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Abstract 

Background 

Psoriasis is an immune-mediated inflammatory disease of the skin that involves excessive keratinocyte 

proliferation, epidermal hyperplasia, scaling and erythema. The topical treatments that are used traditionally work 

well with localized disease but are not without their limitations, such as low solubility, inadequate penetration, 

instability, greasiness, and lack of patient adherence. Nanoemulgel has a potential to be an ideal vehicle for 

localized topical therapy since it is both drug loading capacity of emulsion and favourable application properties 

of gel. 
Objective 

This review will highlight the pharmaceutical rationale behind the use of nanoemulgels, its formulation 

constituents, preparation methods, characterization parameters, therapeutic applications and future perspective of 

nanoemulgels with an emphasis on topical drug delivery in psoriasis. 

Methodology 

The topical treatment, emulgels, nanoemulsions and nanoemulgels, skin permeation, formulation development 

and evaluation of psoriasis were reviewed in relevant literature. Topics covered include formulation strategies, 

gelling and emulsifying agents, penetration enhancement, drug release, skin retention, stability and therapeutic 

benefits. Considering the potential for application of the nanoemulgel systems in the improvement of the 

solubilization, permeation, localized and sustained release of a drug was also taken into consideration. 

Conclusion 

Nanoemulgels are a versatile patient-friendly topical delivery system which can be used for poorly water-soluble 

drugs, with drug release controlled, improved spreadability and stability, and can be formulated to improve skin 

retention. The improvement in drug solubilisation and penetration through psoriatic skin of nanoemulgel systems 

can also help to enhance the efficiency of the therapeutic action at the site, while reducing absorption into the 

systemic circulation. They will need further optimization in terms of pharmacokinetics, excipient selection, safety 

of surfactants and stability for their successful translation into advanced psoriasis therapies. 

Keywords: Emulgel, Psoriasis, Topical drug delivery, Nanoemulgel, Skin permeation, Nanoemulsion, Controlled 

release, Drug delivery system. 
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Introduction 

The application of a pharmacological formulation 

directly onto the skin with a therapeutic effect at the 

application site is known as topical medication 

delivery. It is useful for certain dermatological 

diseases as it allows targeted delivery of drugs to 

affected skin areas without exposing other tissues to 

non-essential drug concentrations1. The drug release 

and the skin barrier penetration will be determined 

by the physicochemical properties of the drug, the 

formulation vehicle, and the characteristics of skin 

barrier. In particular, the reduction of 

gastrointestinal exposure and bypassing hepatic 

first-pass metabolism are important benefits of 

topical administration, and it is an appropriate 

treatment method for localized treatment of several 

skin disorders2. 

Psoriasis is an ongoing inflammatory condition of 

the skin that is caused by abnormalities in the 

immune system, and is treated over time and 

optimally. Sustained disease control, minimizing the 

extent and severity of the lesions, enhancing quality 

of life, maintaining functional capacity and 

prevention of disease related complications are the 

key goals of psoriasis management. The choice of 

therapy is mostly determined by the degree of skin 

involvement and the severity of the disease, with 

concomitant conditions, contraindications, 

treatment safety and patient specific factors also 

taken into account3. 

Topical therapy is an important therapeutic 

approach, but conventional topical pharmaceuticals 

could have low bioavailability, poor retention in the 

skin, high frequency of application and cosmetic 

properties that are not desired, which could impact 

patient adherence. The dispersed droplets in 

microemulsions are very small, and they can 

enhance drug solubilization, as well as skin 

penetration of the drug. Their relatively low 

viscosity, however, could reduce the time they spend 

at the application site4. Ensuring incorporation of a 

microemulsion in an appropriate gel matrix can 

enhance its viscosity, and may extend the skin 

contact time, thus contributing to the continued 

release of the drug. This idea resulted in the 

formulation of emulgel systems, as a combination of 

the good properties of emulsions and gels5. 

Nanoemulgels are semi-solid topical preparations 

which consist of an oil in water (O/W) or water in 

oil (W/O) emulsion in an appropriate gel base. The 

emulsion phase will allow the incorporation and 

solubilisation of a lipophilic drug, while the gel 

matrix will confer the required viscosity, 

spreadability, skin residence and ease of application. 

The presence of both phases (aqueous and oil) also 

allows the formulation of drugs with different 

solubility properties. Moreover, the use of an 

appropriate emulsifier and penetration enhancers 

could facilitate the transport of drug into the stratum 

corneum and increase the amount of drug in target 

site6,7. The synergistic effect of these properties 

renders the emulgels appropriate drug carriers for 

topical management of psoriasis at a local level, 

especially when there is a need for better 

absorption/penetration, extended skin contact and 

better patient acceptance and a minimum of 

systemic distribution. Therefore, the creation of 

emulgel-based systems is a pharmaceutical solution 
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to some of the limitations of conventional topical 

dosage forms and to increase the efficacy of topical 

psoriasis therapy8,9. 

Physiology of Skin 

Treatment is applied to the skin with creams. Thus a 

simple knowledge of the physiology and function of 

the skin may be necessary when designing topical 

formulations of dosages10. The skin has a total area 

of approximately 2 m² and is associated with one-

third of the blood flow in the entire body. There are 

roughly 200–300 sweat ducts and 40–50 hair 

follicles per square centimeter in human skin. 

Human skin can have a pH between 4.7 and 5.7 

(Figure 1)11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Anatomy of human skin with 

mechanism of topical formulation 

 

Physiological Factors12,13 

Hydration of Skin: Boost the drug's uptake. 

Skin Temperature: The skin permeates more 

quickly at higher temperatures. 

Skin Inflammation: Permeability rises when the 

stratum corneum is damaged. 

The pH of Skin: The pH of the skin rises as a result 

of increased sweat and fatty acid release. 

Skin Thickness: The thickness of the skin varies 

from the epidermis to the subcutis. The epidermal 

layer is about 100 and 150 μm thick. 

Hair Follicle Density: The storage capacity of a hair 

follicle's infundibulum is roughly ten times more 

than that of the stratum corneum. 

Hair Follicle Density: The storage capacity of a hair 

follicle's infundibulum is roughly ten times more 

than that of the stratum corneum. 

Lipid Content: Despite the skin's vital role as a 

water barrier, percutaneous penetration increases 

when the stratum corneum of the skin has some lipid 

weight. 

Nanoemulgel: Pharmaceutical Concept 

The preparation of gels is characterised by an 

increase in the viscosity of a liquid system, by the 

addition of appropriate polymers without altering 

Types of Nanoemulgel 

It will be classified into 3 types: (summarized in 

Table 1) 

Table 1: Types of Nanoemulgel 

some of the essential physicochemical properties. 

An emulsion incorporated in a polymeric gel matrix 

is known as an nanoemulgel, and is a hybrid of both. 

The polymeric network imparts the desired 

consistency and structural integrity, and the 

emulsion phase helps to incorporate drugs with 

varying solubility properties14. 

Nanoemulgels are especially effective in the 

delivery of poorly water-soluble or lipophilic drugs 

, that are difficult to deliver through conventional 

hydrogels. The presence of both aqueous and non-

aqueous phases allows the system to be used for 

carrying both hydrophilic and lipophilic therapeutic 

agents. Moreover, the biphasic structure can be 

beneficial for both drug loading and formulation 

stability and can be also used for controlled drug 

release15. Nanoemulgels provide a number of 

pharmaceutical benefits when compared with 

conventional topical preparations such as easy 

application, good spreadability, non-greasy nature, 

thixotropic properties, prolonged residence time, 

acceptable appearance and patient acceptability. The 

emulsion and gel phases, therefore, impart beneficial 

characteristics to emulgel that make it a useful 

topical delivery system for the effective and 

controlled delivery of drugs16. 
Type Typi 
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Structure of Nanoemulgel 

Nanoemulgel is a bi-phasic topical delivery systems 

that is an oil in water emulsion (O/W) or a water in 

oil emulsion (W/O) dispersed in a 3-D gel matrix. 

The active pharmaceutical ingredient, oil phase, 

aqueous phase, emulsifier and gelling agent are the 
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major ingredients. The oil phase assists in 

solubilizing lipophilic drugs, and the gel base 

accounts for the viscosity, spreadability, stability 

and prolonged skin residence of the drug20. The 

emulsifier is used to stabilize the oil and water phase 

interface, the gelling agent is used to make the water 

phase more viscous, and form the semi-solid 

structure of the formulation. Other ingredients, 

including penetration enhancers, preservatives, 

humectants and pH adjusters may be added as 

needed for therapy and formulation. 

Physicochemical characteristics of these 

components affect release of drugs, formulation 

stability, and skin permeation21. 

Following topical application the gel matrix keeps 

the formulation on the skin surface where the drug 

is released from the emulsion droplets and then 

partitions into the stratum corneum. The drug 

molecules can pass through the transcellular, 

intercellular and follicular pathways depending on 

the physicochemical property and formulation 

properties. This e.g. system may then allow for a 

Table 2: Pros AND Cons 

more efficient local drug delivery and enable easy 

application and sufficient skin retention (as 

illustrated in Figure 2)22,23. 

Figure2: Structure of Nanoemulgel 

In the field of psoriasis treatment, the ability of the 

nanoemulgel-based delivery has been proven with 

the optimized formulation of calcipotriol emulgel 

which was found to have improved drug permeation 

compared to a commercial calcipotriol ointment, 

with acceptable viscosity, spreadability and 

tolerability to skin24. 
Nanoemulgel'S Pros AND Cons 

Nanoemulgels have the best of both world of 

emulsion and gel, they offer additional drug 

solubilisation, better skin permeation, good 

spreadability and good formulation stability 

(summarized in Table 2). But they may also 

encounter optimization of the concentration of both 

the surfactant and gelling agents, potential skin 

irritation and formulation instability if they are not 

carefully chosen25. 
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Rationale for Nanoemulgel in Topical Drug 

Delivery 

Nanoemulgels have become of great topical 

importance as semisolid formulations since 1980s. 

They are formulated by adding an appropriate 

gelling agent to an emulsion of the (O/W) or (W/O) 

type, and thus the properties of emulsion and gel are 

combined. The emulsion phase may serve as a 

source of the drug and release it out slowly towards 

the skin, and polymeric gel network gives viscosity, 

stability and controlled drug release. The system can 

also enhance skin residence due to its adhesive 

qualities31. The high water content of gels and their 

ability to promote drug diffusion through the vehicle 

result in their generally giving rapid release of a 

drug. Their capacity of incorporating drugs with 

hydrophobic properties is however limited. 

Nanoemulgels are the solution to this problem, 

because they are able to encapsulate lipophilic drugs 

in the oil phase and still maintain the desirable 

characteristics of a gel matrix. Generally, O/W 

systems can be used for lipophilic drugs while W/O 

systems can be used for hydrophilic drugs32. Adding 

Table 3: Key Components of Nanoemulgels 

emulsion to a gel may result in better physical 

stability and decrease creaming, phase separation 

and other issues, but could be problematic for larger 

particles which will not be absorbed by the skin and 

for air trapping. These limitations are overcome by 

using smaller dispersed droplets in the gel matrix in 

so-called advanced microemulgel and nanoemulgel 

systems33. Nanoemulgels are also relatively easy 

and inexpensive to prepare, as most nanoemulgels 

only need to be readily available materials and do 

not necessarily require special equipment34. 

Components of Nanoemulgel 

The components of nanoemulgel are the oil phase, 

the water phase, emulsifying agents, gelling agents, 

penetration enhancers, preservatives, and the active 

pharmaceutical ingredient (API) (summarized in 

Table 3). The emulsion will serve as a proper vehicle 

to encapsulate lipophilic drugs and the gel matrix 

will increase its viscosity, spreadability, stability and 

skin residence time. Careful selection and 

concentration of each ingredient is crucial in 

achieving a stable and effective topical 

formulation35. 

S. 

No 
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Examples Referenc 

es 
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examples  of 

lipophilic 
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[36] 

2 Aqueous 

Phase 
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propylene 
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[30] 

 

  hydroxypropyl 

cellulose) 

 

3 Emulsifiers Sodium lauryl 

sulfate is an 

anionic 

example; 

cetostearyl 

alcohol and 

cetearyl 

macromonium 

chloride  are 

non-ionic 

examples; 

cetrimonium 

bromide is a 

cationic 
example. 

[38] 

4 Surfactants Polysorbates, 

Tween 80, 

[39] 
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Preparation techniques of Nanoemulgel 

Several techniques are available for preparing 

emulgel formulations, and the appropriate method is 

selected according to the type of nanoemulgel, 
 

properties of the drug and excipients, desired droplet 

size, and formulation objective (as illustrated in 

Figure 3)44. 

 

 

Figure 3 : Schematic representation of the 

components and general preparation pathway of 

an nanoemulgel. 

1. Low-Energy Emulsification 

This method is known as low-energy emulsification, 

or the solubilization–dispersion method, which 

requires gentle agitation and proper surfactant to 

create finely dispersed emulsions. Relatively low 

mechanical energy is needed, and it is often used 

with microemulsion-based systems. The method can 

generate the small droplets with the minimum 

excessive mechanical stress and heat generation45,46. 
2. High-Pressure Homogenization 

High pressure homogenization utilizes high pressure 

homogenizers or microfluidizers to create intense 

shear, turbulence and forces in the formulation. This 

process will decrease droplet size and create a fairly 

even dispersion. The increased interfacial area needs 

to be stabilized using appropriate emulsifiers. But, it 

may be limited in terms of energy consumption and 

high temperatures, especially with heat-sensitive 

ingredients47,48. 
3. Microemulsion Technique 

In the microemulsion method, the use of an 

appropriate combination of oil, surfactant and co-

surfactant produces an isotropic and 

thermodynamically stable system containing very 

small droplets.But it requires careful optimization 

due to the fact that the type and concentration of the 

surfactant, oils, co-surfactants and active 

pharmaceutical ingredients can affect the 

formulation properties49,50. 
4. Hot–Cold Method 

  Span 80, 

Fluorosurfacta 

nts 

 

5 Gelling 

Agents 

Synthetic 

examples 

include 

carbomer, 

acrylates, and 

C10-30 alkyl 

acrylate 

crosspolymer; 

natural 

examples 

include gelatin, 

starch,  and 
carbomer. 

[40] 

 

6 Penetration 

Enhancers 

Ex. Propylene 

glycol, urea, 

Azone 

[41] 

7 Preservativ 

es 

Formaldehyde, 

Parabens 

[42] 

8 pH 

Modifiers 

Sodium 

hydroxide, 

Citric acid 

[43] 
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The hot–cold method involves the separating oil and 

aqueous phases and performs a separation at 

controlled temperatures and the subsequent mixing 

with stirring. The emulsion is then cooled and 

further homogenized to achieve the desired droplet 

properties. This method can yield fairly uniform 

dispersions and is helpful when the temperature of 

the dispersion during formulation is critical.In 

general, the chosen method affects the droplet size, 

rheological properties, physical stability, drug 

distribution and potential of the final emulgel. 

Emulsion is then added to the mix of the gel base 

under controlled mixing to prepare the final topical 

formulation51. 

Limitations of Nanoemulgel52,53 

Nanoemulgel formation and stability are influenced 

by several factors, including: 

Solubility: For stable emulsification, emulsifiers 

must effectively solubilize the water and oil phases. 

Agitation: The interfacial tension between the water 

and oil phases must be sufficiently agitated. Smaller 

droplets are produced by high agitation. 

Additives: Emulsion stability can be enhanced by 

adding surfactant, co-emulsifiers, electrolytes, gels 

and polymers which will increase the charge, reduce 

the surface curvature and add viscosity. 

 
Table 4: Significance and methods of various 

parameters used in nanoemulgel evaluation. 

HLB Value: Emulsion formation and stability 

depend on emulsifiers having the right HLB. O/W 

emulsions are produced by HLB 12-18 and W/O 

emulsions by HLB 4-6. 

Emulsifier Concentration: The ideal quantity 

required to cover the droplets and stop them from 

coalescing. The emulsion may become unstable if it 
is too high or too low. 

Temperature: W/O emulsions are preferred at low 

temperatures, whereas O/W emulsions are preferred 

at higher temperatures. Molecules' kinetic energy, 

viscosity, and solubility are all impacted by 

temperature. 

Evaluations of Nanoemulgel 

Nanoemulgels are evaluated for their physical 

appearance, homogeneity, pH, viscosity, 

spreadability, drug content, rheological properties, 

in vitro drug release, and skin permeation to ensure 

formulation quality and therapeutic performance. 

Stability studies are also performed to assess 

changes in physical and chemical characteristics 

during storage. These parameters collectively 

determine the stability, safety, patient acceptability, 

and effectiveness of the topical nanoemulgel 

(summarized in Table 4)54. 
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Topical Therapy Drug used in Psoriasis 

Treatment 

Topical therapy is the first-line treatment for mild-

to-moderate localized psoriasis, particularly plaque 

psoriasis. Common agents include topical 

corticosteroids, vitamin D analogues, keratolytics, 

retinoids, and calcineurin inhibitors, which reduce 

inflammation, scaling, and abnormal keratinocyte 

proliferation. The choice of drug depends on lesion 

severity, anatomical site, patient preference, and 

treatment tolerability (summarized in Table 5)64. 

Table 5: Topical therapeutic agents used in the 

management of psoriasis 
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Marketed and Patented Nanoemulgel 

Formulation 

A few examples of emulgel and NEG formulations 

that contain multiple medications for transdermal 

delivery of different diseases are shown in Table 6. 

Medical Union Pharmaceutical's Miconaz-H 

emulgel contains these as its Active Pharmaceutical 

Ingredients (APIs): Miconazole nitrate and 

hydrocortisone. It is primarily used to treat skin rash, 

inflammation and aches, as well as bacterial and 

fungal infections. Also, it is recommended in the 

treatment of immunological disorders, hormonal 

disorders, and arthritis75. Diclomax emulgel 

containing diclofenac sodium is used in the 

treatment of various diseases such as peripheral 

joints, rheumatism and spiny osteoarthritis. 

Kleraderm Gaia 480 emulgel is vaginal antiseptic. 

Isofen emulgel also contains ibuprofen, which 

belongs to a group of drugs called nonsteroidal anti-

inflammatory drugs (NSAIDs). It has been shown to 

be helpful in treating rheumatic and other muscular 

discomfort (summarized in Table 6). Diclofenac 

diethyl ammonium makes up Novartis Alcon's 

Cataflam emulgel, which is used to treat 

osteoarthritis, pain, and joint and muscle swelling 

and inflammation76. 

Table 6: Patented Nanoemulgel Formulations 
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Future Perspectives 

Poor aqueous solubility poses a significant challenge 

for developing effective formulations for poorly 

soluble drugs, as it can impact drug delivery and 

bioavailability. A significant fraction of therapeutic 

compounds are hydrophobic, and the topical route is 

therefore a promising approach to circumventing the 

problems of solubility and bioavailability seen with 

conventional oral formulations86. A new method that 

has been recognised is to make an emulsion of a 

hydrophobic drug and then disperse the drug in a gel 

matrix which is known as ‘emulgel'. This will offer 

a dual-action release mechanism and may minimize 

formulation difficulties including phase separation 

and creaming and enhance physical stability87. 

However, there can be certain drawbacks in using 

conventional emulgels, such as drug permeation. A 

potential solution to these limitations is nanoemulgel 

(NEG) which is made up of a nanoemulsion in a gel 

base material. The type and concentration of oils, 

surfactants, co-surfactants and other added 

ingredients need to be carefully optimized as they 

have a significant effect on the characteristics and 

stability of the final formulation. The selection of 

surfactants is important especially if the 

concentration is not appropriate as this could lead to 

allergic reactions or irritation to the skin. Thus safer 

alternatives like biosurfactants should be explored 

further88. They possess biodegradability, 

biocompatibility, relatively low toxicity, resistance 

to diverse conditions and economic benefits, making 

them desirable candidates for replacing the 

conventional synthetic surfactants89. In future, 

emulgel and nanoemulgel systems could be 

investigated further for delivery of agents for 

bacterial, fungal, viral and other dermatological 

diseases. In-depth research and development into the 

absorption of these drugs, molecular interactions 

with the skin, skin permeation, and safety are 

necessary to determine their therapeutic value. In 

general, emulgel and NEG systems are promising 

systems for further topical drug delivery and 

treatment of diverse dermatological disorders 

(summarized in Table 7)90. 

Table 7: Various Marketed Nanoemulgel 

Formulation with Their Manufacturers 
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Conclusion 

The literature available suggests that nanoemulgel is 

a promising topical drug delivery system for poorly 

water-soluble drugs, as well as for plant-derived 

active ingredients in pharmaceutical and cosmetic 

preparations. An emulsion can be incorporated into 
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a three-dimensional gel matrix which can reduce the 

usual issues associated with emulsion formulations, 

such as cracking, coalescence, and creaming and 

offer a dual or combined drug delivery system98. 

Many hydrophobic drugs are still difficult to 

formulate due to their poor aqueous solubility. To 

overcome this, nanoemulgel can contain the 

hydrophobic drugs in the oil phase of the emulsion 

and then disperse the emulsion into the gel base, 

making it easier to apply to the skin and increasing 

the amount available to the skin 99. 

Carbopol 934, Carbopol 940, HPMC are frequently 

used gelling agents while Tween 40, Tween20 , 

Tween 80, Span 60, Span 20 and Span 80 are 

common emulsifying agents. Propylene glycol, 

polyethylene glycol, isopropyl alcohol, ethanol, 

azones, and sulfoxides may increase the barrier 

resistance to skin permeability in a reversible 

manner100. Nanoemulgels are tested for drug release, 

physical parameters, stability, skin permeation and 

toxicity. Appearance, homogeneity, consistency, 

swelling index, extrudability, clarity, spreadability, 

viscosity, pH and rheological behavior are some of 

the characterization parameters101. The physical 

stability of emulgels has been found to be superior 

to that of conventional emulsions, and few 

incompatibility problems have been observed; some 

reported less systemic toxicity and adverse effects 

than oral or parenteral administration. 

Nanoemulgels in turn are the next generation as 

nanosized droplets can enhance drug solubilization, 

absorption, skin penetration and bioavailability, 

which are beneficial for their future use in advanced 

topical drug delivery102. 
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