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Abstract 

Nanoemulgel is an advanced topical drug delivery system developed by incorporating nanoemulsion into a gel base to 

improve the therapeutic efficacy of lipophilic drugs. A large number of newly developed drug molecules exhibit poor 

aqueous solubility, low bioavailability, and variable absorption, which limit their clinical effectiveness through 

conventional dosage forms. Nanoemulgel overcomes these limitations by combining the advantages of nanoemulsion, 

such as enhanced drug solubilization, improved skin permeation, and controlled release, with the favorable rheological 

properties of gels, including better spread ability, patient compliance, and prolonged retention at the site of application. 

The presence of nanosized droplets increases the surface area for absorption and facilitates penetration through the 

stratum corneum barrier. Nanoemulgel formulations generally contain oils, surfactants, co-surfactants, gelling agents, 

preservatives, antioxidants, and permeation enhancers. They are widely used for topical delivery of antifungal, anti-

inflammatory, analgesic, and cosmetic agents. Various evaluation parameters such as particle size, viscosity, pH, drug 

content, in-vitro permeation, stability studies, and morphology are used to characterize the formulation. Due to its 

improved stability, controlled drug release, and enhanced patient acceptability, nanoemulgel has emerged as a promising 

carrier system for topical and transdermal drug delivery. 
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Introduction: 

The recent progress in drug synthesis and high throughput screening have steered drug discovery and development 

toward lipophilic drug moieties. Currently, 90% of drugs in the discovery pipeline and more than 40% of the drugs 

present in the market are of lipophilic nature.[1]  The lipophilic nature of the drugs leads to problems like poor solubility, 

unpredictable absorption, and inter and intra-subject variability concerning pharmacokinetics. Various techniques have 

been employed to increase the solubility of active moieties. These techniques include physical and chemical modification 

of API along with formulation strategies, which include particle size reduction, complexation, amorphization, and nano-

carrier drug delivery systems as represented in Figure 1.[2–4] Despite of employing various technologies for enhancing 

the solubility, delivering the drugs via the oral route is not always feasible owing to their low bioavailability associated 

with poor absorption, first-pass metabolism, chemical and enzymatic degradation.(5-6) 
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Figure 1. Strategies to improve solubility and bioavailability of lipophilic drugs 

 

In topical delivery, skin being a fundamental defense layer, considers the API’s as external components and restricts their 

entry into the body. The outer most layer of epidermis called stratum corneum is the first and firm layer to overcome for 

drug penetration into the skin . Various mechanisms have been explored to enhance the drug permeation. One such 

mechanism involves disruption of skin layer structure, which can be achieved using techniques such as chemical 

penetration enhancers, ultrasound, iontophoresis, sonophoresis, electroporation and microneedles . In contrary, the use 

of nanocarriers was observed to be an effective strategy for circumventing the SC barrier without exacerbating skin 

damage and achieving efficient drug penetration. They facilitate the drug delivery through the skin utilizing intra and 

inter cellular transport mechanisms, interacting with skin components to mediate transport or to create depots of the drug 

for sustained or stimuli-induced release.  

These novel carrier for topical administration includes but not limited to emulsions (nano/micro), micelles, dendrimers, 

liposomes, solid lipid nanoparticles and nano-structured lipid carriers. Among these, nano-emulsions are found to be a 

potential drug delivery system because of their high drug-loading capacities, solubilizing capacities, ease of 

manufacturability, stability and controlled release patterns. These nano-emulsions owing to their lipophilic core allow 

the movement of more lipophilic molecules across the topical membranes compared to the liposomes. In addition, 

liposomes stability has always been an issue, as they disintegrate during the penetration process. Likewise, the low drug 

loading capacity and uncontrolled release hinders the application of solid-lipid nanoparticles in dermal drug delivery. 

Similarly, micelles exhibit poor stability and encapsulation efficiency. In the same way, the toxicity and poor controlled 

release behavior of dendrimers limits its topical application.(7-10) 

 

Advantages: 

The nanoemulgel has a range of benefits over other topical formulations that have been tested, including:  

 The ability to resist first-pass metabolism 
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  patient accepts it quickly.  

 Appropriate for self-medication.  

 Easy to stop taking the medication.  

 Skin-friendly.  

 Effectiveness for a managed and long- term drug delivery system has been proven.(11)  

 

Disadvantages: 

  For utilization in pharmaceutical applications, Surfactant used ought to be non-poisonous. 

  Skin irritation on contact dermatitis.  

 Bubbles formed during emulgel formulation.  

 Possibility of allergenic reactions.(12) 

 

 Components: 

 The components used in the preparation are as follows; Vehicle Properties are:  

 Deliver the medication to the desired location. 

  Maintain a therapeutic drug level in target tissue for long enough to have a pharmacological impact. 

  Allow the drug to freely move to the site of action by releasing it.  

1. Aqueous material  

The aqueous phase of the emulsion is formed by the addition of aqueous material. e.g. water, alcohols.  

2. Oils  

These are oil-based agents. Mineral oils, alone or in conjunction with soft or hard paraffins, are typically used for 

externally applied emulsions. Nonbiodegradable mineral and castor oils, as well as fish liver oils and other fixed oils of 

vegetable origin, are used in oral preparations to have a local laxative effect. e.g.: arachis, cottonseed, sunflower oil.(13) 

3. Emulsifiers  

Emulsifying agents are used to facilitate emulsification during the manufacturing process as well as to maintain 

consistency over time. e.g.: Polyethylene glycol 40 stearate, Sorbitan monooleate (Span 80), Polyoxymethylene Sorbitan 

monooleate (Tween 80), Stearic acid, Sodium stearate.(14) 

4. Preservative 

 E.g: Propyl paraben, methyl paraben.  

5. Antioxidants  

E.g: Butylated Hydroxyl Toluene(BHT), Ascorbyl palmitate, Butylated hydroxyanisole (BHA), etc. 

6. Humectants  

To hold moisture from evaporating. E.g. Glycerin, Propylene gylcol, etc.  

7. Gelling agents  

There are thickening agents that can be used to make any drug type more reliable. E.g. Carbapol 934, carbapol 940, 

HPMC, HPMC-2910, sodium CMC.  
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8. Permeation enhancer  

These are compounds that partition into skin constituents and associate with them to produce a transient and reversible 

rise in skin permeability. E.g: Oleic acid, lecithin, isopropyl myristate, urea, eucalyptus oil, chenopodium oil, 

pyrrolidone, laurocapran, dimethyl sulphoxide, linoelic acid, menthol.(15) 

 

Nano-Emulgel Drug Delivery System  

Despite possessing many advantages, nano-emulsions lack spreadability because of their low viscosity resulting in poor 

retention of formulation over the skin . This limitation hampers the clinical applications of nano-emulsions. This issue 

has been resolved by incorporating a gelling agent into the nano-emulsion, thus forming a nanoemulgel.(16,17,18) Huge 

quantities of aqueous or hydroalcoholic bases are employed in a colloidal particulate system to prepare gels. Nano-

emulgel is formed by incorporating the nano-emulsion into a hydrogel matrix, which reduces the thermodynamic 

instability of the emulsion. The improved thermodynamic stability is due to the reduction in the portability of the non-

aqueous phase because of the increased consistency of the external medium. The increased retention time and 

thermodynamic stability enable the formulation to release the drug over a period, making nano-emulgel a controlled 

release dosage form for topical administration benefiting the drugs with a short half-life.(19,20) The incorporation of nano-

emulsion into a gelling system helps to annihilate the disadvantages of both individual systems. 

The variety of benefits offered by nano-emulgels is enhanced skin permeation, greater loading of an active moiety, less 

irritation, and greater spreadability. This is apparent in comparison with different nano-carriers such as solid lipid 

nanoparticles and liposomes. The nano-emulsion is made suitable for topical use due to the increased viscosity of the 

gel. To achieve the same, various gelling agents compatible with skin like xanthan gum, carbomer 980, Pluronic’s, 

carrageenan, and carbomer 934 are used for topical application. Acceptable localization and drug dispersion through 

adequate percutaneous absorption across the skin is achieved in nano-emulsions. This helps to increase the efficacy 

locally and also systematically via the skin. This system can also be used to deliver drugs to the central nervous system 

(CNS) due to its ability to cross the blood-brain barrier when applied through the nasal route.(21,22,23) 

Characterization of Nanoemulsion 

Appearance 

Solubility 

Heating Cooling Cycle 

Centrifugation 

Determination of % transparency and Drug precipitation 

Melting Point 

Viscosity 

pH 

Compatibility study by FTIR 

Drug content 

Particle size – Malvern Zetasizer. 

Surface morphology-(SEM, TEM). 

In-vitro permeation study 

Appearance 

The physical appearance of the prepared formulation is verified, including colour, clarity, and 
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homogeneity.[12] 

Solubility 

Beyond saturation, a small volume of medication is applied to the solvent at room temperature and held for 24 hours 

with only minor stirring for solubility purposes. Using a double beam spectrophotometer, the supernatant was obtained 

and analysed.[15] 

 

Conclusion: 

Nanoemulgel is an advanced drug delivery system that effectively enhances the solubility, stability, and bioavailability 

of lipophilic drugs. By combining nanoemulsion with a gel matrix, it improves skin permeation, provides controlled drug 

release, and ensures better retention at the application site. The nanoscale droplet size facilitates efficient diffusion across 

the stratum corneum, while the gel base enhances viscosity, spreadability, and patient compliance. Despite challenges 

such as potential irritation and formulation complexity, nanoemulgel demonstrates significant potential as a reliable and 

versatile platform for topical and transdermal drug delivery, with promising future applications in pharmaceutical 

development. 
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