Investigation of nanoemulsion based system for percutaneous penetration enhancement of ropinirole
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Background
Nanoemulsions are isotropic, thermodynamically stable transparent (or translucent) systems of oil, water, and surfactants with a droplet size usually in the range of 10–100 nm. Their long-term stability, ease of preparation (spontaneous emulsification), high solubilization of drug molecules and permeation enhancing properties make them promising as a drug delivery tool. Due to their unique physicochemical properties, nanoemulsion offer compelling advantages over conventional transdermal drug delivery formulations.
Ropinirole is a recently introduced dopamine agonist for the treatment of Parkinson disease. The usual dose is 3-9 mg daily and has to be taken in three divided doses. This causes great inconvenience to the patients. When symptoms like slowness of movement, tremor and rigidity return due to wearing off of the patient’s medication, it can be problematic, causing difficulty with simple activities and movement in Parkinson patients. It was envisaged that the limitations of the conventional oral ropinirole therapy might be addressed by transdermal administration. Ropinirole has a low molecular weight (MW 260), low bioavailability (50%), is sufficiently lipophilic (Log P= 3.32), and has a short elimination half-life (6 h) which makes it a suitable candidate for transdermal delivery. In the present study, it was therefore intended to investigate the potential of novel nanoemulsion formulations for the transdermal delivery of ropinirole.
Experimental
1. Screening of oils, surfactants and cosurfactants
The solubility of ropinirole in various oils was determined (Capryol 90, triacetin, isopropyl myristate, castor oil, olive oil) and the one with highest solubility was selected. For screening of surfactants (Labrasol, Cremophor EL, Tween 20, Tween 60, and Tween 80), 2.5 mL of 15 wt% surfactant solution was prepared, and 4 μL of oil was added with vigorous vortexing and solubilization capacity was tested. For evaluation of cosurfactant,, the pseudoternary phase diagrams were constructed at a fixed surfactant and cosurfactant (Smix) ratio of 1:1. Twelve different combinations in different weight ratios of oil and Smix,1:9, 1:8, 1:7, 1:6, 1:5, 1:4, 1:3, 1:2, 1:1, 6:4 (1:0.7), 7:3 (1:0.43), and 9:1,  were taken.
2. Effect of surfactant and cosurfactant mass ratio on nanoemulsion formation

Surfactant was blended with cosurfactant in the weight ratios of 3:1, 2:1, 1:1, 1:0, 1:2, and 1:3 and pseudoternary phase diagrams were constructed and nanoemulsion phase was identified. 
3. Thermodynamic stability studies

Selected nanoemulsions were subjected to different thermodynamic stability tests to assess their physical stability which included heating-cooling cycle, freeze-thaw cycle and centrifugation tests (Table 1).
Table 1. Composition of the selected nanoemulsions, nanoemulsion gel and conventional gel

	Formulation code
	Ropinirolea
	Capryol 90a
	Smix (2:1) a, b
	Watera
	Carbopola 934
	Triethanolaminea

	RPL1
	0.5
	5
	20
	74.5
	-
	-

	RPL2
	0.5
	5
	30
	64.5
	-
	-

	RPL3
	0.5
	5
	35
	59.5
	-
	-

	RPL4
	0.5
	5
	40
	54.5
	-
	-

	RPL5
	0.5
	5
	50
	44.5
	-
	-

	RPL6
	0.5
	5
	60
	34.5
	-
	-

	NEG
	0.69
	5
	35
	58.05
	0.75
	0.5

	RPG
	0.69
	-
	-
	98.06
	0.75
	0.5


a %w/w of components, b Tween 20: Carbitol, NEG = nanoemulsion gel, RPG =  conventional gel            
4. Ex-vivo permeation studies
The permeation studies of ropinirole from nanoemulsions were performed using Franz diffusion cell apparatus having an effective diffusion area of 0.636 cm2 and receptor volume 5 mL. As a control, aqueous solution of 6% ethanol containing 0.5% ropinirole was used in the donor compartment. Permeation of ropinirole was also considered from the neat oil phase.
6. Nanoemulsion characterization

Nanoemulsion was characterized for TEM, droplet size, viscosity, pH and refractive index measurement.
7. Optimization of nanoemulsion gel


Box-Behnken statistical design was used to optimize nanoemulsion gel with respect to polymer concentration, oil concentration and drug content.
Results and Discussion

The highest drug solubility was found in capryol 90 (183.12±3.74 mL) while Tween 20 showed the highest solubilization capacity for the oil. Carbitol was found to be the best cosurfactant as it gave the maximum nanoemulsion region. Among the different combinations of Tween 20 and Carbitol, highest nanoemulsion area was obtained at 2:1. Therefore, nanoemulsion compositions were selected from this ratio for skin permeation studies. All the selected formulations passed the thermodynamic stability tests.


The effect of the Smix on the skin permeation of ropinirole was evaluated by varying the content of Smix in the nanoemulsion formulations from 20% to 60%. The permeation parameters of the tested nanoemulsion formulations are presented in Table 2. Nanoemulsion RPL3 gave the maximum flux and it was therefore selected for conversion into nanoemulsion gel for application suitability. Characteristics of RPL3 are presented in Table 3.
Table 2. Permeability parameters of nanoemulsion formulations (Mean±S.D, n=3)

	S.No
	Formulation code
	Jss (µg/cm2/hr)
	Kp (x 10-2 cm/h)
	tL (h)
	ER

	1
	RPL1
	42.64 ± 5.21
	0.853 ± 0.132
	1.43 ± 0.16
	2.71

	2
	RPL2
	48.47 ± 5.15
	0.969 ± 0.116
	1.31 ± 0.11
	3.08

	3
	RPL3
	51.81 ± 5.03
	1.036 ± 0.152
	1.21 ± 0.13
	3.29

	4
	RPL4
	37.98 ± 4.91
	0.759 ± 0.141
	1.48 ± 0.15
	2.41

	5
	RPL5
	34.27 ± 4.45
	0.685 ± 0.108
	1.69 ± 0.20
	2.18

	6
	RPL6
	32.93 ± 4.32
	0.658 ± 0.126
	1.98 ± 0.31
	2.09

	13
	Control
	15.76 ± 2.83
	0.326 ± 0.092
	1.12 ± 0.11
	-


Jss = flux, Kp = permeability coefficient, tL = lag time, ER = enhancement ratio
Table 3. Characteristics of the optimized nanoemulsion (NEL3) (Mean±S.D, n=3)

	S.No
	Parameter
	Value 

	1.
	Droplet size (nm)
	40.25 

	2.
	Polydispersity
	0.079 

	3.
	Viscosity (mPas)
	39.94 ± 1.52

	4.
	pH
	5.71 ± 0.05

	5.
	Refractive index
	1.460 ± 0.021


A series of permeation experiments were run according to Box-Behnken design. Linear correlation (R2=0.9953) between the actual and the predicted response variable was obtained which indicated excellent goodness of fit. Oil and polymer concentration were found to have a negative influence on drug permeation while the drug content had a positive influence. Eventually, the optimum values of carbopol (0.75%w/w), capryol 90 (5%w/w) and drug content (0.692%w/w) were obtained for the nanoemulsion gel. The optimized nanoemulsion gel showed a 7.5- fold enhancement of ropinirole flux as compared to the conventional hydrogel. 
Conclusion 
In conclusion, the results of the present investigation suggested a promising role of nanoemulsions in enhancing the transdermal permeation of ropinirole.
