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					ABSTRACT  

					ARTICLE INFO  

					Rheumatoid arthritis (RA) is a chronic autoimmune disorder marked by joint inflammation, pain,  

					and tissue damage. Conventional treatments often show limited efficacy and may cause side  

					effects, prompting interest in natural remedies. Syzygium cumini (juwet fruit) contains  

					anthocyanins with known anti-inflammatory and antioxidant properties, which may benefit RA  

					management. This study aimed to evaluate the effectiveness of ethyl acetate fraction of juwet fruit  

					in lowering inflammatory markers: C-reactive protein (CRP), rheumatoid factor (RF), and  

					malondialdehyde (MDA), in a pristane-induced RA model in Wistar rats. Male Wistar rats were  

					induced with RA using pristane and then treated with juwet fruit extract at doses up to 1.848  

					mol/kg. Post-treatment, serum levels of CRP, RF, and MDA were measured, and data were  

					analyzed using one-way ANOVA. Treatment with juwet fruit extract significantly reduced MDA  

					levels, with the greatest effect observed at 400 mg/kg (p<0.05). CRP levels showed a marked  

					decrease at all doses, especially at 800 mg/kg (p<0.05). RF levels were significantly reduced at  

					200 and 400 mg/kg doses (p<0.05) compared to controls. No toxicity was detected, confirming  

					the safety of the administered doses. The ethyl acetate fraction of Syzygium cumini demonstrates  

					significant anti-inflammatory and antioxidant effects by reducing CRP, RF, and MDA levels in  

					the RA model. These findings highlight its potential as a complementary therapy for RA, meriting  

					further clinical research.  
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					body has natural defenses, an imbalance often occurs in RA patients,  

					tipping the scale in favor of oxidative stress, which accelerates joint  

					Introduction  

					Rheumatoid arthritis (RA) is a chronic autoimmune disorder  

					characterized by persistent joint inflammation, leading to pain,  

					swelling, and progressive damage to cartilage and bone tissue.1,2 RA  

					affects approximately 0.5-1% of the global population, with a higher  

					prevalence in women than men of RA involves genetic predispositions,  

					particularly associated with Major Histocompatibility Complex (MHC)  

					genes, and environmental triggers like infections, which can activate  

					immune responses, resulting in the body’s immune system mistakenly  

					attacking joint tissues.1,3 Oxidative stress role in RA, where an  

					overproduction of reactive oxygen species (ROS) and free radicals  

					damages synovial tissue, exacerbating inflammation.4 Although the  

					damage.5 Current treatment options for RA include daily anti-  

					inflammatory drugs (NSAIDs), corticosteroids, and disease-modifying  

					antirheumatic drugs (DMARDs).6 These treatments primarily aim to  

					alleviate symptoms and reduce inflammation but do not halt disease  

					progression or prevent long-term joint damage. Furthermore, long-term  

					use of these medications, methotrexate, can lead to significant side  

					effects, including hepatotoxicity and immunosuppression.7 Therefore,  

					there is a growing interest in alternative therapy particularly herbal  

					remedies, due to their potential efficacy and lower risk of adverse  

					effects.8 Natural compounds like anthocyanins, which are potent  

					antioxidants, promise to manage inflammatory conditions. Several  

					studies on plants like Zingiber officinale (ginger), Aloe barbadensis  

					(aloe vera), and Withania somnifera (ashwagandha) have demonstrated  

					anti-inflammatory and anti-rheumatic effects.9 However, the  

					therapeutic potential of anthocyanins specifically derived from juwet  

					fruit used in the management of RA remains largely unexplored.  

					Syzygium cumini, commonly known as juwet fruit, is a traditional fruit  

					native to Indonesia, known for its dark purple hue and rich nutritional  

					profile, including high levels of anthocyanins, vitamins, and minerals.  

					Anthocyanins from juwet fruit possess potent antioxidant properties,  

					which may counteract the oxidative stress associated with RA.10  

					Notably, research on other anthocyanin-rich fruits, like blackberries,  

					has shown their efficacy in reducing inflammation and oxidative stress  

					markers.11 However, no comprehensive studies have investigated the  

					specific impact of juwet fruit on RA inflammation. This study aims to  
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					bridge this gap by investigating the anti-inflammatory and antioxidant  

					Arthritis induction  

					effects of anthocyanins extracted from the ethyl acetate fraction of  

					juwet fruit in a pristane-induced RA model using Wistar rats. By  

					focusing on key inflammatory biomarkers: C-reactive protein (CRP),  

					Rheumatoid Factor (RF), and Malondialdehyde (MDA). Our research  

					seeks to determine the potential of juwet fruit as a complementary  

					therapeutic option for RA management. The novelty of this research lies  

					in the exploration of an underutilized traditional fruit, juwet, as a natural  

					anti-rheumatic agent. Furthermore, the use of a pristane-induced  

					arthritis model provides a relevant method for simulating human RA  

					pathology, ensuring the relevance of our findings to potential clinical  

					applications. This study not only aims to validate the anti-inflammatory  

					properties of juwet fruit anthocyanins but also seeks to establish a safer  

					alternative to conventional RA treatments, potentially paving the way  

					for future clinical investigations.  

					Rheumatoid Arthritis (RA) was induced in the Wistar rats following the  

					method described by Pearson.13 The induction of arthritis was achieved  

					through an intradermal injection of 150 μL of PIA. The rats were then  

					assigned to groups 2 through 8 based on their body weight to ensure  

					comparable baseline characteristics across the groups.  

					Treatment protocol  

					The treatment regimen commenced on the 22nd day of post-arthritis  

					induction. Rats were administered anthocyanins extracted from juwet  

					fruit, continuing daily for 21 days. This period was selected to assess  

					the efficacy of juwet fruit anthocyanins in mitigating inflammatory  

					markers associated with RA.  

					Sample collection and analysis  

					At the end of the treatment period, the animals were humanely  

					euthanized using Ether anesthesia. Blood samples were collected via  

					cardiac puncture and placed into sterile bottles. The collected blood was  

					then centrifuged at 3000 g for 15 minutes to separate the serum, which  

					was subsequently used for biochemical analysis of C-reactive protein  

					(CRP), Rheumatoid Factor (RF), and Malondialdehyde (MDA) levels.  

					Materials and Methods  

					Materials  

					Chemicals and reagents  

					High-quality reagents from reputable suppliers were used for this study.  

					Specifically, Pristane Synthetic P9622-10XML and SIGMA MCLS  

					reagents, among others, were purchased from FINETEST and were of  

					analytical grade. These reagents are essential for our study, as they  

					provide the necessary precision and consistency for our analyses.  

					Experimental groups  

					A total of 40 Wistar rats were divided into eight groups, each consisting  

					of 5 rats:  

					Group KN (Normal Control): Healthy Wistar rats with no induced RA,  

					serving as the baseline control group.  

					Group K+ (Positive Control): Wistar rats with induced RA, and treated  

					with standard methotrexate (MTX) at a dose of 15 mg/kg body weight  

					(BW) once a week.  

					Group K- (Negative Control): Wistar rats with induced RA, received no  

					treatment with the ethyl acetate fraction of juwet fruit.  

					Group FJ1 (Treatment 1): Wistar rats with induced RA, and treated  

					with the ethyl acetate fraction of juwet fruit at a dose of 200 mg/kg BW  

					daily.  

					Group FJ2 (Treatment 2): Wistar rats with induced RA, and treated  

					with the ethyl acetate fraction of juwet fruit at a dose of 400 mg/kg BW  

					daily.  

					Group FJ3 (Treatment 3): Wistar rats with induced RA, and treated  

					with the ethyl acetate fraction of juwet fruit at a dose of 800 mg/kg BW  

					daily.  

					Group FJ1M1 (Combination 1): Wistar rats with induced RA, treated  

					with a combination of the ethyl acetate fraction of juwet fruit at a dose  

					of 200 mg/kg BW daily and standard methotrexate (MTX) at 15 mg/kg  

					BW once a week.  

					Group FJ2M2 (Combination 2): Wistar rats with induced RA, treated  

					with a combination of the ethyl acetate fraction of juwet fruit at a dose  

					of 400 mg/kg BW daily and standard methotrexate (MTX) at 15 mg/kg  

					BW once a week.  

					Collection and identification of plant materials  

					Juwet fruits were carefully collected from agricultural land in Java  

					(approximately 7.1165° S, 112.4167° E.), Indonesia, ensuring the  

					selection of high-quality specimens for our study. To verify their  

					authenticity, the fruits’ identity was confirmed by the Provincial  

					Government of East Java, Health Department, at the Herbal Materia  

					Medica Laboratory in Batu. This confirmation was documented with  

					voucher specimen number 074/685/102.20-A/2022, providing  

					reference for future research.  

					a

					Following identification, the ethyl acetate fraction of the juwet fruit was  

					meticulously prepared using the method described by Oluduro and  

					Aderiye.12 This preparation process is crucial as it allows us to isolate  

					and study the bioactive compounds responsible for the fruit’s potential  

					therapeutic effects.  

					The juwet fruit extraction process involved macerating the dried fruit  

					powder in ethanol for 3 days, followed by filtration using a vacuum  

					Buchner funnel. The filtrate was concentrated using a rotary evaporator  

					to obtain a semi-thick extract. This ethanol extraction was repeated  

					twice, each for three days, using the residual ethanol from the previous  

					round. The combined semi-thick extracts were further concentrated in  

					a water bath to achieve a thick extract. This extract was then dissolved  

					in distilled water and partitioned sequentially with n-hexane and ethyl  

					acetate using a separating funnel. The ethyl acetate fraction was  

					concentrated and evaporated to yield a thick fraction. Anthocyanin  

					content in this fraction was quantified using the Harborne method,  

					confirming the presence of anthocyanins as cyanidin-3-glucoside  

					equivalents.  

					Inflammatory parameters  

					There were two inflammatory parameters in this study, including C-  

					Reactive Protein (CRP) and Rheumatoid Factor (RF). CRP is a marker  

					of inflammation widely used in both clinical and research settings to  

					assess the acute phase response. Elevated CRP levels are indicative of  

					systemic inflammation and are commonly associated with conditions  

					such as rheumatoid arthritis (RA). In this study, CRP levels were  

					determined using the immunoassay method described by Pope and  

					Choy, which provides a sensitive and specific measure of this  

					inflammatory marker.14 RF is an autoantibody found in the blood that  

					is often present in individuals with RA. The presence of RF is used as a  

					diagnostic marker for RA and can also indicate disease severity. RF  

					levels in this study were measured using the nephelometric method  

					described by Ugolini and Nuti, which allows for precise quantification  

					of this autoantibody.15  

					Experimental animals  

					Wistar rats, weighing between 200 and 250 grams, were obtained from  

					the Animal House of Gadjah Mada University. These animals were  

					acclimatized for two weeks in the Laboratory Animal Nutrition facility  

					at PSPG, Gadjah Mada University, under standard laboratory  

					conditions. During this period, the rats were provided with standard  

					pellet food and had access to water ad libitum, ensuring they were well-  

					nourished and hydrated.  

					This study received ethical approval from the Research and Preclinical  

					Ethics Committee of the Faculty of Medicine, Sebelas Maret  

					University,  

					in  

					March  

					2023  

					(approval  

					number  

					69/UN27.06.11/KEP/EC/2023). Throughout the study, humane care  

					was administered to the animals following the guidelines outlined in the  

					NIH Guide for the Care and Use of Laboratory Animals. This ensured  

					that the welfare of the animals was maintained to the highest standards,  

					facilitating reliable and ethically sound experimental outcomes.  

					Experimental design  

					Determination of lipid peroxidation marker  

					Malondialdehyde (MDA) is a key marker of lipid peroxidation and  

					oxidative stress, often elevated in conditions characterized by increased  

					free radical activity, such as rheumatoid arthritis (RA). The levels of  

					MDA provide insight into the extent of oxidative damage within the  
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					body. In this study, MDA levels were determined by measuring  

					thiobarbituric acid reactive substances (TBARS) using  

					spectrophotometric method. The anthocyanin content in the juwet fruit  

					extract was measured using a UV-Vis Spectrophotometer (Model UV-  

					1800, Shimadzu, Kyoto, Japan). This method, as described by  

					Abeyrathne et al., involves the reaction of MDA with thiobarbituric acid  

					800 mg/kg resulted in a significant reduction in MDA levels (p < 0.05).  

					Notably, the most pronounced effect was observed at a dosage of 400  

					mg/kg of anthocyanins from juwet fruit. This elevation of MDA  

					concentration is consistent with prior studies17 but was however  

					significantly reduced after treatment with anthocyanins from juwet fruit  

					confirming the antioxidative effects observed in studies on other natural  

					compounds.18 Notably, the most pronounced effect was observed at a  

					dose of 400 mg/kg, reflecting a dose-dependent response similar to that  

					reported elsewhere.19 Figure 2 illustrates a significant elevation in  

					serum RF levels among arthritic rats compared to the normal control  

					group. Remarkably, treatment with varied doses of anthocyanins  

					a

					(TBA) to form  

					a

					pink chromogen that can be quantified  

					spectrophotometrically.16 The intensity of the colour produced is  

					directly proportional to the MDA concentration, allowing for precise  

					measurement of lipid peroxidation in the serum samples.  

					Statistical analysis  

					Data were presented as mean ± standard deviation (SD). The number of  

					replicate measurements for each group was once. Differences between  

					group means were analyzed using a one-way analysis of variance  

					(ANOVA), followed by a post-hoc test to identify specific group  

					differences. The test statistics were reported for the ANOVA using  

					IBM-SPSS software (version 22) (IBM Corp., Atlanta, GA). A p-value  

					of less than 0.05 was considered statistically significant.  

					Results and Discussion  

					The acute toxicity of anthocyanins extracted from juwet fruit was  

					evaluated in Wistar rats over 24 hours. The highest technically feasible  

					dose, estimated at 1.848 mol/kg, was selected to determine the safety  

					threshold. For this study, the chosen doses of anthocyanins were 200  

					mg/kg, 400 mg/kg, and 800 mg/kg, which were administered to  

					different groups of rats. During the observation period, the rats were  

					monitored for any signs of acute toxicity, including changes in  

					behaviour, physical condition, and mortality. No adverse effects were  

					noted at any of the administered doses, indicating that anthocyanins  

					from juwet fruit are non-toxic at these levels. This suggests that the  

					selected doses are safe for further investigation in the context of their  

					therapeutic potential for rheumatoid arthritis. The study findings reveal  

					the substantial impact of anthocyanins from juwet fruit on multiple  

					parameters linked to rheumatoid arthritis (RA), supporting previous  

					research demonstrating the antioxidant properties of anthocyanins  

					found in fruits like blackberries Jung et al.16 This suggests that  

					anthocyanins possess potent antioxidant effects that can mitigate  

					oxidative stress associated with RA. The impact of anthocyanins  

					derived from juwet fruit on lipid peroxidation is depicted in Figure 1.  

					Figure 2: RF level in the intervention group compared to the  

					normal control group  

					derived from juwet fruit led to a notable reduction in serum RF levels  

					(p < 0.05). This underscores the potential of anthocyanins from juwet  

					fruit in mitigating the increase in RF associated with arthritis. Similarly,  

					RF levels, a marker of RA severity, sharply increased in the serum of  

					rheumatic rats compared to the normal control group. However,  

					treatment with varying doses of anthocyanins from juwet fruit  

					significantly reduced serum RF levels (p < 0.05), in line with previous  

					studies demonstrating the anti-rheumatic activity of plant extracts.18  

					Similarly. the effect of anthocyanins from Juwet fruit on CRP  

					parameters was observed in this study. Figure 3 demonstrates a sharp  

					increase in serum CRP levels among rheumatoid arthritis (RA) rats  

					Figure 1: Result for serum MDA concentration in pristane-induced  

					arthritic rats  

					Figure 3: The difference in CPR level between the intervention  

					and control group  

					Following the intradermal injection of PIA 150 µL to induce arthritis, a  

					notable elevation in serum MDA concentration was observed compared  

					to the normal control group. However, the administration of  

					anthocyanins from juwet fruit at doses of 200 mg/kg, 400 mg/kg, and  

					compared to the normal control group. Interestingly, treatment with  

					various doses of anthocyanins derived from juwet fruit resulted in a  

					significant reduction in serum CRP levels (p < 0.05). This highlights the  
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					potential of anthocyanins from juwet fruit in ameliorating the elevated  

					Endocrinol.  

					2016;  

					31:  

					145–163.  

					doi:  

					CRP levels associated with RA. Moreover, the study observed a marked  

					increase in CRP levels in the serum of rheumatic rats, indicative of  

					inflammation, consistent with earlier findings.18 Treatment with the  

					juwet fruit fraction significantly reduced serum CRP levels compared  

					to untreated rheumatic rats, suggesting its anti-inflammatory effects,  
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					20  

					akin to observations in studies on other natural compounds.  

					Interestingly, while rheumatic rats exhibited elevated Rheumatoid  

					Factor (RF) activity—a marker reflective of monocyte/macrophage  

					function—administration of the juwet fruit fraction led to a notable  

					reduction in RF levels, approaching those observed in non-afflicted  

					counterparts. This suggests a plausible mechanism underpinning the  

					extract’s anti-inflammatory properties, reminiscent of earlier research  

					findings.21  

					The attenuation of RF activity following treatment with the juwet fruit  

					fraction implies a modulation of the inflammatory milieu, potentially  

					by suppressing monocyte and macrophage activation, akin to analogous  

					investigations exploring the anti-inflammatory attributes of natural  

					compounds. Notably, curcumin, a bioactive constituent of turmeric, has  

					demonstrated the capacity to diminish RF activity in experimental  

					models of inflammation.22 Furthermore, the decline in RF levels  

					concurs with the observed reduction in C-reactive protein (CRP)  

					concentrations, indicative of a holistic anti-inflammatory impact  

					exerted by the juwet fruit fraction. This dual ameliorative effect on both  

					RF and CRP suggests a conceivable mechanism through which the  

					extract suppresses the inflammatory cascade inherent in RA.23  

					Overall, the observed reduction in CRP levels and RF with juwet fruit  

					fraction treatment underscores its potential as an anti-inflammatory  

					agent for the management of RA. These findings contribute to the  

					growing body of evidence supporting the therapeutic benefits of natural  

					compounds in inflammatory diseases.  
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					Conclusion  

					The study concludes that anthocyanins derived from juwet fruit are safe,  

					even at doses exceeding 1.848 mg/kg. Furthermore, the findings suggest  

					that anthocyanins from juwet fruit possess significant anti-rheumatic  

					potential comparable to methotrexate (MTX), a standard medication  

					used in the management of rheumatoid arthritis (RA). These anti-  

					rheumatic effects are likely attributed to the phytochemical components  

					present in juwet fruit. Therefore, anthocyanins from juwet fruit hold  

					promise as a herbal intervention for the treatment of rheumatoid  

					arthritis.  
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