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					ABSTRACT  

					ARTICLE INFO  

					Madecassoside is one of the triterpenoids saponin from the extract of Centella asiatica, which  

					possesses excellent antimicrobial and antioxidant properties. The topical madecassoside gel could  

					be an alternative for the management of local skin problems such as wounds, scars, eczema and  

					psoriasis. In this study, madecassoside gels (F1-F7) were prepared using two different types of  

					polymers with different concentrations: 0.5, 1 and 2% w/w Carbopol-940 and 2, 2.5, 3 and 8%  

					w/w hydroxypropyl methylcellulose (HPMC). The physiochemical properties (physical  

					appearance, pH, grittiness, spreadability and rheological study) of F1-F7 were evaluated. The  

					antimicrobial activity of the gels was determined using the streak plate method and the radical  

					scavenging activity (RSA) was determined by 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. F1  

					was the optimal formulation for Carbopol-940 gel as it exhibited the best spreadability (4.67 ±  

					0.28 cm) compared to F2 (3.47 ± 0.05 cm) and F3 (3.07 ± 0.05 cm). Meanwhile, F7 was the only  

					optimal formulation for the HPMC gel as it exhibited viscoelasticity behaviour. The antimicrobial  

					activity of F7 against Escherichia coli (E. Coli) and Staphylococcus aureus (S. Aureus) was  

					comparable to 1% madecassoside solution alone and was ~1.2-folds higher than F1 in both  

					bacteria (p < 0.05). The %RSA decreased in the manner of F7 > 1% madecassoside solution > F1.  

					Interestingly, the %RSA of F7 with 1% madecassoside (52.98 ± 0.15%) and F7 without 1%  

					madecassoside (53.28 ± 0.61%) were comparable. In conclusion, HPMC is an antioxidant and  
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					Introduction  

					A gel is a semisolid dosage form consisting of a three-dimensional  

					network of large organic molecules or tiny discrete particles,  

					interpenetrated by a liquid phase. The fundamental structure of a gel  

					consists of a gelling agent and a solvent, with the drug molecules  

					uniformly dispersed within the gel network.7 Gelling agents form the  

					backbone of the gel matrix by enhancing the thickness of the  

					formulation, thereby increasing its residence time at the site of  

					application. The gelling agent can be a natural, synthetic or semi-  

					synthetic polymer or a low molecular-weight small molecule. For  

					hydrogel, the solvent can be water, alcohol or propylene glycol  

					whereas the gelling agent can be a cellulose derivative.8 Hydrogel is  

					ideal for non-invasive delivery of a drug to the skin as it is easy to  

					apply and wash off, nongreasy, and is cosmetically elegant.9Carbopol  

					(Figure 2) is a synthetic, high molecular-weight polymer of acrylic  

					acid. Carbopol is hydrophilic in nature and is commonly used as a  

					gelling agent. At low concentrations of 0.5% - 2.0%, it can form  

					viscous, transparent, and bio-adhesive gels. It is compatible with a  

					wide variety active ingredients and is thermostable, nontoxic and has  

					low incidence of skin irritation.10 Hydroxypropyl methylcellulose  

					(HPMC) (Figure 3) is a semi-synthetic cellulose ether that is available  

					in various grades. It is a neutral and hydrophilic polymer that is non-  

					toxic in nature and possesses good bioadhesive properties.11 HPMC is  

					stable between pH 3-11 and can accommodate high drug loading  

					levels.12,13 Both Carbopol and HPMC are commonly used as gelling  

					agents in pharmaceutical or cosmetic applications. This study presents  

					Madecassoside (Figure 1) is a pentacyclic triterpenoid  

					glycoside derived from Centella asiatica (Apiaceae), a medicinal herb  

					commonly used to treat several dermatological conditions.1,2 In recent  

					years, extensive studies have been conducted in madecassoside to  

					explore its therapeutic benefits in skin disorders, such as acne,  

					wounds, burns, atopic dermatitis and vitiligo.3 Several in vitro and  

					animal studies have demonstrated that madecassoside promotes  

					wound-healing by promoting vasodilation, enhancing angiogenesis,  

					stimulating collagen synthesis, and reducing oxidative stress in  

					wounds.3,4 In addition, studies show that madecassoside is able to  

					suppress the activities of several pro-inflammatory mediators such as  

					nitric oxide (NO), cyclooxygenase-2 (COX-2), prostaglandin (PG),  

					interleukin (IL), and tumour necrosis factor-alpha (TNF-α), which  

					renders its anti-inflammatory and antioxidant activity4-6 This possibly  

					explains its anti-photoaging effects by protecting the skin from  

					environmental damage such as UV radiation, making madecassoside a  

					promising compound for use in topical formulations as an anti-aging  

					agent.6  
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					bioactivities of the gel formulations also remain largely unexplored.  

					Hence, the objective of this study is to develop a topical delivery  

					mucosal membrane during topical application.16 The experiments were  

					performed in triplicate.  

					system incorporating madecassoside within  

					a

					hydrogel base  

					Spreadability  

					formulated from different concentrations of HPMC and Carbopol. The  

					physicochemical and rheological properties; antioxidant and  

					antibacterial activities of the gel formulations were assessed through  

					standardised in vitro assays. This study bridges the gap between  

					formulation science, bioactivity assays and the establishment of  

					physicochemical parameters and biological efficacy, which offers  

					valuable insights in the design of optimum gel formulations in skin  

					care and wound healing.  

					Spreadability test was used to determine how easy the gel samples is  

					spread on the skin. The spreadability of each gel formulation was  

					measured after 48 hours of preparation. A 1 g sample of the gel was  

					placed on a 2 cm diameter circle marked on a glass slide. Two glass  

					slides at 20 x 20 cm were sandwiched and a 1 kg weight was place on  

					top of the glass slides for 1 min. The diameter of the circular spread of  

					the gel samples was measured.17 The test was carried out in triplicate  

					and spreadability was calculated using the formula below:  

					Spreadability = Diameter of circle, cm – 2 cm  

					Materials and Methods  

					Materials  

					Grittiness  

					A drop of gel sample was spread evenly on the microscope glass slides  

					Carbopol-940, 1,2-propylene glycol, methylparaben, triethanolamine,  

					madecassoside standard (HPLC grade, with 98% purity), nutrient agar  

					powder and nutrient broth were purchased from Chemical Solutions,  

					Malaysia. 90% madecassoside extract was purchased from Guilin Nuti  

					Ingredients Corp., China. DPPH was purchased from Sigma Aldrich,  

					USA; HPMC E4M was purchased from Dow Chemicals, USA. All  

					chemicals used were of analytical grade and were used without any  

					further purification.  

					with  

					a

					cover. The gel samples were observed under 400x  

					magnification to determine the presence or absence of grit or  

					particulate matters in the gel samples using a light microscope  

					(Olympus BX53M light microscope, Japan). The absence of  

					particulate matters is required for an ideal gel formulation for topical  

					applications.15  

					Field Emission Scanning Electron Microscopy (FESEM)  

					Freeze drying of samples F1 and F7 was carried out in a Labconco  

					Freezone 4.5L apparatus (USA), for 24 hours with the condenser set at  

					–40°C. The samples were then dissected using a sample cutter to a  

					size of 2 cm x 2 cm and mounted on an aluminium stub using a  

					double-sided carbon adhesive tape. The mounted samples were coated  

					with platinum coating. The coated samples were then placed into Zeiss  

					Supra 55VP, Field Emission Scanning Electron Microscopy (FESEM)  

					(Germany) operated at 10kV. The samples were observed under the  

					magnification power of 50x and 100x.The pore sizes of each sample  

					were then measured and recorded.  

					Methodology  

					Preparation of madecassoside gel  

					Carbopol-940 and HPMC were the gelling agents used for the  

					formulation of madecassoside gels. The concentration of  

					madecassoside extract was fixed at 1% w/w, while the concentrations  

					of Carbopol-940 and HPMC ranged from 0.5-1.5% w/w and 2.0-8.0%  

					w/w; respectively (Table 1).14  

					Gel base preparation  

					The HPMC gel base was prepared by slowly dispersing the required  

					amount of HPMC (2.0, 2.5, 3.0 and 8.0% w/w) in 5 g of propylene  

					glycol, which was used as a co-solvent to dissolve the polymer. This  

					was followed by the addition of 50 g of distilled water. The Carbopol-  

					940 gels (0.5, 1.0 and 1.5% w/w) were prepared by adding the  

					required amount of Carbopol-940 into 5 g of propylene glycol and 50  

					g of distilled water. Then, triethanolamine was slowly added into the  

					mixture to neutralise the Carbopol-940, which was acidic in nature.10  

					The mixture was constantly stirred by using a magnetic stirrer at 300  

					rpm for 30 min while heated on a hot plate at a temperature not  

					exceeding 70℃ until it was homogenised. The HPMC and Carbopol-  

					940 gels were left overnight at room temperature (25 ± 2℃) to achieve  

					complete swelling of the polymer.14  

					Rheology studies  

					Rheology measurements of the optimised gel formulations were  

					performed using the Modular Compact Rheometer MCR 92 (Anton  

					Paar, Austria) associated with the RheoCompassTM software. A  

					parallel-plate geometry with 25-mm diameter discs separated by a gap  

					at 1.0 mm was used for the measurements. Samples were placed  

					between the parallel plates and left to equilibrate for one minute prior  

					to testing. Apart from the temperature-dependent viscosity test, all  

					measurements were performed at a controlled temperature of 25 °C.18  

					Viscosity test  

					The rotational viscosity test template was selected from the  

					RheoCompassTM software. The sample was subjected to varying shear  

					rates ranging from 0.1 s-1 to 100 s-1 over 21 data points (30s for each  

					data point) at 25°C. The viscosity curve was obtained by plotting the  

					shear viscosities of the gel when it was subjected to different shear  

					rates.18  

					Preparation of active ingredient  

					To prepare the solution, 1 g of madecassoside extract and 0.1 g of  

					methylparaben (preservative) were dissolved in 5 g of propylene  

					glycol and the mixture was brought up to 50 g by additing distilled  

					water. The mixture was constantly stirred by using a magnetic stirrer  

					at 300 rpm for 30 min while heated on a hot plate at a temperature not  

					exceeding 70℃ until it was homogenised.14  

					Temperature-dependent viscosity test  

					The measurement of rotational viscosities of the samples as a function  

					of temperature was selected from the RheoCompassTM software. The  

					sample was heated from 25°C to 40°C, and the viscosity-temperature  

					data was recorded every 30s. The viscosity-temperature graph was  

					generated by the RheoCompassTM software. 18  

					Preparation of madecassoside gel  

					The solvent blend was transferred slowly to the previously formed gel  

					base and was continuously and gently stirred for another 30 min to  

					obtain a homogenous gel. The gel was left overnight at room  

					temperature (25 ± 2℃) to achieve complete swelling of the polymer.  

					All gel formulations were sealed with a parafilm cover to avoid  

					exposure to direct sunlight for further evaluation.14  

					Amplitude sweep test  

					The amplitude sweep is a back-forth oscillatory assay. Samples were  

					measured in an amplitude sweep from 0.01% to 150% strain at a  

					constant angular frequency of 10 rad/s-1 at 25°C. The storage modulus  

					(G′) and loss modulus (G″) of each sample were recorded by the  

					RheoCompassTM software.19  

					Organoleptic properties of gel formulations  

					The colour, texture on the skin, and transparency of all gel  

					formulations were inspected visually immediately after the gels were  

					prepared.15  

					Fourier Transform Infrared (FTIR) analysis  

					The IR spectra of the madecassoside standard, madecassoside extract,  

					Carbopol-940, HPMC, propylene glycol, triethanolamine and the gel  

					formulations (F1-F7) were determined using the Spectrum 100 FT-IR  

					Spectrometer (Perkin Elmer, USA). All samples were scanned in the  

					wavenumber range between 4,000-600 cm-1 at 8 cm-1 resolution for 32  

					scans per spectrum.  

					pH  

					The pH values of the gel formulations were measured using a pH  

					meter (Thermo Fisher Scientific EUTECH, USA) at room temperature  

					(25 ± 2℃). The test was carried out in triplicate and the mean pH  

					values were reported. A suitable pH for a topical gel must be within  

					the range of 4.1-6.5, as this pH range does not irritate the skin and  
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					Antimicrobial activity of madecassoside gels  

					One study also demonstrated that the therapeutic efficacy of a gel  

					formulation can be affected by its spreadability.22 However, there is no  

					official guideline that mentions the ideal spreadability range of a gel  

					formulation. The spreadability of the gels formulated by Carbopol-940  

					(F1-F3) or HPMC (F4-F7) was significantly affected by the  

					concentration of the polymer (p < 0.05). When the concentration of  

					Carbopol-940 increased from 0.5% w/w (F1) to 1.0 and 1.5% w/w (F2  

					and F3), the spreadability of F2 and F3 gels significantly decreased by  

					1.35- and 1.52-folds; respectively (p < 0.05). A similar observation  

					was made for F4-F7, where the concentration of HPMC increased  

					from 2% w/w (F4) to 2.5, 3.0 and 8% w/w (F5-F7), while the  

					spreadability of F5-F7 decreased by 1.13-, 1.27-, and 2.42-fold,  

					respectively (p < 0.05).  

					Antimicrobial screening was performed based on the agar streak plate  

					method with little modification.20 An aliquot of 50 μL of S. aureus  

					ATCC® 29213 and E. coli ATCC® 25922 (Microbiologics, USA)  

					were each pipetted from 24h bacterial suspensions and spread over the  

					agar plates, respectively. The filter paper discs with a diameter of 6  

					mm were immersed into F1 and F2 madecassoside gels (without  

					methylparaben) for 10 min to ensure the filter papers completely  

					absorbed the gels. The filter papers were dried and placed on the  

					labelled agar plates using sterilised forceps. The discs impregnated  

					with 30 µg doxycycline (Oxoid Ltd., UK),  

					a

					broad-spectrum  

					antibiotic, served as the positive control. The agar plates were  

					incubated at 37℃ for 24 hours and the diameters of zone of inhibition  

					were measured using a Venier calliper. The experiments were  

					performed in six replicates.  

					Grittiness  

					Figure 4 shows the light microscopy images of madecassoside using  

					Carbopol-940 and HPMC. All the gel formulation F1 to F7 showed  

					absence of grits and particulate matters in the madecassoside gel  

					between 0.5% w/w to 1.5% w/w for Carbopol-940 and between 2%  

					w/w to 8% w/w for HPMC. The crystal-like structure represents the  

					structure of the polymer used, while the greenish long particles  

					represent the presence of madecassoside in the gel formulation. All  

					images of the gel formulations (Figure 4a-g) obtained from the light  

					microscope showed an even surface and did not show any grits and  

					particulates under 400x magnification. Therefore, the absence of  

					particulates in the gel formulations fulfilled the requirements for  

					topical application, as the presence of large particle hinders the  

					absorption of the madecassoside gel into the skin, and cause poor  

					application compliance due to the gritty-feeling on the skin.23  

					DPPH radical scavenging assay  

					A 0.2 mM DPPH solution was freshly prepared in methanol and used  

					as the blank solution. A 1% w/w of madecassoside solution was  

					prepared by dissolving the madecassoside extract in distilled water. A  

					1 mL of each sample (1% w/w madecassoside extract alone, F1 and  

					F7 gels with and without 1% w/w madecassoside) was mixed with 2  

					mL of DPPH solution and incubated in the dark for 15 min. The  

					decolouration of the samples was quantified by using the UV-vis  

					spectroscopy (Shimadzu UVmini-1240, Japan) at 517 nm.21 the  

					experiments were conducted in triplicate. The % radical scavenging  

					activity (%RSA) was calculated by using the formula as shown in  

					equation 1:  

					Field Emission Scanning Electron Microscopy (FESEM)  

					(Equation 1)  

					The field emission scanning electron microscope is employed to  

					observe the morphology of the hydrogel including pore size, pore  

					distribution, and fibre network.24 Figure 5(a) and 5(b) show the  

					structure of the madecassoside-Carbopol-940 gel under the FESEM  

					using the magnification power of 50x and 100x respectively. A  

					honeycomb structure was observed as thin fibres were linked and  

					entangled physically within the gel formulation. Large pore volume  

					was observed in the gel formulation containing Carbopol-940  

					compared to the gel formulation containing HPMC. The degree of  

					porosity significantly affects the mechanical property of a hydrogel,  

					where higher porosity decreases the stiffness of the gel.25 This explains  

					the higher spreadability of the F1 gel formulation compared to the F7  

					gel formulation. Figure 5(c) and 5(d) show the structure of  

					madecassoside-HPMC gel under the FESEM using the magnification  

					power of 50x and 100x respectively. A honeycomb structure was  

					observed, however, the fibres that were linked and entangled within  

					the structure were thicker and the pore shape in the HPMC gel  

					formulation was more uniform compared to the Carbopol-940 gel. The  

					microstructure of both gel formulations varied due to the different  

					swelling behaviour of the Carbopol-940 and HPMC polymers. The  

					swelling behaviour of hydrogels can be affected by factors including  

					network size, intermolecular spacing, and the hydrophilicity and  

					Statistical analysis  

					The data were reported as mean ± standard deviation. Parametric data  

					was introduced to the IBM SPSS Statistic Software version 29.0 and  

					interpreted by one-way analysis of variance (one-way ANOVA). The  

					p-value < 0.05 was reported as statistically significant. They were used  

					to compare the effect of different types and/or different concentrations  

					of polymers used in gel formulations on the spreadability,  

					antimicrobial activity and antioxidant activity.  

					Results and Discussion  

					Organoleptic properties of gel formulations  

					F1-F3 appeared to be white in colour and translucent due to the  

					increase in the concentration of Carbopol-940 (0.5, 1.0 and 1.5%  

					w/w). Meanwhile, F4-F7 were colourless. F1-F3 exhibited  

					a

					translucent appearance, while, F4-F7 exhibited transparent  

					a

					appearance (Table 2). As the concentration of HPMC (2.0, 2.5, 3.0  

					and 8.0% w/w) in F4-F7 increased, the transparency of the gel was  

					observed to decrease. A higher concentration of polymer resulted in an  

					increase of the bulkiness of the network structure which led to an  

					increase in the translucency of the gel samples. All gel formulations  

					(F1-F7) exhibited a smooth texture, and no grittiness was observed  

					(Table 2). This resulted in convenient application, making the  

					formulation suitable to be applied on human skin.  

					hydrophobicity of polymers.26 Carbopol-940 is  

					a

					crosslinked  

					polyacrylic acid polymer that is hydrophilic and pH-sensitive. The  

					molecule of Carbopol-940 is tightly coiled in the powder state. When  

					it comes in contact with water, the molecules become hydrated and  

					uncoiled slightly showing the thickening capability of Carbopol-940.  

					The molecule structure should be completely uncoiled for Carbopol to  

					show its maximum efficacy. This can be achieved through  

					neutralisation process, such as by adding triethanolamine.27 It  

					establishes a greater swelling property in a slightly basic or neutral  

					environment, while an acidic pH medium would hinder the swelling of  

					Carbopol. The Carbopol swells more in a basic medium due to the  

					deprotonation of carboxylic acid (-COOH) to carboxylate ion (–COO-  

					). The increase of the -COO- concentration increases the electrostatic  

					repulsion among -COO- groups which possessed the same charges and  

					reduce the interaction of hydrogen bonding, leading to a greater  

					swelling in the basic medium. The porous structure within the gel  

					pH  

					The pH value of the skin and mucosal membrane ranged from 4.1-6.5;  

					therefore, the pH value of the topical gel formulation should be  

					compatible and lies between this range to prevent irritation to the skin  

					during application.16 Results showed that the pH values of all gel  

					formulations (F1-F7) were 4.40-5.56 (Table 2), which were within the  

					acceptable range of the skin’s pH. This indicate that all the gels would  

					not cause adverse skin reactions or irritation during topical  

					application.  

					Spreadability  

					The spreadability of F1-F7 gel formulations was found to be between  

					2.53-6.13 cm, where F4 exhibited the best spreadability compared to  

					the rest of the gel formulations (Table 2). Greater the spreading  

					diameter in a gel indicates that the gel would be easier to be spread.  

					formulation  

					results  

					from  

					the  

					swelling  

					process.28-30  
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					Table 1: Compositions of madecassoside topical gel formulations (% w/w)  

					Formulations (% w/w)  

					Ingredients  

					F1  

					1

					F2  

					1

					F3  

					1

					F4  

					1

					F5  

					1

					F6  

					1

					F7  

					1

					Madecassoside extract  

					Carbopol-940  

					0.5  

					-

					1.0  

					-

					1.5  

					-

					-

					-

					-

					-

					HPMC  

					2.0  

					10  

					-

					2.5  

					10  

					-

					3.0  

					10  

					-

					8.0  

					10  

					-

					Propylene glycol  

					Triethanolamine  

					Methylparaben  

					10  

					0.5  

					0.1  

					10  

					0.5  

					0.1  

					10  

					0.5  

					0.1  

					0.1  

					0.1  

					0.1  

					0.1  

					Distilled water quantum  

					satis  

					100  

					100  

					100  

					100  

					100  

					100  

					100  

					Table 2: The colour texture, transparency, grittiness, pH and spreadability of 1% madecassoside topical gels (F1-F7)  

					Formulations  

					Colour  

					Texture  

					Transparency  

					Grittiness  

					pH  

					Spreadability (cm)  

					Carbopol-940 gel  

					F1  

					F2  

					F3  

					White  

					White  

					White  

					Smooth  

					Smooth  

					Smooth  

					Translucent  

					Translucent  

					Translucent  

					HPMC gel  

					Transparent  

					No  

					No  

					No  

					5.37 ± 0.06  

					5.01 ± 0.06  

					4.40 ± 0.05  

					4.67 ± 0.28  

					3.47 ± 0.05*  

					3.07 ± 0.05*  

					F4  

					F5  

					F6  

					Colourless  

					Colourless  

					Colourless  

					Smooth  

					Smooth  

					Smooth  

					No  

					No  

					No  

					4.95 ± 0.05  

					5.56 ± 0.03  

					5.22 ± 0.04  

					6.13 ± 0.15  

					5.43 ± 0.15*  

					4.83 ± 0.11*  

					Transparent  

					Transparent  

					F7  

					Colourless  

					Smooth  

					Transparent  

					No  

					5.26 ± 0.13  

					2.53 ± 0.15*  

					Notes: The results for pH and spreadability were expressed as mean ± SD, n=3. Asterisk (*) indicates statistically significant at the level of p < 0.05  

					between the samples  

					the gel layer formation.33 the hydrophobic interactions that cause the  

					formation of crosslinks between the polymer chains contribute to the  

					gelation property of HPMC  

					Figure 1: Chemical structure of madecassoside  

					Figure 2: Chemical structure of Carbopol 940  

					The pore generation allows the diffusion of the drug from the matrix  

					causing the drug to be released.10 HPMC is a cellulose ether  

					This interaction is strongly related to the molecular weight and degree  

					of the backbone substitution.31 HPMC exhibits thermo-reversible  

					gelation and display a solution-gel transition during heating and vice-  

					versa during cooling. This behaviour is due to the phase separation  

					mechanism followed by the formation of fibril from a polymer-rich  

					phase and entanglement.34 This results in a three-dimensional network  

					containing methoxyl and hydroxypropyl substituents that are attached  

					via an ether bond to the cellulose backbone. It is uncharged, water  

					soluble and chemically stable over pH 3-11 range.31-32 When HPMC  

					comes in contact with water, and it swells and forms a gel layer  

					around the dry core of the polymer matrix. External factors including  

					temperature and molecular weight of the polymer affect the kinetics of  
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					as seen in Figure 5. The drug release from the HPMC matrices is  

					complex as the microstructure and macrostructure, when exposed to  

					water are strongly time-dependent.35 The release of the drug from  

					HPMC involves swelling of the polymers, diffusion of water into the  

					matrix, solubilisation of drug, transportation of the drug through the  

					swollen matrix, and the disintegration of the matrix.36  

					Figure 3: Chemical structure of HPMC, where R is H, CH3 or (OCH2CHCH3)xOH  

					Figure 4: Light microscopy images of madecassoside gels (with 400x magnification) for (a) F1, (b) F2, (c) F3 with 0.5, 1.0 and 1.5%  

					w/w of Carbopol-940; respectively, and (d) F4, (e) F5, (f) F6, and (g) F7 with 2.0, 2.5, 3.0 and 8.0% w/w of HPMC; respectively.  

					how the active ingredient can be delivered to the targeted site for  

					cosmeceutical or therapeutic benefits.37-38 Both gel formulations  

					exhibited shear-thinning property or pseudoplastic behaviour,  

					characterised by a decrease in apparent viscosity with increasing rate  

					of shear (Figure 6). For both formulations, F2 (Figure 6a) and F7  

					(Figure 6b) showed a decrease in viscosity with increasing shear rate.  

					Our findings are in agreement with existing literature.39-42  

					Pseudoplasticity or shear-thinning is a non-Newtonian behaviour.  

					Rheological studies  

					Viscosity test  

					Rheology studies are widely employed in the processing, packaging,  

					storage stability and application of cosmetics or pharmaceutical  

					formulations. Madecassoside gel formulations are meant for topical  

					applications. Understanding the viscosity parameters is crucial for  

					formulators to tailor their formulations to achieve the desired quality  

					standards, such as how a product spreads and adheres to the skin, and  
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					Non-Newtonian fluids do not obey Newton’s law of viscosity,  

					whereby their flow or viscosity varies depending on the stress applied.  

					Under static or low shear conditions, the long and entangled polymer  

					exhibits higher resistance to flow; under high shear conditions, the  

					spaghetti-like structure of the polymer becomes less entangled and  

					hence  

					accounts  

					for  

					its  

					shear-thinning  

					property.42  

					Figure 5: Scanning electron microscope images of F1:0.5% Carbopol-940 at (a) 50x and (b)100x and F7: 8% HPMC at (c) 50x and  

					(d)100x magnification power  

					(a)  

					(b)  

					Figure 6: Viscosity versus shear rate graph of 1% madecassoside gel for (a) F1: 0.5% Carbopol-940 and (b) F7: 8% HPMC at 25°C  

					Temperature-dependent viscosity test  

					viscosity at 25°C was 2889 mPa.s whereas the viscosity at 40°C was  

					2705.5 mPa.s. Carbopol-940 is a hydrophilic acrylic acid-based  

					polymer that can swell in water up to 1000 times their original volume  

					and 100 times their original diameter to form a gel at an environmental  

					pH range of 4.0-6.0.42 One study reported that the viscosity of the  

					carbomer gel did not change significantly with the change in  

					As shown in Figure 7(a) and (b), the viscosities of both formulations  

					decreased with increasing temperatures. The viscosity of the semisolid  

					dosage form, such as a gel, is affected by temperature. Generally, the  

					viscosity of a gel formulation decreases with increasing temperatures  

					(Figure 7). For 1% madecassoside in 0.5% Carbopol 940 gel, the  
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					temperature from 5°-75°C when the pH of the gel is between 5.0 to  

					8.0.41 Researchers conclude that the temperature insensitivity of  

					Carbopol gel is attributed to the three-dimensional network structure  

					due to the cross-linking of the polymer chain.27,41 Figure 7(b) shows  

					that viscosity of 1% madecassoside in 8% HPMC gel decreased as the  

					temperature increased. However, the graph shows a zigzag, non-linear  

					(a)  

					(b)  

					Figure 7: Viscosity versus temperature graph of 1% madecassoside in (a) F1: 0.5% Carbopol-940 gel and (b) F7: 8% HPMC  

					(a)  

					(b)  
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					Figure 8: Amplitude sweep graph of 1% madecassoside in (a) F1: 0.5% Carbopol-940 and (b) F7: 8% HPMC  

					Note: ■ Storage modulus (G’), ▲ Loss modulus (G”)  

					Figure 9: The FTIR spectra of 90% madecassoside extract and madecassoside standard.  

					Figure 10: The FTIR spectra for Carbopol-940, triethanolamine, propylene glycol, madecassocide extract and madecassocide gels using  

					0.5%, 1% and 1.5% w/w of Carbopol-940  

					pattern rather than a smooth, gradual decrease. The viscosity of the gel  

					at 25°C was 30704 mPa.s whereas the viscosity at 40°C was 15900  

					mPa.s. HPMC is a water-soluble cellulose ether derivative that is  

					available in different grades commercially. Its molecular weight and  

					chemical structure are affected by the average number of methyl- and  

					hydroxypropyl groups per anhydroglucose unit in the cellulose  

					backbone. Hence, the degree of substitution affects the  

					physicochemical properties of HPMC, such as its aqueous solubility  

					and gelation temperature.43 The formation of HPMC gel is due to  

					hydrophobic interactions of the methyl substitute.44-45 The non-linear  

					decrease in the viscosity of the 8% HPMC gel with increasing  

					temperature could be due to a temporary disruption of the methyl  

					substitute in the polymer network, which subsequently affected the  

					gelling property of the formulation. The viscosity of the gelling agent  

					was proportional to its concentration used in the formulation.  

					Increased concentration of a gelling agent will prolong its retention  

					time at the application site; however, this is linked to a decrease in  

					spreadability.15 F1 had a lower concentration of 0.5 % Carbopol-940  

					compared to the concentration of 8% HPMC in F7. Hence, F1 was  

					expected to have higher spreadability  

					than F7. F1 outperformed F7 in terms of thermal stability, mainly due  

					to the different types of gelling agents used.  

					Amplitude sweep test  

					An amplitude sweep test provides an overview of the viscoelastic  

					behavior of gel formulations. The storage modulus (G’) concerns the  
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					ability of a gel formulation to store energy elastically, whereas loss  

					modulus (G’’) refers to the ability of a gel formulation to dissipate  

					stress through heat when subjected to deformation force. If G’ > G”,  

					the sample is known as a viscoelastic solid material, where it displays  

					a gel-like or solid structure. In contrast, if G” > G’, the liquid-like  

					behavior predominates and this is known as a viscoelastic liquid.18 For  

					gel  

					Figure 11: The FTIR spectra for HPMC, madecassoside extract and madecassoside gels using 2%, 2.5%, 3% and 8% w/w of HPMC  

					Figure 12: The diameters of inhibition zones of doxycycline, 1% w/w madecassoside extract, F1 and F7 madecassoside gels without  

					methylparaben as a preservative against E. coli and S. aureus. Asterisk (*) indicates statistically significant at the level of p < 0.05  

					between the samples.  

					formulations, G’>G” is preferred so that the formulations exhibit a  

					rigid consistency at lower strain values, which are indicated in the  

					plateau regions of Figure 8(a) and 8(b). Once the flow point or  

					crossover point is reached, the viscoelastic solid material will start to  

					flow due to shear stress exceeding certain value.46,47 When sufficient  

					force is applied, the gel formulation can flow out of its container and,  

					be applied and spread easily on the skin while remaining at the site of  

					application.48 Figure 8, shows that both formulations exhibited higher  

					storage modulus (G’) than loss modulus (G”). Both G’ and G” ran in  

					parallel along the x-axis with G’ being dominant over G”. Figure 8(a)  

					shows that when the strains was greater than 1%, G’ decreased and  

					G’’ increased gradually until both points intersect at the flow point,  

					i.e. G’ = G”. For the 1% madecassoside gel in 0.5% Carbopol 940 gel,  

					the recorded flow point is 106.4 Pa (at 100.9% strain). On the other  

					hand, Figure 8(b) shows that when the strain was greater than 30%,  

					both G’ decreased while G’’ increased gradually until both points  

					intersect at the flow point of 1962 Pa (at 102.4% strain).  

					FTIR analysis  

					The madecassoside extract used in the gel formulation exhibited the  

					same characteristics peaks compared to the madecassoside standard  

					(Figure 9). The peaks at ~3,800-3,200 cm-1 were assigned as the -OH  

					stretching, the peaks at ~2,900-2,800 cm-1 were assigned as the C-H  

					stretching, the peaks at ~1,400 cm-1 was assigned as the C-H  

					bending.49 and the peak at ~1,100 cm-1 was assigned as the C-O  

					vibration from alcohol.50 The FTIR spectra of Carbopol-940,  

					triethanolamine, propylene glycol, madecassocide extract and F1-F3  

					are shown in Figure 10. The -OH stretching present at ~3,300 cm-1 was  
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					due to the high water content in the gel formulations. The C=O peak  

					of ungellified Carbopol-940 present at ~1,700 cm-1 was shifted to  

					~1,650 cm-1 in the F1-F3 gel formulations due to the ionisation of the -  

					COOH group and formation of hydrogen bonding when it was  

					neutralised by triethanolamine.51 The ionised C=O peaks for F1-F3  

					were weaker compared to the ungellified C=O peak.52,53 The FTIR  

					spectra of HPMC, propylene glycol, madecassoside extract and F4-F7  

					are shown in Figure 11. Asiatic acid and madecassic acid are the  

					pentacyclic  

					triterpenoids  

					aglycone  

					found  

					in  

					Figure 13: The %RSA for madecassoside alone, F1 and F7 gel formulations with and without madecassoside. Asterisk (*) indicates  

					statistically significant at the level of p < 0.05 between the samples.  

					the 90% madecassocide extract.54 In F4-F7, a small peak at ~1,630 cm-  

					1 was assigned to C=O stretching due to the esterification that occurred  

					between the -COOH group in asiatic acid or madecassic acid and the -  

					OH groups in HPMC. A report demonstrated that the interaction  

					between the -COOH group of drugs and -OH group of polymers will  

					result in esterification, where a weaker C=O absorption with lower  

					wavenumber evidenced from the FTIR is due to the formation of  

					intermolecular hydrogen bonding.51  

					to 1% w/w madecassoside alone in both bacteria. The one-way  

					ANOVA analysis showed significant differences between the zones of  

					inhibition between F1 and F7 in both bacteria (p < 0.05), where the  

					diameters of the inhibition zones for F7 were 1.17- and 1.31-fold  

					larger F1 against E. coli and S. aureus, respectively. The results  

					showed that madecassoside extract alone and F1 and F7  

					madecassoside gels without methylparaben were able to inhibit the  

					growth of both gram-positive and gram-negative bacteria. Studies  

					have reported that Carbopol-940 and HPMC do not exhibit  

					antibacterial activity,59,60 however, the polymers act as a protective  

					coat to prevent the degradation of active compounds that result from  

					physical factors such as sunlight and moisture.60 Theoretically  

					speaking, a hydrogel with higher swelling and higher porosity would  

					leads to a higher drug release through diffusion.61,62 Figure 5 shows  

					that the F1 gel formulation had higher polymer swelling and porosity  

					compared to F7. In contrast, F7 displayed a larger zone of inhibition  

					by 1.18- and 1.31-fold larger E. coli and S. aureus compared to F1. An  

					explanation for this is that a stiffer gel is able to reduce the radial  

					extent of the gel, causing it to establish faster drug-release kinetics.63  

					Thus, the drug in F7 was released more rapidly than F1 due to the  

					HPMC gel stiffness that was higher than the Carbopol-940 gel. This  

					indicates that extremely high porosity does not always guarantee faster  

					drug release; rather, an optimum porosity is more crucial to achieve  

					higher drug release.61  

					Antimicrobial test  

					Discs impregnated with 30 µg doxycycline served as the positive  

					control and displayed similar diameters of inhibition zones against the  

					E. coli (29.8 ± 0.04 mm) and S. aureus (29.3 ± 0.08 mm). The 1%  

					w/w madecassoside alone solution showed 8.3 ± 0.05 and 9.5 ± 0.06  

					mm diameters of inhibition zones against E. coli and S. aureus (Figure  

					12). Studies have found that madecassoside is  

					a

					triterpene  

					glycoside/saponin that exerts antimicrobial activity via impairment of  

					the outer membrane of the bacteria.55 The outer membrane of the  

					gram-negative bacteria (E. coli) does not contain cholesterol but are  

					made up of lipopolysaccharides. Since the saponins contain detergent-  

					like property, they can interact with the lipopolysaccharide which in  

					turn increase the permeability of the bacterial cell wall effectively.56  

					Additionally, one study demonstrated that the antimicrobial  

					mechanisms of madecassoside damage the integrity of the bacteria cell  

					wall, resulting in the leakage of macromolecules, relaxation of  

					supercoiled DNA through interaction with DNA, and inhibition of  

					DNA topoisomerase I and II activities, ultimately supressing bacteria  

					growth.57 Only F1 and F7 gel formulations (without methylparaben  

					added as a preservative) were selected for antimicrobial screening.  

					This is because F1 exhibited the greatest spreadability with the lowest  

					concentration of polymer employed. The drug release from the gel  

					would decrease with a higher concentration and tortuosity of the  

					polymer.58 Also, F7 was selected as it was the only gel formulation  

					formed by the HPMC polymer that met the viscoelasticity requirement  

					(G' > G") in a gel. The diameters of the inhibition zone of F1 without  

					methylparaben against E. coli and S. aureus were slightly lower than  

					1% w/w madecassoside alone by 0.06- and 0.24-folds, respectively. In  

					addition, the antimicrobial activity of F7 was found to be comparable  

					Antioxidant test  

					DPPH radical scavenging test  

					F1 and F7 were selected for the antioxidant test. F1 was as the  

					preferred gel formulation over F2 and F3 due to the lower polymer  

					concentration, which allows easier dissolution in DPPH solution. This  

					lower polymer concentration facilitates drugs release from the gel  

					compared to high polymer concentration.64 F7 was selected as the  

					viscosity of F4-F6 were too low to be considered a gel. Figure 13  

					shows that the 1% madecassoside solution alone exhibited 24.65% of  

					RSA which were 3.16- and 1.32-fold significantly higher than F1  

					Carbopol-940 gel with or without 1% madecassoside (p < 0.05). The  

					%RSA for F1 sample with 1% madecassoside was 2.40-fold higher  

					than the F1 sample without madecassoside. Consequently, our  
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					findings align with other reports which demonstrating that Carbopol-  

					940 alone does not exhibits antioxidative properties, where an  

					antioxidant can be added in the formulation to improve the stability of  

					the formulation.65,66 In contrast, F7 HPMC gels with or without 1%  

					madecassoside exhibited ~2.15-folds higher %RSA compared to 1%  

					madecassoside solution alone and the %RSA for both F7 samples  

					(with or without 1% madecassoside) were comparable (~53%). An in  

					vitro study reported that 3% w/v HPMC emulsion increased the  

					antioxidative activity of 2.5% w/w resveratrol solution by 1.6-folds  

					against the Caco-2 and HT29-MTX colon cancer cell lines.67 An in  

					vivo study showed that 2%w/w HPMC supplemented with a high fat  

					diet for mice resulted in the regulation of antioxidant enzymes in the  

					oxidative defence system, which were statistically significant (p <  

					0.05) compared to the group of mice that were fed with a high-fat diet  

					alone.68 Contradictory to our findings, a study showed that 2%, w/v  

					HPMC alone possessed low antioxidative activity (%RSA determined  

					by DPPH assay was 4.68%), however, the %RSA increased by 8.2- to  

					15.8-fold when HPMC was blended with different ratios of sodium  

					alginate polymers (0.5, 1.0 and 1.5%) and essential oils (1, 3 and  

					5%).69 The outstanding antioxidative activity showed in F7 maybe  

					have been due to the interaction between madecassoside70 as the  

					polymer acted as a protective coat to prevent the oxidation of the  

					active ingredient.60 The one-way ANOVA analysis showed significant  

					differences between the %RSA for F1 and F7 (p < 0.05).  
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					based on their superior pseudoplastic behaviour and viscoelasticity  

					properties. The FTIR analysis demonstrated esterification between the  

					-OH functional group of HPMC and the -COOH functional groups of  

					asiatic acid and madecassic acid, which are present in the 90%  

					madecassoside extract. The 1% madecassoside extract, F1 and F7  

					(without preservative) were tested against E. coli and S. aureus. The  

					antibacterial activity against E. coli decreased with the following  

					order: F7 > 1% madecassoside extract > F1. Meanwhile, the  
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					F7 ≈ 1% madecassoside extract > F1. The antioxidative activity of the  

					F1 sample without madecassoside (RSA = 7.78%) was 2.4-fold lower  

					than the F1 sample with madecassoside; thus, Carbopol-940 alone is  

					not an antioxidant. In contrast, the antioxidative activity of F7 samples  

					with or without madecassoside were similar (RSA ≈ 53%). This  

					signified that HPMC alone possessed antioxidative properties and may  

					act as a protective coat for the active drug. The formulated gels  

					showed favourable physicochemical, antimicrobial and antioxidant  

					properties. Future in vivo studies are essential to validate its clinical  

					efficacy and safety in dermatological applications.  
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