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					ABSTRACT  

					ARTICLE INFO  

					Garcinia forbesii King, locally known as Mundar in South Kalimantan, is rich in xanthone natural  

					compounds recognized for their strong antioxidant and anti-inflammatory activities, which are  

					thought to protect the kidneys from damage. However, the exact biological pathways are not fully  

					understood. This study aimed to identify the bioactive compounds in Garcinia forbesii leaf and  

					explore their potential mechanisms in protecting against kidney injury using a network  

					pharmacology approach. The compounds were detected through liquid chromatography–high-  

					resolution mass spectrometry (LC-HRMS), and their chemical structures were represented in  

					SMILES format using PubChem. Drug-likeness properties were assessed using ADMETLab,  

					while potential target genes were identified through the Comparative Toxicogenomics Database  

					(CTD) and the Similarity Ensemble Approach (SEA). Genes relevant to renal ischemia–  

					reperfusion injury (RIRI) were obtained from GeneCards. The predicted protein targets were then  

					analyzed to determine their associated pathways and functions, and compound–target interaction  

					networks were visualized with Cytoscape 3.10.2. Out of 219 bioactive compounds, 25 showed  

					favorable drug-like properties. The key gene targets identified included TP53, TNF, BCL2, JUN,  

					IL6, RELA, CASP3, IRS1, GSK3B, and NFE2L2. Gene Ontology (GO) and Kyoto Encyclopedia  

					of Genes and Genomes (KEGG) pathway analyses showed that the extract primarily influences  

					processes related to apoptosis, gene regulation, and inflammation. The predicted protein targets  

					were largely localized in the cytosol, exosomes, and cytoplasm, suggesting potential modulation  

					of protein–protein interactions. These results point to possible mechanisms by which Garcinia  

					forbesii may protect against kidney injury, strengthening its potential as a nephroprotective  

					candidate.  
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					The process begins with reduced renal blood flow (ischemia), followed  

					by the restoration of circulation (reperfusion), paradoxically leading to  

					Introduction  

					Acute kidney injury (AKI) is a serious condition that poses  

					an increasing threat to global health. Among its causes, renal  

					ischemia/reperfusion injury (RIRI) is particularly harmful, as it not only  

					triggers severe episodes of acute renal impairment but also significantly  

					increases the risk of progression to chronic kidney disease (CKD). In  

					many cases, this continuum of damage ultimately leads to long-term  

					hemodialysis, a treatment closely linked with high morbidity and  

					mortality rates.1–3 AKI caused by RIRI arises primarily from the  

					combined effects of inflammation and oxidative stress.  

					further tissue damage.4–6Current pharmacological approaches provide  

					only partial effectiveness in managing the complex pathogenesis of  

					AKI caused by RIRI. Most available treatments remain largely  

					supportive rather than curative, highlighting the urgent need for  

					therapies that can target multiple pathways. In this context, certain  

					medicinal plants have shown promising nephroprotective potential  

					against RIRI, offering a valuable direction for future therapeutic  

					development.6–10 Garcinia forbesii King is rich in secondary  

					metabolites, particularly xanthones, that are widely recognized for their  

					strong anti-inflammatory and antioxidant activities.11–15 Other Garcinia  

					species have also revealed nephroprotective effects in various models  

					of kidney injury.11 Network pharmacology is a multidisciplinary  

					approach that combines pharmacology, computational science, systems  

					biology, and complex tissue analysis, creating new opportunities for  

					drug discovery.16,17 This approach makes it possible to identify potential  

					drug targets, clarify underlying molecular pathways, and uncover new  

					therapeutic applications for existing compounds. However, the  

					secondary metabolites of Garcinia forbesii King leaves and their  

					potential role in treating AKI caused by RIRI have not yet been  

					explored.  
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					This research is especially significant because no existing multi-target  

					therapy can simultaneously provide both anti-inflammatory and  

					antioxidant effects in the treatment of AKI. Garcinia forbesii King  

					shows promise in this regard, as its combined antioxidant and anti-  

					inflammatory properties may offer nephroprotective benefits against  

					RIRI-induced AKI. This study is the first to integrate LC-HRMS  

					metabolomics with network pharmacology to investigate Garcinia  

					forbesii King in the context of RIRI, aiming to provide a comprehensive  

					understanding of its therapeutic potential. Specifically, it combines  

					metabolomic data obtained through LC-HRMS with network  

					pharmacological analysis of the plant’s secondary metabolites, with a  

					focus on addressing acute kidney injury (AKI) induced by RIRI.  

					These studies focused on determining the chemical composition profile  

					of Garcinia forbesii King leaf extract using LC-HRMS. The classified  

					compounds were then analyzed using network pharmacology, a modern  

					approach that examines how active constituents interact with molecular  

					targets of RIRI (Figure 1).  

					forbesii King leaf powder was placed in a closed glass jar and extracted  

					with 4 L of 70% methanol for 3 x 24 h. The mixture was filtered using  

					Whatman No.1 filter paper, and the residue was remacerated twice with  

					2 L of solvent each time. The combined extract was then concentrated  

					in a rotary evaporator (Eyela®, USA) until a thick Garcinia forbesii  

					King extract was obtained.18  

					Metabolomics analysis using LC-HRMS  

					Metabolomic analysis using LC-HRMS was carried out following the  

					method described by Windarsih et al. (2022)19 The analysis was  

					performed on a Thermo Scientific™ (Germany) platform equipped with  

					a high-pressure pumping system as part of the Vanquish™ Ultra-High  

					Performance Liquid Chromatography (UHPLC) setup, coupled to an  

					Orbitrap™ high-resolution mass spectrometer. Chromatographic  

					separation was achieved using a Thermo Scientific™ Accucore™  

					Phenyl Hexyl column (100 mm × 2.1 mm i.d., 2.6 μm particle size). The  

					elution system consisted of two mobile phases: (A) MS-grade water  

					with 0.1% formic acid (Merck, Germany) and (B) MS-grade methanol  

					with the same additive concentration (Merck, Germany). The gradient  

					was delivered at  

					a

					constant flow rate of 0.3 mL/min. The  

					chromatographic program began with a mobile phase composition of  

					5%, which was gradually increased to 90% over 16 minutes, held for 4  

					minutes, and then returned to 5% at the 25-minute mark. An injection  

					volume of 3 μL was used, with the column temperature maintained at  

					40°C. Metabolomic analysis was performed in full MS/dd-MS²  

					acquisition mode under positive and negative ionization modes.  

					Nitrogen served as the sheath (32 AU), auxiliary (8 AU), and sweep (4  

					AU) gases. The ionization parameters were set to a spray voltage of 3.30  

					kV, a capillary temperature of 320°C, and an auxiliary gas heater  

					temperature of 30°C. Spectral data were acquired over a mass-to-charge  

					(m/z) range of 66.7–1000, with a resolution of 70,000 for full MS and  

					17,500 for dd-MS².  

					Instrument standardization was carried out weekly using XCalibur 4.4  

					software (Thermo Scientific, Bremen, Germany) for both positive and  

					negative ESI modes, with an ESI calibration solution from Thermo  

					Scientific. This process ensured mass accuracy (<5 ppm), efficient ion  

					transmission, precise ion isolation, and high sensitivity.19  

					Figure 1: Schematic representation of the research  

					methodology. The research methodology began with  

					a

					comprehensive Garcinia forbesii King leaf extract analysis,  

					starting with a metabolomic examination using LC-HRMS.  

					Potential bioactive components relevant to the treatment of RIRI  

					were predicted using WAY2DRUG PASS prediction  

					(https://www.way2drug.com/passonline/), and the drug-  

					likeness properties were evaluated using the ADMETLab  

					Network pharmacology  

					Prediction of the biological activity of bioactive compounds  

					The bioactive compounds in Garcinia forbesii King leaf extract,  

					identified through LC-HRMS, were further analyzed using the  

					PubChem database (https://pubchem.ncbi.nlm.nih.gov/) to obtain their  

					website  

					(https://admetmesh.scbdd.com/).  

					Subsequently,  

					potential targets of the bioactive components in the Garcinia  

					forbesii King leaf extract related to RIRI treatment were  

					identified using the GeneCards database. Targets associated  

					with RIRI and targets linked to the bioactive components of the  

					Garcinia forbesii extract were mapped using a Venn diagram to  

					identify overlapping genes. Further functional analysis was  

					performed using GO and KEGG pathway analyses, which were  

					then integrated into a protein–protein interaction (PPI) analysis  

					using Cytoscape.  

					Simplified  

					Molecular-Input  

					Line-Entry System  

					(SMILES)  

					representations, supported by literature references. SMILES provides a  

					concise representation of a compound’s structural profile, aiding in  

					compound characterization and enabling the prediction of potential  

					target proteins through structural similarity assessment.17,20,21 The  

					potential bioactive compounds in Garcinia forbesii King leaf extract  

					were  

					analyzed  

					using  

					WAY2DRUG  

					PASS  

					prediction  

					(https://www.way2drug.com/passonline/) as a treatment for RIRI. The  

					prediction results were expressed as a Probability to be Active (Pa)  

					score, which reflects the potential activity of a compound. A higher Pa  

					value (ranging from 0 to 1) indicates greater predictive accuracy, with  

					values closer to 1 suggesting stronger activity. In contrast, the  

					Probability to be Inactive (Pi) represents the likelihood that a compound  

					will be ineffective.21  

					Materials and Methods  

					Collection and identification of plant material  

					Fresh leaves of Garcinia forbesii King were collected on December 10,  

					2023, near Biih Village, Karang Intan District, Banjar Regency, South  

					Kalimantan, Indonesia (coordinates: 3°24’31.68” S, 114°57’58.97” E).  

					Taxonomic classification and authentication of the plant material were  

					carried out by the Basic Laboratory of the Faculty of Mathematics and  

					Natural Sciences, Lambung Mangkurat University, South Kalimantan,  

					Prediction of drug-likeness of bioactive compounds  

					The ADMETLab website (https://admetmesh.scbdd.com/) was used to  

					analyze the drug-likeness score of bioactive compounds in Garcinia  

					forbesii King leaf extract based on Lipinski's Rule of Five parameters  

					(Druglikeness). The Lipinski Rule of Five is commonly used to predict  

					the physicochemical properties of compounds suitable for oral  

					administration. Its criteria include a molecular weight of ≤500 Da, no  

					more than five proton donors, up to 10 hydrogen bond acceptors, and a  

					log P value of ≤5. The selected compound met all of these requirements,  

					indicating good drug-likeness and potential activity against RIRI.20-22  

					and  

					formally  

					documented  

					with  

					voucher  

					number  

					28/LB.LABDASAR/XI/2023.  

					Extraction of plant material  

					A total of 10 kg of fresh Garcinia forbesii King leaves were cleaned to  

					remove any adhering dirt and then dried in an oven at 45–55°C. The  

					drying process was carried out in 24-hour cycles over three consecutive  

					days to ensure complete moisture removal. The dried leaves were then  

					ground using a blender, producing 2,133.4 g of powdered leaf material.  

					Garcinia forbesii King leaf powder was extracted using the maceration  

					method with 70% methanol as the solvent. A total of 1000 g of Garcinia  
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					Identification of potential targets of bioactive compounds  

					(FDR) below 0.05 were considered significant and examined in detail.2  

					The DAVID database was used to analyze the functions of genes  

					identified as targets of the bioactive compounds in the Garcinia forbesii  

					leaf extract.  

					Potential targets of the bioactive compounds in Garcinia forbesii King  

					leaf extract were identified using the CTD (https://ctdbase.org/) and  

					Similarity Ensemble Approach (SEA; https://sea.bkslab.org/) data  

					banks. The CTD database was used to identify previously reported  

					protein targets. The SEA platform was used to generate computational  

					predictions of potential protein targets for the bioactive compounds in  

					the Garcinia forbesii King leaf extract. For this analysis, the threshold  

					was set at a predicted Tanimoto coefficient (Max Tc) ≥ 0.4 with a p-  

					value < 0.05, based on human data.20,21 All potential gene targets  

					identified through the CTD and SEA databases were considered  

					candidate targets of the bioactive compounds in the Garcinia forbesii  

					leaf extract.  

					Development and investigation of protein-protein interaction network  

					(PPI)  

					At this stage, network pharmacology analysis was carried out using  

					Cytoscape 3.10.2 to visualize and explore the molecular mechanisms  

					underlying the interactions between the bioactive compounds of  

					Garcinia forbesii King leaf extract and the target proteins associated  

					with RIRI. The overlapping targets identified through the Venn diagram  

					were further analyzed with STRING DB v12 (https://string-db.org/), a  

					web-based application designed to forecast protein interactions among  

					significant genes.21,24 The analysis was conducted using the following  

					parameters: Organism – Homo sapiens; Network type – complete  

					STRING network; high-confidence interaction score – 0.9; and FDR  

					stringency – 5%. The STRING output, generated in TSV format, was  

					then processed with Cytoscape v3.10.2. Cytoscape was used to  

					visualize interaction data and perform network analysis based on  

					centrality. The resulting PPI network and statistical evaluation showed  

					that proteins with the highest centrality were linked to many others in  

					the network. Targeting these proteins could therefore affect multiple  

					related pathways, marking them as critical protein hubs.21  

					Identification of potential targets related to RIRI  

					The target genes associated with RIRI were classified using the  

					GeneCards database (http://www.genecards.org/), an integrative and  

					user-friendly platform for comprehensive searches. GeneCards  

					compiles detailed information on all annotated human genes, proteins,  

					and diseases by drawing from 125 sources, including NCBI, HGNC,  

					UniProtKB, ENSEMBL, and other related databases.20,21,24 Researchers  

					can conveniently obtain relevant target information by using keyword  

					searches, such as “renal ischemia–reperfusion injury.”  

					Targets related to RIRI and those linked to the bioactive compounds of  

					Garcinia forbesii leaf extract were mapped using a Venn diagram to  

					identify overlapping genes. This analysis was performed with the  

					Interactive Venn tool (https://www.interactivenn.net/), which enabled  

					clear visualization of the overlapping targets.21,24  

					Results and Discussion  

					Garcinia forbesii King leaf extract phytochemical profile  

					LC-HRMS analysis of Garcinia forbesii King leaf methanol extract  

					generated the total ion chromatogram (TIC) shown in Figure 2. A total  

					of 219 secondary metabolites were identified in the phytochemical  

					profile using LC-HRMS under both negative and positive ESI modes.  

					These compounds included oxalosuccinic acid, 7-hydroxy-6-[(1E)-3-  

					oxo-1-buten-1-yl]-2H-chromen-2-one, hydroxycitric acid, NP-019483,  

					betaine, and others (Table 1). Seventeen (17) major bioactive  

					compounds were identified in the extract based on peak area analysis.  

					Functional analysis  

					Functional characterization using the GO and KEGG frameworks helps  

					clarify the molecular functions, cellular localizations, and biological  

					pathways associated with genes and their products.1  

					The Database for Annotation, Visualization, and Integrated Discovery  

					(DAVID) (https://david.ncifcrf.gov/) was used to clarify the functional  

					roles of genes targeted by the bioactive compounds in Garcinia forbesii  

					leaf extract. Functional analysis terms with a False Discovery Rate  

					Table 1: Bioactive components profile of Garcinia forbesii King leaf extract using LC-HRMS analysis  

					Mass  

					(m/z)  

					Calculated  

					Chemical  

					formula  

					Chemical Class  

					No  

					RT (min)  

					Bioactive components  

					(m/z)  

					1

					2

					0.854  

					5.075  

					189.00  

					231.06  

					190.00  

					230.05  

					C6H6O7  

					C13H10O4  

					Oxalosuccinic acid  

					7-Hydroxy-6-[(1E)-3-oxo-1-buten-1-yl]-2H-chromen-  

					Tricarboxylic acid  

					Coumarin derivative  

					2-one  

					3

					4

					5

					0.813  

					6.471  

					0.829  

					207.01  

					373.22  

					118.08  

					208.02  

					371.21  

					117,08  

					C6H8O8  

					C19H32O7  

					C5H11NO2  

					Hydroxycitric acid  

					NP-019483  

					Betaine  

					Hydroxy acid  

					Natural product  

					Quaternary ammonium  

					compound  

					6

					7

					1.116  

					4.752  

					203.02  

					389.21  

					204.06  

					388.20  

					C7H8O7  

					2,6-Anhydro-6-carboxy-3-deoxyhex-2-enonic acid  

					Sugar acid derivative  

					C19H32O8  

					4-(4-hydroxy-2,6,6-trimethyl-3-{[(2R,3R,4S,5S,6R)-  

					3,4,5-trihydroxy-6-(hydroxymethyl) oxan-2-  

					yl]oxycyclohex-1-en-1-yl)butan-2-one  

					Glycosylated terpenoid  

					8

					9

					6.471  

					1.116  

					1.100  

					1.077  

					5.745  

					1.116  

					0.862  

					5.316  

					211.16  

					205.03  

					132.10  

					132.10  

					198.12  

					141.01  

					127.03  

					391.10  

					210.16  

					206.04  

					131.09  

					131.09  

					197.12  

					142.02  

					126.03  

					392.11  

					C13H22O2  

					C7H10O7  

					C6H13NO2  

					C6H13NO2  

					C14H15N  

					C6H6O4  

					4-Octyl-1,3-cyclopentanedione  

					2-methylcitric acid  

					L-Norleucine  

					L-Isoleucine  

					Dibenzylamine  

					Cyclic diketone  

					Hydroxy acid  

					Amino acid  

					10  

					11  

					12  

					13  

					14  

					15  

					Secondary amine  

					Pyrone derivative  

					Furan aldehyde  

					Kojic acid  

					C6H6O3  

					C19H20O9  

					5-Hydroxymethyl-2-furaldehyde  

					3-[(1E)-1-Buten-1-yl]-1-oxo-1H-isochromen-6-yl  

					hexopyranosiduronic acid  

					(+)-[6]-Gingerol  

					Glycosylated isocoumarin  

					16  

					17  

					10.656  

					4.716  

					293.17  

					165.05  

					294.18  

					164.04  

					C17H26O4  

					C9H8O3  

					Fenolik  

					Phenylpropanoid  

					4-Coumaric acid  
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					Network pharmacology results  

					Predicted biological activity of bioactive compounds  

					The potential biological activities of the bioactive compounds identified  

					in Garcinia forbesii King leaf extract were evaluated for their relevance  

					to RIRI using the WAY2DRUG PASS prediction platform  

					(https://www.way2drug.com/passonline/). The analysis identified eight  

					bioactive compounds in Garcinia forbesii King leaf extract with the  

					highest Pa values, indicating strong potential for inhibiting the  

					pathogenesis of kidney damage caused by RIRI (Table 2 and Figure 3).  

					These compounds are 4-coumaric acid, 7-hydroxy-6-[(1E)-3-oxo-1-  

					buten-1-yl]-2H-chromen-2-one, 2,6-anhydro-6-carboxy-3-deoxyhex-2-  

					enonic acid, L-norleucine, (+)-[6]-gingerol, L-isoleucine, 4-(4-  

					hydroxy-2,6,6-trimethyl-3-{[(2R,3R,4S,5S,6R)-3,4,5-trihydroxy-6-  

					(hydroxymethyl)oxan-2-yl]oxy}cyclohex-1-en-1-yl)butan-2-one, and  

					betaine.  

					Figure 2: Total ion current (TIC) chromatogram in negative and  

					positive ion modes of Garcinia forbesii King leaf metanol  

					extract  

					Table 2: Bioactive compounds of Garcinia forbesii King leaf extract related to RIRI treatment and their biological activity  

					Bioactive  

					compound  

					No  

					PubChem ID SMILE  

					Biological activity  

					Pa  

					Pi  

					1

					4-Coumaric acid 637542  

					C1=CC(=CC=C1C=CC(=  

					O)O)O  

					Kidney function stimulant  

					Oxygen scavenger  

					TNF expression inhibitor  

					Free radical scavenger  

					Antiinflammatory  

					Antioxidant  

					Immunostimulant  

					Apoptosis antagonis  

					0.678  

					0.696  

					0.737  

					0.627  

					0.641  

					0.553  

					0.621  

					0.324  

					0.556  

					0.506  

					0.532  

					0.759  

					0.721  

					0.535  

					0.681  

					0.474  

					0.014  

					0.007  

					0.005  

					0.005  

					0.024  

					0.005  

					0.021  

					0.019  

					0.063  

					0.049  

					0.023  

					0.003  

					0.013  

					0.005  

					0.013  

					0.060  

					2

					3

					7-Hydroxy-6-  

					[(1E)-3-oxo-1-  

					buten-1-yl]-2H-  

					chromen-2-one  

					131835242  

					CC(=O)\C=C\C1=C(O)C= Kidney function stimulant  

					Oxygen scavenger  

					TNF expression inhibitor  

					C2OC(=O)C=CC2=C1  

					Free radical scavenger  

					Antiinflammatory  

					Antioxidant  

					Kidney function stimulant  

					Oxygen scavenger  

					2,6-AnhyDro-6- N/A  

					carboxy-3-  

					deoxyhex-2-  

					OC1CC(OC(C1O)C(O)=  

					O)C(O)=O  

					TNF expression inhibitor  

					0.303  

					0.101  

					enonic acid  

					Free Radical Scavenger  

					Antiinflamatory  

					Antioxidant  

					0.397  

					0.437  

					0.315  

					0.490  

					0.723  

					0.798  

					0.614  

					0.621  

					0.324  

					0.496  

					0.633  

					0.617  

					0.532  

					0.366  

					0.363  

					0.705  

					0.704  

					0.655  

					0.539  

					0.762  

					0.653  

					0.573  

					0.575  

					0.018  

					0.078  

					0.021  

					0.039  

					0.007  

					0.003  

					0.012  

					0.021  

					0.019  

					0.052  

					0.010  

					0.005  

					0.048  

					0.015  

					0.061  

					0.009  

					0.006  

					0.009  

					0.031  

					0.003  

					0.022  

					0.005  

					0.026  

					Immunostimulant  

					4

					5

					L-Norleucine  

					21236  

					CCCCC(C(=O)O)N  

					Kidney function stimulant  

					Oxygen scavenger  

					TNF expression inhibitor  

					Immunostimulant  

					Apoptosis antagonis  

					(+)-[6]-Gingerol 442793  

					CCCCCC(CC(=O)CCC1= Oxygen scavenger  

					CC(=C(C=C1)O)OC)O  

					TNF expression inhibitor  

					Free radical scavenger  

					Antiinflammatory  

					Antioxidant  

					Immunostimulant  

					6

					7

					L-Isoleucine  

					6306  

					N/A  

					CCC(C)C(C(=O)O)N  

					Kidney function stimulant  

					Oxygen scavenger  

					TNF expression inhibitor  

					Immunostimulant  

					4-(4-hydroxy-  

					2,6,6-trimethyl-  

					3-  

					CC(=O)CCC1=C(C)C(OC Free radical scavenger  

					2OC(CO)[C@@H](O)C(  

					O)[C@H]2O)C(O)CC1(C  

					)C  

					Antiinflammatory  

					Antioxidant  

					Immunostimulant  

					{[(2R,3R,4S,5S,  

					6R)-3,4,5-  

					trihydroxy-6-  

					(hydroxymethyl  
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					)oxan-2-  

					yl]oxy}cyclohe  

					x-1-en-1-  

					yl)butan-2-one  

					8

					Betaine  

					247  

					C[N+](C)(C)CC(=O)[O-]  

					Kidney function stimulant  

					0.657  

					0.685  

					0.367  

					0.369  

					0.358  

					0.020  

					0.008  

					0.068  

					0.112  

					0.062  

					Oxygen scavenger  

					TNF expression inhibitor  

					Antiinflamatory  

					Immunostimulant  

					buten-1-yl]-2H-chromen-2-one, 2,6-Anhydro-6-carboxy-3-deoxyhex-  

					2-enonic acid, or 4-(4-hydroxy-2,6,6-trimethyl-3-{[(2R,3R,4S,5S,6R)-  

					3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]oxy}cyclohex-1-en-1-  

					yl)butan-2-one, leading to the use of the SEA computational database  

					to further search for these compounds. Analysis of the CTD and SEA  

					databases identified 456 bioactive protein targets of Garcinia forbesii  

					King that met the selection criteria, defined by a Tanimoto coefficient  

					(Max Tc) ≥ 0.4 and a p-value < 0.05 based on human data (Figure 4).  

					Table 3: Prediction of drug-likeness of bioactive compounds  

					Bioactive  

					Log  

					nH  

					nH  

					compounds  

					MW  

					164.0  

					5

					P

					1.92  

					3

					A

					D

					Lipinski  

					Accepte  

					d

					4-Coumaric acid  

					3

					4

					2

					1

					7-Hydroxy-6-[(1E)-  

					3-oxo-1-buten-1-yl]-  

					2H-chromen-2-one  

					2,6-Anhydro-6-  

					carboxy-3-  

					230.0  

					6

					Accepte  

					d

					1.86  

					-

					1.41  

					7

					deoxyhex-2-enonic  

					acid  

					206.0  

					4

					Accepte  

					d

					Figure 3: Average Pa score of the bioactive components of  

					Garcinia forbesii King leaf extract with the online  

					WAY2DRUG PASS approach  

					7

					4

					-

					L-Norleucine  

					(+)-[6]-Gingerol  

					L-Isoleucine  

					131.0  

					9

					294.1  

					8

					1.65  

					2

					2.71  

					5

					Accepte  

					3

					4

					3

					2

					d

					Accepte  

					d

					Empirical evidence shows that p-coumaric acid provides renoprotective  

					effects by lowering blood levels of urea, creatinine, and nitrogen, while  

					enhancing the activity of key antioxidant enzymes such as superoxide  

					dismutase (SOD), glutathione peroxidase, and catalase. In addition, this  

					compound suppresses the production of pro-inflammatory mediators,  

					particularly TNF-α and IL-1β, which play central roles in the  

					pathological cascade of ischemia/reperfusion (I/R) injury.23,25  

					-

					131.0  

					9

					1.72  

					6

					Accepte  

					d

					3

					3

					4-(4-hydroxy-2,6,6-  

					trimethyl-3-  

					{[(2R,3R,4S,5S,6R)-  

					3,4,5-trihydroxy-6-  

					(hydroxymethyl)oxa  

					n-2-  

					7-hydroxy-6-[(1E)-3-oxo-1-buten-1-yl]-2H-chromen-2-one,  

					a

					coumarin derivative, exhibits antioxidant properties by modulating  

					cellular signaling pathways associated with this process. This process  

					engages the Keap1/Nrf2 signaling pathway, a key defense mechanism  

					against oxidative stress. Activating this pathway boosts the expression  

					of antioxidant genes while simultaneously suppressing NF-κB, a major  

					transcription factor that drives inflammatory responses.26,27  

					-

					0.27  

					4

					yl]oxy}cyclohex-1-  

					en-1-yl)butan-2-one  

					388.2  

					1

					Accepte  

					d

					8

					3

					5

					0

					-

					Betaine  

					117.0  

					8

					2.99  

					5

					Accepte  

					d

					Drug-likeness of bioactive compounds  

					This study evaluated the biological activities of eight key bioactive  

					compounds for their anti-inflammatory and antioxidant properties  

					relevant to RIRI. All of these compounds met the Lipinski Rule of Five  

					criteria (Table 3), suggesting good potential for absorption into the  

					bloodstream and effective interaction with target proteins.  

					Identify potential targets related to RIRI.  

					Analyses of the GeneCards, CTD, and SEA databases identified 209  

					proteins as potential interaction targets of Garcinia forbesii King leaf  

					extract in relation to RIRI (Figure 4). These proteins include: ABCB1,  

					ABCG2, ACE, ACE2, ACACA, ACTA2, ACSL4, ADIPOQ,  

					AKR1B1, AKT1, ALB, ALDH2, ALOX15, ALOX5, ANPEP, APOC1,  

					APAF1, APEX1, APP, ARG1, ARG2, ATF2, ATF4, ATF6, ATG7,  

					ATP7B, BAX, BCL2, BCL2L1, BECN1, BID, BIRC5, CA1, CA2,  

					CA3, CA9, CASP1, CASP3, CASP8, CASP9, CAT, CCL2, CCL5,  

					CCND1, CEBPA, CFLAR, CHEK2, CKB, CLCF1, CNR2, COX4I1,  

					COX5A, CPT1A, CRP, CTNNB1, CXCL12, CXCL16, CYSLTR1,  

					CYP1B1, CYP2C19, CYP2E1, DAPK1, DDAH1, DDIT3, DNMT1,  

					DPP4, EGF, EGFR, EGR1, EIF2AK3, EIF2S1, ERN1, ESR1, F3, F8,  

					FABP5, FAS, FASN, FGF2, FLRT3, FN1, FOS, GAL, GCK, GCLC,  

					GDF15, GHRL, GLO1, GPX1, GPX4, GPT, GRIA1, GRIA4, GRIK1,  

					GRIK2, GSK3B, GSR, GSTM3, GGT1, GUSB, HDAC1, HDAC9,  

					HIF1A, HMGB2, HMGCR, HMOX1, HPA5, HSP90B1, HTR3A,  

					IL10, IL1B, IL6, INSR, IRS1, IRS2, JUN, KEAP1, KLF10, LAMB1,  

					LAP3, LDHA, LEP, LEPR, LRP6, MAOA, MAOB, MAP1LC3B,  

					Potential targets of bioactive compounds  

					Potential targets of the bioactive compounds in Garcinia forbesii King  

					leaf extract were identified using the CTD (https://ctdbase.org/) and  

					SEA (https://sea.bkslab.org/) databases. The CTD database was  

					employed to search for previously published protein targets. In this  

					database search, the keywords applied were the bioactive compounds  

					of Garcinia forbesii King leaf extract, namely 4-coumaric acid, 7-  

					hydroxy-6-[(1E)-3-oxo-1-buten-1-yl]-2H-chromen-2-one,  

					anhydro-6-carboxy-3-deoxyhex-2-enonic acid, L-norleucine, (+)-[6]-  

					gingerol, L-isoleucine, 4-(4-hydroxy-2,6,6-trimethyl-3-  

					2,6-  

					{[(2R,3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-  

					yl]oxy}cyclohex-1-en-1-yl)butane-2-one, and betaine. In the CTD  

					database, no matches were classified for 7-Hydroxy-6-[(1E)-3-oxo-1-  
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					MAP2K4, MAPK14, MAPK8, MAPT, MIF, MMP1, MMP2, MMP9,  

					MME, MPO, MTOR, MTHFR, MYC, NDRG4, NFKB1, NFKBIA,  

					NFE2L2, NLRP3, NOD1, NOS1, NOS2, NOS3, NQO1, OGG1,  

					PARP1, PCNA, PER2, PGK1, PIK3R1, PINK1, PPARA, PPARG,  

					PPP2CA, PRDX1, PRKCE, PSEN1, PTGER2, PTGER3, PTGER4,  

					PTGES, PTGS1, PTGS2, PTX3, RELA, RPS6KB1, S100A6, S100A8,  

					SDHA, SI, SLC1A1, SLC1A2, SLC1A3, SLC5A1, SLC6A9, SNAI1,  

					SNX10, SOD1, SOD2, STAT3, STMN1, TAB1, TFRC, TGFA,  

					TGFB1, TGFB2, TLR4, TNF, TNFRSF10B, TNFSF10, TPI1, TRPV1,  

					TYR, UGT1A1, VEGFA, XBP1, XDH, XIAP, YAP1.  

					This study demonstrates that combining metabolomic profiling of  

					Garcinia forbesii King leaf extract with network pharmacology analysis  

					reveals promising therapeutic potential for addressing RIRI through  

					multiple mechanisms. Ten proteins with the highest degree values,  

					TP53, TNF, BCL2, JUN, IL6, RELA, CASP3, IRS1, GSK3B, and  

					NFE2L2, were identified as key targets of the extract’s bioactive  

					compounds, acting primarily through anti-apoptotic and anti-  

					inflammatory pathways. KEGG pathway analysis further confirmed  

					that genes associated with RIRI encode these ten proteins.  

					Analysis of the CTD database showed that the secondary metabolites of  

					Garcinia forbesii King leaf extract interacted with 456 target proteins.  

					In comparison, the GeneCards database identified 1,668 proteins  

					associated with RIRI. Of these, 209 targets overlapped between the 247  

					linked to Garcinia forbesii leaf extract and the 1,459 associated with  

					RIRI (Figure 4).  

					Figure 4: Venn diagram of the bioactive target of  

					Garcinia forbesii King leaf extract and the target  

					associated with RIRI  

					Functional analysis  

					Functional analysis using the GO Biological Process indicated that  

					apoptosis, regulation of gene expression, and inflammation are the main  

					biological processes targeted by the bioactive compounds in Garcinia  

					forbesii King leaf extract. These findings are further supported by  

					KEGG pathway analysis, which highlights the targeting mechanisms of  

					the extract. In particular, the extract interacted with proteins located in  

					the cytosol, cytoplasm, and the exosome an organelle essential for  

					intercellular communication. Its primary action appears to be the  

					modulation of protein–protein binding interactions (Figure 5).  

					Development and investigation of protein-protein interaction network  

					Functional analysis revealed that the bioactive compounds of Garcinia  

					forbesii King leaf extract play a significant role in regulating apoptosis  

					and inflammation (Figure 5). The proteins most strongly linked to these  

					processes are among the top ten with the highest degree values,  

					including TP53, TNF, BCL2, JUN, IL6, RELA, CASP3, IRS1, GSK3B,  

					and NFE2L2 (Table 4). Proteins with high degree values show  

					extensive connectivity, indicating their ability to interact with many  

					other proteins. In this analysis, the degree value represents the number  

					of direct interactions linked to a given protein. Among the compounds  

					examined, p-coumaric acid was the most influential, targeting the most  

					proteins within the pathway (Table 5).  

					Renal ischemia–reperfusion injury (RIRI) is a significant clinical  

					challenge commonly seen in kidney transplantation, major  

					cardiovascular surgery, sepsis, and shock. It often progresses to AKI  

					through complex mechanisms that include excessive production of  

					reactive oxygen species (ROS), mitochondrial dysfunction, activation  

					of inflammatory pathways, and programmed cell death.1,4,5 Current  

					treatments for RIRI, such as dialysis, are mainly supportive and  

					underscore the urgent need for more effective therapeutic strategies.  

					Natural products hold particular promise, as their diverse bioactive  

					compounds can act on multiple aspects of RIRI pathophysiology,  

					including the regulation of oxidative stress and inflammatory  

					responses.6,8  

					Figure 5: Analysis of the functional potential of target bioactive  

					compounds from Garcinia forbesii King leaf extract, which had a  

					p-value < 0.05 in the GO analysis (red circle), showed that there  

					were 52, 33, 27, and 22 target proteins from the bioactive  

					compounds of Garcinia forbesii King leaf extract that can interact  

					with biological processes, mechanisms of negative regulation of  

					apoptosis, inflammatory response, hypoxia response, and oxidative  

					stress response, respectively; the light blue circle shows 201, 111,  

					and 202 target proteins from the Garcinia forbesii King extract that  

					can interact with the cellular components of the cytosol and  

					extracellular exosome, respectively.  

					TP53 plays a central role in regulating apoptosis during renal IRI by  

					activating downstream targets such as Siva and PERP. These targets  

					increase mitochondrial membrane permeability, promote cytochrome c  

					release, and ultimately drive the apoptotic cascade.5 BCL2 is an  

					important regulator of apoptosis. In RIRI, its suppression by the C/EBP  

					homologous protein (CHOP) activates caspase-3, leading to  
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					mitochondrial  

					damage  

					and  

					cell  

					death.  

					Targeting  

					the  

					CHOP/BCL2/caspase-3 pathway could help limit apoptosis and  

					maintain mitochondrial integrity.6 Caspase-3 is a key executioner of  

					apoptosis, with its activation closely linked to mitochondrial damage  

					and cell death in RIRI. Suppressing caspase-3 activity could therefore  

					help reduce apoptosis and support the preservation of kidney  

					function.28,30 TNF-α plays a central role in RIRI by promoting  

					inflammation and triggering apoptotic pathways through the release of  

					pro-inflammatory cytokines. Targeting TNF-α with agents such as  

					PEG-sTNFR1 or infliximab may help suppress inflammation and  

					reduce cell death.30,31 Interleukin-6 (IL-6) is a pro-inflammatory  

					cytokine that increases markedly during RIRI, where its overexpression  

					worsens kidney injury by driving inflammation and tissue damage.  

					Reducing IL-6 levels could therefore help control inflammation and  

					protect kidney function.5,8,30  

					Table 4: Top 10 proteins with the best degree centrality  

					Protein  

					TP53  

					Degree Centrality Closeness Centrality  

					84  

					80  

					77  

					74  

					74  

					72  

					72  

					70  

					70  

					70  

					0.646  

					0.629  

					0.624  

					0.622  

					0.622  

					0.613  

					0.617  

					0.597  

					0.591  

					0.608  

					TNF  

					Figure 6: PPI target of compounds of Garcinia extract and  

					BCL2  

					JUN  

					RIRI-associated proteins  

					Conclusion  

					IL6  

					Based on the findings of the present study, metabolomic LC-HRMS  

					analysis of Garcinia forbesii leaf extract identified coumaric acid as the  

					secondary metabolite with the greatest number of protein targets  

					relevant to RIRI therapy. The leaf extract of Garcinia forbesii King  

					demonstrated great potential in modulating key proteins such as TP53,  

					TNF, BCL2, IL6, and CASP3, which play critical roles in reducing cell  

					death and inflammation during RIRI. This network pharmacology  

					analysis underscores the promise of developing novel plant-based  

					therapies for the management of RIRI  
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