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INTRODUCTION

There has been increased interest during recent years in the use of topical vehi-
cles that may modify drug penetration into the skin1.The most difficult aspect in 
skin delivery of drugs is to overcome the barrier of stratum corneum. Various 
strategies have been employed to achieve delivery of drugs into skin. Among 
these strategies, microemulsions have been suggested to serve as efficient pro-
moters of drug localization to skin2-4. 

Microemulsions are thermodynamically stable, fluid and isotropic colloidal na-
nocarriers with a dynamic microstructure that form spontaneously by combin-

ABSTRACT

Microemulsions are nano-sized colloidal drug carriers which offer several advan-
tages such as ease of preparation, thermodynamic stability, high solubilizing ca-
pacity for both of lipophilic and hydrophilic drugs and penetration enhancement. 
The aim of this study was to prepare novel microemulsions of isotretinoin, a highly 
lipophilic anti-acne drug, for its topical application. The pseudo-ternary phase di-
agrams were constructed at different oil to surfactant/co-surfactant mixture using 
isopropyl myristate (oil phase), Labrasol (surfactant), Kolliphor HS15, Kolliphor 
EL or Plurol Oleique CC497 (co-surfactant) and water. The physicochemical prop-
erties and storage stability of microemulsions were investigated. The developed 
microemulsions were characterized in terms of isotropy, particle size and size dis-
tribution, pH, refractive index, rheological behaviour, and conductivity. Spherical 
shape and droplet size of microemulsions were supported by transmission elec-
tron microscopy (TEM). Optimized formulations were found to be physically stable 
over a period of six months. In conclusion, microemulsions could be promising 
colloidal carriers for topical delivery of isotretinoin.
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ing appropriate amounts of oil, water, surfactant and a co-surfactant5-7. They are 
prepared mostly by the phase titration method and can be depicted with the help 
of pseudo-ternary phase diagrams. Some of the potential mechanisms by which 
microemulsions would improve transport of drugs to the skin are described be-
low:1,3,7,8-10

- Ingredients of microemulsions can modify the diffusional barrier of the stra-
tum corneum either by perturbation/fluidization of intercellular lipid bilayers or 
denaturation of intracellular keratin or modification of its confirmation.

- Due to the high solubilization capacity of microemulsions, both for the hydro-
philic and lipophilic drugs, an increased concentration gradient towards the skin 
can be reached.

- The ultralow interfacial tension and the continuously fluctuating interfaces 
of microemulsions can facilitate drug penetration into deeper skin layers com-
pared to conventional formulations.

- The partitioning and solubility of drugs in stratum corneum could be increased 
depending on microemulsion composition.

- The internal phase can act as a drug reservoir resulting controlled and sus-
tained release from microemulsions.

In view of all these features of microemulsions, the present study aims to explore 
microemulsions as alternative topical carriers for isotretinoin, with an objective 
to facilitate skin targeting of the drug while decreasing its systemic exposure 
and toxicity. For that purpose the pseudo-ternary phase diagrams of microe-
mulsion systems were constructed at different surfactant/co-surfactant ratios 
using isopropyl myristate (IPM) as oil phase, Labrasol as surfactant and Kolli-
phor HS15 (KHS), Kolliphor EL (KEL) or Plurol Oleique CC497 (PLO) as co-sur-
factant. It has been reported that IPM enhances skin permeation by acting as a 
fluidizer of intercellular lipids and affects the lipid rich phase in the stratum cor-
neum, thereby reducing its barrier function11. Labrasol is a surfactant which has 
been shown to significantly enhance the permeation of lipophilic drugs through 
the skin12. The co-surfactants KHS, KEL and PLO served frequently as penetra-
tion enhancers in the scientific literature13-17. The physicochemical properties 
such as droplet size, refractive index, electrical conductivity, pH, and rheology 
of the microemulsions were measured and TEM analysis was performed. Opti-
mized formulations were found to be stable over a period of six months at 25°C 
±2°C and 60%±5% relative humidity (RH).
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METHODOLOGY

Materials

Isotretinoin, polyoxyl 35 castor oil (KEL) and polyoxyl 15 hydroxystearate (KHS) 
were kind gifts of BASF (Limburgerhof, Germany). IPM was purchased from 
Sigma (St. Louis, MO, USA). Caprylocaproyl macrogol-8 glycerides (Labrasol) 
and polyglyceryl-3 oleate (PLO) were kindly provided by Gattefossé (Lyon, 
France). All other chemicals and reagents used were of analytical grade.

Construction of Pseudo-ternary Phase Diagrams

Pseudo-ternary phase diagrams were constructed to determine the appropri-
ate concentration range of components necessary for the formation of micro-
emulsions prepared with the water titration method at ambient temperature. 
IPM (oil phase) to surfactant/co-surfactant mixture ratio varied from 1:9 to 9:1 
(w/w). Based on pre-formulation study data, the mixing ratios of surfactant/
co-surfactant (Km) were fixed as 4:1 and 3:1. The mixture of oil and surfactant/
co-surfactant at predetermined weight was titrated drop wise with water under 
moderate magnetic stirring, at ambient temperature. Following each addition, 
the mixtures were stirred and then allowed to equilibrate. After equilibration, 
they were visually assessed for phase separation, transparency and flow prop-
erties. Transparent, homogenous (single-phase) and, low viscous systems were 
considered as microemulsion18. Titration was stopped with the presence of a 
cloudy system and/or phase separation. The quantity of the aqueous phase re-
quired to make the mixture turbid was recorded. Based on the phase diagrams, 
appropriate concentration of components were chosen and used in the prepa-
ration of drug loaded microemulsions. Drug loaded microemulsions were pre-
pared as follows: Isotretinoin (0.05%) was weighed into a small glass vial and 
dissolved in required quantity of IPM under magnetic stirring. Appropriate 
amount of surfactant/co-surfactant was added to oil phase and was mixed to 
yield a homogenous solution. The solution was titrated with water up to 100% 
(w/w) under magnetic stirring and the obtained microemulsion systems were al-
lowed to equilibrate at ambient temperature. Drug loaded microemulsions were 
stored in well closed amber coloured vials at room temperature, and protected 
from light due to the very poor photostability of isotretinoin.

Characterization of Microemulsions

Droplet Size Measurements

The droplet size and polydispersity index (PDI) values of plain and isotretinoin 
loaded microemulsions were determined at 25oC with permanent angle of 173o 
by a Zeta Sizer (Nano ZS, Malvern Instruments, UK) without dilution with water 
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to avoid phase separation17. All samples were analyzed in triplicates after pre-
filtering (0.45 mm, Millex, Merck Millipore, Billerica, MA, USA).  The droplet 
size was expressed as average size of droplets in the system and PDI indicated 
the width of the size distribution19.

Microscopic Analysis

Polarized Light Microscopy

Microemulsion formulations were examined under a polarized light microscope 
(Olympus BX51 U-AN 360, Tokyo, Japan) in order to verify their isotropic na-
ture. A drop of the freshly prepared microemulsion was placed between a cov-
erslip and a glass slide and observed under cross-polarized light. It is expected 
that an isotropic material, such as a microemulsion, will not interfere with the 
polarized light and the field of view will remain dark20.

Transmission Electron Microscopy

Transmission electron microscopy (TEM) was used to characterize the morphol-
ogy of the microemulsions21. For this purpose, a microemulsion drop was di-
rectly deposited on a carbon-coated copper grid and allowed to dry for 60 min at 
room temperature. Then, the grid stained with one drop of 2 % (w/w) phospho-
tungstic acid, excess of the solution was removed with a filter paper and allowed 
to dry for 5 min before examination under the electron microscope (JEM-1011, 
JEOL, Japan).

Electrical Conductivity Measurements

The electrical conductivity of plain and drug loaded microemulsions were meas-
ured with a conductometer (EuTech PC 700; Eutech Instruments, Landsmeer, 
the Netherlands) at room temperature. 

For the assessment of the microstructure 3 mL of the IPM/(Labrasol/KEL) mix-
ture at ratio 1:9 was titrated by water stepwise and at each step, 1 mL of sample 
was used for the measurement of the electrical conductivity at room tempera-
ture22. The evaluation was made by plotting the conductivity values (κ) versus 
the water percentages (φw) obtained experimentally and the percolation thresh-
olds were determined from the peaks of the plot. The measurements were car-
ried out in triplicate, and results were presented as mean ± SD.

Rheology

Rheological measurements (shear stress, shear rate and apparent viscos-
ity) were performed using a cone and plate Brookfield Rheometer (Brookfield 
DV3THACJ0, Middleboro, MA, USA)   in triplicate in a temperature controlled 
environment at 25oC and rotational speed was ranged from 10-100 rpm.
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pH

The pH values of plain and drug loaded microemulsions were measured by di-
rect immersion of pH meter electrode (EuTech PC 700; Eutech Instruments, 
Landsmeer, the Netherlands) in the formulations at room temperature. Before 
each measurement calibration was performed using standard buffer solutions 
of pH 4.0, 7.0, and 10.0, respectively. The measurements were carried out in 
triplicate, and results were presented as mean ± SD.

Refractive Index

The refractive index values of the plain and drug loaded microemulsion formula-
tions were measured by an Abbe refractometer (Atogo Co., Ltd, Tokyo, Japan) 
by placing one drop of the microemulsion sample on the slide at room tempera-
ture. The measurements were carried out in triplicate at 25°C.

Evaluation of Stability  

Centrifugation

Microemulsions were centrifuged (Hettich Zentrifügen D-7200) at 15000 rpm 
for 30 min at ambient temperature to assess the thermodynamic stability. The 
formulations that did not show any phase separation and cloudy appearance af-
ter centrifugation were taken for freeze-thaw cycle.

Freeze-thaw cycle

Freeze–thaw cycles were performed by freezing the microemulsions at −20◦C 
for 12h followed by thawing at 25◦C for 12h. This process was repeated two times 
for each sample. Then the samples were examined for clarity, phase separation 
and droplet size. 

Storage stability

The storage stability of plain microemulsions was followed according to ICH Q1 
(R2) at 25±2°C and 60%±5% relative humidity (RH) up to 6 months23. The phys-
icochemical parameters include appearance and droplet size and its distribution 
were determined.

Statistical Analysis

The statistical analysis was performed using one-way analysis of variance. A 
multiple comparison test was used to compare different microemulsion for-
mulations and p<0.05 was considered as level of significance (GraphPad Prism 
Software, La Jolla, CA, USA).
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RESULTS AND DISCUSSION

The main goal of the topical therapy is to target the drug to viable epidermis and 
upper dermis, by minimizing systemic absorption. However, due to its high lipo-
philic character (logP: 5.01), isotretinoin tends to accumulate on the skin surface 
and in the upper stratum corneum, thus its penetration into the lower layers is 
limited, which restricts the efficiency of topical treatment24. Nano-sized colloidal 
carriers such as microemulsions are considered appropriate carriers due to the 
increment of partitioning and solubility of drug in stratum corneum, enhance-
ment of thermodynamic activity of drug in the vehicle and/or increasing the 
permeability of skin8,25. Most of the studies demonstrate that more pronounced 
drug deposition in skin layers rather than percutaneous permeation can be ob-
tained with microemulsions3,4,9. Taking all these into consideration, microemul-
sion type colloidal carriers of isotretinoin were developed and characterized with 
the aim to increase the dermal penetration of the drug.

Construction of Pseudo-ternary Phase Diagrams 

Figure 1: Pseudo-ternary phase diagrams of microemulsion systems containing IPM as oil, 
Labrasol as surfactant, Kolliphor HS 15 or Kolliphor EL or Plurol Oleique as cosurfactant for 
Km=3:1 and Km=4:1
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The microemulsion region can be shown graphically in pseudo-ternary phase 
diagrams, as ratios between oil, water and a fixed mixture of surfactant/co-cur-
factant26. The phase diagrams of the prepared microemulsions with Km 4:1 and 
3:1 are shown in Fig. 1.  Water titration method was used to obtain the compo-
nents and their concentration ranges that can result in large existence area of 
microemulsion19,27. A large microemulsion area in the phase diagram is usually 
attributed to the progressive reduction of the interfacial tension and indicates 
the positive effect of surfactant and co-surfactant on the phase properties18. 

The water dilution lines representing an increase of water content while decreas-
ing oil, surfactant and co-surfactant levels were plotted on the phase diagrams. 
The shaded areas were identified as microemulsion areas and the remaining re-
gion of the phase diagram represents turbid and conventional emulsions based 
on visual observation. The area of isotropic microemulsion region changed 
slightly in size with increasing ratio of surfactant/co-surfactant. The composi-
tion of the prepared microemulsion systems consist of IPM (oil phase), Labrasol 
(surfactant) and KHS, KEL or PLO (co-surfactant) is given in Table 1.

Table 1: Composition of the optimized microemulsion formulations.

CODE S:CoS IPM (%) Labrasol (%) KHS (%) KEL (%) PLO (%) Water (%)

ME-KHS1 3:1 5.50 37.50 12.50 44.44

ME-KHS2 3:1 3.80 26.25 8.75 61.14

ME-KHS3 4:1 5.50 40 10 44.44

ME-KHS4 4:1 3.80 28 7 61.14

ME-KEL1 3:1 5.50 37.50 12.50 44.44

ME-KEL2 3:1 3.80 26.25 8.75 61.14

ME-KEL3 4:1 5.50 40 10 44.44

ME-KEL4 4:1 3.80 28 7 61.14

ME-PLO1 3:1 6.50 43.88 14.63 34.94

ME-PLO2 3:1 5.50 37.50 12.50 44.44

ME-PLO3 4:1 6.50 46.80 11.70 34.94

ME-PLO4 4:1 5.50 40 10 44.44

S: Surfactant, CoS: Co-Surfactant

Depending on the physicochemical properties of a drug, different types of micro-
emulsions can be the optimal carrier. Therefore, it is necessary to find the appro-
priate composition and concentration of components to maximize the drug de-
livery efficacy of microemulsions9. The oil phase, surfactant and co-surfactants 
for developing isotretinoin loaded microemulsions were selected on the basis of 
the existence of the microemulsion area and water solubilization capacity. IPM 
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is among the most frequently selected components of the oil phase in micro-
emulsions. Water solubilization capacity of IPM is reported to be the highest 
among various oils, such as oleic acid, used in microemulsion formulation28.

In our study, the quantity of isotretinoin to be loaded to the microemulsion 
formulations has been kept equivalent to its commercial topical formulation 
(Isotrexin Gel, 0.05%) and the choice of oil, surfactant and co-surfactants was 
based on the ability of these components on a stable, skin compatible micro-
emulsion formation with sufficient water content but rather drug solubility9,22. 
When choosing components for microemulsions, it is also important to balance 
solubility/permeation properties with toxicological considerations26. All of the 
formulated microemulsions were considered as safe regarding the in vitro cyto-
toxicity study which has been published previously24.

Characterization of Microemulsions

Droplet Size Measurements

The effect of microemulsion droplet size and large surface area/volume ratio on 
drug transport into the skin has been shown with several studies9. In our study, 
the mean droplet diameter of plain and drug loaded microemulsions were found 
in the range of 1.38±0.01 - 9.49±0.09 nm and 1.40±0.03 - 9.56±0.14 nm, re-
spectively (Fig. 2). There is no significant difference in average droplet size ob-
served after loading isotretinoin (p>0.05). It has been found that increasing wa-
ter content lead to a decrease in microemulsion droplet size. The formulations 
containing PLO as co-surfactant (ME-PLO1 - ME-PLO4) presented the highest 
average droplet size and the droplet diameter increased with the increasing oil 
and surfactant content. Microemulsion formulations ME-KHS2, ME-KHS4, 
ME-KEL2 and ME-KEL4 containing KHS and KEL as co-surfactants presented 
the lowest average droplet size with decreased concentrations of oil and sur-
factant/co-surfactant mixture.

Polydispersity index (PDI) is an important parameter in the characterization of 
colloidal drug carriers since it reflects the physical stability of the system and 
provides information about homogeneity of the samples29,30. The PDI values 
lower than 0.4 indicated homogenous microemulsion systems with narrow size 
distribution in our study. Incorporation of isotretinoin did not affect the PDI of 
the microemulsions significantly (p > 0.05).
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Microscopic analysis

It is well known that various structures, such as liquid crystals, can be formed by 
microemulsion formulation depending on the components and their concentra-
tion17. Also the incorporation of the drug can affect the microemulsion structure. 
Cross-polarized light microscopy is a suitable method for differentiating liquid 
crystals. Under cross-polarized light microscopy, birefringence can be observed 
for lamellar and hexagonal liquid crystals but no birefringence is observed for 
microemulsions31. In our study, the completely dark appearance under the po-
larized light microscope confirmed the isotropic nature of the prepared micro-
emulsions. The TEM images of one formulation (ME-KEL3) are shown in Fig. 
3, which prove that the microemulsion possessed homogeneous and spherical 
droplets.

Figure 2: Droplet size and PDI of the plain and isotretinoin loaded microemulsions
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Figure 3: Transmission Electron Microscopy images of A) plain and B) drug loaded 
microemulsion formulation ME-KEL3

Electrical Conductivity

The electrical conductivity of plain microemulsion formulations was in the range 
of 7.50±0.06-77.65±0.21 mS/cm (Table 2) and increased by the increasing 
amount of water. The increase in conductivity might be caused from the increase 
in dissociation of surfactant (Labrasol) as a function of water content11, 32. 

Table 2: Conductivity, viscosity, pH and refractive index of the plain and isotretinoin loaded 
microemulsions

Code
Conductivity (μS/cm) Viscosity pH Refractive Index

Plain Drug 
Loaded Plain Drug 

Loaded Plain Drug 
Loaded Plain Drug Loaded

ME-KHS1 50.60±0.04 53.41±0.24 63.79±0.03 64.01±0.01 6.18±0.01 6.51±0.01 1.407±0.002 1.407±0.003

ME-KHS2 77.65±0.21 82.23±0.09 23.96±0.05 24.16±0.02 5.78±0.01 6.04±0.01 1.384±0.002 1.384±0.001

ME-KHS3 40.60±0.07 40.67±0.14 55.05±0.08 56.02±0.04 6.16±0.01 6.32±0.01 1.407±0.002 1.407±0.003

ME-KHS4 68.76±0.14 73.66±0.12 22.15±0.06 22.17±0.07 5.77±0.01 5.85±0.01 1.384±0.001 1.384±0.002

ME-KEL1 37.46±0.05 33.17±0.01 88.00±0.19 87.98±0.21 4.63±0.01 4.84±0.01 1.407±0.005 1.408±0.003

ME-KEL2 71.24±0.08 64.25±0.08 41.22±0.11 42.01±0.21 4.22±0.01 4.35±0.01 1.384±0.001 1.385±0.002

ME-KEL3 34.07±0.05 31.43±0.04 73.88±0.15 74.08±0.18 4.64±0.01 4.87±0.01 1.407±0.001 1.408±0.002

ME-KEL4 63.35±0.12 62.35±0.07 35.78±0.14 35.99±0.05 4.19±0.01 4.38±0.01 1.384±0.001 1.385±0.001

ME-PLO1 7.50±0.06 6.62±0.07 59.17±0.11 59.19±0.11 4.77±0.02 4.90±0.02 1.419±0.003 1.419±0.002

ME-PLO2 15.86±0.03 14.38±0.04 57.20±0.08 57.89±0.10 4.47±0.04 4.68±0.04 1.407±0.001 1.407±0.002

ME-PLO3 9.14±0.04 9.01±0.03 59.66±0.10 60.03±0.06 4.87±0.01 4.91±0.01 1.419±0.002 1.420±0.004

ME-PLO4 18.84±0.06 16.67±0.06 49.88±0.17 51.01±0.12 4.58±0.02 4.68±0.02 1.407±0.002 1.408±0.001
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Microemulsions exhibit percolation phenomena at certain volume fractions of 
water. This is generally accompanied by an increase in the electrical conductivity 
of microemulsions, which often has been used as a method for internal structure 
characterization9,33. According to the percolation theory, phase transformation 
from W/O type structure to bicontinuous systems and then the formation of 
O/W type microemulsions occur as aqueous content in the system increases9,14. 
The percolation threshold refers to the critical water volume fraction at which 
isolated droplets form infinite clusters through the emergence of bicontinuous 
structures34. 

The IPM/(Labrasol/KEL) mixture at the oil: surfactant/co-surfactant ratio of 
1:9 and the ratio of Labrasol:KEL (Km)4:1 as weight could be diluted by water to 
higher than 98% (w/w) water content and the resulting sample remained as a 
clear microemulsion. Also, this dilution line included the microemulsion formu-
lation ME-KEL3 which has been presented the highest isotretinoin accumula-
tion in pig skin in our previous study24. Therefore, in accordance with the study 
of Zhang&Michniak-Kohn22, the microemulsion microstructure was studied 
along this water dilution line and the measured electrical conductivity values 
(κ) plotted against the water content (φw) as shown in Fig. 4. The κ vs. φw curve 
showed three distinct parts, which could be fitted by linear regressions at low 
and high aqueous phase regions, corresponding to W/O and O/W microstruc-
tures. Based on these results, it can be deduced microstructure transition points 
from W/O to bicontinuous and from bicontinuous to O/W were at water content 
of about 15% and 75%, respectively.

Figure 4: The plot of the microemulsion electrical conductivity to aqueous content

Rheology

The viscosity of a microemulsion is the function of the type of its components 
(oil, surfactant, co-surfactant and water) and their concentrations35. The viscos-
ity of plain microemulsions was in the range of 22.15±0.06 - 88.00±0.19 cPs 
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(Table 2), and tended to increase as the amount of the oil and surfactant mixture 
in the formulation increased. This data is in accordance with the literature11. The 
viscosity values of isotretinoin loaded microemulsions were slightly higher than 
the values of unloaded formulations. All microemulsions exhibited Newtonian 
flow behavior (Fig. 5) due to their very low viscosity values as expected from 
microemulsions10, 15, 17, 31. 

Figure 5: The plotes of shear stress versus shear rate for all of microemulsions prepared

pH

Table 2 shows the physicochemical characteristics of isotretinoin loaded micro-
emulsions and their blank counterparts. The pH of the plain microemulsion for-
mulations were between 4.19±0.01 and 6.18±0.01 (Table 2). Incorporation of 
isotretinoin slightly increased the pH to the range of 4.35±0.01-6.51±0.01. The 
pH of microemulsions could be considered as suitable for cutaneous application 
as it has been reported that pH values in the range of 3 to 10 are tolerable by the 
skin and do not change the skin penetration of lipophilic substances36. 

Refractive Index

The refractive index provides information about the dispersed and continuous 
phases of microemulsions and indicates their isotropic nature. The refractive in-
dex of microemulsions is expected to be close to the refractive index of the pure 
component forming the continuous phase37. The refractive index values of the 
plain and drug loaded microemulsions are demonstrated in Table 2. The refrac-
tive index values of isotretinoin loaded microemulsions (1.384±0-1.420±0) were 
similar to their blank counterparts (1.384±0-1.419±0) and confirmed the trans-
parent nature of the formulations38. 
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Physical Stability

After centrifugation at 15000 rpm for 30 min microemulsion formulations re-
mained homogenous without any phase change such as turbidity or phase sepa-
ration. Freeze thaw cycle did not result in change in droplet size or phase sepa-
ration or turbidity. All formulations showed good thermodynamic stability and 
were taken for storage stability.

Storage Stability

The microemulsions exhibited transparency and showed no evidence on 
phase separation or flocculation when they were subjected to stability study at 
25oC±2oC and 60%±5% RH for 6 months. Average droplet size of prepared mi-
croemulsion batches were measured at different time intervals and the obtained 
results are depicted in Fig. 6.  No significant difference was observed in the PDI 
of microemulsions up to 6 months (p>0.05). 

Figure 6: Droplet size and distribution of microemulsions after storage at 25±2oC and 
60±5% RH for 6 months.

CONCLUSION

Microemulsion type colloidal carriers are one of the promising systems in skin 
penetration enhancement when compared with conventional formulations. Our 
results confirmed that the physicochemical characteristics of microemulsions 
are closely related to the type and ratio of the constituents and, the developed 
microemulsion formulations could be an alternative topical carrier to the cur-
rent topical isotretinoin formulation available in the treatment of mild acne. 
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