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ABSTRACT

The project aims to design benzothiophene derivatives as potent modulators of PPARY, thereby enhancing their agonistic activity
for the treatment of diabetes. Through computational modeling, the study converts two-dimensional structures of these derivatives
into three-dimensional conformations using Novopro Bioscience Online tools. Molecular docking simulations using Autodock
evaluate the binding affinity of the proposed ligands to PPARy, with visualization of the docked complexes facilitated by PyMol.
Ipragliflozin serves as the standard molecule for comparison, and promising ligands exhibiting significant docking scores with
PPARYy are identified as potential antidiabetic agents.
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INTRODUCTION

Drug discovery endeavors to pinpoint compounds harboring therapeutic potential for addressing various diseases. This intricate
process encompasses candidate identification, synthesis, characterization, validation, optimization, screening, and assays to confirm
therapeutic efficacy. Upon demonstrating significance, the compound proceeds to drug development. Diabetes mellitus is a chronic
metabolic disorder characterized by elevated blood sugar levels over an extended period. It arises from either insufficient insulin
production by the pancreas or ineffective response of the body's cells to insulin. Diabetes is broadly categorized into three types:
Type 1 Diabetes manifests as an autoimmune disorder characterized by the immune system's assault on the insulin-producing beta
cells within the pancreas, leading to their destruction. Typically diagnosed in children and young adults, lifelong insulin therapy is
essential for management. Type 2 Diabetes: the most prevalent form, usually occurring in adults over 45 years but increasingly
detected in younger age groups. It involves insulin resistance, where the body's cells fail to respond adequately to insulin, often
linked with obesity and a sedentary lifestyle. Management includes lifestyle modifications, oral medications, and sometimes insulin
therapy. Gestational Diabetes: occurring during pregnancy, it typically resolves after childbirth but heightens the risk of developing
type 2 diabetes later in life for both the mother and child. Diabetes management focuses on maintaining blood sugar levels within a
target range to avert complications. 22l

PPARy exerts its gene regulatory potential via transactivation and transrepression Transactivation involves a mechanism by which
PPARy binds as a heterodimer complex with RXR to PPAR response elements(PPREs).PPARG2 produces the PPARYy2 isoform,
with an additional 28 amino acids, primarily found in adipose tissue and urothelial cells, as well as regulatory T cells and other T
cell populations. Recently, two more isoforms, PPARY1AS and PPARY2AS, have been identifiedPPARY2AS, expressed in adipose
tissue, lacks the ligand binding domain due to exon 5 skipping and is correlated with higher BMI in overweight or obese and type
2 diabetic patients.[*5!
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Benzothieno[3,2-b]benzothiophene (BTBT), featuring two benzene rings as its outermost rings, is recognized as a diacene-fused
ladder-type m-conjugated thienothiophene compound. Benzothiophene is aromatic organic compound with a molecular formula
C8H6S and an odour similar to naphthalene. Benzothiophene can be synthesised by the reaction of an alkyne-substituted 2-
bromobenzene with either by sodium sulfide or potassium sulfide to form benzothiophene with an alkyl substitution at position.["8l

In this study, we have designed and docked a series of new Benzothiophene derivatives in search of potent antidiabetic agents
through insilico studies using AutoDock4.

Ipragliflozin is an SGLT2 inhibitor in clinical development for the treatment of type 2 diabetes mellitus (T2DM). . It is used for
the treatment of type 2 diabetes mellitus (T2DM) to help lower blood sugar levels. By inhibiting SGLT2 in the kidneys, ipragliflozin
reduces the reabsorption of glucose from the urine, thereby promoting the excretion of excess glucose from the body. This
mechanism of action helps to lower blood glucose levels and improve glycemic control in patients with type 2 diabetes.
MATERIALS AND METHODS

In-silico screening

In-silico screening of all the proposed structures of novel benzothiophene derivatives were carried out using various computational
chemistry softwares such as ACD Lab/ChemSketch 12.0, Molinspiration , PASS and AutoDock4.[1%

ACD/Chemsketch

ACD/ChemSketch Freeware provides a comprehensive platform for creating chemical structures, accommodating organics,
organometallics, polymers, and Markush structures. It also includes features such as calculation of molecular properties (eg.,
molecular weight, density, molar refractivity etc.), 2D and 3D structure cleaning and viewing, functionality for naming
structures(fewer than 50 atoms and 3 rings ), and prediction of log P.

ACD/ChemSketch has the following major capabilities in that it provides for:

Structure Mode for drawing chemical structures and calculating their properties,Draw Mode for text and graphics processing.
Molecular Properties calculations for automatic estimation of formula weight, percentage composition, molar volume, parachor,
surface tension, density, dielectric constant, polarizability. It also includes features such as calculation of molecular properties (eg.,
molecular weight, density, molar refractivity etc.), 2D and 3D structure cleaning and viewing, functionality for naming
structures(fewer than 50 atoms and 3 rings ), and prediction of log P. [11.12.13]

Molinspiration

Molinspiration” is an independent research organization focused on development and application of modern cheminformatic
techniques, especially in connection with the internet.It offers broad range of cheminformatics software tools supporting molecule
manipulation and processing, including SMILES and SD file conversion, normalization of molecules, generation of tautomers,
molecule fragmentation, calculation of various molecular properties needed in QSAR, molecular modelling and drug design, high
quality molecule depiction, molecular database tools supporting substructure search or similarity and pharmacophore similarity
search.(Figure:3)

All the designed compounds were then subjected to Lipinski rule analysis using Molinspiration software to identify the biologically
active compounds. Lipinski rule is also known as Pfizer rule of five / Lipinski’s rule of 5. The rule was formulated by the scientist
Christopher A Lipinski.

The Lipinski rule of five states that an orally active drug should obey the following criteria in that it will have:

1.Not more than 5 hydrogen bond donors

2.Not more than 10 hydrogen bond acceptors

3. An octanol-water partition coefficient of log P not greater than 5
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5.Not more than 5 rotatable bonds.It offers broad range of cheminformatics software tools supporting molecule manipulation and
processing, including SMILES and SD file conversion, normalization of molecules, generation of tautomers, molecule
fragmentation, calculation of various molecular properties needed in QSAR, molecular modelling and drug design, high quality
molecule depiction, molecular database tools supporting substructure search or similarity and pharmacophore similarity
search.(Figure:3)

All the designed compounds were then subjected to Lipinski rule analysis using Molinspiration software to identify the biologically
active compounds. Lipinski rule is also known as Pfizer rule of five / Lipinski’s rule of 5. The rule was formulated by the scientist
Christopher A Lipinski.

The Lipinski rule of five states that an orally active drug should obey the following criteria in that it will have:
1.Not more than 5 hydrogen bond donors

2.Not more than 10 hydrogen bond acceptors

3. An octanol-water partition coefficient of log P not greater than 5

5.Not more than 5 rotatable bonds.™*

PASS

PASS is a computer program for estimating sample size or determining the power of a statistical test or confidence interval. NCSS
LLC is the company that produces PASS. PASS includes over 920 documented sample size and power procedures. PASS is the
leading sample size software for clinical trials, pharmaceutical, medical and many other research areas. Using structural formula of
a drug like substance as an input, one obtains its estimated biological activity profile as an output.[*3

PDB (Protein Data Bank)

The protein databank is a database for 3 dimensional structure data. It is mainly used for obtaining the data of large biological
molecules like proteins and nucleic acid. The data in PDB is available after X-ray crystallography, NMR spectroscopy, cryoelectron
microscopy and submitted by biologists and biochemists from all over the world.The database is freely accessible on the internet
via the websites of its member organisation(PDBe, PDBj, RCSB and BMRBO0. The PDB is controlled by Worldwide Protein Data
Bank(wwPDB.NCSS LLC is the company that produces PASS. PASS includes over 920 documented sample size and power
procedures. PASS is the leading sample size software for clinical trials, pharmaceutical, medical and many other research areas.
Using structural formula of a drug like substance as an input, one obtains its estimated biological activity profile as an output. 23]

NovoPro Biosciences Inc.

NovoPro Biosciences provide online tools conversion of SMILES to 3D structure.The 3D structure can be downloaded in any one
of the desired format like .pdb, .mol, .sdf. The various derivatives cab be converted to SMILES and their 3D structures can be
computed.

AutoDock

Autodock is a software specifically designed for docking ligands to a set of grids representing the target protein. AutoGrid, a
component of Autodock, is utilized for the pre-calculation of these grids, facilitating efficient and accurate ligand-protein docking
simulations.AutoDock is a molecular modelling simulation software. It is effective for protein-ligand docking. AutoDock 4 is
avilalable under the GNU General Public License .This application is one of the most cited docking software appplications. It consist
of two main programmes. Autodock is for docking of the ligand to set of grids describing the target protein.Auto Grid can be used
for pre calculating these grids. Prior to docking of the molecule within Autodock, it requires preparation of the protein and ligands.*"]

PyMol
PyMol is an open source and also a proprietary molecular visualization system. With PyMol, high quality 3D images of small

molecules and biological macromolecules are obtained. The software is an open source but proprietary molecular visualization
system. The images of docked complex has been visualized by PyMol. [8]
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RESULTS AND DISCUSSIONS

Fifty analogues of Benzothiophene were designed using ACD Lab ChemSketch 12.0. Initially the designed fifty analogues were
subjected to Lipinski rule analysis using Molinspiration software. From the Lipinski rule analysis, eleven compounds were selected
for further studies, since these compounds did not show any violations from the Lipinski rule of five.

Table No: 1 Structure and name of hetrocyclic rings

S.NO | STRUCTURE IUPAC SMILE
1. 9 N-(1H-pyrrol-2- O=C(Nclccc[NH]1)clcc2ceccec2sl
J 1
N yl)-1
g NH benzothiophene-2-
_ carboxamide
NH
=

2. 0
N N-(pyridin-2-yl)-1- | O=C(Nclccccnl)clec2ccccc2sl
s NH benzothiophene-2-

carboxamide

N-(4H-pyran-2-yl)- | O=C(NC1=CCC=CO01)clcc2ccccc2sl
1-benzothiophene-
2-carboxamide

N-(piperidin-2-yl)- | O=C(NC1CCCCN1)clcc2cccec2sl
1-benzothiophene-
2-carboxamide

N-(2-ox0-2H-1- 0=C10c2ccccc2C=C1NC(=0)clsc2cceec2el
benzopyran-3-yl)-
1-benzothiophene-
2-carboxamide

N-(4-ox0-2- O=C(Nc1cc20C(=CC(=0)c2ccl)cleccecl)cls
phenyl-4H-1- c2cceec2cl

benzopyran-7-yl)-
1-benzothiophene-
2-carboxamide
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N-(2-ox0-2,3-
dihydro-1H-indol-
3-yh-1-
benzothiophene-2-
carboxamide

O=C1Nc2ccccc2CINC(=0)clcc2ccecc2sl

N-[(22)-3-0x0-1,3-
dihydro-2H-indol-
2-ylidene]-1-
benzothiophene-2-
carboxamide

O=C(\N=C1/Nc2ccccc2C1=0)clcc2ceeec2sl

N-[(2E)-4-
(carbamimidoylam
ino)-2-methylbut-
2-en-1-yl]-1-
benzothiophene-2-
carboxamide

O=C(NC/C(C)=C/CNC(=N)N)clcc2cccec2sl

10.

N-benzoyl-1-
benzothiophene-2-
carboxamide

O=C(NC(=0)clcccccl)clsc2eecec2cl

11.

[2-(1-
benzothiophene-2-
carbonyl)hydrazin-
1-yl]acetic acid

O=C(NNCC(0)=0)clcc2ccecc2sl

Based on the docking score, eleven designed derivatives were selected as antidiabetic agents

derivatives are shown in the table.

Table no: 2 Docking score of selected eleven compounds

SL NO

COMPOUNDS

BINDING
AFFINITY

-7.9

-8.4

-6.5

-1.7

-9.2

-11.4

-9.4

VN[OOI (WIN|F-

-8.6

©

-8.1

10

-7.8

RPIRPlONOOg|RWIN|F

[l =]

11

-7.5

IPRAGLIFLOZIN

-9.9
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Fig no 7:Compound 6 with 4JAZ

Fig no 8:Compound 7 with 4JAZ

Page | 37



International Journal of Pharmacy and Pharmaceutical Research (1JPPR)
Volume 30, Issue 8, August 2024 pp 32-39. ijppr.humanjournals.com ISSN: 2349-7203

Fig no 11:Compound 10 with 4JAZ Fig no 12:Compound 11 with 4JAZ

DOCKING: The images of standard drug and selected eleven derivatives were shown in figure.

CONCLUSION

The investigation that has been carried out in the present project, the results obtained for the same and the corresponding observations
made were in accordance with the objectives laid down during commencement of the work.

Based on the literature survey, it was revealed that benzothiophene derivatives can exert anti diabetic activity. So fifty novel hybrid
molecules benzothiophene nucleus were designed using the ACD Lab ChemSketch 12.0 software. All the designed leads were then
subjected to Lipinski rule analysis using Molinspiration software to identify the theoretically active compounds. In the present study,
eleven theoretically active lead compounds were identified. The identified compounds were subjected to docking studies against
the selected target proteins, PPARy(4JAZ) for antidiabetic activity. From the docking results, compounds 1-11 which had the highest
docking scores ranging from — 11.4 to -6.5. The newly designed benzothiophene derivatives are expected to possess potent
antidiabetic activity than the available drugs.

ACKNOWLEDGEMENT

I am highly indebted to my esteemed guide,Associate Professor ,Mrs Sreeja S for her support , unending encouragement and advice,
which helped me for the successful completion of this article.

REFERENCES
1. Amol B Deore, Jayprabha R Dhumane, Hrushikesh VV Wagh, The stages of drug discovery and development process, Asian
Journal of Pharmaceutical Research and Development 2019;7,62-67.

2. Uazman Alaml *, Omar Asgharl , Shazli Azmil , and Rayaz A. Malik, General aspects of diabetes mellitus, Handbook of
Clinical Neurology,2014;126(3).

Page | 38



International Journal of Pharmacy and Pharmaceutical Research (1JPPR)
Volume 30, Issue 8, August 2024 pp 32-39. ijppr.humanjournals.com ISSN: 2349-7203

3. Radha Nandan Chaturvedi, Krishnaiah Pendem, Vipul P. Patel, Mukta Sharma, Sunita Malhotra , Design, synthesis,
molecular docking, and in vitro antidiabetic activity of novel PPARy agonist, Monatshefte fiir Chemie , 9 August 2018;149,2069-
2084.

4. Huayi Shao ,Dong Li ,Yi Yang ,Hui-Fang Guo ,Zong-Ying Liu ,Shu-Yi Si ,Ze Yang Zhuo-Rong Li , The effect of substituted
thiophene and benzothiophene derivates on PPARy expression and glucose metabolism, Journal of Enzyme Inhibition and
MedicinalChemistry,11 March 2010 ; 25(2),283-289.

5. Qingmei Liu, Lei Ma, Fangyuan Chen , Shuyun Zhang , Zexin Huang, Xiufen Zheng, Zikai Chen, Junwei Ye, Ning Hou, Wei
Yi, Zhi Zhou, Raloxifene-driven benzothiophene derivatives: Discovery, structural refinement, and biological evaluation as potent
PPARy modulators based on drug repurposing, European Journal of Medicinal Chemistry,5 April 2024;269.

6. Rangappa S. Keri, Karam Chand, Srinivas Budagumpi, Sasidhar Balappa Somappa, Siddappa A.Patil, Bhari Malllanna Nagaraj
, An overview of benzo[b]thiophene-based medicinal chemistry, Oriental Journal of Chemistry, 29 September 2017; 138,1002-
1033.

7. Mio Matsumura , Atsuya Muranaka, Rina Kurihara , Misae Kanai , Kengo Yoshida , Naoki Kakusawa ,DaisukeHashizum, Ma
sanobu Uchiyama ,Shuji Yasuike ,General synthesis, structure, and optical properties of benzothiophene-fused benzoheteroles
containing Group 15 and 16 elements, Tetrahedron,8 December 2016;72(49),8085-8090.

8. Arun M. Isloor , Balakrishna Kalluraya , K. Sridhar Pai ,Synthesis, characterization and biological activities of some new
benzo[b]thiophene derivatives, European Journal of Medicinal Chemistry,February 2010;45(2),825-830.

9. Eiji Kurosaki , Hideaki Ogasawara , Ipragliflozin and other sodium—glucose cotransporter-2 (SGLT2) inhibitors in the treatment
of type 2 diabetes: Preclinical and clinical data, Pharmacology & Therapeutics,July 2013;139(1),51-59.

10. Georg C. Terstappen , Angelo Reggiani, In silico research in drug discovery, Trends in Pharmacological Sciences 1 January
2001;22(1),23-26.

11. Osterberg T, Norinder U. Prediction of drug transport processes using simple parameters and PLS statistics The use of
ACD/logP and ACD/ChemSketch descriptors. European journal of pharmaceutical sciences. 2001 Jan 1;12(3):327-37.

12. Welington Francisco Maurilio A, de Morais Carolina von Atzingen Manocchio Miguel Ruiz, Implementation Study of an
Introductory Course to the ACDLabs ChemSketch Software to Students of Chemistry, Revista Brasileira de Ensino de Quimica, June
2009;4(1),55-64.

13. Kwan EE. ACD/spectrus processor review. Journal of chemical information and modeling. 2012 Jul 23;52(7):1898-900.

14.B Fernandes T, CF Segretti M, C Polli M, Parise-Filho R. Analysis of the applicability and use of lipinskis rule for central
nervous system drugs. Letters in Drug Design & Discovery. 2016 Dec 1;13(10):999-1006.

15.D. A. Filimonov, A. A. Lagunin, T. A. Gloriozova, A. V. Rudik, D. S. Druzhilovskii, P. V. Pogodin & V. V. Poroikov, Prediction
of the Biological Activity Spectra of Organic Compounds Using the Pass Online Web Resource, Chemistry of Heterocyclic
Compounds 28 May 2018;50,444-457.

16. Stephen K. Burley, Helen M. Berman, Gerard J. Kleywegt, John L. Markley, Haruki Nakamura & Sameer Velankar, Protein
Data Bank (PDB): The Single Global Macromolecular Structure Archive, Protein Crystallography , 2 June 2017;1607, 627-641.
17.Sandro Cosconati,Stefano Forli,Alex L Perryman,Rodney Harris,David S Goodsell &Arthur J Olson ,Virtual screening with
AutoDock: theory and practice, Expert Opinion on Drug Discovery,2010;5(6),597-607.

18. Shuguang Yuan, H.C. Stephen Chan, Zhenquan Hu, Using PyMOL as a platform for computational drug design, WIRES
Computational Molecular Science, June 2024;14(3).

How to cite this article:
Dr. Sreeja S et al. ljppr.Human, 2024; Vol. 30 (8): 32-39.

Conflict of Interest Statement: All authors have nothing else to disclose.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which
permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no
modifications or adaptations are made.

Page | 39


https://link.springer.com/article/10.1007/s00706-018-2207-x#auth-Radha_Nandan-Chaturvedi-Aff1-Aff2
https://link.springer.com/article/10.1007/s00706-018-2207-x#auth-Krishnaiah-Pendem-Aff3
https://link.springer.com/article/10.1007/s00706-018-2207-x#auth-Vipul_P_-Patel-Aff4
https://link.springer.com/article/10.1007/s00706-018-2207-x#auth-Mukta-Sharma-Aff5
https://link.springer.com/article/10.1007/s00706-018-2207-x#auth-Sunita-Malhotra-Aff2
https://www.tandfonline.com/author/Shao%2C+Huayi
https://www.tandfonline.com/author/Li%2C+Dong
https://www.tandfonline.com/author/Yang%2C+Yi
https://www.tandfonline.com/author/Guo%2C+Hui-Fang
https://www.tandfonline.com/author/Liu%2C+Zong-Ying
https://www.tandfonline.com/author/Si%2C+Shu-Yi
https://www.tandfonline.com/author/Yang%2C+Ze
https://www.tandfonline.com/author/Li%2C+Zhuo-Rong
https://www.sciencedirect.com/journal/european-journal-of-medicinal-chemistry
https://www.sciencedirect.com/journal/pharmacology-and-therapeutics
https://wires.onlinelibrary.wiley.com/authored-by/Yuan/Shuguang
https://wires.onlinelibrary.wiley.com/authored-by/Chan/H.C.+Stephen
https://wires.onlinelibrary.wiley.com/authored-by/Hu/Zhenquan

