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Abstract: Nano emulsions are emerging as versatile drug delivery systems, offering enhanced solubility, dissolution, absorption, 
permeation, and bioavailability due to their nano-sized droplets and extensive interfacial area. Both high-energy and low-energy 
techniques are employed for nano emulsion preparation, including high-pressure homogenization, ultrasonication, phase 
inversion composition (PIC), and phase inversion temperature (PIT) methods. Nano emulsions demonstrate advantages in 
improving the stability and bioavailability of therapeutic agents, addressing common challenges such as creaming, flocculation, 
sedimentation, and coalescence. Stabilizers, surfactants, and process parameters play a critical role in maintaining stability and 
enhancing the performance of nano emulsions. Characterization methods are essential for assessing nano emulsion properties 
and stability. Nano emulsions show potential applications in various routes of administration, including topical, ocular, 
transdermal, and parenteral. The formulation, characterization, and application of nano emulsions represent a promising 
approach for improving therapeutic outcomes through effective and versatile drug delivery platforms. Ongoing research focuses 
on optimizing formulation strategies, exploring novel applications, and overcoming existing limitations to further enhance the 
efficacy of nano emulsion-based drug delivery systems. 
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1. Introduction 

Emulsions are two-phase solutions with droplets that range in size from 0.1 to 100 μm. To stabilize this instability, emulsifying 
agents are needed [1]. These adaptable nano emulsions are applied in various fields, like paint, agri-food sector and more, but they 
can become unstable because of sedimentation and creaming processes. Chemical instability can be caused by microbial infection 
and poor storage conditions, for example, and its properties are assessed using a variety of methods [2]. There are many different 
types of emulsions, such as nano, micro, double, and mixed emulsions. Nano emulsions, which contain droplets in the 10-1,000 nm 
size range, exhibit therapeutic potential for uses such as immune responses and anticancer treatment [1]. These colloidal particulate 
carriers ensure controlled and sustained drug release over an extended period by shielding drugs from degradation. Their large-scale 
production requires less surfactant, and they have great potential for drug delivery particularly for low-solubility medications like 
those used in skin treatments. There are three categories of nano emulsions: oil-in-water, water-in-oil and bi-continuous. Each type 
has its special qualities. They are characterized as small, transparent, and smooth emulsions, with droplet sizes usually falling between 
10 - 200 nm [3]. Surfactants, co-surfactants, co-solvents, oils and aqueous phases are essential for creating stable, transparent systems 
with mean droplet sizes of 100 nm, which are then used to prepare nano emulsions. Nano emulsions are a promising drug delivery 
method because they can improve drug release, especially for low-solubility drugs used in skin treatments [4]. Through methods 
such as Ostwald aging and high sheer homogenization uses high energy or ultrasound to prevent creaming or sedimentation, while 
co-surfactants such as ethanol, propanol, or propylene glycol improve stability. Although proteins and lipids can function as 
emulsifiers, surfactants are most frequently employed because of their electrostatic interactions and steric hindrance. The preparation 
of nano emulsions using high and low-energy techniques has been the subject of recent research. While high-energy processes like 
high-pressure homogenization and ultrasonication demand large amounts of energy, low-energy processes use characteristics of the 
system like the EIP & PIT to produce tiny droplets with little energy [5]. Because of their small droplet size, which influences their 
stability, optical properties, and release behavior, nano emulsions are highly adaptable for drug delivery through a variety of routes, 
including topical, ocular, transdermal, perioral, percutaneous, and parental administration [6,7,8]. By minimizing the effects of gravity 
during storage, the small droplet size helps to prevent flocculation and creaming. The oil-to-surfactant weight ratio provides exact 
control over droplet size [9,10]. The increased prominence of nano emulsions for drug delivery is attributed to the smaller droplet 
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size [11]. The Differences between Macroemulsions, Microemulsions and Nanoemulsions shown in Table 1 and pictorial 
represented in the Figure 1. 

Table 1. Differences between Macro emulsions, Micro emulsions, and Nano emulsions 

 

Figure 1. Schematic view of the different emulsions a. Macro emulsions, b. Micro emulsions, and c. Nano emulsions 

Immediately following preparation, take 10ml (about 0.34 oz) of graduated cylinder & add 8ml (about 0.27 oz) of oil-in-water 
emulsion. securely sealed to prevent evaporation. For a full day, it was kept at room temperature. The thickness of the separated oil 
layer, or creaming layer, was measured to evaluate the emulsion's stability. The height of the top cream layer expressed as a percentage 
of the height of the entire emulsion sample was used to compute the creaming index (CI) [12]. Drugs are more chemically and 
physically stable when they are in nano emulsion form. The stability should be checked for the development of emulsions, 
microemulsions, and nano emulsions. Over several months, stability studies are carried out at room temperature and under 
refrigeration. Stability is assessed by looking for small changes in droplet size, refractive index, and viscosity during storage. In terms 
of stability, nano emulsions and microemulsions are very different. Microemulsions are formed by self-assembly and are 
thermodynamically stable, whereas nano emulsions are formed by mechanical shear and are kinetically stable. Because of their 
increased stability and smaller droplet size, nano emulsions don't cream or sediment [13] 

2. Preparation of nanoemulsions 

A nano emulsion’s effective formulation depends on the choice of an appropriate constituent. Because they are less harmful, safe, 
or natural [GRAS-Generally Recognized as Safe] ingredients, like polysaccharides and proteins from food and surfactants (Tweens, 
spans), are now used in the production of nano emulsions. Based on the structural materials they employ, such as lipids, proteins, 
polysaccharides, or composites, edible films and coatings are typically categorized [15]. 

The need for innovative and effective emulsification procedures is constant because formulation of nano emulsion is an extremely 
cost operating problem during oil production. [16]. 

There are three standard methods used to increase a nano emulsion’s chemical stability:  

• The use of chelating agents or antioxidants 

• Adjusting the interfacial properties (such as chemical reactivity, charge, and thickness) 

• Regulating the ambient parameters (light, pH, temperature, oxygen concentrations) [15]. 

Factors affecting the preparation of nano emulsions 

• The primary prerequisite for creating a nano emulsion is ultralow interfacial tension, which can only be achieved by 
carefully selecting the surfactant. 

• To make nano emulsion, the surfactant concentration must be sufficiently high to stabilize microdroplets. 

• The flexibility of the surfactant needs to be adequate to facilitate the development of the nano emulsion. Enforcing intense 
share is necessary to rupture microscale droplets into nanoscale by producing stress levels that approach the Laplace pressure 
of the droplets, which is between 10 and 100 atm. 

Type Macro emulsions Micro emulsions Nano emulsions 

Size 1-100μm 10-100nm 20-500nm 

Shape Spherical Spherical, lamellar Spherical 

Stability 
Thermodynamically 
Unstable, weakly 
kinetically stable 

Thermodynamically stable 
Thermodynamically 
unstable, kinetically stable 

Method of 
preparation 

High and low energy 
methods 

Low energy method 
High a d low energy 
method 

Polydispersity Often high (>40%) Typically, low (<10%) Typically, low (<10-30%) 
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• The dispersed medium must be very insoluble in the dispersed medium to prevent Ostwald ripening [17] 

2.1. Methods for preparation of Nano emulsions  

Since they are non-equilibrium systems, nano emulsions cannot form by themselves. A substantial amount of energy is needed to 
make nano emulsions because of their enormous surface area, which is the result of many small-sized droplets [18]. Based on the 
method used to provide the system with energy that must be emulsified, nano emulsions manufacturing can be categorised into two 
main categories: low-energy methods and high-energy methods. The choice of an appropriate emulsification device is influenced by 
factors such as the volume and nature of the initial mixture, the cost of the emulsification process and the intended physicochemical 
characteristics of the final emulsion [19]. oil-in-water-in-oil (O/W/O) and Water-in-oil-in-water (W/O/W) are two specific forms 
of multiple Nano emulsion that can be produced using a two-step process. The oily phase can be produced by using various types 
of lipids and oils like triglycerides and essential oils to form nano emulsions of various biological and physiochemical properties 
[20]. Several droplets can form simultaneously by expanding the interface between two liquid phases using energy input from 
external equipment [21]. 

2.1.1. Low energy method 

The development of low-energy (LE) technologies to formulate nano emulsions developed significantly later than those of high-
energy techniques. These techniques involve producing nano emulsions (NEs) by spontaneous emulsification without the need for 
equipment or energy [22]. Emulsion droplets in the nanometric range are produced using low-energy procedures that redirect the 
inherent physicochemical features of the surfactants, excipients, and co-surfactants in the preparation [23]. Low-energy techniques 
can also be used to achieve nano emulsification, producing droplets that are smaller and more uniform in size. Nano emulsions 
produced with LE methods are influenced by physicochemical factors like composition, temperature, and solubility [24]. 

The low energy method is broadly categorized into:  

i. Spontaneous emulsification method (SE)  
ii. Phase inversion temperature method (PIT)  
iii. Phase inversion composition method (PIC) 

In the pharmaceutical and cosmetic sectors, phase inversion composition (PIC) and phase inversion temperature (PIT) are the two 
low-energy emulsification techniques that are commonly employed. 

Premix membrane emulsification was examined for the first time as a potential low-energy input process for the preparation of 
pharmaceutical nano emulsions and solid lipid nanoparticles, to address issues with traditional high-energy preparation methods for 
colloidal drug distribution systems [25]. 

 

Spontaneous emulsion (SE): This is also called self-emulsification method or solvent diffusion emulsification (ESD) and occurs 
through different techniques. During the emulsification process, it benefits from the release of chemical energy depending upon 
dilution with the continuous phase, which typically happens at constant temperature without phase transitions in the system. There 
is no need for specialized equipment because this technique can produce nano emulsions at room temperature. The presence of a 
solvent and the small amount of oil phase are the primary drawbacks of the present method [26]. Several processes lead to 
spontaneous emulsification, and these processes appear to be influenced by the physicochemical properties and compositions of 
the systems involved. Oil droplets spontaneously form when the water is mixed in an oil phase containing a water-soluble unit. The 
movement of a chemical which dissolves in water from the oil phase to the water phase is the mechanism that operates this method 
[27]. This results in interfacial disturbance and consequently, leads to the formation of spontaneous oil droplets. Figure 2 shows a 
schematic diagram of the spontaneous emulsion method 

 

Figure 2. Schematic diagram of the spontaneous emulsion method

. 
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Emulsion phase inversion method: When the concentration of dispersed globules in the dispersion medium is relatively high, 
which means that the globules are packed extremely closely in the suspending fluid, phase inversion of the emulsion occurs [28].  It 
describes the conversion of O/W (oil-in-water) emulsions into W/O (water-in-oil) emulsions or conversely, or it describes a 
desirable and dynamic occurrence depending upon phase transition that occurs throughout the emulsification procedure. Salt 
concentration, temperature, water, oil fraction, and energy input, as well as variations in formulation parameters (salinity, 
temperature, etc.), may all affect the emulsion phase inversion method [26]. These techniques make use of the chemical energy 
released as an output the phase transformation occurs throughout the emulsification process [29]. Schematic diagram of the phase 
inversion method shows in Figure 3. 

 

Figure 3. Schematic diagram of the phase inversion method [29]. 

 

Phase inversion composition (PIC) (Self-nano emulsification):  Food-grade nano-emulsions have been produced By using this 
method. The process of developing nano emulsions involves gradually incorporating oil or water into the oil-surfactant or water-
surfactant mixture [2]. This process is not appropriate to produce nano emulsions including surfactants such as casein, whey protein, 
sucrose monoesters, and quillaja saponin. This method takes longer to prepare than the spontaneous emulsion technique because it 
uses fewer driving forces [30]. Diagrammatic representation of Phase inversion composition shown in figure 4. This approach 
modifies composition while maintaining a constant temperature. This approach has received a lot of attention since it may produce 
nano emulsions at room temperature without the need for heat energy or organic solvents. Since adding a single substance to nano 
emulsion is simpler than yielding an abrupt change in temperature, the PIC [phase inversion composition] method is more suitable 
for manufacturing in large scale than the PIT method. It is possible to generate droplets as small as 50 nm. However, applying this 
technique to hydrophobic substances is difficult. It is possible to perform the reverse procedure by adding more water to dilute the 
mixture [30]. 

 

Figure 4. Diagrammatic representation of Phase inversion composition. [38] 

 

Phase Inversion Temperature (PIT): Shinoda and his associates introducced the PIT. The phase inversion temperature method 
demonstrates a relationship between the complete solubilization of oil and minimum droplet size in a discontinuous phase apart 
from the original phase equilibrium (multiphase (or) single) [2]. The addition of co-surfactants could stabilize this system because 
the stability of nano emulsions created by this approach is temperature sensitive close to PIT. In this method, water, oil, and non-
ionic surfactants are combined at room temperature. This process results in the formation of O/W microemulsion 
containingexcess oil. The surfactant monolayer in this mixture displays a positive curvature [31]. Schematic representation of 
Phase Inversion Temperature (PIT) shows in Figure 5. 
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Figure 5.  Schematic representation of Phase Inversion Temperature (PIT) 

Water and surfactants are mixed constantly and heated gradually from room temperature to phase inversion temperature. Oil in 
water nano emulsions are produced by quickly chilling the solution of an ice bath. While the mixture is significantly chilled below 
the PIT, the molecules of surfactant  in the dispersed phase is more soluble, thus encouraging  formulation of oil in water nano 
emulsions  [32]   This method is not appropriate for thermos labile drugs due to the heating of components involved. It has been 
noted that quickly cooling the emulsion to a temperature close to PIT can result in the production of stable, fine emulsion droplets 
[33]. 

2.1.2. High-energy methods 

Since high-pressure homogenizers are suitable for carrying out this method, these are the devices more frequently employed to make 
nano emulsions. Because they are non-equilibrium systems, nano emulsions cannot develop on their own. Because of this, they 
require the input of mechanical or chemical energy to form.  High-energy techniques are typically utilized in the preparation of nano 
emulsions [34]. While producing a nano emulsion (NE) using the high-energy method, specific equipment such as an ultrasonic 
generator, microfluidizer or high-pressure homogenizer, is required to supply the energy needed for emulsification, which is then 
assisted by the application of a suitable surfactant. In the high-energy method, the water and oil phases are broken up to yield nano-
emulsions by utilizing mechanical devices that generate intense disruptive forces. [2] The system receives the necessary energy in 
the least amount of time to produce homogeneous, small-sized particles [35]. an outline of techniques for the preparation of 
Oil/Water nano emulsion shown in figure 6. 

 

Figure 6. An outline of high-energy method for the preparation of oil in water nano emulsion 

 

High-pressure valve homogenization method (HPVHM) : It is the more popular method to produce nano emulsions. They 
are sometimes referred to as piston homogenizers or dynamic high-pressure homogenization. Often, a hot-stage high-pressure (HP) 
homogenization process is used to produce nano-sized emulsions that maintain the appropriate stability properties even after being 
subjected to steam sterilization [36].the droplet size in nanoemulsion is as compact as 1 nanometers are produced by using a high-
pressure homogenizer or a piston homogenizer. These homogenizers efficiently reduce the size of a previously used coarse emulsion 
besides the directly generating a nano emulsion from different water and oil phases.  Cavitation forces, strong turbulence, and 
hydraulic shear work as a group to produce tiny droplets. We could resubject the resultant product with a homogenizer until the 
appropriate droplet size and polydispersity index are obtained [2]. In this process, two liquids, cosurfactants & surfactants are forced 
using a tiny opening in a piston homogenizer at a high pressure ranges from 500 to 5000 psi to form nano emulsions [36]. However, 
a significant amount of energy is needed to produce tiny droplets at the submicron level. The components may deteriorate as a 
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result of this energy and the rising temperatures during the high-pressure homogenization process. Diagramatic representation of 
high-pressure homogenization system (PandaPlus2000 homogenizer, from GEA) equipped with two valves for cellular materials 
disruption shown in figure 7. Nucleic acids, proteins, and enzymes are examples of thermolabile substances that might get destroyed. 
A large number of surfactants are incorporated to reduce coalescense [37]. However, this results in coalescence during the 
emulsification process. For this reason, it is preferable to utilize a surfactant to effectively reduce surface tension [2]. It is a very 
effective method that is used in both laboratories and industries, but it uses a lot of energy and could cause the components to 
deteriorate if the processing temperature rises too high. 

 

 

Figure 7. Schematic of high-pressure homogenization system (PandaPlus2000 homogenizer, from GEA) equipped with 
two valves for cellular materials disruption [40]. 

 

High-Pressure Microfluidic homogenization method (HPMH): A strong platform with a well-managed emulsification process 
is offered by microfluidic technology, which produces highly controllable monodisperse emulsion droplets. The pharmaceutical 
industries utilises this method more frequently to obtain fine emulsions. Microfluidizer is used in this technique, a device that 
generates high pressures. Microfluidic approaches provide flexible regulation of droplet form by allowing for dynamic adjustment 
of the surfactant-stabilized interface between dispersed droplets and continuous phase, with outstanding control over flow behaviors 
[38]. The technique is identified with the use of combination of processing methods such as high-velocity impact forces, high 
pressure, instantaneous pressure drop, high-frequency vibration, hydrodynamic intense and shear rate cavitation to twist. A 
microfluidizer contains an interaction chamber where the liquid flows as a channel or steam at a certain velocity, undergoing 
turbulence and high stress and categorise into 2 or more micro-streams with the significantly increased velocities because of the 
high reduction in pipe diameters. These high-velocity micro-streams then collide with each other and white the chamber walls, 
resulting in the breaking down of particles into tiny droplets, ultimately leading to the production of an emulsion. This resulting 
emulsion will be obtained from an outlet attached at the end of the interaction chamber. Outlet pipe is prepared with higher diameter 
to confirm an immediate drop of velocity or pressure results by inducing irreversible changes in the structure system of emulsion 
[39]. As a result of high-velocity impact, high pressure, intense shear rate and cavitation, micro fluidization can create extremely 
stable and homogenous aqueous media, making it one of the most promising techniques to produce nano emulsions. Therefore, 
high-pressure homogenization and micro flueidisation procedures could both be employed to prepare nano emulsions at the 
laboratory and industrial scales [40]. preparing nano delivery systems through a micro fluidization method shown in figure 8. 
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Figure 8. Preparing nano delivery systems through a micro fluidization method. 

 

Ultrasonic homogenization method (USH): One of the most often used techniques for producing nano emulsions (NEs) is the 
ultrasonication method due to its energy-efficient manufacturing process, intuitive and straightforward manipulation system, 
affordable production costs, and ability to produce stable emulsions.  For high-pressure homogenization, this method is used as an 
alternative [40]. 

Ultrasonic emulsification involves two mechanisms: 

1. Interfacial waves produced by the acoustic field cause the oil phase to fragment and disseminate as droplets into the 
continuous phase. 

2. Acoustic cavitation caused by ultrasound causes microbubbles to form and burst mostly because of pressure changes in a 
single sound wave.  

3. The ultra-sonication procedures influence sound waves high-frequency that are 20 kHz and above. A piezo transmitter is 
used to produce sound waves by generating mechanical vibrations from electrical voltage [41]. 

High-power ultrasonic equipments such as pointed tips and focusing horns results high cavitation and sheer thatleads to breaking 
up of droplets. However, because sonication techniques have the potential to cause lipid oxidation, protein denaturation, and 
polysaccharide depolymerization, there are certain issues regarding them. Ultra sonication technique is mainly used at laboratory 
scale. The technique is more advantageous than traditional mechanical procedures because it produces uniform Nano emulsion with 
less energy and surfactant concentration [42]. Nano emulsion formed by ultra-sonication method shown in the Figure 9. 

 

 

Figure 9. Nano emulsion formed by ultra-sonication method. 



Journal of Pharma Insights and Research, 2024, 02(04), 125-138 

  
Srivalli Tanuku et al 132 

 

3. Formulation of nanoemulsions 

The key components used in nanoemulsion preparation include: 

3.1. Oil phase  

The oil phase serves as the carrier for lipophilic drugs and influences the droplet size and stability of the nanoemulsion. Common 
oils used include medium-chain triglycerides, long-chain triglycerides, essential oils, and mineral oils [43]. The choice of oil depends 
on the drug solubility and the desired properties of the final formulation. 

3.2. Aqueous phase 

Water or buffer solutions form the continuous phase in oil-in-water nanoemulsions. The aqueous phase may contain hydrophilic 
drugs, electrolytes, or other water-soluble components [44]. 

3.3. Surfactants 

These are crucial for reducing interfacial tension and stabilizing the nanoemulsion. Both synthetic and natural surfactants are used, 
including polysorbates (Tweens), sorbitan esters (Spans), phospholipids, and proteins [45]. The selection of surfactants is based on 
their hydrophilic-lipophilic balance (HLB) value and compatibility with other components. 

3.4. Co-surfactants 

These are often added to further reduce interfacial tension and improve the flexibility of the interfacial film. Common co-surfactants 
include short-chain alcohols, polyethylene glycol, and propylene glycol [46]. 

3.5. Stabilizers 

Stabilizers play a crucial role in maintaining the long-term stability of nanoemulsions. These may include:  

3.5.1. Texture modifiers 

Such as xanthan gum or carboxymethylcellulose, which can increase viscosity and prevent gravitational separation [47].  

3.5.2. Emulsifiers 

Additional emulsifiers like lecithin or poloxamers can enhance the stability of the interfacial layer [48].  

3.5.3. Ripening inhibitors 

Compounds like long-chain triglycerides or hydrophobic compounds that can prevent Ostwald ripening [49]. 

3.6. Antioxidants 

These are often included to prevent oxidation of the oil phase and maintain the chemical stability of the formulation. Examples 
include tocopherols, ascorbic acid, and butylated hydroxytoluene (BHT) [50]. 

3.7. pH adjusters 

Buffers or pH-modifying agents may be added to optimize the pH for drug stability and physiological compatibility [51]. 

3.8. Osmotic agents 

In some cases, osmotic agents like glycerin or sorbitol are added to adjust the osmolality of the formulation, particularly for 
parenteral or ocular applications [52]. 

The formation of solid particles, monolayer, and multilayer nanoemulsions can be achieved through careful selection and 
combination of these excipients. In some cases, surfactant-free emulsions can be prepared using solid particles as stabilizers, known 
as Pickering emulsions [53]. 
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4. Applications of nanoemulsions 

Nanoemulsions have found diverse applications across various industries, particularly in food science, pharmaceuticals, and materials 
engineering. Their unique properties and versatility make them ideal candidates for addressing challenges in product formulation, 
drug delivery, and functional materials development. 

• In the food industry, nanoemulsions are increasingly used to create structured ingredients that enhance texture, flavor, 
appearance, and nutritional value of products [54]. Recent research has focused on developing sustainable, health-promoting, 
and clean-label formulations. Double emulsions, nanoemulsions, and Pickering emulsions have garnered significant attention 
due to their potential to improve food quality and functionality [55]. 

• The use of environmentally friendly ingredients, such as nanocellulose and other biopolymers, is becoming more prevalent 
in food-grade nanoemulsion formulations [56]. These natural materials can provide excellent stability and additional health 
benefits. Advanced characterization techniques, including nuclear magnetic resonance spectroscopy (NMR), are being 
employed to study the structure of multiple emulsions, facilitating ongoing characterization of food products [57]. Moreover, 
microfluidic and imaging-coupled artificial intelligence methods are being developed to simplify and accelerate the formulation 
and analysis processes [58]. 

• In the field of thermal management, nanoemulsions have shown promise for enhanced heat transfer applications. They 
are designed to provide improved heat transfer properties, increased pumping power, and greater storage capacities for latent 
heat storage in flow systems [43]. This makes them particularly useful in thermal transport and storage applications, with 
potential implications for energy efficiency and sustainability [59]. 

• The pharmaceutical industry has embraced nanoemulsions for their ability to enhance drug delivery and therapeutic 
efficacy. For instance, pomegranate seed oil (PSO) nanoemulsions have demonstrated significant antitumor activity in 
preclinical studies [44]. Treatment with PSO nanoemulsions resulted in reduced tumor weight and size, increased DNA 
damage in tumor tissue, and modulation of key genes involved in apoptosis and tumor suppression [60]. However, careful 
dose optimization is crucial to minimize potential genotoxicity to healthy tissues. 

• Innovative nanoemulsion formulations are also being developed for specific therapeutic applications. For example, 
cinnamaldehyde-tannic acid nanoemulsions (CIN-TA-NEs) have been successfully integrated with chitosan to create 
composite films with enhanced functional properties [61]. These films exhibit improved water resistance, reduced oxygen and 
water vapor permeability, and increased compactness, making them promising candidates for food packaging and drug delivery 
applications. 

• In the realm of pulmonary drug delivery, size-controlled nanoemulsions have shown potential as alternative medication 
delivery systems [45]. By optimizing process parameters, researchers have developed nanoemulsions with tailored sizes that 
demonstrate improved membrane permeability and favorable aerodynamic properties. These formulations show reduced 
toxicity in human lung fibroblast cells while maintaining efficient pulmonary transport, offering new possibilities for treating 
lung diseases with elevated local drug concentrations [62]. 

• Nanoemulsions have also shown promise in topical drug delivery, particularly for anti-psoriatic medications [46]. Their 
high drug-loading capacity, enhanced penetration ability, and low skin irritation make them ideal carriers for dermatological 
applications. The use of natural biosurfactants in nanoemulsion formulations is gaining traction due to their environmental 
friendliness and comparable surfactant competency to synthetic alternatives [63]. 

• In the field of food preservation and packaging, nanoemulsions of essential oils have demonstrated significant potential 
[47]. These formulations enhance the dispersibility of essential oils and facilitate their controlled delivery in food systems. 
Nanoemulsion-based coatings have shown effectiveness in active packaging applications, contributing to improved food safety 
and shelf life [64]. Additionally, essential oil nanoemulsions have been explored for their potential as bio-nanosensors and 
disinfectants, addressing microbiological contamination in food products [48, 65-67]. 

 

5. Importance of Nanoemulsions 

Nanoemulsions have gained significant attention in various fields due to their unique properties and versatile applications. The 
importance of nanoemulsions can be summarized as follows: 
 

• Enhanced Bioavailability and Efficacy: Nanoemulsions exhibit improved solubility, dissolution, absorption, permeation, 
and bioavailability due to their nano-sized droplets and extensive interfacial area [68]. This characteristic is particularly 
beneficial for poorly water-soluble drugs and bioactive compounds, as it can significantly enhance their therapeutic efficacy. 

• Improved Stability of Bioactive Compounds: Encapsulation within the nanoemulsion matrix can enhance the physical 
stability of herbal bioactives and other sensitive compounds [69]. This protection helps preserve the integrity and activity of 
these substances, extending their shelf life and maintaining their efficacy over time. 
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• Safety and Biocompatibility: The oils and fats used in nanoemulsions are generally recognized as safe (GRAS) for human 
consumption. They are rapidly metabolized, well-tolerated by the body, and non-toxic [70]. This makes nanoemulsions suitable 
for various applications, including pharmaceuticals, nutraceuticals, and cosmetics. 

• Controlled and Sustained Release: Nanoemulsions permit the deliberate and continuous transfer of active molecules [49]. 
This controlled release profile can lead to more consistent therapeutic effects and reduced dosing frequency, potentially 
improving patient compliance [71]. 

• Reduced Toxicity: Nanoemulsions can potentially reduce the required dosage while maintaining or improving therapeutic 
effects. This can lead to a reduction in dose-dependent side effects and overall toxicity [72]. 

• Versatility in Drug Delivery: 

• Nanoemulsions have attracted worldwide research interest due to their capacity to solubilize and transport both hydrophilic 
and hydrophobic active compounds with unique physical properties [73]. This versatility makes them suitable for a wide range 
of applications in drug delivery and nutraceuticals. 

• Enhanced Systemic Bioavailability: For certain routes of administration, nanoemulsions can increase the concentration of 
drugs in plasma by avoiding first-pass metabolism [74]. This is particularly beneficial for drugs with low oral bioavailability. 

• Value-Added Nutraceutical Products: In the food and nutraceutical industry, nanoemulsions offer the potential to create 
products with added value, such as improved bioavailability of nutrients or enhanced sensory properties [75]. 

• Improved Patient Compliance: The potential for reduced dosing frequency, improved efficacy, and decreased side effects 
can lead to better patient compliance with treatment regimens [50]. 

 

6. Advantages and Disadvantages of Nanoemulsions 

 
Nanoemulsions offer numerous advantages, but they also have some limitations. Following is an overview of their pros and cons: 

6.1. Advantages 

• Enhanced solubility and bioavailability of poorly water-soluble compounds 

• Improved stability compared to conventional emulsions 

• Potential for targeted drug delivery 

• Controlled and sustained release of active ingredients 

• Reduced dosage requirements and potentially fewer side effects 

• Versatility in routes of administration (oral, topical, parenteral, etc.) 

• Protection of sensitive bioactive compounds 

• Potential for improved sensory attributes in food and cosmetic applications 

• Increased penetration through biological membranes [76] 

6.2. Disadvantages 

• Potential for Ostwald ripening, leading to instability over time 

• Sensitivity to environmental factors such as temperature and pH 

• Possibility of drug leakage during storage 

• Higher production costs compared to conventional formulations 

• Potential for surfactant-induced toxicity if not properly formulated 

• Limited loading capacity for some drugs 

• Challenges in large-scale production and sterilization 

• Potential for allergic reactions to certain components 

• Regulatory challenges due to the novelty of nanoscale formulations [77] 

7. Conclusion 

Nanoemulsions have emerged as a promising and versatile platform in the fields of drug delivery, food science, and cosmetics. Their 
unique properties, including enhanced solubility, improved bioavailability, and controlled release capabilities, offer significant 
advantages over conventional formulations. The ability to encapsulate both hydrophilic and hydrophobic compounds, coupled with 
their stability and potential for targeted delivery, makes nanoemulsions particularly attractive for a wide range of applications. 
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Recent advancements in formulation techniques, characterization methods, and the use of novel, biocompatible materials have 
further expanded the potential of nanoemulsions. From improving the efficacy of pharmaceuticals to enhancing the nutritional 
value and shelf life of food products, nanoemulsions demonstrate remarkable versatility and efficacy. 

References 

[1] Solans C, Izquierdo P, Nolla J, Azemar N, Garcia-Celma MJ. Nano-emulsions. Curr Opin Colloid Interface Sci. 2005;10(3-
4):102-10. 

[2] Tadros T, Izquierdo P, Esquena J, Solans C. Formation and stability of nano-emulsions. Adv Colloid Interface Sci. 2004;108-
109:303-18. 

[3] Gupta A, Eral HB, Hatton TA, Doyle PS. Nanoemulsions: formation, properties and applications. Soft Matter. 
2016;12(11):2826-41. 

[4] McClements DJ. Nanoemulsions versus microemulsions: terminology, differences, and similarities. Soft Matter. 
2012;8(6):1719-29. 

[5] Anton N, Benoit JP, Saulnier P. Design and production of nanoparticles formulated from nano-emulsion templates-a review. 
J Control Release. 2008;128(3):185-99. 

[6] Mannaa S, Lakshmia US, Racharlaa M, Sinhab P, Kanthala LK, Kumara SP. Bioadhesive HPMC gel containing gelatin 
nanoparticles for intravaginal delivery of tenofovir. Journal of Applied Pharmaceutical Science. 2016 Aug 30;6(8):022-9. 

[7] Lovelyn C, Attama AA. Current state of nanoemulsions in drug delivery. J Biomater Nanobiotechnol. 2011;2(5A):626-39. 

[8] Jaiswal M, Dudhe R, Sharma PK. Nanoemulsion: an advanced mode of drug delivery system. 3 Biotech. 2015;5(2):123-7. 

[9] Acosta E. Bioavailability of nanoparticles in nutrient and nutraceutical delivery. Curr Opin Colloid Interface Sci. 
2009;14(1):3-15. 

[10] Mason TG, Wilking JN, Meleson K, Chang CB, Graves SM. Nanoemulsions: formation, structure, and physical properties. 
J Phys Condens Matter. 2006;18(41):R635-66. 

[11] Bouchemal K, Briançon S, Perrier E, Fessi H. Nano-emulsion formulation using spontaneous emulsification: solvent, oil 
and surfactant optimisation. Int J Pharm. 2004;280(1-2):241-51. 

[12] Sarella PN, Thammana PK. Potential applications of Folate-conjugated Chitosan Nanoparticles for Targeted delivery of 
Anticancer drugs. Research Journal of Pharmaceutical Dosage Forms and Technology. 2023 Oct 1;15(4):281-8. 

[13] Kentish S, Wooster TJ, Ashokkumar M, Balachandran S, Mawson R, Simons L. The use of ultrasonics for nanoemulsion 
preparation. Innovative Food Sci Emerg Technol. 2008;9(2):170-5. 

[14] Sonneville-Aubrun O, Simonnet JT, L'alloret F. Nanoemulsions: a new vehicle for skincare products. Adv Colloid Interface 
Sci. 2004;108-109:145-9. 

[15] Izquierdo P, Esquena J, Tadros TF, Dederen C, Garcia MJ, Azemar N, et al. Formation and stability of nano-emulsions 
prepared using the phase inversion temperature method. Langmuir. 2002;18(1):26-30. 

[16] Shah P, Bhalodia D, Shelat P. Nanoemulsion: a pharmaceutical review. Syst Rev Pharm. 2010;1(1):24-32. 

[17] Solè I, Maestro A, Pey CM, González C, Solans C, Gutiérrez JM. Nano-emulsions preparation by low energy methods in an 
ionic surfactant system. Colloids Surf A Physicochem Eng Asp. 2006;288(1-3):138-43. 

[18] Sarella PN, Vipparthi AK, Valluri S, Vegi S, Vendi VK. Nanorobotics: Pioneering Drug Delivery and Development in 
Pharmaceuticals. Research Journal of Pharmaceutical Dosage Forms and Technology. 2024 Feb 22;16(1):81-90. 

[19] Anton N, Vandamme TF. Nano-emulsions and micro-emulsions: clarifications of the critical differences. Pharm Res. 
2011;28(5):978-85. 

[20] Wang L, Li X, Zhang G, Dong J, Eastoe J. Oil-in-water nanoemulsions for pesticide formulations. J Colloid Interface Sci. 
2007;314(1):230-5. 

[21] Porras M, Solans C, González C, Gutiérrez JM. Properties of water-in-oil (W/O) nano-emulsions prepared by a low-energy 
emulsification method. Colloids Surf A Physicochem Eng Asp. 2008;324(1-3):181-8. 

[22] Solans C, Solé I. Nano-emulsions: Formation by low-energy methods. Curr Opin Colloid Interface Sci. 2012;17(5):246-54. 

[23] Yukuyama MN, Ghisleni DD, Pinto TJ, Bou-Chacra NA. Nanoemulsion: process selection and application in cosmetics--a 
review. Int J Cosmet Sci. 2016;38(1):13-24. 



Journal of Pharma Insights and Research, 2024, 02(04), 125-138 

  
Srivalli Tanuku et al 136 

 

[24] Klang V, Valenta C. Lecithin-based nanoemulsions. J Drug Deliv Sci Technol. 2011;21(1):55-76. 

[25] Koroleva MY, Yurtov EV. Nanoemulsions: the properties, methods of preparation and promising applications. Russ Chem 
Rev. 2012;81(1):21-43. 

[26] Wulff-Pérez M, Torcello-Gómez A, Gálvez-Ruíz MJ, Martín-Rodríguez A. Stability of emulsions for parenteral feeding: 
Preparation and characterization of o/w nanoemulsions with natural oils and Pluronic f68 as surfactant. Food Hydrocoll. 
2009;23(4):1096-102. 

[27] Sarella PN, Vegi S, Vendi VK, Vipparthi AK, Valluri S. Exploring Aquasomes: A Promising Frontier in Nanotechnology-
based Drug Delivery. Asian Journal of Pharmaceutical Research. 2024 May 28;14(2):153-61. 

[28] Teo A, Goh KKT, Wen J, Oey I, Ko S, Kwak HS, et al. Physicochemical properties of whey protein, lactoferrin and Tween 
20 stabilised nanoemulsions: Effect of temperature, pH and salt. Food Chem. 2016;197(Pt A):297-306. 

[29] Fornaguera C, Dols-Perez A, Calderó G, García-Celma MJ, Camarasa J, Solans C. PLGA nanoparticles prepared by nano-
emulsion templating using low-energy methods as efficient nanocarriers for drug delivery across the blood-brain barrier. J 
Control Release. 2015;211:134-43. 

[30] Ragelle H, Crauste-Manciet S, Seguin J, Brossard D, Scherman D, Arnaud P, et al. Nanoemulsion formulation of fisetin 
improves bioavailability and antitumour activity in mice. Int J Pharm. 2012;427(2):452-9. 

[31] Qian C, McClements DJ. Formation of nanoemulsions stabilized by model food-grade emulsifiers using high-pressure 
homogenization: Factors affecting particle size. Food Hydrocoll. 2011;25(5):1000-8. 

[32] Leong TS, Wooster TJ, Kentish SE, Ashokkumar M. Minimising oil droplet size using ultrasonic emulsification. Ultrason 
Sonochem. 2009;16(6):721-7. 

[33] Peshkovsky AS, Peshkovsky SL, Bystryak S. Scalable high-power ultrasonic technology for the production of translucent 
nanoemulsions. Chem Eng Process Process Intensif. 2013;69:77-82. 

[34] Fryd MM, Mason TG. Advanced nanoemulsions. Annu Rev Phys Chem. 2012;63:493-518. 

[35] Chanasattru W, Decker EA, McClements DJ. Influence of glycerol and sorbitol on thermally induced droplet aggregation in 
oil-in-water emulsions stabilized by β-lactoglobulin. Food Hydrocoll. 2009;23(2):253-61. 

[36] McClements DJ, Rao J. Food-grade nanoemulsions: formulation, fabrication, properties, performance, biological fate, and 
potential toxicity. Crit Rev Food Sci Nutr. 2011;51(4):285-330. 

[37] Wooster TJ, Golding M, Sanguansri P. Impact of oil type on nanoemulsion formation and Ostwald ripening stability. 
Langmuir. 2008;24(22):12758-65. 

[38] Hörmann K, Zimmer A. Drug delivery and drug targeting with parenteral lipid nanoemulsions - A review. J Control Release. 
2016;223:85-98. 

[39] Shafiq-un-Nabi S, Shakeel F, Talegaonkar S, Ali J, Baboota S, Ahuja A, et al. Formulation development and optimization 
using nanoemulsion technique: a technical note. AAPS PharmSciTech. 2007;8(2):Article 28. 

[40] Shafiq S, Shakeel F, Talegaonkar S, Ahmad FJ, Khar RK, Ali M. Development and bioavailability assessment of ramipril 
nanoemulsion formulation. Eur J Pharm Biopharm. 2007;66(2):227-43. 

[41] Shakeel F, Baboota S, Ahuja A, Ali J, Shafiq S. Skin permeation mechanism and bioavailability enhancement of celecoxib 
from transdermally applied nanoemulsion. J Nanobiotechnology. 2008;6:8. 

[42] Shakeel F, Ramadan W. Transdermal delivery of anticancer drug caffeine from water-in-oil nanoemulsions. Colloids Surf B 
Biointerfaces. 2010;75(1):356-62. 

[43] Harwansh RK, Patra KC, Pareta SK, Singh J, Rahman MA. Nanoemulsions as vehicles for transdermal delivery of 
glycyrrhizin. Braz J Pharm Sci. 2011;47(4):769-78. 

[44] Shakeel F, Haq N, Al-Dhfyan A, Alanazi FK, Alsarra IA. Skin permeation mechanism of aceclofenac using novel 
nanoemulsion formulation. Pharmazie. 2014;69(1):6-11. 

[45] Wasutrasawat P, Al-Obaidi H, Gaisford S, Warisnoicharoen W, Basit AW, Gaisford S. Drug solubilisation in lipid 
nanoparticles containing high melting point triglycerides. Eur J Pharm Biopharm. 2013;85(3 Pt A):365-71. 

[46] Araújo FA, Kelmann RG, Araújo BV, Finatto RB, Teixeira HF, Koester LS. Development and characterization of parenteral 
nanoemulsions containing thalidomide. Eur J Pharm Sci. 2011;42(3):238-45. 

[47] Constantinides PP, Chaubal MV, Shorr R. Advances in lipid nanodispersions for parenteral drug delivery and targeting. Adv 
Drug Deliv Rev. 2008;60(6):757-67. 



Journal of Pharma Insights and Research, 2024, 02(04), 125-138 

  
Srivalli Tanuku et al 137 

 

[48] Ali H, Hussein AA. Oral nanoemulsions of candesartan cilexetil: formulation, characterization and in vitro drug release 
studies. AAPS Open. 2017;3(1):4. 

[49] Fofaria NM, Qhattal HS, Liu X, Srivastava SK. Nanoemulsion formulations for anti-cancer agent piplartine--
Characterization, toxicological, pharmacokinetics and efficacy studies. Int J Pharm. 2016;498(1-2):12-22. 

[50] Sarker A, Shimu IJ, Siddique KI, Haque R, Mahmud ZH, Turin TC, et al. Nanoemulsion-based topical drug delivery system 
of tetracycline HCl for the treatment of acne. Dhaka Univ J Pharm Sci. 2016;15(1):103-7. 

[51] Sugumar S, Ghosh V, Nirmala MJ, Mukherjee A, Chandrasekaran N. Ultrasonic emulsification of eucalyptus oil 
nanoemulsion: antibacterial activity against Staphylococcus aureus and wound healing activity in Wistar rats. Ultrason 
Sonochem. 2014;21(3):1044-9. 

[52] Gannu R, Palem CR, Yamsani MR. Development of nitrendipine transdermal patches: in vitro and ex vivo characterization. 
Curr Drug Deliv. 2007;4(1):69-76. 

[53] Sadurní N, Cercós AC, García-Jimeno S, Escribano E, Queralt J. Revealing stability, size and clogging in pharmaceutical 
nanoemulsions by Dynamic Light Scattering (DLS) using a high power laser diode with an NIR wavelength. Int J Pharm. 
2014;476(1-2):211-6. 

[54] Khurana S, Jain NK, Bedi PM. Nanoemulsion based gel for transdermal delivery of meloxicam: physico-chemical, 
mechanistic investigation. Life Sci. 2013;92(6-7):383-92. 

[55] Monteiro LM, Lione VF, do Carmo FA, do Amaral LH, da Silva JH, Nasciutti LE, et al. Development and characterization 
of a new oral dapsone nanoemulsion system: permeability and in silico bioavailability studies. Int J Nanomedicine. 
2012;7:5175-82. 

[56] Tsai YH, Lee KF, Huang YB, Huang CT, Wu PC. In vitro permeation and in vivo whitening effect of topical hesperetin 
microemulsion delivery system. Int J Pharm. 2010;388(1-2):257-62. 

[57] Hoeller S, Sperger A, Valenta C. Lecithin based nanoemulsions: A comparative study of the influence of non-ionic 
surfactants and the cationic phytosphingosine on physicochemical behaviour and skin permeation. Int J Pharm. 2009;370(1-
2):181-6. 

[58] Yilmaz E, Borchert HH. Design of a phytosphingosine-containing, positively-charged nanoemulsion as a colloidal carrier 
system for dermal application of ceramides. Eur J Pharm Biopharm. 2005;60(1):91-8. 

[59] Schwarz JC, Klang V, Karall S, Mahrhauser D, Resch GP, Valenta C. Optimisation of multiple W/O/W nanoemulsions for 
dermal delivery of acyclovir. Int J Pharm. 2012;435(1):69-75. 

[60] Ustündağ-Okur N, Gökçe EH, Bozbıyık Dİ, Eğrilmez S, Özer Ö, Ertan G. Preparation and in vitro-in vivo evaluation of 
ofloxacin loaded ophthalmic nano structured lipid carriers modified with chitosan oligosaccharide lactate for the treatment 
of bacterial keratitis. Eur J Pharm Sci. 2014;63:204-15. 

[61] Mou D, Chen H, Du D, Mao C, Wan J, Xu H, et al. Hydrogel-thickened nanoemulsion system for topical delivery of 
lipophilic drugs. Int J Pharm. 2008;353(1-2):270-6. 

[62] Nam YS, Kim JW, Park JY, Shim J, Lee JS, Han SH. Tocopheryl acetate nanoemulsions stabilized with lipid-polymer hybrid 
emulsifiers for effective skin delivery. Colloids Surf B Biointerfaces. 2012;94:51-7. 

[63] Borrin TR, Georges EL, Moraes IC, Pinho SC. Curcumin-loaded nanoemulsions produced by the emulsion inversion point 
(EIP) method: An evaluation of process parameters and physico-chemical stability. J Food Eng. 2016;169:1-9. 

[64] Guttoff M, Saberi AH, McClements DJ. Formation of vitamin D nanoemulsion-based delivery systems by spontaneous 
emulsification: factors affecting particle size and stability. Food Chem. 2015;171:117-22. 

[65] Ee SL, Duan X, Liew J, Nguyen QD. Droplet size and stability of nano-emulsions produced by the temperature phase 
inversion method. Chem Eng J. 2008;140(1-3):626-31. 

[66] Saberi AH, Fang Y, McClements DJ. Fabrication of vitamin E-enriched nanoemulsions: factors affecting particle size using 
spontaneous emulsification. J Colloid Interface Sci. 2013;391:95-102. 

[67] Maali A, Mosavian MT. Preparation and application of nanoemulsions in the last decade (2000-2010). J Dispers Sci Technol. 
2013;34(1):92-105. 

[68] Mangam VT, Nallam VR, Anitha A, Devi PR, Sanisha M. Dengue-An Overview. International Journal of Pharma Research. 
2018 Jan 1;9(1). 

[69] Dasgupta N, Ranjan S, Mundra S, Ramalingam C, Kumar A. Fabrication of food grade vitamin E nanoemulsion by low 
energy approach, characterization and its application. Int J Food Prop. 2016;19(3):700-8. 



Journal of Pharma Insights and Research, 2024, 02(04), 125-138 

  
Srivalli Tanuku et al 138 

 

[70] Chuesiang P, Siripatrawan U, Sanguandeekul R, McClements DJ, McLandsborough L. Antimicrobial activity of PIT-
fabricated cinnamon oil nanoemulsions: Effect of surfactant concentration on morphology of foodborne pathogens. Food 
Control. 2019;98:405-11. 

[71] Rao J, McClements DJ. Food-grade microemulsions and nanoemulsions: Role of oil phase composition on formation and 
stability. Food Hydrocoll. 2012;29(2):326-34. 

[72] Joe MM, Chauhan PS, Bradeeba K, Shagol C, Sivakumaar PK, Sa T. Influence of sunflower oil based nanoemulsion (AUSN-
4) on the shelf life and quality of Indo-Pacific king mackerel (Scomberomorus guttatus) steaks stored at 20 °C. Food Control. 
2012;23(2):564-70. 

[73] Jerobin J, Sureshkumar RS, Anjali CH, Mukherjee A, Chandrasekaran N. Biodegradable polymer based encapsulation of 
neem oil nanoemulsion for controlled release of Aza-A. Carbohydr Polym. 2012;90(4):1750-6. 

[74] Ziani K, Chang Y, McLandsborough L, McClements DJ. Influence of surfactant charge on antimicrobial efficacy of 
surfactant-stabilized thyme oil nanoemulsions. J Agric Food Chem. 2011;59(11):6247-55. 

[75] Ghosh V, Mukherjee A, Chandrasekaran N. Ultrasonic emulsification of food-grade nanoemulsion formulation and 
evaluation of its bactericidal activity. Ultrason Sonochem. 2013;20(1):338-44. 

[76] Wang L, Dong J, Chen J, Eastoe J, Li X. Design and optimization of a new self-nanoemulsifying drug delivery system. J 
Colloid Interface Sci. 2009;330(2):443-8. 

[77] Silva HD, Cerqueira MA, Vicente AA. Nanoemulsions for food applications: development and characterization. Food 
Bioprocess Technol. 2012;5(3):854-67. 

 

Author’s short biography 

Srivalli Tanuku:  

Srivalli Tanuku is a fourth-year Pharm.D student at Rajahmundry's GIET School of Pharmacy. Her studies 
concentrate on advances in pharmaceuticals and medication delivery methods. Srivalli participates in local 
health awareness campaigns and is an active member of the pharmacy student association outside of her 
academic pursuits. She is committed to working toward a career in clinical research and hopes that her 
efforts will improve patient care.  

Dedeepya Velisila: 

Dedeepya Velisina is in her fourth year of the Doctor of Pharmacy program in GIET School of pharmacy, 
Rajahmundry, India. She is deeply passionate about pharmaceutical sciences and has consistently achieved 
high academic performance. Additionally, she is actively involved in various research activities, earning the 
respect and admiration of her peers and faculty members. 

 

Dharani Thatraju:  

Dharani Thatraju is a fourth year Doctor of pharmacy student in GIET School of pharmacy, Rajahmundry, 
India. Passionate about the pharmaceutical sciences she shows strong academic performance and in 
extracurricular activities. She has a genuine respect from peers and faculty. Dharani show interest on 
reviewing articles and continuing graduation. Her determination and commitment continue motivating the 
people around her. With her ability and experiences Dharani is well positioned to make a difference in her 
career 

 

Anil Kumar Vadaga:  

Mr. Anilkumar Vadaga in an esteemed associate professor within the department of pharmaceutics at the 
GIET school of pharmacy, Rajahmundry. His academic journey reflects a deep-rooted passion, for 
pharmaceutics, marked by his unwavering commitment to the field. With his M.Pharm background, he has 
already acquired a strong foundation in pharmaceutical knowledge. He also worked in the field of novel 
drug delivery system. His dedication and knowledge continue to inspire and shape the future of 
pharmaceutical sciences.  

 


