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ABSTRACT 

Objective: Sodium glucose co transporter (SGLT) inhibitor is a novel approach which is different from the available antidiabetic therapies. This class 
of drugs targets insulin resistance and insulin deficiency, providing a glucose dependent and insulin-independent pathway to control 
hyperglycemia. SGLT inhibitors work on urinary sugar excretory mechanism. The current study is based on in-silico ligand (tetrazole derivative) 
protein (2XQ2) interaction to evaluate hypoglycemic activity.  

Method: Molecular docking software AutoDock 4.2 was used to dock the prepared ligand in the binding site of the crystal structure of protein. 

Result: Docking results are based on the least binding energy of the test (prepared ligand) and standard. Top ten compounds showed binding 
energy in the range of -11.31 kcal/mol to -5.64 kcal/mol when compared with that of standard (-8.40 kcal/mol).  

Conclusion: Among the proposed tetrazole derivatives some compounds showed good inhibitory activity and further work may help to develop a 
compound as an active therapeutic agent for the treatment of hyperglycemia. 
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INTRODUCTION 

Type 2 diabetes affects approximately 300 million people worldwide 
including more than a quarter of elderly population living in 
developed countries [1]. According to the American Diabetes 
Association (ADA), diabetes affects more than 20 million 
Americansɂabout 8 percent of the US population. In India it is 
estimated that the total number of people with diabetes in 2010 to 
be around 50.8 million, rising to 87.0 million by 2030. Unfortunately, 
the rate of new cases and the death rate due to diabetes has been 
rising. The rate of new cases rose by more than 90 percent among 
adults over the last 10 years, according to a 2008 study by the US 
Centers for Disease Control and prevention. Diabetes is 
characterized by chronically elevated serum glucose levels resulting 
in damage of several tissues (e. g. retina, kidney, nerves) due to 
higher protein glycation, retardation of wound healing, impaired 
insulin secretion, enhanced insulin resistance, cell apoptosis, and 
increased oxidative stress. Type 2 diabetes Mellitus (T2DM), 
representing 90-95 % of all diabetic cases, is a multifactorial disease. 
The pathogenesis of type 2 diabetes is complex involving 
progressive development of insulin resistance in liver and 
peripheral tissues accompanied by a defective insulin secretion from 
pancreatic beta cells leading to overt hyperglycemia. 

There are several distinct classes of hypoglycemic agents that are 
available for monotherapy or for combination therapy to treat 
hyperglycemia, such as biguanides, sulfonylureas, meglitinides, 
ÔÈÉÁÚÏÌÉÄÉÎÅÄÉÏÎÅÓȟ ɻ-glucosidase inhibitors, incretin mimetic and 
DPP-4 inhibitors [2]. However, United Kingdom Prevention of 
Diabetes Study report says, only 25-50% of T2DM patients are 
effectively treated by current available oral hypoglycemic agent. 
Therefore, to treat resistance or uncontrolled hyperglycemia 
immediately, continuous exploration for alternative target is being 
made involving the maintenance of glucose homeostasis [3]. Sodium 
glucose cotransport 2 (SGLT2) inhibitors are compounds with a new 
approach which is different from the currently available therapies. 
The mechanism of action of SGLT2 is to interfere with sodium 
glucose cotransport in the S1 segment of the proximal convoluted 
tubule. This class of drugs target insulin resistance and insulin 
deficiency, providing glucose dependent and insulin-independent 
pathway to control hyperglycemia [4]. This class of drugs have 
unique property of inducing weight loss and also useful in the 
treatment of type1 diabetes as its mechanism is insulin independent. 
SGLTs inhibitors are the agents which inhibit the membrane protein 
sodium glucose co-transporter, play an important role in the 

reabsorption of glucose [5]. Six isoforms of SGLTs (SGLT1 to SGLT6) 
are known [6, 7]. Among these only two isoforms SGLT1 and SGLT2 
are well investigated. SGLT1 is high affinity, low capacity transporter 
and highly expressed in the small intestine and in kidney. In 
contrast, SGLT2 is specially expressed in renal uriniferous tubules, a 
low-affinity, high capacity transporter. It plays critical role in renal 
glucose absorption while SGLT1 helps in absorption of dietary 
glucose in small intestine [8, 9]. Approximately 90-99% blood 
glucose is filtered through glomeruli and reabsorbed via SGLT in the 
renal uriniferous tubules. SGLT inhibitors work on urinary sugar 
excretory mechanism. Inhibition of SGLT leads to decrease glucose 
reabsorption, results in the urinary sugar excretion and normalize 
the blood glucose level without severe side effect [10]. It has been 
reported that inhibition of SGLT1 is associated with sever 
gastrointestinal discomfort, thus selective inhibition of SGLT2 is 
thought to be effective way for diabetes treatment [11]. Few SGLT2 
inhibitors are in phase III clinical trials from which Dapagliflozin, a 
C-glycoside derivative and the first SGLT2 inhibitor came to the 
market. Present study is based on in-silico protein ligand interaction. 
The AutoDock offers different types of search algorithms to search 
the conformational space. Among these, the Genetic Algorithm is the 
most modern and sophisticated algorithm. Genetic Algorithms are a 
family of powerful mathematical functions derived from the 
concepts of language of molecular genetics. Other types of search 
algorithms in Auto Dock include Simulated Annealing and Local 
Search. In our research work, the structural models of the ligand in 
the sodium glucose co transporter protein binding sites have been 
carried out, which may facilitate further development of more 
potent anti diabetic agents [12]. 

MATERIALS AND METHODS 

Software used 

ChemSketch was downloaded from www.acdlabs.com. Molecular 
graphics laboratory (MGL) tools and AutoDock4.2 was downloaded 
from www.scripps.edu, Python 2.7 - language was downloaded from 
www.python.com, Cygwin (a data storage) c:\program and Python 
2.5, Spd Viewer and Chimera. 

Retrieval of 3D Structure of macromolecules 

Crystal structure of the protein was downloaded from RCSB, Protein 
Databank (PDB, http://www.pdb.org). The PDB ID of the selected 
protein was found to be 2XQ2 and refined by Spd viewer. Polar 
hydrogen, charges and salvation parameters were added orderly to 
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generate optimized protein structure. The Protein was having 538 
no. of groups, 8363 no. of atoms and 8468 no. of bonds.  

 

Fig. 1: It shows 3D structure of 2XQ2 receptor 

Modelling of SGLT2 [13].  

Template PDB code: 2XQ2 (The mechanism of sodium and substrate 
release from the binding pocket of vSGLT. Watanabe et.al Nature 
2010) 

Resolution: 2.73Å 

Organism: Vibrio parahaemolyticus 
Sequence identity: 33% 
rmsd = 0.26Å 

Structural Assessment of the Protein 

The protein was sent for structural assessment to Exome Horizon. 
The Ramchandran Plot for all residue types are given in Fig.2, Chi1-
Chi2 plots, Main-chain parameters, Side-chain parameters, Residue 
properties, Main-chain bond length, and Main-chain bond angles; 
RMS distances from planarity and distorted geometry are analyzed 
for input atom only [14]. 

Ligand preparation and docking 

Ligand were prepared by using Chem draw ultra 8.0 in 2D (MDL mol 
format) and converted in to pdb file format using open Babel 2.0.2 
before submission in AutoDock 4.2. The optimized ligand molecules 
were docked in to refined sodium glucose co transporter protein 
(SGLT). To the refined protein 2XQ2 all the hydrogen were added by 
AutoDock tools. For each atom of the molecules Kollman charge was 
generated in AutoDock 4.2 [15]. For docking all prepared ligand was 
input as PDBQT file format. The centre of active site in refined 
protein was chosen as grid map values for preparation of the grids. 
Three dimensional grid of size 60×60×60 0A with 0.375 spacing 
were generated [16]. 

 

 

Fig. 2: It shows Ramachandran plot analysis of 2XQ2 receptor 
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Table 1: It shows chemical properties of some tetrazole N-glycoside derivatives 

Compound 
Code  

Compound  
Structure  

 Compound  
Name  

 Molecular 
Weight 

 Molecular Formula  
 

Bk1 
 

C14H18N4O6   2-(5-(4-hydroxybenzyl)-2H-tetrazol-2-yl)-6-
(hydroxymethyl)-tetrahydro-2H-pyran-3,4,5-triol  

338.32 
 

  
 
Bk2 

 
C14H17BrN4O5  

 2-(5-(4-bromobenzyl)-2H-tetrazol-2-yl)-6-
(hydroxymethyl)-tetrahydro-2H-pyran-3,4,5-triol  401.21  
 

401.21  

  
 
Bk3  
 

 
C14H17ClN4O5 

2-(5-(4-chlorobenzyl)-2H-tetrazol-2-yl)-6-
(hydroxymethyl)-tetrahydro-2H-pyran-3,4,5-triol  

356.76  

  
Bk4 C14H17FN4O5 2-(5-(4-flurobenzyl)-2H-tetrazol-2-yl)-6-(hydroxymethyl)-

tetrahydro-2H-pyran-3,4,5-triol  
340.31  

  
 
BK5 

 
C14H17N5O7  

2-(5-(4-nitrobenzyl)-2H-tetrazol-2-yl)-6-(hydroxymethyl)-
tetrahydro-2H-pyran-3,4,5-triol  
 

367.11  

  
BK6 C14H19N5O5  2-(5-(4-aminobenzyl)-2H-tetrazol-2-yl)-6-

(hydroxymethyl)-tetrahydro-2H-pyran-3,4,5-triol  
 

37.33  

  
BK7  C15H20N4O5  2-(5-(4-methyl benzyl)-2H-tetrazol-2-yl)-6-

(hydroxymethyl)-tetrahydro-2H-pyran-3,4,5-triol  
 

336.34 

  
BR(b)  C14H17BrN4O5  2-(5-(3-bromo benzyl)-2H-tetrazol-2-yl)-6-

(hydroxymethyl)-tetrahydro-2H-pyran-3,4,5-triol  
 

401.21  
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BR(c)  C14H17ClN4O5  2-(5-(3-chlorobenzyl)-2H-tetrazol-2-yl)-6-
(hydroxymethyl)-tetrahydro-2H-pyran-3,4,5-triol  
 

356.76  
 

  
BR(d)  C15H20BrN4O6  2-(5-(3-methoxybenzyl)-2H-tetrazol-2-yl)-6-

(hydroxymethyl)-tetrahydro-2H-pyran-3,4,5-triol  
352.34  

  

 

Docking Methodology 

Present docking study is based on conformational search for ligand. 
Lamarckian genetic algorithm (LGA) is used as default search 
function in AutoDock 4.2. LGA is a hybrid genetic algorithm with 
local optimization that uses a parameterized free energy scoring 
function to estimate binding energy [12]. To carry out ligand-
receptor docking, software accepts macromolecules and ligand as 
input then utilizes the LGA to generate ligand position. AutoDock 
requires pre-calculated grid maps, one for each atom type present in 
the ligand being docked. These maps are calculated by AutoGrid [16, 
17]. A grid map consists of a three dimensional lattice of regularly 
spaced points, surrounding (either entirely or partly) and centered 
on some region of interest of the macromolecule under study. The 
each docking comprised of several independent execution of the LGA 
[18]. AutoDock was run several times to get various docked 
conformations, and used to analyze the predicted docking energy. 
The binding sites for these molecules were selected based on the 
ligand-binding pocket of the templates. AutoDock 4.2 uses a semi-
empirical free energy force field to evaluate conformations during 
docking simulations. The force field was parameterized using a large 
number of protein-inhibitor complexes for which both structure and 
inhibition constants (Ki), are known [15, 17]. AutoDock requires: 1) 
grid maps for each atom type in the ligand, calculated by Auto Grid, 
2) a PDBQT file for the ligand, and 3) a docking parameter file that 
specifies the files and parameters for the docking calculation. To 
generate final docking result, the individual LGA execution are 
clustered and ranked. LGA used some default parameter as follows: 
population of 150 individuals. 2500000 function evaluations, The GA 
run for at most 27000 generations. The 1 best will be preserved each 
generation. The mutation rate is 0.020000. The crossover rate is 
0.800000.  

RESULT AND DISCUSSION 

Protein-Ligand Docking Studies are used to check the structure, 
position and orientation of a protein when it interacts with small 
molecules like ligand [12]. Binding energy, hydrogen bond 
ÉÎÔÅÒÁÃÔÉÏÎÓȟ ̐ ɀ ̐ ÉÎÔÅÒÁÃÔÉÏÎÓ ÏÒÉÅÎÔÁÔÉÏÎ ÏÆ ÔÈÅ ÄÏÃËÅÄ ÃÏÍÐÏÕÎÄ 
within the active site, and RMSD of active site residues, are some 
parameter to analyze the protein ligand interaction on the active site 
of the macromolecules [18]. Present docking result is based on two 
parameter binding energy. The DLG file provides docked 
conformations, orientations and the binding energies. The similarity 
of docked structures is measured by computing the root-mean-
square deviation (RMSD) between the coordinates of selected 
molecular conformation with the molecular conformation having 
lowest interaction energy which is ranked on top. Clusters are 
created based on the comparison of conformations using RMSD 
values [19]. 

Estimated Free Energy of Binding kcal/mol was calculated by using 
formula: 

Binding energy = (1) + (2) + (3)-(4), Where (1) cited for Final 
Intermolecular Energy kcal/mol + vdW + Hbond + desolvation 
Energy + Electrostatic Energy kcal/mol. (2) Final Total Internal 
Energy kcal/mol (3) Torsional Free Energy kcal /mol (4) Unbound 
System's Energy, k cal/mol. Auto Dock 4.2 was run for several times 
to give rank wise binding energy individually for all compounds as 
shown in Table 2. The docking results consist of the PDBQT of the 
transformed 3D Cartesian coordinates of the ligand atoms as docked 
to the receptor molecule. The newly marketed SGLT2 inhibitor, 
Dapagliflozin was taken as standard and its least binding energy was 
calculated as -8.40 kcal/ mol and compared with series of tetrazole 
moiety (-11.31 kcal/mol to -5.64 kcal/mol).  

 

Table 2: It shows rank wise binding energy of the docked compounds 

Compound 
code 

 Binding energy (kcal/mol)of the compound based on their rank 
1 2 3 4 5 6 7 8 9 10 

Bk1 -7.40  -7.31  -7.28  -6.48  -6.43  -6.37  -6.17  -6.15  -6.11  -5.77  
Bk2 -9.63  -9.61  -9.60  -9.60  -9.59  -9.58  -9.57  -9.56  -9.52  -9.51  
Bk3 -6.20  -6.18  -6.17  -6.14  -6.10  -6.08  -6.06  -6.05  -6.05  -6.05  
Bk4 -6.00  -5.92  -5.80  -5.95  -5.94  -5.93  -5.90  -5.79  -5.72  -5.64  
Bk5 -8.01  -7.79  -7.43  -7.83  -7.79  -7.75  -7.58  -7.40  -7.37  -7.35  
Bk6 -9.03  -9.02  -8.96  -8.94  -8.93  -8.89  -8.89  -8.81  -8.77  -8.72  
Bk7 -8.46  -8.45  -8.44  -8.44  -8.41  -8.38  -8.38  -8.36  -8.33  -8.29  
BR (a) -5.64  -5.61  -5.51  -5.49  -5.33  -5.32  -5.23  -5.21  -5.20  -4.94  
BR (b) -8.74  -8.53  -8.45  -5.54  -5.53  -5.52  -5.50  -5.47  -5.37  -5.27  
BR (c) -11.31  -11.30  -11.30  -11.29  -11.29  -11.29  -11.26  -11.26  -11.26  -11.25  
BR (d) -8.61  -8.56  -8.54  -8.53  -8.53  -8.47  -8.45  -7.89  -7.87  -7.85  
Dapagliflozin -8.40  -8.34  -7.95  -7.60  -7.57  -7.80  -7.22  -7.70  -7.67  -7.63  
 

Binding energy of some of the enlisted compounds, Bk2, Bk6, Bk7, 
BR (b), BR (c), and BR (d) are less than the standard compound. It 
means that these compounds have higher inhibitory activity, as least 
binding energy is related with higher activity. The binding energy of 

the selected ligand are plotted in the graph and from the graph the 
binding energy of all the active sites are observed among which the 
best ligand which shows better activity in all the active site is found 
to be Bk2, Bk6, Bk7, BR (b), BR (c), BR (d). 
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Fig. 3: It shows representation of Binding Energies of the drugs against the Receptor 

 

 

a. Bk 2       b. Bk 6 

 

 

c. Bk 7       d. BR (b) 
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e. BR(d)      f. Dapagliflozin 

Fig. 4: It shows interaction of drugs against the protein 2XQ2. The thin lines with colors represent interacting hydrogen bonds between 
the macromolecules and the drugs. 

 

CONCLUSION 

The least binding energy is found to be -11.31 Kcal/mol 
corresponding to the compound BR(c) when compared to standard 
(-8.40 kcal/mol).). Further modification can be carried out to 
develop better hypoglycemic agent.  
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