pharmaceutical industry*.

Pharmaceutical nanoemulsions have gained significant attention due to their ability to improve the solubility, stability, bioavailability, and
targeted delivery of drugs, particularly for poorly water-soluble compounds. The small droplet size and large surface area of nanoemulsions
enhance drug dissolution rates, facilitate absorption, and can potentially overcome biological barriers to improve therapeutic efficacy?.

Selection of Emulsifiers/Co-surfactants

The selection of emulsifiers and co-surfactants is a critical aspect of nanoemulsion formulation in drug delivery as they play a key role in
determining the stability and performance of the nanoemulsion system. Emulsifiers are surface-active molecules that stabilize the emulsion
droplets by reducing interfacial tension between oil and water phases, while co-surfactants can enhance emulsification by decreasing the droplet
size and increasing the stability of the emulsion®.

When selecting emulsifiers and co-surfactants for nanoemulsion formulation, several factors need to be considered:

1. HLB (Hydrophilic-Lipophilic Balance) value: Emulsifiers with the appropriate HLB value for the specific oil and water phases used in the
formulation are crucial for achieving a stable nanoemulsion’.

2. Compatibility: Emulsifiers and co-surfactants should be compatible with the active pharmaceutical ingredients (APIs) and other components in
the formulation to prevent interactions that could affect the efficacy and stability of the nanoemulsion®.

3. Stability: Emulsifiers must possess sufficient stability to prevent droplet coalescence and creaming under various environmental conditions
(e.g., temperature, pH)®.
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4. Toxicity and biocompatibility: Emulsifiers and co-surfactants selected for pharmaceutical nanoemulsions should be non-toxic, biocompatible,
and ideally biodegradable to ensure safety for therapeutic use’.

5. Type of nanoemulsion desired: The type of nanoemulsion (e.g., oil-in-water, water-in-oil, bi-continuous) and the desired properties (e.g.,
droplet size, drug release profile) will influence the choice of emulsifiers and co-surfactants’.

Commonly used emulsifiers for pharmaceutical nanoemulsions include nonionic surfactants (e.g., Tween, Span), phospholipids (e.g., lecithin),
and polymeric surfactants (e.g., Pluronic). Co-surfactants such as alcohols and glycols are often added to enhance the stability and overall
performance of the nanoemulsion system.

Influence of Oil Phase on Nanoemulsion Properties

The oil phase used in nanoemulsion formulation plays a significant role in determining the properties and performance of the resulting
nanoemulsion system. Different types of oils can impact the stability, drug-loading capacity, release profile, and biocompatibility of the
nanoemulsion®2, Some key factors related to the influence of the oil phase on nanoemulsion properties are:

1. Solubility of Active Ingredients: The choice of oil phase affects the solubility and compatibility of the active pharmaceutical ingredients (APls)
within the nanoemulsion. Certain oils may enhance the solubility and stability of hydrophobic drugs, while others may be more suitable for
hydrophilic compounds.

2. Drug Release Profile: The physicochemical properties of the oil phase, such as its viscosity and hydrophobicity, can influence the drug release
kinetics from the nanoemulsion. Oils with higher viscosity may slow down drug release, while more hydrophobic oils may enhance drug
retention within the droplets.

3. Stability and Shelf Life: The selection of the oil phase can impact the physical stability of the nanoemulsion, affecting factors such as droplet
size distribution, creaming, and flocculation. Oils with good stability can help maintain the nanoemulsion's properties over time and improve its
shelf life.

4. Biocompatibility and Toxicity: Some oils may have inherent biocompatibility issues or may cause irritation or toxicity, particularly if they
come into direct contact with biological tissues. Choosing oils with low toxicity and biocompatible properties is essential for pharmaceutical
nanoemulsions intended for medical use.

5. Interfacial Tension: The oil phase interacts with emulsifiers and co-surfactants at the oil-water interface, influencing the interfacial tension and
droplet formation in the nanoemulsion. Oils with suitable interfacial properties can promote stable emulsion droplet formation and prevent
droplet coalescence.

6. Ease of Formulation and Processing: The oil phase should be compatible with the formulation process, such as high-pressure homogenization
or sonication techniques used to prepare nanoemulsions. Oils that can easily form a fine emulsion and exhibit good dispersibility are preferred for
efficient formulation.

Commonly used oils in pharmaceutical nanoemulsions include medium-chain triglycerides (MCTSs), soybean oil, sesame oil, and various
vegetable oils. Each oil has unique characteristics that can influence the final properties of the nanoemulsion, making the selection of the oil
phase a crucial consideration in designing effective and stable drug delivery systems.

Role of Surfactant-to-Oil Ratio in Nanoemulsion Stability

The surfactant-to-oil ratio in nanoemulsion formulation is a critical parameter that significantly influences the stability and performance of the
nanoemulsion system. The surfactant-to-oil ratio refers to the proportion of surfactant and co-surfactant molecules present in the formulation
relative to the oil phase. This ratio plays a crucial role in the formation of a stable and well-dispersed nanoemulsion with desirable
characteristics'®**. Here are some key points regarding the role of the surfactant-to-oil ratio in nanoemulsion stability:

1. Emulsification Efficiency: The surfactant-to-oil ratio directly affects the emulsification process by controlling the ability of surfactant
molecules to form a stable interface between the oil and water phases. An optimal ratio ensures efficient emulsification and proper formation of
small, uniformly dispersed droplets in the nanoemulsion.

2. Droplet Size Control: The surfactant-to-oil ratio impacts the size and distribution of droplets in the nanoemulsion. A higher surfactant-to-oil
ratio can help reduce the droplet size by enhancing the stability of the interface and preventing droplet coalescence. This is essential for achieving
a nano-sized emulsion with a high surface area for improved drug solubilization and bioavailability**6,

3. Stability Enhancement: Maintaining an appropriate surfactant-to-oil ratio is crucial for improving the stability of the nanoemulsion against
various destabilization mechanisms, such as droplet aggregation, flocculation, or coalescence. An optimal ratio can provide a protective layer
around the droplets, preventing their coalescence and ensuring long-term stability of the formulation®,

4. Phase Inversion Temperature (PIT): The surfactant-to-oil ratio can influence the phase behavior of the nanoemulsion system, particularly in
temperature-sensitive formulations. Changes in the ratio may lead to phase inversion, where the nanoemulsion changes from an oil-in-water to a
water-in-oil type or vice versa. Understanding the PIT is crucial for formulating stable nanoemulsions with the desired properties®.
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5. Drug Loading and Release: The surfactant-to-oil ratio can impact the loading capacity of hydrophobic drugs within the nanoemulsion system.
By optimizing the ratio, it is possible to increase drug solubility in the oil phase, enhance drug loading efficiency, and control the release kinetics
of the encapsulated drug from the nanoemulsion?®,

6. Biocompatibility and Safety: The surfactant-to-oil ratio also influences the concentration of surfactants in the formulation, which can affect the
biocompatibility and safety of the nanoemulsion for pharmaceutical applications. Higher surfactant concentrations may increase the risk of
adverse effects, making it essential to balance stability with safety considerations?®.

Overall, the surfactant-to-oil ratio plays a crucial role in determining the stability, droplet size, drug loading capacity, and performance of
pharmaceutical nanoemulsions. Careful optimization of this ratio is essential for formulating stable and effective nanoemulsion.

Techniques for Nanoemulsion Formation (e.g., High-Pressure Homogenization, Ultrasonication)

Nanoemulsions can be prepared using various techniques, each offering unique advantages in terms of droplet size control, stability, and
scalability'®2*, Two common methods for nanoemulsion formation are high-pressure homogenization and ultrasonication:

1. High-Pressure Homogenization:

High-pressure homogenization is a widely used technique for producing nanoemulsions with small droplet sizes and narrow size distributions.
The process involves forcing the emulsion at high pressure through a narrow gap, leading to droplet size reduction and homogenization. Key
features of high-pressure homogenization for nanoemulsion formulation include:

- Equipment: High-pressure homogenizers consist of a high-pressure pump that forces the emulsion through a narrow homogenization chamber at
elevated pressures, typically ranging from 1000 to 20000 psi®.

- Droplet Size Control: High-pressure homogenization enables precise control over droplet size distribution by repeated cycles of shearing and
emulsification. This results in nanoemulsions with fine droplet sizes in the range of 20-200 nm?°,

- Uniformity and Stability: The intense shear forces generated during high-pressure homogenization promote uniform droplet size distribution
and enhance the stability of the nanoemulsion against droplet aggregation and coalescence’®2,

- Scalability: High-pressure homogenization is a scalable process suitable for industrial production, allowing for consistent and reproducible
nanoemulsion formulation on a large scale.

- Temperature Control: Careful temperature control is essential during high-pressure homogenization to prevent overheating and maintain the
stability of temperature-sensitive components in the formulation?2,

2. Ultrasonication:

Ultrasonication is a technique that utilizes high-frequency sound waves to disrupt droplets and create nanoemulsions. The process involves
subjecting the emulsion to ultrasonic waves, leading to cavitation and droplet breakup?2. Key features of ultrasonication for nanoemulsion
preparation include:

- Equipment: Ultrasonication can be performed using either ultrasonic probes or ultrasonic baths, which emit high-frequency sound waves that
create cavitation bubbles in the emulsion®.

- Droplet Disruption: Cavitation induced by ultrasonic waves generates microbubbles that implode, leading to intense shear forces that break
down larger droplets into smaller sizes. This results in nanoemulsions with fine droplet sizes and improved stability?6-28,

- Efficiency and Speed: Ultrasonication is a rapid and efficient technique for nanoemulsion formation, enabling the production of nanoemulsions
in a relatively short processing time compared to other methods?.

- Combining Techniques: Ultrasonication can be used in combination with other methods such as high-pressure homogenization to enhance
droplet disruption and further reduce droplet sizes for improved stability and performance?®

Both high-pressure homogenization and ultrasonication are effective techniques for producing nanoemulsions with small droplet sizes and
enhanced stability. The choice of technique depends on factors such as desired droplet size distribution, scalability, equipment availability, and
process efficiency.

Impact of Temperature and pH on Nanoemulsion Stability

The stability of nanoemulsions is influenced by various factors, including temperature and pH. Understanding the impact of these parameters is
crucial for designing and optimizing nanoemulsion formulations for pharmaceutical applications?-!, Here is detailed information on the effects
of temperature and pH on nanoemulsion stability:

1. Temperature:
Temperature plays a significant role in the physical properties and stability of nanoemulsions. Changes in temperature can affect the interfacial

tension between oil and water phases, the viscosity of the emulsion, and the mobility of molecules within the system. Key points regarding the
impact of temperature on nanoemulsion stability include:
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- Phase Behavior: Temperature variations can induce phase changes in the nanoemulsion system, such as phase separation, creaming, or phase
inversion. Thermal fluctuations can disrupt the equilibrium between the components of the nanoemulsion, leading to instability.

- Droplet Size: Temperature changes can influence droplet size and distribution in the nanoemulsion. Higher temperatures may increase droplet
coalescence and droplet size, affecting the overall stability of the system.

- Viscosity: Temperature affects the viscosity of the continuous phase in the nanoemulsion. Changes in viscosity can impact the flow properties
of the system, affecting droplet movement and stability.

- Coalescence and Flocculation: Elevated temperatures can enhance droplet coalescence and destabilize the nanoemulsion. Proper temperature
control is essential to prevent coalescence and maintain the stability of the formulation.

2. pH:

pH is another critical parameter that can influence the stability and performance of nanoemulsions. The pH of the formulation impacts the charge
on the emulsifier molecules, the interfacial properties of the droplets, and the interactions between components in the nanoemulsion. Important
considerations regarding the impact of pH on nanoemulsion stability include:

- Interfacial Properties: The pH of the formulation can affect the charge on the surfactant molecules at the oil-water interface. Changes in pH may
alter the stability of the emulsion droplets and their ability to resist coalescence.

- Emulsifier Functionality: The pH range at which emulsifiers and co-surfactants are most effective in stabilizing the nanoemulsion varies
depending on their chemical structure. Selecting emulsifiers with appropriate pH stability can enhance the overall stability of the system.

- Compatibility with Active Ingredients: The pH of the nanoemulsion formulation should be compatible with the active pharmaceutical
ingredients to prevent chemical degradation or alterations in drug properties. pH-sensitive drugs may require specific pH conditions for optimal
stability and performance.

- Shelf Life: pH can impact the long-term stability and shelf life of nanoemulsions. Maintaining a suitable pH range ensures the maintenance of
emulsion stability and prevents unwanted changes in the formulation over time.

Optimizing temperature and pH conditions in nanoemulsion formulations is essential for achieving and maintaining stability, preventing phase
separation, and controlling droplet size distribution.

Strategies for Controlling Droplet Size Distribution

Controlling droplet size distribution is a crucial aspect of nanoemulsion formulation, as it directly impacts the stability, drug loading capacity, and
bioavailability of the nanoemulsion system®3*, Several strategies can be employed to achieve a narrow and uniform droplet size distribution in
nanoemulsions. Here are some key strategies for controlling droplet size distribution:

1. Selection of Emulsifiers:

Emulsifiers play a vital role in stabilizing nanoemulsions and controlling droplet size distribution. Different emulsifiers have varying
functionalities and abilities to reduce interfacial tension, prevent droplet coalescence, and maintain emulsion stability. Selecting the appropriate
emulsifier or combination of emulsifiers based on their hydrophilic-lipophilic balance (HLB) and compatibility with the oil and water phases can
help achieve the desired droplet size distribution.

2. Optimization of Surfactant-to-Oil Ratio:

The surfactant-to-oil ratio in the formulation influences the stability and droplet size distribution of nanoemulsions. By adjusting the ratio of
surfactants and co-surfactants to the oil phase, it is possible to fine-tune the interfacial properties, emulsification efficiency, and droplet size
control. Optimizing the surfactant-to-oil ratio can lead to smaller and more uniform droplet sizes in the nanoemulsion.

3. Utilization of High-Energy Emulsification Techniques:

High-energy emulsification techniques such as high-pressure homogenization and ultrasonication can effectively reduce droplet size and achieve
a narrow size distribution in nanoemulsions. These techniques generate intense shear forces that break down larger droplets into smaller sizes,
resulting in nano-sized emulsions with improved stability and bioavailability.

4. Sequential Processing:

Sequential processing involves multiple passes through emulsification equipment or a combination of different emulsification techniques to

further reduce droplet size and enhance homogeneity. By subjecting the nanoemulsion to consecutive rounds of high-shear forces, it is possible to
refine the droplet size distribution and improve the overall stability of the formulation.
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5. Temperature and pH Control:

Optimizing temperature and pH conditions during the emulsification process can impact the droplet size distribution in nanoemulsions.
Maintaining suitable temperature and pH levels helps prevent droplet coalescence, phase separation, and other destabilization mechanisms that
may lead to variations in droplet size.

6. Use of Co-Solvents or Co-Surfactants:

Incorporating co-solvents or co-surfactants in the formulation can improve the solubilization of active ingredients and aid in controlling droplet
size distribution. Co-solvents enhance the compatibility between the oil and water phases, while co-surfactants help stabilize the interface and
reduce droplet size variability.

7. Particle Size Analysis:

Regular monitoring and characterization of the droplet size distribution using particle size analysis techniques such as dynamic light scattering
(DLS) or laser diffraction can provide valuable insights into the effectiveness of the formulation strategies. Adjustments can be made based on
analytical data to optimize droplet size control in nanoemulsions.

By employing these strategies for controlling droplet size distribution, researchers can develop nanoemulsions with uniform droplet sizes,
enhanced stability, and improved performance.

Nanoemulsions have gained significant attention in the field of pharmacy due to their unique properties and
potential applications in drug delivery3®%

Some key applications of nanoemulsions in pharmacy include:

1. Enhanced Drug Solubility and Bioavailability: Nanoemulsions can solubilize poorly water-soluble drugs, facilitating their absorption and
improving bioavailability. The small droplet size and large surface area of nanoemulsions enhance the dissolution rate and oral absorption of
drugs.

2. Controlled and Targeted Drug Delivery: Nanoemulsions can be designed to encapsulate drugs and deliver them to specific target sites in a
controlled manner. Surface modification of nanoemulsion droplets with ligands or antibodies enables targeted drug delivery, reducing systemic
side effects and improving therapeutic outcomes.

3. Sustained Release Formulations: Nanoemulsions can be formulated to release drugs in a sustained manner, providing prolonged drug release
and maintaining therapeutic levels over an extended period. By controlling the droplet size, surfactant composition, and emulsion structure,
sustained release nanoemulsions can be tailored for various applications.

4. Transdermal Drug Delivery: Nanoemulsions are used in transdermal drug delivery systems to enhance skin permeation and facilitate the
delivery of drugs across the skin barrier. The small droplet size of nanoemulsions allows for better skin penetration, improving the efficacy of
topically applied drugs.

5. Ophthalmic Drug Delivery: Nanoemulsions are suitable for ophthalmic drug delivery due to their biocompatibility, clarity, and ease of
sterilization. Nanoemulsions can improve drug solubility, enhance ocular retention, and provide sustained release of drugs, making them ideal for
treating eye diseases.

6. Anti-Cancer Therapy: Nanoemulsions can be utilized for the delivery of anticancer drugs, enabling targeted drug delivery to tumor tissues
while minimizing systemic toxicity. The small droplet size and surface modification options of nanoemulsions enhance drug accumulation in
tumors and improve the efficacy of cancer treatments.

7. Nutraceutical and Cosmeceutical Formulations: Nanoemulsions are used in the formulation of nutraceuticals and cosmeceuticals to improve
the delivery of vitamins, antioxidants, and active ingredients. Nanoemulsions enhance the stability, bioavailability, and efficacy of these
compounds in dietary supplements and cosmetic products.

8. Vaccine Delivery: Nanoemulsions have shown promise as vaccine delivery systems, enhancing the immunogenicity and stability of antigens.
Nanoemulsion-based vaccines can improve vaccine efficacy, reduce the required antigen dose, and enhance the immune response against
infectious diseases.

Nanoemulsion-based products available in the market

1. Estrasorb (Estradiol Nanoemulsion): Brand Name: Estrasorb
2. VesiSorb CoQ10: Brand Name: VesiSorb CoQ10

3. Neoral (Cyclosporine Nanoemulsion): Brand Name: Neoral

4. Rozex (Metronidazole Nanoemulsion): Brand Name: Rozex
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5. Nanopatch (Vitamin C Nanoemulsion): Brand Name: Nanopatch

Conclusion

Nanoemulsions have emerged as versatile and promising delivery systems with a wide range of applications in various industries, including
pharmaceuticals, cosmetics, food, and more. These colloidal dispersions of nanoscale droplets offer unique advantages such as improved stability,
enhanced solubilization of poorly water-soluble substances, controlled release of active ingredients, and potential for targeted delivery.

In the pharmaceutical industry, nanoemulsions are particularly valuable for enhancing drug solubility, bioavailability, and targeted delivery of
therapeutics. The small droplet size and large surface area of nanoemulsions facilitate drug absorption, improve therapeutic outcomes, and enable
customized drug release profiles. Formulation of pharmaceutical nanoemulsions involves high-energy methods and careful selection of
surfactants, oils, and emulsification processes to achieve stable and effective drug delivery systems.

Ongoing research and development efforts in nanoemulsion technology continue to expand the applications and optimize the performance of
these innovative delivery systems. Future advancements in nanoemulsions hold great promise for addressing pharmaceutical challenges related to
drug delivery and formulation, ultimately leading to improved patient outcomes and enhanced treatment options.

Overall, nanoemulsions represent a promising and rapidly advancing field in drug delivery, with the potential to revolutionize pharmaceutical
formulations and improve the efficacy, safety, and targeted delivery of a wide range of therapeutics. Continued research and innovation in
nanoemulsion technology will undoubtedly contribute to the development of novel drug delivery solutions and further advancements in the
pharmaceutical industry.
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