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ABSTRACT

Background: Diabetes mellitus is a complex disorder, hence following a systematic
approach to the care of the disease is very important to control further complications.
Current evidence suggests that the TCF7L2 gene influences the risk for type 2 diabetes
(T2DM) by reducing glucose-induced insulin secretion. Even though there are various
new advances and medicines are available in the management of T2DM, there is a need
for an alternative medicine to avoid unnecessary side effects and high cost. Nowadays,
computer-aided drug designing tool is available to create ligand-target molecule.

Aim: In the present study, we aim to elucidate the binding interaction of bioactive phyto-
chemicals of Ipomoea sepiaria with TCF7L2 gene and to find out potential drug molecule
against T2DM.

Materials and Methods: Bioactive phytochemicals of I. sepiaria were derived from the
ChemSpider database and in silico molecular docking analysis done with TCF7L2 gene
using Hex8.0.0 docking program. The results were analysed based on their molecular
interactions binding energy values.

Results: A total of 25 bioactive phytochemicals were derived from I. sepiaria and con-
sidered as ligand molecules. Based on the molecular docking scores of protein-ligand
complex, we characterized the important interacting residues of protein targets, which
involved in the binding interaction.

Conclusion: The present study concluded that the quercetin showed a high affinity with
TCF7L2, thus indicating that this compound is a potent inhibitor of the TCF7L2 proteins
and consider as a potential drug candidate against T2DM. The further in vitro studies are
required to confirm these results.
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Introduction 90% of all cases and nowadays, it become a major

Diabetes mellitus (DM), commonly referred to as
diabetes, is a group of physiological dysfunctions
characterized by hyperglycemia resulting directly
from insulin resistance, inadequate insulin secre-
tion, or excessive glucagon secretion. The symp-
toms of high blood sugar are frequent urination,
increased thirst, and increased hunger. If they left
untreated, diabetes can cause many severe long-
term complications which include cardiovascular
disease, stroke, chronic kidney failure, foot ulcers,
and diabeticretinopathy [1]. Among DM types, Type
2 diabetes mellitus (T2DM) accounts for more than

public health concern. People living with T2DM
are highly susceptible to get various forms of both
short- and long-term complications, which may
lead to their premature death. A scientific report
predicted that the prevalence of T2DM in adults,
particularly the age between 45 and 64 years, are
becoming prominent will increase in the next two
decades and much of the increase will occur in the
developing countries [2]. T2DM is primarily due
to the lifestyle factors such as physical inactivity,
sedentary lifestyle, cigarette smoking, gener-
ous consumption of alcohol, and genetics [3,4].
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Additionally, a recent report discovered that many
genes were significantly associated with developing
T2DM, among TCF7L2 gene (transcription factor
7-like 2) regulates pro-glucagon gene expression,
and thus the production of glucagon-like peptide-1.
Many reports have shown that the variants of the
TCF7LZ2 gene increase susceptibility to T2DM [5,6].
TCF7L2 is implicated in a large variety of diseases
and it was found as a major determinant of type 2
risk in European populations [7].

In the aspect of pharmaceutical science, although
diabetic medicines such as metformin and thiazo-
lidinedione have good effect in insulin resistance,
they cannot be widely used for all patients because
of their undesirable side effects. Thus, there is a
need to find out alternate medicines to treat and
manage the negative impacts of DM and its severe
complications due to lesser side effects and low
cost. Therefore, targeting TCF7L2 gene would be
helpful to discover alternate drug molecule to treat
T2DM successfully. Recently, many researchers pri-
marily used the molecular docking techniques as a
virtual screening tool to predict whether and how
a particular small drug molecule will stably bind to
the target protein. These techniques further help to
lead optimization and application in target identifi-
cations [8]. However, there are very limited studies
are available to use in silico technique to find out
herbal bioactive compounds against diabetes and
none against in TCF7L2 [9].

Ipomoea sepiaria Koenig Ex. Roxb is considered
as one of the classical herb Lakshmana and classified
as an important medicinal plant in Convolvulaceae
family. This herb has many medicinal values such
as diuretic, laxative, aphrodisiac, and anti-ulcer
property [10-12]. The literature, I. sepiaria roots
used for the treatment of diabetes [13]. Recently,
Majumder et al. [14] studied on I sepiaria in which
part of the plant has pharmacological effects and
the control of DM. Even though phytoconstituents
of this herb having many medicinal values, a little
research work carried against DM and no major
report available to create ligand molecule through
molecular docking studies. Thus, the present study
tried to predict potential ligand molecules from bio-
active compounds of I. sepiaria against T2DM using
in silico methods.

Materials and Methods
Target protein access

TCF7L2 gene and their products play a cru-
cial role in causing T2DM. Accordingly, TCF7L2
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gene considered as a potential target protein and
it was retrieved from UniProtKB/Swiss-Prot data-
base (http://www.uniprot.org/).

Ligand selection

A list of bioactive compounds was retrieved from 1.
sepiaria using ChemSpider database (http://www.
chemspider.com/) and further, these compounds
were considered as ligands. Two-dimensional
structures of these ligands were converted into 3D
structure using Swiss-PdbViewer database (http://
www.spdbv.vital-it.ch/).

Molecular docking analysis

The protein-ligand interaction plays an import-
ant role in structural-based drug designing. In this
study, molecular docking analysis between target
protein (TCF7L2) and ligand molecules from I. ser-
piaria were carried out by Hex8.0.0 docking pro-
gram (http://www.hex.loria.fr/dist50/). It was per-
formed by adjusting appropriate parameters such as
twist range-360, receptor range-180, ligand range-
180, FFT mode-3D fast lite, grid dimension-0.6, and
distance range-40. The obtained scores of binding
energy were tabulated and analysed.

Results and Discussion

In silico drug designing methodologies are emerg-
ing as an important role to design novel proteins or
drugs in the field of biotechnology and pharmaceu-
tical drug development. The drug designing soft-
wares and programs have been used extensively to
examine molecular modelling of gene, gene expres-
sion, gene sequence analysis, and 3D structure of
proteins. These bioinformatics methods have been
of great importance in the target identification and
prediction of novel drugs against various human
diseases[15-19]. Thus, the present study attempted
to evaluate the screening of phytochemicals from I
sepiaria and docking against TCF7L2 protein to find
out the potential drug molecule.

Many reports have shown that variants of the
TCF7L2 gene increase susceptibility to T2DM. For
people who inherit two copies of the variants, the
risk of developing T2DM is about 80% higher than
for those who do not carry the gene variant [7].
TCF7L2, also known as TCF4, is a protein acting
as a transcription factor, which is encoded by the
TCF7L2 gene [5]. The single nucleotide polymor-
phism (SNP) within the TCF7L2 gene is to date, the
most significant genetic marker associated with
T2DM risk [20]. SNPs in this gene are linked into
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Figure 1. 3D structure of target protein TCF7L2.

higher risk to develop T2DM as well as gestational
diabetes [21]. TCF7LZ2 is a transcription factor influ-
encing the transcription of several genes thereby
exerting a large variety of functions within the
cell. It is a member of the Wnt-signalling pathway
[22]. Stimulation of the pathway leads to the asso-
ciation of -catenin with BCL9, translocation to the
nucleus and association with TCF7L2, which in turn
results in the activation of Wnt target genes, specif-
ically repressing proglucagon synthesis in entero-
endocrine cells. By considering these factors in the
present study, TCF7L2 was selected as a receptor
molecule to find out suitable ligand molecules using
molecular docking studies. The 3D structure of this
compound was derived from Swiss-PdbViewer
database (Fig. 1) and it contains 529 amino acids.
Ipomoea sepiaria is a classical herb and its phy-
tochemicals having tremendous medicinal val-
ues [10,11]. In literature, further specified use of
L sepiaria roots has been using the treatment against
diabetes and constipation [12,13]. Therefore, we
considered this medicinal plant for achieving the
aim of the present work. A total of 25 molecules
were retrieved from I sepiaria using ChemSpider
database. These bioactive compounds were taken
into consideration for docking as ligand molecules
such as 10-Heneicosene, 9-Hexacosene, Querce-
tin, Phytol, 3,7,11,15-Tetramethyl-1-hexadecen-3-yl
acetate, Z-9-Hexadecen-1-ol, Octadecamethylcy-
clononasiloxane,  Tetracosamethyl-cyclododecasi-
loxane, Hexasiloxane, Erucic amide, Icosamethyl
cyclodecasiloxane, Linoleic acid, Heptadecane,
2E,97,127-octadecatrienoicacid,Lauricacid,Octasilahepta-
decane, 9-cis-Oleamide, Supraene, Tetracosapentaen,

www.promedsci.org

Campesterin, Lycopen-16-ol, Stigmasterin, Triacon-
tan, 2,3-Dimethylheptadecane, and 1-Monolinoleoyl-
glycerol trimethylsilyl ether.

The objective of this ligand-protein docking was
to explore their predominant binding model of 25
different ligands with 3D structure of TCF7L2. The
intermolecular flexible docking simulation was per-
formed using Hex 8.0.0 docking software to explore
the binding site of the 25 bioactive compounds indi-
vidually with TCF7L2. Based on the Hex docking
analysis, the binding affinity between ligand and
protein molecules was calculated from the confor-
mations of ligand-inhibitor complexes (Table 1).
The binding affinity, also expressed as energy value
(e value), was measured in terms of KJ/mol. Fur-
thermore, the crucial interaction information of
binding pockets and their orientation of inhibitors
in the target protein were obtained from the Hex
docking analysis.

The nature of the complex and inhibition prop-
erty of the ligands also analysed based on their
binding affinities and free energy simulations. The
docking results and crucial interactions between
TCF7L2 receptor and 25 phytochemical com-
pounds were reported in Table 1. Among 25 ligand
molecules tested with target TCF7LZ, a highest
energy value (-320.13 KJ/mol) obtained in quer-
cetin-TCF7L2 complex (Figs. 2 and 3) followed by
1-Monolinoleoylglycerol trimethylsilyl ether with
TCF7L2 (Fig. 4), Linoleic acid with TCF7LZ2, Erucic
amide with TCF7L2, with docking scores —288.55,
-260.9, and -260.77 KJ/mol, respectively. The
lowest e-value (201.18 KJ/mol) was observed in
9-cis-Oleamide and TCF7L2 complex.
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Table 1. Molecular interaction results of TCF7L2 with bioactive compounds from Ipomoea sepiaria.

S.no Ligands Molecular mass (Da) Molecular formula e-values (KJ/mol)
1 10-Heneicosene 294.558 C,.H, -205.86
2 9-Hexacosene 364.691 C,H,, -209.17
3 Quercetin 302.236 C.H,.0, -320.13
4 Phytol 296.531 C,,H,,0 -213.19
5 3,7,11,15-Tetramethyl-1-hexadecen-3-yl acetate 338.568 C,,H,,0, 205.86
6 Z-9-Hexadecen-1-ol 240.425 C,H,,0 -234.72
7 Octadecamethylcyclononasiloxane 667.385 CH.,0.Si -203.39
8 Tetracosamethyl-cyclododecasiloxane 889.847 C,H,,0,,Si, -254.54
9 Hexasiloxane, 430.940 C,H,0.Si -235.91
10 Erucic amide 337.583 C,H,.N -263.73
11 Icosamethylcyclodecasiloxane 741.539 C,oHe0040510 -206.28
12 Linoleic acid 498.886 C,H.,0,5i, -263.90
13 Heptadecane 464.893 C,Hee -249.43
14 2E,9Z,127Z-octadecatrienoic acid 278.430 CH..0, -229.21
15 Lauric acid 418.759 C,H,0,Si -215.36
16 Octasilaheptadecane 579.248 C,H,,0,Si, -210.56
17 9-cis-Oleamide 281.477 CH, N -201.18
18 Supraene 410.718 C,Hs, -233.61
19 Tetracosapentaen 328.574 C,.Hy, -239.21
20 Campesterin 400.680 CH,0 -220.20
21 Lycopen-16-ol 552.872 C,H. 0 -251.50
22 Stigmasterin 412.691 C,H,0 -258.64
23 Triacontan 422.813 C,.He, -247.00
24 2,3-Dimethylheptadecane 268.521 CHyo -239.75
25 1-Monolinoleoylglycerol trimethylsilyl ether 498.886 C,H,,0,Si -288.55

OH

O OH

Figure 2. Molecular structure of potential ligand molecule of

“quercetin.”

In this study, quercetin and 1-monolinoleoylglyc-
erol trimethylsilyl ether are considered as potential
inhibitors against TCF7L2 causing T2DM. As these
molecules showed a higher e values and give a
strong interaction between ligand and receptor that
leads to the activation of receptors. This finding is
comparable with many scientific reports, Hyun et
al. [23] tested that rutin, quercetin, and myrice-
tin are potential a-glucosidase inhibitors of T2DM
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through structure-based computational method.
Another study by Kalaiselvi et al. [24] were con-
ducted in silico study of bioactive compounds from
Ixora coccinea were docked with insulin receptor
proteins. They reported that quercetin exhibited a
good docking profile with tyrosine and AMP Kinase
[24]. Various authors studied molecular docking of
bioactive compounds, reported that quercetin as a
potential drug candidate, and showed high binding
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Etotal: -320.13 Eshape: -320.13.Eforce:8,00 Eair: 0.00

Figure 3. Molecular docking of TCF7L2 with “quercetin”
(green colour indicates antiparallel sheet of receptor,
yellow colour shows parallel sheet, red colour indicates
loop, and blue colour indicates helix).

affinity with target protein to synthesize anti-dia-
betic drug molecules [25-27]. The present study
reports are reaffirmed that quercetin considered
as the potential drug candidate for TCF7LZ2 protein.
In addition to that, quercetin has proven to protect
against the development of diabetic neuropathy by
the inhibition of lipid peroxidation and restoration
of antioxidant enzyme in animal model [28]. Very
recently, Srinivasan et al. (2018) reported that dif-
ferent concentrations of quercetin showed remark-
able anti-hyperglycemic effects in rat model and
they confirmed the effects with both in silico and in
vitro approaches [29]. Furthermore, Singh et al. [30]
conducted in silico and in vivo studies and reported
that quercetin is a potential ligand with antidiabetic
and antihyperglycemic action mediated by changes
in the levels of glucose, cholesterol, and triglycerides.

Next, considering the second moleculel-Mono-
linoleoylglycerol trimethylsilyl ether showed strong
bindingwith TCF7L2 and e value was -288.55 K] /mol.
This is coincides with recent study by Senthil et al. [9]
isolated 1-Monolinoleoylglycerol trimethylsilyl ether
from I sepiaria and the molecular docking studies
showed high affinity with TCF7L2. These data are of
interest for the researchers who are developing fur-
ther studies to evaluate drugs in future.

In conclusion, from the list of 25 bioactive com-
pounds retrieved from the data bank of I sepiaria,
quercetin and 1-Monolinoleoylglycerol trimethyl-
silyl ether were identified by selecting the suitable

www.promedsci.org

Etotal: -288.55 Eshape: -288.55 Eforce: 0.00 Eair: 0.00

Figure 4. Molecular docking of TCF7L2 with 1-Mono-
linoleoylglycerol trimethylsilyl ether.

ligands for TCF7LZ2 protein receptor for controlling
T2DM. Quercetin-TCFL2 molecular docking studies
reveals best dock score as —320.13 KJ /mol. Thus, we
concluded that the quercetin could inhibit TCF7L2
protein and considered as a potential drug candi-
date against T2DM and further in vitro studies are
required to confirm these results. The molecular
docking in the current study was concrete enough
to discover the binding mechanism and interaction
between the 25 different compounds, which are
the ligands and TCF7L2. The results obtained in
this study shall be useful for future drug designing
and development of novel compounds with higher
inhibitory activity against T2DM. However, it is
mandatory need to validate these compounds in in
vitro and in vivo studies for establishing them as
potential novel drug candidates.

References

[1] Kitabchi AE, Umpierrez GE, Miles JM, Fisher JN.
Hyperglycemic crises in adult patients with diabe-
tes. Diabetes Care 2009; 32:1335-43.

[2] Wild S, Roglic G, Green A, Sicree R, King H. Global
prevalence of diabetes: estimates for the year 2000
and projections for 2030. Diabetes Care 2004;
27:1047-53.

[3] HuFB, Manson JE, Stampfer MJ, Colditz G, Liu S, Sol-
omon CG, et al. Diet, lifestyle, and the risk of type
2 diabetes mellitus in women. N Engl ] Med 2001;
345:790-7.

[4] Shoback, edited by David G. Gardner, Dolores.
Chapter 17. Greenspan’s basic and clinical endo-
crinology. 9th edition, McGraw-Hill Medical, New
York, NY, 2011.

[5] Castrop ], van Norren K, Clevers H. A gene family
of HMG-box transcription factors with homology to
TCF-1. Nucleic Acids Res 1992; 20:611.

13



[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

14

Muniraj Menakha, Muniraj Sangeetha, Panagal Mani, Mohammad Saleh Al-Aboody, Rajendran Vijayakumar

McCarthy MI. Genomics, type 2 diabetes, and obe-
sity. N Engl ] Med 2010; 363:2339-50.

Tang W, Dodge M, Gundapaneni D, Michnoff C, Roth
M, Lum L. A genome-wide RNAi screen for Wnt/
beta-catenin pathway components identifies unex-
pected roles for TCF transcription factors in cancer.
Proc Natl Acad Sci 2008; 105:9697-702.

Cases M, Mestres J. A chemogenomic approach to
drug discovery: focus on cardiovascular diseases.
Drug Disc Today 2009; 14:479-85.

Senthil ], Rameashkannan M, Vardharajulu, Mani
P. Molecular docking identification of best drug-
molecule from Ipomoea sepiaria (Koenig Ex. Roxb)
leaves against type 2 Diabetes Mellitus. Int ] Curr
Biotechnol 2016; 4:7-12.

Kirtikar KR, Basu BD. Dehradun: International
Book Distributor. Indian Medicinal Plant 1960;
1:1702-12.

Prajapati ND, Purohit SS, Sharma AK, Kumar T. A
Handbook of Indian Medicinal Plants, A Complete
Source Book. Agrobios, Jaipur, India, pp 291-2,
2010.

Venkataswamy R, Mubarack HM, Doss A, Ravi TK,
Sukumar M. Ethnobotanical study of medicinal
plants used by Malasar tribals in Coimbatore Dis-
trict of Tamil Nadu (South India). Asian ] Exp Biol
Sci 2010; 1:387-92.

Jain SK. Dictionary of Indian folk medicine and eth-
nobotany. Deep Publication, New Delhi, India, p
108, 1991.

Majumder, Sayani BK, Ashok, Nishteswar K. Evalu-
ation of intestinal transit time of root and leaves of
Ipomea Sepiaria. Ayu 2013; 34:430-2.

Cohen N, Claude. Guidebook on Molecular model-
ling in drug design. Academic Press, Boston, MA,
1996.

Tollenaere JP. The role of structure-based ligand
design and molecular modelling in drug discovery.
Pharm World Sci 1996; 18:56-62.

Madsen U, Krogsgaard-Larsen P, Liljefors T. Text-
book of drug design and discovery. Taylor & Fran-
cis, Washington, DC, 2002.

Dixon §], Stockwell BR. Identifying druggable dis-
ease modifying gene products. Curr Opin Chem Biol
2009; 13:549-55.

Wadood A, Ahmed N, Shah L, Ahmad A, Hassan H,
Shams S. In-silico drug design: an approach which

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

revolutionarised the drug discovery process. OA
Drug Design Delivery 2013; 1:3.

Vaquero AR, Ferreira NE, Omae SV, Rodrigues MV,
Teixeira SK, Krieger JE, et al. Using gene-network
landscape to dissect genotype effects of TCF7L2
genetic variant on diabetes and cardiovascular risk.
Physiol Genom 2012; 44:903-14.

Jin T, Liu L. The Wnt signaling pathway effector
TCF7L2 and type 2 diabetes mellitus. Mol Endocri-
nol 2008; 22:2383-92.

Zhang C, Bao W, Rong Y, Yang H, Bowers K, Yeung
E, et al. Genetic variants and the risk of gestational
diabetes mellitus: a systematic review. Hum Reprod
2013; 19:376-90.

Hyun TK, Eom SH, Kim JH. Molecular docking stud-
ies for discovery of plant-derived a-glucosidase
inhibitors. POJ 2014; 7:166-70.

Kalaiselvi M, Amsaveni R, Bhuvaneshwari V. Molec-
ular docking of compounds elucidated from Ixora
coccinea Linn. flowers with insulin receptors. Der
Pharm Lett 2015; 7:344-8.

Smruthi G, Mahadevan V, Vadivel V, Brindha P.
Docking studies on antidiabetic molecular targets
of phytochemical compounds of Syzygium cumini
(L.) skeels. Asian ] Pharm Clin Res 2016; 9:287-93.
Nguyen Vo TH, Tran N, Nguyen D, Le L. An in silico
study on antidiabetic activity of bioactive com-
pounds in Euphorbia thymifolia Linn. Springer Plus
2016; 5:1359.

Nisha ]J. Molecular docking analysis of potential
Dipeptidyl peptidase—4 (DPP-4) inhibitors from
Siddha formulation Pungampoo Chooranam for
treating Diabetes mellitus. Int ] Adv Res Biol Sci
2017; 4:78-85.

Anjaneyulu M, Chopra K. Quercetin, an anti-oxidant
bioflavonoid, attenuates diabetic nephropathy in
rats. Clin Exp Pharmacol Physiol 2004; 31:244-8.
Srinivasan P, Vijayakumar S, Kothandaraman S, Pal-
ani M. Anti-diabetic activity of quercetin extracted
from Phyllanthus emblica L. fruit: In silico and in
vivo approaches. ] Pharm Anal 2018; 8:109-18.
Singh P, Preeti Yadav VK, Singh AK. Molecular
docking studies of medicinal compounds against
Aldose reductase drug target for treatment of type
2 diabetes. Intl ] Bioinformatics Biological Sci 2017;
5:91-116.

Appl Med Res ¢ 2018 ¢ Vol 2 e Issue 1



