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1. Introduction

    An ethanol/water cosolvent system was applicably used as a vehicle in the reservoir-type fentanyl transdermal delivery system. Since ethanol acts as a skin permeation enhancer, the assay of ethanol content is an important criterion of quality control under good manufacturing practices (GMP). Furthermore, the determination of organic volatile impurities (OVI) mentioned in United States pharmacopoeia (USP) is dedicated to limit the residual solvent which would be harmful to health in drug products. This present study is to develop and validate an isothermal gas chromatography-flame ionization detection (GC-FID) method for the simultaneous determination of ethanol content and OVI in reservoir-type fentanyl patch (Durogesic().
2. Experimental Methods

2.1. Materials

      Solvents used were of ≧99.5﹪purity and were purchased from the following sources: ethanol absolute (LiChrosolv, 99.9﹪), acetone(Uvasol, 99.9﹪) from Merck (Darmstadt, Germany); methanol (HPLC grade), acetonitrile (HPLC grade), 1,4-dioxane from Mallinckrodt (NJ, USA); 2-propanol, dichloromethane from Fluka (Seelze, Germany); chloroform from Riedel-deHaën (Seelze, Germany); trichloroethylene from Acros (Geel, Belgium); cyclohexane from Jassen (Geel, Belgium), benzene from Jassen (Geel, Belgium). Deionized water was prepared by Milli-Q system (Millipore, MA, USA). Reservoir-type blank patches were produced by NBCD pharmaceutical plant (Taipei, ROC) and show in Fig. 1.

2.2. Equipment

      The GC system consisted in a Model 6890N Series gas chromatograph equipped with an autosampler from Agilent Technologies (Palo Alto, CA, USA). The detection was performed by means of a flame ionization detector (FID). The data was acquired via ChemStation Plus Software, Version A.08.03.
      The chromatographic conditions were as follows:
· Column, Supelco® OVI-G43 (6﹪cyanopropylphenyl, 

94﹪dimethylsilioxane), 3.0 (m, (0.53 mm × 30m.

· Carrier gas, helium.
· Detector, FID.

· Injector temperature, 200 ℃.

· Detector temperature, 250 ℃.

· Oven temperature, 50 ℃.

· Inlet pressure, 4.0 psi.

· Injection volume, 1.0 (L.

· Injection mode, split mode (ratio 20.0：1.0).

· Quantitation, peak area.

2.3. Preparation of the standard and sample solutions
2.3.1. Solutions used for method development

      Solutions of each solvent were prepared independently by dissolving each compound in ethyl acetate in order to obtain a final concentration of 1.0 mg/ml. A solution containing all solvents and acetone (IS) was also prepared in ethyl acetate in order to achieve a final concentration of 1.0 mg/ml for each compound to demonstrate the specificity of the method.

2.3.2. Standard solutions for method validation

(1) The internal standard solution (IS solution) contains 500 mg acetone in 100 ml water.

(2) The stock standard solution contains 500 mg ethanol absolute in 100 ml water.
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2.3.3. Sample preparation
(1) The extract media contain 125 mg acetone in 100 ml water.

The sample extraction is prepared by these steps: Take one fentanyl patch and carefully remove the release liner from the system. Fold each system in half such that the adhesive side of the system is doubled over onto itself. Transfer the system into a 100 ml serum bottle containing 50 ml of  extract media. Using small, sharp scissors, snip the system 
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Fig. 1. The appearance of reservoir-type blank patches produced by NBCD pharmaceutical plant.
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Fig. 2.  Chromatographic separation of all compound: (1) methanol; (2) ethanol; (3) acetone; (4) 2-propanol; (5) acetonitrile; (6) dichloromethane; (7) ethyl acetate; (8) chloroform; (9) cyclohexane; (10) benzene; (11) trichloroethylene; (12) 1,4-dioxane.

Table. 1. Linearity
	Analyst
	Regression equation
	Coefficient of determination

	1
	y＝0.0018x＋0.0098
	R2＝0.9998

	2
	y＝0.0018x＋0.0150
	R2＝0.9999

	3
	y＝0.0018x－0.0121
	R2＝0.9999


into four equal parts below the surface of the extract media in the serum bottle. Seal the bottle air-tight with a silicon rubber seal and a cap. Transfer the sample bottles to a water bath and extract the ethanol at about 50℃ by ultrasonic vibrating for four hours.

(2) The sample solution is prepared by diluting 20 ml of sample extraction to 50 ml with water.

2.4. Validation

      The method was validated according to the ICH guidelines on the validation of analytical methods. All results were expressed as area ratio; For the statistical analysis excel 2000 (Microsoft Office) was used.
3. Results and Discussion

3.1. Specificity

      The specificity of the method is clearly demonstrated in Fig. 2. that illustrates the complete separation of the main solvents considered in this work and their corresponding contaminants. All solvents are well separated.

3.2. Linearity and range
      Samples containing 20, 60, 100, 140 and 180﹪ of the aimed test concentration, i.e. 0.1, 0.3, 0.5, 0.7 and 0.9 mg/ml ethanol in water, were prepared by the stock standard solution (5mg/ml). At each level samples were injected and analyzed according to the method previously described by three analysts. For assessing the linearity regression equation and the correlation coefficient were calculated. and presented in Table. 1.

3.3. Accuracy
      Samples containing 60, 100 and 140﹪ of the aimed test concentration, i.e. 0.3, 0.5 and 0.7 mg/ml ethanol in water, were prepared according to the above described sample preparation procedure and the stock standard solution were spiked reservoir-type blank patches. Each sample was injected in triplicate, the recovery ﹪ was calculated and presented in Table. 2.

Table. 2. Accuracy
	Conc.
	No.
	Ethanol

peak area
	Acetone peak area
	Area ratio
	Ethanol cal. conc.
	Average
	RSD
(%)
	Revovery
(%)

	
	STD-1
	54.5
	98.1
	0.556
	341.025
	
	
	

	
	STD-2
	54.2
	99.5
	0.545
	334.274
	336.469
	1.17
	

	
	STD-3
	54.5
	100.1
	0.544
	334.107
	
	
	

	
	SPL-1
	58.0
	97.2
	0.597
	366.676
	
	
	

	60%
	SPL-2
	57.3
	97.3
	0.589
	361.810
	363.455
	0.77
	102.38

	
	SPL-3
	57.9
	98.3
	0.589
	361.880
	
	
	

	
	Spike-1
	56.8
	97.3
	0.584
	358.607
	
	
	

	
	Spike-2
	56.0
	97.4
	0.575
	353.113
	353.971
	1.21
	

	
	Spike-3
	56.0
	98.2
	0.570
	350.194
	
	
	

	
	STD-1
	89.0
	99.5
	0.894
	552.275
	
	
	

	
	STD-2
	88.6
	98.1
	0.903
	557.691
	556.068
	0.59
	

	
	STD-3
	89.5
	99.0
	0.904
	558.239
	
	
	

	
	SPL-1
	94.9
	96.8
	0.980
	605.817
	
	
	

	100%
	SPL-2
	95.3
	96.8
	0.985
	608.393
	607.783
	0.29
	101.30

	
	SPL-3
	96.5
	97.9
	0.986
	609.138
	
	
	

	
	Spike-1
	93.1
	98.5
	0.945
	583.881
	
	
	

	
	Spike-2
	92.1
	97.1
	0.949
	585.956
	585.553
	0.26
	

	
	Spike-3
	92.9
	97.8
	0.950
	586.823
	
	
	

	
	STD-1
	125.5
	99.3
	1.264
	782.510
	
	
	

	
	STD-2
	125.1
	98.4
	1.271
	787.181
	786.045
	0.40
	

	
	STD-3
	126.7
	99.5
	1.273
	788.444
	
	
	

	
	SPL-1
	134.3
	97.3
	1.380
	855.076
	
	
	

	140%
	SPL-2
	133.9
	96.5
	1.388
	859.625
	858.681
	0.38
	101.86

	
	SPL-3
	135.0
	97.1
	1.390
	861.341
	
	
	

	
	Spike-1
	129.2
	96.8
	1.335
	826.680
	
	
	

	
	Spike-2
	130.9
	97.7
	1.340
	829.862
	829.659
	0.35
	

	
	Spike-3
	130.9
	97.4
	1.344
	832.434
	
	
	


3.4. Precision (repeatability and intermediate precision)

      The repeatability and the inter-day intermediate precision were determined according to the above described accuracy test by three analysts on different days. The standard deviation and coefficient of variation were calculated.

3.5. System suitability

     Solutions used for method development were prepared according to the above described. In the early method development process these suggested limits were used as a reference to set up the initial system suitability criteria, including injection precision (RSD＜2.0  ﹪ for n＝6), resolution (Rs＞1.5), capacity factor (k’＞2.0), theoretical plate (N＞10000) and tailing factor (T＜1.6).

3.6. Robustness

      To show the reliability of an analysis with respect to deliberate variations in method parameters, we injected solutions used for method development with changing the chromatography condition setting of temperature (49 and 50℃) and inlet pressure (3.9 and 4.1 psi). The consequence of the evaluation of robustness which was a series of system suitability parameters was established and ensured that the validity of the analytical procedure is maintained whenever used.
3.7. LOD and LOQ

      Samples containing 20, 60 and 100﹪of the aimed test concentration, i.e. 0.1, 0.3 and 0.5 mg/ml ethanol in water were injected in triplicate for each sample. Limits of detection (LOD) and limits of quantification (LOQ) were based on the standard deviation of the response and the slope and expressed as LOD＝3.3σ/S and LOQ＝10σ/S (where σ＝the standard deviation of the response, S＝the slope of the calibration curve). The results of LOD was 0.02014 mg/ml and LOQ was 0.06103 mg/ml.

4. Conclusion

      The validation criteria such as specificity, linearity, range, accuracy, precision (repeatability and intermediate precision), system suitability, robustness and limits of detection and quantification were considered. The results presented in this study showed the validated gas chromatographic method can be applied to the determination of ethanol content and OVI in the quality control of reservoir-type fentanyl patch.
PAGE  
15

