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					ABSTRACT  

					ARTICLE INFO  

					Gout arthritis is an inflammatory joint condition caused by uric acid crystal accumulation. The  

					inflammatory mechanism involves complex pathways that increase reactive oxygen species  

					(ROS) levels. Muntingia calabura L. leaves contain bioactive compounds, such as phenolics,  

					including flavonoids, which are known to reduce ROS production by mitigating pro-inflammatory  

					signaling pathways. This study aimed to evaluate the phenolic content and effectiveness of  

					Muntingia calabura L. leaves extract as an anti-inflammation and antioxidant agent in regulating  

					ROS levels in Wistar rats with acute gout arthritis. Five groups of rats were used, which consisted  

					of positive control, negative control, and treatment groups receiving the extract at doses of 50,  

					100, and 200 mg/kg BW. Folin-Ciocalteu assay revealed a high phenolic content of 26.12 ±  

					0.18%, with strong antioxidant activity (IC50 = 23.85 ± 0.16 µg/mL). In line with this, LC-MS-  

					MS showed that flavonoids were the most predominant compounds in the extract. Meanwhile, the  

					extract administration slightly reduced pain-induced monosodium urate (MSU) crystal injection.  

					Interestingly, 50 mg/kg BW of the extract was identified as the most effective dose in reducing  

					MSU-induced ROS production—even stronger than that of colchicine (p = 0.0049). This study  

					highlighted the significant antioxidant activity of the extract due to its phenolic content, which  

					markedly lowered ROS levels in the animal model.  
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					These compounds reduce ROS production, suppress inflammatory  

					pathways, and mitigate oxidative stress, preventing excessive immune  

					Introduction  

					Gout arthritis is an inflammatory condition caused by  

					monosodium urate (MSU) crystal deposition due to hyperuricemia.1  

					This disease has an incidence of 0.1–0.3%, and it is recorded to affect  

					1–4% of the global population. Its prevalence rises with age, which  

					reaches 11–13% in individuals over 80 years. Men are more frequently  

					affected, with a male-to-female ratio of 3:1 to 10:1.2 Inflammation is  

					initiated by macrophage phagocytosis of MSU crystals, activating  

					NADPH oxidase and generating reactive oxygen species (ROS). ROS  

					trigger the activation of the NLRP3 inflammasome, leading to IL-1β  

					release, which amplifies inflammation through TNFα, IL-6, and  

					chemokines, promoting neutrophil infiltration and joint damage.1,3  

					Colchicine is a drug of choice for acute gout treatment. However, its  

					use is limited by its gastrointestinal toxicity, hematologic disturbances,  

					and nephrotoxicity. This drug also has a narrow therapeutic index.4,5  

					Thus, safer and more effective alternatives for acute gout treatment are  

					required. Cherry tea (Muntingia calabura L.) leaves contain phenolics,  

					in which flavonoids are members of this group, and they exhibit anti-  

					inflammatory and antioxidant properties.  

					activation and tissue damage.6–9 The compounds regulate ROS and  

					inflammation through multiple mechanisms. They act as antioxidants,  

					directly scavenging ROS and inhibiting ROS-producing enzymes like  

					NADPH oxidase and COX. Phenolics and flavonoids suppress NF-κB  

					and MAPK signaling, reducing pro-inflammatory cytokines and  

					enzymes such as COX-2 and iNOS. They also enhance endogenous  

					antioxidants like superoxide dismutase (SOD) and catalase, maintaining  

					redox balance. These actions help control oxidative stress and  

					inflammation, making them potential therapeutic agents for  

					inflammatory diseases.10,11  

					Despite the established role of phenolics in inflammation, the potential  

					of cherry tree leaf extract (CLE) in modulating ROS levels in acute gout  

					arthritis remains unexplored. This study was aimed to evaluate the  

					phenolic content and efficacy of CLE as an anti-inflammatory and  

					antioxidant agent in regulating ROS levels in Wistar rats with acute gout  

					arthritis. This study provides valuable insight into CLE’s potential as an  

					alternative therapeutic approach for acute gout arthritis.  

					*Corresponding author. Email: nitaparisa@unsri.ac.id  

					Tel: +62711373438  

					Materials and Methods  

					Plant collection and identification  

					Cherry leaves were collected on June 19, 2024, in Prabumulih (-  

					3°25'34.79"S, 104°14'4.80"E), South Sumatra, Indonesia. The leaves  

					were botanically determined by Joko Santosa, a taxonomist at Lansida,  

					and deposited (voucher ID: 16/P1-3/19062024/J) in Lansida,  

					Yogyakarta, Indonesia (No. 2406/LHT/166). A total of 1.22 kg of fresh  

					leaves were sorted and washed. The leaves were initially air-dried and  

					moved into an oven with a temperature of 40°C for 24 hours until they  

					were completely dried. The dried leaves were pulverized into powders  

					using a blender and sieved through a no. 40 mesh, and weighed.12  
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					Extract preparation  

					The powdered leaves were macerated in 70% ethanol, ensuring full  
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					immersion in a sealed container. The mixture was stored in a dark  

					environment for at least three days with occasional stirring to enhance  

					solvent penetration and compound dissolution. After maceration, the  

					extract was filtered to separate the leaf residue, and the solvent was  

					removed using a rotary vacuum evaporator set at 50°C.13 To calculate  

					the amount of extract obtained relative to the powdered leaves used, the  

					concentrated extract was weighed.  

					induced using monosodium urate (MSU) crystals, prepared from  

					dissolving uric acid in NaOH as previously reported.19 One hour after  

					the final treatment dose, 50 μL of 25 mg/mL MSU solution was injected  

					intraarticularly into the right knee under anesthesia. After 72 hours, the  

					rats were culled.  

					Table 1: Experimental design of the animal groups  

					Group  

					Treatment  

					Total phenolic content determination  

					Positive  

					control  

					Rats were administered colchicine (0.3  

					mg/kg BW) orally for 7 days, followed by  

					MSU injection intraarticularly.  

					Rats were administered 0.5% of Na-CMC  

					orally for 7 days, followed by MSU  

					injection intraarticularly.  

					Rats were administered CLE at 50 mg/kg  

					BW orally for 7 days, followed by MSU  

					injection intraarticularly.  

					Rats were administered CLE at 100  

					mg/kg BW orally for 7 days, followed  

					by MSU injection intraarticularly.  

					Rats were administered CLE at 200  

					mg/kg BW orally for 7 days, followed  

					by MSU injection intraarticularly.  

					The total phenolic content (TPC) was quantified using the Folin-  

					Ciocalteu method.14 A calibration curve was generated using a series of  

					gallic acid dilutions. The extract sample was mixed with 0.5 mL of  

					Folin-Ciocalteu reagent and 7.5 mL of distilled water, followed by  

					incubation at room temperature for 10 minutes. Next, 1.5 mL of 20%  

					Na₂CO₃ solution was added, and the mixture was heated for 20 minutes  

					at 40°C in a water bath. The mixture’s container was placed in an ice  

					bath to stop the reaction, and the absorbance was recorded at 760 nm  

					(Shimadzu, UV Spectrophotometer UV-1800, Japan). The TPC was  

					determined using the standard calibration curve.  

					Negative  

					control  

					CLE50  

					CLE100  

					CLE200  

					Evaluation of antioxidant activity using DPPH  

					The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay  

					was used to determine the antioxidant activity of the extract.15 A 0.4  

					mM DPPH solution in ethanol was prepared, and its absorbance at 516.5  

					nm was measured as the control. The extract was mixed with 1 ml of  

					0.4 mM DPPH solution, adjusted to a final volume of 5 ml, and  

					incubated for 30 minutes in the dark. The absorbance was then recorded,  

					and the percentage of DPPH inhibition was calculated. A standard curve  

					of inhibition percentage vs. concentration was used to determine the  

					IC50 value.  

					Animal evaluation  

					Pain evaluation  

					Pain around the MSU injection site was assessed at 6, 24, 48, and 72  

					hours to monitor pain response. The pain scores were determined as  

					follows: 0 (no response) if there was no reaction to pressure; 1 (mild  

					response) if there was avoidance of strong pressure; 2 (moderate  

					response) if there was avoidance of light pressure; and 3 (severe  

					response) if there was even avoidance even before pressure was applied,  

					including reacting to the researcher’s approach.  

					Phytochemical identification using liquid chromatography tandem-  

					mass spectrometry (LC-MS-MS)  

					LC-MS-MS (Waters Xevo TQ-S Micro, USA) was utilized to screen  

					for compounds contained in the CLE as adapted from an earlier report.16  

					First, the sample was dissolved in methanol and kept for 24 hours at  

					room temperature. The solution was filtered with a 0.22 µm membrane  

					syringe filter, and 5 µL of the filtered sample was injected into the  

					Acquity UPLC H-Class (Waters Corporation, USA) equipped with  

					Acquity HSS T3 (100 x 2.1 mm, 1.8 μm; Waters Corporation, USA).  

					The column temperature was set at 35 °C, and a mixture of 0.1 % formic  

					acid in water (A) and acetonitrile (B) was used as the mobile phase.  

					Mobile phases A and B with a ratio of 95:5 were used for the first 3  

					minutes of the elution time. Then, the ratio was changed to a 3:7 ratio  

					for 12 minutes. In the last 3 minutes of the elution, the initial ratio was  

					used again. The mobile phase was kept at a constant flow rate of 0.3  

					mL/min. The compartment was connected to a Xevo TQ-S Micro MS  

					(Waters Corporation, USA) to determine the MS/MS transitions of the  

					compounds. The compounds were identified by comparing their m/z  

					and MS/MS transitions to those in the UNIFI Library software. The  

					analysis was performed in the 100–800 m/z range and positive  

					ionization mode. To calculate the relative composition of the identified  

					compounds, the area under the peak was determined.  

					Reactive oxidative stress measurement  

					After the animals were culled using an intraperitoneal injection of  

					ketamine, knee joint tissue was isolated and homogenized. The  

					homogenate was centrifuged at 5,000 rpm for 5 minutes. The  

					supernatant was then taken and utilized for ROS measurement using  

					ROS ELISA kit (ABclonal, Massachusetts, USA) as instructed by the  

					manufacturers (FineTest, Wuhan, China). The ROS levels were  

					measured at 450 nm.  

					Statistical analysis  

					Data was analyzed using GraphPad Prism version 8.0.1 and presented  

					as mean ± standard deviation. Normality was assessed with the Shapiro-  

					Wilk test, followed by a homogeneity test with Levene’s test. One-way  

					ANOVA with Tukey’s post-hoc was used for homogenous and  

					normally distributed data, while the Kruskal-Wallis test was applied if  

					the data was not homogenous and not normally distributed. A p-value  

					< 0.05 showed statistical significance.  

					Results and Discussion  

					Animals and experimental design  

					Extract relative percentage, total phenolic content, and antioxidant  

					activity  

					Thirty male Wistar rats (Rattus norvegicus), weighing 200–300 g, were  

					used and housed in the Animal House, Faculty of Medicine, Universitas  

					Sriwijaya. Rats were acclimatized for 7 days under controlled  

					conditions (humidity range of 40–70% and temperature range of 20–  

					26°C) with ad libitum access to standard chow and water. Ethical  

					clearance for animal protocols was granted by the Medical Research  

					Ethics Committee, Faculty of Medicine, Sriwijaya University,  

					Indonesia (ethical approval No. 349-2024), which aligns with all  

					international guidelines and regulations.  

					Rats were randomly divided into negative control, colchicine, and three  

					cherry leaf extract (CLE) treatment groups. Six rats were assigned to  

					each group (Table 1). CLE was administered orally at 50, 100, or 200  

					mg/kg BW for 7 days based on previous studies indicating 100 mg/kg  

					BW as the effective dose. The dose selection followed a 1/2n, n, 2n  

					pattern (n = 100 mg/kg BW).17 Colchicine (0.3 mg/kg BW) was given  

					as a positive control for 7 days via oral gavage.18 Gouty arthritis was  

					The extraction process produced a concentrated ethanolic extract of  

					16.16% (w/w) relative to the powdered leaves used. In this study, the  

					TPC of the extract was 26.12 ± 0.18%, suggesting that the CLE had a  

					high phenolic content (Table 2). Previous studies reported that the TPCs  

					of cherry leaves extracted using 70% and 96% ethanol were in a range  

					of 58.50–361.22 mg/g, where CLE extracted using 70% ethanol had  

					higher TPC compared to CLE extracted using 96% ethanol.21–23  

					Differences in the content and composition of secondary metabolites in  

					plant extract are not only influenced by solvents but also by the  

					geographical location of where the plant grows and the environmental  

					conditions.24,25  
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					Table 2: Total phenolic content and IC50 of cherry leaf extract  

					Phytochemical identification using liquid chromatography tandem-  

					mass spectrometry (LC-MS-MS)  

					Total  

					content (% w/w)  

					phenolic IC50  

					Sample  

					(µg/mL)  

					23.85  

					0.16  

					Further compound identification using LS-MS-MS showed that the  

					majority of the predicted compounds belong to the flavonoids, except  

					for methyl gallate and D-fructopyranose (Table 3). Since flavonoids are  

					a subclass of phenolic compounds, it is not surprising that the TPC of  

					CLE was high, which is likely attributed by the high flavonoid content.  

					In line with this finding, several studies have also identified various  

					flavonoids and phenolics in cherry leaves, including (2S)-5,7-  

					dihydroxyflavanone (pinocembrin), gnaphaliin, 40 -hydroxy-7-  

					methoxyflavanone, quercetin, 6,7-dimethoxy-5-hydroxyflavone, and  

					methyl gallate.29–31  

					±

					Chery leaves extract  

					26.12 ± 0.18  

					Phenolic compounds are abundant, second only to carbohydrates, and  

					exhibit a wide range of structures. The content of phenolic compounds  

					is correlated to the anti-inflammatory and antioxidant of medicinal  

					plants.26,27 In line with this, the CLE showed high free radical  

					scavenging potential with an IC50 value of 23.85 ± 0.16 µg/mL (Table  

					2). Similarly, previous studies revealed strong antioxidant activity of  

					the extract via the superoxide anion, ferric-reducing antioxidant power,  

					and DPPH assays.23,28  

					Table 3: Analysis result of liquid chromatography-tandem mass spectrometry (LC-MS-MS)  

					MS  

					molecular  

					weight  

					Retention  

					time  

					Molecular  

					weight  

					Molecular  

					formula  

					Predicted  

					Compound  

					%

					No  

					Classification  

					Composition  

					1

					2

					6.4  

					185.15  

					373.37  

					184,15  

					372.37  

					C8H8O5  

					Methyl gallate  

					0.17  

					0.84  

					Phenolic  

					Flavone  

					7.59  

					C20H20O7  

					Isosinensetin  

					(2s)-2-(3-  

					hydroxy-4,5-  

					dimethoxyphen  

					yl)-7-methoxy-  

					3,4-dihydro-2h-  

					1-benzopyran-8-  

					ol  

					3

					7.81  

					333.35  

					332.35  

					C18H20O6  

					1.44  

					Dihydroflavone  

					Flavon  

					4

					5

					7.95  

					8.03  

					595.52  

					303.24  

					594.52  

					302.24  

					C30H26O13  

					C15H10O7  

					Tiliroside  

					Quercetin  

					0.28  

					1.26  

					Flavonol  

					D-  

					6

					8.19  

					181.16  

					180.16  

					C6H12O6  

					1.09  

					fructopyranose  

					3,5-dihydroxy-  

					6,7-dimethoxy-  

					2-phenyl-2,3-  

					dihydro-1-  

					benzopyran-4-  

					one  

					Carbohydrate  

					7

					8.43  

					317.31  

					316.35  

					C17H16O6  

					5.18  

					Isoflavon  

					Flavonol  

					Flavone  

					Flavone  

					8

					8.96  

					9.66  

					9.99  

					285.27  

					301.28  

					315.29  

					284.26  

					300.26  

					314.29  

					C16H12O5  

					C16H12O6  

					C17H14O6  

					Izalpinin  

					2.47  

					7.78  

					5.72  

					9

					Isokaempferide  

					10  

					Kumatakenin  

					7-  

					11  

					10.18  

					241.27  

					240.25  

					C15H12O3  

					hydroxyflavano  

					ne  

					1.19  

					Dihydroflavone  

					Galangin 3,7-  

					dimethyl ether  

					Gnaphaliin  

					12  

					10.37  

					299.29  

					298.29  

					C17H14O5  

					10.42  

					Flavonol  

					Flavonol  

					Flavone  

					Flavone  

					Flavonol  

					Flavonol  

					13  

					14  

					15  

					16  

					17  

					10.86  

					12.2  

					315.29  

					329.32  

					269.28  

					359.35  

					299.30  

					314.29  

					328.32  

					268.26  

					358.34  

					298.29  

					C17H14O6  

					C18H16O6  

					C16H12O4  

					C19H18O7  

					C17H14O5  

					12.13  

					10.39  

					9.75  

					Alnustin  

					12.88  

					13.13  

					14.34  

					Tectochrysin  

					Flindulatin  

					Mosloflavone  

					3.37  

					26.52  

					Reduction of pain and reactive oxidative stress levels following  

					administration of cherry leaf extract  

					Mosloflavone, gnaphaliin, and galangin 3,7-dimethyl ether are the most  

					abundant compounds detected in the LC-MS-MS (Table 3). The anti-  

					inflammation and antioxidant activities of mosloflavone have been  

					documented earlier.32 Mosloflavone can reduce iNOS, IL-1β, and TNF-  

					α levels while its antioxidant activity is evident in human monocyte cell  

					line.33,34 Gnaphaliin, the second compound with the highest composition  

					on CLE, demonstrates radical-scavengig activity on plasma oxidation  

					and low-density lipoprotein (LDL).35 Gnaphaliin exerts its anti-  

					inflammatory activity by influencing the arachidonic acid metabolism  

					and inhibiting leukocyte infiltration and phosphodiesterase.36 Lastly,  

					galangin improves antioxidant levels, reduces oxidative stress, and  

					demonstrates its anti-inflammatory properties by modulating TNF-α,  

					IL-6, IL-1β, PGE2, and COX-2.37,38  

					Pain-induced MSU was assessed using a scoring system conducted by  

					two independent observers. In the negative control group, pain scores  

					peaked at 24 hours post-induction with a score of 2.8 ± 0.45, then  

					gradually decreased at 48 and 72 hours post-induction (Figure 1). This  

					trend was also noticed in the other groups. The MSU injection  

					successfully triggered an inflammatory response resembling acute gout  

					symptoms in humans, which was reflected in increased pain response.  

					Other inflammatory symptoms usually observed in animals after MSU  

					injection include joint swelling and redness.19,39 Inflammatory markers  

					peaked at 24 hours post-induction before gradually declining, consistent  

					with previous studies that reported a self-limiting inflammatory  

					response within 72 hours.34,40,41 The inflammatory cascade was driven  

					by immune cell activation, leading to the production of (ROS), NLRP3  

					inflammasome activation, and inflammatory mediators release.42  
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					Figure 1: Pain assessment result of MSU-injected rats. The data  

					is presented as mean ± SD (n = 6) and analyzed using one-way  

					ANOVA followed by Tukey post-hoc test. CLE50 = cherry tree  

					leaf extract group receiving a dose of 50 mg/kg BW; CLE100 =  

					cherry tree leaf extract receiving a dose of 100 mg/kg BW;  

					CLE200 = cherry tree leaf extract group receiving a dose of 200  

					mg/kg BW.  

					Figure 2: ROS measurement result of MSU-injected rats. The  

					data is presented as mean ± SD (n = 6) and analyzed using one-  

					way ANOVA followed by Tukey post-hoc test. *p < 0.0001 vs.  

					negative control group; # p < 0.005 vs. positive control group;  

					CLE50 = cherry tree leaf extract group receiving a dose of 50  

					mg/kg BW; CLE100 = cherry tree leaf extract receiving a dose  

					of 100 mg/kg BW; CLE200 = cherry tree leaf extract group  

					receiving a dose of 200 mg/kg BW.  

					The administration of colchicine reduced the pain level to 2.2 ± 0.84,  

					although it was not significant compared to the negative control group  

					(p = 0.07). Colchicine, which works as an anti-inflammatory, can  

					alleviate pain that accompanies gout flares. However, the drug is not  

					usually used as an analgesic.43,44 Therefore, the pain reduction response  

					noticed in this study was only moderate.  

					Following the administration of CLE, there was a slight decrease in pain  

					response in all CLE groups, with CLE100 reaching the lowest pain level  

					at 24 hours post-induction. Further comparison between the CLE  

					groups revealed that at 48 and 72 hours post-induction, CLE200 and  

					CLE50 had the lowest pain levels, respectively. These results indicate  

					that it may be possible to use CLE to lower pain associated with gout  

					arthritis. On the other hand, these findings do not indicate that CLE is  

					void of any anti-inflammatory activity. Given that Parisa et al. (2025)  

					has shown the anti-inflammatory activity of CLE by modulating TNF-  

					α level, further investigation should be conducted using more specific  

					parameters against inflammation. When this paper was written, our  

					research group was evaluating CLE's anti-inflammatory activity by  

					observing changes in knee swelling, redness, and other inflammatory  

					cytokines.  

					The Shapiro-Wilk and Levene’s tests showed that ROS data had p-  

					values of more than 0.05, indicating normal distribution and variance  

					homogeneity. Subsequently, the data was analyzed using one-way  

					ANOVA. As shown in Table 4, the highest ROS level post-induction  

					was observed in the negative control group (11.242 ± 0.795 U/ml),  

					indicating that MSU triggers ROS production. Oxidative stress plays a  

					central role in joint damage, characterized by elevated ROS, nitric oxide  

					(NO), and malondialdehyde (MDA) levels, alongside reduced activity  

					of endogenous antioxidant enzymes such as glutathione (GSH) and  

					SOD. This imbalance exacerbated tissue damage and inflammation.45,46  

					Colchicine was able to dampen ROS production (p < 0.0001),  

					confirming the antioxidant activity of colchicine and the protective  

					effect against oxidative stress reported in earlier studies.47,48 A marked  

					reduction in ROS levels was also observed in CLE50 (p < 0.0001),  

					CLE100 (p < 0.0001), and CLE200 (p < 0.0001) groups, where CLE50  

					had the lowest ROS level among the CLE groups (Figure 2). These  

					results indicate that CLE at 50 mg/kg BW is the most effective CLE  

					dose. Surprisingly, the ROS reduction activity of CLE50 was even  

					significantly higher than that of colchicine (p = 0.0049), suggesting  

					superior activity of CLE50. The in vivo antioxidant activity of CLE in  

					the acute gout arthritis model further corroborates the in vitro findings  

					in this study. Although CLE50 activity was better than colchicine, CLE  

					exhibited a dose-independent response where the administration of  

					higher CLE doses resulted in increased ROS levels. This dose-  

					independent response has also been identified in previous reports,  

					where the lowest dose of CLE was found to be more effective than  

					higher CLE doses.19,28 The pharmacology activity of an active  

					compound may decline if it is present in high concentrations outside the  

					therapeutic window.31  

					Overall, the biological activities of CLE are most likely owing to the  

					phenolic and flavonoid contents. These two groups are known for their  

					strong antioxidant properties and have been widely studied for their  

					ability to counteract oxidative stress through direct ROS scavenging,  

					inhibition of ROS-generating enzymes, and upregulation of endogenous  

					antioxidant defenses. Flavonoids such as quercetin and rutin have been  

					shown to attenuate oxidative stress by reducing lipid peroxidation,  

					leukocyte infiltration, and inflammatory cytokine release while  

					enhancing SOD and GSH activity.6,10,49 Additionally, CLE’s protective  

					ability may contribute to restoring oxidative balance in inflamed tissues.  

					The observed effects of CLE in modulating pain and oxidative stress  

					further solidified its role as a promising therapeutic agent.  

					Table 4: Reactive oxidative species levels of all treatment  

					groups  

					Group  

					ROS Level (U/ml)  

					11.242 ± 0.795  

					4.875 ± 1.026  

					3.409 ± 0.345  

					6.472 ± 0.318  

					8.860 ± 0.419  

					Negative control  

					m

					Conclusion  

					This study demonstrates that CLE effectively reduces oxidative stress  

					in an acute gout arthritis model. The 50 mg/kg BW dose shows the  

					highest effectiveness in lowering ROS levels, suggesting an optimal  

					therapeutic dose. Meanwhile, administering higher doses of CLE does  

					not produce better outcomes. The protective activity against oxidative  

					CLE 50 mg/kg BW  

					CLE 100 mg/kg BW  

					CLE 200 mg/kg BW  
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					stress is most likely mediated by its high phenolic and flavonoid  

					compounds. All in all, these findings highlight the potential of CLE for  

					acute gout treatment. Nevertheless, further research is needed to explore  

					its molecular mechanisms and clinical applications.  
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