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Abstract

	 Seven compounds (1-7) from Olax imbricata were evaluated the inhibitory activity against 
α‑glucosidase. Compound 7 has exhibited stronger activity (IC50 = 34.75 μg/mL) than that of acarbose 
(IC50 = 187.50 μg/mL), a positive control. The molecular docking results revealed that compound 
7 strongly inhibits a-glucosidase due to the formation of a stable ligand-α-glucosidase complex 
via hydrogen bonds and hydrophobic interactions. The favorable complex formation of 7 with  
target enzyme gave the more negative docking score-DS (-28.52 kcal/mol) than that of acarbose 
(-23.01 kcal/mol). A slight inhibitory activity was observed for 4 (IC50 = 217.50 μg/mL, DS = -21.35  
kcal/mol) while compounds 1, 2, 3, 5 and 6 giving IC50 values > 256 μg/mL and less negative binding 
energies have shown no effects on the α‑Glucosidase inhibition.
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Introduction 

	 Diabetes, characterized by a high blood 
glucose concentration over time, leads to amputation, 
blindness and reduced renal function. Diabetes 
resulting from defects in insulin, a hormone 
produced from the pancreas, occurs either the 
pancreas not producing enough insulin (insulin-
dependent diabetes) or the cells not responding to 
the insulin produced (insulin resistance)1. Insulin 
regulates the metabolism of proteins by promoting 
the absorption of carbohydrates, especially glucose 
from the blood into cells. Therefore, the relative 
insulin insufficiency (high glucose levels) in the 
blood would damage to the metabolic context of the 
organism. In order to maintain normal glucose levels 
in the blood, the inhibition of the glucose production 
from carbohydrates could be taken into account. 
a-Glucosidase, an enzyme digestion, is responsible 
for the hydrolysis of carbohydrates in the small 
intestine. a-Glucose released by the activity of this 
enzyme on 1,4-a-glycosidic bonds of carbohydrates, 
and thus a high glucose level is found in the blood2-4. 
As a result, this enzyme was considered as an 
effective target for the diabetic therapy. There are 
few α-Glucosidase inhibitors in the clinical practice 
but they have limited efficacy and are associated 
with side effects. Thus, new effective and safe drugs 
such as various bioactive components in plants are 
further explored for the development of more useful 
a-Glucosidase inhibitors. 

	 The genus Olax belongs to Olacaceae and 
consists of a huge number of bioactive metabolites. 
Natural products isolated from this genus showed 
various biological functions including anticancer, 
inflammatory, Alzheimer’s diseases5-7. To the 
best of our updates there was a report on the 
α-Glucosidase inhibitory potential of Olax nana. The 
half maximal inhibitory concentration (IC50) values of 
the α-Glucosidase inhibitory assay for the methanolic 
extract and acarbose used as positive control were 
639.89 μg/mL and 61.19 μg/mL, respectively8. In 
order to continuously search and optimize structure 
of compounds showing the anti-diabetic activity from 
the genus Olax, the In vitro and molecular docking 
results involving seven compounds isolated from 
Olax imbricata with α-Glucosidase were reported 
in our present work.

Materials and Methodology

Natural compounds and their chemical structures
	 The isolation and structure elucidation  
of seven compounds (1-7, 1-4 are novel) from 
Olax imbricata have been reported in details in 
our previous publications9-12. Pure materials were 
used for In vitro experiments with α-Glucosidase 
while their chemical structures (Fig. 1) selected for 
molecular docking to analyze the binding interactions 
with receptor.

Fig. 1. Chemical structures of seven natural compounds (1-7) extracted from Olax imbricata were subjected to the α-Glucosidase 
inhibitory assay and molecular docking. Glc refers to a glucose unit connected aglycone through an ether linkage
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α-Glucosidase inhibition assay
	 The α-glucosidase inhibitory assay was 
carried out following the published procedure 
described by Hakamata with some modifications13. 
Samples were dissolved in dimethylsulfoxide 
(DMSO, Aldrich 99.9%) at different concentrations 
for the α-glucosidase inhibitory assay. A total 
reaction volume of 200 μL was added to each well 
of the 96-well plate. The reaction solution containing  
40 µL 0.1 M phosphate buffer solution at pH 6.8, 
25 µL a-glucosidase 0.2 unit/mL (CAS No 9001-
42-7, from Saccharomyces cerevisiae, Aldrich),  
10 µL sample solution and 25 µL p-nitrophenyl  
a-D-glucopyranoside 2.5 mM (Aldrich 99%) was 
added to each well and mixed. Subsequently, the 
mixture was incubated for 30 min at 37oC. Finally, 
the reaction solution was terminated by adding 100 
μL of 0.2 M sodium carbonate solution. For the 
negative control, the sample was replaced with the 
buffer solution and acarbose was used as positive 
control. Experiments were performed in triplicate. 
The absorbance of the sample was measured with 
a BIOTEK microplate reader at 410 nm. The percent 
inhibition I (%) of α-Glucosidase inhibitory activity 
was calculated using the equation (1):

		  (1)

	 Here, A(blank) and A(sample) are the absorbances 
of the blank and sample, respectively.

	 The IC50 (the half maximal inhibitory 
concentration) was determined by calibration curve 
equation of the percent inhibition versus sample 
concentration using Tablecurve software. IC50 values 
are the mean values of three experiments.

Preparation of α-Glucosidase and ligands for 
molecular docking
	 The crystal structure of α-Glucosidase 
was retrieved from the protein data bank (PDB: 
3W37)14. The chain and binding sites of target 
enzyme were prepared by using Molecular Operating 
Environment 2008.10 (MOE 2008.10) software. In 
LigX tool, the 3D structure was loaded into MOE, the  
co-crystallized ligand acarbose with α-Glucosidase 
receptor was selected as a reference ligand. The 
three-dimensional (3D) protonation was carried out 
to add protons and partial charges to the system. 
Sequentially, the receptor atoms were added tethers 
and performed an energy minimization of the ligand 

and pocket residues. The unbound water molecules 
surrounding the active sites were deleted in the 
next step and finally, the prepared α-Glucosidase 
was saved for molecular docking as *.pdb. Prior to 
docking, the 3D structures of seven compounds were 
drawn in MOE and minimize energy to obtain the 
conformation in the lowest energy by using SYBYL-X 
2.0. The energy minimization procedure was ended 
when an energy change between two consecutive 
conformations was 0.0001 kJ/mol. Each ligand was 
saved as *.mol2 for further analysis.

	 Molecular docking was carried out to 
analyze the binding interactions of ligands and 
α-glucosidase by using LeadIT 2.0.2. In order to dock 
ligands into the prepared α-glucosidase, the binding 
sites of receptor were initially defined by selecting 
acarbose as a reference ligand and a binding pocket 
including amino acids within radius of 6.5 Å. The 
ligands were loaded from the docking library. The 
top-ranked conformations of each ligand were 10, 
i.e., the most negative docking score was ranked as 
1. The maximum number of solutions per iteration 
and fragmentation are 1000 and 200, respectively.

Results 

Redocking 
	 The docking procedure and parameters 
need to be validated by redocking. The native 
pose of acarbose, a co-crystallized ligand with 
α-glucosidase, was separated from the receptor 
and redocked to its binding sites. Fig. 2 gave a 
superposition between the native binding pose of 
acarbose from an acarbose-a-glucosidase complex 
crystal structure with the one extracted from the 
same complex. The root mean square deviation 
(RMSD) value of redocking was 0.8469.

Fig. 2. A superposition of an original acarbose pose 
(sticks in green, atoms were exhibited in balls: carbon: 

green, oxygen: red, nitrogen: blue, hydrogen: white) and 
a co-crystallized acarbose one (sticks in grey) separated 

from α-Glucosidase
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α‑Glucosidase inhibitory activities and molecular 
docking
	 To explore the potential antidiabetic activity 
of the metabolites purified from Olax imbricata,  
In vitro screening of α-Glucosidase inhibition was 
performed. Acarbose, an oral antidiabetic drug due 
to its inhibitory activity against α-Glucosidase, was 
used as positive control. Table 1 gave IC50 values of 
seven compounds compared to that of acarbose.

	 To comprehend the observed α-Glucosidase 

inhibitory activities of isolating compounds, molecular 
docking calculations were performed to explore the 
binding interactions of the target enzyme and pure 
ligands. To compare to acarbose, the co-crystallized 
ligand acarbose with a-glucosidase receptor (PDB: 
3W37) was selected as template for molecular docking. 
The number of intermolecular hydrogen bonds, 
hydrophobic interactions and the free binding energies 
(docking scores-DS) of stable ligand-α-glucosidase 
complexes were also calculated (Table 1).

Table 1: IC50 values with their standard deviations and docking scores of seven 

natural compounds isolated from Olax imbricata and acarbose toward α-Glucosidase

Compounds	 Docking score	 Number of	 Number of hydrophobic	 IC50±SD (mg/mL)

	 (kcal/ mol)	 hydrogen bonds	 interactions

         1	 -9.04	 03	 04	 > 256

         2	 -10.29	 02	 07	 > 256

         3	 -20.11	 07	 08	 > 256

         4	 -21.35	 07	 08	 217.50±13.94

         5	 -12.87	 07	 06	 > 256

         6	 -11.78	 04	 09	 > 256

         7	 -28.52	 07	 06	 34.75±0.81

  Acarbose	 -23.01	 13	 10	 187.50±3.39

	 To reveal possible intermolecular interactions 
of ligands and amino acid residues surrounding 
the active sites, two-dimensional (2D) binding 

interactions of docking poses of (1-7) and hot spots of 
α-Glucosidase were explored (Fig. 3a-b). The ligands 
formed complexes with the target enzyme.

Fig. 3. Two-dimensional binding interactions of docking poses of (1-7), acarbose and active sites of α-Glucosidase. Red dash lines 
depicted hydrogen bonds while green curves gave hydrophobic interactions between ligands and amino acid residues. 

Discussion

	 The reasonable potential docking model 

was confirmed via the root mean square deviation 
(RMSD) value. The RMSD parameter refers to the 
deviation between docked pose and the respective 
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crystal conformer of the ligand. The RMSD value less 
than 2 Å suggests that the ligand-protein docking 
protocol is satisfactory for pose predictions15-17. The 
exhibited RMSD value of 0.8469 Å confirmed that 
the docking program is applicable to find the optimal 
conformation and binding affinity of the inhibitors 
within the a-Glucosidase binding pocket.

	 The rank order of potential activities 
according to the IC50 values, including acarbose is 1, 
2, 3, 5, 6 < 4 < acarbose < 7. Compound 7 exhibited 
a much lower IC50 value (34.75 μg/mL) than that of 
acarbose (187.50 μg/mL). The IC50 values of 1, 2, 
3, 5, 6 are more than 256 μg/mL. These structures 
displayed no effects on the inhibitory activities while 
compound 4 (217.50 μg/mL) exhibited a decent 
activity against α-Glucosidase when compared to 
acarbose.

	 The inhibition activity basically correlates 
with the number of interactions which numerically 
described by docking scores. The docking score 
calculation (free binding energy) was based on 
non-covalent intermolecular interactions between 
ligand-protein such as hydrogen bonds and 
hydrophobic contacts18. A much negative docking 
score indicates a stable ligand-protein complex and 
thus, a likely binding interaction. The free binding 
energies of forming complexes were negative and 
less than -9.04 kcal/mol. The results of Table 1  
and Fig. 3 can be assumed that the lowest IC50 
(34.75 mg/mL) value, i.e., the most inhibitory activity 
of 7 was mainly attributable to the formation of a 
stable ligand-enzyme complex. This led to be the 
most negative binding energy (-28.52 kcal/mol) of 
7 compared to the energies of the docked natural 
compounds. Interestingly, the inhibitory activity of 7 is 
much higher than that of the reference. The number 
of established interactions can be relevant in this 
case. The residues of Asp-232, Arg-552, Asp-568 are 
located in the active site to form hydrogen bonds with 
7. The sulfur atom of Met-470 formed hydrogen bond 
with hydroxy group of glucose moiety. These residues 
were found to form hydrogen bonds with acarbose 
with the exception of Met-47019, 20. In addition, 
the aglycone containing ring structure is enclosed 
by hydrophobic contacts with Phe-236, Met-470, 
Asp-232 and Phe-476. These interactions enhance 
the stability of a ligand-enzyme complex and thus, 
reduce free binding energy. Theoretically, molecular 
docking predicts the preferred orientation of one 

molecule within active site of target enzyme, i.e., 
pharmacokinetics of substance has not been taken 
into account. Here, a synergy of pharmacokinetics 
and ligand-enzyme complex stability can be 
responsible for a promising inhibition of 7 toward 
α-Glucosidase.  

	 The binding energies of docked 3 (-20.11 
kcal/mol) and 4 (-21.35 kcal/mol) were found to be 
negative. Compound 3 differs from 4 only at the 
absolute configuration at C-11. The different 3D 
orientations of groups at C-11 in space caused no 
more binding modes in the active pocket. However, 
compound 4 at the IC50 value of 217.50 mg/mL 
exhibited a better activity against α-Glucosidase 
enzyme while 3 (> 256 mg/mL) was inactive.  
The IC50 values of compounds 1, 2, 5 and 6 (> 256 
mg/mL) followed a similar trend. They did not exhibit 
any inhibitory activities against α-Glucosidase. The 
results can be mainly attributable to the unfavorable 
formation of the ligand-α-glucosidase complexes 
regardless of possible interactions. Therefore, the 
binding energies of docked structures were found 
to be less negative (-9.04 -12.87 kcal/mol).

Conclusion

	 In conclusion, seven compounds isolated 
from Olax imbricata were subjected to α‑Glucosidase 
inhibitory assay and molecular docking. The results 
of natural compounds were compared with acarbose 
as the reference drug. Compound 7 exhibited a 
promising inhibitory activity against α-glycosidase 
with a much lower IC50 value than that of acarbose. 
Molecular docking was conducted and provided 
insights of the active sites in which a ligand-enzyme 
complex can be formed. The simulation results 
showed that compound 7 containing a glucose moiety 
connected to terpene skeleton created efficient 
interactions with amino acid residues surrounding 
the binding site. The lowest binding energy of this 
saponin is responsible for the high inhibitory activity. 
The other compounds 1, 2, 3, 5 and 6, which except 
for 4, did not show the α-Glycosidase inhibition. They 
might form unfavorable ligand-enzyme complexes 
in the active site. The study provided new naturally 
structure insights for the development of novel 
α-Glycosidase inhibitors, which differ from the 
commonly used sugar mimetics.
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