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					ABSTRACT  

					ARTICLE INFO  

					Article history:  

					Dengue fever is a global health problem, with millions of cases reported each year. The lack of  

					available therapeutic agents has stimulated the search for new treatments. This study aimed to  

					synthesize, and characterize biopolymer-based nanoencapsules using Andrographis paniculata  

					and carboxymethyl chitosan (CMC), and evaluate their activity against dengue virus. A.  

					paniculata nanocapsules (AP-NPs) were formulated by ultrasonication of A. paniculata extract  

					with carboxymethyl chitosan. AP-NPs were characterized by particle size analysis, Fourier  

					Transform Infrared (FTIR) analysis, and stability under various conditions of pH, temperature,  

					and electrolyte (NaCl). The antiviral activity against dengue virus (DENV-2), and cytotoxic  

					activity against Vero cell line were evaluated according to standard procedures. AP-NPs was  

					successfully synthesized with particle size of 305.5 ± 30.12 nm, and a polydispersity index (PDI)  

					of 0.3319 ± 0.01. AP-NPs had improved stability and better controlled release of bioactive  

					components than A. paniculata extract. AP-NPs had a loading amount of 27.18 ± 2.51%, and a  

					loading efficiency of 54.36 ± 5.02%. AP-NPs exhibited enhanced antiviral activity and  

					bioavailability compared to the pure A. paniculata extract, although with increased cytotoxicity.  

					The CC₅₀ of AP-NPs was 734.56 μg/mL, which was significantly lower than that of the extract  

					(1522.95 μg/mL), while the EC₅₀ for AP-NPs was 68.12 μg/mL, compared to 9.87 μg/mL for the  

					extract. Despite the higher toxicity, AP-NPs offer promising potential as a therapeutic candidate  

					for dengue fever, particularly due to their ability to improve bioavailability and provide sustained  

					antiviral effects.  
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					Medicinal plant species generally contain secondary metabolites,  

					such as steroids, phenolics, tannins, alkaloids, anthocyanins,  

					Introduction  

					Since the beginning of 2024, more than 14 million dengue  

					cases and over 10.000 fatalities have been documented worldwide,  

					with the majority occurring in the region covered by the World Health  

					Organization's Pan American Health Organization. This region  

					recorded over 12 million cases, 53% lab-confirmed, and more than  

					7.000 deaths. Brazil recorded the highest number of cases (over 9.8  

					million), followed by Argentina, Mexico, Colombia, and Paraguay as  

					of November 2024.1 Dengue virus is a viral RNA in the genus  

					Flavivirus, family Flaviviridae which is transmitted through mosquito  

					bites, leading to Dengue Hemorrhagic Fever (DHF). The Dengue virus  

					is classified into four distinct serotypes (DENV1-4).2 with dengue-2  

					virus (DENV-2) contributing seriously to death from dengue fever.3  

					Therapeutic agents under investigation fall into two categories:  

					pathogen-neutralizing antibodies and antiviral peptides, both designed  

					to disrupt viral entry into host cells.4 However, no therapeutic agents  

					for dengue fever are presently approved for clinical application.  

					flavonoids, and saponins.6 Andrographis paniculata (A. paniculata)  

					has been traditionally utilized in several countries for its diverse  

					biological activities, including antioxidant, antidiabetic, antidiarrheal,  

					anticancer, anti-inflammatory, antiviral, antifungal, antimalarial,  

					cardiovascular, cytotoxic, hepatoprotective, and antihypertensive  

					properties.7 A. paniculata thrives in lowland regions up to an altitude  

					of 700 meters, preferring temperatures of 25-32°C, moderate  

					humidity, and adequate light intensity, with an optimal soil pH of 5.5-  

					6.5. Its leaves are rich in diterpene lactones and glycosides, such as  

					andrographolide,  

					deoxyandrographolide,  

					11,12-didehydro-14-  

					oxoandrographolide, neoandrographolide, as well as flavonoids.8 As  

					an antidengue agent, A. paniculata exhibits 75% inhibition of dengue  

					virus with 55%–97% cell viability in DENV-1–4 infected cells. The  

					active compounds detected include; terpenoids (andrographolides) and  

					flavonoids (luteolin, quercetin, kaempferol, and wogonin).9–11 The  

					effectiveness of quercetin as an antiviral agent against DENV-2 has  

					been demonstrated, and the compound showed high effectivity with  

					CC50, IC50, and SI values of 217.113 μg/mL, 18.406 μg/mL, and  

					11.797, respectively, indicating its potential as an antiviral agent  

					against DENV-2.12  
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					About 90% of clinical drug development fails due to low effectiveness  

					and lack of specificity. During drug development process, the  

					distribution of the drugs to various body tissues, which is an important  

					parameter that contributes to drug effectiveness and safety is often  

					ignored. This can lead to inappropriate drug candidate selection and  

					difficulties in determining effective doses without causing harmful  

					side effects.13 Some active compounds are damaged or degraded by  

					extreme conditions, such as a very acidic pH within the human  
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					digestive tract, and this results in low concentration of active  

					compounds that reach systemic circulation.14,15  

					turbidity was assessed using a turbidimeter (Milwaukee Mi415,  

					USA).25  

					Natural polymers are more commonly used as coating agents because  

					they are non-toxic, bioavailable, biocompatible and biodegradable.  

					The types of natural polymers that are often used as coatings for  

					encapsulation techniques are chitosan, casein, starch, whey protein,  

					Assessment of loading and release of AP-NPs  

					One of the key physicotechnical parameters is drug loading, which is  

					defined as the ratio of the mass of the drug to the nanoparticles loaded  

					by the drug.26 The drug loading process of AP-NPs was carried out by  

					dialysis using a membrane with a size of 14 kDa (Dialysis Tubing 12-  

					14 kDa Sigma-Aldrich, Germany). The amount of loading (LA) and  

					loading efficiency (LE) for each bioactive component were determined  

					using Equations 1 and 2, respectively. The release of bioactive  

					compounds from AP-NPs was assessed using Equation 3. Loading and  

					discharge measurements were performed by measuring the absorbance  

					using a UV-Vis spectrophotometer.26  

					albumin, and alginate.16–18 Chitosan is  

					a

					biopolymer that is  

					biocompatible, biodegradable, with an excellent adsorption properties,  

					good release profile of active compounds, good stability, low toxicity,  

					and simple method of preparation. Chitosan has limited application in  

					drug delivery systems because it is insoluble at neutral pH, only  

					soluble in acidic environments. As a result, the ability of chitosan to  

					dissolve in the gastrointestinal tract is limited to the duodenum.19,20  

					Meanwhile, 90% of drug absorption occurs in the small intestine,  

					especially the jejenum where most of the digestion and chemical  

					absorption occur making permeability in this part crucial for drug  

					effectiveness.21,22 One of the promising derivatives is carboxymethyl  

					chitosan. Carboxymethyl chitosan (CMC) is a chitosan derivative that  

					has a wide range of applications in drug delivery system, and  

					biomedical sciences, including cosmetic, food preservation,  

					biosensors, and emulsion stabilization. In addition, the pKa (2.0 - 4.0)  

					of CMC provides great potential to overcome chitosan solubility  

					problem, and extend the drug absorption site beyond the duodenum.23  

					Nanoencapsulation, a nanotechnology application that enhances the  

					protection and bioavailability of bioactive compounds by increasing  

					surface area and stability at the nanoscale,24 was applied in the current  

					study. The study therefore aimed to synthesize and characterize A.  

					paniculata encapsulated with carboxymethyl chitosan, and investigate  

					its antiviral potential against the dengue virus in vitro.  
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					퐶푡′ = 퐶푡 + 푣 푖−ꢁ 퐶푡  

					∑

					0

					푉

					Where;  

					퐶푡′ = Correction of concentration at time t  

					Ct = Measurement of concentration at time t  

					V = Total buffer volume used  

					v = Aliquot Volume  

					Determination of antidengue activity  

					The antiviral activity against DENV-2 was conducted following the  

					method of Sucipto et al. (2019)27 with minor modifications. Vero cell  

					lines were used for the assay. Confluent monolayers of Vero cells (5 ×  

					10⁴ cells/mL) were seeded in a 96-well plate and incubated at 37°C for  

					24 hours in a 5% CO₂ atmosphere. After removing the medium, 50 μL  

					of MEM containing 10% FBS was added, followed by 25 μL of  

					samples (A. paniculata and AP-NPs) at concentrations of 1, 10, and  

					100 μg/mL, and 25 μL of DENV-2 stock at 2 × 10³ FFU/mL. This  

					procedure was repeated three times. The samples were then incubated  

					for 48 hours at 37°C with 5% CO₂. Following incubation, 100 μL of  

					Viral ToxGlo reagent was added and the samples were incubated again  

					at 37°C with 5% CO₂. The luminescence data obtained was then  

					calculated as percentage of CPE (cytopathic effect) using the formula:  

					Materials and Methods  

					Materials  

					A. paniculata, methanol, distilled water, carboxymethyl chitosan, HCl  

					(Merck), NaCl (Merck), KCl (Merck), Na2HPO4.2H2O (Merck),  

					NaH2PO4.H2O (Merck), quercetin (Sigma-Aldrich), vero cell  

					(ATCC® CCL-81™), fetal bovine serum (FBS), phosphate buffered  

					saline (PBS), Dengue Virus Serotype 2 (NCBI No. KT012513,  

					Dengue Study Group, Institute of Tropical Disease, Universitas  

					Airlangga), viral ToxGlo reagent (Promega), CellTiter-Glo®  

					Luminescent Cell Viability Assay kit (Promega), Minimum Essential  

					Medium Eagle (MEM), and 3-(4,5)-dimethylthiazole-2-yl)-2,5-  

					diphenyltetrazolium bromide (MTT), were utilized in the study.  

					% CPE = 푎−푏 푥100%  

					(4)  

					푐−푏  

					Extraction of A. paniculata  

					Dried powdered A. paniculata leaves (1 kg) was extracted by  

					maceration in methanol at room temperature for 24 hours. The  

					extraction process was done three times. The combined methanol  

					extract was filtered using vacuum filtration, and then concentrated in  

					vacuo using a rotary evaporator (BUCHI R-300, USA).  

					Where; a = luminescene treatment; b = luminescence control medium;  

					c = luminescence (DENV-2 control + cell control). From the % CPE  

					data, a linear regression graph of concentration vs % CPE was made,  

					y = ax + b, where x = concentration and y = % CPE to determine EC50.  

					Cytotoxicity test  

					Nanoencapsulation of A. paniculata  

					The cytotoxicity test on Vero cell lines was performed using the MTT  

					method.27 Confluent monolayers of Vero cells (5 × 10⁴ cells/mL) were  

					seeded in 96-well plates and incubated for 24 hours at 37°C in a 5%  

					CO₂ atmosphere. After removing the medium, the cells were washed  

					three times with 1× PBS. Then, 100 μL of MEM with 10% FBS was  

					added, followed by 100 μL of the samples (A. paniculata and AP-NPs)  

					at concentrations of 100, 250, and 500 μg/mL, and incubated for  

					another 24 hours at 37°C with 5% CO₂. This procedure was repeated  

					three times. After incubation, the culture medium containing the  

					samples was discarded, the cells were washed with 100 μL of PBS,  

					and 10 μL of MTT reagent was added. The cells were then incubated  

					for another 4 hours, followed by a PBS wash. The absorbance was read  

					at 595 nm using a microplate reader. The percentage of live cells was  

					calculated using the formula:  

					Nanoencapsulation of A. paniculata was carried out by ultrasonication  

					method. A. paniculata extract was dissolved in methanol and mixed  

					with carboxymethyl chitosan. The mixture was then sonicated in a  

					sonicator (Elmasonic S 30, Germany) for 30 minutes without heating  

					until a homogeneous nanocapsule solution was obtained.24  

					Characterization of A. paniculata nanocapsule (AP-NPs)  

					The physicotechnical characteristics of A. paniculata (AP) and AP-  

					NPs were assessed by measuring the polydispersity index (PDI) and  

					particle size using a Particle Size Analyzer (Zetasizer Nano ZS,  

					Malvern, UK). The functional groups of AP and AP-NPs were  

					identified using  

					a

					Fourier Transform Infrared (FTIR)  

					spectrophotometer (Perkin Elmer FTIR Spectrum Two, UK).  

					% live cell = 푎−푏 푥100  

					Assessment of stability of AP-NPs  

					푐−푏  

					The stability of A. paniculata and AP-NPs in preserving bioactive  

					compounds was evaluated using several parameters, including  

					temperatures (30 - 100°C), pH (2 - 10), and NaCl concentrations (0 -  

					0.3 M). Additionally, the UV-Vis absorption spectrum (Shimadzu UV-  

					1800, Japan) was measured for each parameter, and nanoparticle  

					Where; a = absorbance of media with treatment; b = absorbance of  

					media without treatment (media control); c = absorbance of cell  

					without treatment (cell control).  

					A linear graph of concentration vs percentage of live cells was  

					prepared to determine CC50  
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					maintained. Peaks at 1583 and 1405 cm⁻¹ indicate C=O stretching of  

					the amide, with slight shifts that may indicate an interaction between  

					the C=O group on the CMC and the active component of A. paniculate.  

					The peak at 1019 cm⁻¹ indicates an interaction between the C-O-C  

					group in the CMC and the components of A. paniculata.  

					Results and Discussion  

					Extraction yield of A. paniculata  

					The extraction process of A. paniculata produced a thick extract (90 g)  

					from 1 kg of the dried powdered sample, resulting in an extract yield  

					of 9%.  

					Stability of A. paniculate nanocapsule  

					Quercetin standard curve  

					The stability of herbal extract nanoencapsulation in this case AP-NPs  

					under various environmental conditions, such as temperature, pH, and  

					salt concentration, is an important parameter for assessing the  

					durability and effectiveness of the nanoencapsulation system. The  

					following are the results and explanations of the effects of each of  

					these conditions.  

					Standardization of A. paniculata was carried out against the quercetin  

					standard. The linear regression equation for the quercetin standard  

					curve was y = 0.0831x - 0.0057 with R2 = 0.9963 (Figure 1).  

					Table 1: Physiochemical properties of A. Paniculata  

					nanocapsule  

					Parameter  

					Value  

					Particle Size (nm)  

					305.5 ± 30.12  

					PDI  

					0.3319 ± 0.01  

					Values are Mean ± Standard Deviation (SD). PDI = Polydispersity  

					index  

					0.7  

					0.6  

					0.5  

					0.4  

					0.3  

					y = 0.0831x - 0.0057  

					0.2  

					0.1  

					R² = 0.9963  

					0

					0

					2

					4

					6

					8

					10  

					Concentration (ppm)  

					Figure 2: FTIR spectra of (A) A. paniculata, (B) CMC and  

					(C) AP-NPs  

					Figure 1: Quercetin standard curve  

					The stability of AP-NPs and A. paniculata was carried out at different  

					pH ranging from 2 to10. The stability level was assessed by taking  

					spectral readings using UV-Vis spectrophotometer, and turbidity using  

					a turbidimeter. The effect of pH on the UV-Vis spectrum is shown in  

					Figure 3. The UV-Vis spectrum of A. paniculata (Figure 3A) showed  

					significant changes in various pH conditions. At first, the solution had  

					a pH of 5. When the pH was lowered to 2-4, there was a significant  

					decrease in absorbance intensity, indicating a hypochromic shift. This  

					Physicotechnical characteristics of A. paniculate nanocapsule  

					Nanoencapsulation produces nanocapsules, which are vesicular  

					systems of bioactive compounds surrounded by polymer membranes  

					with a maximum particle size of 500 nm.28 A. paniculata nanocapsules  

					(AP-NPs) formulated with the biopolymer carboxymethyl chitosan  

					were characterized by their particle size and polydispersity index  

					(PDI) as shown in Table 1.  

					Particle size are measured to ensure that the resulting nanocapsules are  

					within the nanoparticle size range. In addition, polydispersity index  

					(PDI) is used to describe the degree of non-uniformity of particle size  

					distribution otherwise known as the heterogeneity index.29 Table 1  

					shows that the particle size of AP-NPs is 305.5 ± 30.12 nm, which  

					indicates that the nanoencapsulation process of AP-NPs successfully  

					met the criteria of nanoparticles. In addition, the PDI AP-NPs value of  

					indicates  

					a

					degradation or strong interaction with the acidic  

					environment, so the ability of the molecules to absorb light decreases.  

					In contrast, at pH 6-10, the absorbance intensity increased, with a more  

					significant hyperchromic shift at pH 7-10. This increase suggest a  

					change in the electronic environment of the active molecule in the  

					alkaline state, likely due to the ionization of the functional group  

					affecting the electron distribution and causing an increase in the  

					maximum wavelength. For the AP-NPs spectrum (Figure 3B), at pH  

					2-10 the resulting absorbance intensity was lower than that of A.  

					paniculate. The absorbance intensity at low pH was lowwer compared  

					to neutral, and alkaline pH, but still more stable than A. paniculata.  

					This indicates the presence of hypochromic shifts at low pH, and  

					hyperchromic shift at neutral and alkaline pH but to a lesser extent.  

					Despite these shifts, AP-NPs appear to maintain a more stable  

					molecular structure compared to A. paniculata. It has been shown that  

					nanoencapsulation is effective in stabilizing herbal extracts under  

					various pH conditions (2-10).  

					The results of turbidity measurements (Figure 4) showed that at pH 2,  

					A. paniculata had low turbidity, but the turbidity increased drastically  

					at pH 3-4, with the highest turbidity of about 87 NTU obtained at pH  

					3. This indicates coagulation or deposition of active particles under  

					acidic conditions. Above pH 4, the turbidity decreased, indicating  

					particle deposition. It is known that active compounds can be damaged  

					or degraded due to extreme conditions, such as acidic pH.14  

					0.3319  

					±

					0.01 indicates that the particle size is relatively  

					homogeneously distributed. Generally, a PDI ≤ 0.05 indicates a very  

					uniform size distribution. In contrast, PDI ≥ 0.7 indicates a more varied  

					and less uniform particle size distribution.30 In this study, the  

					nanoencapsulation process used an ultrasonication technique.  

					Ultrasonication is able to control the particle size through the  

					phenomenon of acoustic cavitation which helps to break down the  

					particle aggregate into smaller individual particles.30  

					FTIR characterization was done to ensure that the AP-NPs have the  

					typical functional groups of A. paniculata and carboxymethyl  

					chitosan. The FTIR spectrum of AP-NPs showed a shift in the  

					absorption band in the 3323 cm-1 region indicating an overlap of the -  

					OH and -NH groups, but with a slight shift compared to pure CMC,  

					which may indicate an interaction between the quercetin of A.  

					paniculata and CMC (Figure 2).  

					In AP-NPs FTIR spectrum, an absorption band at 2924 cm-1 is a  

					persistent C-H stretch, indicating that the aliphatic component is  
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					Meanwhile, in the pH range of 2-10, AP-NPs showed low and stable  

					turbidity, signaling that nanoencapsulation effectively prevented  

					aggregation and maintained particle stability in a wide range of pH  

					conditions, especially in acidic conditions that would normally cause  

					instability.  

					The stability of AP-NPs and A. paniculata was carried out at different  

					temperatures, namely; by heating them at 30-100°C. The results  

					showed that there is a difference in absorbance intensity caused by  

					temperature changes (Figure 5). It was observed that the temperature  

					change of 30-100°C drastically increased the absorbance of A.  

					Figure 3: Effect of pH on UV-Vis spectra of (A) AP-NPs, (B) A. paniculata  

					Paniculata, indicating the degradation of active compounds by  

					temperature changes. Hypochromic shifts occur in both the spectrum  

					of A. paniculata and AP-NPs, but in the presence of nanoencapsulation  

					with CMC biopolymer as a coating of active compounds, AP-NPs  

					showed higher stability at various temperature conditions  

					characterized by the low absorbance intensity produced.  

					Nanoencapsulation serves as a protective barrier that prevents active  

					molecules from undergoing significant changes in their structure or  

					reactivity to the environment, resulting in a more consistent spectrum  

					with lower intensity, but stable over a wide range of temperatures.31  

					Based on the turbidity graph on temperature variation (Figure 6), AP-  

					NPs were more stable than A. paniculata on temperature changes.  

					Nanoencapsulation successfully prevents coagulation or particle  

					deposition that normally occurs at high temperatures, which is evident  

					from the lower and consistent turbidity. In contrast, the turbidity of A.  

					paniculata was high at low temperatures (about 21 NTU at 30°C) and  

					decreased significantly as the temperature increased, reaching about  

					12 NTU at 60°C. Beyond this temperature, the turbidity was relatively  

					stable up to 100°C. A decrease in turbidity at higher temperatures may  

					indicate that the particles in A. paniculata undergo precipitation or  

					coagulation as the temperature increases, leading to a decrease in the  

					number of dispersed particles in the solution. This suggests that A.  

					paniculata is more susceptible to clumping and precipitation at high  

					temperatures which reduces its stability.  

					The stability of the nanocapsules was also assessed at varying  

					electrolyte concentrations (0 – 0.3 M NaCl). It is known that the level  

					of electrolytes in human blood is around 135-145 mmol/L.32,33 The  

					FTIR spectrum showed that the addition of NaCl to A. paniculata  

					resulted in a bathochromic shift accompanied by a decrease in  

					absorbance intensity, indicating a hypochromic shift (Figure 7). A.  

					paniculata had a higher absorbance intensity compared to AP-NPs,  

					indicating that the nanoencapsulation process was able to maintain the  

					stability of the active compound under various concentrations of NaCl.  

					The results of turbidity measurements (Figure 8) showed that the  

					addition of NaCl at a concentration of 0.1 M caused an increase in  

					turbidity up to 71 NTU, which may be due to decreased solubility and  

					increased particle aggregation, a phenomenon known as salting out.34  

					In addition, the salt ions neutralize the surface charge of A. paniculata  

					particles, thereby reducing the repulsive force between the particles,35  

					which ultimately leads to aggregation and increased turbidity. After  

					reaching its peak (0.1 M), larger particles begin to settle, so the  

					turbidity decreases, which is characterized by the formation of deposits  

					or crusts at the bottom of the tube. In addition, AP-NPs exhibited lower  

					and stable turbidity due to nanoencapsulation, which protects the  

					active particles from the effects of aggregation caused by the addition  

					Of NaCl. Nanoencapsulation creates particles that are more resistant  

					to changes in the ionic environment, maintaining stability and a more  

					uniform distribution of particles.  

					Table 2: Antidengue activity of A. Paniculata and AP-NPs  

					Sample  

					EC50 (µg/mL)  

					9.87 ± 0.13  

					CC50 (µg/mL)  

					1522.95 ± 9.16  

					734.56 ± 11.72  

					SI  

					154.30  

					10.78  

					A. Paniculata  

					AP-NPs  

					68.12 ± 4.76  

					Values are Mean ± Standard Error of Mean (SEM). EC50: Effective  

					concentration 50%, CC50: Cytotoxic Concentration 50%, SI  

					(Selectivity Index): The ratio between CC₅₀ and EC₅₀.  

					Loading and release of A. paniculate nanocapsules  

					The loading of bioactive components in AP-NPs was determined  

					through the percentage loading amount (% LA) and loading efficiency  

					(% LE). The number of AP-NPs loaded was up to 27.18 ± 2.51%,  

					which reflects the total percentage of A. paniculata components that  

					are successfully trapped in the nanocapsules. Meanwhile, the loading  

					efficiency of AP-NPs was 54.36 ± 5.02%, indicating the percentage of  

					Figure 4: Effect of pH on turbidity of AP and AP-NPs  
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					Figure 5: Effect of temperature on UV-Vis spectra of (A) AP-NPs, (B) A. Paniculata  

					A. paniculata components effectively incorporated in the nanocapsule  

					micelles. The percentage release of bioactive components from AP-  

					NPs was tested in a simulated human digestive system with pH  

					variations of 2, 7, and 8.5 over 8 hours and the results were expressed  

					in the form of a release percentage equivalent to quercetin. At pH 2,  

					the discharge after 8 hours was only 52.46 ± 2.58%, while at pH 7 the  

					discharge increased to 61.14 ± 8.71%, and the highest discharge (74.94  

					± 6.33%) was at pH 8.5 (Figure 9). The low release at pH 2 is likely  

					due to the aggregation of CMC polymers that occur under acidic  

					conditions. It is known that CMCs begin to aggregate at pH <7 and  

					this aggregation can inhibit the dissociation of the nanocapsules,  

					thereby effectively blocking the release of bioactive components.26  

					Higher release of bioactive components was observed at neutral and  

					alkaline pH (pH 7 and 8.5), suggesting that pH > 7 was the optimal  

					condition for the release of bioactive components. At this pH, the  

					solubility of CMC increases significantly, allowing the polymer to  

					dissociate more easily and release the encapsulated bioactive  

					component in the nanocapsule.  

					Figure 6: Effect of temperature on turbidity of AP and AP-  

					NPs  

					Figure 7: Effect of NaCl concentration on UV-Vis spectra of (A) AP-NPs, (B) A. Paniculata  
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					In addition, at alkaline pH, the electrostatic interaction between the  

					polymer and the bioactive component is reduced due to the change in  

					charge. At high pH, the carboxyl group (–COO⁻) in CMC undergoes  

					deprotonation, making the polymer negatively charged. This condition  

					reduces interaction with bioactive components that are also negatively  

					charged, resulting  

					in a repulsive force. This repulsion reduces electrostatic interactions,  

					promotes the release of bioactive components from the polymer  

					rmatrix, and increases the overall release rate. As a result, a pH greater  

					than 7 creates more favourable conditions for the release of bioactive  

					components from AP-NPs.  

					Antidengue activity  

					The EC₅₀ and CC₅₀ values of A. paniculata extract and AP-NPs are  

					shown in Table 2. The CC₅₀ values of A. paniculata extract and AP-  

					NPs were 1522.95 ± 9.16 μg/mL and 734.56 ± 11.72 μg/mL,  

					respectively. This suggests that the toxicity of AP-NPs to cells is much  

					higher than that of A. paniculata extract, as lower CC₅₀ values indicate  

					that lower concentrations of AP-NPs can already cause toxic effects  

					(Figure 10B). Meanwhile, the EC₅₀ value of A. paniculata extract was  

					9.87 ± 0.13 μg/mL, indicating that the extract has a strong potential in  

					inhibiting dengue virus.  

					Figure 8: Effect of NaCl concentration on turbidity of AP  

					and AP-NPs  

					Figure 8: The percentage release of quercetin in AP-NPs  

					Figure 9: The dose-response curves (A) the EC50 values, representing the effective concentration needed to achieve 50% of the desired  

					biological activity, and (B) the CC50 values, indicating the concentration at which 50% of cells are rendered non-viable. These  

					measurements compared A. paniculata extract and its nanocapsule (AP-NPs)  
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					However, AP-NPs had a higher EC₅₀ value, i.e. 68.12 ± 4.76 μg/mL,  

					which means that a higher concentration of AP-NPs is required to  

					achieve 50% viral inhibition compared to A. paniculata extract (Figure  

					10A). Nonetheless, AP-NPs still showed good antidengue potential,  

					given that the encapsulation capabilities in AP-NPs can improve the  

					bioavailability and stability of the active compounds in A. paniculata.  

					This effectiveness could also be related to the gradual release of  

					bioactive components from the nanocapsules, which can provide a  

					longer-lasting anti-viral effect. A. paniculata extract showed an SI of  

					154.30, indicating a high level of safety and selectivity. In contrast,  

					AP-NPs had an SI of 10.78, which was close to the previously reported  

					SI value of 11.8,12 indicating lower selectivity compared to pure  

					extract but still promising as a therapeutic candidate. The findings  

					from this study demonstrates the potential of CMC-based A.  

					paniculata nanoencapsulation as an antidengue therapeutic candidate  

					with better controlled release and enhanced bioactivity of the  

					encapsulated active components.  
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