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Abstract 

Nanoemulsions have emerged as advanced colloidal carriers capable of enhancing topical drug delivery by 

improving solubility, permeation, and therapeutic efficacy. Their nanoscale droplet size, high kinetic 

stability, and compatibility with diverse pharmaceutical actives make them ideal for dermatological and 

cosmeceutical applications. This review provides a comprehensive analysis of nanoemulsion formulation 

strategies, mechanistic insights into skin permeation, characterization techniques, and translational 

progress toward clinical use. Special emphasis is placed on nanoemulgels, surfactant/co‑surfactant systems, 

droplet engineering, and therapeutic applications in inflammation, infection control, wound healing, and 

chronic skin diseases. Challenges related to scale‑up, regulatory pathways, and long‑term safety are 

critically evaluated. Future directions highlight personalized nanoemulsion therapy, multifunctional 

systems, and AI‑driven formulation optimization. 

Keywords: Nanoemulsion, Nanoemulgel, Topical drug delivery, Skin permeation, Dermatology, Clinical 

translation 

 

http://www.ijcrt.org/


www.ijcrt.org                                                     © 2026 IJCRT | Volume 14, Issue 5 May 2026 | ISSN: 2320-2882 

IJCRT2605739 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org g517 
 

1. Introduction 

Topical drug delivery is widely used for dermatological, inflammatory, infectious, and cosmetic 

applications due to its non‑invasive nature and ability to deliver drugs directly to the target site. However, 

the stratum corneum presents a formidable barrier, limiting the penetration of most therapeutic molecules 

[1]. Nanoemulsions—submicron emulsified systems with droplet sizes typically between 10–100 nm—

have gained significant attention for their ability to overcome this barrier and enhance dermal delivery [2]. 

 Nanoemulsions offer several advantages over conventional topical formulations, including improved 

solubilization of hydrophobic drugs, enhanced permeation, controlled release, and superior stability. Their 

versatility allows incorporation into gels, creams, sprays, and foams, making them suitable for a wide range 

of dermatological applications [3].  

The growing interest in nanoemulsion‑based topical systems is driven by their ability to improve 

therapeutic outcomes, reduce dosing frequency, and enhance patient compliance [4]. 

  

2. Methodology 

This narrative review synthesizes peer‑reviewed literature published between 2000 and 2025. Databases 

searched included PubMed, Scopus, ScienceDirect, and Google Scholar using keywords such as 

“nanoemulsion,” “topical delivery,” “nanoemulgel,” “skin permeation,” “dermatology,” and “clinical 

translation.” Only English‑language articles focusing on topical or dermal applications were included. 

Sixty unique references were selected to ensure comprehensive coverage. 

  

3. Fundamentals of Nanoemulsion Technology 

  

3.1 Definition and Physicochemical Properties 

Nanoemulsions are kinetically stable, isotropic dispersions of oil and water stabilized by surfactants and 

co‑surfactants [5]. Their small droplet size enhances drug solubilization, permeation, and stability [6]. 

  

Key physicochemical attributes include: 

- Droplet size: 10–100 nm   

- High kinetic stability   

- Transparency or translucency   

- High drug‑loading capacity   

- Low viscosity (unless gelled) 
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Nanoemulsions differ from microemulsions in that they are kinetically stable, not thermodynamically 

stable, and require energy input for formation [7]. 

  

3.2 Types of Nanoemulsions 

Nanoemulsions can be classified into: 

- Oil‑in‑water (O/W): suitable for hydrophobic drugs [8]   

- Water‑in‑oil (W/O): suitable for hydrophilic drugs [9]   

- Bi‑continuous systems: dual‑solubility drugs [10]

 

Figure no 1 

3.3 Advantages Over Conventional Topical Systems 

Nanoemulsions offer: 

- Enhanced solubility of poorly water‑soluble drugs [11]   

- Improved dermal permeation [12]   

- Reduced irritation due to non‑ionic surfactants [13]   

- High physical stability [14]   

- Ease of scale‑up compared to liposomes [15] 
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 Figure no 2 

4. Formulation Components and Preparation Techniques 

  

4.1 Oils 

Oils act as solubilizing agents and influence droplet size, stability, and permeation. Commonly used oils 

include medium‑chain triglycerides, isopropyl myristate, and essential oils [16]. Oils also act as permeation 

enhancers by disrupting lipid packing in the stratum corneum [17]. 

  

4.2 Surfactants 

Role: Surfactants reduce interfacial tension, stabilize droplets, and facilitate emulsification. 

Examples: Non‑ionic surfactants such as Tween 80 and Span 20 are widely used due to their 

biocompatibility. 

Non‑ionic surfactants such as Tween and Span are preferred due to their low irritation potential [18]. 

  

4.3 Co‑surfactants 

Role: Co‑surfactants (e.g., ethanol, propylene glycol, PEG 400) enhance flexibility of the interfacial film, 

enabling formation of smaller droplets . 

Co‑surfactants like ethanol and propylene glycol enhance interfacial fluidity and droplet formation [19]. 
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 4.4 Aqueous Phase 

Function: Provides hydration and acts as the continuous medium in oil‑in‑water systems. 

Examples: Purified water, buffer solutions. 

Purified water or buffer solutions form the continuous phase and influence viscosity and drug release [20]. 

 4.5 Preparation Techniques 

 High‑energy methods include ultrasonication [21] and high‑pressure homogenization [22].  

 High‑Pressure Homogenization: Forces coarse emulsions through narrow gaps at high pressure, 

producing uniform nanoscale droplets [22]. 

 Ultrasonication: Uses ultrasonic waves to break droplets into nanoscale dimensions [23]. 

 Critical Insight: High‑energy methods offer reproducibility and scalability but require specialized 

equipment and may degrade heat‑sensitive drugs. 

 Low‑energy methods include phase inversion temperature (PIT) [23] and spontaneous 

emulsification [24]. 

 Phase Inversion Temperature (PIT): Relies on temperature‑induced changes in surfactant 

solubility to form nanoemulsions [24]. 

 Spontaneous Emulsification: Involves mixing oil, surfactant, and co‑surfactant with aqueous 

phase under mild conditions [25]. 

 Critical Insight: Low‑energy methods are cost‑effective and suitable for thermolabile drugs but 

may yield broader size distributions 

 Table 1. Common Components Used in Nanoemulsion Formulation. 

 

Component Type Examples Functional Role 

Oils MCTs, IPM, essential 

oils 

Solubilization, permeation enhancement[16] 

Surfactants Tween 20/80, Span 

20/80 

Droplet stabilization[18] 

Co‑surfactants Ethanol, propylene 

glycol 

Interfacial tension reduction[19] 

Aqueous phase Purified water, 

buffers 

Continuous phase[20] 

Gelling agents Carbopol, HPMC Viscosity enhancement[30] 
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 5. Mechanisms of Enhanced Skin Delivery 

 5.1 Lipid Disruption 

Surfactants and oils in nanoemulsions disrupt the highly ordered lipid bilayers of the stratum corneum, 

loosening their tight packing and increasing permeability . This disruption is particularly effective for 

hydrophobic drugs, which otherwise struggle to cross the lipid‑rich barrier. Surfactants and oils disrupt the 

stratum corneum lipid matrix, increasing permeability [25]. 

 5.2 Increased Thermodynamic Activity 

Nanoemulsions provide high solubilization capacity, elevating the thermodynamic activity of drugs. This 

creates a concentration gradient that drives drug flux across the skin. The supersaturation effect ensures 

sustained penetration even at lower doses, reducing systemic exposure. High solubilization capacity 

increases drug flux across the skin [26]. 

5.3 Hydration and Occlusion 

By forming an occlusive film, nanoemulsions increase hydration of the stratum corneum. Hydrated skin 

exhibits reduced barrier resistance, facilitating diffusion. This mechanism is especially beneficial in chronic 

dry skin conditions such as eczema, where hydration itself has therapeutic value Nanoemulsions improve 

skin hydration, softening the stratum corneum [27]. 

 5.4 Follicular Penetration 

Nanoemulsion droplets penetrate deeply into hair follicles, acting as reservoirs for sustained release. This 

follicular targeting is highly relevant for acne therapy, as sebaceous glands are the primary site of pathology. 

Small droplets penetrate deeply into hair follicles, acting as drug reservoirs [28]. 

 5.5 Enhanced Drug Partitioning 

The large surface area of nanoemulsion droplets increases drug partitioning into the skin layers This ensures 

higher local concentrations in the epidermis and dermis, improving therapeutic outcomes for 

corticosteroids, NSAIDs, and antifungals . Nanoemulsions increase drug partitioning into the skin due to 

their high surface area [29]. 

6. Nanoemulgels: A Hybrid Topical System 

 Nanoemulgels combine nanoemulsions with hydrogels, offering improved viscosity, spreadability, and 

patient compliance [30]. 

 6.1 Advantages 

- Improved stability compared to nanoemulsions alone [31]   

- Enhanced patient acceptability due to gel texture [32]   

- Controlled release behavior [33]   
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- Better retention on the skin surface [34] 

 6.2 Applications 

Nanoemulgels have been used for anti‑inflammatory therapy , antifungal treatment, wound healing, and 

cosmetic formulations.[35] 

7. Applications in Dermatology, Wound Healing, and Cosmeceuticals 

 7.1 Anti‑inflammatory and Analgesic Delivery 

Nanoemulsions enhance penetration of NSAIDs and corticosteroids, improving therapeutic outcomes [36]. 

7.2 Antimicrobial and Antifungal Therapy 

Essential‑oil‑based nanoemulsions exhibit strong antimicrobial activity [37]. Nanoemulsion formulations 

of clotrimazole and terbinafine show superior efficacy [38]. 

  

7.3 Wound Healing 

Moisture retention: Nanoemulgels form occlusive films that maintain hydration, a critical factor for 

epithelialization [39]. 

Drug stability: Encapsulation protects labile molecules such as growth factors and antimicrobials from 

degradation, ensuring sustained activity [39]. 

Controlled release: Reservoir effects allow gradual drug delivery, minimizing frequent reapplication and 

improving patient compliance [39]. 

Nanoemulgels promote epithelialization, moisture retention, and drug stability [39]. 

  

7.4 Acne and Sebum Regulation 

Follicular targeting allows deposition of anti‑acne agents directly into sebaceous glands, enhancing efficacy 

and reducing irritation compared to conventional creams.  

Nanoemulsions deliver anti‑acne agents effectively into sebaceous glands [40]. 

  

7.5 Psoriasis and Eczema 

Clinical trials show corticosteroid nanoemulsions maintain efficacy while lowering systemic exposure, 

minimizing side effects such as skin thinning . 
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Nanoemulsion‑based corticosteroid formulations improve penetration and reduce dosing frequency [41]. 

  

7.6 Cosmeceutical Applications 

Anti‑aging formulations: Nanoemulsions enhance penetration of antioxidants (vitamin E, coenzyme Q10, 

retinol), improving efficacy against oxidative stress and photoaging. 

Skin brightening: Encapsulation of actives such as niacinamide and vitamin C improves stability and 

bioavailability, leading to more consistent skin tone outcomes . 

UV protection: Nanoemulsions carrying sunscreens provide uniform distribution, reduced greasiness, and 

enhanced photostability compared to traditional formulations . 

Multifunctional delivery: Combining antioxidants, moisturizers, and antimicrobials in a single 

nanoemulsion system offers holistic skin care benefits, aligning with consumer demand for multifunctional 

cosmeceuticals. 

Nanoemulsions enhance delivery of antioxidants and anti‑aging compounds such as vitamin E and retinol 

[42].  

8. Characterization Techniques 

8.1 Droplet Size and PDI 

Dynamic Light Scattering (DLS): Measures average droplet size and distribution [43]. 

Importance: Smaller droplets (<100 nm) enhance transparency, stability, and penetration. PDI values <0.3 

indicate uniformity, critical for reproducibility. 

Dynamic light scattering (DLS) is used to determine droplet size and PDI [43]. 

8.2 Zeta Potential 

Electrophoretic Mobility: Determines surface charge and predicts electrostatic stability  

Clinical Relevance: Positively charged droplets may adhere better to negatively charged skin surfaces, 

enhancing retention. 

Critical Insight: Zeta potential also influences aggregation tendencies; values beyond ±30 mV generally 

indicate robust stability. 

Zeta potential indicates electrostatic stability [44]. 
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8.3 Morphology 

Transmission Electron Microscopy (TEM): Provides direct visualization of droplet shape and size. 

Scanning Electron Microscopy (SEM): Useful for surface morphology of nanoemulgels. 

Cryo‑SEM/TEM: Preserves native structure, avoiding artifacts from drying 

TEM and SEM visualize droplet structure [45]. 

 8.4 Rheology 

Rotational Rheometry: Assesses viscosity, thixotropy, and spreadability. 

Clinical Relevance: Rheological properties determine patient acceptability, ease of application, and 

retention on skin. 

Advanced Note: Oscillatory rheology can reveal viscoelastic behavior, important for nanoemulgels. 

Rheological studies determine gel behavior and spreadability [46]. 

 8.5 In Vitro Drug Release 

Franz Diffusion Cells: Standard method for evaluating drug release and skin permeation [47]. 

Critical Insight: Mimics dermal conditions, but results must be correlated with in vivo studies for 

translational accuracy. 

Advanced Note: Microdialysis techniques allow real‑time monitoring of drug penetration in living skin. 

Franz diffusion cells evaluate drug release and permeation [47]. 

 8.6 Thermodynamic Stability 

Stress Testing: Includes centrifugation, heating–cooling cycles, and freeze–thaw studies [48]. 

Purpose: Evaluates robustness under extreme conditions, predicting shelf‑life. 

Critical Insight: Ostwald ripening and coalescence are common destabilization pathways requiring careful 

monitoring [54]. 

Stress tests assess robustness under extreme conditions [48]. 

 8.7 Chemical Stability 

HPLC and UV spectroscopy monitor drug degradation [49]. 

 Table 2. Characterization Techniques for Nanoemulsion‑Based Systems 
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Parameter Technique Purpose 

Droplet size DLS Assess nanoscale 

distribution[43] 

Zeta potential Electrophoretic mobility Predict stability[44] 

Morphology TEM/SEM Visualize droplet 

structure[45] 

Rheology Rotational rheometer Evaluate gel behavior[46] 

Drug release Franz diffusion cell Determine permeation[47] 

Stability Stress testing Assess robustness[48] 

 

 9. Clinical Translation and Regulatory Considerations 

 9.1 Clinical Potential 

Nanoemulsions demonstrate improved therapeutic outcomes in clinical studies [50]. 

 9.2 Manufacturing and Scale‑Up 

Laboratory methods such as ultrasonication and high‑pressure homogenization must be adapted for 

industrial production. Maintaining droplet size uniformity and low polydispersity index during large‑scale 

manufacturing is technically demanding  Scaling up requires precise control over droplet size and 

homogenization parameters [51]. 

 9.3 Safety and Toxicity  

Non‑ionic surfactants such as Tween are generally well tolerated , but chronic exposure raises concerns 

about cumulative toxicity 

Surfactant toxicity is a concern, especially for long‑term use [52]. 

Nanoemulsion-based topical products face diverse regulatory classifications across regions. In the EU, they 

are often treated as advanced cosmetic formulations, while in the US, FDA guidance places them under 

drug delivery systems if therapeutic claims are made [53]. Harmonization of regulatory frameworks is 

urgently needed to streamline clinical translation and ensure patient safety. 

9.4 Regulatory Perspectives 

Nanoemulsion-based topical products face diverse regulatory classifications across regions. In the EU, they 

are often treated as advanced cosmetic formulations, while in the US, FDA guidance places them under 

drug delivery systems if therapeutic claims are made [53]. Harmonization of regulatory frameworks is 

urgently needed to streamline clinical translation and ensure patient safety. 

9.5 Stability Challenges 

Despite their advantages, nanoemulsions remain prone to Ostwald ripening and coalescence, particularly 

in long-term storage. Zainol et al. demonstrated that formulation strategies such as selecting oils with low 
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water solubility and optimizing surfactant ratios can mitigate instability [54]. Stress testing under 

accelerated conditions is now considered a standard requirement for product development. 

9.6 Personalized Nanoemulsion Therapy 

Emerging research highlights the potential of personalized nanoemulsion therapy, where formulations 

are tailored to patient-specific skin conditions, microbiome profiles, and genetic predispositions [55]. This 

approach could revolutionize dermatology by enabling precision dosing and individualized treatment 

regimens. 

9.7 Multifunctional Systems 

Multifunctional nanoemulsions incorporating antimicrobial, anti-inflammatory, and wound-healing 

agents have shown synergistic effects in chronic wound management [56]. These hybrid systems not only 

deliver drugs but also actively promote tissue regeneration, positioning them as next-generation topical 

therapeutics. 

9.8 Applications in Chronic Skin Diseases 

Nanoemulsion-based therapies are being investigated for psoriasis, eczema, and chronic dermatitis, 

offering improved penetration of corticosteroids and immunomodulators with reduced dosing frequency 

[57]. Clinical studies suggest enhanced patient compliance and fewer systemic side effects compared to 

conventional creams. 

9.9 Cosmeceutical Advances 

Cosmeceutical nanoemulsions are increasingly used for anti-aging, antioxidant delivery, and 

pigmentation control. Thomas et al. reported superior dermal penetration of retinol and vitamin E when 

delivered via nanoemulsions compared to traditional emulsions [58]. This has accelerated their adoption in 

premium skincare formulations. 

9.10 AI-Driven Optimization 

Artificial intelligence and machine learning are now being applied to predict droplet size, stability, and 

drug release kinetics in nanoemulsion systems [59]. AI-driven formulation design reduces trial-and-error, 

accelerates development timelines, and enhances reproducibility, making it a powerful tool for industrial 

scale-up. 

9.11 Future Perspectives 

The future of nanoemulsion technology lies in integrating nanobiotechnology, personalized medicine, 

and digital health platforms. Noor et al. emphasized that combining nanoemulsions with wearable 

sensors and smart diagnostics could enable real-time monitoring of drug delivery and therapeutic outcomes . 

Such innovations will drive the next wave of clinical translation. 
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