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Abstract

:

The objective of this study was to develop effervescent cleansing tablets that can be dissolved and turned into liquid soap, which can be used for bathing or soaking the body. The asiatic-acid-loaded solid lipid microparticles (AASLMs) were prepared via the hot emulsification method followed by cold re-solidification and then freeze-dried to obtained dry powder. The physicochemical properties such as morphology and % entrapment efficiency (%EE) were evaluated. The results revealed that AASLMs have an irregular shape, and the %EE for the resulting AASLMs was 92.04 ± 3.43%. The tablets were manufactured via the direct compression technique. The compatibility test was conducted to ensure that the excipients are compatible with the active ingredient. The angle of repose, Carr’s index, and Hausner’s ratio were studied to evaluate the flowability of the powder blend before compression. The weight of each tablet was set to 1000 mg, and physicochemical characteristics, in vitro dissolution, ex vivo cleansing efficacy, and stability were evaluated. The results showed that the active ingredient was compatible with other excipients, as the results obtained from FTIR spectra indicated the absence of potential chemical interaction between the active ingredient and excipients used in this study. Additionally, all formulations had good flow properties. The effervescence times of selected formulations, F2 and F3, were <5 min, with favorable pH and hardness values. The friability values of all formulations exceeded 1% because the excipients used in effervescent tablets are very fragile. The release of asiatic acid (AA) from the tablets was dependent on the concentration of SLS. In an ex vivo test, it was discovered that the developed products F2 and F3 showed much more effective cleansing efficacy than water. Nevertheless, brown spots appeared in the tablets and the AA content was significantly decreased in both tested formulations after 3 months’ storage at 40 ± 2 °C/75% RH ± 5% RH. The stability study revealed that the developed products were not stable at high temperature and humidity. Therefore, it is recommended that the developed effervescent tablets are not stored at a high temperature.
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1. Introduction


Cleansing the body is not only essential for maintaining personal hygiene but also for the skin’s appearance and overall health. Regular bathing helps to remove sweat, dirt, and bacteria from the body, reducing the risk of infections and unpleasant body odors. It contributes to a fresh and clean feeling, boosting confidence and well-being [1]. Personal cleansing products have been used by humans for a long time [2] because cleansing the skin alone with water is not sufficient to solubilize the hydrophobic contaminants and impurities found on the skin’s surface [3,4]. Accordingly, cleansers containing various ingredients that can benefit consumers are being manufactured [5]. However, a common issue faced by individuals is the difficulty of carrying out cleansing rituals while travelling due to the bulky packaging of the products. Recognizing the limitations of these products in terms of portability, innovative alternatives have emerged to address this challenge. One such solution for potential consumer preference and market trends is cleansing tablets or bath tablets. Effervescent tablets are a promising formulation, as they can be dispersed or dissolved in water while retaining properties such as easy portability, high stability, and precise dosing. By carefully selecting the acid and base constituents, the pH value of the liquid following effervescence reaction can be controlled within the desired range [6]. The pH of cleanser is an important factor to be considered, as it may contribute to stratum corneum (SC) damage. For example, research findings have shown that when the pH of cleansers is highly alkaline (>8), it leads to observable swelling of the skin’s protein [7,8]. This swelling can adversely affect the skin barrier function by disrupting the natural moisturizing factor that retains water in the skin [9]. Additionally, the highly alkaline pH of cleansers can cause the ionization of fatty acids in the lipid bilayers, thus causing destabilization of the lipid bilayers [8]. Therefore, cleansing products with a pH of 4 to 7 are recommended to maintain the skin’s pH, which is slightly acidic, approximately between 4 and 6, and protect the stratum corneum [10,11]. Recently, cleanser products composed of plant-derived active ingredients have become more popular due to their biological activities [12].



Asiatic acid (AA) is a naturally occurring pentacyclic triterpenoid and has many biological activities, such as antimicrobial, antioxidant, anti-inflammatory, and wound healing [13,14], which benefit various dermatological conditions, such as acne [15] and atopic dermatitis [16], thus attracting it enormous interest for use in cosmetics [17]. AA has been shown to effectively modulate the intercellular concentrations of reactive oxygen species (ROS) by reducing free radicals and decreasing H2O2-related cell death [18]. There are various studies that have determined the anti-inflammatory effects of AA and confirmed its effectiveness against inflammation [13]. AA is a highly lipophilic molecule that is poorly soluble in water (0.0598 mg/L at 25 °C) and has a log p-value of 5.7. It undergoes rapid metabolism resulting in poor bioavailability [14]. The formulation techniques with colloidal systems significantly increase the stability of hydrophilic and lipophilic compounds [19]. Among them, solid lipid microparticles are one of the carrier types commonly used in topical formulations [20].



SLMs are lipid-based carrier systems with a micro size range; they constitute glyceride, fatty alcohol, fatty acid, solid wax, and surfactants. SLMs can deliver lipophilic drugs with high entrapment efficiency. The solid matrix of SLMs forms a protecting wall that is generally resistant to adverse environments. Thus, it can protect the incorporated drugs from degradation [21]. The excipients used in SLMs are generally recognized as safe (GRAS) and are biocompatible and biodegradable. Moreover, SLMs can be produced on a large industrial scale with adequate physical and chemical stability, and they are cost-effective [22,23]. SLM carriers could promote the solubility of AA by incorporating it into their lipid matrix and consequently enhancing the passage of the drug to the target sites.



The tablet form of cleansing products is one of the novel cleanser formulations. It has a compact size and contains active ingredients and other excipients. The effervescent tablet (ET) formulations are designed to dissolve in water, resulting in the rapid release of active ingredients and the release carbon dioxide bubbles due to the chemical reaction that occurs between effervescent components, i.e., acid and alkali components, when they come into contact with water [24]. The reaction occurs even with a small amount of water because water is the stimulator, which accelerates the reaction rate. Consequently, the process must be carried out in low-humidity areas [24,25,26]. Effervescent tablets are formulated by mixing the active ingredients, effervescent agents, lubricants, and diluents and then compressing them into tablets. Therefore, the selection of excipients and manufacturing techniques is crucial to consistently maintain the finished product’s efficacy, quality, safety, and stability. Super disintegrants do not need to be incorporated into effervescent tablet formulations because the release of carbon dioxide accelerates the tablet disintegration process [24]. Compatibility studies between the active compound and each excipient are essential in formulation development because there could be chemical or physical interactions between the active ingredient and other excipients. The physicochemical characterization of the tablets, including effervescence time, pH, hardness, moisture content, and drug content, must be considered and controlled [25]. The tablets can be manufactured using direct compression, wet granulation, and dry granulation techniques. The direct compression technique is widely used because it is the easiest method to manufacture tablets. Additionally, this method offers several advantages over other manufacturing processes, including less material handling, fewer equipment requirements, a reduced number of processing steps, a decreased risk of contamination, increased productivity, faster production times, and lower manufacturing costs. These advantages make it a preferable choice [6,27]. Moreover, this technique is well-suited for manufacturing effervescent tablets as it avoids exposure to heat and moisture, unlike other methods. In the context of tabletability, good flowability of a dry powder blend is an essential factor for the direct compression technique [28]. This study aimed to develop effervescent cleansing tablets using a direct compression technique and evaluate physicochemical parameters, in vitro dissolution, ex vivo cleansing efficacy, and stability of developed tablet formulations.




2. Materials and Methods


2.1. Materials


Asiatic acid (95%) was obtained from SEPPIC, France. Polysorbate 80 (Tween 80), dimethyl sulfoxide (DMSO), brain–heart infusion (BHI) broth and clindamycin were bought from Merck, Darmstadt, Germany. L-α lecithin soybean (soybean lecithin with purity > 94% phosphatidylcholine and <2% triglycerides) was obtained from Sigma-Aldrich, St. Louis, MI, USA. Dextrose anhydrous and poloxamer 188 were purchased from Loba Chemie Pvt. Ltd., India and BASF, Florham Park, NJ, USA, respectively. Cetyl alcohol, citric acid anhydrous and sodium bicarbonate were obtained from Ajax Finechem, Sydney, New South Wales, Australia. Sodium lauryl sulphate (SLS) was obtained from Srichand United Dispensary Co., Ltd., Bangkok, Thailand. Lactose monohydrate was obtained from DFE Pharma, Kelver Str, Goch, Germany. Acetonitrile (99.9%), trifluoroacetic acid (99%), methanol (99.9%), and absolute ethanol (99.9%) were purchased from RCI Labscan Co., Ltd., Bangkok, Thailand. All other chemicals used were of analytical grade.




2.2. Methods


2.2.1. Preparation of Asiatic-Acid-Loaded Solid Lipid Microparticles (AASLMs)


Asiatic-acid-loaded solid lipid microparticles (AASLMs) were prepared by using the hot emulsification method, followed by cold re-solidification. The lipid phase (15% w/w cetyl alcohol, 0.01% w/w AA in 1.5% w/w ethanol) was mixed with the aqueous phase (3% w/w poloxamer 188 and 5% w/w dextrose in distilled water) at 70 °C using a high-shear homogenizer (Ultra-Turrax T25 Janke-Kunkel, IKA Labortechnik, Staufen, Germany) at a rate of 8000 rpm for 5 min. Following that, the sample was placed in ice water and stirred continuously for 5 min. Then, the sample was stored in a freezer (−78 °C) for 24 h and lyophilized using a freeze-dryer (Labconco Lyophilizer, Kansas, MO, USA) to obtain water-free SLMs [29,30,31]. Subsequently, the resulting AASLM powders were passed through a 20-mesh sieve, transferred to a tightly closed amber container, and stored at room temperature for further use.



Morphological Analysis


The shape of AASLMs before freezing and after redispersion was inspected using an optical microscope (Olympus, U-HSEXP, SN 2C51931, Shinjuku Monolith, Tokyo, Japan) [22].




Determination of Drug Entrapment Efficiency (%EE)


Entrapment efficiency (EE%) is the amount of drug entrapped in the formulation, which is determined by separating the unentrapped drug from the solid lipid microparticles using the ultracentrifugation method. AASLMs powder (1 g) was redispersed in distilled water (4 g), vortexed for 5 min, and sonicated for 5 min. Then, 8 mL of the prepared sample was centrifuged at 65,000 rpm, 4 °C (Hitachi, CP 100NX Ultracentrifugation, Tokyo, Japan) for 1.5 h. Afterward, 1 mL of the supernatant was collected and filtered using a 0.22 µm syringe filter to remove impurities and assayed using the HPLC method. The sediment (0.35 g) was diluted with methanol, and the volume was adjusted to 5 mL. Then, 1 mL of the sample was filtered using a 0.22 µm size syringe filer and assayed using high-performance liquid chromatography (HPLC). The drug entrapment efficiency in the microparticles was calculated using the following equation [32]:


  %   E n t r a p m e n t   e f f i c i e n c y   E E   =   W   a c t u a l   d r u g   W   t h e o r y   d r u g   × 100 %  



(1)







W actual drug = the actual amount of AA entrapped in SLM, or the amount of AA analyzed from the sediment.



W theory drug = the total amount of AA from the theoretical formulation.





2.2.2. Selection of Effervescent Agents’ Ratio


The selection of effervescent components and their ratios was based on the neutralization of acids and alkalis (citric acid and sodium bicarbonate) within the permissible limits. To screen these effervescent components, molar ratios of citric acid and sodium bicarbonate, specifically 1:2, 1:2.5, and 1:3 (as indicated in Table 1), were combined with varying concentrations of sodium lauryl sulphate (SLS), AASLMs, and lactose. These ratios were chosen with the intention of controlling the pH of the resulting liquid and recognizing that other excipients in the formulation could potentially assist in neutralizing the reaction. The resulting powder blend was then compressed into tablets using a hydraulic tablet press machine (Carver, Model 4350. L, S/N 4350-1035, Cleveland, OH, USA) with a stainless-steel die (13.0 mm in diameter) and a stainless-steel round flat-faced punch at a fixed compression pressure of 2 Kp. Subsequently, the compressed tablets were then evaluated for their effervescence time, hardness, and pH value. The optimal acid-to-base ratio was selected for the next stages of formulation development.




2.2.3. Study of Powder Blend before Compression


Compatibility Study


A drug and excipient compatibility study was conducted using Fourier transform infrared spectroscopy (FTIR) (Thermo Scientific model Nicolet iS10, Madison, WI, USA) with the Attenuated Total Reflectance (ATR) technique. FTIR analysis was performed to assess the physicochemical interaction of the drug (AASLM) with the excipients. A homogeneous powder mixture, consisting of an equal amount of AASLMs and each excipient used in the formation (1:1 ratio), was prepared and placed in the diamond plate crystal holder. The spectrum was scanned within a spectral range of 4000–650 cm−1, with a scan speed of 64 and a resolution of 4 cm−1. The evaluation was performed at room temperature [33].




Angle of Repose


The angle of repose (α) of the powder blends was determined using the funneling method. During the assay, the funnel outlet was initially block using paper, and the funnel was filled with the powder blend. The outlet was then unblocked, and the powder was allowed to fall freely. Subsequently, the height and radius of the pile of the powder formed were measured. The angle of repose was calculated as follows:


  T a n   α =   H e i g h t   o f   t h e   p o w d e r   m a s s   ( H )   R a d i u s   o f   t h e   p o w d e r   m a s s   ( R )    



(2)








Bulk Density


A certain weight of powder (11 g) was poured into a 25 mL measuring cylinder. The actual level of powder was maintained without compacting, and the untapped apparent volume was measured. The bulk density was calculated according to the formula given below:


  B u l k   d e n s i t y =   W e i g h t   o f   t h e   p o w d e r   m a s s     U n t a p p e d   v o l u m e   o f   t h e   p o w d e r    



(3)








Tapped Density


The tapped density was measured by first gently introducing a known powder sample mass into a graduated measuring cylinder. The cylinder was then mechanically tapped using a tapped density tester that provides a suitable fixed drop distance and nominal drop rate. Then, the tapped volume near the graduated units was noted [34]. The tapped density of the powders was calculated using the following formula:


  T a p p e d   d e n s i t y =   W e i g h t   o f   t h e   p o w d e r   m a s s   T a p p e d   v o l u m e   o f   t h e   p o w d e r    



(4)








Carr’s Index


Carr’s index value of the powder was determined by utilizing the values of tapped density and bulk density, as per the following formula:


  C a r r ’ s   I n d e x   r a t i o =   T a p p e d   d e n s i t y − B u l k   d e n s i t y   T a p p e d   d e n s i t y   × 100  



(5)








Hausners’ Ratio


Hausner’s ratio was determined from the values of the tapped density and bulk density using the formula given below:


  H a u s n e r ’ s   R a t i o =   T a p p e d   d e n s i t y   B u l k   d e n s i t y    



(6)







The relationship of the angle of repose, Carr’s index, and Hausner’s ratio with powder flowability is outlined in Table 2 [31,35].





2.2.4. Production of Effervescent Cleansing Tablets Using Direct Compression Technique


The composition of the effervescent cleansing tablet containing AASLMs (F1–F5) is presented in Table 3. In brief, the AASLMs and other excipients were accurately weighed, mixed using bag mixing, and sieve through a 20-mesh sieve. The AASLM powder was manually blended with lactose for 5 min. Then, citric acid and sodium bicarbonate were added to the mixture and mixed for 5 min before blending with SLS for 2 min prior to compression. The powder blend was passed through a 20-mesh sieve to disperse any agglomerates. The powder blend was compressed into tablets by using a single-punch tableting machine (Bangkok, Thailand) with a stainless-steel die (13.0 mm in diameter) and a stainless-steel round flat-faced punch, applying a fixed compression force of 4–5 Kp. In the single-punch tableting process, the fill depth was adjusted to achieve a weight of 1000 mg manually, and the tablet’s hardness was controlled by adjusting the height of the upper punch. Subsequently, the powder was poured into the feeder bucket and compressed automatically. The resulting tablets were packed in aluminum zip-lock bag with silica gel and kept at room temperature before further evaluation [36].




2.2.5. Characterization of Effervescent Tablets


Physical Appearance


The product’s appearance was visually observed.




Measurement of Diameter and Thickness of Tablets


Ten tablets were randomly selected from each formulation, and their diameters and thicknesses were measured individually using a digital caliper (China). The results were expressed as the mean (SD).




Measurement of Tablet Hardness


Tablet hardness indicates the tablet’s ability to withstand mechanical shocks encountered during handling. Ten tablets from each formulation were individually assessed for hardness using a hardness tester (Dr. Schleuniger, Model 2E, Kansas, MO, USA). The force required to break each tablet was measured and expressed in Kp. The average of ten measurements was calculated for each formulation.




Measurement of Weight Variation of Tablets


Twenty tablets from each formulation were selected randomly and weighed individually using an analytical balance (Mettler-Toledo, Model ME303, Greifensee, Switzerland). Then, the mean (SD) was calculated.




Measurement of Tablet Friability


The friability of tablets was measured using a friability tester (Erweka, Model TAR 10, Langen, Germany). Briefly, 10 tablets were dedusted, accurately weighed, and placed into the drum of the friability tester, operating at 25 rpm for 4 min. Subsequently, the rotated tablets were dedusted and reweighed [25,26]. The percentage of tablet friability was calculated using the following equation:


  F r i a b i l i t y   ( % ) =   I n i t i a l   w e i g h t   o f   t a b l e t s   −   f i n a l   w e i g h t   o f   t a b l e t s   I n i t i a l   w e i g h t   o f   t a b l e t s   × 100  



(7)








Measurement of Moisture Contents of Tablets


The moisture content of the tablets was measured by using a halogen moisture analyzer (Mettler-Toledo Ltd., Model HR83, Leicester, UK). Ten tablets from each formulation were ground into powder, and 3 g of the powder was placed in an aluminum sample pan and dried at a temperature of 105 °C until a constant weight was achieved. The measurements were performed in triplicate. The results were expressed as the mean (SD). A moisture content of ≤0.5% was considered acceptable [37].




Determination of Effervescence Time of Tablets


A single tablet was placed into a beaker containing 10 mL of purified water at room temperature, and the effervescence time was measured using a stopwatch. The effervescence time was recorded once all solid tablet materials had completely disappeared. Six tablets from each formulation were measured for effervescence time, and the average of six measurements was calculated for each formulation [38]. An effervescence time of less than 5 min was considered acceptable.




Measurement of pH of Tablets


A single tablet was dissolved in 10 mL of water at room temperature, and the pH of the resulting solution was measured using a pH meter (Mettler Toledo, Model FP20, Greifensee, Switzerland). The pH value was determined as an average of three measurements.




Determination of % Label Amount of Asiatic Acid (AA)


Ten tablets were randomly selected, weighed, and ground into fine powder using a mortar and pestle. The fine powder was then transferred to a centrifuge tube and dissolved in methanol, with the volume made up to 10 mL [39]. The resulting suspension was sonicated for 5 min and then centrifuged at 10,000 rpm for 30 min. The clear solution obtained was filtered through a 0.22 µm membrane syringe filter. The concentration of AA was determined using high-performance liquid chromatography (HPLC, Agilent 1290 Infinity II, DAD, Waldbronn, Germany) with a column (Osaka soda C18, 5 µm, 150 × 4.6 mm). The mobile phase consisted of 0.05% trifluoroacetic acid (TFA) in ultrapure water and 0.05% TFA in acetonitrile in a 55:45% v/v ratio, respectively. The isocratic mobile phase was filtered with a 0.22 µm nylon filter paper and degassed for 30 min before use. The flow rate was kept constant at 1.2 mL/min, and the sample injection volume was 20 µL. The column temperature was maintained at ambient, and the sample aliquots were detected at a wavelength of 210 nm using a diode array detector (DAD). The total run time was set at 16 min. The %label amount of AA in the tablets was estimated from the regression equation of the AA calibration curve [40,41].





2.2.6. Measurement of In Vitro Dissolution Test


In vitro dissolution of tablets was performed by using USP dissolution test apparatus type I, employing the basket method (Varian Vk 7000, Agilent technologies, Woburn, MA, USA). The dissolution medium consisted of 100 mL of phosphate buffer saline (PBS) at pH 7.4, with the addition of absolute ethanol (95:5 v/v) to maintain a sink condition for AA release. The inclusion of absolute ethanol in the buffer was intentional, as it helps in facilitating the release of AA due to its limited solubility in PBS [42]. The stirring speed was set at 100 rpm, and the temperature was maintained at 37 ± 0.5 °C. At predetermined time intervals (5, 10, 15, 30 and 60 min), aliquots were collected. Subsequently, the samples were stored in a refrigerator and then lyophilized using a freeze-dryer (Labconco Lyophilizer, Kansas, MO, USA) to obtain water-free powder. The collected water-free powder was then dissolved in methanol to produce a concentrated solution. This solution was centrifuged at 10,000 rpm for 30 min. One milliliter of the supernatant was collected and filtered through a 0.22 µm syringe filter and then analyzed using HPLC, following the previously described method. The cumulative percentage release of AA over time was used to construct the drug release profile [43,44]. The experiment was conducted in triplicate, and the average dissolution rate was calculated. The choice of a dissolution medium at pH 7.4 was made to closely simulate the pH of the skin, providing a more accurate assessment of the dissolution behavior and release profile of the active ingredient (AA) from the tablet. By replicating the condition encountered when the tablet dissolves in water, this test aims to evaluate how active ingredients are released.




2.2.7. Ex Vivo Cleansing Efficacy Study


Preparation of Ex Vivo Porcine Skin


In this study, porcine skin was used as a model to assess the cleansing efficacy of the tablets. The skin was obtained from a newborn piglet that did not survive and was stillborn at a local pig farm. The excess hair on the porcine skin was trimmed off and then carefully cut into pieces (15 × 5 cm2) using surgical blades, forceps, and scissors. Subsequently, the prepared skin samples were stored frozen at −20 °C and wrapped in aluminum foil for further use [45].




Preparation of Model Dirt


The model dirt used for the cleansing efficacy study was adapted from the Schrader study [46]. The ingredients included 5 g of mineral oil and 1 g of activated charcoal, which were mixed homogeneously. The activated charcoal was used as a substitute for color.




Preparation of Porcine Skin and Application of Model Dirt


The porcine skin was gently wiped with tissue to remove any excess water. After that, clear plastic squares (1.2 × 1.2 cm2) were cut for three designated sites and pressed onto the porcine skin. A total of 0.05 g of the model dirt was applied to these three designated areas of the porcine skin and evenly spread using a gloved index finger. This process was repeated five times with moderate pressure in a clockwise direction to ensure uniform distribution of the dirt within the tested area. The dirt was allowed to dry for 5 min. For this study, three groups, namely F2, F3, and water, were utilized. For the F2 and F3 formulations, one tablet was dissolved in 10 mL of water and left to dissolve for a minimum of 5 min. Then, 2 mL of each prepared sample (F2, F3, and water) was drawn using a syringe and gradually poured over the skin membrane. The samples were evenly spread using a gloved index finger with moderate pressure and in a clockwise direction, repeating the process 30 times. Subsequently, the skin was rinsed with 15 mL of purified water and wiped with tissue.



The color of the skin was assessed at various timepoints: before the application of the model dirt (baseline), and before and after cleansing with the model dirt in the three groups. The assessment was performed using the Visioscan® VC 20plus and colorimeter CL 400, as detailed in references [47,48]. To evaluate the efficacy of dirt removal, the color of the porcine skin after cleansing was compared to its color before and after the application of the model dirt at the same sites. This experiment was carried out in triplicate, and the data were expressed as the mean (SD).





2.2.8. Stability Study


Stability studies were conducted on the selected tablet formulations. The tablets were packed in plastic tubes with desiccant lids and stored at different temperatures for evaluation at a regular interval over a period of three months. These stability tests were conducted in accordance with the ICH guidelines for climatic zone IV. The tubes containing the samples were stored under three different conditions: 40 ± 2 °C (75% RH ± 5% RH), 25 ± 2 °C, and 4 ± 2 °C for 3 months [49]. At specific time points (0, 1, 2, and 3 months), various physicochemical parameters, including physical appearance, hardness, friability, effervescence time, pH, moisture content, and drug content, were analyzed to assess the stability of the tablets [22].




2.2.9. Statistical Analysis


The results were expressed as the mean (SD). Statistical analysis was performed using IBM SPSS Statistics (version 29). A p-value of less than 0.05 was selected as the level of statistical significance The p-value was calculated through one-way analysis of variance (ANOVA). The Tukey HSD post hoc criteria were employed to analyze possible statistically significant differences among the formulations [36].






3. Results and Discussion


3.1. Characterization of Solid Lipid Microparticles


3.1.1. Morphological Analysis


The morphology of AASLMs’ dispersion before freeze-drying, and the redispersion of the dried powder, is shown in Figure 1. The results reveal that the AASLM dispersion exhibited an irregular shape with a size of 20 µm both before freeze-drying and after redispersion of the dried powder.




3.1.2. Determination of Drug Entrapment Efficiency (%EE)


Entrapment efficiency is a crucial characteristics of SLM that can be assessed through encapsulation efficiency (EE%), which quantifies the total amount of drugs successfully encapsulated within the microparticles [50]. In our study, the %EE of resulting AASLM powder was found to be 92.04 ± 3.43%. This result indicates that a significant amount of drug was successfully incorporated into the SLMs during the preparation. Moreover, it was found that AA content (% label amount) remained at 95.38 ± 0.02%. This result suggests that AA did not undergo significant degradation when exposed to the temperature used during the SLM preparation process (70 °C). Therefore, it can be concluded that the heating process employed did not adversely affect the stability of AA, ensuring the efficacy of the final product, AASLMs.





3.2. Selection of Acid and Base Ratio


The quantity of acid and base ratio was calculated on a molar basis (1:2, 1:2.5, and 1:3). The tablets were allowed to react in tap water and the effervescence time was noted, while the pH of the solution was analyzed. The pH of all the resultant solutions was in the acidic range, between 5.03 ± 0.02 and 6.10 ± 0.09, and their effervescence times ranged from 2.10 ± 0.03 min to 6.52 ± 0.06 min, as shown in Table 4. Formulations with a 1:3 ratio of effervescent agents (B3, B6, B9, B12, B15, and B18) demonstrated the fastest effervescence time (2.10 ± 0.03 min, 3.45 ± 0.05 min, 3.18 ± 0.18 min, 3.01 ± 0.42 min, 3.12 ± 0.09 min, and 5.32 ± 0.12 min, respectively) and achieved the desired pH range (ranging from 5.71 ± 0.02 to 6.10 ± 0.09) for the intended formulation, as shown in Table 4.



Consequently, following careful evaluation and comparison, the citric acid-to-sodium bicarbonate ratio of 1:3 was selected for further study. This choice aligns with various investigations conducted to determine the optimal ratio for achieving effective effervescence time and overall tablet performance. Several studies have explored different effervescent ratios, and the findings consistently point to the superiority of the 1:3 ratio. This specific ratio ensures the complete neutralization of acid and base molecules [6,25,26,34,51,52,53].




3.3. Precompression Study Results


3.3.1. Compatibility of Drug and Excipient according to FTIR


The FTIR spectra of AASLM revealed characteristic peaks at 719, 1050, 1061, 1109 cm−1 (C-O stretching), 1462, 1471 cm−1 (-CH2 stretching), 2847, 2915 cm−1 (C-H stretching), and 3317 cm−1 (-OH stretching) [54,55,56]. The intensity of AASLM peaks increased in the mixture (1:1) with sodium bicarbonate and sodium lauryl sulphate, indicating intermolecular interactions in the mixture [57] (Figure 2). There were no changes in the intensity of AASLM peaks observed in the mixture with citric acid and lactose.



When considering the FTIR spectra of the physical mixture F5, it is noteworthy that the intensity of AASLM peaks increased, with the exception of the peak at 2847 and 2915 cm−1. The observed changes in the spectra of the physical mixture could be attributed to various interactions between AASLM and the excipients used, such as van der Waals forces, dipole interactions, and hydrogen bonds [58]. However, no additional peaks were observed in the physical mixture, indicating the absence of potential chemical incompatibility between AASLM and the excipients used.




3.3.2. Angle of Repose


The angle of repose (°) for all formulations ranged from 16.07 ± 0.45° to 18.04 ± 0.80° (Table 5), indicating excellent flow characteristics of the powders, which are essential for direct compression.




3.3.3. Carr’s Index


Carr’s index is calculated based on the compressibility of the powder, and it depends on its bulk and tap densities. In this study, Carr’s index values of all powder blends ranged from 8.15 ± 2.57% to 11.26 ± 2.19% (Table 5), indicating good flow properties of the powders.




3.3.4. Hausner’s Ratio


Hausner’s Ratio values for all formulations ranged from 1.08 ± 0.03 to 1.11 ± 0.02, as presented in Table 5, indicating good flow properties for all powder blends [34].




3.3.5. Moisture Content before Compression


The moisture content of the powder blend before compression into tablets was between 0.18 ± 0.08% and 0.38 ± 0.03% in all formulations, as shown in Table 5. The moisture content of 0.5% or less was considered acceptable [25,26]. The moisture content of the powder blend before tablet compression is important for successful tablet manufacturing. This is because the moisture content can significantly affect the flowability of the powder blend. To ensure the production of tablets with consistent weight and properties, it is essential for the powder to flow freely and uniformly into the tablet dies.



Therefore, powder blends should be handled with care in humidity-controlled areas. Moisture content may also change during the tablet manufacturing process [59].





3.4. Physicochemical Properties of Effervescent Cleansing Tablets


3.4.1. Physical Appearance of Tablets


The appearances of effervescent cleansing tablets (F1, F2, F3, F4, and F5) showed similar features with flat top and bottom surfaces and white color, which was the expected color, as shown in Figure 3.




3.4.2. Diameter and Thickness


The diameter and thickness of the prepared effervescent tablets ranged from 12.56 ± 0.02 to 12.61 ± 0.02 mm and 6.17 ± 0.05 to 6.31 ± 0.02 mm, respectively (Figure 4A). Based on the results, all the tablets produced were uniform in size. Controlling the diameter and thickness of tablets is important for quality control in tablet packaging. Ensuring uniform tablet size is also crucial for enhancing customer compliance and preventing confusion due to different tablet sizes.




3.4.3. Hardness of Tablets


Tablet hardness typically varies based on the force applied during tablet compression, as well as the chemical nature and quantity of excipients used [49,50,51]. Our study revealed that the hardness values of tablets F1, F2, F3, F4, and F5 were 4.37 ± 0.46, 4.45 ± 061, 4.62 ± 0.68, 4.04 ± 0.34, and 4.66 ± 0.48 Kp, respectively, as shown in Figure 4B. The hardness values of all formulations were not significantly different (p > 0.05) because the hardness in all formulations was controlled by the compression force applied during the tableting process, ranging from 4 to 5 Kp. Therefore, the variation in hardness values could also be attributed to the quantity of SLS incorporated.




3.4.4. Moisture Content of AASLM Tablets


The moisture content of the produced tablets was between 0.18 ± 0.02% and 0.44 ± 0.03%, as shown in Figure 4C. The moisture content of 0.5% or less was considered acceptable [25]. Effervescent agents, such as citric acid and sodium bicarbonate, are hygroscopic substances that can attract moisture and initiate the effervescent reaction. Therefore, effervescent tablets should be stored in tightly closed containers to prevent the absorption of moisture from the environment and maintain the integrity of the tablets [53].




3.4.5. Weight Variation


Weight variation is a significant measurement used to ensure that each tablet contains a uniform quantity of the active ingredient. The weight variation of F1–F5 was between 1004.85 ± 2.52 mg and 1009.1 ± 3.18 mg, as shown in Figure 4D (calculated from the mean (SD) of 20 tablets). The uniform tablet weight can be attributed to the good flowability of the powder blends.




3.4.6. Effervescence Time


The reaction of citric acid with sodium bicarbonate results in the formation of carbon dioxide, which helps break up the tablets, promoting tablet disintegration and accelerating the dissolving process [53]. In this study, the effervescence time of all formulations ranged from 3.44 ± 0.41 to 9.08 ± 0.37 min, as shown in Figure 4E. Among them, F2, F3, and F4, with 2%, 3%, and 4% SLS, respectively, had the fastest effervescence times of 3.44 ± 0.4 min, 4.04 ± 0.30 min, and 4.18 ± 0.33 min, while F1 and F5, with 1% and 5% SLS, respectively, showed the slowest effervescence times of 6.25 ± 0.13 min and 9.08 ± 0.37 min, respectively (Figure 4E). Consequently, F1 and F5 were excluded from potential tablet formulations as they did not meet the criteria (<5 min) [36]. The observed outcomes can potentially be attributed to the wetting property of SLS [60]. It was also observed in this study that 2% to 4% SLS is appropriate for enhancing the wettability of tablets. This result suggests that the application of the proper amount of SLS is required to achieve the lubricating and wetting effect in solid dosage forms. The slowest effervescence time at 5% SLS in F5 might have been due to the formation of a poorly soluble complex between anionic surfactant and non-ionic surfactant (i.e., cetyl alcohol or paloxamer 188 in AASLMs) in the formulation, while the 1% SLS concentration might have been due to inadequate wetting properties to improve tablet disintegration. In another study, it was also reported that a higher concentration of SLS slowed the disintegration time of tablets [61]. It was noted that an adequate SLS concentration is needed to achieve its wetting property. Interestingly, the effervescence time of the tablets was increased when SLS levels increased from 2% to 4% w/w. Therefore, the incorporation of a specific concentration of SLS in the formulation was required to promote the wettability of the tablets, which would extend the tablet disintegration time [62].




3.4.7. pH Measurement


The pH values of the produced effervescent tablets ranged from 5.72 ± 0.14 to 6.17 ± 0.05 (Figure 4F). A slight increase in pH value was observed from F1 to F5 due to the incorporation of higher SLS concentrations (the pH range of SLS is from 7 to 9.5) in the formulations [62]. It has been reported that a pH value less than 6 is suitable for effervescent reactions [25]. In addition, skin pH is typically acidic, ranging from 4 to 6. Therefore, skin cleansers should have an acidic pH, as high pH values can cause skin irritation, disrupt the skin barrier, lead to dehydration, and alter the skin’s bacterial flora by reducing the acidic inhibition of stratum corneum chymotryptic enzymes [53,54,55]. Several studies have shown that using cleanser with an acidic pH can help lower skin surface pH and reduce bacterial counts compared to neutral and alkaline preparations [63,64]. Therefore, using cleansing products with a pH of 5–6 might be a better choice for maintaining the skin’s acid mantle. Moreover, it has been reported that asiatic acid is not stable under alkaline conditions, but it is stable at pH 5.8 and pH 7 [65]. Therefore, the pH values obtained from all formulations can be considered acceptable since the formulation is intended for a rinse-off product.




3.4.8. Friability


Friability is a test used to measure the toughness and physical strength of uncoated tablets by subjecting them to mechanical stress conditions. The friability of all effervescent tablet formulations ranged from 2.34 ± 0.10% to 3.53 ± 0.05% (Figure 4G). The friability of effervescent tablets was higher than that of conventional tablets (where friability should be less than 1%) because effervescent tablets are very fragile due to the nature of the excipients used (e.g., citric acid and sodium bicarbonate), which could facilitate rapid tablet disintegration upon contact with water [66]. Therefore, a friability of less than 1% was considered acceptable for effervescent tablets.




3.4.9. % Label Amount of AA according to HPLC


The AA content analysis was conducted via the HPLC method. It was found that the AA contents in all formulations were between 100.33 ± 2.71% and 101.86 ± 2.66% (Figure 4H), and these differences were not statistically significant (p > 0.05). These results fall within the acceptable range of 95–105% for the label amount, which is a common criterion for pharmaceutical quality control.





3.5. In Vitro Dissolution of AASLMs Tablets


The release profiles of asiatic acid from pure AA tablets and AA-loaded SLMs tablets containing either 2% or 3% SLS in tablet formulation were compared. The result showed that in vitro release profiles of both pure AA tablets and AASLM tablets depended on the concentration of SLS in the formulations, as displayed in Figure 5. The release profiles in our study exhibited compelling and dynamic behavior, particularly within the initial 15 min.



The release rate of both AA tablets and AASLM tablets containing 3% SLS was higher than that of 2% SLS at every time point. The drug release rates from AASLM tablets with 2% and 3% SLS was 28.25 ± 1.85% and 31.26 ± 1.58%, respectively, while the release from AA tablets exceeded 45% after the first 5 min. SLS is a well-known surfactant commonly used in pharmaceutical formulations to enhance drug dissolution [61]. Therefore, the drug release rate of tablets increased with an increase in SLS concentration in the formulation.



At 10 min, the release rates of AA were 32.01 ± 4.18% in 2% SLS AASLM tablets and 50.30 ± 1.29% in 2% SLS AA tablets. These rates were not significantly different compared to their release rates at 5 min (28.24 ± 8.78% and 48.09 ± 2.64%, respectively) (p > 0.05). In contrast, the release rates of AA were 45.06 ± 3.64% in 3% SLS AASLM tablets and 54.88 ± 0.06% in 3% SLS AA tablets, representing a significant increase compared to their release rates at 5 min (31.25 ± 7.76% and 48.49 ± 0.09%, respectively) (p < 0.05). The slowdown in the release rates of AA after 5 min might be attributed to the agglomeration of AA with other excipients in the tablet formulation, which reduces the wettability of AA in dissolution medium. Several authors have reported that agglomeration can impact physical properties and negatively affect dissolution profiles [67,68]. The subsequent increase in the release rate after 10 min could be attributed to the initial solubilization of AA, possibly facilitated by the surfactant properties of SLS. SLS is a surfactant capable of forming micelles in the solution. Therefore, the initial burst release may be associated with the formation of micelles, promoting the solubility of AA [69].



At 60 min, the drug release rates from AASLM tablets with 2% and 3% SLS were 58.10 ± 5.00% and 77.62 ± 8.65%, respectively, while the release from AA tablets with 2% and 3% SLS were 74.47 ± 5.22% and 101.20 ± 1.85%, respectively. These results reveal that the release of AA was sustained in AASLM tablets. Notably, AASLM tablets (F2 and F3) released more than 50% of AA within 30 min. This observation suggests that when the body is exposed to water containing dissolved AASLM tablets for 30 min, a substantial quantity of AA can potentially achieve the desired therapeutic outcomes.




3.6. Cleansing Efficacy Study


The effectiveness of the cleansing process was evaluated by comparing the change in skin color after applying a model dirt and after cleansing with three different tested groups: purified water, F2, and F3. The difference in color values (L values), measured with a colorimeter, was used to determine the removal of dirt, as shown in Figure 6.



As shown in Figure 6B, the average L values in groups F2 and F3 increased significantly after cleansing compared to their L values after applying the model dirt (p < 0.05). However, there were no statistically significant differences compared to the baseline measurements (p-values 0.364 and 0.885). Notably, there was no statistically significant difference between groups F2 and F3 (p value 0.827), as displayed in Figure 6B, indicating the successful removal of dirt in both groups. Conversely, after cleansing with water, the L values decreased significantly from the baseline measurement. Furthermore, the improvement in skin color was significantly more pronounced in groups F2 and F3 compared to water (p < 0.05) (Figure 6B). This suggests that both F2 and F3 were significantly more effective at removing dirt compared to purified water. Moreover, the image captured by Visioscan® VC 20plus (Figure 6A) supported the presence of residual black color on the skin after cleansing with purified water, indicating that water alone was ineffective at removing the dirt. In contrast, F2 and F3 visibly resulted in cleaner skin. These findings further confirm the effective cleansing efficacy of F2 and F3.




3.7. Stability Studies


Stability studies were conducted on the optimized formulations, F2 and F3, under three different storage conditions: 40 ± 2 °C (75% RH ± 5% RH), 25 ± 2 °C, and 4 ± 2 °C, over a period of 3 months. Various parameters, including physical appearance, hardness, ET, pH, moisture content, friability, and drug content, were investigated after each storage time period [49].



3.7.1. Physical Appearance


No physical changes were observed in the appearance of effervescent tablet formulations (F2 and F3) when stored at 4 ± 2 °C and 25 ± 2 °C for 3 months. This result suggests that these storage temperatures were suitable for maintaining the quality of the tablets in this study. However, when the tablets were stored at 40 ± 2 °C/75% RH ± 5% RH, brown spots began to appear on the tablets after 3 months, as shown in Figure 7. These observations align with the expectation that higher temperatures and humidity can accelerate tablet degradation, including discoloration [70]. In addition, higher temperatures accelerate chemical reactions, such as oxidation. When exposed to heat, oxygen can promote oxidative reactions, leading to the formation of brown pigments and tablet discoloration [71]. Furthermore, it has been reported that AA is sensitive to heat [65]. Therefore, the appearance of brown spots at elevated temperatures might be due to the potential degradation of AA.



To control the browning process, various approaches have been employed, including the use of ascorbic acid [72], PPO inhibitors [73], and chelating agents such as citric acid and EDTA [74], among others [75]. Despite the incorporation of citric acid into the formulations, it proved ineffective in preventing the browning effect. In order to enhance product stability and inhibit oxidation reactions, it is advisable to introduce antioxidant compounds into the formulation. These compounds can help regenerate oxidized molecules and prevent further degradation [76]. In addition, extending product shelf life can be achieved through the implementation of primary and secondary packaging. Using high-temperature and moisture-resistant plastic tubes (e.g., polypropylene (PP) tube) [77], in combination with impermeable containers like sachets or blister packs, that come into direct contact with the products, establishes a lasting barrier against the passage of solvents or gases. This, in turn, enhances product quality [52].




3.7.2. Hardness


After a 3-month storage period, the hardness of effervescent cleansing tablets F2 and F3 exhibited varying changes depending on the storage temperature conditions, as shown in Figure 8A–C.



When stored at 4 ± 2 °C, both formulations exhibited a slight increase in hardness, but this change was not statistically significant (p > 0.05) over the 3-month study period. Similarly, at 25 ± 2 °C, the hardness of both F2 and F3 remained statistically unchanged after 3 months of storage when compared to their initial values (p > 0.05). However, storing the tablets at temperatures above 25 °C may accelerate the decomposition of bicarbonate into carbonate and trigger hydrolysis processes [78], potentially contributing to the observed fluctuations in tablet hardness. Under the conditions of 40 ± 2 °C/75% RH ± 5% RH, the hardness of F2 decreased significantly (p < 0.05), whereas the hardness of F3 exhibited a decrease, although it was not statistically significant after 3-month study period. These results indicate that the storage temperature within the examined range has a limited impact on tablet hardness. However, it is evident that tablet hardness is clearly influenced by the storage temperature, as demonstrated by the observed varying trends.




3.7.3. Effervescence Time


After a 3-month storage period, the effervescence time of both F2 and F3 exhibited distinct patterns of change under different storage temperature conditions, as displayed in Figure 9.



At 4 ± 2 °C and 25 ± 2 °C, the effervescence time of F2 increased significantly from its initial value of 3.44 ± 0.41 min to 4.56 ± 0.23 min and 4.54 ± 0.24 min after 3 months, respectively (p < 0.05). In contrast, F3 showed an increase, but it was not statistically significant, changing from its initial value of 4.04 ± 0.30 min to 4.59 ± 0.28 min and 4.48 ± 0.29 min after 3 months (p > 0.05). The observed changes may be attributed to the decomposition of bicarbonate during storage, triggering hydrolysis processes, which, in turn, retard the effervescence time [79]. At 40 ± 2 °C/75% RH ± 5% RH, F2 showed a slight increase in effervescence time, while F3 exhibited a slight decrease. However, these changes were not statistically significant (p > 0.05) compared to their initial values. Interestingly, after 1 month of storage under this condition, the effervescence time of F2 increased slightly while F3 decreased. After 2 months, both F2 and F3 showed an increase in effervescence time. These contrasting results indicate that higher temperature and humidity adversely affected the tablet properties. This could be attributed to the hygroscopic nature of citric acid, which may lead to uncontrollable autocatalytic chain reactions with sodium bicarbonate, even when a small amount of moisture is present, ultimately leading to product instability [79].




3.7.4. pH


After a 3-month storage period under all study conditions, it was observed that the pH values of the solutions containing effervescent tablets from both F2 and F3 formulations exhibited an increase, as presented in Figure 10A–C. The pH values of both F2 and F3 did not show statistically significantly increases (p > 0.05) under any storage conditions, except for F2 at 4 °C, where the pH value significantly increased compared to its initial value (p < 0.05). This finding suggests that the effervescent tablets maintained their pH stability over the 3-month storage period, which is a desirable attribute for stability. It implies that the tablets have the potential to maintain their intended pH range throughout their shelf life, ensuring consistent performance and efficacy for the end-users. The slight increase in pH observed may be attributed to minor degradation or interaction of the tablet components over time. However, the extent of this increase remained within an acceptable range, considering the intended application (skin cleanser) of these tablets.




3.7.5. Friability


After a 3-month storage period under different storage conditions, changes in friability were observed for both F2 and F3 formulations, as presented in Figure 11A–C. At 4 ± 2 °C, the friability of both F2 and F3 increased from 2.74 ± 0.32% to 2.81 ± 0.16% and from 2.64 ± 0.15% to 3.39 ± 0.08%, respectively. However, these changes were statistically insignificant (p > 0.05). At 25 ± 2 °C, the friability of F2 decreased significantly after 3 months compared to its initial values (p < 0.05). The decrease in tablet friability may be attributed to an increase in moisture content. In contrast, the friability of F3 increased, but the change was not statistically significant after 3 months compared to its initial value. Under the conditions of 40 ± 2 °C/75% RH ± 5% RH, both F2 and F3 showed a significant decrease in friability compared to their initial values (p < 0.05). Specifically, the friability of F2 decreased from 2.74 ± 0.32% to 0.34 ± 0.03%, while F3 decreased from 2.64 ± 0.15% to 0.81 ± 0.05%. Although changes in friability were observed during storage in our study, they did not have a corresponding effect on tablet hardness (Figure 8A–C). The observed decrease in friability may be attributable to factors such as moisture absorption, which soften the tablet matrix, making it less prone to breakage during handling or transportation. As a result, the tablets become more resistant to friability.




3.7.6. Moisture Content


At 4 ± 2 °C, the moisture content of F2 remained relatively stable after 3 months of storage (p > 0.05). In contrast, F3 exhibited a notable increase in moisture content after only 1 month of storage, followed by a return to close to its initial level after 2 months. These variations in moisture content in F3 may be attributed to sample variability, as it is possible that there was inherent natural variability in the tablets’ moisture content from the beginning. At 25 ± 2 °C, both F2 and F3 showed a slight increase in moisture content after 1, 2, and 3 months of storage, but not statistically significantly different from their initial values (p > 0.05). However, when stored at 40 ± 2 °C/75% RH ± 5% RH, there was a significant increase in moisture content (p < 0.05), as shown in Figure 12A–C. A similar trend was seen in both F2 and F3 during our study periods. Effervescent tablets are particularly prone to absorbing and attracting moisture from their surrounding environment due to their porous nature and the hygroscopic properties of certain excipients. This can lead to a hydrolysis process [78], as we noted particularly at 40 ± 2 °C/75% RH ± 5% RH in our study. These results indicate that the tablets were not stable at higher temperature and humidity conditions because increased moisture content can cause a chemical reaction between acid and alkali in effervescent tablets, resulting in premature activation of effervescence reaction and degradation of the product. Additionally, elevated temperature and humidity create a more favorable environment for moisture absorption [80], resulting in increased levels of moisture within the tablet’s formulations. Consequently, the friability of tablets in this study decreased. Moreover, moisture uptake can be influenced by packaging materials. Therefore, it is important to consider appropriate packaging materials and storage conditions to maintain the stability of the tablets.




3.7.7. Drug Content


After a 3-month storage period, the AA contents of all tested formulations (free AA, F2, and F3) under various storage conditions are displayed in Figure 13A–C. The AA contents decreased significantly in all storage conditions (p < 0.05). Specifically, the AA contents in F2 and F3 were 85.58 ± 2.08% and 87.46 ± 4.86% at 4 ± 2 °C, 83.41 ± 2.43% and 84.01 ± 2.48% at 25 ± 2 °C, and 64.26 ± 8.76% and 67.14 ± 5.12% at 40 ± 2 °C/75% RH ± 5% RH, respectively. In contrast, the AA content of the free AA powder blend decreased significantly (p < 0.05) and continued to gradually decrease during the stability study period. These results confirm that the stability of AA increased after encapsulation in solid lipid microparticles when compared to free AA. The decrease in AA content might be attributed to the properties of AA in the formulation, as AA is known to be sensitive to heat, light, and temperature, which can contribute to its gradual degradation during storage [65]. Therefore, the use of appropriate packaging materials that provide improved protection against heat, light, and moisture may be necessary to ensure the stability of AA content.






4. Conclusions


In the present work, effervescent cleansing tablets containing AASLMs were successfully developed using the direct compression technique. The tablet cleansers were analyzed for their physicochemical characteristics and cleansing efficacy. The incorporation of effervescent components, i.e., citric acid and sodium bicarbonate, facilitated the immediate release of carbon dioxide bubbles upon contact with water, thereby promoting the disintegration of tablets in water. Our best acid-to-base ratio was 1:3. Among the tested formulations, F2 and F3 exhibited the fastest effervescence time and provided optimum pH values relevant to the skin. Dissolution tests demonstrated that F3, which contained a higher SLS concentration, exhibited a superior percentage release of AA compared to F2. In ex vivo tests, there was a clear difference in cleanliness between the developed formulations (F2 and F3) and purified water on porcine skin.



The effervescent cleansing tablets were found to be relatively stable and suitable for storage at 4 ± 2 °C and 25 ± 2 °C during the 3-month stability study. Nevertheless, elevated temperatures had a significant impact on the tablets, resulting in a notable decline in AA content. Moreover, significant changes were observed in other parameters such as hardness, effervescence time, friability, and moisture content. The use of packaging containing desiccant agents inside the cover can enhance the stability of the tablets, especially under different storage conditions. Additionally, implementing packaging solutions such as polypropylene (PP) tubes and impermeable containers like sachets or blister packs may reduce the risk of moisture, oxidation, or other potential risk factors, ultimately improving product quality.
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Figure 1. The morphology of (A) AASLM dispersion before freeze-drying and (B) AASLM redispersion of the dried powder under an optical microscope at 40× magnification. 






Figure 1. The morphology of (A) AASLM dispersion before freeze-drying and (B) AASLM redispersion of the dried powder under an optical microscope at 40× magnification.



[image: Cosmetics 10 00148 g001]







[image: Cosmetics 10 00148 g002] 





Figure 2. Fourier transform infrared spectra of powder blends. 
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Figure 3. Physical appearance of effervescent cleansing tablets. 
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Figure 4. (A) Diameter and thickness, (B) hardness, (C) moisture content, (D) weight, (E) effervescence time, (F) pH, (G) friability, and (H) drug content. All values are expressed as mean (SD). Diameter (n = 10), thickness (n = 10), hardness (n = 10), effervescence time (n = 6), pH (n = 3), friability (n = 10 tablets for triplicate), weight variation (n = 20), moisture content (n = 10), and % drug content (n = 10). 
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Figure 5. In vitro dissolution profiles of AASLM tablets compared with pure AA tablets containing 2% and 3% SLS (n = 3). 
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Figure 6. Cleansing efficacy of water, F2, and F3 on porcine skin with model dirt. (A) Photograph from Visioscan® VC 20plus, (B) L values from colorimeter CL 400, and the baseline representing the color of porcine skin before the application of the model dirt. 
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Figure 7. The physical appearance of effervescent cleansing tablets F2 and F3 stored at 4 ± 2 °C, 25 ± 2 °C, and 40 ± 2 °C (75% RH ± 5% RH) for a duration of 3 months. 
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Figure 8. Hardness of effervescent cleansing tablets F2 and F3 stored at (A) 4 ± 2 °C, (B) 25 ± 2 °C, and (C) 40 ± 2 °C (75% RH ± 5% RH) for a duration of 3 months. 
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Figure 9. Effervescence time of effervescent cleansing tablets F2 and F3 stored at (A) 4 ± 2 °C, (B) 25 ± 2 °C, and (C) 40 ± 2 °C (75% RH ± 5% RH) for a duration of 3 months. 
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Figure 10. pH values of effervescent cleansing tablets F2 and F3 stored at (A) 4 ± 2 °C, (B) 25 ± 2 °C, and (C) 40 ± 2 °C (75% RH ± 5% RH) for a duration of 3 months. 
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Figure 11. Friability of effervescent cleansing tablets F2 and F3 stored at (A) 4 ± 2 °C, (B) 25 ± 2 °C, and (C) 40 ± 2 °C (75% RH ± 5% RH) for a duration of 3 months. 
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Figure 12. Moisture content of effervescent cleansing tablets F2 and F3 stored at (A) 4 ± 2 °C, (B) 25 ± 2 °C, and (C) 40 ± 2 °C (75% RH ± 5% RH) for a duration of 3 months. 
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Figure 13. AA content of effervescent cleansing tablets F2, F3, and control powder blend (free AA) stored at (A) 4 ± 2 °C, (B) 25 ± 2 °C, and (C) 40 ± 2 °C (75% RH ± 5% RH) for a duration of 3 months. 






Figure 13. AA content of effervescent cleansing tablets F2, F3, and control powder blend (free AA) stored at (A) 4 ± 2 °C, (B) 25 ± 2 °C, and (C) 40 ± 2 °C (75% RH ± 5% RH) for a duration of 3 months.



[image: Cosmetics 10 00148 g013]







 





Table 1. Composition (in mg) of effervescent tablet formulations for selecting the optimal acid-to-base ratio and potential formulations for further development.
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	Code
	Citric Acid
	Sodium Bicarbonate
	AASLMs
	SLS
	Lactose





	B1
	100
	87.45
	50
	5
	757.55



	B2
	100
	109.31
	50
	5
	735.69



	B3
	100
	131.18
	50
	5
	713.82



	B4
	100
	87.45
	50
	10
	752.55



	B5
	100
	109.31
	50
	10
	730.69



	B6
	100
	131.18
	50
	10
	708.82



	B7
	100
	87.45
	50
	20
	742.55



	B8
	100
	109.31
	50
	20
	720.69



	B9
	100
	131.18
	50
	20
	698.82



	B10
	100
	87.45
	50
	30
	732.55



	B11
	100
	109.31
	50
	30
	710.69



	B12
	100
	131.18
	50
	30
	688.82



	B13
	100
	87.45
	50
	40
	722.55



	B14
	100
	109.31
	50
	40
	700.69



	B15
	100
	131.18
	50
	40
	678.82



	B16
	100
	87.45
	50
	50
	712.55



	B17
	100
	109.31
	50
	50
	690.69



	B18
	100
	131.18
	50
	50
	668.82







Note: One tablet was calculated as 1000 mg.













 





Table 2. Powder flowability based on the angle of repose, Carr’s index, and Hausner’s ratio.
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	Angle of Repose (Degree)
	Carr’s Index (%)
	Hausner’s Ratio
	Type of Flow





	25–30
	≤10
	1.00–1.11
	Excellent



	31–35
	11–15
	1.12–1.18
	Good



	36–40
	16–20
	1.19–1.25
	Fair



	41–45
	21–25
	1.26–1.34
	Passable



	46–55
	26–31
	1.35–1.45
	Poor



	56–65
	32–37
	1.46–1.59
	Very poor



	>66
	>38
	>1.60
	Extremely poor










 





Table 3. Compositions (% w/w) of effervescent cleansing tablet formulations.
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	Code
	Citric Acid
	Sodium Bicarbonate
	AASLMs
	SLS
	Lactose





	F1
	10
	13.12
	5
	1
	70.88



	F2
	10
	13.12
	5
	2
	69.88



	F3
	10
	13.12
	5
	3
	98.88



	F4
	10
	13.12
	5
	4
	67.88



	F5
	10
	13.12
	5
	5
	66.88







Note: One tablet was calculated as 1000 mg.













 





Table 4. Effervescence time, pH, and hardness of effervescent tablets containing selected acid and base ratios and other ingredients.
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	Code
	Effervescence Time
	pH
	Hardness





	B1
	3.03 ± 0.37
	5.03 ± 0.02
	3.50 ± 0.28



	B2
	2.20 ± 0.08
	5.43 ± 0.01
	3.33 ± 0.47



	B3
	2.10 ± 0.03
	5.71 ± 0.02
	3.10 ± 0.67



	B4
	5.51 ± 0.09
	5.10 ± 0.20
	3.64 ± 0.52



	B5
	5.33 ± 0.06
	5.66 ± 0.10
	3.80 ± 0.80



	B6
	3.45 ± 0.05
	5.85 ± 0.04
	3.04 ± 0.30



	B7
	4.09 ± 0.29
	5.23 ± 0.02
	3.33 ± 0.25



	B8
	3.52 ± 0.43
	5.51 ± 0.02
	3.65 ± 0.53



	B9
	3.18 ± 0.18
	5.86 ± 0.19
	3.43 ± 0.31



	B10
	4.38 ± 0.15
	5.08 ± 0.04
	4.35 ± 0.45



	B11
	4.37 ± 0.03
	5.92 ± 0.03
	4.45 ± 0.21



	B12
	3.01 ± 0.42
	6.03 ± 0.02
	4.45 ± 0.70



	B13
	4.23 ± 0.12
	5.11 ± 0.02
	3.73 ± 0.10



	B14
	4.08 ± 0.36
	5.59 ± 0.04
	3.80 ± 0.08



	B15
	3.12 ± 0.09
	6.08 ± 0.01
	3.85 ± 0.10



	B16
	6.52 ± 0.06
	5.10 ± 0.02
	4.10 ± 0.74



	B17
	5.38 ± 0.13
	5.66 ± 0.07
	4.35 ± 0.75



	B18
	5.32 ± 0.12
	6.10 ± 0.09
	4.40 ± 0.28







Note: Sample number for testing effervescence time (n = 3), pH (n = 3), and hardness (n = 10).













 





Table 5. Angle of repose (AOR, °), Carr’s index (CI, %C), Hausner’s ratio (HR), and moisture content before compression (MCBC, %) of powder blends F1–F4.






Table 5. Angle of repose (AOR, °), Carr’s index (CI, %C), Hausner’s ratio (HR), and moisture content before compression (MCBC, %) of powder blends F1–F4.





	Code
	AOR
	CI
	HR
	MCBC





	F1
	16.07 ± 0.45
	8.15 ± 2.57
	1.08 ± 0.03
	0.27 ± 0.09



	F2
	17.89 ± 0.24
	10.75 ± 1.86
	1.11 ± 0.02
	0.18 ± 0.08



	F3
	18.04 ± 0.80
	11.26 ± 2.19
	1.11 ± 0.02
	0.28 ± 0.10



	F4
	16.99 ± 1.04
	10.29 ± 3.56
	1.10 ± 0.04
	0.38 ± 0.03



	F5
	17.55 ± 1.29
	9.04 ± 2.24
	1.09 ± 0.02
	0.34 ± 0.09
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