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ABSTRACT

Type 2 diabetes, which is characterized by hyperglycemia, is a chronic endocrine metabolic condition.
a-amylase inhibitors may have a major therapeutic impact in type 2 diabetic mellitus. In the present
study, virtual screening database preparation by R-group enumeration, virtual screening, docking study,
and pharmacokinetics analysis was performed by taking a-amylase as a target. The results highlight the
important binding features of novel thiazolidine-2,4-dione compounds as a-amylase inhibitors. An R-group
enumeration study was performed for the generation of novel thiazolidine-2,4-dione derivatives (6250
compounds). These derivatives further proceed for virtual screening study using Lipinski rule of 5, high-
throughput virtual screening, standard precision, and extra precision (XP) screening filters. Only the top 4
compounds were selected after the XP docking process. The molecular docking study of virtual screening
hits showed that compound 1 showed a good binding score of —9.129 kcal/mole on a-amylase enzyme
(Protein Data Bank ID-3BAY). The present study may be used for the further development of potential

compounds against type 2 diabetes.
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INTRODUCTION

Type 2 diabetes, which is characterized by hyperglycemia,
is a chronic endocrine metabolic condition.l" It is most
common and is caused by abnormal insulin activity.?! It
causes a variety of long-term issues.’! Despite medical
improvements, type 2 diabetes remains one of the leading
causes of death in adults.™

Delaying carbohydrate digestion helps to reduce the
effects of hyperglycemia. The hydrolysis of carbohydrates
involves several enzymes that include human pancreatic
o-amylase (HPA) and o-glucosidase.® The effects of
both inhibitors on blood glucose levels are shown in
Figure 1. According to the investigation, three catalytic
residues (ASP197, GLU233, and ASP300) are present
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in an eight-stranded parallel beta-barrel in domain A
(1-99, 169-404)."7 ASP197 operates as a nucleophile in
carbohydrate hydrolysis, whereas GLU233 and ASP300
may act as acid/base catalysts.>”! As a result, one of the
scientifically validated approaches for managing type 2
diabetes is to suppress HPA using a ligand, which lowers
postprandial blood glucose levels.!"*

Doctors employed a wide range of oral anti-diabetic drugs,
including acarbose and miglitol, to treat type 2 diabetes.”
However, unfavorable and dangerous side effects such as
gas, bloating, and diarrhea are becoming apparent.l'” As a
result, there is an urgent need for effective, low-cost, and
non-toxic anti-diabetic drugs.!”!
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Figure 1: Flowchart describing the effect of a-amylase inhibitors as anti-diabetic agents.

Ancient human beings relied on remedies from nature to
treat diabetes.['12) As a result, natural products obtained
from these sources may be a fascinating approach to type 2
diabetes management.['¥ To find a powerful HPA inhibitor,
research is intensifying.'¥ The in vitro investigation
demonstrates that many natural compounds have
o-amylase inhibitory efficacy.!>'®! Various in vitro studies
on natural compounds have been conducted up to this
point, but an effective HPA inhibitor remains lacking.!”)
As a result, structure-based molecular modeling was used
to find a putative HPA inhibitor from natural compounds.!'!
Molecular docking, MM/GBSA binding energy estimates,
molecular dynamics simulations, and absorption,
distribution, metabolism, excretion, and toxicity studies are
all part of the modeling process.!"”!

The current computational investigation includes the
identification of a novel thiazolidine-2,4-dione as a possible
HPA inhibitor. The research includes pharmacophore
development, validation of pharmacophores, R-group
enumeration, virtual screening, and docking investigations.

MATERIALS AND METHODS

Virtual screening database preparation by R-group
enumeration

R-group enumeration study has been performed to generate
compounds library based on the core moiety. The core
moiety of thazolidine-2,4-dione has been taken with the
selection of possible site for substitution using SAR of

previously published database.? Using R-group creator,
fragments were generated on the pharmacophore. The
selected positions on the core scaffold were substituted
with fragments to the generation of novel compounds.

Molecular docking analysis

Docking investigations were carried out on the crystal
structure of o-amylase (PDB ID-3BAY) at a resolution
of 1.99A which was obtained from the Protein Data
Bank.! The protein preparation wizard module in Maestro
was used to add missing hydrogens and missing bond
ordering. The Empirical pKa Prediction (Epik) method
was used for generating ionization and tautomeric states
at pH 7.0 = 2.0. Using PROPKA at a pH of 7.0, hydrogen
bond optimization of the protonated residues was carried
out by refining. The resulting structure was subsequently
subjected to restricted minimization using the OPLS 2005
force field until the heavy atoms were within 0.3A relative
mean standard deviation (RMSD). Then, the receptor grid
was generated using the receptor grid generation tool found
in the Schrédinger Glide module. Based on the provided
coordinates (x-11.22, y-16.93, z-51.03), a grid with a
default size of 10 x 10 x 10A was produced.??

Virtual screening study

A virtual screening of the enumerated database of 6250
thiazolidine-2,4-dione compounds was carried out to
generate hit compounds for the development of oi-amylase
receptor antagonists. The enumerated database of known
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3D structures was optimized in LigPrep utilizing the OPLS
2005 force field. The recovered compounds from this
stage were screened further utilizing a virtual screening
methodology. A well-known compound Acarbose was
added to the database as a reference compound. Compounds
recovered from the R-group enumeration were docked
in the active site of the oi-amylase receptor utilizing the
high-throughput virtual screening (HTVS) approach and
flexible docking mode in Glide. Compounds obtained in
this manner were re-docked using the standard precision
(SP) approach to acquire higher precision. The procedure
was repeated by re-docking the compounds in the active
site of o-amylase receptors using the extra precision
(XP) approach. The resultant compounds were screened
using another filter, that is, Lipinski’s rule of five. Other
properties of the compounds obtained after passing through
these filters were evaluated, including polar surface area
(PSA), percentage absorption, CNS score, and receptor-
ligand interactions. Finally, the compounds that survived
all of the filtration steps were reported in the present
study.® The flowchart of the virtual screening step of lead
identification is shown in Figure 2.

Absorption, distribution, metabolism, and excretion
(ADME) analysis

In docking study, all of the synthesized compounds
showed good stability and lower binding energy. The
Qikprop program of Schrodinger was used to perform
additional ADME prediction analysis on four chemicals
from the mentioned liberally. The LigPrep output file of

four compounds was sent to the Qikprop tool for ADME
predictions to discover drug-likeness features.*!

RESULTS AND DISCUSSION

Result of R-group enumeration

Novel compounds were generated by R-group enumeration
tools. The compounds have been produced by substituting
various groups on different positions of the core moiety.
Only four positions were chosen for the generation of the
library, each with a different functional group. The R-group
was chosen based on data from our prior research paper. The
graphical representation of all groups is shown in Figure 3.
Only three features were chosen for the generation of the
library with various chemical structures. For the generation
of compounds library different hydrogen bond acceptor
groups (25) and various hydrogen bond donor groups (10)
were substituted on R1 position. R2 (25) substitution was
used with electronic withdrawing groups. A total of 6250
compounds were produced.

Result of structure-based virtual screening

These compounds were screened further using a virtual
screening procedure that included the Lipinski Rule of
Five, which tested 5238 compounds. These compounds
were subsequently screened using HTVS, and the top 10%
of about 523 were chosen for the following investigation.
The following phase was SP, where only the top 20
scoring compounds were maintained for the following

Generation of the
library from R- grou
enumeration
(6250)

Apply Custom Filter of Virtual Screening Workflow of Schrodinger
(Run QIKPROP, Remove ligands with reactive functional groups

(5238)

GLIDE XP docking,
Keep 4 of the best
compounds after
docking

GLIDE SP docking,
Keep 20 of best
compounds after
docking

GLIDE HTVS docking,
Keep 50% of best
compounds after docking

Figure 2: The flowchart shows various steps involve in the virtual screening study.

Hydrogen bond doner
Hydrogen bond acceptor

Hydrogen bond acceptor

Figure 3: Features and position selected for R-group enumeration.
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step. The final step involves XP docking, in which only
four compounds were chosen based on docking scores and
binding interactions.

strong hydrogen bond donor interactions with HIS 201,
LYS 200, and THR 163 amino acids were detected for
VS hits. The docking score of the cocrystallized ligand

(acarbose) is —10.189 Kcal/mol. The docking score of
VS hits ranged from —9.022 to —7.281, showing stronger
activity against the o-amylase enzyme. The docking
score, interaction with amino acid, and predicate activity
are shown in Table 1. The interaction maps of most score
compound with the cocrystallized ligand are shown in
Figure 4.

Molecular docking

Docking’s study found that the most profitable ligand-
protein interactions are hydrogen bonds, pi-pi stacking,
and hydrophobic interactions between virtual screening
hits (VS hits) and active site amino acids. In addition,

Table 1: The docking score of VS hits and standard drug with amino acid residues interaction

Compounds Structure Docking score Interaction with
amino acid residues
1 HN -9.022 HIS 201, LYS 200, and
oﬂ\@\\ THR 163
— H
N ) N. S//O
~
0= 1/@ S
TN OH
2 - =7.728 HIS 201
WO' W
HO Og N N
HO _ s>: o
3 O =7.399 HIS 201, LYS 200, ARG
NH 195, and THR 163
\_/ H
N 0 N S//
2280
O:’J\ e o
S OH
4 HN =7.218 HIS 201, LYS 200, and
O% o H THR 163
— \ _N
AN
LA
(6]
TN OH
Acarbose HO o HO —10.189 GLU 233, LYS 200,
H OH ARG 195, HIE 305,
HO,, HO,, O, OHO/" “OH ASP 300, and THR 163
HO” ™ H ~%o 107 >0

o
I
"
o
I
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VS hits: Virtual screening hits

Table 2: ADME of all VS hits generated by Qikprop

Compounds MW HBD HBA  LogP QPPCaco  QPlogBB  QPlogKhsa % HOA PSA

1 497.54 2 9.75 2.346 16.886 —3.043 0.112 62.654 167.818
2 407.443 2 6.45 3.461 231.862 —1.542 0.321 89.542 106.626
3 497.54 3 10.75 1.961 16.909 -3.119 -0.031 60.408 168.424
4 497.54 3 10.75 1.81 12.191 —3.242 -0.035 56.982 170.226

MW: Molecular weight of the molecule range between 130.0 and725.0 Da. HBD: Hydrogen bond donor range between 0.0 and 6.0. HBA: Hydrogen
bond acceptor range between 2.0 and 20.0. Log P: Log P range between 2.0 and 6.5. QPPCaco: QPPCaco range between<25 for poor to>500 for
greater. QPlogBB: QPlogBB range between—3.0 and 1.2. QPlogKhsa: QPlogKhsa range between—1.5 and 1.5. % HOA: % human oral absorption.
PSA: PSA ranges between 7.0 and 200.0, ADME: Absorption, distribution, metabolism, and excretion
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2D pose of acarbose(standard drug) with docking
score of -10.189 kcal/mol

o,

2D pose of compound 1 with docking score of -
9.022 kcal/mol

Figure 4: The two-dimensional-interaction maps of top-scored compound (1) with the cocrystallized ligand (acarbose) on

a-amylase (Protein Data Bank ID-3BAY).

Prediction of ADME

The QikProp module was used to investigate all of the
ADME parameters, and the findings are shown in Table 2.
For the selection of compounds, the Lipinski rule of five
was used. The current investigation determines human oral
absorption (% HOA), prediction of binding to human serum
albumin (QPlogKhsa), and Van der Waals surface area of
polar nitrogen and oxygen atoms (PSA). Surprisingly, all
of these predictions were within the permitted range.

CONCLUSION

o-amylase enzyme is crucial in the management of
postprandial hyperglycemia. As a result, effective
o-amylase inhibitors may be of substantial therapeutic value
in type 2 diabetes. The findings of this study emphasize the
essential binding properties of novel thiazolidine-2,4-dione
compounds as a-amylase inhibitors. R-group enumeration
investigation was carried out to generate novel thiazolidine-
2,4-dione derivatives (6250 molecules). These derivatives
are then subjected to virtual screening testing using the
Lipinski rule of 5, HTVS, SP, and XP screening filters.
After the XP docking process, only the top four molecules
were chosen. The molecular docking research of VS hits
revealed that compound 1 had an excellent binding score
of —9.129 kcal/mole on the a-amylase enzyme (PDB
ID-3BAY). The present study may be used to further
develop novel anti-type 2 diabetes drugs.

REFERENCES

1. Porte D Jr. Mechanisms for hyperglycemia in the
metabolic syndrome: The key role of B[ Icell dysfunction.
Ann N YAcad Sci 1999;892:73-83.

2. Mishra D, Dey CS. Type-2 diabetes, a co-morbidity in
Covid-19: Does insulin signaling matter? Biochem Soc

Trans 2021;49:987-95.

3. Halim M, Halim A. The effects of inflammation, aging
and oxidative stress on the pathogenesis of diabetes
mellitus (Type 2 diabetes). Diabetes Metab Syndr
2019;13:1165-72.

4. Joseph JJ, Deedwania P, Acharya T, Aguilar D, Bhatt DL,
Chyun DA, efal. Comprehensive management of
cardiovascular risk factors for adults with Type 2
diabetes: A scientific statement from the American Heart
Association. Circulation 2022;145:¢722-59.

5. Ogunyemi OM, Gyebi AG, Adebayo JO, Oguntola JA,
Olaiya CO. Marsectohexol and other pregnane
phytochemicals derived from Gongronema latifolium
as o-amylase and o-glucosidase inhibitors: /n vitro and
molecular docking studies. SN Appl Sci 2020;2:2119.

6. Nyathi B, Bvunzawabaya JT, Mudawarima CV,
Manzombe E, Tsotsoro K, Selemani MA, etal.
Antidiabetic and in silico molecular docking of
Xeroderris stuhlmannii (Taub.) Mendonca and EP Sousa
phytochemical compounds on human a-glucosidases.
bioRxiv 2022;2022.09. 16.508336.

7. Basnet S, Ghimire MP, Lamichhane TR, Adhikari R,
Adhikari A. Identification of potential human pancreatic
a-amylase inhibitors from natural products by molecular
docking, MM/GBSA calculations, MD simulations, and
ADMET analysis. PLos One 2023;18:¢0275765.

8. Dandekar PD, Kotmale AS, Chavan SR, Kadlag PP,
Sawant SV, Dhavale DD, et al. Insights into the inhibition
mechanism of human pancreatic o-amylase, a Type 2
diabetes target, by dehydrodieugenol B isolated from
Ocimum tenuiflorum. ACS Omega 2021;6:1780-6.

9. Mushtaq A, Azam U, Mehreen S, Naseer MM. Synthetic
a-glucosidase inhibitors as promising anti-diabetic
agents: Recent developments and future challenges. Eur J
Med Chem 2023;249:115119.

10. LongJ, LiuY, DuanY, LiY, Yang G, Ren Z, et al. Effect
of GLP-1R rs2254336 and rs3765467 polymorphisms
on gastrointestinal adverse reactions in Type 2 diabetes
patients treated with liraglutide. Eur J Clin Pharmacol

Pharmaspire | Vol. 15 | No. 1 | 2023

52



Dagar, et al.: In silico studies for the identification of potential thiazolidine-2,4-diones as a-amylase inhibitors

11.

12.

13.

14.

15.

16.

17.

2022;78:589-96.

Khan MS, Ahmad I. Herbal medicine: Current trends
and future prospects. In: New Look to Phytomedicine.
Netherlands: Elsevier; 2019. p. 3-13.

Zhao X, Tan X, Shi H, Xia D. Nutrition and traditional
Chinese medicine (TCM): Asystem’s theoretical
perspective. Eur J Clin Nutr 2021;75:267-73.

Nie X, Chen Z, Pang L, Wang L, Jiang H, Chen Y, et al.
Oral Nano drug delivery systems for the treatment of
Type 2 diabetes mellitus: An available administration
strategy for antidiabetic phytocompounds. Int J Nanomed
2020;15:10215-40.

Ghannay S, Snoussi M, Messaoudi S, Kadri A, Aouadi K.
Novel enantiopure isoxazolidine and C-alkyl imine
oxide derivatives as potential hypoglycemic agents:
Design, synthesis, dual inhibitors of a-amylase and
a-glucosidase, ADMET and molecular docking study.
Bioorg Chem 2020;104:104270.

Khadayat K, Marasini BP, Gautam H, Ghaju S, Parajuli N.
Evaluation of the alpha-amylase inhibitory activity
of Nepalese medicinal plants used in the treatment of
diabetes mellitus. Clin Phytosci 2020;6:34.

Ahmad P, Alvi SS, Igbal J, Khan MS. Identification
and evaluation of natural organosulfur compounds as
potential dual inhibitors of ci-amylase and a-glucosidase
activity: An in-silico and in-vitro approach. Med Chem
Res 2021;30:2184-202.

Tan GT, Pezzuto JM, Kinghorn AD, Hughes SH.
Evaluation of natural products as inhibitors of human
immunodeficiency virus Type 1 (HIV-1) reverse

18.

19.

20.

21.

22.

23.

24.

transcriptase. J Nat Prod 1991;54:143-54.
XieL,MoJ,NiJ, XuY, SuH, XieJ, et al. Structure-based
design of human pancreatic amylase inhibitors from the
natural anthocyanin database for Type 2 diabetes. Food
Funct 2020;11:2910-23.

Gao Y, Wang H, Wang J, Cheng M. In silico studies
on p2l-activated kinase 4 inhibitors: Comprehensive
application of 3D-QSAR analysis, molecular docking,
molecular dynamics simulations, and MM-GBSA
calculation. J Biomol Struct Dyn 2020;38:4119-33.
Gupta S, Baweja GS, Gupta G, Asati V. Identification
of potential N-substituted 5-benzylidenethiazolidine-2,
4-dione  derivatives as  o-amylase  inhibitors:
Computational cum synthetic studies. J Mol Struct
2023;1287:135596.

RCSB PDB: Homepage; 2010.Available from: https://
ww.rcsb.org [Last accessed on 2023 Apr 03].

Asati V, Bajaj S, Mahapatra DK, Bharti SK. Molecular
modeling studies of some thiazolidine-2, 4-dione
derivatives as 15-PGDH inhibitors. Med Chem Res
2016;25:94-108.

Asati V, Bharti SK, Budhwani AK. 3D-QSAR and virtual
screening studies of thiazolidine-2, 4-dione analogs:
Validation of experimental inhibitory potencies towards
PIM-1 kinase. J Mol Struct 2017;1133:278-93.
Bhattacharya S, Asati V, Mishra M, Das R, Kashaw V,
Kashaw SK. Integrated computational approach on
sodium-glucose co-transporter 2 (SGLT2) Inhibitors
for the development of novel antidiabetic agents. J Mol
Struct 2021;1227:129511.

53

Pharmaspire | Vol. 15 | No. 1 | 2023



