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Abstract 

Ficus deltoidea leaves extract are known to have good therapeutic properties such as antioxidant, 

anti-inflammatory and anti-diabetic. We showed that 50% ethanol-water extract of F. deltoidea 

leaves and its pungent compounds vitexin and isovitexin exhibited significant (p<0.05) α-

amylase inhibition with IC50 (vitexin: 4.6 µM [0.02 µg/ml]; isovitexin: 0.06 µg/ml [13.8 µM] 

and DPPH scavenging with IC50 (vitexin: 92.5 µM [0.4 µg/ml]; isovitexin: 0.5 µg/ml [115.4 

µM]). Additionally, molecular docking analysis confirmed that vitexin has a higher binding 

affinity (-7.54 kcal/mol) towards α-amylase compared to isovitexin (-5.61 kcal/mol). On the 

other hand, the molecular dynamics findings showed that vitexin-α-amylase complex is more 

stable during the simulation of 20 ns when compared to the isovitexin-α-amylase complex. Our 

results suggest that vitexin is more potent and stable against α-amylase enzyme, thus it could 

develop as a therapeutic drug for the treatment of diabetes.  
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Experimental S1 

Chemicals and Reagents 

Alpha-amylase of porcine pancreatic Type IV-B (Molecular mass: 51-54 kDa), DL-dithiothreitol 

(DTT), sodium potassium tartrate dehydrate, sodium hydroxide (NaOH), formic acid and 3,5,-

Dinitrosalicylic acid (DNS) were purchased from Sigma Aldrich (CO, USA). Vitexin (HPLC 

grade), isovitexin (HPLC grade), acarbose, 1,1-Diphenyl-2-picryl-hydrazyl (DPPH, free 

radicals), soluble starch and quercetin were obtained from Sigma Chemicals Co. Ltd. (St. Louis, 

USA). Phosphate buffer saline (PBS) and bovine serum albumin (BSA) were purchased from 

Fluka Biochemika (Buchs, Switzerland). Ethanol (absolute and denatured) and methanol were 

obtained from Scharlau Chemicals (Darmstadt, Germany). 

Plant collection and extract preparation  

F. deltoidea leaves were authenticated by the Herbarium of the Forest Research Institute of 

Malaysia (FRIM) in Kepong, Malaysia with given voucher number: P-ID: 040113-02. Three 

different solutions (pure water, 50% (v/v) ethanol-water, and absolute ethanol) were used to 

prepare the plant extracts using maceration technique for 48 hours. The extracts were kept 

refrigerated until further use. 

Standardization of F. deltoidea extracts against vitexin and isovitexin 

High performance liquid chromatography (HPLC) standardization was performed on a Dionex 

UltiMate 3000 HPLC system equipped with autosampler, UV detector, quaternary pump, online 

degasser, and column incubator. Chromatographic separation was achieved on a Dionex Acclaim 

Polar Advantage II C-18 column (150 mm × 4.6 mm × 5 µm) using an isocratic mobile phase 

consisting of 0.1% formic acid in water and methanol (60%: 40%). The detection wavelength 

was 335 nm with a flow rate of 1 mL/min, an injection volume of 10 μl, and the column 

temperature was maintained at 30°C throughout the separation for 30 min. The data acquisition 

was carried out by Chromeleon software version 6.8.  

Biological activity assays 

The 50% (v/v) ethanol-water extract of F. deltoidea was subjected to biological tests; the 

antioxidant assay using the DPPH scavenging technique (Ling et al. 2010) and the α-amylase 

inhibition assay (Manaharan et al. 2012). The IC50 (Concentration with 50% inhibition)  for 

DPPH scavenging assay and α-amylase inhibition assay were determined as described below: 

DPPH assay = [1-(A sample-Ablank)/(A neg control-A blank)] × 100%.   



3 
 

α-Amylase assay = [(A neg control – A blank)- (A sample -  A sample blank)] 

                                           (A neg control - A blank)                          X 100 

A= absorbance 

 

Computational analysis 

Molecular docking 

Vitexin and isovitexin was downloaded from the Pub Chem database in sdf file and the 

compounds were then optimized using UCSF Chimera to obtain the most stable 3D 

conformation and were then saved as pdb file.  The crystallized structure of α-amylase (PDB 

IDs: 3OLD (2.0 Å resolution) was downloaded from the Protein Data Bank (Qin et al. 2010). 

The file was modified and polar hydrogen along with the Kollman partial atomic charge was 

assigned to the protein by ADT 4.2 (Autodock). Protein binding sites were defined as 80Å × 80Å 

× 80Å in grid size with spacing of 0.375Å. The dimension was x = 8.458, y = -5.795, z = 15.737 

and Lamarckian genetic algorithm was used for the docking with the following setting; energy 

evaluation of 250000 and a total of 100 conformations inside the binding site. Corresponding 

results were analysed using Autodock tools (Morris et al. 2009) and LIGPLOT v.4.5.3 software 

(Wallace et al. 1996). 

Molecular dynamic simulation 

Simulations of the protein-ligand complex were done using GROMACS 5.0.4 software (Pronk et 

al. 2013). Continuity of the docking results, the best complexes in pdbqt were extracted from the 

ADT and converted to pdb file. GROMOS 43a1 force field was assigned to α-amylase enzyme 

and the ligands force fields were set up using the PRODRG 2.5 server with minimized energy. 

Alpha-amylase enzyme and ligand complex was simulated in a cubic box with the SPC/E type of 

water was added to soak the complex. Later, the box was added with ions to neutralize the 

condition inside the system and energy minimization was executed using the steepest descent 

method. After that, the ligands were restrained and equilibration of NVT (temperature; 300K) 

and NPT (pressure; 1atm) was done. Lastly, molecular dynamics simulation was carried out for 

20 ns and was analysed using GROMACS package tools and XMGRACE for graph 

visualization.  
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Table S1: The α-amylase inhibition and DPPH scavenging activities of F. deltoidea 50% (v/v) 

ethanol-water extract, vitexin and isovitexin. 

Samples IC50 (µg/ml) 

α-Amylase inhibition 

activity 

DPPH scavenging activity 

50%  (v/v) ethanol-water extract 

of F. deltoidea leaves 

3.8 ± 0.2 15.7 ± 3.0 

Vitexin 0.02 ± 0.1* 0.4 ± 0.1* 

Isovitexin 0.06 ± 0.1* 0.5 ± 0.1* 

Acarbose 10.4 ± 5.2 NA 

Quercetin NA 2.2 ± 0.1 
Data shows mean ± SD. Acarbose and quercetin were used as positive controls for α-amylase and DPPH assays, respectively. The significant 

values (*p<0.05) of vitexin and isovitexin was calculated against the positive controls of their respective bio-assays. Denote: NA, not available.
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Figure S1: HPLC chromatograms of three different extracts of F. deltoidea at the wavelength of 

335 nm; (A) water extract, (B) 50% (v/v) ethanol-water extract, and (C) 100% ethanol extract. 

The red line in the chromatogram indicates the peaks of standard markers (vitexin and 

isovitexin). 
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Figure S2: Visualization of (A) vitexin and (B) isovitexin binding site. The compounds fit into 

the binding pocket of the enzyme. The catalytic residues in the binding region of both vitexin-

amylase and isovitexin-amylase complexes were depicted in the image. 
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Figure S3: GROMACS analysis of ligand-enzyme complex during 20 ns simulation. The graph 

represents (A) root mean square deviation (RMSD); (B) the radius of gyration; and (C) the root 

mean square fluctuation (RMSF) for vitexin (left panel) and isovitexin (right panel) against α-

amylase enzyme. 
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