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ABSTRACT: 

Colloidal particle systems called nanoemulsions have drawn a lot of interest in pharmaceutical research because of their potential to improve drug penetration 

through transdermal routes. The definition, benefits of alternative dosage forms, preparation techniques, uses, and assessment of nanoemulsions are all covered in 

detail in this chapter. The advantages of nanoemulsions include better drug bioavailability, decreased absorption variability, faster absorption rate, and effective 

administration of both lipophilic and hydrophilic medications. There is an explanation of the benefits and drawbacks of several nanoemulsion preparation 

techniques, such as high-pressure homogenization, ultrasonic emulsification, high-shear stirring, micro fluidization, and membrane emulsification. Methods of 

evaluation include pH measurement and thermodynamic stability, among others. Multiple nanoemulsions' promise in drug delivery systems is highlighted by the 

exploration of nanoemulsion applications in medicine, catalysis, and theragnostic. To produce a systemic effect, a transdermal medication delivery device 

administers the drug through the skin.  

Keywords: Nanoemulsion Method of preparation Transdermal Skin permeation Different dosage forms 

INTRODUCTION: 

In their most basic form, emulsions are made up of two phases: one hydrophilic and one hydrophobic, with the former spread through the latter. These 

emulsions are therefore referred to as oil-in-water (O/W) emulsions, in which tiny oil droplets are distributed throughout water, or water-in-oil (W/O) 

emulsions, in which water droplets are distributed throughout the oil.[1] 

Oil-in-water (O/W) and water-in-oil (W/O) dispersions of two immiscible liquids stabilized with a suitable surfactant are known as nanoemulsions [2]. 

Nanoemulsions are called submicron emulsions, ultrafine emulsions, and mini emulsions. It can be described as a system: Isotopically transparent 

dispersions of water and oil phases that are colloidal particles smaller than a micron and that are stable either thermodynamically or kinetically. An 

interfacial layer of appropriate surfactant and co-surfactant molecules stabilizes the two immiscible liquids to create a single phase [3]. Although 

submicron emulsion, tiny emulsion, and nanoemulsion are occasionally used interchangeably, they are not the same thing. Although nanoemulsions and 

microemulsions have the same droplet size range, they differ greatly in terms of long-term thermodynamic stability and structural features [4]. Techniques 

for characterizing nanoemulsions include the measurement of the zeta potential of the emulsion system, particle size, polydisperse index, entrapment 

efficiency, and characterizations using transmission electronic microscopy, Fourier-transform infrared spectroscopy, and differential scanning 

calorimetric methods. Once again, in vitro drug release, in vitro permeation, stability and thermodynamic stability, shelf life, dispersibility, viscosity, 

surface tension, refractive index, % transmittance, pH, and osmolarity are examined to characterize nano emulsions further.[5] 

STRUCTURE: 

The first component of nanoemulsions is the dispersed phase, which is the internal phase (such as oil) that is distributed throughout the exterior phase.2. 

Continuous Phase: The exterior phase where the scattered droplets are suspended, such as water.3. Emulsifiers: Stabilizing chemicals that aid to keep the 

emulsion stable by lowering the interfacial tension between the continuous and dispersed phases.[6][7] 

http://www.ijrpr.com/
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Fig 1.1 Structure of nano-emulsion https://www.google.com/url?sa=i&url=https%3A%2F%2F 

COMPARISON OF PROPERTIES OF EMULSION, MICROEMULSION, NANOEMULSION:[8][9]  

  PROPERTIES              EMULSION  MICRO EMULSION  NANO EMULSION  

PHYSICAL DESCRIPTION Coarse dispersion  Colloidal dispersion  Colloidal dispersion  

PARTICLE SIZE RANGE  More than 500nm  Less than 100nm Less than 100nm  

POLYDISPERSITY High  Low  Low  

THERMODYNAMIC 

STABILITY 

Unstable  Stable  Unstable  

PREPARATION High energy  Low energy  Low/High Energy  

COMPOSITION 

SURFACTANT TO OIL RATIO 

Low  High  Moderate  

PHYSICAL APPEARANCE  Creamy  Transparent  Transparent  

TEXTURE Semi-solid Fluid  Fluid  

BENEFITS: 

The attractiveness of nanoemulsion in the personal care, cosmetics, and healthcare sectors can be explained by the following advantages [10][11][12] 

 (1) Unlike ME, which requires a high concentration (20%) of emulsifier, nanoemulsion can be made with lower amounts (3–10%).  

(2) Nanoemulsion facilitates the efficient passage of active ingredients across a semipermeable membrane, and because of its vast surface area, penetration 

into the emulsion system rises. 

 (3) The small globule size of nanoemulsions prevents droplet flocculation and bigger droplet flocculation. This makes it possible for the system to 

function independently without division.  

(4) Tiny droplets or globules cause a decrease in Brownian motion and gravitational forces in a nanoemulsion. Therefore, during storage, there is neither 

creaming nor sedimentation. 

 (5) creating nanoemulsions is easy and doesn't take a lot of energy. Nano-emulsion formulations are claimed to increase the bioavailability and 

repeatability of the plasma concentration profile.  

(6) Nanoemulsions are super solvents Because they include both hydrophilic and lipophilic medications.  

(7) The medication is shielded from environmental factors including pH hydrolysis and oxidation when the active ingredient is contained within a 

nanoemulsion formulation.  

 (8) Among other dosage forms, nanoemulsions can be made into gels, creams, foams, aerosols, and sprays. They can also be administered topically, 

intravenously, intrapulmonary Ly, intranasally, intramuscularly, or orally. Nanoemulsions are more thermionically stable and have a greater solubilization 

capability than micelle dispersion.  

 (9) Because it is an oil/lipid-based medication, it helps prevent hepatic first-pass metabolism, a method of delivery.  

https://www.google.com/url?sa=i&url=https%3A%2F%2F
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(10) The metallic and bitter Flavors of drugs that could cause undesirable side effects like nausea and vomiting can also be successfully covered up by 

nanoemulsion.  

(11) Liposomes and vesicles, which are unstable and can occasionally produce lamellar liquid crystalline surrounding globules, can be replaced with 

nanoemulsions. 

 

HIGH ENERGY METHOD:  

1. 

 

Fig 1.2 High Pressure Homogenization https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.biorender.com 

Here, a continuous phase of either water or oil is forced through a hole under a lot of pressure. Because of the small droplet size and high levels of shear 

and turbulence, nanoemulsions occur.[13][14] 

2. 
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Fig 1.3 Ultrasonication https://www.ncbi.nlm.nih.gov/core/lw/2.0 

To reduce the size of the oil droplets to a few nanometres, ultrasound waves are used to create a high shear force. Both selective manufacture in small 

lots and massive production can be used.[15][16] 

3. 

 

Fig 1.4 Micro fluidization https://www.google.com/url?sa=i&url=https%3A%2F% 

The mixture is then passed down a microchannel at high pressure by a fluid processor, creating small droplets of nanosized as a result of the strong shear 

force.[17][18] 

LOW ENERGY METHODS: 

1. 

 

Fig 1.5 Spontaneous Emulsification https://www.google.com/url?sa=i&url=https%3A%2F%2F 

This happens through the utilization of the system's chemical energy. When an aqueous phase is mixed with an oil phase that contains a surfactant, a 

nanoemulsion is created.[19][20] 

https://www.ncbi.nlm.nih.gov/core/lw/2.0
https://www.google.com/url?sa=i&url=https%3A%2F%25
https://www.google.com/url?sa=i&url=https%3A%2F%2F
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2. 

 

Fig 1.6 Phase Inversion Temperature https://www.ncbi.nlm.nih.gov/core/lw/2.0 

This is accomplished by heating and cooling the oil-water mixture while adding a surfactant. In one mode, the nanoemulsion is water-in-oil; when the 

temperature is changed, it becomes oil-in-water.[21][22] 

3. 

 

Fig 1.7 Solvent Displacement  https://www.google.com/url?sa=i&url=https%3A%2F%2F 

This process, which is also known as the nanoprecipitation method, involves dissolving the oil phase in a solvent that dissolves in water and then adding 

it to the aqueous phase. The droplets that develop will be nanoscale in size when the rate of diffusion is high.[23][24] 

EVALUATION METHODS OF NANOEMULSION: 

1. Thermodynamic stability: The selected formulation is subjected to many thermodynamic stability tests.  

2. Heating and cooling cycle: Six temperature cycles, ranging from 4 to 45°, are analyzed for refrigerators that are stored for at least 48 hours at each 

temperature. Formulations that stay stable at these temperatures are subjected to centrifugation.  

3. The centrifugation technique: The generated formulations are centrifuged in a centrifuge set at 5000 rpm for 30 minutes. The formulations that did 

not show phase separation were subjected to additional testing.  

4. pH measurement: The pH of various nano-emulsion formulations is determined using a digital pH meter. The pH was measured following the 

dissolution of one gram of nanoemulsion in one hundred milliliters of clean water. Three measurements are taken of the formulation to avoid errors.  

5. Drug content percentage: One milliliter of the nanoemulsion is mixed with ten milliliters of a suitable solvent. Aliquots of different concentrations 

are created using the proper dilutions after the stock solution has been filtered; absorbance is measured using UV spectroscopy. The drug content is 

calculated using the formula obtained from the linear regression analysis of the calibration curve. 

6. Determination of drug precipitation and transparency percentage: Formulations with different ratios are selected using the ternary phase diagram. 

To find the highest percentage of transparency and drug precipitation between water with 1% drug, oil, and surfactant mixtures (surfactant and co-

surfactant), transparency research is carried out. Distilled water dilutes a nano-emulsion system, making it transparent and translucent.  

7. Determining viscosity: The viscosity of a nano emulsion is measured using a Brookfield viscometer. 20 ml of nanoemulsion is placed in a 25 ml 

beaker, and the viscosity is measured at 10 rpm using spindle number 6. 

https://www.ncbi.nlm.nih.gov/core/lw/2.0
https://www.google.com/url?sa=i&url=https%3A%2F%2F
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8. In vitro Diffusion Studies: The produced nanoemulsions are subjected to diffusion tests using a Franz diffusion cell with a cellophane membrane. 

Following the placement of a nanoemulsion sample (5 ml) in a cellophane membrane, diffusion studies are carried out at 37 ± 1 °C using 250 ml of (25%) 

methanolic phosphate buffer (pH 7.4) as the dissolution medium. Five millilitres of each sample were removed at one, two, three, four, five, six, seven, 

and eight-hour intervals in order to maintain sink condition. After that, an equivalent volume of a fresh dissolving media was added to each sample. A 

UV spectrophotometer with a wavelength of 271 nm is used to measure the drug content of the samples.[25][26][27] 

TRANSDERMAL ROUTE: 

A transdermal medication delivery system delivers the medicine through the skin to achieve a systemic impact.  These dosage forms can deliver drugs to 

the skin's reasonable epidermis and maybe dermal tissue for a locally therapeutic impact.  However, a rather substantial portion of the medication is 

carried via the systemic circulation. A medicated adhesive patch that is applied over the skin to provide a specific dosage of medication with a 

predetermined rate of release into the bloodstream is known as a transdermal dermal patch. [28][29] 

 

Fig 1.8 Transdermal Route 

This technology's self-administration, enhanced permeability and efficacy, quicker onset of action, and greater patient compliance are its distinguishing 

characteristics [30]. 

Transdermal drug delivery system benefits include:  

1. The ability to self-medicate  

2. There are fewer side effects  

3. The drug's plasma concentration is preserved  

4. The duration of the effect of the drug can be prolonged.  

5. Avoidance of GIT incompatibility 

6. There were fewer dosage frequencies.  

7. Simpler to use and recall  

8. Greater application area compared to the buccal and nasal cavities 

One of the transdermal drug delivery system's drawbacks is the: 

1. Possibility of an allergic reaction. 

2. A therapeutic level cannot be reached by a high molecular drug level.  

3. The ionic medication receives it.  

4. A considerable amount of lag time is necessary. 

The transdermal route is superior to all others: 

Enhanced Bioavailability: Poorly soluble Drugs can be made more soluble and easier to absorb with the use of nano emulsions. 
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Controlled Release: They eliminate the need for frequent dosing by providing a controlled and prolonged release of active substances. 

Decreased Side Effects: They can lessen the occurrence of side effects by delivering medication locally or reducing systemic exposure.[31] 

Because they can be administered in a variety of ways, nanoemulsions are a useful technique for drug delivery that can increase patient compliance and 

efficacy in a variety of therapeutic areas.[32] 

SKIN STRUCTURE:   

The skin, which makes up 16% of the average person's body mass and has a surface area of 1.7 m2, is the largest and easiest organ in the body to reach. 

The skin's main function is to serve as a barrier, shielding the body from environmental factors such as toxins, microorganisms, allergens, ultraviolet 

(UV) light, and water loss. The outermost layer, the epidermis, contains the stratum corneum, the middle layer, the dermis, and the innermost layer, the 

hypodermis, are the three main layers of skin. [22] 

1. The Epidermis: 

The epidermis, the outermost layer of skin, varies in thickness and is roughly 0.8 mm thick on the soles of the feet and palms of the hands. 

2. The skin: 

The dermis, which is roughly 2-3 mm thick and gives the skin its strength and suppleness, is composed of 70% collagenous and elastin fibres.  

3. The layer beneath the skin: 

The hypodermis, sometimes referred to as the subcutaneous layer, is the deepest layer of the skin and is composed of a network of fat cells.  

4. Drug Penetration Routes: 

Two possible routes for drug penetration through intact skin are the trans-epidermal and trans-appendage pathways [33]. 

SKIN PERMEATION: 

Because the skin absorbs the drug slowly, it could take some time to obtain the steady-state systemic dosage after putting the transdermal patch. It is 

impossible to compare the rate at which a medication reaches the systemic circulation with the rate at which it is administered. A constant condition is 

achieved when the skin's absorption sites are saturated. At this point, the rate of blood appearance and the rate of drug release are the same. 

When selecting medications for transdermal systems, the following standards are applied:  

1. The physical and chemical properties of the drug, including its molecular size (100–800 Daltons), which is influenced by the patient's skin type, oil-

to-water solubility (K0w), and hydration state; the melting point is important for drug absorption and may require the use of electrical potential driving 

forces or enhancers to separate the drug between the viable epidermis and the stratum corneum, as well as between the stratum corneum and the delivery 

system.  

2. The drug potency as shown by the low dose must be taken into account for this strategy to be a feasible substitute. 

3. It is better to have a short biological half-life than a long one. Drugs with lengthy half-lives delay steady-state levels and generate a rapid decline in 

plasma concentration following cessation. 

4. Must produce plasma levels that are higher than the minimum effective concentration (MEC) but lower than the minimum hazardous concentration 

(MTC).  

5. The drug must not irritate the skin or trigger an allergic reaction. 

6. This method of administration must be clinically required, especially if oral administration is adequate for the delivery of the drug.  

The skin can be penetrated by passive diffusion using any of the three techniques shown in Figure 1.9. The stratum conium, which is keratinized and 

functions as a semipermeable membrane to allow passive drug diffusion, is directly penetrated by the drug during drug absorption. Figure 2.0.[34] [35] 



International Journal of Research Publication and Reviews, Vol 5, no 11, pp 2075-2088 November 2024                                     2082 

 

 

Fig 1.9 

 

Fig 2.0 

NANOEMULSION BASED ON TDDS DOSAGE FORMS: 

With a non-invasive approach that improves patient compliance and circumvents first-pass metabolism, transdermal drug delivery systems (TDDS) 

present a possible substitute for traditional drug administration techniques. Of all the TDDS developments, nanoemulsions have proven to be a particularly 

successful vehicle. With droplet sizes usually between 20 and 200 nm, nanoemulsions are kinetically stable, submicron emulsions. They are perfect for 

improving medication solubility, stability, and bioavailability because of their special qualities, which include high surface area and low surface tension. 

The many dosage forms of nano emulsion-based TDDS and their latest developments are examined in this essay.[36][37] 

The importance of Dosage Form: 

The effectiveness of the drug delivery system, patient acceptability, and ease of use are all impacted by the dose form selection, making it crucial in 

TDDS. To ensure that active pharmaceutical ingredients (APIs) either function locally at the application site or enter the systemic circulation, different 

dosage forms are created to optimize the transport of APIs through the skin. Nano-emulsion-based TDDS has evolved into a variety of dosage forms with 

unique advantages and applications.[38] 

Typical Nano Emulsion-Based TDDS Dosage Forms  

1. Gels:  

o Description: Nano-emulsion gels are simple to apply and distribute across the skin because they combine the advantages of nano-emulsions with the 

semi-solid nature of gels.  

Benefits include improved medication absorption, cooling properties, non-greasy nature, and ease of removal.  

o Uses: diclofenac nanoemulsion gel for anti-inflammatory properties, ibuprofen nanoemulsion gel for pain alleviation.  

2. Creams: 
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o Description: Both lipophilic and hydrophilic medications can be delivered using nanoemulsion creams, which are creamy emulsions.  

Benefits include a moisturizing effect, good patient acceptance, and suitability for both medicinal and cosmetic uses.  

o Uses: retinoid nano emulsion cream for acne therapy, curcumin nanoemulsion cream for skin inflammation  

3. Lotions: 

o Description: Because of their fluid consistency, nanoemulsion lotions are simple to apply to wide areas of skin. 

Benefits: Quick absorption, non-greasy, and lightweight.  

o Uses include hydrocortisone nanoemulsion lotion for eczema and sunscreen nanoemulsion lotion.  

4. Bags:  

o Description: Directly applied to the skin, nanoemulsion patches combine nanoemulsions with an adhesive matrix.  

Benefits include convenience, adhesion to the skin, and controlled and prolonged drug release.  

o Uses include hormone replacement therapy patches (such as an oestradiol nano emulsion patch) and lidocaine nano emulsion patches for local 

anaesthesia.  

5. Sprays: 

o Synopsis: Liquid compositions known as nanoemulsion sprays can be applied straight to the skin. 

o Benefits: Quick and simple application, even coverage, and appropriate for places with hair or that are hard to reach.  

Applications include pain alleviation and antiseptic nano emulsion sprays.  

6. Foams: 

o Description: Formulations known as nanoemulsion foams produce a foam upon dispensing, resulting in a thin and airy layer.  

o Benefits: Easy to apply to broad areas, non-greasy, and quick absorption.  

o Uses include corticosteroid nano emulsion foam for psoriasis and antifungal nano emulsion foam.  

PREFERRED BIOPHARMACEUTICAL CLASSIFICATION SYSTEM (BCS) CLASS FOR TRANSDERMAL DRUG 

DELIVERY SYSTEMS (TDDS): 

1. BCS Class II (High Permeability, Low Solubility) 

Justification: Since ensuring that the medicine can pass through the skin barrier is the main problem, transdermal delivery benefits from the high 

permeability of drugs in this class. Formulation techniques like nanoemulsions, which can improve the drug's solubility and stability, can resolve the poor 

solubility problem. 

Ibuprofen, Ketoprofen, and Diclofenac are a few examples. These medications have been successfully combined to create TDDS, effectively reducing 

inflammation and discomfort. 

2. Class I BCS (High Permeability, High Solubility) 

Justification: Although medications in this class are already well suited for transdermal distribution due to their high permeability, their high solubility 

makes formulation even easier. These medications dissolve easily in the formulation, guaranteeing an adequate concentration gradient for transdermal 

absorption.  

Metoprolol and propranolol are two examples. Due to their high solubility and permeability, these medications can be effectively administered via TDDS 

for ailments including angina and hypertension.[39][40] 

NANOEMULSION IN TRANSDERMAL ROUTE: 

Transdermal Delivery using NE By entering essential cellular reservoirs, nanosized drug delivery methods greatly increase the bioavailability and 

solubility of active ingredients. When compared to traditional topical formulations, nanoemulsions (NEs) have been shown to enhance the transdermal 

penetration of numerous medications. Numerous formulators have used NEs and microemulsions (MEs) as delivery vehicles to study the mechanism of 

skin penetration of various medications. MEs and NEs have similar penetration processes and comparable components in varying ratios. Their kinetic 

stability, size distribution, and droplet shape are where they diverge most. To the best of our knowledge, the following question remains unclear despite 

the several mechanisms that have been proposed in the literature to explain the effect of NE on skin penetration: Perform the NE properties or NE 

components boost transdermal penetration? Therefore, the several documented ways that NE improved the transdermal penetration of hydrophilic and 

hydrophobic medications are the main topic of this research. Transdermal NE's physical characteristics NEs are a kinetically stable, transparent 
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(translucent) liquid in a liquid colloidal dispersion system that has a nanoscale droplet size range, enhanced stability, and a greater drug encapsulation 

capacity. Because of their small droplet size, which inhibits flocculation and permits dispersion without separation, NEs have a much higher dispersibility 

than MEs. In water-in-oil (w/o) or oil-in-water (o/w) formulations, NEs can be utilized to distribute hydrophilic or lipophilic medications, respectively 

[41][42][43]. 

FORMULATION OF NANOEMULSION IN TDDS IN RECENT:  

Screening of Oils, Surfactant, and Co-Surfactant Selection of oil, surfactant, and co-surfactant based on solubility studies. The solubility of Acyclovir in 

various oils, surfactants, and cosurfactants was determined. After the solubilizing study, oleic acid is selected as the oil phase because of the drug's highest 

solubility i.e.,0.328 mg/ml. Cremophor RH was chosen as the surfactant, with a drug solubility of 0.700mg /ml, and cosurfactant as propylene glycol with 

a drug solubility of 1.041mg/ml. [44] 

 

Fig 2.1 

Nanoemulsion formulation Using a pseudo ternary phase diagram, three distinct nanoemulsion formulations were created, and varying concentrations of 

oils, surfactants, and cosurfactants were chosen. The prepared nanoemulsions are displayed in Figure 2.1 below. [45] 

Ingredients F1 F2 F3 

 0.1g 0.1g 0.1g 

oil 5ml  12ml 20ml 

Smax 74ml 85ml 60ml 

water 20.9ml 2.9ml 19.9ml 

Fig 2.2 Formulation Table of Nano Emulsion. [46] 

Examples of contemporary nanoemulsion formulations used in TDDS are included in the table below, along with an explanation of their constituent parts 

and functions. Each example demonstrates the formulation's practical use with a particular medication.[47] 

Drug Oil Phase A Phase Surfactant Co-

Surfactant 

Penetration 

Enhancer 

Functionalizing 

Agent 

Natural 

Stabilizer 

Example 

Application 

Curcumin Caprylic/Capric 

Triglycerides 

Distilled 

Water 

Tween 80 Ethanol Oleic Acid N/A N/A Anti-inflammatory 

treatment for 

psoriasis 

Ibuprofen Olive Oil Phosphate 

Buffer 

Lecithin, 

Span 80 

Glycerol Limonene N/A Aloe Vera 

Extract 

Pain relief in 

musculoskeletal 

conditions 

Diclofenac Soybean Oil Distilled 

Water 

Poloxamer 

407 

Propylene 

Glycol 

Terpenes N/A Chitosan Anti-inflammatory 

application for 

arthritis 

Lidocaine Medium Chain 

Triglycerides 

Distilled 

Water 

Tween 20, 

Span 20 

Propylene 

Glycol 

Menthol N/A N/A Local anaesthesia 

for minor surgical 

procedures 

Oil

•Oleic acid

• Liquid paraffin

• Labrafil 2125

Surfactant

•Tween 80

•Cremophor RH

• Span 80

Cosurfactant

•PEG 400

•PEG 600

•Propylene Glycol



International Journal of Research Publication and Reviews, Vol 5, no 11, pp 2075-2088 November 2024                                     2085 

 

Ketoprofen Isopropyl 

Myristate 

Distilled 

Water 

Pluronic 

F127 

Ethanol N/A N/A N/A Anti-inflammatory 

and analgesic for 

rheumatoid 

arthritis 

Naproxen Squalane Phosphate 

Buffer 

Polysorbat

e 80 

Polyethylene 

Glycol (PEG) 

N/A N/A N/A Anti-inflammatory 

for pain and 

swelling in 

musculoskeletal 

disorders 

Testosterone Olive Oil Distilled 

Water 

Tween 80 Ethanol N/A Peptide Ligands N/A Hormone 

replacement 

therapy in 

hypogonadism 

Oestradiol Caprylic/Capric 

Triglycerides 

Distilled 

Water 

Lecithin Ethanol N/A N/A N/A Hormone 

replacement 

therapy in 

menopausal 

symptoms 

FUTURE PROSPECT: 

The nanoemulsion technique has emerged as a promising strategy for enhancing drug permeation through the transdermal route, offering numerous 

advantages such as improved solubility, stability, and bioavailability of drugs. As research in this field progresses, the prospects of nano-emulsion-based 

transdermal drug delivery systems (TDDS) appear increasingly promising. This essay explores the potential advancements, applications, and challenges 

in the future development of nano-emulsion technology for transdermal drug delivery.[48] 

Advancements in Nanoemulsion Technology 

1. Improved Formulation Techniques 

o Microfluidics: The use of microfluidic technology can enable precise control over the size and distribution of nano-emulsion 

droplets, leading to more uniform and stable formulations. 

o Advanced Surfactants and Co-Surfactants: The development of novel surfactants and co-surfactants can enhance the stability 

and permeation efficiency of nanoemulsions, making them more effective for a wider range of drugs. 

2. Targeted Delivery and Controlled Release 

o Functionalization of Nanoemulsions: By incorporating targeting ligands such as peptides or antibodies, nanoemulsions can be 

directed to specific tissues or cells, enhancing the therapeutic efficacy and reducing side effects. 

o Controlled Release Systems: The integration of polymers or other materials that allow for controlled release of the drug can 

provide sustained therapeutic effects, improving patient compliance and treatment outcomes. 

3. Incorporation of Novel Drugs 

o Biologics and Macromolecules: Nanoemulsions can be designed to encapsulate and deliver large biomolecules such as peptides, 

proteins, and nucleic acids, expanding the range of therapeutics that can be administered transdermal. 

o New Chemical Entities: As new drugs are developed, nanoemulsion formulations can be tailored to enhance their transdermal 

delivery, especially for drugs with poor solubility or stability. 

Applications in Diverse Therapeutic Areas 

1. Chronic Disease Management 

o Pain Management: Nano emulsion-based TDDS can provide sustained release of analgesics, offering long-lasting pain relief for 

conditions such as arthritis and neuropathic pain. 

o Hormone Replacement Therapy: The transdermal delivery of hormones like oestradiol and testosterone through nanoemulsions 

can offer consistent and controlled dosing, improving patient adherence and minimizing side effects. 

2. Dermatological Applications 
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o Anti-inflammatory and Anti-aging Treatments: Nano emulsions can enhance the delivery of anti-inflammatory agents a 

o antioxidants, improving the efficacy of treatments for conditions like psoriasis and aging skin. 

o Acne and Hyperpigmentation: The delivery of retinoids and other active ingredients through nanoemulsions can improve their 

therapeutic outcomes while reducing irritation. 

3. Vaccination and Immunotherapy 

o Transdermal Vaccines: Nano emulsion-based TDDS can be used to deliver vaccines transdermal, potentially simplifying 

administration and enhancing immune responses. 

o Cancer Immunotherapy: The targeted delivery of immunotherapeutic agents through nanoemulsions can enhance their 

effectiveness in treating various cancers.[49][50] 

CONCLUSION: 

One of the most promising methods for improving drug penetration via the transdermal route is the nano-emulsion technique. Drug solubility, stability, 

and bioavailability are greatly enhanced by this technology, which takes advantage of the special qualities of nanoemulsions, such as their small droplet 

size, high surface area, and kinetic stability. Nanoemulsion formulations can be customized for certain therapeutic uses, such as hormone replacement 

therapy, pain management, and dermatological treatments, indicating its adaptability and potential influence in a range of medical domains.  

Furthermore, the effectiveness and reach of nano emulsion-based transdermal drug delivery systems (TDDS) are further increased by developments in 

formulation techniques, such as the use of microfluidics and innovative surfactants, as well as the possibility of targeted distribution and controlled 

release.  

These developments not only solve the problems that come with transdermal distribution, like low skin permeability, but they also create new avenues 

for the delivery of big, complicated biomolecules.  

However, resolving issues with patient compliance, manufacturing, and regulations will be crucial to the future viability of nano-emulsion-based TDDS. 

Important stages toward the broad use of this technology include meeting strict regulatory requirements, attaining cost-effective scale-up, and 

guaranteeing long-term stability. Acceptance and efficient use will also be improved by developing formulations that are easy to use and raising awareness 

among patients and healthcare professionals. 

In summary, the nanoemulsion approach has the potential to completely transform transdermal drug delivery by providing a patient-friendly, effective, 

and non-invasive substitute for conventional drug administration techniques. Nano-emulsion-based TDDS are expected to be crucial to the future of 

pharmaceutical sciences as research and development progresses, providing patients with better treatment results and a higher quality of life. [51][52] 
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