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Table S1. Inhibitory potential and Antioxidant activity of Crude extracts and its respective fractions 

of green jackfruit flour against α-amylase, α-glucosidase and aldose reductase enzymes. 

Extracts 

(Ext.)/Fractions 

(Fr.) 

Enzyme inhibition IC50 x (µg/ml) Antioxidant activity EC50 x (µg/ml) 

α-amylase α-

glucosidase 

aldose 

reductase 

DPPH ABTS Superoxide 

Chloroform (Ext.) 43.25±1.13 24.50±0.25 8.95±0.22 35.50±0.88 35.00±0.99 66.00±2.79 

Ethyl Acetate (Ext.) 37.00±0.59 15.25±1.05 9.75±0.47 36.88±1.00 32.02±0.55 50.55±0.35 

Acetone (Ext.) 31.25±1.11 15.00±0.00 7.86±0.55 30.55±0.54 27.85±1.11 52.78±0.06 

Methanol (Ext.) 28.00±0.03 10.00±0.14 3.75±0.75 24.30±0.82 20.80±1.32 44.50±2.40 

Water (Ext.) 46.50±1.25 31.00±0.26 9.99±0.99 45.00±0.75 37.45±0.37 58.00±0.55 

Chlorofrom (Fr.) 39.25±2.20 15.06±0.22 6.40±0.42 30.56±0.25 28.88±0.90 50.00±0.77 

Ethyl Acetate (Fr.) 27.80±0.06 09.55±0.87 3.60±0.00 24.02±1.87 20.01±0.33 44.06±1.78 

n-butanol (Fr.) 34.50±0.89 16.25±0.28 5.55±0.29 32.25±1.05 28.85±0.42 48.88±0.65 

Methanol (Fr.) 33.00±1.02 14.00±1.07 5.00±0.58 30.55±0.54 25.55±0.22 47.00±0.00 

Cf:Me (35-43) 30.00±0.56 11.05±2.00 4.75±0.88 26.25±0.44 21.25±0.35 33.33±0.33 

Cf:Me (44-52) 29.50±0.78 11.00±0.66 4.65±0.22 25.00±0.22 24.44±0.42 35.00±0.99 

Cf:Me (53-61) 29.00±0.55 10.75±0.75 4.00±0.54 22.05±1.02 19.50±0.10 32.00±2.02 

Cf:Me (62-70) 28.50±1.00 10.00±1.00 4.20±0.47 20.00±0.60 15.00±0.40 33.00±3.00 

Cf:Me (71-79) 26.90±0.05 8.00±0.40 3.10±0.33 18.50±0.08 12.44±1.60 30.13±2.05 

Cf:Me (80-88) 27.85±0.25 11.00±0.55 5.00±0.10 21.00±0.55 14.00±0.04 31.11±1.11 

Cf:Me (89-96) 28.00±0.54 10.00±0.25 4.00±0.15 19.50±0.24 13.00±0.00 31.25±0.77 

Cf:Me (97-101) 25.25±1.00 7.50±1.05 3.00±0.00 16.00±0.13 11.40±2.04 28.00±1.19 

x Values are reported as mean ± SE.  
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Figure S1. Determination of Ki from secondary plots of double reciprocal plots against α-glucosidase 

(A & B), α-amylase (C & D) and aldose reductase (E & F) inhibition by caffeic acid and syringic acid 

 

 

 

 

 

 

 

 



Molecular dynamics simulations 

 

Molecular dynamics simulation for the protein backbone atoms as well as protein-ligand complexes 

has been performed in triplicates. The same pattern of the results was obtained in the 3 trials 

conducted. The average results of the MD trajectories were put into the main article. The triplicates 

with the similar amount and patterns of data indicate that the simulation run is without flaws and are 

stable in nature.  

 

Figure S2 and S3 depict the results obtained for the simulation of α-glucosidase. Similarly, Figure S4 

and S5 represent the MD simulation results of α-amylase, and Figure S6 and S7 represent the same 

for HAR. After performing the molecular dynamics simulations, expected results were taken for 

consideration. 

 



 
 

Figure S2. Visualization of dynamics simulation of experimental compounds with α-glucosidase. A) 

protein-ligand complex RMSD, B) Rg, C) RMSF, D) SASA, E) ligand hydrogen bonds. Red: protein 

backbone atoms, maroon: protein-caffeic acid complex, black: protein-syringic acid complex, orange: 

protein-acarbose complex. 



Figure S3. Visualization of dynamics simulation of experimental compounds with α-glucosidase. A) 

protein-ligand complex RMSD, B) Rg, C) RMSF, D) SASA, E) ligand hydrogen bonds. Red: protein 

backbone atoms, maroon: protein-caffeic acid complex, black: protein-syringic acid complex, orange: 

protein-acarbose complex. 



Figure S4. Visualization of dynamics simulation of experimental compounds with α-amylase. A) 

protein-ligand complex RMSD, B) Rg, C) RMSF, D) SASA, E) ligand hydrogen bonds. Red: protein 

backbone atoms, maroon: protein-caffeic acid complex, black: protein-syringic acid complex, orange: 

protein-acarbose complex. 



Figure S5. Visualization of dynamics simulation of experimental compounds with α-amylase. A) 

protein-ligand complex RMSD, B) Rg, C) RMSF, D) SASA, E) ligand hydrogen bonds. Red: protein 

backbone atoms, maroon: protein-caffeic acid complex, black: protein-syringic acid complex, orange: 

protein-acarbose complex. 



 

Figure S6. Visualization of dynamics simulation of experimental compounds with HAR. A) protein-

ligand complex RMSD, B) Rg, C) RMSF, D) SASA, E) ligand hydrogen bonds. Red: protein backbone 

atoms, maroon protein-caffeic acid complex, black: protein-syringic acid complex, orange: protein-

quercetin complex. 

 



Figure S7. Visualization of dynamics simulation of experimental compounds with HAR. A) protein-

ligand complex RMSD, B) Rg, C) RMSF, D) SASA, E) ligand hydrogen bonds. Red: protein backbone 

atoms, maroon protein-caffeic acid complex, black: protein-syringic acid complex, orange: protein-

quercetin complex. 



Hydrogen bond residue mapping for the catalytic mechanism assessment 

 

To evaluate the catalytic mechanism of the interactions formed, hydrogen bond residue 

mapping of the residues was performed using the ‘md distance’ utility available in GROMACS 2018.1 

software package. Through this approach, distance between the amino acid residue atoms and ligand 

atoms was calculated for the time period of 50 ns (last 50 ns of the 100 ns simulation run time). Since 

hydrogen bonds were included as key parameter in virtual screening of the ligands, residues bound 

only with hydrogen bonds were considered for the mapping. The cut-off value for hydrogen bond 

was set for 3.5 Å, according to a study by Morris et al. (2014) [1]. The bonds with bond length more 

than 3.5 Å were not considered as feasible. However, our molecular dynamics studies fit into this this 

criterion. The figures indicate the individual plots put for each binding residue, that was bound with 

hydrogen bond. Figure S8 depict the hydrogen mapping of all the α-glucosidase residues bound to 

the experimental molecules with hydrogen bonds. Whereas, Figure S9 and Figure S10 indicate the 

same for α-amylase and human aldose reductase, respectively. In case of human aldose reductase 

(Figure S10A; black coloured plot), hydrogen atom of caffeic acid bound with seaborgium (SG) atom 

of TYR 309 was not able to fit into the cut-off value, therefore the interaction is considered to be 

unstable. 

 

 



 
Figure S8. Hydrogen bond mapping of all the α-glucosidase binding residues bound to A) caffeic 

acid, B) syringic acid, and C) acarbose through hydrogen bond. 



Table S2. (figure legend for Figure S8). 

Figure Ligand Binding residue Residue atom Ligand atom Plot colour 

A Caffeic acid ASP 214 O H Orange 

GLU 276 O H Red 

ARG 312 H O Turquoise 

ASP 349 O H Blue 

B Syringic acid ASP 68 H C Green 

PHE157 O H Yellow 

GLU 276 O H Red 

ASP 439 H O Blue 

C Acarbose HIS 239 C H Red 

ASN 241 H O Blue 

PRO 309 H C Black 

PRO 309 O H Yellow 

ASP 408 O H Green 

ARG 439 H O Magenta 

 



 
Figure S9. Hydrogen bond mapping of all the α-amylase binding residues bound to A) caffeic acid, B) 

syringic acid, and C) acarbose through hydrogen bond. 

 



 

Table S3. (figure legend for Figure S9). 

Figure Ligand Binding residue Residue atom Ligand atom Plot colour 

A Caffeic acid TYR 62 C H Green 

GLN 63 H O Blue 

ASP 197 O H Red 

B Syringic acid TYR 62 H O Violet 

GLU 233 H O Blue 

ASP 300 C H Orange 

C Acarbose ASP 197 O H Green 

GLU 233 O H Magenta 

GLU 233 H O Maroon 

ASP 300 H C Orange 

 

 

 

 

  



 
Figure S10. Hydrogen bond mapping of all the human aldose reductase binding residues bound to A) 

caffeic acid, B) syringic acid, and C) acarbose through hydrogen bond. 



Table S4. (figure legend for Figure S10.)  

Figure Ligand Binding residue Residue atom Ligand atom Plot colour 

A Caffeic acid CYS 80 SG H Red 

TYR 309 H O Black 

B Syringic acid TRP 20 H O Red 

TYR 48 H O Green 

HIS 110 H O Blue 

HIS 110 C O Yellow 

CYS 298 H C Indigo 

C Quercetin CYS 298 O H Blue 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Carcinogenicity of quercetin 

 
 

Figure S11. A) Pharmacokinetic mapping of quercetin obtained from ADMETlab 2.0, B) 

pharmacokinetic properties showing mutagenicity and tumerigenicity, obtained from OSIRIS 

Property Explorer.   

 

 



Authors performed an in silico pharmacokinetic analysis of quercetin again to provide the 

suitable information about its carcinogenic property. Apart from ADMETlab 2.0, which was used in 

the initial analysis, OSIRIS Property Explorer web tools was also used this time. During the analysis, 

quercetin was found to be in the upper limit of the overall pharmacokinetic cut-off values (Figure 

S11A). However, results from OSIRIS Property Explorer (Figure S3) showed that the molecule is 

mutagenic and tumorigenic. The numerical data obtained from ADMETlab 2.0 (Table 7) supports 

these properties. However, authors also conducted a literature survey to provide the supporting 

information about the quercetin carcinogenicity, which is depicted as follows. 

 

Quercetin is a naturally occurring flavonol that has a long history of use in the human diet. It 

can be extracted from plants by isolating the quercetin glycosides, then hydrolysing them to produce 

aglycone, and then purifying it. Several pharmacological properties like antioxidant, anticancer, 

antiviral, antidiabetic, anti-inflammatory, antiprotozoal, antiarthritic, cardioprotective, anti-

Alzheimer's, chelation, bacteriostatic, anti-carcinogenic, and wound-healing properties have been 

reported with the quercetin [2-4]. 

 

However, recent developments prove that consumption of quercetin has been a debatable 

concern. The International Agency for Research on Cancer (IARC) stated in 1999 that quercetin 

should not be classified as a human carcinogenic agent [5]. However, in vitro studies suggest 

quercetin can have a minor detrimental impact on foetal growth [6]. In the Ames test, reports of 

mutagenicity in the 1970s raised worries about its safety. In support of this, several studies have been 

reported with in vitro and in vivo mutagenicity [7]. Quercetin has also been reported to cause a slight 

increase in the incidence of malignant tumours in the early offspring of mice lacking DNA repair in in 

vivo trials [8]. In human clinical trials, quercetin was safe and well-tolerated. Quercetin administration 

at a dose of >1000 mg/day for several months had no adverse effects on serum electrolytes, 

renal, haematological, and liver function blood parameters [9].  

 

The majority of in vivo studies have concluded that quercetin is non-carcinogenic and may 

even protect against Geno toxicants. When ingested quercetin was subjected to first-pass metabolism 

in the intestine and liver, it was nearly entirely metabolised, lowering the risk of carcinogenicity and 

toxicity. There has been no evidence of toxicity at oral supplemental doses >1000 mg per day for up to 

three months; however, research on long-term safety at large doses is missing [8]. 
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