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					ABSTRACT  

					ARTICLE INFO  

					Diclofenac sodium belongs to the class of nonsteroidal anti-inflammatory drugs (NSAIDs) and is  

					extensively utilized for the management of pain and inflammatory conditions, but its oral  

					administration is often associated with gastrointestinal side effects. Therefore, transdermal drug  

					delivery systems such as patches offer an alternative route to improve patient compliance and  

					minimize adverse effects. This research sought to examine the matrix-type formulation of the  

					diclofenac sodium patch using a combination of hydrophilic polymer Carboxymethyl Chitosan  

					(CMC) and Hydroxypropyl Methylcellulose (HPMC) E15, as well as hydrophobic polymer Ethyl  

					Cellulose (EC) N22. The effect of polymer combination and increased CMC concentration were  

					evaluated. The patches were tested in vitro and assessed for their physicochemical properties. The  

					results showed no significant differences in organoleptic, thickness, average weight, homogeneity,  

					and drug content. However, the polymer combination affected surface morphology, and the  

					presence of CMC increased the percentage of %moisture content. The results of this study indicate  

					that patches containing the highest concentration of CMC (F3) showed the highest release, as the  

					patches showed a maximum percentage of moisture absorption. All formulations followed zero-  

					order release kinetics with correlation coefficients (R2) of 0.9061 (F1), 0.9518 (F2), and 0.9686  

					(F3). Formula F3 was identified as the optimal formulation with the highest %MC (6.34 ± 0.36%),  

					the highest %cumulative drug release (25.20  
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					± 0.42%) at 480 minutes, and zero-order flux (0.0466 μg/cm2/min). These findings suggest that  

					increasing CMC concentration significantly enhances the drug release from diclofenac sodium  
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					Moreover, it directly affects the gastrointestinal (GI) tract, increasing  

					Introduction  

					mucosal hydrophobicity, and possibly leading to mucosal damage. The  

					intravenous and intramuscular injection methods of this drug can cause  

					pain in patients.2,3,4 Consequently, alternative administration routes are  

					required to improve the drug’s bioavailability, with the transdermal  

					pathway being one such promising option.Transdermal drug delivery  

					systems (TDDS) facilitate the penetration of therapeutic agents across the  

					layers of the skin, providing a steady and controlled systemic effect.5  

					Compared to other administration methods, TDDS offers several  

					advantages, including improved bioavailability, avoidance of first-pass  

					metabolism, minimization of gastrointestinal adverse effects and sustained  

					release of the drug. These benefits contribute to better patient  

					adherence.6,7,8 One common form of TDDS is the transdermal patch.9  

					Diclofenac sodium, a commonly used nonsteroidal anti-  

					inflammatory drug (NSAID), is often prescribed as an initial therapeutic  

					option for addressing pain and inflammation. It exerts its pharmacological  

					effect by inhibiting the synthesis of prostaglandins by broadly inhibiting  

					the cyclooxygenase enzymes COX-1 and COX-2 in a non-selective  

					manner. Diclofenac sodium has a short half-life of approximately 1-2 hours  

					and reaches peak plasma concentration (Cmax) within 2-4 hours.1  

					Although the drug is almost completely absorbed through oral  

					administration, approximately half of the administered dose enters  

					systemic circulation as a result of extensive first-pass hepatic metabolism.  

					This pronounced metabolic process serves as a major determinant  

					contributing to the low oral bioavailability of diclofenac sodium.  

					A

					transdermal patch represents  

					a

					non-invasive method of drug  

					administration that permits the active compound to be absorbed into the  

					bloodstream via the skin.6 The efficacy of the patch depends on the drug’s  

					capacity to diffuse from its matrix and traverse the stratum corneum, the  

					skin’s outermost barrier, the stratum corneum. Transdermal patches are  

					commonly classified into two main types: reservoir-based systems and  

					matrix-based systems.  
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					organoleptic properties such as color, smell, elasticity, and surface  

					consistency.5  

					The matrix-type patch is the most widely used method. The advantages  

					of this system are the thin and easy-to-apply dosage form.5 The matrix  

					system typically comprises an adhesive layer, a drug-polymer matrix,  

					and a backing layer. In this design, the drug is evenly distributed within  

					a blend of hydrophilic and hydrophobic polymers.10 The selection of  

					polymers in matrix-type patches is primarily based on optimizing drug  

					loading with other excipients, as well as their physicochemical  

					properties, compatibility, drug release control, and stability.11  

					Weight uniformity test  

					To evaluate weight uniformity, each transdermal patch formulation was  

					weighed separately, with measurements conducted in triplicate and  

					reported as mean ± SD.5  

					Thickness test  

					Ethyl Cellulose (EC) is a hydrophobic polymer that has biocompatible  

					This test was carried out using the digital thickness tool (Panca Jaya  

					Setia®, Indonesia) by dividing the four parts of the area to be measured.  

					Each side of the sample was measured for thickness, and the mean  

					value was subsequently determined.  

					properties, this polymer can prevent drug release from the preparation.12  

					Hydroxypropyl Methylcellulose (HPMC) is  

					a

					cellulose polymer  

					derivative that is widely used in controlled drug release formulations.  

					This polymer is hydrophilic and easily hydrated, which leads to rapid  

					drug release.13 Meanwhile, Carboxymethyl Chitosan (CMC) is a water-  

					soluble derivative of chitosan, has good biocompatibility, is  

					biodegradable, has low toxicity, and has high flexibility. It also has a  

					greater capacity to entrap active compounds compared to chitosan.14,15  

					Therefore, EC, HPMC, and CMC have the potential to be used as  

					carriers in the matrix-type patch formulation of diclofenac sodium.  

					This research was conducted to evaluate the physical properties and  

					release of matrix-type diclofenac sodium patches at different  

					concentrations of Carboxymethyl Chitosan (CMC), HPMC E15, and  

					EC N22 polymers with a comparison of Carboxymethyl Chitosan  

					(CMC), HPMC E15 and EC N22 polymers (F1=1:3:1.5; F2=2:2:1.5;  

					F3=3:1:1.5).  

					Moisture Content (MC)  

					The prepared patches were initially weighed and stored in a desiccator  

					containing silica gel at ambient temperature until their weight  

					stabilized.5 Subsequently, the patches were reweighed to determine the  

					moisture content percentage, calculated according to Equation 1:  

					weight before being analyzed − weight after being analyzed  

					%MC =  

					x 100  

					weight after being analyzed  

					Drug content  

					Drug content analysis was performed by through dissolution of the  

					patch formulation in 100 mL of phosphate buffer saline at pH 7.4 ± 0.05,  

					subsequently subjected to centrifugation at 3000 rpm for 10 minutes.  

					The concentration of the drug was subsequently measured by employing  

					a dual-beam UV-Vis spectrophotometer (Shimadzu, Japan) at its  

					maximum absorbance wavelength of 272.2 nm. The acceptable range  

					drug content was set between 85%-115%. 5  

					Materials and Methods  

					Chemicals  

					The formulation components comprised diclofenac sodium (Dexa  

					Medica®, Indonesia), Carboxymethyl Chitosan polymer (Xi'an Lyphar  

					Biotech®, China), Hydroxypropyl Methylcellulose E15 polymer  

					(Shanghai Ruizheng Chemical Technology®, China), Ethyl Cellulose  

					N22 polymer (Dow Chemical Company®, Indonesia), menthol (pro  

					analysis), ethanol (pro analysis), PEG-400 USP (Brataco Chemical®,  

					Indonesia), and destilled water.  

					Homogeneity test  

					The test was performed by segmenting the patch formulation into three  

					sections, each measuring 1 cm, and dissolving them in 25 mL of  

					phosphate buffer saline (pH 7.4 ± 0.05). Subsequently, the drug  

					concentration was determined using  

					a

					double-beam UV-Vis  

					Preparation of diclofenac sodium patch  

					spectrophotometry at the identified maximum wavelength of 272.2 nm.  

					The acceptable content range was defined as 85%-115%.5  

					The diclofenac sodium patch was formulated through the solvent  

					evaporation method. The preparation stages of the diclofenac sodium  

					patch included the precise weighing of each polymer based on the  

					specified formulation. Subsequently, CMC was dissolved in 2 mL of  

					distilled water, while HPMC E15 was dissolved in 5 mL of distilled  

					water, and EC N22 in 2 mL of 96% ethanol. Each polymer solution was  

					stirred until homogeneous. CMC polymer solution and HPMC E15  

					polymer solution were mixed and stirred until homogeneous, followed  

					by the addition of EC N22 solution. Then, 100 mL of menthol solution  

					was prepared. Each formula used 1 mL of menthol solution, then added  

					with sodium diclofenac and stirred until homogeneous. The mixture of  

					diclofenac sodium and menthol was added to the polymer base mixture  

					and stirred until homogeneous, followed by the addition of PEG-400.  

					The material is poured into the mold, and the solvent is evaporated in a  

					fume hood for 4 hours. Then, it was dried in an oven at 40°C for 3 hours  

					and 30 minutes. The matrix type diclofenac sodium patch formula can  

					be seen in Table 1.  

					Surface morphology  

					The surface morphology of the patch formulations was analyzed with  

					the aid of a Scanning Electron Microscope (SEM) (TM3000 Tabletop  

					Microscope, Japan) to provide a detailed visualization of the surface  

					characteristics at various magnifications.5  

					In-vitro release study  

					To begin the analysis, a standard curve was established by preparing  

					diclofenac sodium standard solutions in phosphate-buffered saline  

					(PBS) with a pH of 7.4 ± 0.05, using five different concentrations: 4  

					ppm, 6 ppm, 8 ppm, 10 ppm, and 12 ppm. Each solution was placed in  

					a cuvette, and the maximum absorbance wavelength was identified  

					using a UV-Vis spectrophotometer (Shimadzu®, Japan). Absorbance  

					values of all five concentrations were measured at the identified  

					maximum wavelength, which was found to be 272.2 nm, closely aligned  

					with the reference wavelength of 275 nm. A calibration curve was then  

					plotted with diclofenac sodium concentrations plotted along the x-axis  

					and their corresponding absorbance values on the y-axis, followed by  

					the calculation of the linear regression equation (y = ax + b).  

					The in vitro drug release assessment of the diclofenac sodium patch was  

					carried out using PBS at pH 7.4 ± 0.05 and a temperature of 37 ±  

					0.05°C. A dissolution apparatus (Erweka®, Jerman) fitted with a  

					diffusion cell, was utilized to perform the test. A total of 500 mL of  

					the Phosphate-buffered saline (PBS) was introduced into the vessel,  

					Table 1: Matrix-type diclofenac sodium patch preparation  

					formula  

					Material Concentration (mg)  

					Ingredient  

					Function  

					F1  

					F2  

					25.12  

					F3  

					25.12  

					Diclofenac Drug/Active  

					25.12  

					sodium  

					CMC  

					HPMC  

					EC  

					ingredients  

					Polymer  

					Polymer  

					67.25  

					201.75  

					100.87  

					1133  

					5

					134.50  

					134.50  

					100.87  

					1133  

					5

					201.75  

					67.25  

					100.87  

					1133  

					5

					Polymer  

					PEG-400  

					Mentol  

					Plasticizer  

					Enhancer  

					Note: Membrane area is 12.56 cm2 (patch diameter is 4 cm). The  

					amount of PEG-400 added was 1 mL = 1133 mg or 1.133 g.  

					Organoleptic observations  

					Visual inspection was performed to evaluate the patch’s  
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					with the diffusion cell placed at the bottom and the paddle stirred at a  

					speed of 50 rpm. Every certain time, namely at 0, 15, 30, 45, 60, 120,  

					180, 240, 300, 360, 420, and at 480 minutes, 5 mL of the sample was  

					withdrawn and promptly replenished with an equivalent volume of PBS  

					at the same temperature. Each test was performed in triplicate. The  

					measured concentration values were then refined using the correction  

					equations proposed by Wurster and Taylor (equation 2) :  

					−1  

					= C′n + ∑ CS  

					−1  

					Cn  

					: Actual level after correction (ppm)  

					C'n  

					: Readable level (calculated from the absorbance value of  

					the sample)  

					Figure 1: Visually, the diameter of the diclofenac sodium patch  

					Cs  

					a

					: Readable level of the previous sample  

					: Volume of a sample taken  

					: Medium volume  

					shows an average diameter of 4 cm.  

					b

					Uniformity of weight, thickness, and moisture content.  

					The results of the uniformity tests for weight, thickness, and  

					%moisture content (MC) of the diclofenac sodium patches are presented  

					in Table 3. The weight uniformity test showed that Formula F1 had the  

					highest weight (0.806± 0.02 grams), while F3 had the lowest (0.769±  

					0.01grams). For thickness, F3 also exhibited the lowest value (0.736±  

					0.005 mm). One-way ANOVA analysis indicated no significant  

					differences among the three formulations in terms of weight, thickness,  

					and moisture content (P > 0.05).  

					The moisture content of all three formulas was below 10%, which falls  

					within the acceptable range of 2-10% for patch formulations.16 These  

					findings suggest that variations in polymer composition did not  

					significantly affect the moisture content. Although CMC contains amine  

					as well as carboxyl groups capable of establishing hydrogen bonds with  

					water molecules, the increase in its concentration did not result in a  

					proportional increase in MC. This may be attributed to the presence of  

					hydrophobic EC N22, which limits water retention. Moisture content  

					plays a crucial role in influencing the stability of patch formulations. A  

					lower MC reduces the risk of microbial contamination, decreases  

					brittleness, and helps prevent excessive bulkiness, thereby improving the  

					overall stability and quality of the patch.17  

					The results obtained from the above equation were multiplied by the  

					amount of medium (500 mL) and divided by the surface area of the  

					membrane to calculate the cumulative amount of diclofenac sodium  

					released by the formulation. The drug release pattern observed under in  

					vitro conditions of diclofenac sodium was determined by making a  

					curve of the relationship between the average the total percentage of  

					drug released over time (%) and the observation time.  

					The release rate was determined from the graph depicting the  

					cumulative percentage of diclofenac the release of sodium as a function  

					of time, followed by linear regression analysis. The rate of diclofenac  

					sodium release from the patch formulation was evaluated through the  

					application of experimental data to multiple kinetic models, including  

					zero-order, first-order, Higuchi, and Korsmeyer-Peppas equations.  

					According to Higuchi’s model, The slope of the resulting regression  

					equation represents the drug release rate (flux) originating from the  

					matrix base. The release behavior of the drug from a modified release  

					preparation can be obtained by Higuchi, Korsmeyer-Peppas, zero-order,  

					and first-order models.  

					Data analysis  

					Weight uniformity, thickness, moisture level, and drug concentration,  

					and content uniformity data of the diclofenac sodium patches were  

					analyzed statistically using one-way ANOVA (α = 0.05). Drug release  

					data were analyzed with two-way ANOVA in IBM Statistics version 26  

					(2019). All results are shown as mean ± SD based on triplicate  

					measurements.  

					Table 3: The results of the uniformity of weight, thickness,  

					moisture content, drug content and homogeneity of the  

					diclofenac sodium patch.  

					Uniformity  

					Drug  

					MC (%) content  

					(%)  

					of  

					weight  

					(gram)  

					Thickness  

					(mm)  

					Homogeneity  

					(%)  

					Formula  

					Results and Discussion  

					0.753 ±  

					0.03  

					0.752 ±  

					0.01  

					0.736 ±  

					0.005  

					5.69 ± 91.68 ±  

					F1  

					F2  

					F3  

					0.806 ± 0.02  

					0.801 ± 0.01  

					0.769 ± 0.01  

					91.01 ± 3.17  

					91.39 ± 0.43  

					91.10 ± 0.91  

					Organoleptic observations  

					0.19  

					6.28 ± 89.95 ±  

					0.33 0.56  

					6.34 ± 90.15 ±  

					0.36 0.76  

					3.02  

					The findings from the organoleptic evaluation are presented in Table 2  

					and Figure 1. All formulas indicated that the sodium patch had the same  

					color, odor, consistency and size. The diclofenac sodium patch in all  

					three formulas met the physical requirements of the patch. Where, a  

					physically acceptable patch should exhibit flexibility, thinness, smooth  

					and homogeneous texture, minimal drying shrinkage, and low moisture  

					absorption.16  

					Drug content and homogeneity test  

					The outcomes of the drug content analysis and the uniformity assessment  

					of the diclofenac sodium patch can be seen in Table 3. The drug content  

					test results showed that all diclofenac sodium patch preparations  

					contained active ingredients within the required range of 85%-115%. F1  

					has the highest drug content, with a value of 91.68 ± 3.02%, which falls  

					within the acceptable range. 16  

					The findings from the content uniformity test revealed variations in the  

					concentration levels of the active ingredients across different parts of the  

					patch, however, all values still met the required range of 85%-  

					115%.16 F2 had the highest level of homogeneity, which is 91.39 ±  

					0.43%. The one-way ANOVA statistical analysis results indicated no  

					significant differences among the formulations, as evidenced by a p-  

					value greater than 0.05.  

					Table 2 : Organoleptic observations of diclofenac sodium  

					Formula  

					Organoleptic observation  

					Color  

					Consistency  

					Size  

					The surface of the  

					patch is smooth,  

					flexible and not  

					easy to break  

					The surface of the  

					patch is smooth,  

					flexible and not  

					easy to break  

					The surface of the  

					patch is smooth,  

					flexible and not  

					easy to break  

					Diameter 4  

					cm  

					F1  

					F2  

					F3  

					White  

					Diameter 4  

					cm  

					White  

					White  

					Diameter 4  

					cm  
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					Surface morphology  

					Scanning Electron Microscopy (SEM) was employed to investigate the  

					surface morphology of the diclofenac sodium patch. The preparation  

					was observed at 2000x magnification. The findings from the  

					morphological analysis of the diclofenac sodium patch conducted via  

					SEM can be seen in Figure 2. The Scanning Electron Microscopy  

					(SEM) results obtained in Figures 2 showed that in F1 and F3, the  

					particles of the active substance sodium diclofenac were fused between  

					the particles. Meanwhile, in F2, the active substance particles were  

					spherical and scattered on various surfaces.  

					The diclofenac sodium patch release flux value which was Based on the  

					zero-order, first-order, Higuchi, and Korsmeyer-Peppas models, it was  

					demonstrated that formulation F3 had the highest flux value compared to F2  

					and F1 with each flux average value at zero order was of 0.0466 ±  

					0.003μg/cm2/min, at the first order was of 0.0053 ± 0.001 μg/cm2/min, at the  

					Higuchi model was of 1.0560±0.061 μg/cm2/min1/2, and at the Korsmeyer-  

					Peppas was of 0.5149 ± 0.008 μg/cm2/min. The drug release from the  

					diclofenac sodium patch followed zero-order kinetics, supported by the  

					highest correlation coefficient (R²) when compared to first-order, Higuchi,  

					and Korsmeyer-Peppas models (Table 5). This showed that the release of  

					diclofenac sodium from the patch preparation was not affected by the  

					concentration of diclofenac sodium.19  

					Figure 2: SEM observations F1, F2 and F3 at 2000x  

					magnification. Note : SEM image showing spherical white  

					particles of diclofenac sodium within patch matrices, using  

					varied polymer ratios of CMC, HPMC E15, and EC N22 (F1:  

					1:3:1.5; F2: 2:2:1.5; F3: 3:1:1.5).  

					In-Vitro Release Study  

					The drug release study was conducted over an 8-hour period for three  

					different formulations, using a paddle over disc dissolution apparatus  

					(Erweka®, Jerman). At designated time intervals, the cumulative  

					percentage of diclofenac sodium released from the patch matrix was  

					measured. The test employed phosphate buffer saline (pH 7.4) kept at  

					37 °C, with the paddle operating at a rotation speed of 50 rpm. At each  

					designated time interval, a 5 mL aliquot of the medium was collected  

					and promptly replenished with an equal volume of fresh buffer to  

					preserve constant experimental conditions.  

					The results of the concentration of diclofenac sodium release per unit  

					time of sampling were calculated using the Wurster and Taylor  

					equations, from which the cumulative percentage of diclofenac sodium  

					release from the patch matrix was determined. Then from the  

					comparison results, a linear regression equation can be made between  

					the time and the total accumulated percentage of diclofenac sodium  

					released over time (%). The release flux of the diclofenac sodium patch  

					is derived from the gradient of the regression equation.18 The release  

					flux of diclofenac sodium from the patch formulation was evaluated by  

					fitting the data to zero-order, first-order, Higuchi, and Korsmeyer-  

					Peppas kinetic models. The patch release flux values can be seen in  

					Table 4 and the diclofenac sodium release profile based on zero order  

					can be seen in Figure 3.  

					Figure 3: Zero order release profile of diclofenac sodium from  

					patch preparations. Data is the mean of 3 replications ± SD.  

					Table 5: Correlation coefficient (R2) diclofenac sodium  

					release kinetics model  

					Formula  

					Zero  

					Order  

					First  

					Order  

					Higuchi  

					Korsmeyer-  

					Peppas  

					F1  

					F2  

					F3  

					R²= 0.9061 R²= 0.8217 R²= 0.8423  

					R²= 0.9518 R²= 0.8711 R²= 0.8744  

					R²= 0.9686 R²= 0.8768 R²= 0.8837  

					R²= 0.8261  

					R²= 0.8711  

					R²= 0.8768  

					Based on the diclofenac sodium release characteristics from F1, F2, and F3  

					(Figure 3), CMC polymer had an effect concerning the release behavior of  

					diclofenac sodium from the patch preparation. The increase of CMC was  

					directly proportional to the cumulative percentage of diclofenac sodium  

					release following zero order by plotting the cumulative %released with time.  

					This argued that the drug velocity was constant over a period of time without  

					being affected by drug concentration. Based on the statistical analysis of two-  

					way ANOVA, the value of p = 0.001 (p < 0.05) indicated that there was a  

					significant difference in the flux value between formulations. Thus, increasing  

					the concentration of Carboxymethyl Chitosan (CMC) can increase the speed  

					of release of the diclofenac sodium patch. An increase in the flux value can  

					occur due to the high concentration of CMC which can increase the MC value.  

					The higher the MC value, the higher the amount of drug released from the  

					preparation. In addition, the swelling properties of the CMC and HPMC E15  

					polymers also had an influence on the release of the active ingredients. The  

					swelling ability of components in a patch is one of the requirements of  

					the patch preparation because the swelling of the patch will increase the  

					liberation of the active compound from the matrix.20 Although the MC of each  

					formula was not significantly different, CMC had greater water binding  

					ability, so that in F3, it was easier to release the active ingredient, while the  

					ability to release F2 was greater than that of F1 which had the smallest CMC  

					polymer composition.  

					Table 4: Diclofenac sodium patch release flux values  

					For  

					mul  

					a

					Zero  

					First  

					Higuchi  

					(μg/cm²/  

					min¹/²)  

					Korsme  

					yer–  

					Peppas  

					(μg/cm²  

					/min)  

					Order  

					(μg/cm²  

					/min)  

					Order  

					(μg/cm²  

					/min)  

					F1  

					F2  

					F3  

					0.0255  

					± 0.002  

					0.0351  

					± 0.009  

					0.0466  

					± 0.003  

					0.0041  

					± 0.003  

					0.0049  

					± 0.004  

					0.0053  

					± 0.001  

					0.6020 ±  

					0.015  

					0.7978 ±  

					0.020  

					1.0560 ±  

					0.061  

					0.4137  

					± 0.011  

					0.4785  

					± 0.018  

					0.5149  

					± 0.008  
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