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In Silico Evaluation of Antidiabetic Activity and ADMET 
Prediction of Compounds from Musa acuminata Colla Peel
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Diabetes is a severe chronic disease that affects 422 million adults worldwide in 2014. It was the 
fifth leading cause of mortality in the Philippines in 2019. The primary cause of death of diabetic 
patients is due to cardiovascular disease. α-Glucosidase inhibitors (AGIs) are known for their 
cardiovascular benefits because they prevent the postprandial glucose level from increasing, 
which plays a significant role in the development of cardiovascular diseases. The synthesis of 
AGIs is complex and requires a lot of steps. Thus, there is a need to explore and discover AGIs 
especially from plants, which are known sources of bioactive compounds. Drug discovery 
entails a complex, costly, time-consuming, and risky process. Computer-aided drug discovery/
design (CADD) methods such as molecular docking and ADMET (absorption, distribution, 
metabolism, excretion, and toxicity) prediction have been developed to identify the promising 
compounds that will be tested in in vitro and in vivo experiments. This shortens the research 
process and helps reduce the expense and risk of failure for drug discovery. In this study, 
molecular docking was conducted to predict the α‑glucosidase inhibitory activity of compounds 
from Musa acuminata Colla peel against human intestinal α‑glucosidase. Out of 87 compounds, 
only 11 compounds were found to have better or comparable binding affinity with the standard, 
acarbose (–8.8 kcal/mol) – namely, sesamin (–9.8 kcal/mol), asarinin (–9.7 kcal/mol), quercetin-
7-rutinoside (–9.4 kcal/mol), kaempferol-3-rutinoside (–9.4 kcal/mol), (–)-epicatechin (–9.0 kcal/
mol), (+)-catechin (–8.9 kcal/mol), myricetin-3-rutinoside (–8.9 kcal/mol), quercetin (–8.9 kcal/
mol), kaempferol-3-rhamnoside-7-glucoside (–8.9 kcal/mol), stigmasterol (–8.9 kcal/mol), and 
β-sitosterol (-8.8 Kcal/mol). The prediction of ADMET properties and drug-likeness revealed 
how the best binding compounds may behave inside the body. Some of the compounds were 
found to be safe and have good absorption, distribution, metabolism, and excretion properties. 
They showed promising potentials that may lead to their development as drugs.
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INTRODUCTION
Diabetes is a serious chronic disease that affects 422 
million adults worldwide in 2014 (WHO 2016b). Over 
time, diabetes can lead to several complications in the 
heart, blood vessels, eyes, kidneys, and nerves when 

not managed properly (ADA 2011; WHO 2018). It is 
an important public health problem for it is one of four 
priority non-communicable diseases that are responsible 
for almost 70% of all deaths worldwide (WHO 2016b). In 
fact, diabetes was also the fifth leading cause of mortality 
in the Philippines in 2019 (PSA 2021).

The primary cause of death of diabetic patients is due 
to cardiovascular disease (WHO 2016a). AGIs are 
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competitive inhibitors of alpha-glucosidase enzymes, 
which hydrolyze carbohydrates into glucose, consequently 
delaying glucose absorption in the gastrointestinal tract. 
The delayed carbohydrate absorption allows extended time 
for β-cells to increase insulin secretion (Bharathkumar et 
al. 2014). This prevents the postprandial glucose level 
from increasing, which plays a significant role in the 
development of cardiovascular diseases (Joshi et al. 
2015; Jiang et al. 2017). Thus, there is an urgent need to 
discover AGI from plants since they are known sources 
of bioactive compounds (Etsassala et al. 2020) and they 
are more accessible to people, especially to those who are 
in remote areas who use plants as their primary treatment 
(Singab et al. 2014).

Musaceae (banana family) is one of the most important 
fruit crops cultivated in tropical countries because of 
its role in the food industry (Padam et al. 2014). In the 
tropical island of Mauritius, M. acuminata Colla is used 
as a remedy against diabetes and related complications by 
native people by eating the ripe fruit half in the morning 
and the other half in the evening daily (Mootoosamy and 
Mahomoodally 2017). The variety of phytochemicals 
present in M. acuminata Colla plant parts may be 
accountable for their therapeutic effects and justify their 
use as traditional medicine against various diseases 
and ailments (Mathew and Negi 2016). The ethanolic 
extract of its inner peels was found to exhibit significant 
antihyperglycemic activity in Wistar rats compared to 
other Musa species (Navghare and Dhawale 2016). In 
addition, the major triterpenes – cycloeucalenone and 
31-norcyclolaudenone – present in its peels was reported 
to possess inhibitory activity against yeast α-glucosidase 
(Shang et al. 2021). Most of the bananas are cultivated 
primarily for their fruit. As a result, large quantities of 
underutilized by-products such as peels are generated, 
which can cause serious ecological damages if not 
properly managed (Padam et al. 2014; Vu et al. 2017). 
Exploring valuable uses of banana peel, like using it as a 
source of active compounds that may be developed into 
a drug, may help lessen these wastes.

Drug discovery entails a complex, costly, time-consuming, 
and risky process (Leelananda and Lindert 2016). 
CADD methods such as molecular docking and ADMET 
prediction have played an important role in drug discovery 
over the past decades. These methods have been developed 
to speed up the research process and help reduce the 
expense and risk of failure for drug discovery (Ou-Yang 
et al. 2012).

Molecular docking enables researchers to efficiently 
investigate the behavior of ligands in the binding site of 
the target protein, receptor, or enzyme with a considerable 
degree of accuracy (Hajalsiddig et al. 2020). The main 
goal of this analysis is to determine the best possible pose 

of the ligand with minimal binding energy (Anthony et al. 
2016). The interaction between the ligand and the enzyme 
may predict the enzyme inhibition or activation activity 
since it is assumed that the biological activity of the ligand 
is associated with the binding affinity of the ligand to the 
enzyme (Xiang et al. 2012; Dar and Mir 2017). 

Around 40% of the total drug failures in clinical phases 
are attributed to poor ADMET properties (Durán-Iturbide 
et al. 2020). The in silico prediction of ADMET properties 
in the early phase of drug discovery extremely reduces 
these failures (Daina et al. 2017). This also helps save time 
and resources, since the experimental evaluation of these 
properties is time-consuming and expensive (Macalino 
et al. 2015). 

The study was conducted to assess the α-glucosidase 
inhibitory potential of compounds from M. acuminata Colla 
peel. Molecular docking was performed to determine the in 
silico α-glucosidase inhibitory activity of the compounds 
against human intestinal α-glucosidase. ADMET properties 
and drug-likeness prediction of the best binding compounds, 
which have better or comparable binding affinity to the 
standard acarbose was also carried out. To the best of the 
researchers’ knowledge, there are no foreign and local 
studies conducted yet concerning the molecular docking 
and pharmacokinetic prediction of compounds found in M. 
acuminata Colla peel. Thus, this study can serve as a guide 
and source of information for the scientific community 
about the compounds’ potential as AGIs. 

MATERIALS AND METHODS

Data Collection
The dataset used in this study was composed of 87 
compounds from M. acuminata Colla peel identified in 
published literature (Someya et al. 2002; Mokbel and 
Hashinaga 2005; González-Montelongo et al. 2010; 
Villaverde et al. 2013; Rebello et al. 2014; Niamah 2015; 
Mordi et al. 2016; Barroso et al. 2019; Navghare et al. 
2019). The 3D structure data file (sdf) of some compounds 
was downloaded from the PubChem database (https://
pubchem.ncbi.nlm.nih.gov/). Compounds that do not have 
an available sdf in PubChem were manually drawn using 
Biovia Discovery Studio Visualizer version 21.1.0.20298 
or DS Visualizer.  

Enzyme Preparation
The crystal structure of human intestinal α-glucosidase 
in complex with acarbose PDB (protein data bank) ID: 
3TOP was retrieved in pdb file format from the RCSB 
PDB (https://www.rcsb.org/). Water molecules and 
heteroatoms, including the co-crystallized acarbose, were 
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removed from the α-glucosidase using the DS Visualizer 
because these can affect the docking accuracy (Opo et al. 
2021). Since the α-glucosidase (3TOP) is a symmetrical 
dimer, chain B of the enzyme was removed, and only 
chain A was used in the docking process (Figure 1). 
The pre-processed enzyme was then prepared at UCSF 
Chimera (Pettersen et al. 2004) where hydrogens were 
added. The incomplete side chains were also replaced 
using Dunbrack 2010 rotamer library (Shapovalov and 
Dunbrack 2011) and typed with Gasteiger charges. 
AMBER ff14sb was added to the standard residues of 
the enzyme (Chukwuemeka et al. 2021). The enzyme file 
was saved in pdbqt format. The prepared human intestinal 
α-glucosidase is simply referred to as α-glucosidase 
throughout the rest of the paper.

Ligand Preparation
Each of the 87 ligands, in sdf file, were prepared using 
the DS Visualizer. Hydrogens were added to the ligands, 
then the ligands were typed with Merck molecular force 
field (MMFF) and saved as pdb files. The ligand files were 
converted to pdbqt file using Open Babel tool (O’Boyle 
et al. 2011) in PyRx.

Molecular Docking 
The binding site residues were determined using DS 
Visualizer with reference to the co-crystallized acarbose 
and according to Ren and co-authors (2011), the depositor 
of the 3TOP α-glucosidase–acarbose complex in PDB. 
The molecular docking was done using AutoDock Vina 
in PyRx version 0.8 (Trott and Olson 2010; Dallakyan 
and Olson 2015). AutoDock Vina is simply referred to as 
Vina throughout the rest of the paper. 

The standard acarbose was extracted from the 
α-glucosidase. Hydrogens and MMFF charges were 
added to it using DS Visualizer. The prepared acarbose 
was repeatedly re-docked to the binding site of 
the α-glucosidase by using different grid box and 
exhaustiveness parameters to determine the best method 
that produces a pose with low root mean square deviation 
(RMSD) when compared to the co-crystallized acarbose. 
A pose with RMSD lower than 1.5Å was considered a 
good pose (Rentzsch and Renard 2015). The 87 ligands 
were docked to the α-glucosidase following the validated 
docking method done to acarbose. The ligands were 
docked one at a time to gather their individual binding 
affinities (kcal/mol). 

Figure 1. (A) Structure of 3TOP: human intestinal α-glucosidase in complex with acarbose (encircled) and (B) prepared α-glucosidase that 
was used in molecular docking.
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ADMET and Drug-likeness Prediction 
The simplified molecular input line entry system 
(SMILES) of each compound was copied from PubChem 
and was loaded to SwissADME (Daina et al. 2017) and 
pkCSM (Pires et al. 2015) cheminformatics web tools 
to calculate their ADMET properties. Drug-likeness and 
Lipinski parameters were also predicted by SwissADME. 

RESULTS AND DISCUSSION

Molecular Docking
The molecular docking method was validated by re-
docking the extracted acarbose to the α-glucosidase 
before docking the 87 ligands. This was to ensure that the 
method gives reliable docking results for the 87 ligands 
when docked to the binding site of the α-glucosidase. 
The determination of binding site amino acid residues 
is important in setting the grid box parameters. The 
determined binding site residues were ASP1157, 
TYR1251, ASP1279, TRP1355, TRP1369, TRP1418, 
ASP1420, MET1421, ARG1510, ASP1526, PHE1559, 
PHE1560, and HIS1584. The grid parameter was set to 
center grid box values of X = –33.441, Y = 31.865, and Z 
= 29.320 and dimensions (Å) of X = 16.064, Y = 18.762, 
and Z = 17.537. The exhaustiveness, which controls the 

comprehensiveness of the Vina search, was set to 16. 
After the docking run, Vina returned nine different poses. 
The lower the numerical values for the binding affinity, 
the better is the predicted binding between the ligand 
and the enzyme (Dallakyan and Olson 2015). Thus, the 
pose of re-docked acarbose which had the lowest binding 
affinity of –8.8 kcal/mol was chosen as the best pose. 
The heavy atom RMSD of the re-docked acarbose to 
the co-crystallized acarbose that was computed using 
DockRMSD web tool (Bell and Zhang 2019) was 0.842Å. 
This showed that the re-docked Acarbose and later, the 
ligands, were bound to the binding site of α-glucosidase 
where the co-crystallized acarbose was bound and that 
the docking method conducted was appropriate (Rentzsch 
and Renard 2015). Figure 2 shows the overlay of the re-
docked acarbose and co-crystallized acarbose poses in the 
α-glucosidase binding site.

The re-docked Acarbose (–8.8 kcal/mol) was bound to 
α-glucosidase residues by five hydrogen bonds and two 
hydrophobic interactions (Table 1). Hydrogen bonds are 
very important in ligand-enzyme interactions because they 
stabilize the ligand in the binding pocket (Kostal 2016; 
Abelian et al. 2021). They also contribute to the specificity 
of the ligand-enzyme interactions (Safitri et al. 2020). The 
binding site residues common in providing hydrogen bonds 
to both re-docked and co-crystallized acarbose are ASP1157, 
ASP1279, ARG1510, and ASP1526. One unfavorable 

Figure 2. The re-docked (light blue line) and the co-crystallized (pink line) poses of acarbose in the α-glucosidase binding site.
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Best binding 
compounds

Binding affinity (kcal/
mol)

No. of 
H-bonds Interaction Category

Sesamin –9.8 3

A:LYS1460:HZ1 - N:Lig:O (2.99 Å)
N:Lig:C - A:ASP1526:OD2 (3.78 Å)
N:Lig:C - A:ASP1157:OD1 (3.39 Å)

A:TYR1251 - N:Lig (5.07 Å)
A:TRP1369 - N:Lig (5.28 Å)
A:TRP1369 - N:Lig (5.21 Å)
A:PHE1559 - N:Lig (4.89 Å)

Hydrogen bond
Hydrogen bond
Hydrogen bond
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic

Asarinin –9.7 3

A:LYS1460:HZ1 - N:Lig:O (2.57 Å)
A:LYS1460:HZ3 - N:Lig:O (2.25 Å)
N:Lig:C - A:ASP1420:OD2 (3.29 Å)

A:TRP1355 - N:Lig (5.96 Å)
A:TRP1355 - N:Lig (5.31 Å)
A:TYR1251 - N:Lig (4.95 Å)
N:Lig - A:PRO1159 (4.69 Å)

Hydrogen bond
Hydrogen bond
Hydrogen bond
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic 

Quercetin-7-
rutinoside –9.4 3

A:TYR1251:HH - N:Lig:O (2.01 Å)
N:Lig:H - A:ASP1526:OD1 (2.55 Å)
N:Lig:H - A:ASP1279:OD2 (2.67 Å)
A:ASP1526:OD2 - N:Lig (4.40 Å)
A:MET1421:SD - N:Lig (5.87 Å)

A:TRP1369 - N:Lig (5.86 Å)
A:TYR1251 - N:Lig (5.05 Å)
A:TRP1355 - N:Lig (5.09 Å)
A:PHE1560 - N:Lig (5.09 Å)

A:ARG1510:HH11 - N:Lig:H (1.96 Å)
A:HIS1584:HE2 - N:Lig:H (1.32 Å)

Hydrogen bond
Hydrogen bond
Hydrogen bond

Electrostatic
Other (pi-sulfur)

Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Unfavorable
Unfavorable

Kaempferol-3-
rutinoside –9.4 5

A:GLN1372:HE22 - N:Lig:O (2.21 Å)
A:ARG1377:HH22 - N:Lig:O (2.69 Å)
A:LYS1460:HZ3 - N:Lig:O (1.99 Å)

N:Lig:H - A:ASP1157:O (1.96 Å)
N:Lig:H - A:GLY1365:O (2.28 Å)

A:TYR1251 - N:Lig (5.16 Å)
A:PHE1559 - N:Lig (4.78 Å)
A:PHE1560 - N:Lig (4.84 Å)
N:Lig - A:PRO1159 (4.95 Å)

Hydrogen bond
Hydrogen bond
Hydrogen bond
Hydrogen bond
Hydrogen bond
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic

(–)-Epicatechin –9.0 2

A:THR1586:HG1 - N:Lig:O13 (1.98 Å)
N:Lig:H4 - A:ASP1157:OD1 (1.98 Å)

A:PHE1427 - N:Lig (5.57 Å)
A:TYR1251 - N:Lig (4.98 Å)
A:PHE1559 - N:Lig (5.00 Å)

A:ASP1279:OD1 - N:Lig:O21 (2.98 Å)

Hydrogen bond
Hydrogen bond
Hydrophobic
Hydrophobic
Hydrophobic
Unfavorable

(+)-Catechin –8.9 3

N:Lig:H - A:ASP1279:OD2 (2.15 Å)
N:Lig:H - A:ASP1157:OD1 (2.55 Å)
A:PRO1159:CD - N:Lig:O (3.66 Å)

A:PHE1560 - N:Lig (5.32 Å)
N:Lig - A:PRO1159 (5.38 Å)

Hydrogen bond
Hydrogen bond
Hydrogen bond
Hydrophobic
Hydrophobic

Table 1. Interaction of the best binding compounds with α-glucosidase binding site residues.
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Best binding 
compounds

Binding affinity (kcal/
mol)

No. of 
H-bonds Interaction Category

Myricetin-3-
rutinoside –8.9 5

A:TYR1251:HH - N:Lig:O (2.69 Å)
A:ARG1510:HH12 - N:Lig:O (2.91 Å)

A:ILE1587:HN - N:Lig:O (2.77 Å)
N:Lig:H - A:ASP1157:O (2.07 Å)

A:PRO1159:CD - N:Lig:O (3.42 Å)
A:TYR1251 - N:Lig (5.52 Å)
A:PHE1560 - N:Lig (4.91 Å)
N:Lig - A:PRO1159 (4.89 Å)

Hydrogen bond
Hydrogen bond
Hydrogen bond
Hydrogen bond
Hydrogen bond
Hydrophobic
Hydrophobic
Hydrophobic

Quercetin –8.9 2

N:Lig:H - A:ASP1279:OD2 (2.41 Å)
N:Lig:H - A:ASP1157:OD1 (2.60 Å)
A:ASP1526:OD2 - N:Lig (4.96 Å)

A:TYR1251 - N:Lig (4.93 Å)
A:TRP1355 - N:Lig (5.00 Å)
A:PHE1560 - N:Lig (5.57 Å)

Hydrogen bond
Hydrogen bond

Electrostatic
Hydrophobic
Hydrophobic
Hydrophobic

Kaempferol-3-
rhamnoside-7-
glucoside

–8.9 4

A:ARG1510:HH11 - N:Lig:O (2.27 Å)
N:Lig:H - A:ASP1157:OD2 (2.77 Å)
N:Lig:H - A:ASP1526:OD2 (2.44 Å)
N:Lig:H - A:ASP1420:OD2 (2.26 Å)
A:ASP1526:OD1 - N:Lig (4.78 Å)
A:ASP1526:OD1 - N:Lig (4.60 Å)

A:TYR1251 - N:Lig (5.43 Å)
A:TRP1355 - N:Lig (4.89 Å)
A:PHE1559 - N:Lig (5.09 Å)
A:PHE1559 - N:Lig (4.91 Å)

A:HIS1584:HE2 - N:Lig:H (1.13 Å)

Hydrogen bond
Hydrogen bond
Hydrogen bond
Hydrogen bond

Electrostatic
Electrostatic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Unfavorable

Stigmasterol –8.9 0

N:Lig:C - A:TYR1251 (3.46 Å)
A:TYR1251 - N:Lig (5.12 Å)
A:TRP1355 - N:Lig (5.11 Å)
A:PHE1559 - N:Lig (5.45 Å)
A:PHE1560 - N:Lig (4.86 Å)

Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic

β-Sitosterol –8.8 0

A:TYR1251 - N:Lig (4.69 Å)
A:TRP1355 - N:Lig (5.38 Å)
A:TRP1355 - N:Lig (5.28 Å)
A:TRP1369 - N:Lig (4.47 Å)
A:TRP1369 - N:Lig (4.95 Å)
A:PHE1559 - N:Lig (5.00 Å)

Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic
Hydrophobic

Acarbose –8.8 5

A:ARG1510:HH11 - N:Lig:O (2.24 Å)
N:Lig:H - A:ASP1157:OD1 (2.14 Å)
N:Lig:H - A:ASP1526:OD2 (2.09 Å)
N:Lig:H - A:ASP1279:OD2 (2.09 Å)
N:Lig:H - A:ASP1279:OD1 (2.05 Å)

N:Lig:C - A:PHE1560 (3.69 Å)
A:PRO1159 - N:Lig (5.19 Å)

A:THR1528:HG1 - N:Lig:H (1.66 Å)

Hydrogen bond
Hydrogen bond
Hydrogen bond
Hydrogen bond
Hydrogen bond
Hydrophobic
Hydrophobic
Unfavorable

Philippine Journal of Science 
Vol. 151 No. 1, February 2022

Bucao and Solidum: In Silico Studies of Compounds 
from M. acuminata Colla Peel



177

interaction was also present, as shown in Figure 3A. This 
unfavorable interaction may be due to the PyRx software 
treating the α-glucosidase as a rigid structure and the ligand 
as flexible, so there might be an induced-fit effect causing 
the clashes between the residues and the docked ligand 
(Ramachandran et al. 2011). Unfavorable interactions 
might affect the activity and stability of the complex binding 
(Dhorajiwala et al. 2019), but one or two unfavorable 
interactions are negligible (Zainab et al. 2020a, b).

The 87 ligands were docked one at a time to the 
α-glucosidase using the validated docking method. The 
poses returned by Vina with the lowest binding energy for 
each of the ligands were picked as their best poses. Out of 
87 ligands, only 11 were found to have a better and same 
binding affinity with the standard, Acarbose (Table 1).

Among the 11 top compounds, sesamin has the lowest and 
best binding affinity, which is –9.8 kcal/mol. It was found 
that sesamin was stabilized by three hydrogen bonds with 
LYS1460, ASP1526, and ASP1157 plus four hydrophobic 
interactions with TYR1251, TRP1369, and PHE1559 
residues. On the other hand, asarinin or episesamin – the 
epimer of sesamin – was found to have a binding affinity 
of –9.7 kcal/mol and was stabilized by three hydrogen 
bonds with LYS1460 and ASP1420, and four hydrophobic 
interactions with TRP 1355, TYR1251, and PRO1159. 
Both sesamin and acarbose formed hydrogen bonds with 
ASP1157 and ASP1526.

Quercetin-7-rutinoside belongs to the flavonoid-7-o-
glycosides class, while kaempferol-3-rutinoside belongs 
to flavonoid-3-o-glycosides (TMIC 2019b, d). Quercetin-
7-rutinoside and kaempferol-3-rutinoside both have a 
binding affinity of –9.4 kcal/mol. Quercetin-7-rutinoside 

was stabilized by three hydrogen bonds with TYR1251, 
ASP1526, and ASP 1279; four hydrophobic interactions 
with TRP1369, TYR1251, TRP1355, and PHE1560; one 
electrostatic interaction with ASP1526; and one pi-sulfur 
interaction with MET1421. Its interactions with ARG1510 
and HIS1584 were found to be unfavorable. The amino acid 
residues that are common in providing hydrogen bond and 
hydrophobic interactions to both quercetin-7-rutinoside 
and acarbose are ASP1526, ASP1279, and PHE1560. The 
interaction of kaempferol-3-rutinoside with α-glucosidase, 
on the other hand, was stabilized by five hydrogen bonds 
and four hydrophobic interactions. The amino acid residues 
that provided these interactions are GLN1372, ARG1377, 
LYS1460, ASP1157, GLY1365, TYR1251, PHE1559, 
PHE1560, and PRO1159. Both kaempferol-3-rutinoside 
and acarbose formed hydrogen bonds and hydrophobic 
interactions with ASP1157, PHE1560, and PRO1159. 
Kaempferol-3-rutinoside was found to be more potent than 
the standard Acarbose in inhibiting α-glucosidase from S. 
cerevisiae (Habtemariam 2011).

(–)-Epicatechin is a monomeric flavan-3-ols, which is a 
subclass of flavonoids (Neilson and Ferruzzi 2011). Its 
consumption was found to reduce blood glucose levels 
in diabetic patients, but its exact mechanism of action 
is still being explored (Abdulkhaleq et al. 2017). The 
docking of (–)-epicatechin to α-glucosidase resulted in 
a binding affinity of –9.0 kcal/mol. It was stabilized by 
two hydrogen bonds with THR 1586 and ASP1157, and 
three hydrophobic interactions with PHE1427, TYR1251, 
and PHE1159. It was also found that its interaction with 
ASP1279 resulted in an unfavorable interaction. The 
amino acid residue common in providing hydrogen bond 
to both (–)-epicatechin and acarbose is ASP1157.

Figure 3. Interactions between the (A) re-docked and the (B) co-crystallized acarbose with the binding site residues of α-glucosidase 
as visualized in DS Visualizer.
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(+)-Catechin is also a monomeric flavan-3-ols like 
its isomer, epicatechin (Neilson and Ferruzzi 2011). 
Its antidiabetic effect by enhancing the antioxidant 
defense system of the diabetic rat models was reported 
in the study of Samarghandian and co-authors (2017). 
It has a binding affinity of –8.9 kcal/mol – same with 
those of myricetin-3-rutinoside, quercetin, kaempferol 
3-rhamnoside-7-glucoside, and stigmasterol. Its binding 
to α-glucosidase was stabilized by three hydrogen 
bonds with ASP1279, ASP1157, and PRO1159 plus two 
hydrophobic interactions with PHE1560 and PRO1159. 
Both (+)-catechin and acarbose interacted with ASP1157, 
ASP1279, PHE1560, and PRO1159 via hydrogen bonding 
and hydrophobic interactions.

Myricetin-3-rutinoside, a member of the class flavonoid-
3-o-glycosides (TMIC 2019c). Its interaction with 
α-glucosidase was stabilized by five hydrogen bonds with 
TYR1251, ARG1510, ILE1587, ASP1157, and PRO1159 
plus three hydrophobic interactions with TYR1251, 
PHE1560, and PRO1159. Myricetin-3-rutinoside and 
acarbose have similar hydrogen bond and hydrophobic 
interactions with ASP1157, PHE1560, and PRO1159.

The interaction of quercetin – a flavonol – to α-glucosidase 
was stabilized by two hydrogen bonds plus three 
hydrophobic and one electrostatic interaction. The 
interacting amino acid residues were ASP1279, ASP1157, 
TYR1251, TRP1355, PHE1560, and ASP1526. In 
addition, the amino acid residues common in providing 
hydrogen bonds and hydrophobic interaction to both 
quercetin and Acarbose are ASP1279, ASP1157, 
ASP1256, and PHE1560. It was reported to have an 
inhibitory effect against intestinal α-glucosidases in in 
vivo rat models and in vitro intestinal homogenates of rats 
in the study of Pereira and co-authors (2011). 

Kaempferol-3-rhamnoside-7-glucoside belongs to the 
flavonoid-7-o-glycosides class (TMIC 2019a). It was 
stabilized by four hydrogen bonds with ARG1510, ASP1157, 
ASP1526, and ASP1420; two electrostatic interactions with 
ASP 1526; and four hydrophobic interactions with TYR1251, 
TRP1355, and PHE1559. An unfavorable interaction of 
kaempferol 3-rhamnoside-7-glucoside with HIS1584 was 
also found. Both kaempferol-3-rhamnoside-7-glucoside and 
acarbose interacted with ARG1510, ASP1157, and ASP1526 
– forming hydrogen bonds.

Stigmasterol and β-sitosterol are phytosterols that were 
found to have an antidiabetic activity by restoring β-cells 
of diabetic rat models, thus stimulating the secretion of 
insulin (Ramu et al. 2016). Stigmasterol and β-sitosterol 
were also reported to have good inhibitory activity 
against α-glucosidase from S. cerevisiae with an IC50 
(half-maximal inhibitory concentration) of 158.25 µM or 
65.31 ± 0.37 µg/mL (Murugesu et al. 2018) and against 

α-glucosidase from Bacillus stearothermophilus with an 
IC50 of 1258.35 mg/L (Sheng et al. 2014), respectively. In 
this study, stigmasterol was found to have five hydrophobic 
interactions with TYR1251, TRP1355, PHE1559, and 
PHE1560 residues. Both stigmasterol and acarbose formed 
hydrophobic interactions with PHE1560. On the other 
hand, β-sitosterol has six hydrophobic interactions with 
TYR1251, TRP1355, TRP1369, and PHE1559 residues of 
α-glucosidase. β-Sitosterol interaction with α-glucosidase 
leads to a binding affinity of –8.8 kcal/mol, which is similar 
to acarbose, as shown in Table 1.

ADMET and Drug-likeness Prediction 
The ADMET properties and drug-likeness of the best 
binding compounds predicted by pkCSM and SwissADME 
cheminformatics tools are presented in Table 2.  

Absorption. Water solubility is an important property 
that influences absorption (Ottaviani et al. 2010; Daina 
et al. 2017). All of the best binding compounds were 
predicted to be water-soluble except for stigmasterol and 
β-sitosterol, which are poorly soluble. 

The Caco2 or human epithelial colorectal adenocarcinoma 
cell lines are widely used as in vitro models to predict 
the absorption of an orally administered drug in the 
human intestinal mucosa. Compounds with high Caco2 
permeability have greater than 0.90 predicted values 
(Pires et al. 2015). Only sesamin, asarinin, kaempferol-3-
rutinoside, stigmaseterol, and β-sitosterol were predicted 
to have high Caco2 permeability. 

The intestine is considered to be the primary site for 
absorption of an orally administered drug because of 
its large surface area (Artursson et al. 2007; Pires et al. 
2015). Sesamin, asarinin, (–)-epicatechin, (+)-catechin, 
and quercetin were predicted to be highly absorbed in 
the human intestines, while the rest are poorly absorbed. 

Skin permeability is important in the development of 
transdermal drug delivery systems and other topical drug 
formulations (Pires et al. 2015; Supe and Takudage 2021). 
The more negative the log Kp, with Kp in cm/s, the lesser 
the ability of the compound to pass through the skin (Daina 
et al. 2017). Thus, stigmasterol and β-sitosterol are the 
most skin permeant among the best binding compounds 
with log Kp values of –2.74 and –2.2,  respectively.

The p-glycoprotein (P-gp) is the most important member of 
the ATP-binding cassette transporters (Daina et al. 2017). 
It has a vital role in reducing the absorption of xenobiotics, 
such as drugs, and toxins by extruding these compounds 
and protecting the cells against toxicity. This is also the 
cause of the resistance of cancer cells to chemotherapeutic 
agents (Wolf and Paine 2018). Due to its influence on 
the ADMET properties of compounds, prediction of 
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the possibility of a compound to be a substrate or an 
inhibitor of P-gp is important in the early phase of the 
drug discovery (Montanari and Ecker 2015). Quercetin-
7-rutinoside, kaempferol-3-rutinoside, (–)-epicatechin, 
(+)-catechin, myricetin-3-rutinoside, quercetin, and 
kaempferol-3-rhamnoside-7-glucoside were predicted 
to be P-gp substrates. On the other hand, sesamin and 
asarinin are inhibitors of P-gp I, and stigmasterol, and 
β-sitosterol were inhibitors of both P-gp I and II.

Distribution. The steady-state volume of distribution or 
VDss is an important pharmacokinetic parameter needed 
for the design of a suitable drug dosage regimen (Zhivkova 

et al. 2015). It is the volume of plasma or blood in which 
the compound appears to be dissolved at a steady state or 
equilibrium (Freitas et al. 2015). VDss is considered as 
low if log L/kg is lower than –0.15 and high if it is higher 
than 0.45. The higher the volume of distribution, the more a 
compound is distributed in tissue than in plasma (Pires et al. 
2015). All best binding compounds have high VDss except 
sesamin and asarinin that both have –0.17, which means 
that they are more distributed in plasma than in the tissue.

The unbound fraction of a compound is the portion that 
exerts a therapeutic or pharmacologic effect because it 
is not bound to plasma proteins (Heuberger et al. 2013). 

Table 2. Predicted ADMET properties from pkCSM and SwissADME.

ADMET properties

Active compounds

Sesamin Asarinin
Querce-

tin-7-rutino-
side

Kaemp-
ferol-3-rutino-

side
(–)-Epicatechin (+)-Catechin

Water solubility – ESOL class Soluble Soluble Soluble Soluble Soluble Soluble
Caco2 permeability (log Papp in 
10–6 cm/s) 1.399 1.399 –1.599 0.189 –0.283 –0.283

Intestinal absorption in human High High Low Low High High

Skin permeability – log Kp (cm/s) –6.56 –6.56 –10.26 –9.91 –7.82 –7.82

P-glycoprotein substrate No No Yes Yes Yes Yes

P-glycoprotein I inhibitor Yes Yes No No No No

P-glycoprotein II inhibitor No No No No No No

VDss in human (log L/kg) –0.17 –0.17 1.84 1.71 1.027 1.027

Fraction unbound in human (Fu) 0 0 0.165 0.157 0.235 0.235

BBB permeability (log BB) –0.862 –0.862 –2.056 –1.669 –1.054 –1.054

CNS permeability (log PS) –2.939 –2.939 –5.07 –5.015 –3.298 –3.298

CYP2D6 substrate No No No No No No

CYP3A4 substrate Yes Yes No No No No

CYP1A2 inhibitor  Yesa; Nob Yesa; Nob Noa; Nob Noa; Nob Noa; Nob Noa; Nob

CYP2C19 inhibitor Yesa; Yesb Yesa; Yesb Noa; Nob Noa; Nob Noa; Nob Noa; Nob

CYP2C9 inhibitor Yesa; Nob Yesa; Nob Noa; Nob Noa; Nob Noa; Nob Noa; Nob

CYP2D6 inhibitor Noa; Yesb Noa; Yesb Noa; Nob Noa; Nob Noa; Nob Noa; Nob

CYP3A4 inhibitor Yesa; Yesb Yesa; Yesb Noa; Nob Noa; Nob Noa; Nob Noa; Nob

Total clearance (log ml/min/kg) –0.126 –0.126 –0.387 –0.16 0.183 0.183

Renal OCT2 substrate No No No No No No

Ames toxicity Yes Yes No No No No
Max. tolerated dose in human (log 
mg/kg/d) 0.089 0.089 0.461 0.481 0.438 0.438

hERG I inhibitor No No No No No No

hERG II inhibitor No No Yes Yes No No
Oral rat acute toxicity – LD50 (mol/
kg) 2.883 2.883 2.501 2.513 2.428 2.428

Oral rat chronic toxicity – LOAEL 
(log mg/kg_bw/d) 1.568 1.568 3.667 3.569 2.5 2.5

Hepatotoxicity No No No No No No

Skin sensitization No No No No No No
ESOL – estimated solubility; Papp – apparent permeability; VDss – steady-state volume of distribution; BBB – blood-brain barrier; CNS – central nervous system; 
OCT2 – organic cation transporter 2; hERG – human ether-a-go-go-related gene; LD50 – median lethal dose; LOAEL – lowest observed adverse effect level
apkCSM
bSwissADME
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Sesamin, asarinin, stigmasterol, and β-sitosterol were 
found to have zero unbound fraction. This means that 
they are highly bound to proteins and may not exert a 
good pharmacologic effect.

Predicting the ability of a compound to cross the blood-
brain barrier (BBB) helps to reduce toxicities or side 
effects of lead compounds. It can also help in improving 
the efficacy of drugs that exerts pharmacologic activity 
in the brain. Compounds with log BB higher than 0.3 can 
readily cross the BBB, while compounds with log BB 
lower than –1 are poorly distributed to the brain (Pires et 
al. 2015). The compounds that were predicted to readily 
cross the BBB are stigmasterol and β-sitosterol. 

The blood-brain permeability–surface area product 
(log PS) is a more direct measurement than the BBB 
permeability measurement since this is generated from in 
situ brain perfusions with the compound directly injected 

into the carotid artery. This method is free from systemic 
distribution effects which may distort brain permeation. 
Compounds with a log PS or higher than –2 can penetrate 
the central nervous system or CNS, while those with lower 
than –3 are unable to penetrate CNS (Suenderhauf et al. 
2012; Pires et al. 2015). Only stigmasterol and β-sitosterol 
were predicted to have the ability to penetrate CNS, which 
means that they may exert pharmacologic activity or 
induce side effects in the CNS.

Metabolism. The cytochrome P450 (CYP450) enzymes 
are responsible for about 95% of the metabolism of drugs 
in the market (Xu et al. 2012). The CYP450 isoforms 
responsible for 90% of drug metabolism are CYP1A2, 
CYP2C9, CYP2C99, CYP2D6, and CYP3A4 (Cheng et 
al. 2011). CYP450 can dramatically alter the ADMET 
of compounds. Thus, it is important to evaluate if a 
compound is a substrate or an inhibitor of these enzymes 
(Pires et al. 2015). Substrates are compounds that bind 

Table 2 (continued). Predicted ADMET properties from pkCSM and SwissADME.

ADMET properties

Active compounds

Myricetin-3-
rutinoside Quercetin

Kaempferol 
3-rhamnoside-7-

glucoside
Stigmasterol β-Sitosterol

Water solubility – ESOL class Soluble Soluble Soluble Poorly soluble Poorly soluble
Caco2 permeability (log Papp in 
10–6 cm/s) –1.138 –0.229 –0.771 1.213 1.201

Intestinal absorption in human Low High Low Low Low
Skin permeability – log Kp (cm/s) –10.61 –7.05 –10.35 –2.74 –2.2
P-glycoprotein substrate Yes Yes Yes Yes No
P-glycoprotein I inhibitor No No No Yes Yes
P-glycoprotein II inhibitor No No No 0.178 Yes
VDss in human (log L/kg) 1.271 1.559 1.261 0 0.193
Fraction unbound in human (Fu) 0.223 0.206 0.181 0.771 0
BBB permeability (log BB) –2.215 –1.098 –1.957 –1.652 0.781
CNS permeability (log PS) –5.397 –3.065 –5.066 No –1.705
CYP2D6 substrate No No No Yes No
CYP3A4 substrate No No No Yes Yes
CYP1A2 inhibitor  Noa; Nob Yesa; Yesb Noa; Nob Noa; Nob Noa; Nob

CYP2C19 inhibitor Noa; Nob Noa; Nob Noa; Nob Noa; Nob Noa; Nob

CYP2C9 inhibitor Noa; Nob Noa; Nob Noa; Nob Noa; Yesb Noa; Nob

CYP2D6 inhibitor Noa; Nob Noa; Yesb Noa; Nob Noa; Nob Noa; Nob

CYP3A4 inhibitor Noa; Nob Noa; Yesb Noa; Nob Noa; Nob Noa; Nob

Total clearance (log mL/min/kg) –0.513 0.407 –0.046 0.618 0.628
Renal OCT2 substrate No No No No No
Ames toxicity No No No No No
Max. tolerated dose in human (log 
mg/kg/d) 0.441 0.499 0.504 –0.664 –0.621

hERG I inhibitor No No No No No
hERG II inhibitor Yes No Yes Yes Yes
Oral rat acute toxicity – LD50 (mol/
kg) 2.484 2.471 2.562 2.54 2.552

Oral rat chronic toxicity – LOAEL 
(log mg/kg_bw/d) 3.919 2.612 4.76 0.872 0.855

Hepatotoxicity No No No No No
Skin sensitization No No No No No

ESOL – estimated solubility; Papp – apparent permeability; VDss – steady-state volume of distribution; BBB – blood-brain barrier; CNS – central nervous system; OCT2 
– organic cation transporter 2; hERG – human ether-a-go-go-related gene; LD50 – median lethal dose; LOAEL – lowest observed adverse effect level
apkCSM
bSwissADME
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to the active site of an enzyme and are transformed to 
metabolites, which are either inactive form for clearance 
or active form if the compound is a prodrug, while they 
are in the active site (Deodhar et al. 2020; Zanger and 
Schwab 2013). The predicted CYP3A4 substrates are 
sesamin, asarinin, stigmasterol, and β-sitosterol, which 
means that they are metabolized when they bind to 
CYP3A4. Inhibitors are compounds that bind to or block 
the substrate’s binding site, which modify the enzyme’s 
catalytic property (Gomes and Rocha-Santos 2019). 
Sesamin and asarinin were expected to be inhibitors of 
all the five CYP450 enzymes. Stigmasterol was predicted 
to inhibit CYP2C9. Quercetin was also predicted to be 
a CYP1A2, CYP2D6, and CYP3A4 inhibitor. These 
compounds may cause drug-drug interactions when 
taken with drugs or prodrugs that are metabolized by the 
said enzymes. The drug-drug interaction may result in 
a decrease in clearance of the drug, which may lead to 
toxicity, or reduce the pharmacologic effect of a prodrug 
that needs to be metabolized to be activated.

Excretion. Total clearance is the combination of hepatic 
and renal clearances and is related to bioavailability. It is 
important in determining rates of dosing to achieve steady-
state concentrations. The predicted total clearance of the 
compounds is given in log mL/min/kg (Pires et al. 2015). 
β-sitosterol and stigmasterol were predicted to have the 
highest total clearance, 0.628 and 0.618, respectively. This 
means that they are more rapidly removed from the body.

Approximately 40% of drugs in the market are cationic 
(Belzer et al.  2013). The renal organic cation transporter 
2 (OCT2) is important in the renal excretion of cationic 
drugs. This raises a risk of drug interactions, especially in 
compounds that inhibit this transporter, which decrease the 
clearance of OCT2 substrate (Hacker et al. 2015). None 
of the best binding compounds were predicted to be renal 
OCT2 substrates.  

Toxicity. AMES test uses bacteria to assess the mutagenicity 
potential of a compound (Pires et al. 2015). The detection 
of the mutagenicity potential of a compound in the 
early stages of drug discovery could help to stop the 
development of harmful drugs (Hsu et al. 2016). Sesamin 
and asarinin were predicted to be mutagenic. Thus, they 
may act as carcinogens. 

The maximum tolerated dose (MTD) provides an estimate 
of the toxic threshold dose of a compound in humans. 
This information is important in the determination of the 
maximum recommended starting dose of a drug. An MTD 
of less than or equal to 0.477 log mg/kg/d is considered 
low, while a value greater than 0.477 log mg/kg/d is high 
(Pires et al. 2015). Kaempferol-3-rutinoside, quercetin, 
and kaepferol-3-rhamnoside-7-glucoside were predicted 
to have high MTD – which were 0.481, 0.499, and 0.504 

log mg/kg/d. This means that these are the highest doses 
that humans can tolerate without experiencing the toxic 
effect of the compounds. 

The inhibition of the human ether-a-go-go-related gene 
(hERG) that encodes potassium channels may lead to QT 
interval prolongation and eventually, torsades de pointes 
or ventricular tachycardia, and even death. To avoid these 
serious adverse effects, prediction of a drug candidate’s 
ability to inhibit hERG is essential (Pires et al. 2015; 
Hanser et al. 2019). Quercetin-7-rutinoside, kaempferol-
3-rutinoside, myricetin-3-rutinoside, kaempferol-3-
rhamnoside-7-glucoside, stigmasterol, and β-sitosterol 
were predicted to inhibit hERG II. 

The median lethal dose or (LD50) is used to measure 
acute toxicity in rats, which assesses the relative toxicity 
of a compound (Pires et al. 2015). The lower the LD50, 
the more lethal the compound is. The LD50 values of the 
best binding compounds were found to be near to each 
other. (–)-Epicatechin and (+)-catechin have the lowest 
predicted LD50 (2.428 mol/kg), which means that they 
are the most lethal among the best binding compounds. 
On the other hand, sesamin and asarinin have the highest 
predicted LD50 (2.883 mol/kg), which means that they 
are the least lethal among the best binding compounds. 

Oral rat chronic toxicity testing gives information on the 
possible unpleasant adverse effects that may arise from 
repeated exposure to a compound over a long period 
of time (OECD 2018). It identifies the lowest dose of 
a compound that results in an observed adverse effect, 
which is called the lowest observed adverse effect level 
or LOAEL in log mg/kg body weight (bw)/d (Pires et 
al. 2015). β-Sitosterol and stigmasterol were predicted 
to have the lowest dose that can cause adverse effects, 
which are 0.855 and 0.872 log mg/kg_bw/d, respectively. 

Liver toxicity caused by drugs is a pressing safety concern 
during drug development and ranks among the top reasons 
for drug attrition (Pires et al. 2015; Mulliner et al. 2016). 
Skin sensitization, resulting in allergic contact dermatitis, 
is another drug-induced problem that can trigger life-
threatening health conditions (Chong et al. 2018). None 
of the best binding compounds were predicted to cause 
hepatotoxicity and skin sensitization.

Drug-likeness. qualitatively evaluates the chance for 
a compound to become an oral drug with respect to 
its bioavailability (Daina et al. 2017). It assesses the 
resemblance of a compound to existing drugs (Athar 
et al. 2019). The SwissADME drug-likeness section is 
composed of five different rule-based filters: the Lipinski 
(which is the pioneer of rule-of-five), Ghose, Veber, 
Egan, and Muegge. SwissADME utilizes the Abbott 
bioavailability score, which relies on the total charge, 
topological polar surface area, and violation of compounds 
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to the Lipinski filter. It predicts the probability of a 
compound to have at least 10% oral bioavailability in rats 
or measurable Caco-2 permeability. The bioavailability 
score also identifies the poorly- and well-absorbed 
compounds (Martin 2005; Daina et al. 2017).

The predicted drug-likeness of the best binding 
compounds are shown in Table 3. Only sesamin, asarinin, 
(–)-epicatechin, (+)-catechin, and quercetin satisfied all 
the five drug-likeness filters. They have a bioavailability 
score of 0.55 along with stigmasterol and β-sitosterol, 
which passed the Lipinski and Veber filters. On the other 
hand, quercetin-7-rutinoside, kaempferol-3-rutinoside, 
myricetin-3-rutinoside, and kaempferol 3-rhamnoside-7-
glucoside violated all the five drug-likeness filters; they 
have a bioavailability score of 0.17. A bioavailability score 
of 0.55 signifies the compounds that passed the rule-of-
five and 0.17 for those that failed. The compounds with 
a bioavailability score of 0.55 are more well-absorbed 
compared to those that have 0.17.

CONCLUSION
CADD methods are essential for the preliminary stage 
of drug discovery. The molecular docking simulation 
allowed the investigation of the behavior of compounds 
from M. acuminata Colla peel in the binding site of human 
intestinal α‑glucosidase. Compounds that have a better or 
comparable inhibitory activity to the standard, acarbose, 
against α‑glucosidase were determined – namely, 
sesamin, asarinin, quercetin-7-rutinoside, kaempferol-
3-rutinoside, (–)-epicatechin, (+)-catechin, myricetin-
3-rutinoside, quercetin, kaempferol-3-rhamnoside-7-
glucoside, stigmasterol, and β-sitosterol. The prediction 
of ADMET properties and drug-likeness revealed how 

these best binding compounds may behave inside the body. 
(–)-Epicatechin, (+)-catechin, and quercetin were found to 
be safe and have good absorption, distribution, metabolism 
(except quercetin), and excretion properties. They passed 
all the five drug-likeness filters. The promising potentials 
showed by (–)-epicatechin, (+)-catechin, and quercetin in 
the molecular docking and their ADMET properties may 
direct them for consideration as lead compounds that may 
be developed into drugs. Thus, the conduct of in vitro and 
in vivo laboratory experiments for the confirmation of the 
α‑glucosidase inhibitory activity and ADMET properties 
of (–)-epicatechin, (+)-catechin, and quercetin from M. 
acuminata Colla peel is recommended.
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NOTES ON APPENDICES
The complete appendices section of the study is accessible 
at http://philjournsci.dost.gov.ph

Table 3. Drug-likeness of the best binding compounds.

Active compounds Lipinski Ghose Veber Egan Muegge Bioavailability score

Sesamin Yes Yes Yes Yes Yes 0.55

Asarinin Yes Yes Yes Yes Yes 0.55

Quercetin-7-rutinoside No No No No No 0.17

Kaempferol-3-rutinoside No No No No No 0.17

(–)-Epicatechin Yes Yes Yes Yes Yes 0.55

(+)-Catechin Yes Yes Yes Yes Yes 0.55

Myricetin-3-rutinoside No No No No No 0.17

Quercetin Yes Yes Yes Yes Yes 0.55

Kaempferol 3-rhamnoside-7-glucoside No No No No No 0.17

Stigmasterol Yes No Yes No No 0.55

β-Sitosterol Yes No Yes No No 0.55
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Figure I. 2D and 3D interactions of sesamin with the binding site residues of α-glucosidase.

Figure II. 2D and 3D interactions of Asarinin with the binding site residues of α-glucosidase.

Figure III. 2D and 3D interactions of quercetin-7-rutinoside with the binding site residues of α-glucosidase.
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Figure IV. 2D and 3D interactions of kaempferol-3-rutinoside with the binding site residues of α-glucosidase.

Figure V. 2D and 3D interactions of (–)-epicatechin with the binding site residues of α-glucosidase.

Figure VI. 2D and 3D interactions of (+)-catechin with the binding site residues of α-glucosidase.
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Figure VII. 2D and 3D interactions of myricetin-3-rutinoside with the binding site residues of α-glucosidase.

Figure VIII. 2D and 3D interactions of quercetin with the binding site residues of α-glucosidase.

Figure IX. 2D and 3D interactions of kaempferol-3-rhamnoside-7-glucoside with the binding site residues of α-glucosidase.
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Figure X. 2D and 3D interactions of stigmasterol with the binding site residues of α-glucosidase.

Figure XI. 2D and 3D interactions of β-sitosterol with the binding site residues of α-glucosidase.
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   No. Compound Binding affinity

Sesamin –9.8

Asarinin –9.7

Quercetin-7-rutinoside –9.4

Kaempferol-3-rutinoside –9.4

(–)-Epicatechin –9.0

Myricetin-3-rutinoside –8.9

(+)-Catechin –8.9

Quercetin –8.9

Stigmasterol –8.9
Kaempferol  3-rhamnoside-7-
glucoside –8.9

β-Sitosterol –8.8

Kaempferol-7-rutinoside –8.6
K a e m p f e r o l - 3 - r u t i n o s i d e - 7 -
rhamnoside –8.7

Campesterol –8.6

Isorhamnetin-3-rutinoside –8.5

Procyanidin B2 –8.3

31-Norcyclolaudenone –8.2

Laricitrin-3-rutinoside –8.1

Syringetin-3-rutinoside –8.1

Cycloartenol –8.1

Caffeic acid 3-glucoside –8.1

Quercetin-3-rutinoside –8

Cycloeucalenol –7.8
Q u e r c e t i n - 3 - r u t i n o s i d e - 7 -
rhamnoside –7.7

α-Tocopherol –7.5

Cycloeucalenone –7.4

2-methyl-5-(1-methylethyl)phenol –7.2

Trans-ferulic acid –7.1

Procyanidin B4 –7.0

L-dopa –6.9

2,6,10,14,18,22-Tetracohexaene –6.9

Pentacosanoic acid –6.9

Caffeic acid –6.9

Quinic acid –6.8

1,2-Benzenedicarboxylic acid –6.7

Tricosanoic acid –6.7

Procyanidin B1 –6.6

Octadeca-9,12-dienoic acid –6.6

Triacontanoic acid –6.6

13-octadecenoic acid –6.5

Docosanoic acid –6.5

Octadeca-9,12,15-trienoic acid –6.5

Octadec-9-enoic acid –6.5

Benzenepropanoic acid –6.5

Table I. Binding affinities of the 87 compounds from M. acuminata Colla peel.

   No. Compound Binding affinity

Decanedioic acid –6.4

(Z)-octadec-9-en-1-ol –6.4

12-Hydroxystearic acid –6.4

Octadecanoic acid –6.3

Methyl-9,12-octadecadienoate –6.3

Pentadecanoic acid –6.3

Heptadecanoic acid –6.3

Nonadecanoic acid –6.3

Eicosanoic acid –6.3

Hexadec-9-enoic acid –6.3

22-Hydroxydocosanoic acid –6.3

Dopamine –6.3

Benzoic acid –6.2

Pyrogallol –6.2

Tetradecanoic acid –6.2

Cis-9-Hexadecenal –6.2
2,3-dihydro-3,5-dihydroxy-6-
methyl-4H-pyran-4-one –6.2

Heneicosanoic acid –6.2

Tetracosanoic acid –6.2

Nonanedioic acid –6.2

9-Tricosene –6.1

Methyl-1,9-octadecenoate –6.1

Dodecanoic acid –6.1

Hexadecan-1-ol –6.1

Methyl hexadecanoate –6

Hexadecanoic acid –6

Hexacosanoic acid –6

Octadecan-1-ol –6

Docosan-1-ol –6

1-Nonadecene –5.9
3,5-dihydro-2-methyl-4H-pyran-
4-one –5.9

Octacosan-1-ol –5.9

Tetracosan-1-ol –5.7

Octanoic acid –5.6

Sennoside A –5.2

5-(hydroxymethyl)-2-furanaldehyde –5.1

Malic acid –5.1

2-hydroxy-gamma-butyrolactone –4.8

Succinic acid –4.7

4H-pyran-4-one –4.7

Propionic acid –3.9

Acetic acid –3.2

Ethanimidic acid –3.2
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Table II. 2D chemical structures and SMILES of the best binding compounds from PubChem.

Best binding compound Chemical structure SMILES 

Sesamin C1[C@H]2[C@H](CO[C@@H]2C3=CC4=C(C=C3)OCO4)[C@H]
(O1)C5=CC6=C(C=C5)OCO6

Asarinin C1[C@H]2[C@H](CO[C@@H]2C3=CC4=C(C=C3)OCO4)
[C@@H](O1)C5=CC6=C(C=C5)OCO6

Quercetin-7-rutinoside
CC1[C@@H]([C@@H](C([C@@H](O1)OCC2[C@H]([C@@H]

(C([C@@H](O2)OC3=CC(=C4C(=C3)OC(=C(C4=O)O)
C5=CC(=C(C=C5)O)O)O)O)O)O)O)O)O

Kaempferol-3-rutinoside 

C[C@H]1[C@@H]([C@H]([C@H]([C@@H](O1)
OC[C@@H]2[C@H]([C@@H]([C@H]([C@@H](O2)

OC3=C(OC4=CC(=CC(=C4C3=O)O)O)C5=CC=C(C=C5)O)O)O)
O)O)O)O

(–)-Epicatechin C1[C@H]([C@H](OC2=CC(=CC(=C21)O)O)C3=CC(=C(C=C3)O)
O)O

(+)-Catechin C1[C@@H]([C@H](OC2=CC(=CC(=C21)O)O)C3=CC(=C(C=C3)
O)O)O
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