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					ABSTRACT  

					ARTICLE INFO  

					White mugwort (Artemisia lactiflora) contains active substances such as steroids (sitosterol,  

					stigmasterol), essential oils, furanocoumarins, and vitamins. Stigmasterol may act as an  

					aphrodisiac, but has poor water solubility, which limits its bioavailability. Particle size reduction  

					is a strategy used to improve the oral bioavailability of pharmaceuticals by creating nanoparticles.  

					This study aimed to obtain optimal formulation of white mugwort nanoparticles (WMN) via ionic  

					gelation approach with chitosan polymer and sodium tripolyphosphate (Na-TPP) using Box-  

					Behnken Design (BBD) methodology. Independent variables such as polymer, surfactant (tween  

					80), and agitation speed were used in this optimization. The dependent variables employed were  

					particle size, polydispersity index (PDI), and entrapment efficiency (EE). The ideal formula was  

					evaluated using Fourier Transform Infra-Red (FTIR-ATR) spectroscopic analysis, Transmission  

					Electron Microscopy (TEM), and in vitro release testing using simulated gastric fluid at pH 1.2.  

					The data were subjected to statistical analysis via analysis of variance (ANOVA). The optimal  

					formulation of WMN was achieved with 50 mL chitosan 0.1%, 0.1 g tween 80, and a stirring  

					speed of 1000 rpm. The optimal formula exhibited a particle size of 128.73 ± 0.939 nm, a PDI of  

					0.807 ± 0.042, and an EE of 92.194 ± 1.273%. WMN have spherical shape and can enhance drug  

					release in vitro relative to the white mugwort fraction prior to formulation, so it is anticipated that  

					the bioavailability of stigmasterol - a major component of white mugwort will improve when  

					incorporated into nanoparticles.  
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					Strategies to enhance bioavailability encompass solid dispersion, nano  

					formulation, prodrug method, supercritical fluid technique, among  

					others.6 Nanoparticles enhance the solubility and stability of active  

					pharmaceutical compounds by protecting unstable moieties in orally  

					and topically administered medications.7,8 Decreased particle size can  

					improve the ability to traverse biological membranes owing to an  

					augmented surface area of the particles. The nanoparticles size  

					significantly affects medication distribution and its therapeutic  

					efficacy.9 Previous studies into the synthesis of chitosan nanoparticles  

					from pomegranate peel extract demonstrated enhanced anti-  

					inflammatory efficacy relative to the non-nanoparticle extract.10  

					Chitosan is a commonly utilized polymer for the formation of  

					nanoparticles.  

					Cationic chitosan can form complexes with anionic substances, such as  

					sulphate and phosphate. Chitosan demonstrates low toxicity, and its  

					primary amine groups can be chemically modified with appropriate  

					ligands to facilitate accurate and targeted release.11 The ionic gelation  

					approach entails the complexation of positively and negatively charged  

					materials via mechanical stirring, resulting in the formation of chitosan  

					spheres with varying diameters and surface charges.12 The dearth of  

					studies regarding the production of white mugwort fraction  

					nanoparticles and the lack of in vitro release investigations for the  

					resultant nanoparticles necessitate this research. The optimization of  

					white mugwort fraction to determine the ideal conditions for  

					nanoparticle formation has not been conducted previously.  

					Introduction  

					White mugwort (Artemisia lactiflora) contains active substances such  

					as steroids, essential oils, furanocoumarins, and vitamins. Steroids  

					encompass sitosterol, stigmasterol (stigmasta-7, 16 dien-3-ol), and  

					(stigmasta-7, 25 dien-3-ol), which facilitate the synthesis of  

					testosterone, hence enhancing vitality and fertility in males.1  

					Stigmasterol may act as an aphrodisiac.2 This compound demonstrates  

					efficacy in treating erectile dysfunction due to its superior binding  

					affinity for the phosphodiesterase 5 (PDE-5) enzyme compared to the  

					PDE-5 inhibitor sildenafil.3 Stigmasterol exhibits minimal solubility in  

					water, with a water solubility value (log S) of -6.882.4 The logP value  

					of 7.80 signifies that the compound is lipophilic and has high  

					permeability.5 Inadequate solubility is a prevalent issue in oral dosage  

					formulations, with 4-10% of novel drug candidates exhibiting  

					inadequate bioavailability as a result of insufficient water solubility.  

					Molecular docking experiments revealed that stigmasterol has moderate  

					permeability, characterized by 0, 8, 6, 7, and 5 hydrogen bond donor  

					links and 2, 12, 10, 10, and 12 hydrogen bond acceptors.3  
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					of the white mugwort fraction prior to and following its formulation into  

					nanoparticles. The research provides evidence of a substantial increase  

					in the in vitro release of the white mugwort nanoparticle fraction, hence  

					enhancing its bioavailability.  

					Table 1: Independent and dependent variables of optimization  

					of WMN formulation using Box Behnken Design  

					Level  

					Variable  

					Materials and Methods  

					-1  

					0

					1

					Independent Variables  

					Reagents and Chemicals  

					Ethanol 96% (LKPI, Indonesia), n-hexane (LKPI, Indonesia), Chitosan  

					(low molecular weight, deacetylation ≥ 75%, Sigma Aldrich, USA),  

					X1: Chitosan 0.1% 20  

					(mL)  

					35  

					50  

					acetic acid (purity  

					≥

					99.8%, Merck, Germany), Sodium  

					tripolyphosphate (purity 85%, Sigma Aldrich, US), Tween 80 (KAO  

					Corporation, Japan), dialysis membrane (OEM, Sains Laboratory),  

					stigmasterol (purity ≥ 90%, MarkHerb, Indonesia), nylon syringe 0.45  

					µm, Acetonitrile for HPLC (LiChrosolv® Reag. Ph Eur, purity ≥  

					99.9%, Merck, Germany), Water for chromatography (LiChrosolv®,  

					Merck, Germany), Water for Injection (Ikapharmindo Putramas,  

					Indonesia), Distilled water (LKPI, Indonesia).  

					X2: Tween 80 (g)  

					0.1  

					0.2  

					0.3  

					X3: Stirring speed 600  

					(rpm)  

					800  

					1000  

					Dependent Variables  

					Target  

					Y1: Particle Size (nm) Minimized  

					Collection and identification of white mugwort  

					White mugwort roots were collected from Wonosobo, Jawa Tengah,  

					Indonesia (GPS location: Latitude: -7.2000 Longitude: 109.9000) in  

					March 2025. The plant material was identified and authenticated at  

					UPA Laboratory, Universitas Setia Budi Surakarta, Indonesia, with the  

					voucher number 186/DET/UPT-LAB/27.03.2025.  

					Y2:  

					Polydispersity Minimized  

					Index  

					Y3:  

					Entrapment Maximized  

					Efficiency (%)  

					Extraction of white mugwort  

					White mugwort root powder (1 kg) was immersed in 7.5 L of 96%  

					ethanol for three days, with stirring every two hours to ensure  

					homogeneity, followed by filtration to obtain the extract. The residual  

					material was re-macerated with 2.5 L of 96% ethanol. The combined  

					filtrate was subsequently evaporated with a rotary evaporator (IKA RV  

					10 Digital, IKA-Werke GmbH & Co. KG, Germany) at a temperature  

					of 50°C to obtained a concentrated extract, and the extract yield was  

					determined.13  

					푌1 = 훽0 + 훽1푋1 + 훽2푋2 + 훽3푋3 + 훽12푋1푋2 + 훽13푋1푋3 +  

					훽23푋2푋3 + 훽11푋11 + 훽22푋22 + 훽33푋33² ……………. Eq. 1  

					and 푌2 = 훽0 + 훽1푋1 + 훽2푋2 + 훽3푋3 + 훽12푋1푋2 + 훽13푋1푋3 +  

					훽23푋2푋3 ….…… ………………………………………………. Eq. 2  

					Y1 and Y2 denote the measured responses; β0 is a constant; β1, β2, β3  

					are linear coefficients; β12, β13, β23 are interaction coefficients among  

					the three factors; β11, β22, β33 are quadratic coefficients of the  

					observed experimental values; and X1, X2, and X3 represent the levels  

					of independent variables. The ideal formulation was established by  

					numerical point prediction.15  

					Fractionation of white mugwort extract  

					White mugwort extract was fractionated by Liquid-Liquid extraction  

					(LLE). The concentrated white mugwort extract was dissolved in a little  

					quantity of ethanol, and subsequently combined with 500 mL of  

					distilled water. Thereafter, the extract solution was transferred to a  

					separating funnel, and 500 mL of n-hexane solvent was added, followed  

					by gentle agitation. The n-hexane fraction was removed, and the process  

					was repeated until the n-hexane fraction appeared colourless. The n-  

					hexane fraction was concentrated with a rotary evaporator at a 50°C  

					until a viscous residue was achieved.14  

					Characterization of particle size and polydispersity index (PDI)  

					Particle size measurements were done using a particle size analyzer  

					(Horiba SZ-100, Horiba Ltd, Japan) to ascertain the dimensions and  

					distribution of nanoparticles. A total of 100 µL of the solution was  

					diluted to  

					5

					mL with aqua pro injection and homogenized.  

					Subsequently, 2 mL was extracted and placed into a cuvette for  

					examination. The particle size data from the computer include the  

					average particle size, particle size distribution, and deviation from the  

					average.18 The particle size and PDI of the diluted samples were  

					assessed in triplicate, with findings expressed as mean ± standard  

					deviation.  

					Preparation of white mugwort nanoparticle (WMN)  

					The white mugwort nanoparticles were produced via the ionic gelation  

					technique. Chitosan was solubilized in a 1% acetic acid solution. The  

					solution was stirred overnight with a magnetic stirrer (Cimarec, Thermo  

					Scientific, USA) until a concentration of 0.1% was achieved. The  

					chitosan solution was filtered through a nylon syringe filter (0.45 μm).  

					Tween 80 solution was agitated by magnetic stirring for approximately  

					60 minutes. The white mugwort extract (10 mg) was included into the  

					chitosan solution. A cold filtered TPP solution (1:4 ratio) was  

					introduced into the chitosan solution at a rate of 0.25 mL/min, and the  

					resultant nanoparticles were isolated and kept at 4°C.16–18  

					Characterization of entrapment efficiency (EE)  

					The entrapment efficiency (EE%) was determined by the difference  

					between the quantity of trapped and untrapped fractions. The untrapped  

					fraction was isolated via centrifugation (Centrifuge Eppendorf 5430,  

					Eppendorf SE, Germany) at 15,000 rpm for 30 minutes. The  

					concentration of free stigmasterol in the clear supernatant, diluted five  

					times with deionized water, was quantified using HPLC (Alliance  

					Waters e 2695, Waters Corporation (Micromass UK. Ltd), UK).19 The  

					sample was filtered using a 0.45 µm membrane filter, after which 40 µL  

					was extracted for injection. The solvent employed was  

					acetonitrile:water (90:10 v/v). The flow rate was 1 mL/min, and the  

					highest peak was identified at a wavelength of 210 nm.20 The EE of the  

					samples were assessed in triplicate, with findings expressed as mean ±  

					standard deviation.  

					Optimization of white mugwort nanoparticle (WMN)  

					Optimization of the nanoparticle formulation was done using Design  

					Expert (Version 13.0.15, Stat-Ease Inc., Minneapolis, U.S.A.) through  

					the Box-Behnken Design approach, incorporating the following  

					variables; chitosan 0.1% content (20 – 35 mL), tween 80 (0.1 – 0.3 g),  

					and stirring speed (600 – 1000 rpm). The dependent and independent  

					variables are shown in Table 1. The measured parameters include  

					particle size, polydispersity index (PDI), and entrapment efficiency  

					(EE). Seventeen experimental trials were performed. Twelve of the 17  

					runs correspond to the midpoints of each edge of a cube, while the  

					remaining five runs represent the cube's centroid. Quadratic and 2F1  

					models were formulated as follows (equations 1 and 2).  

					EE% was computed as follows (equation 3):  

					EE% Total amount (mg) – unentrapped amount (mg) x 100% … Eq. 3  

					Total amount (mg)  
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					(NH4)2CO3, and 59 mmol/L NaCl. The pH was modified to 1.2 using  

					HCl.25 Samples of 1 mL were collected at 5, 15, 30, 60, 90, 120 minutes,  

					4, 6, 8 and 12 hours and were substituted with an equivalent volume of  

					fresh medium. Concentrations were determined using HPLC technique.  

					FTIR analysis of the optimal WMN formulation  

					The infrared absorption spectrum of the nanoparticle formulation was  

					ascertained using FTIR-ATR spectroscopy (Perkin Elmer UATR Two,  

					Perkin Elmer. Inc, USA). The material was deposited on the disk and  

					spectrum obtained at a wave number range of 4000 to 400 cm⁻¹.21  

					Statistical analysis  

					Regression analysis of the experimental data and the creation of  

					response surface plots were conducted using Design-Expert software  

					(Version 13.0.15, Stat-Ease Inc., Minneapolis, U.S.A.). The model  

					parameters were determined by Analysis of Variance (ANOVA).26  

					Morphology analysis of the optimal WMN formulation  

					The nanoparticles' morphology was analyzed via Transmission Electron  

					Microscopy (JEM 2100 Plus Electron Microscope, JEOL. Ltd, Japan).  

					The material was suspended in ethanol to enhance its dispersion and  

					subsequently deposited onto a copper mesh for TEM examination. A  

					solitary drop of the vortexed sample was acquired and placed onto a  

					copper grid that had been carbon-coated using Auto Carbon Coated  

					apparatus (JOEL JEC-560, Japan). The sample was permitted to dry for  

					one day at room temperature, thereafter positioned in a holder, and  

					assessed at an accelerating voltage of 80 kV with a magnification of  

					60,000.22,23  

					Results and Discussion  

					Synthesis of WMN  

					Nanoparticles are considered as the optimal medication delivery  

					technology because of their small particle size and their ability to  

					modify fundamental features such as solubility, diffusivity, and  

					absorption. Nanoparticles, due to their diminutive particle sizes, possess  

					greater surface areas and exhibit distinct physical and chemical  

					properties.27 The synthesis of WMN employs the ionic gelation  

					technique, yielding nanoparticles with dimensions under 200 nm.  

					Particle size and dispersion, as indicated by PDI, can be affected by  

					numerous processing variables, including chitosan and TPP content,  

					ionic strength, pH, reaction duration, temperature, speed and duration  

					of homogenization, and procedure of purification.28 The mass ratio of  

					chitosan to tripolyphosphate (TPP) is crucial for regulating the particle  

					size and dispersion of nanoparticles; an increased chitosan content  

					enhances ionotropic gelation involving chitosan and tripolyphosphate  

					(TPP).29 The combination of chitosan with TPP in a 1:4 ratio yields  

					nanoparticles with a reduced particle size.21 Table 2 presents the  

					findings of particle size and PDI determination from 17 run formulation.  

					In vitro dissolution of optimal WMN formulation  

					A 5 mL nanoparticle solution comprising 10 mg of white mugwort  

					fraction was placed into a cellulose dialysis tube. The dialysis tube was  

					submerged in 75 mL of release media at a temperature of 37 ± 0.5°C,  

					with a magnetic stirrer operating at 100 rpm. Simulated gastric fluid  

					(SGF at pH 1.2) devoid of pepsin served as the release medium.24 In  

					vitro release of stigmasterol was performed using the SGF at pH 1.2.  

					Electrolytes were formulated at concentrations of 0.5 mol/L (KCl,  

					KH2PO4, (NH4)2CO3), 1 mol/L (NaHCO3), 0.15 mol/L (MgCl2), and 2  

					mol/L (NaCl). A SGF electrolyte solution was formulated in a 100 mL  

					volumetric flask by transferring the electrolytes into the flask and  

					adding distilled water to achieve the final volume, resulting in  

					electrolyte concentrations of 8.625 mmol/L KCl, 1.125 mmol/L  

					KH2PO4, 31.25 mmol/L NaHCO3, 0.15 mmol/L MgCl2, 0.625 mmol/L  

					Table 2: Matrix and Response evaluation of optimization of WMN using Box-Behnken Design  

					Run Coded Levels  

					Chitosan Tween 80  

					-1  

					Actual levels  

					Particle  

					PDI  

					EE  

					size (nm)  

					(%)  

					Stirring speed  

					Chitosan  

					20  

					Tween 80  

					0.2  

					Stirring speed  

					1000  

					600  

					1

					0

					1

					179.10  

					117.64  

					139.20  

					154.40  

					87.01  

					0.580  

					0.912  

					0.918  

					0.887  

					1.018  

					0.696  

					0.824  

					0.998  

					0.764  

					0.999  

					0.657  

					0.997  

					0.899  

					0.635  

					0.886  

					0.878  

					0.889  

					87.40  

					45.34  

					78.22  

					45.20  

					86.32  

					86.72  

					87.61  

					76.46  

					87.24  

					86.79  

					44.10  

					95.55  

					93.38  

					87.85  

					75.49  

					49.79  

					81.75  

					2

					1

					0

					-1  

					0

					50  

					0.2  

					3

					0

					0

					35  

					0.2  

					800  

					4

					0

					-1  

					1

					-1  

					0

					35  

					0.1  

					600  

					5

					1

					50  

					0.3  

					800  

					6

					0

					-1  

					-1  

					0

					1

					35  

					0.1  

					1000  

					800  

					133.00  

					158.93  

					127.63  

					129.17  

					157,13  

					125.27  

					113.63  

					187.5  

					7

					1

					0

					50  

					0.1  

					8

					0

					0

					35  

					0.2  

					800  

					9

					0

					1

					1

					35  

					0.3  

					1000  

					800  

					10  

					11  

					12  

					13  

					14  

					15  

					16  

					17  

					0

					0

					0

					35  

					0.2  

					0

					1

					-1  

					1

					35  

					0.3  

					600  

					1

					0

					50  

					0.2  

					800  

					-1  

					-1  

					0

					-1  

					1

					0

					20  

					0.1  

					600  

					0

					20  

					0.3  

					800  

					145.63  

					136.20  

					121.27  

					149.57  

					0

					0

					35  

					0.2  

					800  

					-1  

					0

					0

					-1  

					0

					20  

					0.2  

					600  

					0

					35  

					0.2  

					800  

					PDI = Polydispersity index, EE = Entrapment efficiency  
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					Chitosan is  

					a

					commonly employed polymer that can produce  

					Conversely, increasing the agitation velocity (X3) from 600 to 1000  

					rpm led to a negligible augmentation in particle size.  

					nanoparticles exhibiting certain characteristics based on defined  

					parameters.30 The particle size generated during nanoparticle  

					production by the ionic gelation process is highly contingent upon the  

					initial concentration of chitosan, the extent of chitosan acetylation,  

					molecular weight, and the concentration of salt in the medium.31 Low  

					molecular weight chitosan (<100 kDa) is a hydrolysis product of  

					chitosan that exhibits high solubility in airwater and has extensive  

					applications.32 Rigorous homogenization treatment, succeeded by  

					filtration of the nanoparticle solution, can provide nanoparticles devoid  

					of supplementary chemicals, hence facilitating a straightforward  

					approach for the synthesis of nanoparticles measuring 68 - 77 nm.28  

					B

					A


					Experimental design and model selection  

					Response surface methodology (RSM) is a design technique used to  

					identify an optimal product by analyzing the correlation between one or  

					more observed responses and significant input elements.33 The Box–  

					Behnken design is a factorial design created by Box and Behnken with  

					three-level fractions. The design is presumed to be a synthesis of a two-  

					level factorial design and an incomplete block design. Each block  

					integrates numerous aspects over all possibilities for a factorial design,  

					but certain components are held constant at the central level.34 Analysis  

					of variance (ANOVA) was employed to assess the adequacy of model  

					fit. The quadratic surface response and two-factor interaction model is  

					incapable of assessing the independent effects factors on particle size,  

					polydispersity index (PDI), and encapsulation efficiency (EE), as  

					illustrated in Table 3. A p-value below 0.05 indicates that the model is  

					statistically significant.15 The positive sign in the equation signifies a  

					synergistic link between elements, whereas the negative sign denotes an  

					antagonistic relationship between the two independent variables and  

					their responses.  

					C


					Figure 1: Contour plot of effect of independent variables on  

					dependent variables of optimization of WMN using Box-  

					Behnken Design (A) particle size (B) Polydispersity index (C)  

					Entrapment Efficiency  

					Figure 2 illustrates that on the 3D surface, an increased concentration  

					of tween 80 correlates with larger particle sizes, whereas a higher  

					concentration of chitosan results in smaller particle sizes. Surfactants  

					are crucial in the preparation of nanoparticles and profoundly affect  

					their shape. The incorporation of surfactants into the chitosan solution  

					enables the polymer to disperse uniformly by intercalating between  

					molecules, thereby promoting ionic cross-linking reactions.35 This  

					results in a decrease in particle size, since improved contact with TPP  

					promotes heightened internal interactions within the polymer chain,  

					resulting in the formation of more compact particles. This correlates  

					with the incorporation of minimal surfactant concentrations.18  

					Table 3: Regression model overview of optimization of WMN  

					using Box-Behnken Design  

					Lack of Fit  

					ANOVA Test Result  

					Respo  

					nse  

					Mod  

					el  

					P-  

					Interpre  

					tation  

					valu R2  

					e

					0.2158  

					Particl  

					e Size  

					0.01 0.75 Signific  

					26 10 ant  

					2F1  

					(Not  

					significant)  

					0.6524  

					Quad 0.00 0.93 Signific  

					ratic 19 78 ant  

					PDI  

					EE  

					(Not  

					significant)  

					0.7971  

					Quad 0.00 0.97 Signific  

					ratic 01 94 ant  

					(Not  

					significant)  

					PDI = Polydispersity index, EE = Entrapment efficiency  

					Encoded equations are valuable for forecasting reactions at certain  

					elemental levels and can ascertain the relative influence of factors  

					through comparative analysis.  

					Figure 1 illustrates that as the concentration of Chitosan (X1) increased  

					from 20 to 50 mL, the particle size decreased. Moreover, augmenting  

					the surfactant (X2) from 0.1 to 0.3 g resulted in a decreased in size.  

					Figure 2: 3-D surface contour plot of optimal WMN  

					formulation using Box Behnken Design (A) Desirability (B)  

					Particle size (C) Polydispersity index (D) Entrapment  

					Efficiency  
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					The optimization results presented in Table 4 indicate that the ideal  

					conditions for producing WMN are chitosan 0.1% of 50 mL, 0.1 g of  

					tween 80, and a stirring speed of 1000 rpm. The desirability value was  

					0.719. This value approaches 1, signifying the proximity of the  

					optimization results.36 The validation of the optimal formula indicates  

					no substantial discrepancy between predicted and actual outcomes, thus  

					affirming that the BBD method is applicable for forecasting the  

					response of particle size, PDI, and stirring speed in the production of  

					WMN.  

					Table 4: Results of optimum condition verification of optimal  

					WMN formulation  

					Response Prediction Result  

					P-  

					Interpretation  

					value  

					Particle  

					Size (nm)  

					PDI  

					128.023  

					0.743  

					128.73 0.397 Not  

					± 0.939  

					significant  

					0.807 ± 0.162 Not  

					0.042  

					significant  

					EE (%)  

					95.947  

					92.194 0.053 Not  

					Figure 4: FTIR Spectrum of optimal WMN formulation  

					± 1.273  

					significant  

					The FTIR spectrum of the white mugwort fraction exhibits a  

					characteristic peak at 3337.44 cm-1 attributable to the O-H group, with  

					stretches at 2833.60 and 2945.52 cm-1 attributed to the C-H group. The  

					presence of the C-C group is indicated by the peak at 1656.52 cm-1,  

					further corroborated by spectral peaks at 1449.40 cm-1 and 1412.19 cm-  

					1. The peak at 1113.60 cm-1 denotes the existence of a C-N group,  

					corroborated by a broad peak at 1020.21 cm-1, which signifies the C-O  

					functional group.37 In the FTIR-ATR spectrum for the WMN, the pure  

					white mugwort, and chitosan fractions represent the primary attributes  

					of the extract encapsulated in chitosan. Nanoparticles are imperceptible  

					due to the overlap of certain distinctive peaks across all examined  

					components.21 The absence of the C=O functional group signifies the  

					efficacy of the white mugwort fraction delivered by a carrier system.38  

					TEM image of optimal WMN formulation  

					The particle morphology was examined by TEM, as illustrated in Figure  

					3. The spherical morphology of the particles is evident from the  

					observational data. TEM verified the spherical morphology of the  

					WMN, with particles measuring less than 200 nm under optimal  

					synthesis conditions. Particle morphology is significant as less spherical  

					particle shapes enhance inter-particle interaction, promoting  

					aggregation.36 The ionic gelation approach facilitates the creation of  

					stable nanoparticles through cross-linking amidst the negatively  

					charged phosphate ion from TPP and the positively charged amine  

					group from chitosan.37  

					In vitro release profile of optimal WMN formulation  

					Figure 5 illustrates the release characteristics of the WMN and white  

					mugwort fractions. WMN exhibits superior drug release capacity  

					compared to the white mugwort fraction over the same duration. At the  

					twelfth hour, the WMN exhibited a drug release of 39.66%, whilst the  

					white mugwort fraction demonstrated a drug release of 22.76%. The  

					increase drug release observed was nearly twofold compared to the  

					prior formulation. The particle size reduction approach enhances drug  

					release, hence augmenting the absorption of the active material. The  

					result correspond with the study by 37 indicating an enhancement in drug  

					release from nanoparticles, likely attributable to the robustness of their  

					adhesion to the mucosal layer via covalent bonds. A previous research  

					demonstrated that the oral use of levocetirizine hydrochloride-loaded  

					chitosan nanoparticles resulted in a twofold increase in drug release,  

					enhancing its medical applications. Drug release results from a variety  

					of events, including the infiltration of release media into the particle  

					matrix, the extract diffusion within the matrix, and processes such as  

					erosion, swelling, and polymer breakdown. The initial release of WMN  

					is slow, but subsequent rapid and substantial release of the extract is  

					contingent upon the swift diffusion of the extract located near or  

					adhered to the surface.40 The initial substantial release within the first  

					hour, ascribed to free or weakly bound medicines was greater in the  

					WMN formulation. The drug is trapped in the interior of the  

					formulation, leading to elevated amounts of unbound drug.15 This study  

					demonstrated that the nanoparticle formulation of white mugwort  

					enhances its dissolution rate, hence improving its oral bioavailability.  

					Figure 3: TEM image of optimal WMN formulation  

					FTIR spectrum of optimal WMN formulation  

					The FTIR spectra of chitosan, WMN, and white mugwort fraction are  

					presented in Figure 4. The characteristic spectrum of aromatic C-H  

					stretching in chitosan occurs at 2917.07 cm−1, O-H stretching at 3326.45  

					cm−1, C-C stretching at 1639.22 cm−1, and C-N stretching at 1464.15  

					cm−1. The WMN spectrum exhibits the following characteristic peaks:  

					3305.88 cm−1 ascribed to O–H and N–H, 1634.26 cm−1 ascribed to N–  

					H.  
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