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ABSTRACT

Objective: The main objective of this research is to make and evaluate the formulation of a griseofulvin microemulsion gel for topical use to increase 
the solubility and safety of the drug.

Methods: The optimized microemulsion formula contains 5% oleic acid as the oil phase, 25% Tween 80 as the surfactant, and 20% ethanol (96%) 
as the cosurfactant.

Results: Organoleptic observations of the microemulsion showed that it had a clear and transparent yellowish color, while the microemulsion gel had 
a hazy yellowish color. Both the microemulsion and the microemulsion gel had the smell of alcohol. The size of the globules in the microemulsion and 
the microemulsion gel was 158.0 nm and 226.0, respectively.

Conclusions: The griseofulvin microemulsion gel was stable at 4°C±2°C, 25°C±2°C, and 40°C±2°C.
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INTRODUCTION

Griseofulvin is an effective antifungal drug for several species of 
fungi, such as Microsporum, Epidermophyton, and Trichophyton [1]. 
Griseofulvin is practically insoluble in water and is a biopharmaceutics 
classification system Class II drug, which means that it has a low 
solubility and a high permeability [2]. Due to its low water solubility, 
griseofulvin has a low dissolution rate, which leads to low drug 
bioavailability. Low griseofulvin absorption can be increased by 
formulating it as a microemulsion [3], which led to the selection of 
griseofulvin microemulsion gel preparation as the topic for this study.

Griseofulvin may cause some systemic side effects if given orally over the 
long term [4]. Side effects that may arise include proteinuria, nephrosis, 
leukopenia, hepatitis, clotting disorders, liver enzyme elevation, 
hyperbilirubinemia, and bleeding in the digestive tract [5]. To avoid 
these adverse effects, a griseofulvin microemulsion gel preparation for 
topical use was formulated to overcome these problem.

METHODS

Pseudoternary phase diagram
Constructing a pseudoternary phase diagram helps to determine 
whether the formula will provide a good microemulsion preparation. 
The pseudoternary phase diagram shows the concentrations of water, 
oil, and surfactants-cosurfactants to be used in formulations to produce 
microemulsions. A pseudoternary phase diagram is done using the 
water titration method. A mixture of surfactant and cosurfactant 
(Tween 80 and 96% ethanol 96%, with ratio 5:4) and oil phase (oleic 
acid) were mixed at the following ratios: 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 
8:2 and 9:1. The mixture was added slowly to Aquadest and shaken to 
form a clear liquid, which indicated that a microemulsion had formed. 
The pseudoternary phase diagram was made from the results of the 
experiments obtained using CHEMIX School version 3.60.

Preliminary experiments
Preliminary experiments were performed to obtain the concentrations 
of oleic acid, Tween 80, and 96% ethanol that produced the best 
griseofulvin microemulsion formula. The concentrations of oleic acid 
used were 5%, 7%, and 9%, the concentrations of Tween 80 used were 
20%, 25%, 30%, and 35%, and the ethanol concentration used was 

20% and 25%. The best microemulsion formulation provided a clear 
solution.

Griseofulvin microemulsion gels
The microemulsions were made by mixing the ingredients into the oil 
phase or the water phase separately. The Aquadest and Tween 80 were 
mixed and heated to a temperature of 40°C. Amount of griseofulvin was 
dissolved into oleic acid and then mixed with the Aquadest and Tween 
80 mixture using a homogenizer at 5000 rpm. The 96% ethanol was 
then added to the oil and water phase mixture, while continuously 
stirring with the homogenizer. The microemulsions were then allowed 
to stabilize for 24 hrs.

The gel base was made in a separate container. Carbopol 940 was 
dissolved in water, while during stirred, and triethanolamine was slowly 
added. The Carbopol 940 and triethanolamine mixture was then stirred 
using a homogenizer at 2000 rpm to form a gel base, and allowed to 
stabilize for 24 hrs. After sterilization, the microemulsion was then 
slowly added to the gel base, while stirring using a homogenizer at a 
rate of 3000 rpm to form a griseofulvin microemulsion gel.

Evaluation of the griseofulvin microemulsion gel preparations
The evaluations test was performed on the griseofulvin microemulsion 
gel preparations, as well as globule size distribution, pH, viscosity, and 
rheological measurements. Organoleptic observations were used to evaluate 
the form, color, odor, and clarity of the preparations. These observations 
were done every 2 weeks for 8 weeks. The globule size distribution was 
done using a particle size analyzer tool at weeks 0 and 8. The pH of the 
preparation was measured using a pH meter, and the measurements were 
performed 3 times that had been calibrated with a buffer solution at pH 4 
and 7. The desired preparation was within the pH range of 5.5-5.9. The pH 
measurements were performed weekly for 8 weeks.

The viscosity and rheological measurements were performed using a 
Brookfield viscometer. Measurements were made at room temperature 
(28°C) at weeks 0 and 8.

Physical stability tests of griseofulvin microemulsion gel
The following physical stability tests were performed on the 
griseofulvin microemulsion gel preparations: Storage test at 4°C±2°C, 
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storage test at 25°C±2°C, storage test at 40°C±2°C, and mechanical test 
(centrifugation). The cycling test involved up to 6 cycles. Each cycle 
consisted of storing the preparations at 4°C±2°C for 24 hrs and then at 
40°C±2°C for 24 hrs this experiment was repeated 3 times.

The storage test at 4°C±2°C was done by storing the microemulsion 
preparation at 4°C±2°C for 8 weeks. Organoleptic observations of the 
physical conditions and measurements of the pH were performed every 
2 weeks. The storage tests at 25°C±2°C and 40°C±2°C were carried out 
in the same manner.

The mechanical test was carried out using centrifugation. Samples 
of the microemulsion preparation were centrifuged at 3800 rpm for 
5 hrs. This treatment is equivalent to the gravitational effect for 1 year. 
Organoleptic observations were done on the physical condition of 
the preparation before and after centrifugation. This experiment was 
performed 3 times.

RESULTS AND DISCUSSION

Pseudoternary phase diagram
The pseudoternary phase diagram is shown in Fig. 1. It is shown 
that increased levels of oleic acid and decreased levels of surfactant-
cosurfactant mixture required less moisture to produce the 
microemulsion. For example, for a ratio of oleic acid and surfactant-
cosurfactant of 1:9, the water added was proportional to the amount 
of oleic acid and mixed surfactants. However, for a ratio of oleic acid 
and surfactant-cosurfactant 1:9, the water added only 1/10 of the total 
amount of the mixture. This can be due to the high concentration of 
oleic acid; since the outer phase is the oil phase, the addition of water in 
large quantities causes unstable microemulsions.

Preliminary experiments
Preliminary experiments as shown in Table 1, were conducted to 
determine the best concentrations of oil, surfactants, and cosurfactants 
to be used in the griseofulvin microemulsion gel formula. The 
preliminary results showed that as the level of the oleic acid increased. 
This is because large oil content requires more hydrophile-lipophile 
balance (HLB) to make the emulsion [6]. In addition, the more the oil 
phase is used, the greater the volume of oil that is formed into globules, 
thereby reducing the surfactant levels [7]. Thus, the more oleic acid 
used in the formulation, the greater the need for HLB and the amount of 

surfactant required to form the micelles, which means that the required 
levels of Tween 80 and 96% ethanol 96% are also greater. The inner 
phase content of oleic acid also makes the emulsion more unstable 
because of the greater interface tension, which requires increased 
levels of Tween 80 and 96% ethanol (Table 2).

From the experimental results, 5% oleic acid, 25% Tween 80, and 20% 
ethanol were selected to prepare the griseofulvin microemulsion gel 
formulas.

Griseofulvin microemulsion gels
The oleic acid content 5% give a stable microemulsion with the lowest 
levels of Tween 80 and 96% ethanol. The levels of Tween 80 and 96% 
ethanol were 25% and 20%, respectively. Using low levels of Tween 80 
and 96% ethanol in the microemulsion were intended to reduce the 
likelihood of skin irritation since both Tween 80 and 96% ethanol can 
irritate the skin [5,8]. Ethanol 96% can also cause dermatitis, especially 
in patients with aldehyde dehydrogenase deficiency [8]. The gel base 
comprised of 1% Carbopol 940, 1% triethanolamine, and Aquadest. 
The gel base was made to stand for 24 hrs before mixing with the 
microemulsions to remove any bubbles trapped in the gel.

Fig. 1: Pseudoternary phase diagram of microemulsions [3]

Table 1: Preliminary experimental results of microemulsion dosage formulations

Formula Oleic acid (%) Tween 80 (%) 96% ethanol (%) Aquadest (%) Result
F1 5 20 20 55 Turbid

25 50 Clear
25 20 50 Clear

25 45 Clear
30 20 45 Clear

25 40 Clear
35 20 40 Clear

25 35 Clear
F2 7 20 20 53 Turbid

25 48 Clear
25 20 48 Turbid

25 43 Clear
30 20 43 Clear

25 38 Clear
35 20 38 Clear

25 33 Clear
F3 9 20 20 51 Turbid

25 46 Turbid
25 20 46 Turbid

25 41 Turbid
30 20 41 Turbid

25 36 Clear
35 20 36 Clear

25 31 Clear

 Iradhati and Jufri 
Int  J  App  Pharm,  Vol  9, Suppl 1, 2017, 



25

Organoleptic evaluation
The griseofulvin microemulsion had a transparent yellow color and 
smelled of alcohol. Griseofulvin microemulsion gels had a yellow, 
slightly turbid, and alcohol odor. The microemulsions did not show 
phase separation before and after the addition of the gel base, which 
meant that the microemulsion was stable. When applied to the skin, 
the microemulsion gel preparations felt cold because of the high 96% 
ethanol concentration.

Measurement of the globule size distribution
The measurements of the globule size were done using a Zetasizer 
particle size analyzer software version 6.20 (Malvern). At week 0, 
the globule size was 158.0 nm (Table 3), which did not meet the 
criteria for microemulsion globule size, which is 1-100 nm. The size 
of microemulsion globule was large because the concentration of 
Tween 80 and 96% ethanol was quite low. The higher the surfactant-
cosurfactant concentration, the smaller the size of the globule will be 
because the internal phase is immobilized in the surfactant [9]. Note 
that the microemulsion preparation still looked clear despite having 
a globule size that was >100 nm because an emulsion with globules 
smaller than 200 nm has a transparent appearance [10]. The addition 
of the gel base increases the size of the globule in the microemulsion.

The results of the globule size test at week 8 showed a decrease in 
globule size. However, this was followed by a decrease in the size of the 
globule. This can be seen from the increased polydispersity index of the 
microemulsion and the microemulsion gel, and the peaks of the globule 
size of the microemulsion gel were more than one.

The increase in globule size followed by the reduced uniformity 
of the globular sizes in the microemulsion and the microemulsion 
gel preparations can be due to the flocculation of large particles. 
A nanoparticle preparation with a potential zeta >+30 mV and smaller 
than –30 mV exhibits good stability, while preparations with small 
potential zeta values indicate rapid particle aggregation due to van 
der Waals forces [6,11]. It can be concluded that the microemulsion 
preparation was more stable than the microemulsion gel preparation.

pH measurement
The pH of the microemulsion and the microemulsion gel was 5.52 
and 6.11, respectively. The microemulsion was more acidic than the 
microemulsion gel; triethanolamine contained in a gel make a greater 
pH than the microemulsions. The average pH of the microemulsion and 
microemulsion gel preparations does not affect the griseofulvin activity 
since it is only unstable at an extreme pH (below 1 or above 13).

Measurement of viscosity and rheology
The viscosity of the griseofulvin microemulsion gel preparation was 
measured using spindle number 5 on the Brookfield viscometer. The 
flow diagram of the microemulsion gel preparation in Fig. 2 indicated 
that it had pseudoplastic flow properties. The viscosity of liquids with 
pseudoplastic flow properties cannot be determined with a single value 
since there is no linear portion of the curve [6]. The microemulsion 
gel dosage measured at week 0 with a spindle speed of 20 rpm was 
7200 centipoise (cP). At week 8, the viscosity of the microemulsion gel 
preparation at a spindle speed of 20 rpm was 7500 cP. The increase 
in viscosity could be caused by globule flocculation in the preparation.

Cycling test
The griseofulvin microemulsion gel preparation remained stable after 
the test, showing no separation, syneresis, or crystal formation. This 
indicated that the microemulsion gel was physically stable.

Storage test at 4°C±2°C
After 8 weeks, the storage test results showed that the preparation 
was stable because there were no changes in color, odor, or syneresis, 
although the viscosity of the dosage increased, which was due to the 
decrease in temperature [6]. Testing the pH of the preparation during 
storage at temperature 4°C±2°C for 8 weeks produced fluctuating 
results, which showed that the pH tended to decrease (Fig. 3). This 
decrease in pH can be due to the oxidation of the oleic acid.

Storage test at 25°C±2°C
After 8 weeks, the storage test results showed that the preparation 
was stable because there were no changes in color, odor, or syneresis 
that there were fluctuations in pH, which showed that the pH tended 
to decrease (Fig. 4). However, a statistical test applied to the resulting 
data showed that the difference in pH at week 0 and week 8 was not 
significant, which indicated that the preparation was chemically stable.

Storage test at 40°C±2°C
The results from the storage test after 8 weeks showed that the 
preparations were stable because there were no changes in color, odor, 
or syneresis (Fig. 5).

Mechanical test (centrifugation)
The mechanical test was performed to see the effect of gravity on the 
stability of the microemulsion gel preparation (Fig. 6). The preparation 

Fig. 3: Graph of the average pH of the preparation during storage 
for 8 weeks at 4°C±2°C [10]

Table 2: Griseofulvin gel microemulsion formula [3]

Microemulsion composition Content in formula (%)
Griseofulvin 0.2
Oleic acid 5
Tween 80 25
Ethanol 96% 20
Aquadest 24.8
Gel base 25
Carbopol 940 1
Triethanolamine 1
Aquadest 98

Table 3: Results of the globule size, PDI, and zeta potential [9]

Preparation Week Globule 
size (nm)

PDI Zeta 
potential (mV)

Microemulsion 0 ±158.0 0.241
8 ±127.0 0.266 −30.1

Microemulsion gel 0 ±226.0 0.288
8 ±145.4 0.541 −21.9

PDI: Polydispersity index

Fig. 2: (a) Flow properties of microemulsion gel preparation at 
week 0 and (b) at week 8 [3]

ba
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was centrifuged at 3800 rpm for 5 h, which is equivalent to the 
gravitational force for a year. The test was conducted 3 times. The 
results of the centrifugation test on the griseofulvin microemulsion gel 
preparation showed no phase separation or microemulsion separation 
from the gel.

CONCLUSION

The best griseofulvin microemulsion gel formula consisted of 25% 
concentration of Tween 80 as a surfactant, 20% concentration of 96% 
ethanol as a cosurfactant, 5% concentration of oleic acid as the oil phase, 
and 20% concentration of gel base. The gel base contained 1% Carbopol 
940 as the gelling agent and 1% triethanolamine as the pH regulator. 
The microemulsion preparation had a transparent yellow color, while 
the microemulsion gel preparation gave a yellow, but slightly turbid, 
color. The microemulsion and microemulsion gel preparations had a 
globule size of 158.0 nm and 226.0 nm, respectively. The results of the 
cycling test showed that the microemulsion gel preparation was stable 
against temperature changes. The results of the physical stability tests 
showed that the microemulsion gel preparation was stable after storage 
for 8 weeks at 4°C±2°C, 25°C±2°C, and 40°C±2°C. The centrifugation 
test results showed that the microemulsion gel preparation was 
stable against the gravitational effect. For future studies, an antifungal 
activity test should also be done to determine the effectiveness of the 
preparation.
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Fig. 6: Photo of the microemulsion gel preparation (a) before and 
(b) after the centrifugation test [3]
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Fig. 4: Graph of the average pH of the preparation during storage 
for 8 weeks at 25°C±2°C [10]

Fig. 5: Graph of the average pH of the preparation during storage 
for 8 weeks at 40°C±2°C [10]
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