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					ABSTRACT  

					ARTICLE INFO  

					Hyperuricemia, characterized by excess uric acid production or reduced uric acid excretion, is a  

					significant risk factor for kidney and cardiovascular diseases. The enzyme xanthine oxidase  

					(XOin) plays a crucial role in uric acid production, and contributes to oxidative stress and  

					inflammation. This study aimed to evaluate the XO inhibitory potential of Kaempferia galanga L.  

					ethanol extract (KGEE) and its effects on arterial stiffness in hyperuricemic rats. Hyperuricemia  

					was induced by placing the animals on 20% fructose in drinking water for 28 days, followed by  

					potassium oxonate injection (4.5 mg/kg, stat). Twenty-five rats were divided into five groups:  

					normal control, positive control (hyperuricemic rats), allopurinol (1.8 mg/kg), and two KGEE  

					groups (50 and 100 mg/kg). After 28 days of treatment, XO inhibitory activity of liver homogenate  

					and serum uric acid concentration were measured. Arterial stiffness was measured on days 0, 14,  

					and 28 using the pulse wave velocity method. XO inhibitory activity of kaempferol a flavonoid in  

					KGEE was assessed in silico by molecular docking simulation. KGEE demonstrated XO  

					inhibitory activity in vitro with IC50 of 31.47 µg/mL. KGEE stimulated XO inhibition in rats’  

					liver, resulting in percentage inhibition of 79.38% at 100 mg/kg. The extract significantly reduced  

					uric acid levels and improved arterial stiffness, compared to the positive control. In silico  

					molecular docking simulations indicated that kaempferol may act as XO inhibitor. Therefore,  

					KGEE shows promise as an effective XO modulator and a potential biomarker for endothelial  

					dysfunction in hyperuricemia, contributing to the amelioration of arterial stiffness. .  
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					Introduction  

					Kaempferia galanga L., a plant from the Zingiberaceae family, is  

					Hyperuricemia is characterized by elevated uric acid levels, and is  

					associated with cardiovascular diseases and is often observed in  

					patients with metabolic syndrome. Hyperuricemia increases the risk of  

					hypertension, diabetes, and other health issues.1,2 In 2017,  

					approximately 7.44 million cases of hyperuricemia were associated  

					with metabolic syndrome globally, with a higher prevalence in men  

					(10%) compared to women (6%).3-5 In Indonesia, the prevalence of  

					hyperuricemia is 18%, with the highest rate (54.8%) found in  

					individuals aged 75 years and older.6  

					Arterial stiffness, a hallmark of vascular aging, is associated with  

					hyperuricemia due to oxidative stress and systemic inflammation  

					caused by elevated uric acid levels. Even though uric acid is typically  

					an antioxidant, it can become harmful at high levels, leading to vascular  

					damage by reducing nitric oxide (NO) availability, promoting  

					endothelial dysfunction, and increasing vascular tone. The renin-  

					angiotensin-aldosterone system contributes to vascular fibrosis, and  

					hyperuricemia-induced oxidative stress, which further increases arterial  

					believed to have anti-hyperuricemic properties, mainly through the  

					inhibition of xanthine oxidase (XO).8 The bioactive compound  

					kaempferol found in the plant's rhizome exhibits anti-inflammatory and  

					vasorelaxant properties.9,10 Kaempferol has demonstrated a variety of  

					pharmacological benefits, with several studies confirming its ability to  

					inhibit XO. Studies have suggested that Kaempferia galanga L. extract  

					reduced inflammatory markers such as TNF-α and IL-1β.11 Other  

					investigations further supported its role in lowering uric acid levels in  

					hyperuricemic animal models.12 Therefore, this study aimed to  

					investigate the anti-hyperuricemic effects of Kaempferia galanga L., its  

					potential to inhibit XO activity, and its impact on arterial stiffness and  

					vascular health in hyperuricemic animal model.  

					Materials and Methods  

					Plant collection and identification  

					The rhizomes of Kaempferia galanga L. were sourced from the  

					Indonesian Spices Medicinal and Aromatic Plants Instrument Standard  

					Testing Institute in Bogor, West Java, Indonesia in December 2023. The  

					plant material was identified at the Plant Taxonomy Laboratory,  

					Department of Biology, Faculty of Mathematics and Natural Sciences,  

					Padjadjaran University, West Java, Indonesia. Voucher number:  

					31/HB/02/2024 was assigned.  

					stiffness through the production of endothelin-1,  

					a

					potent  

					vasoconstrictor.7  
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					Phytochemical analysis  

					Phytochemical screening was performed to identify the presence of  

					secondary metabolites, such as alkaloids, flavonoids, saponins, tannins,  

					and steroids-triterpenoids.13  
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					(2017).14 To perform PWV measurements, the rats were first  

					anaesthesized by placing them in an anaesthesia chamber, after the  

					animals became unconscious, they were transferred to the PWV  

					compartment. An electrocardiogram sensor was used to record the heart  

					electrical activity by placing the electrodes on the right, left, and hind  

					paw. In contrast, a photoplethysmography sensor was placed at the tip  

					of the tail to monitor blood flow changes. Increased PWV values  

					indicated greater arterial stiffness.  

					Preparation of extract  

					Kaempferia galanga rhizomes (2000 g) were cleaned, sliced, and dried  

					at 37°C. The dried material was ground and macerated in 20 L of 96%  

					ethanol for 3 days in a dark place. The resulting extract was filtered and  

					concentrated using a rotary evaporator at 40°C.  

					Determination of in vitro xanthine oxidase inhibitory activity  

					Molecular docking validation of xanthine oxidase inhibitory activity  

					The in vitro xanthine oxidase (XO) inhibitory activity of KGEE was  

					determined using the spectrophotometric method. In a 96-well  

					microplate was added 35 µL phosphate buffer (pH 7.5), followed by 30  

					µL of XO (0.2 U/mL) and 50 µL of KGEE (15.625; 31.25; 62.5; 125;  

					250; 500 µg/mL). the buffer (115 µL) was used as blank, while a  

					mixture of 85 µL of buffer and 30 µL of XO was used as the control.  

					Allopurinol at the sample concentrations as the test extract was used as  

					the standard (positive control). The plate was incubated at 25°C for 15  

					minutes. Xanthine substrate (60 µg/mL) was then added and incubated  

					for another 30 minutes, followed by 25 µg/mL I M HCl. The absorbance  

					of the resulting mixture was measured at 290 nm using a microplate  

					reader. The determination was done in triplicate. The percentage XO  

					inhibition was calculated using the following formula:  

					Molecular docking validation was performed using AutoDock version  

					4.2.3. The protein (XOR) was pre-prepared, and the native ligand was  

					separated from the protein using Discovery Studio, after which it was  

					re-docked into the target protein. The grid centre was positioned nearly  

					at the centre of the ligand, encompassing all residues in the binding site.  

					The grid box was determined by setting the central region of the native  

					ligand and performing docking with a maximum number of genetic  

					algorithms (GA).15 The number of GAs run was set to 100, a medium  

					number of evaluations, and the algorithm used was the Lamarckian  

					Genetic Algorithm (LGA). The docking process was considered valid  

					when the Root Mean Square Deviation (RMSD) was ≤ 2Å.16  

					XO inhibition (%) = [(A - B) / A] × 100.  

					Molecular docking simulation  

					Where;  

					The molecular docking simulation of test ligand with the target protein  

					was performed using AutoDock version 4.2.3. The grid box settings  

					were adjusted according to the size and area determined from the  

					validation results. The docking results were then interpreted by  

					examining the ∆G (binding free energy) and KI (inhibition constant).  

					A is the absorbance of control minus absorbance of blank,  

					B is the absorbance of sample minus absorbance of blank.  

					Animals  

					Twenty-five male Wistar rats, 2-3 months old and weighing 200-250 g,  

					were acclimatized to the laboratory condition (24–26°C, 70–75%  

					humidity, and a 12-hour light-dark cycle). The animals were fed with  

					standard rodent pellets and had unrestricted access to drinking water.  

					All procedures adhered to ethical guidelines for the use and handling of  

					experimental animals. Ethical approval was given by the Faculty of  

					Medicine, Padjadjaran University, Bandung (registration number  

					115/UN6.KEP/EC/2024).  

					Molecular docking visualization  

					The Discovery Studio Visualizer 2016 and Visual Molecular Dynamics  

					applications were used to examine the binding interactions between the  

					test ligand and the target protein. Docking results were visualized by  

					showing the interactions between the ligand and the protein, as well as  

					the intermolecular bonds with amino acid residues of the target  

					protein.16  

					Induction of hyperuricemia and animal grouping  

					Statistical Analysis  

					Hyperuricemia was induced by administering 20% fructose in drinking  

					water for 28 days, followed by a potassium oxonate injection on the  

					final day. The rats were divided into five groups of 5 animals each,  

					namely; normal control group (not hyperuricemic), positive control  

					group (hyperuricemic rats but not treated), allopurinol group  

					(hyperuricemic rats, received allopurinol 1.8 mg/kg), and Kaempferia  

					galanga L. ethanol extract (KGEE) groups (hyperuricemic rats,  

					received KGEE at doses of 50 and 100 mg/kg) for 28 days. All groups,  

					except the normal control group had hyperuricemia induction.  

					Data were expressed as mean ± standard deviation (SD) of five  

					replicates. Differences between means were determined using one-way  

					Analysis of Variance (ANOVA) with SPSS 25.0 software. P-value <  

					0.05 was considered statistically significant.  

					Results and Discussion  

					Extract yield  

					The extract yield from Kaempferia galanga L. was 11.79%, which met  

					the Indonesian Herbal Pharmacopoeia's standard of over 10% for a good  

					yield. This high yield suggested a greater concentration of bioactive  

					compounds in the extract.  

					Determination of xanthine oxidase inhibitory activity using rat liver  

					homogenate  

					A 20% liver homogenate from all treatment groups was reacted with  

					xanthine substrate at concentrations of 0.13, 0.26, 0.39, and 0.53 mM  

					in phosphate buffer (pH 7.5). The reaction mixture was incubated for  

					15 min, after which 0.2 U/mL of xanthine oxidase was added, then  

					incubated for 30 min, and the absorbance of the resulting mixture was  

					measured using a spectrophotometer at 576 nm. The buffer solution was  

					used as blank, while the buffer + enzyme without the test sample was  

					used as the control.  

					Phytochemical constituents of Kaempferia galanga  

					The phytochemical screening of Kaempferia galanga rhizomes  

					identified alkaloids, flavonoids, tannins, and triterpenoids in the ethanol  

					extract. This result is consistent with previous studies which showed  

					that Kaempferia galanga contained flavonoids with XO inhibitory  

					activity.17,13  

					Xanthine oxidase inhibitory activity  

					Measurement of blood uric acid level  

					The in vitro and in vivo xanthine oxidase inhibitory activity of  

					Kaempferia galanga extract are presented in Table 1 and Figure 1.  

					Results were presented in terms of IC50 values (Table 1) and percentage  

					inhibition (Figure 1). The in vitro result showed that Kaempferia  

					galanga extract exhibited a dose-dependent xanthine oxidase inhibitory  

					activity. Higher concentrations of KGEE resulted in higher percentage  

					xanthine oxidase inhibition. At the lowest concentration of 15.265  

					µg/mL, KGEE showed an average percentage xanthine oxidase  

					inhibition of 34.5%, and this value increased significantly as the  

					concentration of KGEE increased. KGEE had an IC50 value of 31.47  

					µg/mL, while allopurinol, the standard xanthine oxidase inhibitor used  

					The blood uric acid level was measured on days 0 and 28. Blood  

					samples were collected from the orbital sinus. The blood samples were  

					centrifuged at 3000 rpm for 5 minutes to separate plasma. A 5 µL  

					plasma sample was mixed with 500 µL of uric acid Reagent Kit  

					(ProLine®) and incubated at 20-25°C for 10 minutes. Uric acid levels  

					were measured using a Microlab 300 UV spectrophotometer at 239 nm.  

					Measurement of arterial stiffness  

					Arterial stiffness was measured on days 0, 14, and 28 using the pulse  

					wave velocity (PWV) method as described by Zakaria and Hasimun  
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					in this study had an IC50 value of 1.54 µg/mL, which is much lower  

					compared to that of KGEE. A lower IC50 value, indicate a higher  

					xanthine oxidase inhibitory activity.  

					Xanthine oxidase (XO) is an enzyme that converts hypoxanthine to uric  

					acid, generating reactive oxygen species (ROS). Dysregulation of XO  

					can lead to hyperuricemia, gout, and oxidative tissue damage.12 KGEE  

					effectively inhibited XO likely through antioxidant and anti-  

					inflammatory mechanism. Also, flavonoids in KGEE might help lower  

					proinflammatory cytokines and increase the activity of antioxidant  

					enzymes like superoxide dismutase and catalase.  

					Inhibition of XO is an effective way of reducing uric acid levels.  

					Flavonoids in KGEE, such as quercetin and kaempferol bound to the  

					XO active site, reducing their interaction with substrates and decreasing  

					uric acid production.13 It has also been shown that ethyl-p-  

					methoxycinnamate isolated from Kaempferia galanga L. extract  

					inhibited cyclooxygenase-1 and -2, contributing to the anti-  

					inflammatory effects and supporting its role in reducing uric acid  

					levels.18  

					Table 1: In vitro xanthine oxidase inhibitory activity of Kaempferia  

					galanga extract  

					Replicate  

					IC50 (µg/mL)  

					Allopurinol  

					1.01  

					KGEE  

					30.98  

					30.08  

					33.34  

					1

					2

					3

					1.70  

					1.90  

					Mean ± SD  

					1.54 ± 1.47  

					31.47 ± 1.67  

					KGEE = Kaempferia galanga Ethanol Extract  

					Effect of Kaempferia galanga extract on serum uric acid levels  

					Figure 2 shows the serum uric acid levels in all groups on day zero (T0)  

					and day 28 (T28). The result showed that the uric acid levels were not  

					significantly different among all the groups at T0. However, at T28,  

					significant differences (p < 0.05) were observed in the serum uric acid  

					levels between the extract-treated groups and the positive control group,  

					confirming that the induction of hyperuricemia was successful. There  

					was a significant reduction in uric acid levels in allopurinol group  

					compared to the positive control (p<0.05). Similarly, both KGEE 50  

					mg/kg and 100 mg/kg significantly (p<0.05) reduced uric acid levels,  

					with values of 2.31 mg/dL and 1.89 mg/dL, respectively compared to  

					the positive control group, which had uric acid concentration of 3. 67  

					mg/dL. This indicated that KGEE had the potential to lower uric acid in  

					condition of hyperuricemia.  

					Potassium oxonate functions as a competitive inhibitor of uricase. By  

					inhibiting uricase activity in rodents, potassium oxonate mimics the  

					human metabolic condition of uric acid accumulation. This leads to an  

					artificial elevation of serum uric acid levels, creating a reproducible and  

					reliable model of hyperuricemia. Potassium oxonate inhibit uricase,  

					which leads to hyperuricemia by preventing the conversion of uric acid  

					to allantoin.19 Hyperuricemia induces arterial stiffness through  

					inflammation and oxidative stress, increasing collagen density and  

					reducing elasticity.20 Furthermore, uric acid activates the NLRP3  

					inflammasome, leading to the release of proinflammatory cytokines IL-  

					1β and IL-18.21 It has been reported that Kaempferia galanga extract  

					inhibited the NF-κB pathway, thereby reducing inflammation and  

					cytokines like TNF-α and IL-6.22 Higher doses of Kaempferia galanga  

					extract were more effective due to their XO inhibition, antioxidant, and  

					anti-inflammatory properties.22 Allopurinol reduces uric acid levels and  

					free radical production, thereby reducing oxidative stress and  

					inflammation.23 Recent studies have shown that allopurinol improved  

					endothelial function and reduced arterial stiffness, as evidenced by  

					decreased PWV value in hyperuricemia.24,25  

					Figure 1: In vivo xanthine oxidase inhibitory activity of  

					Kaempferia galanga extract  

					Similarly, Figure 1 shows that KGEE stimulated xanthine oxidase  

					inhibition in the rat liver, resulting in percentage inhibition of 72.48%  

					and 79.38% at 50 and 100 mg/kg doses, respectively. These values were  

					significantly (P < 0.05) higher than that of the normal control group,  

					which showed a percentage inhibition of 39.29%. However, the  

					standard drug allopurinol had a significantly (P<0.05) higher inhibition  

					of 82.77% than the KGEE groups.  

					Effect of Kaempferia galanga extract on arterial stiffness  

					This study evaluated the anti-hyperuricemic effect of KGEE in  

					hyperuricemic rats using PWV as the primary indicator of arterial  

					stiffness. PWV is a reflection of arterial elasticity, with higher values  

					indicating reduced elasticity and increased cardiovascular risk. Figure  

					3 shows the PWV values in hyperuricemic rats treated with KGEE and  

					allopurinol compared to the controls. The result showed that in the  

					normal control group, PWV remained stable from T0 to T28, which  

					suggested that arterial elasticity remained unchanged under normal  

					condition (that is without hyperuricemia). In contrast, in the positive  

					control group (potassium oxonate-induced hyperuricemia), PWV  

					values significantly increased from T0 to T28, which indicated that 20%  

					fructose-induced hyperuricemia led to arterial stiffness. Conversely,  

					allopurinol-treated group showed a significantly reduced PWV from  

					T14 to T28. This therefore emphasized the protective effect of  

					allopurinol against arterial stiffness. KGEE at 50 and 100 mg/kg  

					effectively prevented PWV increase, with the 100 mg/kg dose being  

					more effective, making it the optimal dose for reducing arterial stiffness  

					and potentially lowering cardiovascular disease risk.  

					Figure 2: Uric acid levels in the different groups. KGEE: Kaempferia  

					galanga L. ethanol extract 50 mg/kgBW, 100 mg/kgBW; (*)  

					Statistically significant difference from the normal control group  

					(p<0.05); (β) Statistically significant difference from the positive control  

					(untreated hyperuricemic rats) (p<0.05); (α) Statistically significant  

					difference from the Allopurinol group (p<0.05).  

					The effect of KGEE on arterial stiffness can be mediated through  

					antioxidant and anti-inflammatory mechanisms. It has been shown from  
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					previous studies that KGEE mitigated oxidative stress by inhibiting  

					Inducible Nitric Oxide Synthase (iNOS) involved in inflammation.  

					Figure 3: Pulse wave velocity (PWV) in all the groups. KGEE: Kaempferia galanga L. ethanol extract 50  

					mg/kgBW, 100 mg/kgBW; (*) Statistically significant difference from the normal control group (p<0.05); (β)  

					Statistically significant difference from the positive control group (untreated hyperuricemic rats) (p<0.05); (α)  

					Statistically significant difference from the allopurinol group (p<0.05).  

					Figure 4: Molecular docking validation (a) visualization of native ligand-protein (XOR) complex, (b) Visualization overlay. Root  

					Mean Square Deviation (RMSD) was ≤ 2Å.  

					Notes  

					- Green: Native Ligand  

					- Yellow: Kaemferol  

					Figure 5: Molecular docking visualization of ligand-protein interactions: (a) Native ligand-XOR, and (b)  

					Kaempferol-XOR. The native ligand exhibited a ΔG value of -4.87 kcal/mol, while kaempferol demonstrated a  

					ΔG value of -8.97 kcal/mol. Docking analysis revealed that the native ligand, with a ΔG of -4.87 kcal/mol,  

					possesses moderate binding affinity. Moreover, kaempferol, with a ΔG of -8.97 kcal/mol, exhibited a stronger  
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					binding affinity and a more stable interaction with the xanthine oxidase (XOR) active site. The significantly lower  

					ΔG value of kaempferol highlights its potential as a more effective inhibitor compared to the native ligand.  

					Since iNOS produced large amounts of nitric oxide (NO) during  

					inflammation, its inhibition by KGEE reduced excessive NO  

					production, thereby decreasing necrosis and oxidative stress.26,27  

					Kaempferia galanga bioactive compound such as trans-ethyl p-  

					methoxycinnamate has been shown to exhibit potent antioxidant  

					activity by reducing free radicals and ROS. This decrease in ROS levels  

					minimized oxidative stress and lowered iNOS activation. The  

					compound also inhibited the NF-κB signalling pathway, reducing pro-  

					inflammatory cytokine production. Furthermore, Kaempferia galanga  

					has been shown to enhance the activity of antioxidant enzymes such as  

					superoxide dismutase, catalase, and glutathione peroxidase, which  

					contributed to lowering ROS levels and reduce the need for iNOS  

					induction. The combination of these effects might have contributed to  

					the ability of Kaempferia galanga extract to alleviate hyperuricemia  

					and reduce endothelial dysfunction.26,27  

					Conclusion  

					In conclusion, KGEE showed potential as an effective modulator of  

					xanthine oxidase, which may serve as a biomarker for endothelial  

					dysfunction in hyperuricemia and play a role in ameliorating associated  

					arterial stiffness.  
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					Molecular docking data  

					Acknowledgments  

					Molecular docking validation was performed by docking the natural  

					ligand with the target protein and then comparing the binding capacity  

					of the natural ligand before and after docking (Figures 4 and 5), a  

					process known as redocking. This was quantified using RMSD. For the  

					target protein xanthine oxidoreductase (XOR), molecular docking  

					validation produced an RMSD value of 0.248 Å, which indicated that  

					the results met one of the validation criteria which states that molecular  

					docking validation is considered valid when RMSD is ≤ 2 Å. This  

					suggested that the docking method provided minimal deviation and was  

					suitable for further docking simulation of the test ligand.15  

					Interactions between the enzyme and the natural ligand could include  

					hydrogen bonds, hydrophobic interactions, and van der Waals forces,  

					all of which are types of intermolecular bonds (Figure 4).  

					Intermolecular bonds are crucial for the interaction between drugs and  

					their targets.28 Important amino acid residues in the target XOR binding  

					site include Arg880 and Glu802.29,30 The results of the redocking  

					interactions showed that the natural ligand interacted with these amino  

					acid residues, forming hydrogen bonds with Arg880. The presence of  

					hydrogen bonds indicated the accuracy of the intermolecular interaction  

					predictions, ensuring that the resulting complex was the most suitable  

					and stable. The interaction results confirmed that molecular docking  

					was valid.31 The ligand's conformational fit with specific amino acid  

					residues and RMSD value ≤ 2 Å validated the subsequent test ligand  

					(kaempferol) docking parameters.  

					Molecular docking simulations for kaempferol were performed to  

					evaluate the interaction and affinity of kaempferol for the active site of  

					XOR. Test ligands with an inhibition constant value of less than 100  

					µM are considered potential inhibitors, while those with an inhibition  

					constant greater than 100 µM are regarded as weak inhibitors.32  

					Kaempferol exhibited stronger interactions than the native ligand, with  

					an ΔG value of -4.87 kcal/mol for the native ligand and -8.97 kcal/mol  

					for kaempferol. These results showed that kaempferol formed a  

					relatively stronger binding than the native ligand (Figure 5). This  

					suggested that kaempferol has a high potential to be an active compound  

					for drug development. The negative binding energy value indicate that  

					the ligand could interact with the target protein with minimal energy,  

					and a low free binding energy signify that the ligand-protein complex  

					is stable.33  
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