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ABSTRACT: Two novel O/W microemulsions of ketoprofen for improving transdermal absorption were design. These formulations were prepared by constructing the pseudo-ternary phase diagrams using oleic acid, polysorbate-80, propylene glycol and water in different ratios and were gelled by incorporating cab-o-sil. Oleic acid was screened as the oil phase due to good solubilizing capacity and excellent skin permeation rate of ketoprofen. In-vitro diffusion study was carried out using artificial semipermeable membrane. Formulation-2 showed higher diffusion rate than the formulation-1. The formulation-2 consisted of 3% ketoprofen, 5% menthol, 31.61% oleic acid, 0.5% tocopheryl acetate, 23.71% polysorbate-80, 23.71% propylene glycol, 0.18% methyl paraben, 0.02% propyl paraben, 6% cab-o-sil, triethanolamine (qs), and 6.29% water. Formulation-1 consisted of 3% ketoprofen, 33.45% oleic acid, 0.5% tocopheryl acetate, 25.08% polysorbate-80, 25.08% propylene glycol, 0.18% methyl paraben, 0.02% propyl paraben, 6% cab-o-sil, triethanolamine (qs) and 6.69% water. Diffusion was increased when the formulation was incorporated with 5% menthol. The diffusion rate of ketoprofen from formulation was fast and rapid than marketed sample. Cab-o-sil was used for improving the viscosity and stability of the system. The percentage of drug release across the membrane from marketed product, formulation-1 and formulation-2 were found to be 64.65%, 84.64%, and 90.20% respectively in 8 hrs. Results obtained in evaluation physicochemical characteristics were satisfactorily. 
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INTRODUCTION

Ketoprofen 2-(3-benzoylphenyl)-propionic acid, non-steroidal anti-inflammatory agent widely used for the treatment of rheumatoid arthritis and mild to moderate pain.1 Oral therapy of ketoprofen is very effective, but the clinical use is often limited because of adverse effects such as irritation and ulceration of the gastrointestinal tract. This drug has a relatively short half-life (1–3 hr) in plasma and has the potential to be delivered topically.2 In addition, it is an excellent drug for transdermal delivery amongst other NSAID.3,4 Furthermore, topical administration via the dermal route can bypass disadvantages of the oral route. Therefore, transdermal drug delivery has been considered to be an ideal route for ketoprofen administration. The use of penetration enhancer is valuable and important for achieving therapeutic plasma levels for many drugs, but penetration enhancer causes extensive damage to skin along with large increase in transdermal penetration rate.5,6,7,8 Hence, appropriate penetration rate and an acceptable level of irritation must both be jointly considered in the design of an optimum transdermal formulation.  Menthol has a potential of enhancing percutaneous absorption of ketoprofen through rat skin.9 Thus, transdermal delivery system of ketoprofen may provide better patient compliance over oral administration. Menthol is hydrophobic compound and need a co-solvent to help them dissolve in formulation. 
Literature survey revealed different transdermal delivery systems of ketoprofen including gels,10,11,12 creams,13 ointments,14,15 patches,16,17 gelled self emulsifying delivery system,18 and microemulsions.19,20 Also, various vehicles including topical oleo-hydrogel preparation,21 soya-lecithin formulation,22 Iontophorectic delivery system,23,24 and cyclohexanol derivatives using L-menthol25 have already made been made to improve the skin penetration of ketoprofen. O/W microemulsion is the formulation, which is expected to be increase the solubility by dissolving poor water soluble compounds into an oil phase and to enhance bioavailability.26
In this research, attempts have made to design the two novel O/W microemulsions that enhance the transdermal absorption of ketoprofen by raising the solubility of poor water-soluble compound ketoprofen. First, isopropyl myristate, isopropyl palmitate, ethyl oleate and oleic acid as an oil phase, polysorbate-80 and span-20 as a surfactant and caprylic capric of triglyceride, propylene glycol, isopropyl alcohol as co-surfactants were used to examine the kind of oil and the mixture ratio of surfactants that form a good O/W microemulsion. Also, menthol was evaluated as potential permeation enhancer for ketoprofen in microemulsion. 

MATERIALS AND METHODS
Ketoprofen BP was a generous gift sample from BEC Chemicals Pvt. Ltd. Mumbai. Oleic acid was procured from obtained from Shanghai Chemical Reagent Corporation (Shanghai, China). Polysorbate-80, propylene glycol, menthol, tocopheryl acetate, triethanolamine, methyl paraben, propyl paraben and cab-o-sil were purchased from Encube Ethicals Pvt. Ltd., Mumbai. 

 Selection of oils27
To find out the suitable oil, which can be used as oil phase in microemulsion, and provide excellent skin permeation rate of ketoprofen. The solubility of ketoprofen in various oils including isopropyl myristate, isopropyl palmitate, ethyl oleate and oleic acid was measured at 25°C. The solubility of isopropyl myristate, isopropyl palmitate, ethyl oleate and oleic acid in oily mixtures was also measured. About 10 gm of oil was accurately weighed in 25 mL glass beaker and 100 mg of ketoprofen was added into it, followed by   stirring on magnetic stirrer at moderate speed to dissolve the drug. When drug was dissolved completely another 10 mg of ketoprofen was added and stirring was continued. Addition of drug was continued until the saturated solution is obtained. Finally, the total amount of drug consumed was determined by using UV-spectrophotometer at 260 nm. It was found that, oleic acid has consumed maximum amount of Ketoprofen and thus chosen as a vehicle for microemulsion oil phase.
Selection of surfactants and cosurfactants28,29,30
Since the non-ionic surfactants do not ionize at any great extent in the solution, they are greatly compatible with both anionic and cationic substances; various nonionic surfactants like polysorbate-80, span 20 and co-surfactants like caprylic capric of triglyceride, propylene glycol, and isopropyl alcohol were subjected to titration. Finally, polysorbate-80 and propylene glycol were selected as an ideal surfactant and co-surfactant for the system.  
Construction of pseudo-phase ternary diagrams31
In order to find out the concentration range of components for the existence range of microemulsions, pseudo-ternary phase diagrams were constructed using water titration method at ambient temperature (25°C). Two pseudo-phase ternary diagrams were constructed with 1:1 and 2:1 weight ratios of polysorbate-80 to propylene glycol, respectively. For each phase diagram at specific surfactant/ co-surfactant weight ratio, the ratios of oleic acid to the mixture of surfactant and cosurfactant were varied as 9:1, 8:2, 7:3, 6:4,  5:5, 4:6, 3:7, 2:8, and 1:9. The mixtures of oil, surfactant and cosurfactant at certain weight ratios were diluted with H2O drop wise, under moderate magnetic stirring. After being equilibrated, the mixtures were assessed visually and determined as being microemulsions, crude emulsions or gels. 

Preparation of microemulsion and microemulsion-based hydrogel 
Preparation of ketoprofen-loaded microemulsion
Ketoprofen was added to the mixtures of oil, surfactant, and cosurfactant with varying component ratio and then an appropriate amount of water was added to the mixture drop by drop and the microemulsion containing ketoprofen was obtained by stirring the mixtures at ambient temperature. Finally, pH was adjusted with triethanolamine in the range of 6.5 to 7.5. Same procedure was followed for formulation-2 with the addition of menthol. 

Preparation of microemulsion-based gel

Polymers were soaked and stirred in microemulsion system for overnight. Cab-o-sil was selected as the gelling agent to prepare the microemulsion-based gel. Cab-o-sil was slowly mixed with microemulsion under stirring. After the complete dissolution of cab-o-sil in microemulsion, the clear microemulsion-based gel was obtained. To remove the entrapped air, formulation was heated on water bath at 60°C and then cooled at 8°C and centrifuged at 3000 RPM for 20 min. Similar procedure was followed for the formulation-2. 
Physicochemical characteristics
Both the prepared microemulsions were subjected for the study of following characteristics.
Optical transparency

Optical transparency of the formulation was determined by inspecting the sample in clear and transparent container under the presence of good light against reflection into the eyes, and viewed against black and white illuminated background. 
Determination of pH

About 2 gm of formulation was dispersed in 20 mL of distilled water and pH was determined by using LabIndia pH meter standardized with standard buffers of pH 4 and pH 7.
Viscosity

The viscosity of the microemulsion was measured by a Brookfield viscometer by using spindle rotated at a speed of 0.5, 1, 2.5 and 5.0 rpm at 25°C. At each speed, the corresponding dial reading on the viscometer was noted. Then the spindle speed was successively lowered and the corresponding dial readings were noted. 
Centrifugation
Microemulsion system were subjected to centrifugations (Remi Motor, Mumbai) at 10,000 rpm for a period of 10 min and examined for any change in phase separation.
Spreadability
The Spreadability of the microemulsion was determined by using an apparatus consist of two glass slides (20X 4 cm), one of them being fixed on to the wooden board and the other is moveable, tied to a string that passes over a pulley, carrying a pan for the weights. Height of the upper side and pulley was kept at the same level. About 2 gm of formulation was placed in between two glass slides. A heavy weight was allowed to rest on the upper slide for few minutes to expel the entrapped air between the slides and to provide a uniform film of the gel. The weight was removed and the top slide subjected to a pull of 20 gm. The time necessary for the top slide to travel pre-marked 10 cm distance was noted.

Drug contents 
Preparation of Standard Calibration curve
Accurately weighed 100 mg of ketoprofen was dissolved in 0.01M phosphate buffer (pH 7.4) and volume was made up to 100 mL in volumetric flask to give a final concentration 100 µg/mL (stock solution). Aliquots of this solution were further diluted with same buffer to give solutions of different concentrations i.e. 2, 4, 6, 8, 10, 20, 30, 40 and 50- µg/mL. The absorbance of these solutions was measured at 260 nm using nm by UV-spectrophotometer (Milton Roy Sprectronic-1201) against blank solutions and calibration curve was performed.
Assay of formulation 
An accurately weighed 0.2 g (equivalent 6 mg of drug) of three samples of formulation from top, middle and bottom of lami tube were transferred into three different 25 mL volumetric flask. A part of phosphate buffer (pH 7.4) was used to dissolve the sample and later the volume was made up to 25 mL with the same solvent. 1 mL aliquots from each flask was taken and diluted to 10 mL with phosphate buffer and absorbance was measured at 260 nm. The percentage drug content of all the three samples were found out from standard calibration curve. Same procedure was followed for another formulation.

In- vitro diffusion study 
In-vitro diffusion study of drug from both formulations was carried out using artificial semipermeable membrane. The receptor compartment was consist of 250-300 mL of 0.01M Phosphate buffer (pH 7.4) in 500 mL beaker and its temperature was maintained at 37 ±0.5°C and stirred at 300 rpm throughout the experiment. About 3 gm of 3% Ketoprofen microemulsion based gel was placed in artificial semipermeable membrane tied to the one end of open-ended glass cylinder that was then dipped into freshly prepared phosphate buffer on magnetic stirrer. Samples were taken from receptor mediums at 1, 2, 3, 4, 5, 6, 7 and 8 hrs and replaced immediately with an equal volume of fresh phosphate buffer equilibrated at 37 ±0.5°C. All the samples were analyzed for ketoprofen content at 260 nm by UV-spectrophotometer. Same experiment was carried out for ketoprofen microemulsion containing 5% menthol and 2.5% marketed preparation of ketoprofen gel (Rhofinid gel®). Drug release after 8 hrs was determined for both formulations. Cumulative amount of drug release was calculated from standard calibration curve.

Skin irritation test 
Irritation evoked by both formulations on rabbit’s skin was visually judged after the end of experiments. The test was carried out on 8 healthy rabbits weighing 1.5 – 2.0 kg and age around 24 months. The dorsal surfaces of rabbits were cleaned and hairs were removed by shaving. The exposed skin was cleaned with rectified spirit. Both the formulations were applied by occlusive dressing technique to two different pairs of rabbits respectively. A pair of rabbits was applied with placebo microemulsion gel where as two rabbits were kept unapplied as control. Occlusive dressing was removed after 24 hours and the skin was examined for erythema and oedema. 

Stability studies 
Accelerated stability studies 

One sample of both the formulations of microemulsion-based gels was charged at 40°C and 75% relative humidity for 1, 2 and 3 months, respectively. After completion of time, samples were drawn and analyzed for physical parameters and drug contents.
Freeze-thaw studies

This was somewhat critical process than former, as it requires close observation by formulator/analyst. In this method microemulsion-based gels samples were cycled at 500 C and 8°C periodically and the samples were analyzed for their physical properties and drug content at the completion of first, third and fifth cycle. 
RESULTS AND DISCUSSION
Different oils, surfactants and co-surfactants were screened to select ideal components of microemulsions with good solubility and excellent skin penetration of ketoprofen. The solubility of ketoprofen was highest in oleic acid, followed by ethyl oleate, isopropyl myristate, and isopropyl palmitate. Therefore, oleic acid was chose as oil phase for microemulsion. The results of solubility study have shown in Table 1. However, the oily mixtures of oleic acid, polysorbate-80 and propylene glycol led to increased in drug solubility. After extensive screening for physical characteristics and appearance, final ratios of surfactants- cosurfactants were decided. The data of selection of surfactants and cosurfactants is given in Table 2.  

The aim of the construction of pseudo-ternary phase diagrams was to find out the existence range of microemulsions. The pseudo-ternary phase diagrams with various weight ratios of polysorbate-80 to propylene glycol have shown in Fig. 1. The translucent microemulsion regions for both systems are presented in phase diagrams. No distinct conversion from oil-in-water (o/w) to water-in-oil (w/o) microemulsion was observed for both. The rest of the region on the phase diagram represents the turbid and conventional emulsions based on visual observation. The phase study revealed that the maximum proportions of oil were incorporated in microemulsion systems when the surfactant-to-cosurfactant ratio (km) was 1:1 and 1:2. Therefore, formulation-1 (without menthol) and formulation-2 (with menthol) containing surfactants -cosurfactants in the ratio of 1:1 and 2:1, respectively were prepared. Cab-o-sil in the formulation was used for improving the viscosity and stability of microemulsion, whereas menthol was used for enhancing penetration. The compositions of microemulsions are given in Table 3. 

Both the microemulsions were subjected to the study of physicochemical characteristics. Both the formulations were optically clear, transparent and elegant in appearance. The pH of both the formulations was found to be between 6.50 and 7.50, respectively. It was clear from the physicochemical data of both the systems that the developed formulations had high viscosities (127920 cps & 129480 cps). From the viscosity study, it can be concluded that the systems are of the o/w type. When formulations are subjecting to the centrifugation at 10,000 rpm for 10 min, they did not cause phase separation. Prepared microemulsion gels were free flowing and possess better spreadability. The data of the physicochemical characteristics of developed microemulsions is given in Table 4.
In the preparation of microemulsions, HPMC, HPC and Carbopol polymers did not cause gel formation. HPMC formed a sticky layer at the bottom of the container with microemulsion floating at the top at all the concentrations tried. HPC polymer did not dissolve in the microemulsion system and remain settled at the bottom of the container. Carbopol-940 produced cloudy mucilage and therefore failed to give the desired attribute the clarity. There was no gel formation with these polymers at all the concentrations tried may be due to high concentration of oily phase, surfactant and cosurfactant present in the formulation. Xanthan gum produced gels at only 2.5-3.5% w/w concentration following cold method. At this low concentration also the gels were stiff and very sticky. Aerosil fails to achieve gelling viscosity at all concentrations (5-8% w/w). Cab-o-sil produced o/w type of microemulsion-based gel. However, with higher proportion of surfactant/cosurfactant at 2: 1 ratio cab-o sil fails to achieve viscosity of gel. At 5% w/w concentration of cab-o-sil, there was incomplete gel formation and at 8% w/w concentration the gels formed were little stiff. At 6% w/w concentration of cab-o-sil, the consistency of the microemulsions was appropriate. Among the methods tried for degassing, centrifugation method found to be the most effective and quick. 

The drug content in each sample was determined by using standard calibration curve (see Fig. 2). The mean percent drug contents in formulation-1 and formulation-2 was found to be 99.37% w/w and 98.63% w/w, respectively. The results of drug contents are given in Table 5. From In-vitro diffusion study, it is clear that penetration is significantly increases with addition of menthol. The addition of 5% menthol to the microemulsion further increased the skin permeation rate of ketoprofen. The drug diffusion rate of developed formulations was superior to the marketed formulation (See Fig. 3). 

Result of skin irritation test in albino rabbits shows no skin irritation or inflammation in both formulations. In accelerated stability studies, results obtained shows that the formulations maintain the drug content in the prescribed limit (95-106 % w/w) for the period of 3 months. After 3 months, the drug content in formulation-1 and formulation-2 was found to be 97.72% w/w and 96.72 % w/w, respectively. In addition, there was no change observed in the physical properties (for the results, see Table 4).
In freeze-thaw study, after completion of fifth cycle, samples were analyzed for physical properties and drug content. The physical properties were not varied to the greater extent, which shows that formulations are stable and the content of ketoprofen in formulation-1 and formulation-2 was found to be 97.08 and 96.18 % w/w, respectively. Thus, from the above results it is clear that, both the formulations can maintain the efficacy when stored for longer period, even at the fluctuations of temperature. The details of cycling are presented in Table 6.
CONCLUSION

Two novel O/W microemulsions containing ketoprofen were designed for improving transdermal absorption. The components and their concentration range for the formation of microemulsion were decided constructing pseudo-ternary phase diagrams. Their concentrations were optimized after the evaluation of their effect on skin permeation of the drug. Both the developed formulations were free flowing, translucent and spontaneously formed. When microemulsions were gelled, they found to have uniform viscosity, spreadability, elegant appearance and did not produce skin irritation. Drug content at top, middle and bottom of the formulations revealed the percentage of drug close to 100%. The results of physicochemical characteristics are satisfactorily.  Both the formulations are superior to marketed formulation in the respect of drug permeation across the membrane. 
Table 1
Solubility of ketoprofen in various oils at 25O C

	Oils
	Solubility (mg/10g of oil)

	Isopropyl myristate
	190

	Isopropyl palmitate
	170

	Ethyl Oleate
	210

	Oleic Acid
	280


Table 2
Selection of surfactant and co-surfactants for optimization

	Surfactant: co-surfactant
	Concentration ratio
	Appearance

	Polysorbate-80: Caprylic capric of triglyceride
	1:1
	    Cloudy

	
	2:1
	    Clear

	Polysorbate-80: Propylene glycol
	1:1
	    Clear

	
	2:1
	    Clear

	Polysorbate-80: Isopropyl alcohol
	1:1
	    Slight cloudy

	
	2:1
	    Clear

	Span 20: Caprylic capric of triglyceride
	1:1
	    Cloudy

	
	2:1
	    Cloudy

	Span 20: Propylene glycol
	1:1
	    Clear

	
	2:1
	    Cloudy

	Span 20: Isopropyl alcohol
	1:1
	    Slight cloudy

	
	2:1
	    Cloudy


Table 3
Composition of selected microemulsion formulations

	Ingredient
	% Contents 

	
	Formulation-1
	Formulation-2

	Ketoprofen 
	3.00
	3.00

	Oleic Acid
	33.45
	31.61

	Tocopheryl acetate
	0.50
	0.50

	Polysorbate-80
	25.08
	23.71

	Propylene glycol
	25.08
	23.71

	Methyl paraben
	0.18
	0.18

	Propyl paraben  
	0.02
	0.02

	Cab-o-sil 
	6.00
	6.00

	Water
	6.69
	6.27

	Triethanolamine 
	Sufficient
	Sufficient

	Menthol 
	--
	5.00


Table 4
Characterization and evaluation of microemulsion formulations
	Parameters 
	Initial
	Freeze thaw 5th cycle
	Accelerated stability studies

	
	
	
	1 Month
	2 Month
	3 Month

	Formulation-1
	
	
	
	
	

	pH
	7.36
	6.59+
	7.18
	7.01
	6.86

	Viscosity in cps
	127920
	113880
	124800
	118560
	117000

	Phase separation
	No
	No 
	No
	No
	No

	Spreadability
	Better
	Better
	Better
	Better
	Better

	% Drug content 
	99.37
	97.08
	98.79
	98.10
	97.72

	Formulation-2
	
	
	

	pH
	7.21
	6.59
	7.18
	7.01
	6.86

	Viscosity in cps
	129480
	112320
	126360
	123240
	115440

	Phase separation
	No
	No
	No
	No
	No

	Spreadability
	Better
	Better
	Better
	Better
	Better

	% Drug content 
	98.63 
	96.18
	97.76 
	97.04 
	96.72


Table 5
Assay of microemulsion formulations

	Sample
	Top
	Middle
	Bottom
	Mean

	Formulation-1
	
	
	
	

	Absorbance
	1.173
	1.178
	1.169
	1.173

	Concentration  (µg/mL)
	23.93
	24.04
	23.85
	23.93

	Drug content (% w/v) 
	99.37
	100.16
	99.36
	99.37

	Formulation-2
	
	
	
	

	Absorbance
	1.159
	1.163
	1.158
	1.160

	Concentration  (µg/mL)
	23.65
	23.73
	23.63
	23.67

	Drug content (% w/v) 
	98.55
	98.89
	98.46
	98.63
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Fig. 1. The pseudo-ternary phase diagrams for oil-surfactant-water system at the 1:1, and

            2:1 weight ratio of polysorbate-80 to propylene glycol

Table 6

Freeze thaw study calendar

	Date
	Temperature cycle
	Time

	13/12/08
	50.0 °C
	10.00 am

	
	Sunday
	

	15/12/08
	8.0 °C
	10.00 am

	16/12/08
	50.0 °C
	10.00 am

	17/12/08
	8.0 °C
	10.00 am

	18/12/08
	50.0 °C
	10.00 am

	19/12/08
	8.0 °C
	10.00 am

	20/12/08
	50.0 °C
	10.00 am

	
	Sunday
	

	22/12/08
	8.0°C
	10.00 am

	23/12/08
	50.0 °C
	10.00 am

	24/12/08
	8.0 °C
	10.00 am

	25/12/08
	Completion of five cycles
	10.00 am
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Fig. 2. Standard calibration curve for ketoprofen
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