Development of a disciminative in vitro release test for rivastigmine transdermal patches
using pharmacopeial apparatuses: USP 5 and USP 6
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ABSTRACT

The aim of this study was to develop and validate a discriminating in vitro release test to evaluate rivastigmine transdermal patches. The Exelon® Patch was chosen as a model transdermal product. The studies of in vitro release were designed to determine the impact of the official apparatus chosen (USP apparatus 5 and USP apparatus 6), the rotation speed and the dissolution medium characteristics on the rivastigmine release profile from transdermal patches. Patches with different drug release profiles were tested in order to evaluate the discriminating power of the in vitro release test developed and validated.Variables such as the apparatus type, the dissolution medium and the rotation speed, have a significant influence on the drug release characteristics from a transdermal patch.The in vitro release methodologies using the USP apparatus 5 at 50 rpm and USP apparatus 6 at 25 rpm using the mediumphosphate-buffered saline pH 7.4 were considered discriminative and adequate to characterize the RV release from a commercial transdermal patch, Exelon® Patch.
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INTRODUTION
	In the last decade, the pharmaceutical industry has demonstrated an increasing interest in the development of transdermal patches in view of advances in patch-manufacturing technology and advantages compared with oral administration of drugs (1,2). This has resulted in an increase in the number of commercially available patch delivery systems. Currently, more than eighteen drugs and fixed dose combinations are availableastransdermal patches for systemic delivery (3,4).
	Transdermal patches are designed to deliver the drug through the skin, resulting in a prolonged and constant systemic absorption rate. The rate limiting step for systemic absorption of the drug is usually the absorption through the skin. Alternatively, release, and thereby absorption, may be controlled by incorporating the drug in a reservoir, with a membrane to control the release of the drug from the patch (5,6). Therefore, besides other quality control tests, quality and reproducibility of transdermal patches should be tested using in vitro drug release testing (7). In vitro release testing is performed to characterize performance characteristics of a transdermal patch as a quality control procedure (8), since the results of release and skin permeation can together provide information about the contribution of the patch and the skin in controlling absorption, thus ensuring the safe and effective use of transdermal patches.
	In vitro drug release tests are official tests recommended by the European Pharmacopoeia (Ph. Eur) and U.S. Pharmacopeia (USP) to evaluate rate and the extent of release of drug from the dosage form over a given time (2). Currently, the principal compendial apparatus employed to determination the drug release rate from a transdermal patch are the paddle over disk/disk assembly method (USP apparatus 5/Ph. Eur. 2.9.4.1), the cylinder method (USP apparatus 6/Ph. Eur. 2.9.4.3), and the reciprocating holder method (USP apparatus 7) (9,10). Despite the recognition of the importance of this performance test, only a small number of pharmacopoeia monographs describe the methodology to evaluate transdermal patches. In the U.S. Pharmacopeia there are only three monographs (for the drugs estradiol, clonidine and nicotine) which specify release tests for each transdermal patch; however each monograph describes more than one test and the tests differs in the apparatus, dissolution medium, rotation speed and sampling interval time, wherein the USP apparatus 5 operating at a rotation speed of 50 rpm is most often mentioned in these monographs (11).
	The paddle over disk apparatus uses the paddle and vessel assembly from Apparatus 2 with the addition of a stainless steel disk assembly designed for holding the transdermal system at the bottom of the vessel. The disk assembly holding was designed to minimize any dead volume between the disk assembly and the bottom of the vessel, maintaining the transdermal patch flat and positioned so that the drug release surface is parallel with the bottom of the paddle blade and exposed to the medium. Alternatively, the rotating cylinder apparatus uses the vessel assembly from Apparatus 2, replacing the shaft with a stainless steel cylinder stirring element. The transdermal patch is attached with adhesive to the exterior of the cylinder so that the long axis of the transdermal patch fits around the circumference of the cylinder. The configuration of these apparatuses ensures that the transdermal patch is prevented from floating during the entire testing period (10, 12, 13). The two apparatuses provide different hydrodynamics. Consequently different results can be obtained and, therefore, the difference between them needs to be studied.
	In the development of an in vitro drug release test, some parameters may be controlled and standardized in order to provide a reproducible and discriminating method, such as, for example, the type of apparatus and the rotation speed, dissolution medium characteristics (composition, pH, volume and the deaeration of the medium); filtration methodology; sampling interval time and sampling method; whether the sample volumes are replaced or not (12-14). The correct choice of these parameters can provide a discriminating tool to assure consistent product quality within a defined set of specification criteria (15). Despite the fact that previous research has shown that the in vitro release does not necessarily reflect the in vivo performance for transdermal patches, even so, in vitro release tests are useful tools to characterize and evaluate the performance and batch-to-batch uniformity (16- 22).
	The release test can be an important tool in the pharmaceutical industry to routinely assess the quality of a product, and to give direction to preformulation studies, in order to guide the strategy of new formulation of a generic candidate (12,23). It may also be used to verify performance in stability studies (24), for post-registration changes (25) and to support the registration of generic pharmaceutical forms (7). However, for the release test to adequately performs its role, it must be sufficiently discriminating to detect significant changes in the drug release rate from patches, and thus adequately ensure the performance of the transdermal product (13,23,24).
	The rivastigminetransdermal patch, which is commercially available as Exelon® Patch, is the first transdermal treatment to be approved for Alzheimer’s disease and Parkinson’s disease dementia by the US Food and Drug Administration (FDA) agency. The rivastigmine patch is a matrix patch comprising four layers. One of the layers consists of a polymeric matrix that controls rivastigmine delivery rate, resulting in steady plasma concentrations with lower plasma levels, when compared with oral formulations (26,27). The apparent success of rivastigmine transdermal patch, in terms of clinical utility and patient acceptability, has led toapplications toregulatory agencies in several countries, including USA, Latin America and Europe,for a generic version of Exelon® Patch.
	Considering that the in vitro release tests are important tools to characterize the drug release rate, the FDA recommends the following methodology to evaluate the rivastigmine release rate from the transdermal patch: the official USP apparatus 5 at 50 rpm, a dissolution medium of 0.9% NaCl solution with a volume of 500 mL, and sampling times of 1, 2, 4, 7, 9 and 12 hours (28). Although the methodology of the release test for rivastigmine transdermal patch is recommended by an official agency, there is no pharmacopeial monograph for this transdermal product, and no research available that demonstrate the discriminatingcapacity of this specified release test.
	The aim of this study was to develop and validate a discriminating in vitro release test to evaluate rivastigmine transdermal patches. The Exelon® Patch was chosen as a model transdermal product. The studies of in vitro release were designed to determine the impact of the official apparatus chosen (USP apparatus 5 and USP apparatus 6), the rotation speed and the dissolution medium characteristics onthe rivastigmine release profile from transdermal patches. Patches with different drug release profiles were tested in order to evaluate the discriminating power of the in vitro release test developed and validated.

MATERIAL AND METHODS

Material

		All reagents used were of analytical grade. Sodium hydroxide (NaOH), ammonium hydroxide (NH4OH), ammonium monobasic phosphate (NH4H2PO4), sodium monobasic phosphate NaH2PO4), sodium phosphate (Na2HPO4), sodium chloride (NaCl), potassium chloride (KCl) potassium monobasic phosphate (KH2PO4) were purchased from Vetec (Rio de Janeiro, Brazil). The high performance liquid chromatography (HPLC) grade acetonitrile and methanol were purchased from Tedia (Rio de Janeiro, Brazil). For all filtration procedures 0.45 m polyvinylidenefluoridefilters were used (Millex Millipore, São Paulo, Brazil). Purified water was obtained using a Milli-Q water purificationsystem (Millipore, Bedford, MA, USA).
	Rivastigmine USP Reference Standard (batch no. F0J302) waspurchased from the U.S. Pharmacopeia.Therivastigmine hydrogen tartrate was purchased from Zhejiang Jiuzhou Pharmaceuticals (China). The Cuprophan® cellulose membrane was purchased from Agilent Technologies Inc. (São Paulo, Brazil), the polydimethylsiloxane membrane (Sil-Tec®) was purchased from Technical Products Inc. (Georgia, USA), and the polyethersulfone and polyolefin membranes (Strat-M®) were purchased from Merck Millipore (Darmstadt, Germany).

Transdermal system

		The Exelon® Patch10 produced by Novartis Pharmaceuticals was purchased from a local pharmacy. Each transdermal patch of 10 cm2 contains 18 mg of RV and is reported to release 9.5 mg RV over a period of 24 h (Novartis, 2015). The Exelon® Patch10 is referred to here as Patch 1. A modified patch was obtained by inserting the polydimethylsiloxane membrane (Tec®-Sil) with a thickness of 0.127 mm over the Exelon® Patch10 system, and is referred to as Patch 2. Exelon® Patch10 is the commercial reference product and was considered as such in the f2 calculation.

Rivastigmine free-base preparation

	Rivastigmine free-base (RV) was obtained by neutralization of an aqueous solution of rivastigmine hydrogen tartrate with 1 N NaOH until pH 9.0, as previously described by Craparo et al.(29). After 4 hour of magnetic stirring, the RV was extracted five times from the aqueous phase with 100 mL CH2Cl2 and dried under vacuum at 50°C. The product was analyzed by HPLC, FT-IR and 1H NMR. The analytical and spectral results were compared with the Rivastigmine USP Reference Standard and theoretical data.

Drug solubility in dissolution media

	The solubility was determined in phosphate-buffered saline (PBS) pH 7.4 and potassium phosphate buffer (PPB) pH 6.0. PBS contains 138 mMNaCl, 2.7 mMKCl, 1.43 mM KH2PO4 and 8.57 mM Na2HPO4. PPB was prepared according to the description in the U.S. Pharmacopeia (10). RV solubility wasdeterminedas previously described (30), whereby an excess of drug was introduced to a beaker containing 5 mL of buffered media (PBS or PPB) and the solutions were kept under constant magnetic stirring at 500 rpm for 24 h. Thereafter, the solutions were centrifuged (Eppendorf 5430R, Germany) for 15 min at a speed of 5000 rpm. The supernatant was filtered through a 0.45 m Millipore membrane, and the filtrate was assayed by the HPLC method for RV quantification using the methodology previously described (31). The solubility test was carried out in triplicate.

Studies of in vitro release in USP apparatus 5 and 6

	In vitro release studies of RV were performed on a Hanson Research Model SR6 dissolution apparatus (Chatsworth, USA) using the apparatus paddle over disk (USP apparatus 5,U.S.Pharmacopeia) method and the cylinder (USP apparatus 6, U.S.Pharmacopeia) method. Three rotation speeds (25, 50 and 75 rpm, ± 4%) and two dissolution media (PPB pH 6.0 and PBS pH 7.4) were evaluated. The release studies were carried out under sink conditions using 900 mL of dissolution media, deaerated at 32 ± 0.5°C (10). At the following sampling times: 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 16, 20, 22, 23 and 24 h, 10 mL aliquots (5 mL to rinse and 5 mL of sample for analysis) were taken from the vessel at the position recommended by the U.S.Pharmacopeia using an automatic collector (AutoPlusMultiFill Hanson, Chatsworth, CA, USA). Subsequently, the samples were filtered through a 0.45 µm membrane and analyzed by HPLC as previously described (31). There was no replacement of the dissolution medium. Each assay was performed in triplicate. In the USP Apparatus 5 a stainless-steel disc of 50 mm and 125 mesh was used. The patch was applied on the disk ensuring that the patch release surface was facing up, flat and parallel to the underside of the paddle. In Apparatus USP 6, the patch was applied using double-sided adhesive tape to the outer surface of the cylinder. Immediately afterwards, the Cuprophan® cellulose membrane was added over the patch, as recommended by U.S.Pharmacopeia (10).
	
Studies of in vitro release in Franz Diffusion Cell

	In vitro release studies were carried out in a Franz cell system from Hanson Research (Chatsworth / LA, USA) with a diffusion area of 1.767 cm2 and capacity of 7 mL for the receptor medium, the PBS pH 7.4. The Franz cell system was maintained at a constant temperature of 37± 0.5°C through thermostatic bath circulation, while the receptor medium was stirred constantly at 350 rpm during the experiments, as previously described by Simon et al. (30). Deaeration of the receptor medium is a critical step to ensure avoidance of air bubble formation at the interface between receptor compartments with the membrane. For the release studies, synthetic membranes with different characteristics were used, such as polyethersulfone and polyolefin membrane (Strat-MTM) and cellulose membrane (cellulose dialysis tubing). Each membrane (Strat-MTM or cellulose) was carefully placed at the interface between the donor and the receptor compartments, then samples of Patch 1 or Patch 2 were placed over the membrane. In this study, each condition was evaluated seven time over a period of 24 hours. At sampling times of 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 22, 23 and 24 h, 1 ml aliquots were collected, with replacement of the same volume of receptor media at 37 ± 0.5°C. The manual sampling requires constant, careful attention during the experiment, because air bubbles are easily introduced in the receptor compartment while withdrawing samples. The collected aliquots were filtered through a 0.45 µm membrane and RV was quantified by HPLC as previously described (31).

Statistical analysis

	Microsoft® Office Excel® 2007 was used to determine in vitro release data. The cumulative amount of RV released in apparatus 5 and 6 was calculated taking into account the non-replacement of the medium, and the cumulative percentage (%) of RV released was calculated based on the RV stated mass content of the patches.The cumulative amount of RV permeated through the membranes in Franz cell tests was calculated taking into account the exposed area (mg/cm²) and medium replacement. The results were plotted versus sampling times (h). Significance of difference between plotted means was determined through statistical analysis of variance, ANOVA-based method with Tukey'smultiple comparison post-hoc test using GraphPadPrism® software (version 5.0), with a 95% confidence level. Release profiles were compared using the model independent f2 (similarity factor) parameter, as described by Moore and Flanner (32).	

High performance liquid chromatography (HPLC) analysis
	
	RV quantification was performed using an Elite LaChromHPLCsystem from Merck-Hitachi, (Darmstadt, Germany) coupled to a photodiode array detector (DAD L-2130), quaternary pump (L-2455), column oven (L-2350), autosampler (L-2200), and Eze-Chrom software. Chromatographic separation was achieved isocratically, as previously described by Simon et al.(31). The eluent was monitored for 6 min with ultraviolet-visible detection at 215 nm for RV quantification; the retention time was approximately 4 min.

Validation of the quantification method

	The HPLC method for RV quantification in the release tests (31) was validated by testing the parameters of specificity, linearity, precision, limit of quantification, limit of detection and accuracy, as recommended for quantification methods of drugs in performance tests (33,34). The specificity was assessed by comparing the spectral scans (wavelengths of 200-400 nm) of the dissolution medium (PBS pH 7.4 and PPBpH 6), RV standard solution and a sample solution of the product (Exelon®Patch 10) diluted in the respective media. The linearity was evaluated by linear regression analysis of triplicate curves obtained on different days, at six concentrations from 1 to 30 mg /mL, which are equivalent to 5, 15, 30, 60, 100 and 150% of the drug working concentration of 20 mg/mL (equivalent to 18 mg of RV in a vessel volume of 900 mL).
The precision and accuracy were determined by adding a known amount of RV substanceto the dissolution vessel containing 900 mL of PBS 7.4, maintained at 32 ± 0.5°C and under stirring of 25 rpm for 24 h. The RV concentrations were 2, 10, 20 and 25 mg/mL, equivalent to 20, 50, 100, 125% of the RV working concentration. The procedure was performed in triplicate for each concentration and the USP apparatus 5 and 6 were evaluated. At the end of 24 hours, aliquots were collected and quantified. The precision of the method was estimated by calculating the relative standard deviation (RSD) of the samples analyzed. The accuracy was determined by a recovery test, in which a known concentration of RV was added to the vessel, samples and the concentration the RV quantified by HPLC was given as % recovered. The limits of quantification (LOQ) and detection (LOD) were estimated based on the response and the slope of the regression curves, using equations and , where SD is the standard deviation of the intercept with the y-axis of three calibration curves and S is the average of the angular coefficients of the respective curves (33). The chromatographic system suitability was monitored by the parameters retention time, theoretical plates and asymmetry of the drug chromatographic signal.

RESULTS AND DISCUSSION

	Rivastigmine free-base obtained by neutralization was analyzed by HPLC, FT-IR and 1H NMR and compared with USP Reference Standard and theoretical data. The FT-IR and HPLC spectral of RV neutralized were corresponding with the RV standard spectral, and the HPLC assay determined 98.91% of purity. The 1H NMR data was in agreement with the theoretical data (35).
	The solubility of the RV in the dissolution media PPB pH 6.0 and PBS pH 7.4 was 30.69 (0.34) mg/mL and 18.69 (0.27) mg/mL, respectively. As a result of the high solubility exhibited by the drug, both media allowed sink conditions to be maintained in the in vitro release tests. The medium volume for the release test was 900 mL, providing sink conditions as well as keeping the total patch in contact with the dissolution medium over the 24 h of testing, since, without replacing the media, the total volume withdrawn with the automatic sampling was 180 mL (total 10 mL at each sampling time/ 5 mL to rinse and 5 mL of sample for analysis).
	To assess the variables related to the methodology that influence the results of the in vitro release test of the patch, studies were carried out in which the test apparatus, the dissolution medium and the stirring rate were varied. The RV release from the patch obtained by using the apparatus USP 5 and USP 6, dissolution media with different characteristics (PPB pH 6.0 and PBS pH 7.4) and different stirring speeds, i.e. 25, 50 and 75 rpm, are shown in Figure 1.The average value is plotted at each time point, and the error bars represent the standard deviation in, which were below 5% at all points.
	As observed in Figure 1, the %RV released at the end of 24 h of testing was greater than 80% in all conditions analyzed. However, a significant difference is clearly observed (p < 0.001) between the profiles obtained with USP apparatus 5 and USP apparatus 6, wherein the plateau of the curve in the RV release profile was reached at an earlier time using the USP apparatus 6.  For the other parameters evaluated, the rotation speed and the dissolution media, not all of the RV release profiles showed differences when statistically compared. 
	Although the %RV released using a rotation speed of 75 rpm was the highest for all conditions, the release profiles did not differ significantly (p > 0.05) when compared with the release profiles obtained using 50 rpm, or when the release in dissolution medium PPB pH 6.0 was compared to that forPBS pH 7.4 (at a rotation speed of 75 rpm). This result may indicate that for a drug with high solubility, such as RV (36), a rotation speed of 75 rpm may be too fast to obtain a suitable release profile with higher discriminating capacity.
	In contrast, the release profile obtained at a rotation speed of 25 rpm was significantly different (p < 0.001) compared to that obtained at 50 and 75 rpm. This significant difference was observed for both dissolution media. Using a rotation speed of 25 rpm there was a lower %RV release in the early sampling times points, as well as throughout the release profile due tothe mild agitation provided by the rotation speed. In spite of the high drug solubility in PPB pH 6.0 resulting from its pKa of 8.85 (36), which results in a higher ionized fraction of the drug in this medium, a higher %RV released was observed forPBS pH 7.4. Therefore, this result may indicate the influence of the transdermal system matrix components on the drug release into the dissolution media. The PBS pH 7.4 medium was considered more appropriate to use because it provided better conditions for a greater %RV to be released during the in vitro release tests.
	To evaluate the discriminating capacity of USP apparatus 5 compared toUSP apparatus 6, it was necessary to examine a patch with a modified drug release rate compared to the original patch (Exelon®Patch, designate as Patch 1). Given the lack of different commercially available RV transdermal patches in Brazil (the country where this study was undertaken), a modified patch was obtained by inserting a flat silicone membrane with a uniform thickness of 0.127 mm over the adhesive membrane of the original patch  (Exelon®Patch, Patch 1); this altered patch was designated as Patch 2. To assess the difference in drug release profiles from different patches, in vitro release assays were performed using the Franz cells system, as previously described by Simon et al.  (30). In this assay two synthetic membranes, the Strat-MTM and cellulose, was used. The Strat-MTM membrane has multiple different layers and lipophilic components in its structure, and is considered to have barrier properties that are similar to human and animals skin (30,37,38). It was previously reported that this membrane provides a RV release profile from the Exelon®Patch which is similar to that permeation profile obtained with pig ear skin, and which enables an in vitro-in vivo correlation (IVIVC) to be developed (30). 
	In Figure 2, the release profile of RV through the Strat-MTMand cellulose membranes using the Franz cell system is shown for the original, unaltered transdermal patch- Patch 1, and the modified patch- Patch 2. It can be observed, with both membranes, that the release profiles were significantly different (p <0.0001), indicating the effectivenessof the alteration in obtaining a modified patch (Patch 2) with a lower release rate of the drug compared with original patch (Patch 1), demonstrating that the drug release rate from patch is primarily controlled by the transdermal system.
	Since the objective of this study is to identify the conditions that provide a discriminating in vitro release test which is able to evaluate and identify transdermal patches containing RV with different release mechanisms, Patch 1 and Patch 2 were subjected to release testing using dissolution apparatuses, USP apparatus 5 and USP apparatus 6, and the results are shown in Figure 3. According to results of analysis of variance (ANOVA-based method), in which was performed by comparing the percentage released between patches at each time point, the RV release profiles from Patch 1 were significantly different (p < 0.001) to those from the Patch 2 for all conditions evaluated (Fig. 3 (A) to (E)). The release profiles were also compared using f2 factor (similarity factor).FDA and EMEA indicate that two release profiles are declared similar if f2 value is between 50 and 100, so that the closer the value is to 100, the greater the degree of similarity between the profiles. The following f2values were determined for the release profiles obtained for the conditions depicted in Figure 3:  (A) f2 = 36.27, (B) f2 = 45.43, (C) f2 = 52.87, (D) f2 = 35.05 and (E) f2 = 53.88.  The f2 values indicate that the major differences between the profiles of the transdermal patches were found when the USP apparatus 5 was used at 50 rpm and the USP apparatus 6 was used at 25 rpm, suggesting greater discriminatingcapacity atthese conditions forthe evaluation of different transdermal patches. In Figure 3 (E) shows the release profiles obtained when the methodology recommended by the FDA was applied, which is as follows: USP apparatus 6 at 50 rpm, dissolution mediumof 0.9% NaCl solution with a volume of 900 mL. According to the f2 value of 53.88, which is greater than 50, the recommended methodology was demonstrated to be not sensitive, and a non-discriminatingmethod in terms ofreflecting changes tothe transdermal patch that may influence the RV release performance, unlike others methodologies presented in this study.
	Release profile comparison through statistical method can be used to establish the similarity or difference between the formulations, and in this study, when were applied ANOVA-based method and f2 factor, different conclusions to the comparison of RV release profiles were obtained.  It has been reported that the advantages of the f2 equation are the ease to compute and providing a single number to describe the comparison of release profile data, however, this equation does not take into account the within-batch variability or the correlation between the data, and the values of f2 are sensitive to the number of sampling time points used (39-41). Duan et al. described that when there is a difference of more than 10% in the plateau levels between release profiles of the test and reference product, there is a greater likelihood for the test product to be not bioequivalent to the reference product, although f2 similarity has been demonstrated (41). ANOVA-based methods including post-hoc procedures provide a possibility for the comparison of dissolution data on the basis of point-by-point, provides narrower limits and are more discriminative than the f2 factor (42).	
	The analysis of variance of the release data obtained for both transdermal patches, when the USP apparatus 5 was used at 50 rpm (Fig. 3 (A)) the RV release profiles showed similarity to those found for the USP apparatus 6 method at 25 rpm (Fig. 3 (C)), with p > 0.05. This result may be related to the hydrodynamics provided by each apparatus. Regarding the rotation speed, while the European Pharmacopoeia considers 100 rpm as a typical speed to be used with the USP apparatus 5 and USP apparatus 6 (9,13), the results presented herein indicate that for drugs with high solubility, such as RV, a mild rotation speed between 25 and 50 rpm should be considered. The use of milder agitation provides for more discrimination in the in vitro release test, with the ability to detect changes in the patch which might influence the drug release profile, and hence change the in vivo permeation rate and absorption of the drug from a transdermal patch.
	In the case of transdermal patches many variables may affect the drug release from the pharmaceutical form, including the matrix components and the manufacturing process. It was reported, for example, that significant changes can occur in the rate and extent release of the drug due to a slight change in the matrix system, thus affecting the permeation rate and, consequently, the in vivo absorption and therapeutic effect of the drug (23,43). Thus it is important that finished products be assessed by a discriminatingin vitro release test, in order to ensure the batch to batch quality and reproducibility. Moreover, a discriminatingin vitro release test is an important tool for the development of generic formulations, as well as to support the regulatory approval of these new products (7).
	Validation of an analytical method aimed at assessing the drug release profile from the pharmaceutical form demonstrate that the method is accurate, precise and reproducible to assures drug product quality. It is important to ensure that the method applied to quantify the amount of drug released in the dissolution medium at different sampling time is suitable for its purpose, therefore, the method was validated according to the recommended official compendia parameters (33,34).The HPLC methodology applied proved to be specific, as is shown in Figure 4, since no chromatographic signal was observed in the chromatogram of the dissolution medium (chromatogram 1 and 2), and the chromatographic peaks observed in the chromatograms 3 and 4 correspond to RV. The peak showed a high purity value of 0.99, and retention time of 4.07 min. The results for the validation parameters evaluated are shown in Table 1. Linearity was established in the concentration range of 1 and 30 µg/mL with a correlation coefficient of 1.0000 (n = 3). The validity of the regression curve was represented by the values of Fcalc>>Ftab, indicating that the slope of the curve was significantly different from zero (p < 0.0001), assuming a reasonably linear fit. The detection and quantification limits were determined to be 0.09 and 0.29 mg/mL, respectively. The precision was determined by the relative standard deviation (RSD) in 4 concentration levels (10, 50, 100 and 125%) and in triplicate. The RSD values were less than 0.60%, demonstrating that the method is precise in the concentrations analysed. The accuracy was satisfactory, with recoveries between 99 and 101% (Table 1) for the four concentration levels analyzed. The solutions containing RV in the dissolution media remained stable after 48 h storage at room temperature. The chromatographic suitability system to quantify RV exhibited satisfactory parameters, such as theoretical plates higher than 4500, apeak asymmetry between 1.4-1.7, and the chromatographic peak purity was > 0.99 in all determinations.

CONCLUSION

	Variables such as the apparatus type, the dissolution medium and the rotation speed showed a significant influence on the drug release characteristics from a transdermal patch.The in vitro release methodologies using the USP apparatus 5 at 50 rpm and USP apparatus 6 at 25 rpm using the medium phosphate-buffered saline pH 7.4 were considered discriminative and adequate to characterize the RV release from a commercial transdermal patch, Exelon® Patch. The USP apparatus 5need a higher speed compared with the USP apparatus 6 to reflect the in vivo release profile. Both methods were validated successfully to characterize the RV release from a commercial transdermal patch according with USP recommendation for dissolution tests. These new method can be applied in routine quality control, stability testing, development and evaluation of the release rate of new candidate generic formulations, as well as in the submission of post-approval changes.
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Figure 1. In vitro release profiles obtained for the Exelon® Patch10 9.5 mg/24h, using rotation speeds of 25, 50 and 75 rpm and under the following conditions: (A) USP apparatus 5, PPB pH 6.0 dissolution medium; (B) USP apparatus 5, PBS pH 7.4 dissolution medium; (C) USP apparatus 6, PPB pH 6.0 dissolution medium; (D) USP apparatus 6, PBS pH 7.4 dissolution medium.

Figure 2. In vitro permeation profiles of RV from transdermal Patch 1 (original) and Patch 2 (modified) using the Franz Diffusion Cell, PBS pH 7.4 receptor medium at 32ºC, and different membranes: (A) Strat-M®and (B) cellulose membrane.

Figure 3. Comparative profiles obtained from the evaluation of the performance of Patch 1 and Patch 2 under different conditions: (A) USP apparatus 5 at 50 rpm, PBS pH 7.4 dissolution medium; (B) USP apparatus 5 at 25 rpm, PBS pH 7.4 dissolution medium; (C) USP apparatus 6 at 50 rpm, PBS pH 7.4 dissolution medium; (D) USP apparatus 6 at 25 rpm, PBS pH 7.4 dissolution medium; (E) USP apparatus 6 at 50 rpm, 0.9% NaCl dissolution medium - FDA method.

Figure 4. Chromatograms obtained with injection: (1) PBS pH 6.0 dissolution medium; (2) PBS pH 7.4 dissolution medium; (3) RV standard solution; and (4) transdermal patch in PBS pH 7.4 dissolution medium.
