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ABSTRACT 

In the present work, levofloxacin based microemulsion was developed 

and its usefulness as topical drug carrier system for anti bacterial 

activity was investigated. Microemulsion was prepared by phase 

titration method using oleic acid as oil phase, tween-60 as surfactant 

and isopropyl alcohol as co-surfactant. Five different formulations 

were formulated with various amount of the oil, water and the mixture 

of surfactant and co-surfactant. Different formulations were prepared 

to evaluate the effect of oil content, surfactant/ cosurfactant 

concentration on in-vitro permeation rates.  Microemulsions were 

characterized for pseudo-ternary phase diagrams, pH, viscosity, droplet 

size, in-vitro release profile and stability evaluation. In-vitro skin 

permeability of levofloxacin from the microemulsion was evaluated  

using franz diffusion cell method. The optimized microemulsion formulation was found to be 

o/w type emulsion by pseudo-ternary phase diagram. These results indicate that the 

microemulsion system studied is a promising tool for the topical delivery of levofloxacin. 
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INTRODUCTION 

Topical products are important classes of drug delivery systems and their use in therapy is 

becoming more widespread. Although topical formulations to treat ailments have existed 

from ancient times, for which the skin is used as an alternative route for systemic and 

regional therapy, is relatively new entities1-2. The purpose of topical dosage forms is to 

conveniently deliver drugs to a localized area of the skin. 
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The concept of microemulsion was first introduced by Hoar and Schulman during 1940s.  It 

is defined as a system of water, oil and amphiphile which is an optically isotropic and 

thermodynamically stable liquid micro-dispersion3-6. 

 
Although microemulsion can be used to deliver drugs via several routes, these versatile 

systems have been extensively studied as vehicles for topical administration. Microemulsions 

are attractive vehicles for drug delivery because of their ease of formulation, thermodynamic 

stability and solubilization properties. This report describes the topical delivery of 

microemulsion system, which composed of non-irritating, pharmaceutically acceptable 

ingredient7-9. These spontaneously formed systems possess specific physicochemical 

properties such as transparency, optical isotropic, low viscosity and thermodynamic stability. 

The observed transparency of these systems is due to the fact that the maximum size of the 

droplets of the dispersed phase is not larger than one-fourth of the wavelength of visible light 

approximately 150 nm. 

 
Levofloxacin is the L-isomer of the racemate ofloxacin, a quinolone antimicrobial agent. 

Chemically levofloxacin, a chiral fluorinated carboxyquinolone is the pure (S)-enantiomer of 

the racemic drug substance Ofloxacin. Preformulation studies are needed to ensure the 

development of a stable as well as therapeutically effective and safe dosage form. 

 
In this study, we tried to develop a new formulation of levofloxacin in microemulsion base 

for topical application which may lead to improvement in patient compliance. Microemulsion 

containing levofloxacin were formulated and examined for diffusion and in- vitro skin 

penetration of levofloxacin from them. 

 
MATERIALS AND METHOD 

Material 

Levofloxacin was procured as a gift sample from Taj Pharmaceutical and oleic acid, 

isopropyl alcohol, Tween 60 and other chemical were provided by the Institute of Pharmacy, 

Bundelkhand University Jhansi Uttar Pradesh. 

 
Screening of microemulsion components 

The most important criterion for screening of components is the solubility of poorly soluble 

drug in different oil, surfactants and co-surfactants. Since, the aim of present study is to 

develop a topical formulation, therefore, it is important to determine the solubility of drug in 
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oils, surfactants and co-surfactants. The solubility of drug was determined in different oils 

viz. Oleic acid, capmul MCM, captex 200, captex 300, isopropyl alcohol, isopropyl myristate 

(IPM), olive oil and castor oil. 2 ml of different oils were taken in small vials and excess 

amount of the drug was added. The vials were tightly stoppered and were continuously stirred 

for24 hours at 25°C and then samples were centrifuged at 8000 rpm for 10 minutes. The 

supernatant was separated, filtered and after appropriate was determined by equation obtained 

in standard curve of methanol. Same method was adopted for solubility determination of drug 

in surfactants and co-surfactants. The solubility of Levofloxacin in different oils was shown 

in fig.1. 

Table 1: Solubility of Levofloxacin in different types of oils. 

S. NO. OILS SOLUBILITY MG/ML 
1. Olive oil 13.31 ± 0.10 
2. Isopropyl myristate (IPM) 15.07 ± 0.16 
3. Oleic acid 108.17 ± 0.10 
4. Campul PG 8 65.19 ± 0.15 
5. Jojoba oil 27.91 ± 0.17 
6. Castor oil 106.33 ± 0.21 
7. Captex 300 26.71 ± 0.17 
8. Campul MCM 16.63 ± 0.18 

 
Selection of surfactant 

For optimization of surfactant, initially co-surfactant isopropyl alcohol was constant, different 

surfactant concentration of Tween 20 and Tween 60 in ratio 1:1 with co-surfactant was used. 

For each phase diagram, oil and specific Smix were mixed well in different combination and 

in different ratios. The phase diagram was developed by aqueous titration method. The 

optimized surfactant is shown in fig.2. 

 
Selection of co-surfactant 

For optimization of co-surfactant, Tween 60 and Tween 20 were taken as surfactant. Titration 

was performed by using different co-surfactant (isopropyl alcohol, PEG400). 

Table 2: Solubility of Levofloxacin in Different Surfactants and co-surfactants 

 

S. NO. SURFACTANTS AND CO-
SURFACTANTS SOLUBILITY MG/ML 

1. Tween 60 19.95 ± 0.10 
2. Tween 80 3.75 ± 0.20 
3. PEG 200 11.33 ± 0.31 
4. Isopropyl alcohol 29.35 ± 0.15 
5. Lauroglycol 90 19.27 ± 0.17 
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VARIOUS OPTIMIZATION PARAMETERS 

Final composition of Microemulsion 

Various compositions of microemulsion were selected on the basis of screening and solubility 

of the drug in Different types of  oils and surfactants and co-surfactants. Oleic acid is used as 

the oil phase, Tween 60 as a surfactant and isopropyl alcohol as the co-surfactant of the 

microemulsion. 

 
Different ratios of Oil, Surfactant and Co-surfactants 

TABLE 3: Different ratios of Oil, Surfactant and Co-surfactants 

MICROEMU
LSION 

OLEIC ACID 
+ CASTOR 
OIL (3:1) (% 
w/w ) 

TWEEN 60 + 
ISOPROPYL 
ALCOHOL 
(SMIX) (% w/w) 

SURFACTA
NT/CO-
SURFACTA
NT (SMIX) 

DD WATER  
(% w/w) 

DRUG 
(LEVOFLOX
ACIN) (mg) 

ME 1 5.32 64.08 1:0 50.48 50 
ME 2 7.55 74.90 1:1 43.15 50 
ME 3 9.33 78.55 1:2 18.09 50 
ME 4 7.55 74.90 1:3 43.15 50 
ME 5 5.00 59.00 2:1 53.10 50 
ME 6 8.06 75.47 3:1 21.07 50 

 
Preparation of microemulsion formulation: pseudo-ternary phase diagram 

After optimization of oil, surfactant and co-surfactant microemulsions were developed by 

using castor oil as oil phase, Tween 60 as surfactant and isopropyl alcohol as co-surfactant. 

Six potential microemulsion vehicles referred ME-1 to ME-6 were selected. In order to 

prepare microemulsion, the oil phase the aqueous phase surfactant was taken together in 

required amounts and stir up to the formation of transparent clear fluid system at room 

temperature. 

      
In order to find out the construction range of components for the existing of microemulsion 

pseudo-phase diagram were constructed using titration method at an ambient temperature. 

The coarse emulsions were formed by mixing oil with water. These coarse emulsions were 

titrated with the combination of surfactant and co-surfactant until the clear transparent 

microemulsions were formed and the volume of surfactant/co-surfactant combination used 

were recorded. Three phase diagrams were constructed with the 1:0, 1:2, 1:3 v/v ratios of 

Tween 60 and isopropyl alcohol. For each of these phase diagrams at  a specific 

surfactant/co-surfactant ratio, the ratios of oil phase and aqueous phase (distilled water) were 

varied as 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9. Phase diagrams were constructed  using 

oleic acid as oil phase and distilled water as aqueous phase and titrating there mixture with 



www.wjpps.com                         
           

 
 

5939 
 

Ajit Singh et al.                           World Journal of Pharmacy and Pharmaceutical Sciences 

the combination of Tween 60 and isopropyl alcohol in v/v ratio of 2:1 and 3:1 the pseudo-

ternary phase diagrams were proposed by plotting the amounts of water phase, oil phase and 

surfactant/co-surfactant combination used. Resultsare shown in Fig. 3 to 7. 

 
Formulation of drug loaded microemulsion 

For drug loaded formulation the 1% w/v of Levofloxacin was added to the microemulsion 

formulation, stirred for 4 hours, kept overnight for equilibration and stored in tightly sealed 

vial at 25 ± 1°C. 

 
In-vitro skin permeation studies 

The in-vitro skin permeation rates of levofloxacin from various microemulsion formulations 

were determined to evaluate the effect of oilcontent and surfactant/ co-surfactant. 

In-vitro skin permeation across the rat abdomen skin was conducted using Franz diffusion 

cell. The excised skin was mounted on the diffusion cell with stratum corneum side facing 

towards donor compartment. The area of diffusion cell used for all in-vitro permeation 

studies was 0.786 cm² and the capacity of receiver compartment was 61.5 ml the skin was 

equilibrated for one hour with the receiver medium. A blank sample (4 ml), was withdrawn 

from the receptor compartment and analyzed to ensure any residual absorbance. The receptor 

medium (20% v/v methanol in water) was replaced with the fresh medium. The receptor 

chamber was thermo stated at 37±2°C and magnetic stirrer stirred the solution in the receptor 

chamber continuously. The 1 ml of microemulsion formulation containing 1 % w/v. 

Levofloxacin was filled in the donor chamber. Samples (4 ml) were withdrawn from the 

receptor compartment for 24 hours at the interval of one hours and drug content was analyzed 

by UV spectrophotometry method at λmax 297 nm using 20% v/v methanol in water as blank. 

The receptor volume was immediately replaced with equal receptor medium. Sampling port 

and donor chamber were covered by aluminium foil to prevent the evaporation of receptor 

medium. The results are shown in Fig. 8. 

 
Droplet size and size distribution 

Droplet size of the formulation was determined by using Malvern Zetasizer instrument. The 

formulation was dispersed in water in volumetric flask, mixed thoroughly with vigorous 

shaking and light scattering was monitored at 25°C at 90° angle. 

Viscosity 

The viscosity of the formulations was determined by using Brookfield DV III ultra v6.0 RV  

cone and plate rheometer. The measurement was done at ambient temperature(14-18). 
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Zeta potential 

Zeta potential values were determined for electrophoretic mobility of the oil droplets using 

in-built software. 

pH of the formulation 

The apparent pH of the formulation was measured by Electronic pH meter (VSI-IB, VSI 

Electronics, Hungry) in triplicate at 25±o.5°C. 

Refractive index 

Refractive index of microemulsions was determined by using an Abbe Refractometer at 

25±0.5°C. One to two drops of sample applied and reading is noted. 

Solubility determination 

Excess amount of Levofloxacin was added to 1.5 ml of system and was shaken at 37±o.5°C 

in water bath shaker for 24 hours. After 24 hours, microemulsion was centrifuged 8000 rpm 

for 10 min. The supernatant was filtered using 0.45 µm filter. An aliquot amount was diluted 

with methanol and analyzed using UV spectrophotometer. 

 
Stability of prepared microemulsion 

The physical stability of microemulsion was studied via clarity and phase separation. 

Microemulsions were stored at 5, 15, 25 and 37°C in the dark for three months. Then the 

clarity and phase separation was investigated to judge the optimal storage temperature. 

All microemulsion formulations were stable at 37°C. The changes of clarity and phase 

separation were not observed during three months. Microemulsion stored at 15, 25 and 37°C 

showed no change in terms of physical stability. But the turbidity and phase separation was 

observed n the microemulsion formulation stored at 5°C. The coagulating of oily phase might 

lead to this instability. But these microemulsions were easily recovered by keeping at room 

temperature. So microemulsions should be kept above 15°C. 

 
TABLE 4: CHARACTERIZATION PARAMETERS OF MICROEMULSION 

 
FORMULATI

ON 
REFRACTIVE 

INDEX PH VISCOSITY 
(mP) 

DROPLET 
SIZE (NM) 

ME 1 1.297 ± 0.004 5.3 ± 0.16 238.40 ± 3.23 80.72 - 35.48 
ME 2 1.559 ± 0.002 5.7 ± 0.32 194.36 ± 3.80 90.75 – 67.98 
ME 3 1.500 ± 0.004 4.8  ± 0.15 256.37 ± 2.58 65.00 - 95.00 
ME 4 1.556 ± 0.005 5.6 ± 0.67 194.36 ± 3.80 46.29 - 57.1 
ME 5 1.420 ± 0.004 6.1 ± 0.04 274.69 ± 3.07 120.91- 63.70 
ME 6 1.442 ± 0.006 5.9 ± 0.05 240.00 ± 2.43 140.48 – 98.14 
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FORMULATIONS 

RESULTS AND DISCUSSION 

Screening of oils, surfactants and co-surfactants for microemulsion 

In order to develop a topical microemulsion for poorly water soluble drug, keen attention 

should be given on solubilising capacity of oil, surfactant and co-surfactant. The solubility of 

levofloxacin was found to be highest in oleic acid (108.17 ± 0.10) as oil phase, Tween 60 

(19.95 ± 0.10) as surfactant and isopropyl alcohol(29.35 ± 0.15) as co-surfactant. Isopropyl 

alcohol, tween60, oleic acid were selected for formulating microemulsions based on the 

solubility studies and the Preformulation studies as oil, surfactant,= and co-surfactant.The 

results are shown in fig. 1 and 2. 

 
Fig. 1: solubility of Levofloxacin in different oils. 

 
Fig. 2: Solubility of Levofloxacin in different surfactants and co-surfactants. 
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Construction of pseudo-ternary phase diagram and microemulsion formulation 

Pseudo ternary phase diagrams were constructed to determine the microemulsion existence 

region. The pseudo ternary phase diagrams of various ratios of tween 60/ isopropyl alcohol 

were constructed. No distinct conversion from water-in-oil (w/o) to oil-in-water (o/w) 

microemulsion was observed. The phase study clearly reveals that with an increase in the 

weight ratio of surfactant the microemulsion region is also expanded. 

 

Figures: Pseudo ternary phase diagram showing o/w microemulsion region for S/Co 

ratio 1:0, 1:2, 1:3, 2:1 and 3:1 (Tween 60: Isopropyl alcohol) 
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Droplet size and size distribution 

Droplet size and size distribution is most important parameter for a topical route. The droplet 

size of microemulsion ranges between is 10-100 nm and influenced by the concentration of 

the formulation. 

 
The effect of Smix concentration on droplet size distribution of microemulsion was 

investigated by using Malvern Zetasizer instrument. Fig. 9 is showing result of droplet size 

distribution (nm) s intensity (%) of formulation. 

 

 
Fig. 9: Result of droplet size (nm) vs intensity (%) of prepared microemulsion 

 
EVALUATION OF PREPARED TOPICAL MICROEMULSION 

Thermodynamic stability testing of drug loaded microemulsion 

To check that the microemulsion were stable, the drug loaded microemulsion were subjected 

to thermodynamic stability testing, which compromise of freeze thaw cycle, centrifugation 

studies and heating cooling cycle. Physical stability was continuously monitored over period 

of time. Various aspects like phase separation, turbidity etc. at room temperature were 

observed. (Sheikh et al., 2007) 

 
Freeze thaw cycle 

Selected microemulsions were kept in deep freezer (at -20°C) for 24 hours. After 24 hours 

the microemulsion were removed and kept at room temperature. The thermodynamic stable 
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microemulsions return to their original form within 2-3 minutes, 2-3 such cycle were 

repeated. 

 
Centrifugation studies 

In order to determine the metastable microemulsion system, the selected microemulsion 

vehicles were centrifuged at 5000 rpm for 10 minutes. Stable formulation did not show phase 

separation and turbidity. 

 
Table: Thermodynamic stability tests of different selected microemulsion formulations. 

 

S. No. 
Formulation 

code 

Freeze thaw 

cycle 

Centrifugation 

studies 

Heating and 

cooling cycle 
Inference 

1. ME 1 √ √ √ Passed 

2. ME 2 √ √ √ Passed 

3. ME 3 √ √ √ Passed 

4. ME 4 √ √ √ Passed 

5. ME 5 √ √ √ Passed 

6. ME 6 √ √ √ Passed 

 

In-vitro skin permeation study 

The drug permeation rates from various microemulsion formulations are illustrated in fig. 8. 

Among the formulations tested, the batch M-3 showed the highest permeation rate. The 

content of the surfactants mixture affected the permeation rate. 

 
The particle size of the formulation droplets also affects the percutaneous absorption of the 

drug. When the droplet size is very small, there is a chance that the number of vesicles that 

can interact with fixed area of stratum corneum to increase, thereby increasing the efficiency 

in percutaneous uptake. From the permeation studies, it is clearly revealed that the 

permeation rate increase as the concentration of both the oil and surfactant/ co-surfactant 

mixture decrease. 
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Table: In vitro Drug release profile of Levofloxacin in topical microemulsion. 

 
Time in 
hours 

1 2 3 4 5 6 8 10 12 24 Flux 
(µg/cm2/h) 

Formulation 
code 

 

ME 1 87.43 167.57 222.68 269.37 301.83 346.20 382.48 412.35 422.04 462.90 49.18 
ME 2 94.63 182.11 267.65 280.43 319.96 347.70 395.84 414.35 427.54 480.89 51.98 
ME 3 101.91 137.08 191.25 233.71 290.19 327.74 417.27 477.84 527.94 601.43 94.36 
ME 4 40.07 73.02 112.11 146.78 153.27 166.31 181.29 205.50 232.25 363.31 24.20 
ME 5 32.08 88.42 122.20 148.76 157.32 165.01 191.60 279.80 340.84 418.90 21.56 
ME 6 38.62 64.10 95.78 140.29 165.61 192.22 243.13 319.32 356.85 469.56 30.29 

 

 
Fig. 8: In vitro Drug release profile of Levofloxacin in topical microemulsion. (ME 1, 

ME 2, ME 3, ME 4, ME 5 and ME 6). 

 
CONCLUSION 

Microemulsions containing levofloxacin were formulated for topical application. 

Microemulsion system provides viscous consistency for the topical application. From the 

present study it was concluded that microemulsion may have number of advantages such as 

enhance drug solubility, good thermodynamic stability, ease of manufacturing and enhance 

the effect on topical ability. Apart from that, levofloxacin microemulsion system may be the 

most convenient topical formulation for the patient unable to take drug orally. 
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