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ABSTRACT 

Nano-emulsions are isotropic dispersed systems of two immiscible 

liquids, normally consisting of an oily system dispersed in an aqueous 

system, or an aqueous system dispersed in an oily system. The aim of 

this study was to formulate Nano-emulsion that is capable of 

penetrating the skin easily depending on its size or its homogeneity. 

Nano-emulsion was prepared using co-surfactants, Oleic acid as an 

oily phase, (Water) as an aqueous phase, Tween 20 as surfactant. The 

formulations were prepared, containing of (Vitamin A, Vitamin E, 

Lactic Acid, and Hydroquinone) to help in decreasing the signs and 

symptoms of skin dryness as emollient and bleaching agent of the skin. 

The formulations were characterized for zeta potential, particle size 

analysis. The results showed that the formulated nano-emulsions were  

of a uniform particle size of 178.9 ± 0.5 nm and with acceptable polydespersity index (PDI) 

value of 0.25 which indicate that the particle size distribution falls within a narrow range. The 

UV Spectrophotometric analysis showed red shift more than the plain formula, also scanning 

electron microscopy confirmed the spherecity of particles. We conclude that the nano-

emulsion containing Vitamin A, Vitamin E, Lactic Acid, and Hydroquinone may serve as an 

emollient agent in many skin diseases e.g. age. 
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INTRODUCTION 

Nano-emulsion is dispersed particles used as vehicles for pharmaceutical preparation and 

seems to be promising for the future of cosmetics, diagnosis, drug therapies and 

biotechnologies.
[1]

 Nano-emulsions are transparent or translucent systems containing droplets 

with a mean diameter of 100–900 nm, and they are thermodynamically unstable, but they are 

kinetically stable.
[2-3]

 Nano-emulsions can solubilize hydrophobic and hydrophilic drugs, 

enhance the permeation and bioavailability of the drugs due to high kinetic stability so they 

can be formulated into different dosage forms with ease of manufacture and scale up as well 

as used for taste masking so improve patient compliance and acceptance.
[4-8]

 Nano-emulsions 

can be utilized for the production of pharmaceutical preparations e.g. sterile injection and 

infusion solutions; solutions, especially oral liquids, eye drops and nose drops.
[9]

 Recently 

nano-emulsions are becoming increasingly important as potential vehicles for the controlled 

delivery of cosmetics and for optimized dispersion of active ingredients into skin. Nano-

emulsion gain increasing interest due to their own bioactive effects. Nano-emulsions are 

acceptable in cosmetics because there is no inherent creaming, sedimentation, flocculation or 

coalescence that observed with macro emulsions. Nano-emulsions are used as vehicle in 

cancer chemotherapy for prolonging the rate of drug release after intramuscular and 

intratumoral injection (W/O systems). It also enhances the transport of anti-cancer drugs via 

lymphatic system.
[10] 

 

Vitamin A is available in several forms such as (retinaldehyde, retinol and retinyl esters such 

as retinyl palmitate). Retinyl palmitate is a combination of palmitic acid and ester of 

retinol.21 Retinaldehyde by retinaldehyde oxidase can oxidized to retinoic acid. Retinol can 

be converted to retinaldehyde by retinol dehydrogenase and via esterases enzymes retinol is 

produced from retinyl esters.  All of these forms are converted to its biologically active form 

trans-retinoic acid in the skin.
[11]

 The anti-aging effect come from thickness of skin to relief 

the presence of wrinkles, and pigmentation. It also leads to epidermal proliferation, 

keratinization, peeling, fibroplast proliferation, increase epidermal ground substances 

production such as glycosminoglycans that bind water particles and improvement of 

extracellular matrix production of substances such as collagen. It also inhibits the collagenase 

production.
[12]

 Vitamin E is a lipophilic antioxidant that naturally present in skin. It is forms 

in the cosmetics are tocotrienols and tocopherols. Vitamin E prevents free radical ability to 

damage lipid cell membrane. In case of antioxidant vitamins combination, it gives synergistic 

effect. Vitamin E regenerated from its oxidized form by vitamin C, lead to enhancement of 
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antioxidant effect.
[13] 

Hydroquinone mechanism of action is the inhibition of melanin 

synthesis. Hydroquinone leads to reversible depigmentation of the skin which achieved 

thought inhibition of the tyrosinase enzyme, this enzyme catalyzes the oxidation of tyrosine 

to 3, 4-dihydroxyphenylalanine. It also increases the melanosomes degradation or decreases 

the melanosomes formation and it inhibits the RNA and DNA melanocytes synthesis.
[14] 

 

Lactic acid is from alpha hydroxyacids (AHAs) which is act by reducing the coenocyte that is 

the dead layer of skin surface, leading to thin the stratum corneum and thus speeding up the 

process of exfoliation and skin regeneration. They also reduce the amount of calcium in the 

epidermis that promotes cell growth and slow cell differentiation that leads to look younger 

of the skin. Additionally, AHAs can increase the dermis and epidermal thickness, through 

improving the elastic fiber quality and increasing the density of collagen. Moreover, AHAs 

increase hyaluronic acid and collagen gene expression in epidermis and dermis. Additionally, 

they have the ability to decrease wrinkles and improve smoothness of the skin, and the anti-

aging effect is directly proportional with concentration and duration of treatment. They can 

decrease roughness, hyper-pigmentation and sallowness.
[15-18] 

 

The aim of this study was to formulate nano-emulsion of (Vitamin A, Vitamin E, Lactic 

Acid, and Hydroquinone) that can improve the signs and symptoms of skin dryness as 

emollient and bleaching agent of the skin and as promising formula for decreasing the age 

signs. The formulations were characterized for zeta potential, particle size analysis, 

polydespersity index (PDI), UV Spectrophotometric analysis and transmission electron 

microscopy. The formula is very promising and may serve as an emollient agent in many skin 

diseases e.g. age in future work. 

 

MATERIALS AND METHODS 

2.1 Materials and Instruments 

Oleic acid was purchased from Oxford Co., (Egypt). Tween 80 and Lactic acid were 

purchased from Al Nasr pharmaceutical chemicals Co., ADWIC (Egypt). Ethanol was 

obtained from Pio Chemical Co., (Egypt). Transcutol was kindly gifted by Dr. Hala (T.A at 

October University for Modern Science and Arts), (Egypt). Butanol was purchased from Al 

Gomhorya Co., (Egypt). Vitamin A and Vitamin C were gifted from El-Kahira 

Pharmaceutical Industrial Co., (Egypt). Hydroquinone was kindly gifted from Sedico CO., 

Egypt. Malvern zetasizer nano 6.01 (Malvern Instruments GmbH, Herrenberg, Germany), 

Sonicator UH-100B ultrasonic processor, (Tianjin Automatic Science Instrument 1td, China), 
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Homogenizer Branson 450 (Emerson industrial sutomation, USA) and SHIMADZU UV 

spectrophotometer (SHIMADZU co., Japan). 

 

2.3 Preparation of nano-emulsion 

For the preparation of nano-emulsion, several oils were evaluated to find out the most 

suitable oil for a stable nano-emulsion formulation by applying the solubility studies to 

mineral oil, olive oil and oleic acid. Also 2 different surfactants have been used for the 

formulation of nano-emulsion, e.g., Tween 20 & 80. The surfactant with the maximum nano-

emulsion formulation in phase diagram was selected. Two different co-surfactants were also 

used such as glycerin, propylene glycol butanol and transcutol and ethanol. Nano-emulsion 

was prepared according to the previously reported method.
[19-21]

 For preparation of plain 

nano-emulsion formulations, mixture of oils, surfactants and co-surfactants were used. Oleic 

acid was used as the oily phase; Tween 80 was used as surfactant. Glycerin, polypropylene 

glycol, ethanol, butanol and transcutol were also used as different co-surfactants. 

 

Pseudo ternary phase diagram was required to find out the concentration components that 

provide large nano-emulsion zone.
[22-23] 

The ratios of the oil to the mixture of surfactant and 

co-surfactant (oil/S, CoS) were 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2 and 9:1. The mixture of 

surfactant to co-surfactant (S/CoS) ratio was 1:1, 2:1 and 3:1. The mixture was then titrated 

with distilled water until first turbidity under stirring. The volume of water was recorded, and 

then the titration method was repeated until the last drop before turbidity. 

 

2.5 Preparation of medicated nano-emulsion 

For preparation of nano-emulsion loaded with drugs, the drugs were loaded to the prepared 

plain nano-emulsion. 20 % Vitamin E and 20 % Vitamin A were added to the oily phase with 

oleic acid, surfactant and co-surfactant. 5 % lactic acid and 5 %  hydroquinone that added to 

the aqueous phase then follow the previous procedures. Finally, the nano-emulsion droplet 

that composed of lipid core comprising a mixture of oil dispersed in aqueous phase was 

formed. 

 

2.6 Characterization of prepared nano-emulsion 

2.6.1 Thermodynamic stability of nano-emulsion 

In order to find out the stable nano-emulsion and to discard the unstable or metastable nano-

emulsions, the placebo nano-emulsions were subjected to following thermodynamic stability 

studies.
[24]

 Freeze thaw cycle: Nano-emulsions were kept in deep freezer (at - 20 
o
C) for 24 
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hrs then nano-emulsions were removed and kept at room temperature. The 

thermodynamically stable nano-emulsions returned to their original form within 2-3 minutes. 

2-3 such cycles were repeated. Heating cooling cycle: Six cycles between refrigerator 

temperature (4 
0
C) and 40 

0
C with storage of 48 hours were performed. Those formulations 

which were stable at these temperatures will be, subjected to further study. 

 

2.6.2 Size and zeta potential measurements by dynamic light scattering (DLS) 

To determine the size, count rate and zeta potential of nano-emulsion, the samples were kept 

at to 25 
o
C and laser light scattering analysis was performed with an incident laser beam of 

633 nm at a scattering angle of 90
o
 using the Malvern zetasizer nano 6.01 (Malvern 

Instruments GmbH, Herrenberg, Germany).
[25]

 

 

2.6.3 UV Spectrophotometry 

UV-Visible Spectrophotometer, Shimadzu UV-1800 connected to compatible computer. The 

software was UVPC personal spectroscopy software version 2.32 (Shimadzu). The absorption 

spectra of the reference and test solutions were carried out in a 1 cm quartz cells.
[25]

 

 

RESULTS AND DISCUSSION 

3.1 Preparation of nano-emulsion 

The most important criteria for selection of all the nano-emulsion components is that all the 

excipients should be pharmaceutically acceptable for topical application, depending upon the 

requirement and generally regarded as safe category. After performing the solubility studies 

for different oils, it was found that lactic acid, Vitamin A and Vitamin E have high solubility 

in olive oil but the nano-emulsion cannot be obtained with this oil. Mineral oil has high 

viscosity and high molecular weight so that it was excluded. Oleic acid was found to be the 

most suitable one. Oleic acid showed many benefits, it has good enhancing properties for 

transdermal drug delivery and it increases the fluidity of the intercellular lipid barriers in the 

stratum corneum by forming separate domains that interfere with the continuity of the 

multilamellar stratum corneum and induce high permeable pathways in the stratum corneum. 

The main problem related to the nano-emulsion-based systems is the toxicity of the 

components.
[26-28]

 Large amounts of surfactants may cause skin irritation when administered 

topically. Therefore, the proper selection of surfactants is very important. Therefore, the 

surfactant concentration was determined properly and the minimum concentration was used 

in the formulation. Nonionic surfactants are relatively less toxic than their ionic counterparts 

and typically have lower CMCs. 
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Moreover, O/W nano-emulsion dosage was formed for topical uses based on nonionic 

surfactants are likely to offer in vivo stability. Therefore, proper selection of surfactants 

becomes a crucial factor. Hydrophilic surfactant and co-surfactant were considered to prefer 

the interface and to lower the necessary energy to form the nano-emulsions, as a result 

improving the stability. After selection of oil phase, the main aim was to identify the 

surfactant that has the highest solubilization capacity for the oil. In the present study, two 

surfactants, namely, tween 20 and 80 were used. 

 

Nonionic surfactants were selected since they are known to be less affected by pH and 

changes in ionic strength, are generally regarded as safe, and are biocompatible.
[29-30]

 Ionic 

surfactants were excluded from the study due to toxicological concerns. Here, we have 

selected the surfactant through the maximum nano-emulsion formulation in phase diagram 

such as is tween 80. The role of co-surfactant is to reduce further interfacial tension to make 

nano-emulsion more stable by providing flexible film.
[31-32]

  Ethanol was selected as a co-

surfactant because it is used for topical delivery and acts as a penetration enhancer and it 

comes under GRAS category.
[33-34] 

 

3.2 Preparation of pseudo ternary phase diagram 

Formulations were carefully observed so that the metastable systems were not selected, 

although the free energy required to form a nano-emulsion is very low and the formation is 

thermodynamically spontaneous.
 
 On the basis of pseudoternary phase diagram tween 80 and 

isopropyl alcohol at (1:1) ratio was selected for further study because this combination of 

surfactant and co-surfactant was able to produce maximum nano-emulsion area. When co-

surfactant was added with surfactant in equal amounts, a higher nano-emulsion region was 

observed, perhaps because of further reduction of the interfacial tension and increased 

fluidity of the interface at S/CoS and mix 1:1. For better results, the ratio of the oil to the 

mixture of surfactant and co-surfactant (S/CoS) 3:7 and the ratio for the mixture of surfactant 

and co-surfactant (S/CoS) was 1:1 were selected. 

 

3.3 Characterization of the prepared Nano-emulsion 

3.3.1 Thermodynamic stability tests of Nano-emulsion 

In order to exclude the possibility of meta-stable formulations, stress testing is required. 

Some representative formulations were taken from the o/w nano-emulsion region of the phase 

diagram constructed at S/CoS mix 1:1 for tween 80 and ethanol, and were subjected to the 

thermodynamic stability tests such as heating cooling cycle, freeze thaw cycle, and 
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centrifugation. Thermodynamic stability test confers long-term stability to the nano-emulsion 

as compared to ordinary emulsions. 

 

3.3.2 Size measurements by DLS 

Size (hydrodynamic diameter), Polydispersity index (PDI) and zeta potential of particles are     

parameters that indicate the stability of nano-emulsion.
[21, 35]

 PDI is an index that can 

indicates stability, since it represents the size distribution range in colloidal solution. High 

PDI indicates the heterogenity of the particle size in suspension, while smaller PDI values 

indicate the homogeneity of the particle size in suspension. Polydispersity indices lower than 

0.7 are ideal, because they indicate that the particle size distribution falls within a narrow 

range of sizes.
[21, 25]

 The results showed a good, small and uniform nano-emulsion were 

obtained using spontaneous emulsification method.  The formulated nano-emulsion was of a 

non aggregated particle size of 178.9 ± 0.5 nm (Fig. 1 and 6).  PDI value of 0.25 which 

indicates that the particle size distribution falls within a narrow range of sizes. The DLS 

showed skewed peak which means (asymmetrical particle size distribution curve). 

 

 

Figure 1. Particle size distribution of nano-emulsion measured using dynamic light 

scattering using ethanol as co-surfactant. 

 

The plain nano-emulsion was formulated before the addition of the drug to confirm the effect 

of the drug on the formulation. Plain nano-emulsion have smaller particle size than the 

medicated one which is 142.4 nm. PDI of the plain nano-emulsion was also smaller than the 

medicated 0.115 which indicates that the particle size distribution falls within a narrower 

range than the medicated formulation (Fig. 2 and 6). These results indicated that the increase 

in size  is due to entrapped drug in transfersomes. 
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Figure 2. Particle size distribution of medicated and non-medicated nano-emulsions 

containing ethanol as co-surfactant using dynamic light scattering. 

 

3.3.3 Nano-emulsion contaning transcutol as co-surfactant 

The results showed a good, small and uniform nano-emulsion were obtained using 

spontaneous emulsification method with the medicated nano-emulsion formulation. The 

uniform particle size is 217.1 nm and the PDI is 0.335 which means that the particle size 

distribution falls with in the narrow range (Fig. 3 and 6). The nanoparticles formed using 

transcutol showed a better normal distribution curve (symmetrical particle size distribution) 

which indicated the transcutol is better as co-sufactant. 

 

 
Figure 3. Particle size distribution of nano-emulsion containing transcutol as co-

surfactant  measured using dynamic light scattering. 

 

The plain nano-emulsion was obtained and compared with the medicated one to know the 

effect on the drug on the preparation. The plain nano-emulsion showed a larger particle size 

than the medicated one which is 2214 nm and PDI 1.000 which is an indication for the 

heterogeneity of the particle size in suspension (Fig. 4 and 6). 
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Figure 4. Particle size distribution of medicated and non-medicated nano-emulsions 

containing transcutol co-surfactant measured using dynamic light scattering. 

 

3.3.4 Nano-emulsion contaning butanol as co-surfactant 

The nano-emulsion containing butanol have large particle size in both plain and medicated 

formulations in comparison with the plain nano-emulsion only that have particle size of 4037 

nm and the medicated nano-emulsion have particle size of 7070 nm. PDI of the plain 

formulation is 0.200 which is ideal and indicates the homogeneity of the particle size. But the 

medicated formulation has high PDI which show the heterogeneity of the particle size (Fig. 5 

and 6). 

 

 

Figure 5. Particle size distribution of medicated and non-medicated nano-emulsions 

containg butanol co-surfactant measured using dynamic light scattering. 
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Finally, The results obtained by DLS indicated that a successful formulation of the nano-

emulsion using Ethanol and Transcutol were prepared.  The average diameter of the 

nanoparticles prepared using Ethanol and Transcutol were 178 and 207 nm respectively, 

while the average diameter of the NPs using butanol was 7070 nm. DLS results yielded a 

reasonable PDI of Ethanol and Transcutol, both below 0.3, while NPs prepared using Butanol 

showed high PDI. 
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Figure 6. Particle size distribution, count rate and poly dispersing index nano-emulsion 

containing of ethanol, transcutol and butanol. 

 

3.3.3 Zeta potential measurements 

The surface charge also plays an important role in the stability of the nano-emulsion, and the 

magnitude of zeta potential is an indicative of the colloidal stability of the system. The highly 

negative zeta potential shows that the particles are electrically stabilized to resist 

aggregation.
[21] 

For the nanoemulison which contains Ethanol as co-surfactant, the 

nanoparticles that contain Ethanol had a negative surface charge - 3.33 ± 0.5 mV for the plain 

formulation and 5.10 ± 0.5 mV for the medicated formulation, but for nano-emulsion which 

contains Transcutol as co-surfactact, the nanoparticles Transcutol had a positive surface 

charge of the medicated formulation mean which is 44.8 ± 0.5 mV and for the plain 

formulation is 6.24 ± 0.5 mV (Fig. 7). The higher oppesitely charged nanoparticles confirm 

the stabilty of nano-emulsion.
 

 

 



www.wjpps.com                              Vol 4, Issue 12, 2015.                                            

            

 

1324 

Heba et al.                                     World Journal of Pharmacy and Pharmaceutical Sciences 

 

Figure 7. Zeta potential for plain and medicated nano-emulsions containing ethanol and 

transcutol as co-surfactant. 

 

Particle size distributions, count rate as well as PDI of nano-emulsion were performed. The 

high-count rate indicates that the concentration of nanoparticles were high enough for 

measurements. Furthermore, the PDI was very small which indicate that the prepared nano-

emulsions were uniform and in monodisperse formulation. 

 

3.3.5 Scanning electron microscopy (SEM) 

SEM confirmed the sphericity of nanoparticles, due to the particles showed spherical in shape 

and showed no aggregation also seem symetrical size (Fig. 8). 

 

 

Figure 8 Scanning electron microscopy of plain  and medicated nano-emulsions 

formulated using ethanol and transcutol as co-surfactant. 
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3.3.4 UV Spectrophotometry 

The UV Spectrophotometic analysis of nano-emulsion contains ethanol as co-surfactant 

shows that the medicated formula was shifted more than the plain formula. The UV 

Spectrophotometic analysis of nano-emulsion containing transcutol as co-surfactant shows 

also that the medicated formula was shifted more than the plain formula. These results 

confirmed that the particles of different size shifted to different red shift than plain one. 

 

 

Figure 9. UV spectrophotometry of nano-emulsion containing alcohol as co-surfactant 

and nano-emulsion contains transcutol as co-surfactant. From above to below, nan-

emulsion formulated using alcohol, transcutol and plain respectively. 

 

CONCLUSION 

The co-surfactant plays an important role in the preparation of the topical emulsion 

formulation with nanoparticle size range. Butanol was used as co-surfactant but it showed 

negative results when measured using zetasizer. Transcutol showed positive results for the 

medicated formulation (Nanoparticle range), but Ethanol when used as co-surfactant gave 

accepted results for both medicated and plain formulations. The stability of formulation may 

be enhanced by controlling factors such as the type and concentration of surfactant and co-

surfactant, nature of oily phase, methods used, process variables as well as additives. Overall 

nano-emulsion may be considered as effective, safe formulation for the delivery of drugs. 
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