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					ABSTRACT  

					ARTICLE INFO  

					Spatholobus littoralis has been used in traditional medicine to treat various diseases in rural  

					communities in Kalimantan. This study aimed to evaluate the anti-inflammatory activity of  

					Spatholobus littoralis root wood extract and its constituents through in vitro and in silico studies.  

					A total of 3 kg of S. littoralis root wood was extracted with 96% ethanol, concentrated and  

					fractionated sequentially using n-hexane, chloroform, and ethyl acetate. Anti-inflammatory  

					activity of the extracts and fractions was evaluated in vitro using the erythrocyte membrane  

					stabilization, and protein denaturation inhibition assay. Phenolic constituents of the extract and  

					fractions were identified by HPLC-HRMS analysis. The anti-inflammatory mechanism of the  

					identified phenolic compounds was predicted in silico by molecular docking of the compounds  

					with cyclooxygenase (COX-1) receptor protein (3N8Z). Extract and fractions of S. littoralis root  

					wood possesses excellent ability to inhibit red blood cell hemolysis and protein denaturation in  

					vitro. A total of eleven phenolic compounds were identified in S. littoralis root wood extract and  

					fractions. The phenolic compounds showed stable binding with the 3N8Z receptor in silico, with  

					the compounds; formononetin, daidzin, apigenin, genistein, and isoliquiritigenin demonstrating  
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					and -7.8 Kcal/mol, respectively. Some of the phenolic compounds had hydrogen bonds with the  

					amino acid residue Ser530, while hydrophobic interactions often occured at amino acid residues  

					Val116, Leu352, and Ile523. Thus, S. littoralis root wood has the potential to be developed as a  

					natural anti-inflammatory drug.  

					Keywords: Anti-inflamatory, Spatholobus littoralis, In vitro, In silico, Cyclooxygenase-1.  

					Inflammation is the body's response elicited to remove foreign  

					substances, in the presence of physical and chemical stimuli, or  

					Introduction  

					Currently, the search for new drugs from natural ingredients is not  

					only based on empirical data, but also on computational methods to  

					predict the pharmacokinetic and toxicological properties of drugs  

					through an in-silico approach. This approach helps in the  

					understanding of the interaction between compounds and molecular  

					targets, wherein it is impossible examine all possible interactions  

					experimentally.1 In the Era of “Big Data”, the advancement of  

					knowledge on protein folding, structural flexibility, and molecular  

					recognition, molecular docking is the core technology of virtual drug  

					discovery. Molecular docking is widely applied in many aspects of the  

					drug discovery process.2 Therefore, anti-inflammatory drugs may also  

					be discovered through the molecular docking approach.  

					Currently, drugs used as anti-inflammatories are mainly in the opioids  

					and non-steroidal anti-inflammatory drugs (NSAID) groups, which are  

					used to treat mild, moderate, and severe pain. Both groups of drugs  

					have limitations due to serious side effects. Opioids cause respiratory  

					depression and dependence, while NSAIDs cause kidney disorders  

					and gastrointestinal irritation.3  

					microorganisms, which then culminate in the tissue repair process.  

					Leukocytes and inflamed tissues release various inflammatory  

					mediators that that inhibit invasion and eliminate foreign pathogens.  

					Excessive inflammatory responses trigger increased levels of free  

					radicals such as reactive oxygen species and reactive nitrogen species  

					that can cause oxidative stress, cell mutations, deoxyribonucleic acid  

					(DNA) damage, and contribute to several diseases such as cancer,  

					cardiovascular diseases, and metabolic disorders.4  

					The mechanism of anti-inflammatory drug activity is through  

					inhibition of the cyclooxygenase (COX) enzyme so that the formation  

					of prostaglandins (PG) is suppressed. Long-term use of NSAIDs  

					causes bleeding in the lower digestive tract by affecting the integrity  

					of the mucous membrane of the digestive tract.5 Therefore, there is the  

					need to develop safer and more efficacious anti-inflammatory drugs of  

					natural plant-based origin. Spatholobus is a genus of climbing plants  

					from the Phaseoleae tribe. This genus was discovered in 1842 by a  

					German botanist.6 S. littoralis, is often found in the forests of  

					Kalimantan, Indonesia and is usually used as an herbal medicine.  

					Several studies have shown that plants of the genus Spatholobus  

					including S. littoralis contain various phenolic compounds, and have  

					been shown to possess antioxidant and cytotoxic activities.7-10 The aim  

					of this study was to evaluate the anti-inflammatory activity of extracts  

					and fractions of S. littoralis root wood in vitro, and to predict the  

					mechanism of action through in silico molecular docking of S.  

					littoralis ligands with cyclooxygenase-1 (COX-1) protein. The in vitro  

					anti-inflammatory activity of the extract of S. littoralis stem was  

					measured by its ability to inhibit hemolysis of red blood cells and  
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					inhibition of protein denaturation. The content of phenolic compounds  

					contained in S. littoralis root wood extract was identified using HPLC-  

					HRMS. The mechanism of action of the identified phenolic  

					compounds were then predicted by molecular docking with COX-1  

					(3N8Z) receptor proteins.  

					A1  

					=

					Absorbance of control solution, A2  

					=

					Absorbance of  

					test/standard solution.  

					Protein denaturation inhibition assay  

					Protein denaturation inhibition test was carried out by mixing 0.2 mL  

					of 1% bovine albumin solution, 4.78 mL of PBS and 0.02 mL of test  

					sample (at concentration 500 and 1000 µg/mL). Aspirin (1000 µg/mL)  

					was used as a positive control. The mixture was incubated at 37℃ for  

					15 minutes and then heated at 70℃ for 5 minutes. After cooling, the  

					Materials and Methods  

					Equipment and software  

					The apparatus used in this study include; Rotary evaporator (Buchi  

					Rotavapor R-114 evaporator), HPLC with binary pump (Thermo  

					scientific™ vanquish™ horizon, Germering, Germany), HRMS  

					(Thermo scientific™ orbitrap™ exploris 240, Bremen, Germany),  

					UV-Vis spectrophotometer (Shimadzu, UV1280), Autoclave,  

					Biological safety cabinet, Centrifuge, Water bath, Tube rack,  

					Analytical balance, Aluminum foil, Micropipette, Glassware, as well  

					as computer with Intel Xeon CPU specifications, 32 GB RAM, Ten  

					cores, 500 GB SSD were used. The molecular docking software used  

					were AutoDock Tools 1.5.7, Pymol, Avogadro 2.0, LigPlot+2.2.8, and  

					GIMP 2.0.  

					absorbance of the solution was measured using  

					a

					UV-Vis  

					spectrophotometer at a wavelength of 660 nm. PBS was used as a  

					control.12 Protein denaturation inhibition was calculated using the  

					following formula:  

					% Protein denaturation inhibition =  

					x 100%  

					Where;  

					A1 = Absorbance of the control solution, A2 = Absorbance of  

					test/standard solution  

					Each sample was tested in triplicate. Results were presented as mean ±  

					standard deviation (SD).  

					HPLC-HRMS analysis  

					Solvents and reagents  

					The extract of S. littoralis root wood (10 mg) was dissolved in HPLC  

					grade methanol, vortexed and filtered. The filtrate was injected into  

					the HPLC instrument equipped with Thermo Scientific™ Accucore™  

					Phenyl Hexyl coloumn (100 mm length x 2.1 mm ID x 2.6 µm particle  

					size (Lithuania). Mobile phase A: water + 0.1% formic acid and  

					mobile phase B: acetonitrile + 0.1% formic acid were used. Flow rate  

					was 0.3 mL/min and total run time was 25 minutes. Gradient mobile  

					phase was used, starting from 5% of mobile phase B and increased  

					gradually to 90% of mobile phase B in 16 min, held at 90% of mobile  

					phase B for 4 min and back to 5% of mobile phase B until 25 min.  

					Column temperature was 40oC. Injection volume was 5 µL. Thermo  

					Scientific™ Orbitrap™ Exploris 240 High Resolution Mass  

					Spectrometry (HRMS, Bremen, Germany) was used with acquisition  

					mode Full MS/dd-MS2 and positive and negative polarity (polarity  

					switching). Full MS resolution 90.000 FWHM and scan range 70-800  

					m/z were applied.  

					Ethanol, Chloroform, n-Hexane, Ethyl acetate, Distilled water, DMSO  

					(Dimethyl sulfoxide), Borate buffer solution (0.1 M, pH 7.4),  

					Phosphate-buffered  

					saline  

					(PBS)  

					(10  

					mM,  

					pH  

					7.4),  

					Ethylenediaminetetraacetic acid (EDTA), NaCl (0.9%), Tris-HCl  

					buffer (pH 7.4), Albumin (Sigma Aldrich), Aspirin.  

					Collection of plant material  

					Spatholobus littoralis roots were obtained from traditional market,  

					Pontianak, Kalimantan, Indonesia. The plant material was identified in  

					the Faculty of Biology, Gadjah Mada University, Indonesia.  

					Extraction and fractionation  

					A total of 3 kg of S. littoralis root wood was collected, dried, and  

					ground into a fine powder. The root wood powder was macerated in  

					absolute ethanol at room temperature for 24 hours. The ethanol extract  

					was evaporated using a rotary evaporator at reduced pressure to obtain  

					a thick extract (420 g). The ethanol extract was fractionated by  

					solvent-solvent partitioning using n-hexane, chloroform, and ethyl  

					acetate to obtain n-hexane (13.63 g), chloroform (104.26 g), and ethyl  

					acetate (153.57 g) fractions, respectively.  

					Molecular docking study  

					Prediction of the mechanism of anti-inflammatory activity of the  

					identified compounds was done in silico by molecular docking against  

					COX-1 receptor proteins.  

					Determination of anti-inflammatory activity  

					Protein preparation  

					The anti-inflammatory activity of the extract and fractions was  

					determined in vitro using the erythrocyte membrane stabilization and  

					protein denaturation inhibition assay.  

					COX-1 (3N8Z) protein was downloaded from the Protein Data Bank  

					(www.pdb.org). Proteins were separated from solvents and native  

					ligands or residues using Pymol software, then saved in the pdb  

					extension.  

					Erythrocyte membrane stabilization assay  

					The erythrocyte membrane stabilization (inhibition of erythrocyte  

					hemolysis) was done according to the method previously described by  

					Leelaprakash and Dass (2011).11 Erythrocyte suspension of male  

					albino rat (Wistar strain) was obtained from the Biology Laboratory of  

					Yogyakarta State University. EDTA anticoagulant was added to the  

					blood sample and centrifuged at 3000 rpm for 5 minutes. The  

					supernatant was separated, then the pellets were washed with equal  

					volume of 0.9% NaCl. The cells were diluted to 10% (v/v) with  

					phosphate buffer solution (10 mM, pH 7.4). The red blood cell  

					suspension (0.5 mL, 10% v/v), 2 mL of hypotonic saline, 1.0 mL of  

					0.15 M sodium phosphate buffer (pH 7.4), and 1.0 mL of test sample  

					(extract and fractions of S. littoralis root wood at concentrations of 50  

					and 100 µg/mL) were mixed. The mixture was incubated at 37oC for  

					30 minutes, and then the solution was centrifuged at 3000 rpm for 30  

					minutes. The absorbance of the supernantant was measured using a  

					UV-Vis spectrophotometer at a wavelength of 560 nm. Aspirin (100  

					μg/mL) was used as the standard. The percentage of hemolysis  

					inhibition was calculated using the formula:  

					Ligand preparation  

					The 3D structures of the compounds were drawn using the Chemdraw  

					Ultra12 program and saved in sdf files and stabilized using Avogadro  

					2.0 software. Furthermore, the 3D structures were created in a pdb file  

					using Pymol software. Then, AutodockTools-1.5.7 software was used  

					to convert the pdp file to a pdbqt file.  

					Molecular docking analysis  

					The docking process was carried out using AutoDockTools-1.5.7  

					software. Re-docking between the receptor and the original ligand was  

					carried out on the grid box, which produced an RMSD (Root Mean  

					Square Deviation) value <2 Å, indicating that the method has good  

					validity.13 Each of the test compound was attached to the receptor  

					binding site on the validation grid box. The data obtained from the  

					docking process were in the form of binding affinity of the compound  

					or ligand, as well as its interaction with amino acid residues of the  

					protein target. The binding energy was determined by the Gibbs free  

					energy value (∆G kcal/mol).14 Gibbs free energy value less than zero  

					(0) indicates that the bond between the compound and the target  

					protein occurs spontaneously and is stable.15 To determine the  

					% hemolysis inhibition =  

					x 100%  

					Where;  
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					interaction between the ligand and the active site on the receptor,  

					software and saved in jpg format.16  

					ligPlot+ 2.2.8 software was used and visualized using GIMP 2.0  

					Figure 2: Protein denaturation inhibitory activity of extract and  

					fractions of S. littoralis  

					Results and Discussions  

					Phytochemical constituents of S. littoralis  

					Sample: 1. Aspirin (positive control); 2. Ethanol extract; 3. Ethyl  

					acetate fraction; 4. Chloroform fraction; and 5. n-hexan fraction of S.  

					littoralis  

					Qualitative phytochemical analysis of extracts and fractions of S.  

					littoralis showed the presence of phenolic, flavonoid, and triterpenoid  

					compounds, except for the n-hexane fraction which showed negative  

					results for the phenolic and flavonoid tests. The total phenolic content  

					of the ethanol extract, n-hexane, chloroform, and ethyl acetate  

					fractions were 545.10, 78.88, 308.67, and 909.91 mg Gallic Acid  

					Equivalent/g extract, respectively.17  

					Anti-inflammatory activity of S. littoralis  

					The results of the anti-inflammatory activity of S. littoralis extract and  

					fractions as measured by the erythrocyte membrane stabilization and  

					protein denaturation inhibition tests are presented in Figures 1 and 2,  

					respectively.  

					The results showed that the extract and fractions of S. littoralis had  

					strong anti-inflammatory activity, which was comparable to that of  

					aspirin (positive control), except for the n-hexane fraction which  

					showed comparatively lower activity in the erythrocytes membrane  

					stabilization. This activity was correlated with the total phenolic  

					content of ethanol extract, chloroform, and ethyl acetate fractions of S.  

					littoralis root wood. This finding is consistent with several previous  

					studies which showed that the total phenolic and flavonoid con;tents is  

					associated with anti-inflammatory activity.18-21  

					Figure 3: HPLC Chromatogram of the ethanol extract of S. littoralis  

					root wood  

					Compounds identified by HPLC-HRMS analysis  

					HPLC-HRMS analysis was done to identify the compounds in S.  

					littoralis root wood. The HPLC chromatograms for the ethanol  

					extract, chloroform fraction, and ethyl acetate fraction are presented in  

					Figures 3, 4, and 5, respectively. The n-hexane fraction was not  

					subjected to HPLC-HRMS analysis because preliminary  

					phytochemical screening indicated the absence of phenolic and  

					flavonoid compounds. The HPLC chromatogram of the ethanol extract  

					displayed 23 prominent peaks indicating that there are a minimum of  

					23 compounds in the extract. The chromatogram of the chloroform  

					fraction displayed similar profile as that of the ethanol extract,  

					whereas the chromatogram of the ethyl acetate fraction displayed  

					smaller number peaks. However, from the results obtained from the  

					HRMS analysis using the mz Cloud MS/MS library, only 11 phenolic  

					compounds that are commonly found in the genus Spatholobus could  

					be identified. These compounds include; catechin, daidzin, apigenin,  

					eriodictyl, genistein, formononetin, isoliquiritigenin, 7-hydroxy-3(4-  

					methoxyphenyl)-4H-chromen-4-one;  

					methoxy-2-phenyl-3,4-dihydro-2H-1-benzopyran-4-one,  

					naringenin;7-hydroxy-5-  

					and 4-  

					Figure 1: Erythrocyte membrane stabilization activity of extract and  

					fractions of S. littoralis  

					methoxycinnamic acid. Meanwhile, the components with the highest  

					peaks at retention times (RT) of 8.34 and 9.37 minutes were not  

					identified. Isolation and structure identification of both compounds are  

					still ongoing. The structures of the identified compounds are shown in  

					Figure 6.  

					Sample: 1. Aspirin 100 µg/mL (positive control); 2. Ethanol extract;  

					3. Ethyl acetate fraction; 4. Chloroform fraction; and 5. n-hexane  

					fraction of S. littoralis  

					Figure 4: HPLC Chromatogram of the chloroform fraction of S.  

					littoralis root wood  
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					S/N  

					1

					Compound  

					Catechin  

					Daidzin  

					Binding  

					Energy  

					(Kcal/mol)  

					-6.6  

					Hydrogen  

					bonding  

					Hydrophobic interaction  

					-

					Met522; Phe518; Phe381; Ile523; Ser353; Val349;  

					Tyr355; Val116; Leu359; Met113; Leu531; Ala527;  

					Gly526; Tyr385; Ser530; Trp387; Leu352  

					Gly526; Leu384; Met522; Ala527; Val349; Tyr355;  

					Val116; Leu359; Ser353; Ile523; Phe518; Leu352;  

					Trp387  

					2

					-8.5  

					Ser530  

					3

					4

					Apigenin  

					-8.4  

					-7.5  

					Met522;  

					Tyr385  

					Met522;  

					Tyr385;  

					Arg120  

					Ser530  

					Gly526; Trp387; Leu384; Ala522; Ile523; Arg120;  

					Val116; Leu531; Tyr355; Val349; Ser530; Leu352  

					Leu384; Trp387; Gly526; Ile523; Tyr355; Leu531;  

					Val116; Val349; Leu352; Ser530  

					Eriodictyol  

					5

					6

					Genistein  

					-8.3  

					-8.7  

					Leu384; Leu352; Gly526; Ala527; Ile523; Leu359;  

					Val116; Tyr355; Val349; Leu531; Trp387; Phe518;  

					Tyr385; Met522  

					Formononetin  

					Ser530  

					Leu359; Ser353; Met522; Ile523; Phe518; Leu352;  

					Figure 5: HPLC Chromatogram of the ethyl acetate fraction of S.  

					littoralis root wood  

					Table 1: The binding energy, hydrogen bonds, and hydrophobic interactions of ligands with receptor 3N8Z  
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					Gly526; Leu384; Ala527; Trp387; Val349; Leu531;  

					Val116  

					7

					8

					Isoliquiritigenin  

					-7.8  

					-7.6  

					Tyr355  

					Ser530  

					Ile89; Glu524; Pro86; Leu93; Val119; Arg120; His90;  

					Ile89  

					Met522; Leu384; Leu531; Val349; Leu359; Val116;  

					Tyr355; Ala327; Ile323; Leu352; Trp387; Gly526;  

					Met522  

					7-Hydroxy-3(4-  

					methoxyphenyl)-4H-  

					chromen-4-one  

					9

					Naringenin  

					-7.5  

					-7.7  

					Tyr385;  

					Met522  

					Tyr385  

					Trp387; Leu384; Arg120; Leu352; Ile523; Ala527;  

					Val116; Tyr355; Leu531; Ser530; Val149;  

					TRp387; Met522; Gly526; Ile523; Arg120; Tyr355;  

					Ala527; Val116; Ser530; Leu352; Tyr348; Val349;  

					Leu384  

					10  

					7-Hydoxy-5-methoxy-2-  

					phenyl-3,4-dihydro-2H-1-  

					benzopyran-4-one  

					11  

					12  

					4-Methoxycinnamic acid  

					-6.8  

					-

					Trp387; Leu352; Ile523; Val116; Tyr355; Val349;  

					Leu531; Ser530; Gly526; Ala527  

					Leu352; Ser530; Ala527; Val349; Tyr355; Val116;  

					Leu531; Gly526; Trp387; Tyr385  

					Native ligand (FLP)  

					-11.1  

					Arg120  

					(FLP), this is because FLP is a synthetic compound that binds very  

					strongly to the 3N8Z protein receptor. Five of the phenolic compounds  

					that had relatively low binding energies include formononetin,  

					daidzin, apigenin, genistein, and isoliquiritigenin, with binding  

					energies of -8.7; -8.5; -8.4; -8.3; and -7.8 Kcal/mol, respectively.  

					Except for isoliquiritigenin, four of the compounds interacted via  

					hydrogen bond with the same amino acid residue Ser530.  

					Furthermore, almost all of the ligands, both the phenolic compounds  

					and FLP interacted via hydrophobic bonds with the amino acid  

					residues Val116, Leu352, and Ile523. Various factors, including  

					electrostatic interactions, Van der Waals forces, hydrophobic  

					interactions, hydrogen bonds, and flexibility of the receptor structure,  

					affect the binding energy between ligands and receptors. However, the  

					data obtained in this study are limited to the binding affinity, hydrogen  

					bonds, and hydrophobic interactions. The greater the number of  

					hydrogen bonds and hydrophobic interactions formed between the  

					ligand and the receptor, the stronger the bond.22  

					The complex between ligand and receptor can be described using  

					Pymol software. With the Pymol software, the binding site on the  

					3N8Z receptor of all ligands analyzed can be analyzed and described.  

					The binding site is a hollow part or pocket of the drug target where  

					small  

					Figure 6: Chemical structures of phenolic compounds identified from  

					HPLC-HRMS analysis of S. littoralis root wood  

					Molecular docking results  

					Molecular docking is used to predict ligand interaction with receptors,  

					and the results are reported in terms of docking scores. The docking  

					score of the test ligand are usually compared with the positive control  

					and native ligands. If the docking score of the test ligand is same or  

					lower than that of the reference ligand, it can be predicted that the test  

					ligand is a good drug candidate.  

					The native ligand found in the 3N8Z receptor proteins was  

					flurbiprofen (C15H13FO2) (FLP). Validation of the redocking method  

					for the 3N8Z receptor produced a grid box with center x: -31.838; y:  

					44.394; z: -32.666, with box size x=y =z =22 Ao, with a root-mean-  

					square deviation (RMSD) value of 0.403 Å. An overlay of the native  

					ligand (FLP) before and after docking is shown in Figure 7.  

					Figure 7: Overlay of the natural ligand (FLP) on the 3N8Z receptor  

					before (green) and after docking (pink)  

					The results of the docking analysis of the eleven phenolic compounds  

					and redocking of native ligand against the 3N8Z receptor are  

					presented in Table 1. The data obtained include binding energy (ΔG  

					kcal/mol), hydrogen bonds, and hydrophobic interactions. As shown  

					in Table 1, the test ligands (phenolic compounds from S. littoralis) had  

					a higher binding energy (∆G Kcal/mol) compared to the native ligand  

					1822  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, April 2025; 9(4): 1818 - 1826  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					including formononetin, daidzin, apigenin, genistein, and  

					isoliquiritigenin have relatively stable binding energies (∆G) to the  

					3N8Z receptor protein. The binding energies were -8.7; -8.5; -8.4; -  

					8.3; and -7.8 Kcal/mol, respectively. Some of the phenolic compounds  

					displayed hydrogen bonds with Ser530, while hydrophobic  

					interactions often occur at amino acid residues Val116; Leu352; and  

					Ile523. Therefore, S. littoralis root wood is a potential source of anti-  

					inflammatory agent, and further study on the pharmacological  

					potential of S. littoralis root wood is still needed.  
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