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ABSTRACT: Aldose reductase is associated with diabetes. Many inhibitors are design that may be used as
potential inhibitors for treatment of diabetes. Molecular docking is the most used tool in structure based
drug-design. In the present study, we have tried to investigate novel Nitrophenyl derivative as aldose
reductase inhibitor via in silico docking studies using AutoDock 4.2.6. In the docking studies three
important parameters like Interaction Pattern, Binding Moeties and Binding Energy were determined. The
results showed that the selected novel molecule shows binding energy i.e., (-1.90) kcal/mol and HIS110,
TYR48, CYS80, LEU300, TRP111, CYS298, PHE1115 THR113, CYS303, TRP79 and PHE122 as binding
moieties. Thus, Molecular docking study reveals that novel nitrophenyl derivative has good interaction
pattern and exhibits aldose reductase inhibitory activity because of its structural properties. This
molecular docking could lead to further development of potent aldose reductase inhibitor hence more in
vivo studies required to validate inhibitor potentially for the treatment in diabetes.

Key Words: Molecular Docking, Nitrophenyl inhibitor, Aldose reductase, Drug-designing, Insilico docking,
Interaction pattern.

Introduction:

Diabetes Mellitus is a metabolic disorder characterized by hyperglycemia resulting from defects in insulin
secretion, insulin action or both (1). Type 1diabetes is caused by a lack of f-pancreatic cells insulin secretion
(1). Type 2 diabetes is associated with obesity and is characterized by an early phase progressive insulin
resistance, with ensuing reduction in the ability of pancreatic hormone to promote peripheral glucose
disposal and to decrease hepatic glucose output (2, 3).

Aldose reductase (ALR2) belongs to aldoketo reductase group. It is a first rate limiting enzyme in polyol
pathway during diabetes cause accumulation of osmotically active sorbitol results into osmotic as well as
oxidative stress, leading to tissue injury (4, 5). Evidence shows the involvement of ALR2 in diabetic
neuropathy, retinopathy, nephropathy and cataract emerged from several independent studies. Thus,
inhibiting ALR2 activity appears to be an effective means to prevent the diabetic complications (6).

Drug design is an important tool in the field of medicinal chemistry where new compounds are synthesized
by molecular or chemical changes of the lead moiety in order to produce highly active compounds with
minimum steric effect (7). A huge breakthrough in the process of drug design was the development of
Insilico method to predict about the therapeutic efficacy of the molecule (8, 9).

Molecular docking is a most common tool in computer aided structure-based rational drug design. It
evaluates how ligands (nitrophenyl derivative) and the target macromolecule (ALR2 enzyme) fit together
(10, 11). Factors such as binding energies, position of ligand in the enzyme binding site are determined in
present study. This is useful in developing potential drug candidates and understanding binding nature.
AutoDock 4.2.6 is the most recent version which has been widely used for virtual screening, due to its
enhanced docking speed (12). Its default search function is based on Lamarckian Genetic Algorithm (LGA), a
hybrid genetic algorithm with local optimization that uses a parameterized free energy scoring function to
estimate the binding energy (13). The main objective of the study is to define in silico ALR2 inhibitory
activity of novel nitrophenyl derivative.

Soft wares required:

Molecular graphics laboratory (MGL) tools and AutoDock 4.2.6 by Scripps research institute
(http://AutoDock.scripps.edu/) was used to perform Docking studies, Openbabel GUI by BABEL
(https://openbabel.org/docs/dev/GUI/GULhtml) was used to transform chemical structures and files into
working  formats, molecular modelling was performed wusing ACD/ChemSketch 2012
(https://www.acdlabs.com/resources/freeware/chemsketch /).
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Materials and Methods:

Computational Methods:

PDB Structure Retrieval:

Crystal structure of ALR2 enzyme (EC: 1.1.1.21) receptor was downloaded from the PDB Protein Data Bank
(http://www.rcsb.org/), the structure further utilized in docking study (14).

Conversion of Ligand Molecule:

Ligand molecule which was molidated from previous QSAR study was having non-functional format (.mol)
for AutoDock 4.2.6 software. It was first converted to its working format (.pdb) for further Docking studies
using Openbabel GUI by BABEL (https://openbabel.org/docs/dev/GUI/GULhtml) software (15).

Docking Studies:

A docking validation has been performed using MGL tools and AutoDock 4.2.6 developed by The Scripps
research institute. Lamarckian genetic algorithm (14) for ligand conformational searching is used for the
docking, which is a hybrid of genetic algorithm and local search algorithm. This algorithm first builds a
population of individuals, each being a different random conformation of the docked molecule. Local search
algorithm then performs energy minimizations on a user-specified proportion of the individuals. An
extended PDB format, termed as PDBQT file was used for coordinate files which includes atomic partial
charges. AutoDock tools were used for generating PDBQT files from traditional PDB files (16).

The Nitrophenyl derivative (Active molecule Mol 20) molidated from previous QSAR study was used as
Ligand and a PDBQT file was created using AutoDock tools. The optimized ligand molecule was docked into
ALR2 receptor module in AutoDock 4.2.6 (17).

The preparation of target protein with AutoDock tools software involved adding all hydrogen atoms to the
macromolecule, which is a step necessary for correct calculation of partial atomic charges. Gasteiger charges
are calculated for each atom of the macromolecule. In Grid parameter function a grid box has been designed
using values of 17.889, (-7.359) and 14.599 as X, Y and Z center grid size.

The selected important docking parameters for the LGA as follows: population size of 150 individuals,
maximum of 27000 generations, number of top individuals to automatically survive to next generation of 1,
mutation rate of 0.0, crossover rate of 0.8, 10 docking runs, 2.5 million energy evaluations and random
initial positions and confirmations. The probability of performing local search on an individual in the
population was set to 0.06.

AutoDock was run to get various docked confirmations and used to analyse the predicted docking energy.
10 best poses were generated and scored using AutoDock 4.2.6 scoring functions (14).

Results and discussion:

Docking interactions:

Insilico docking study, was carried out to identify the inhibiting potential of selected nitrophenyl molecule
against aldose reductase enzyme. The docking studies were performed by the use of AutoDock 4.2.6. The
docking poses were ranked according to their docking scores and both the ranked list of docked ligand and
their corresponding binding poses (14). This ranking of the compounds were based on their binding energy
with the enzyme. If the binding energy of the compound is less, then the particular compound has more
active in nature. In figure (A) docked pose of ALR2 enzyme with the selected ligand demonstrated the
binding positions of the ligand with the enzyme.
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FIGURE A: Docked pose (Binding pattern) of ALR-2 enzyme with selected ligand molecule.

Binding energy of the compound was calculated by using the following formula:
Binding energy = A+B+C-D
[Where A denotes final intermolecular energy+ van der walls energy (vd W) + hydrogen bonds + desolvation
energy + electrostatic energy (kcal/mol), B denotes final total internal energy (kcal/mol), C denotes
torsional free energy (kcal/mol) and D denotes unbound system’s energy (kcal/mol).]
The binding sites of the ligand molecule was found to be HIS110, TYR48, CYS80, LEU300, TRP111, CYS298,
PHE115, THR113, CYS303, TRP79 and PHE122. This proves that the effective binding sites are present in
the selected Nitrophenyl derivative when compared to standard (18). It proves the ability of inhibiting the
ALR2 enzyme by the selected Nitrophenyl derivative.
Analysis of the Receptor/Ligand complex models generated after successful docking of the Nitrophenyl
derivative was based on the parameters such as hydrogen bond interactions, m-m interactions, binding-
energy, RMSD of active site residues and orientation of the docked compound within the active site (13).
As a general rule, in most of the potent anti-inflammatory compounds, both hydrogen bond and m-m
hydrophobic interactions between the compound and the active sites of the receptor have been found to be
responsible for mediating the biological activity. Analysis of the receptor/ligand complex models generated
after successful docking of the Nitrophenyl derivative was based on the parameters such as binding energy,
hydrogen bond interactions, - interactions, orientation of the docked compound within the active site and
RMSD of active site residues (19, 20).
According to the results of AutoDock the summary of all the significant factors affected Docking studies have
been described below:-
A total of 10 modules have been run from which Module-1 with the lowest Free Binding energy is shown:
Estimated Free Energy of Binding = -1.90 kcal/mol [= (1) + (2) + (3) - (4)]
Estimated Inhibition Constant, Ki = 40.29 mM (millimolar) [Temperature = 298.15 K]
(1) Final Intermolecular Energy = -3.10 kcal /mol

vdW + Hbond + desolv Energy = -8.84 kcal /mol

Electrostatic Energy = +5.75 kcal /mol
(2) Final Total Internal Energy = -0.13 kcal /mol
(3) Torsional Free Energy = +1.19 kcal /mol
(4) Unbound System's Energy [= (2)] = -0.13 kcal /mol
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Conclusions:

Molecular docking studies using AutoDock 4.2.6 Tools was performed to explore the binding mechanism of
the nitropenyl derivative with Aldose reductase enzyme. In the present molecular docking study, results
clearly demonstrated that the novel designed nitrophenyl derivative have a similar binding sites and
interactions with Aldose reductase. The molecular interaction & energy level of designed molecules shows
good inhibitory activity than available analogs. Thus novel designed molecule may be used as alternative
and effective means of inhibitors for aldose reductase.

Acknowledgement:

We would like to thank Mr. Naisadh Solanki, Assistant Professor; Bhagwan Mahavir College of Pharmacy
(Vesu, Surat) for sharing his immense knowledge with us. Authors are thankful for all the software
developers to provide softwares for this study.

References:
1) Larson ER, Lipinski CA, Sarges, R. (1998); Medicinal chemistry of aldose reductase inhibitors. Med Res Rev,
8:159-186.

2) Lamba HS, Bhargava CS, Thakur M, Bhargava S. (2011); a-Glucosidase and aldose reductase inhibitory activity
in vitro and anti-diabetic activity in vivo of Tribulus terrestris L. International Journal of Pharmacy and
Pharmaceutical Sciences, 3:3, 270-272.

3) Vianna R, Brault A, Martineau LC, Couture R. (2011); In vivo anti-diabetic activity of the ethanolic crude extract
of Sorbus decora C.K.Schneid. A medicinal plant used by Canadian James Bay Cree Nations to treat symptoms
related to diabetes. Evidence Based Complementary and Alternative Medicine, 1: 10-15.

4) DongY, Yang ], Ren X, Zhang H, He J. (2011); New Aldose Reductase Inhibitors. The Journal of Antibiotics,
58:737-739.

5) Saraswat M, Muthenna P, Suryanarayana P, Petrash JM, Reddy G. (2008); Dietry sources of aldose reductase
inhibitors: Prospects for alleviating diabetic complications. Asia Pacific Journal of Clinical Nutrition, 17(4):558-
565.

6) Guzman A, Guerrero OR. (2005); Inhibition of aldose reductase by herbs extracts and natural substances and
their role in prevention of cataracts. Revista Cabana de Plantas Medicas, 10, 3-4.

7) Cavasotto CN, Abagyan RA. (2004); Protein flexibility in ligand docking and virtual screening to protein
kinases. Journal of Molecular Biology, 12:209-225.

8) Khokra SL, Husain A, Jyoti Jain S. (2011); Pharmacophore modelling studies on anti-iflammatory butenolides.
Der Pharmacia Sinica, 2:241-243.

9) Saleshier FM, Suresh S, Anitha N, Karim ], Divakar MC. (2011); Design, docking and synthesis of some 6-
benzimidazoyl pyrans and screening of their anti-tubercular activity. European Journal of Exprimental biology,
1:150-159.

10) Seelinger D, de GrootLigand BL. (2010); Docking and binding site analysis with PyMOL and AutoDock/Vina.
Journal of Computer Aided Molecular Design, 24(5):417-422.

11) Norgan AP, Coffman PK, Kocher JPA, Katzmann D], Sosa CP. (2011); Multilevel parallelization of AutoDock 4.2.
Journal of Cheminformatics, 3:12-15.

12) Schames JR, Henchman RH, Seigel ]S, Sotriffer CA, Ni H, McCammon A. (2004); Discovery of a novel binding
trench in HIV Integrase. Journal of Medicinal Chemistry, 47:1879-1881.

13) Cosconati S, Forli S, Perryman AL, Harris R, Goodsell DS, Olson AJ. (2010); Virtual screening with AutoDock:
Theory and practice. Expert Opinion on Drug Discovery, 5(6),597-607.

14) Madeswaran A, Umamaheswari M, Ashokkumar K, Sivashanmugam T, Subhadradevi V, Jagannath P. (2011); In
silico docking studies of lipoxygenase inhibitory activity of commercially available flavonoids. Journal of
Computational Methods and Molecular Design, 4:65-72.

15) O0’'Boyle NM, Banck. ] Cheminform. (2011); 3:1758-2946-3-33.

16) Umamaheswari M, Madeswaran A, Asokkumar K, Sivashanmugan T, Subhadradevi V, Jagannath P. (2012);
Docking studies: Search for possible phytoconstituents for the treatment of gout. International Journal of
Biological and Pharmaceutical Research, 3:6-11.

17) Umamaheswari M, Madeswaran A, Asokkumar K, Sivashanmugan T, Subhadradevi V, Jagannath P. (2011);
Study of potential xanthine oxidase inhibitors: In silico and In vitro biological activity. Bangladesh Journal of
Pharmacology, 6:117-123.

18) Ajmer Singh Grewal, Neelam Sharma, Sukhbir Singh and Sandeep Arora (2017), Molecular Docking Evaluation
of Some Natural Phenolic Compounds as Aldose Reductase Inhibitors for Diabetic Complications , Journal of
Pharmaceutical Technology, Research and Management Vol-5, No-2, November:135-148.

19) Zhang S, Kumar K, Jiang X. (2008); DOVIS: An implementation for high throughput virtual screening using
AutoDock. BMC Bioinformatics, 9:126-128.

20) Rastelli G, Ferrari A M, Costantino L, Gamberini MC. (2017), Discovery of new inhibitors of aldose reductase
from molecular docking and database screening, Bioorg Med Chem.; 10(5):1437-50.

Research Paper IJRAR- International Journal of Research and Analytical Reviews| 95z



https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferrari%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=11886806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costantino%20L%5BAuthor%5D&cauthor=true&cauthor_uid=11886806
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gamberini%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=11886806
https://www.ncbi.nlm.nih.gov/pubmed/11886806

