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Abstract

ackground: Type 2 diabetes is caused by a complex combination of genetic predisposition and lifestyle
B factors, which contributes to its rising global incidence. a-amylase is a critical pharmaceutical target

for reducing postprandial hyperglycemia in diabetes and other metabolic diseases. Because of the
numerous side effects associated with synthetic anti-diabetic drugs, the use of natural substances for diabetes
management has grown in popularity in recent years.

Methods: In this study, potential a-amylase inhibitors were identified using virtual screening approaches,
with a focus on bioactive compounds derived from Zingiber officinale. A comprehensive screening of 383
compounds was performed against the a-amylase active site. Following that, 14 compounds were identified
as having greater binding energy efficacy than the control compounds.

Results: The compounds LTS0006138, LTS0117761, LTS0176515, L.TS0102243, and LTS0018665 exhibited
notable interactions with the catalytic residues of a-amylase in this study, particularly by forming hydrogen
bonds with multiple residues within the enzyme. Furthermore, an analysis of the molecular properties and
descriptors of these five compounds showed promising drug-like properties.

Conclusion: These compounds show promise as potential novel a-amylase inhibitors; nevertheless, further
experimental validation is required to optimize their potency as a-amylase inhibitors.
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Introduction

Diabetes, a chronic metabolic condition, is one of the
prominent contributors to premature death globally.
According to the International Diabetes Federation
(IDF), diabetes affects one out of every ten adults
worldwide, implying that over 537 million people are
affected by this chronic disease. This amount will more
than double to over 643 million by 2030 and 783
million by 2045 [1]. Diabetes-related complications
claimed the lives of 6.7 million people worldwide in
2021 alone [2]. Diabetes, specifically type 2 Diabetes
(T2D), is characterized by high blood glucose levels,
also known as hyperglycemia. The primary underlying
factor in this condition is a decrease in pancreatic
insulin production, which results in a deficit of insulin
secretion and impaired insulin function, or a
combination of both [3]. T2D results in weight gain and
decreased physical activity due to the body's inability
to utilize insulin, with a significant proportion of
patients not requiring insulin therapy [4]. This
situation puts patients at a higher risk of serious health
complications,  particularly those related to
cardiovascular disease [5]. Chronic diabetes, in the
absence of appropriate intervention, can lead to organ
failure and frequently results in life-threatening long-
term complications [3].

Diabetes is currently managed with insulin and
various oral anti-diabetic medications. However, many
existing diabetes medications are associated with a
wide range of serious side effects, emphasizing the
critical need to investigate alternative approaches [6,7].
Inhibiting carbohydrate-hydrolyzing enzymes,
particularly a-amylase, to reduce glucose absorption is
an effective strategy for preventing postprandial
hyperglycemia. a-amylase is a key secretion produced
by the salivary glands and pancreas that is required for
starch and glycogen digestion. This enzyme catalyzes
the first phase of starch hydrolysis, resulting in a
mixture of oligosaccharides [8]. Hence, a-amylase is
critical in breaking down complex starch molecules
into simpler sugar constituents. Following a
carbohydrate-rich meal, blood glucose levels rise as
starch begins to break down into simpler sugar units.
Therefore, a-amylase activity significantly contributes
to postprandial glucose elevation. The inhibition of a-
amylase has the potential to significantly reduce the
post-meal surge in blood glucose, making it an
effective approach for glycemic control in people with
T2D and those on the verge of developing the disease
[9].

Ginger, scientifically known as Zingiber officinale,
has the ability to address Type 2 Diabetes Mellitus
(T2DM) and its associated complications by engaging

and shogaols enhance glucose regulation, increase
insulin  sensitivity,  exhibit  anti-inflammatory
properties, and demonstrate antioxidant activity.
Ginger suppresses the activity of enzymes involved in
the breakdown of carbohydrates, decreases
inflammation throughout the body, counteracts the
harmful effects of oxidative stress, and enhances the
composition of lipids in order to enhance the
regulation of blood sugar levels and address metabolic
imbalances associated with T2DM [10]. This study
utilizes a computational approach, specifically
structure-based virtual screening, to identify new
natural a-amylase inhibitors from the LOTUS database.
Upon experimental validations, these inhibitors exhibit
potential for utilization as a therapeutic intervention
for diabetes.

Methods

Protein preparation

The protein structure used as a prerequisite for
molecular docking was obtained from the Protein Data
Bank, with the PDB ID 2QV4 file depicting the three-
dimensional structure of human pancreatic a-amylase
complexed with Acarbose derivative (named as QV4) at
a resolution of 1.97 angstroms [11]. This structural
model was created by removing heteroatom
coordinates, water molecules, and co-crystallized
ligand molecules, and the resulting protein structure
was saved in.pdb format.

Compound library preparation

The investigation incorporated a widely recognized
botanical species, Zingiber officinale. A comprehensive
investigation was carried out within the LOTUS
database to identify bioactive compounds originating
from this particular species. The compounds that have
been found were downloaded in the .sdf format and
subsequently subjected to processing in order to
facilitate their utilization in further virtual screening.

Virtual screening

PyRx version 0.8 [12], which uses Autodock Vina as the
underlying docking engine, was used for molecular
docking for virtual screening. The docking grid center
was defined as X = 12.384745, Y = 48.136073, and Z =
26.209218. Subsequently, the binding affinities for the
most favorable poses were tabulated, and the
interaction details were visualized utilizing the
Discovery Studio (DS) Visualizer. QV4 (co-crystal
ligand) and montbretin A (MbA), a human pancreatic
a-amylase inhibitor [11] was used as a positive control
for this study.

. . . Molecular properties and molecular descriptors
with the biochemical and cellular pathways that estimation prop P
contribute to the development of the disease. Gingerols
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The molecular properties and molecular descriptors for
the selected five compounds were accessed from the
LOTUS database (https://lotus.naturalproducts.net/).

Results

A virtual screening methodology was employed in order
to identify a putative natural inhibitor of a-amylase. A
total of 383 compounds were obtained from a LOTUS
database derived from Zingiber officinale. The
secondary structure of «a-amylase, specifically the
ProMotif, is characterized by the presence of 8 -
sheets, 5 BaB units, 6 B-hairpins, 3 B-bulges, 24 B-
strands, 23 a-helices, 13 helix-helix interactions, 48 B-
turns, 7 y-turns, and 5 disulfide bonds. The catalytic
residues responsible for enzymatic activity are located
at positions D197-D300-E233, D197-E233, and D197-
E233 (Figure 1).

1 s

Figure 1: 3D (A) and secondary (B) structure of o-amylase
showing a-helices, 3-sheets, and domains.

A structure-based virtual screening approach was
employed to screen the active pockets of a-amylase
against the 383 compounds that were retrieved. After
conducting virtual screening and conducting a
thorough analysis of the screened compounds, which
involved evaluating binding energies and visually
inspecting their 2D and 3D interactions, it was
determined that 14 compounds exhibited greater
efficacy in terms of binding energies (Table 2).

Ligand Binding Affinity (Kcal/mol)
LTS0268251 -7.6
LTS0176515 -7.5
LTS0015210 -7.1
LTS0018665 -7.1
LTS0117761 -6.8
LTS0102243 -6.5
LTS0006138 -6.4
LTS0203280 -6.3
LTS0266647 -6.3
LTS0254603 -6.3
LTS0117764 -6.2
LTS0203906 -6.1
LTS0084287 -6.1
LTS0206935 -6.1
Montbretin A -6.1
QVv4 -5.7

Table 1: List of the top 14 compounds with binding affinity
values higher than the positive controls.

Further investigation was undertaken on the top five
prominent compounds that were identified, specifically
LTS0006138, LTS0117761, LTS0176515, LTS0102243,
and LTS0018665. Figure 2 illustrates the binding
conformations of the five compounds under
investigation, as well as two positive controls (QV4 and
MbA), within the active pocket of a-amylase (Figure 2).
The comprehensive analysis of docked complexes
demonstrated that these selected compounds exhibited
interactions within the identical catalytic pocket of the
target protein, comparable to the positive controls.

Figure 2: Binding poses of the control (blue) and top 5
compounds (green) in active pocket of target protein.

The positive control MbA was found to interact with
Leul62, Tyrl51, Pro54, Thr163, Asn53, Ile51, Trp58,
GIn63, His299, Asp300, Asn298, Glu233, Argl95,
Aspl197, Tyr62, Glyl04, Leul65, Trp59, Asp356, and
His305 residues of a-amylase; while the co-crystal
inhibitor QV4 interacted with Trp58, Leul62, His305,
His299, Asp300, Argl95, Asp197, Glu233, Ala198,
Tyr62, GIn63, Trp59, Leul65, Glu60, Alal06, Pro54,
Ile51, Asn53, Val107, Gly104, and Thr163 residues of a-
amylase (Figure 3).

MbA & @ au ¥ @8

Figure 3: 2D interaction of positive controls with active residues
of a-amylase showing several common interacting residues.

LTS0176515 was found to interact with Arg421,
Val401, Pro332, Arg398, Ser289, Gly334, Asp290,
Arg252, Ser3, Pro4, Thr11, Phe335, Asp402, and Gly403
residues of o-amylase (Figure 4). LTS0018665
interacted with Trp58, Tyr62, Trp59, His299, Asn298,
Arg195, Asp300, Glu233, Ala198, and Asp197 residues
of a-amylase (Figure 4). LTS0006138 was found to bind
with Gly9, Gly403, Arg421, Ser289, Arg398, Pro332,
Gly334, Tyr333, Arg252, Asp290, Asp402, Phe335,
Thr11, Pro4, Thr6, and ArglO residues of a-amylase
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(Figure 4). LTS0117761 interacted with Phe335, Pro4,
Arg252, Asp290, Gly334, Ser289, Pro332, Gly403,
Arg398, Arg421, Thrll, Asp402, Gly9, Argl0, and Thré
of «-amylase
LTS0102243 was found to interact with Ile235, Asp300,
Glu233, Argl95, His299, Asp197, Trp59, Tyr62, His305,
Trp58, Asn298, Phe256, Asn301, Ala307, and Gly306

residues
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residues of a-amylase (Figure 4).

(Figure 4).

Furthermore,

Compounds

Interacting residues

H-bonded residues

LTS0176515

Arg421, Val401, Pro332,
Ser289, Gly334, Asp290,

Ser3, Pro4, Thr11, Phe335,

and Gly403

Arg398,
Arg252,
Asp402,

Arg252 and Arg421

LTS0018665

Trp58, Tyr62, Trp59,

His299,

Asn298, Argl195, Asp300, Glu233,

Ala198, and Asp197

His299, Argl195,
Glu233, and Asp197

LTS0006138

Gly9, Gly403, Argd2l,

Ser289,

Arg398, Pro332, Gly334, Tyr333,

Arg252, Asp290, Asp402, P
Thr11, Pro4, Thré6, and Arg10

'he335,

Arg252, Gly334, and
Ser289

LTS0117761

P

LTS0117761

(7]

™

i
i

LTS0102243

Phe335, Pro4, Arg252,

Asp290,

Gly334, Ser289, Pro332, Gly403,
Arg398, Arg421, Thrll, Asp402,

Gly9, Arg10, and Thr6

Arg252 and Ser289

o LTS0102243

i
ol

11e235, Asp300, Glu233, Argl9s,

His299, Asp197, Trp59,
His305, Trp58, Asn298, P!
Asn301, Ala307, and Gly306

Tyr62,
he256,

Glu233 and Arg195

LTS0006138 MbA’

Leul62, Tyrl51, Pro54, Thrl163,

Asn53, Ile51, Trp58, GIn63, His299,
Asp300, Asn298, Glu233, Argl9s,
Asp197, Tyr62, Glyl04, Leulé65,

Trp59, Asp356, and His305

Asp356,
and Arg195

Asp197,

Qv4’

Trp58, Leul62, His305, His299,
Asp300, Argl95, Aspl97, Glu233,

Ala198,
Leul65,

Tyr62, Gln63,
Glu60, Alal06,

Trp59,
Pro54,

Ile51, Asn53, Vall07, Glyl04, and

Thr163

His299, Glu63, and
Thr163

Figure 4: 2D interaction of top 5 hits with active residues of «-
amylase showing several common interacting residues.

*positive control
Table 2: List of interacting residues and H-bonded residues of a-
amylase with selected five compounds.

Molecular Properties LTS0006138 LTS0117761 LTS0176515 LTS0102243 LTS0018665
1-(3,4-dihydroxy-5- (le,4e)-1-(4-hydroxy-3- Shogaol 1-(3,4-dimethoxyphenyl)- Butanediol
methoxyphenyl)-5- methoxyphenyl)deca-1,4-dien- 5-hydroxydecan-3-one
hydroxydecan-3-one 3-one

Total atom 48 42 44 50 16

Heavy atom 22 20 20 22 6

Bond count 22 20 20 22 5

Number of carbons 17 17 17 18 4

Minimal number of rings 1 1 1 1 0

Maximal number of rings 1 1 1 1 0

Table 3: Common molecular properties of the selected five compounds.

Molecular Descriptors LTS0006138 LTS0117761 LTS0176515 LTS0102243 LTS0018665
1-(3,4-dihydroxy-5- (1e,4e)-1-(4-hydroxy-3- Shogaol 1-(3,4-dimethoxyphenyl)- Butanediol
methoxyphenyl)-5- methoxyphenyl)deca-1,4-dien- 5-hydroxydecan-3-one
hydroxydecan-3-one 3-one

NP-likeness score 1.02 1.02 1.02 1.02 1

Alogp 3.21 4.53 4.55 3.72 0.37

Alogp2 10.28 20.51 20.72 13.87 0.14

Apol 51.2666 46.9954 48.329 53.5582 15.3119

Bpol 31.2974 26.9246 29.111 35.3998 10.9321

Eccentric Connectivity 474 430 430 497 31

Index Descriptor

Fmf Descriptor 0.2727 0.3 0.3 0.2727 0

Fsp3 0.5882 0.3529 0.4706 0.6111 1

Fragment Complexity 1842.05 1384.03 1556.03 2038.04 195.02

Descriptor

Petitjean Number 0.5 0.5 0.5 0.4667 0.5

LipinskiRule 1 0

(Failures)

WienerPath 1284 1043 1043 1312 32

Number

Xlogp 2.793 4.359 4.108 3.091 0.316

Zagreb Index 100 88 88 98 20

TopoPSA 86.99 46.53 46.53 55.76 40.46

Table 4: Predicted molecular descriptors and NP-likeness scores of the selected five compounds.
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The additional comprehensive data regarding the
selected 5 compounds, including their molecular
properties (Table 3) and molecular descriptors (Table
4), was obtained from the LOTUS database. Molecular
properties including the number of total atoms, heavy
atoms, bond count, carbon atoms, minimal number of
rings, as well as maximal number of rings were
estimated for these compounds.

Drug-like characteristics are evaluated using
molecular descriptors during compound design. Size,
shape, polarity, and chemical reactivity are all
numerical representations of molecule attributes.
Various descriptors were calculated for the selected
substances, typically comprising the NP (natural
product)-likeness score, AlogP, and evaluation for
Lipinski's rule violation. These descriptors collectively
offered a comprehensive assessment of the compound's
drug-like characteristics.

Discussion

Diabetes, a widespread metabolic syndrome, is a
formidable and long-lasting global public health
challenge. A well-known therapeutic strategy for the
prevention and management of diabetes involves
lowering postprandial blood glucose levels by
inhibiting digestive enzymes such as a-amylase and
alpha-glucosidase [13]. The enzyme a-amylase is a
critical therapeutic target, and several synthetic drugs,
including acarbose, voglibose, and miglitol, have been
developed by inhibiting it. Natural sources have also
yielded numerous amylase inhibitors [14,15].

The goal of this study was to screen chemicals
derived from Zingiber officinale for inhibitory effects
on a-amylase. Zingiber officinale is widely recognized
for its therapeutic properties in the treatment of
diabetes, and a plethora of anti-diabetic chemicals have
been extracted from this specific species [16]. Following
virtual screening and a thorough analysis of the
screened compounds, which included an assessment of
binding energies as well as a visual inspection of their
2D and 3D interactions, 14 compounds were identified
as having greater binding energy efficacy than the
positive controls. Notably, five prominent compounds
were chosen for in-depth interaction analysis:
LTS0006138, LTS0117761, LTS0176515, LTS0102243,
and LTS0018665.

H-bonds are crucial to the binding stability of ligand-
protein complexes [17]. Interestingly, the top 5
compounds (LTS0006138, LTS0117761, LTS0176515,
LTS0102243, and LTS0018665) formed H-bonds with
several a-amylase residues. LTS0176515 formed H-
bonds with Arg252 and Arg421 residues of a-amylase,
while His299, Arg195, Glu233, and Asp197 residues H-

bonded with LTS0018665. LTS0006138 formed H-bonds
with Arg252, Gly334, and Ser289 residues of a-amylase,
while LTS0117761 formed H-bonds with Arg252 and
Ser289 residues. LTS0102243 also formed H-bonds with
the Glu233 and Arg195 residues of a-amylase.

MbA, a glycosylated flavonol that is water soluble,
effectively inhibits human pancreatic amylase. The
specific inhibition of the enzyme emphasizes the
importance of this substance in the treatment of
diabetes and obesity [18]. The a-amylase residues
Leul62, Pro54, Thr163, Asn53, Ile51, GIn63, His299,
Asp300, Glu233, Argl95, Aspl97, Tyr62, Glyl04,
Leul65, Trp59, and His305 were found to be important
in binding interactions with MbA and the co-crystal
inhibitor (QV4). Intriguingly, the compounds
LTS0006138, LTS0117761, LTS0176515, LTS0102243,
and LTS0018665 showed interactions with these
specific «a-amylase residues, necessitating further
investigation into their potential pharmacological
significance.

Drug development is a critical undertaking in the
pharmaceutical  industry. = Computational  drug
discovery is emerging as an effective strategy for
speeding up and streamlining the drug discovery and
development process [19-21]. Herbal medicine is a
viable option for reducing the negative side effects of
synthetic drugs. Diabetes has traditionally been treated
using a variety of medicinal plants [22]. Because of
their ease of use, low side effects, and low cost,
bioactive compounds are essential components of
modern pharmaceuticals, particularly in rural areas
[23]. The hit compounds identified in this study are
phytochemical with strong binding affinity for «o-
amylase, implying potential utility in diabetes
management.

a-amylase is a critical therapeutic target in diabetes
management. In this study, natural compounds were
virtually screened against o-amylase. Notably,
LTS0006138, LTS0117761, LTS0176515, LTS0102243,
and LTS0018665 demonstrated strong binding affinity
to a-amylase and interactions with the enzyme's active
site  residues. Furthermore, these compounds
demonstrated promising drug-like properties. These
compounds show promise as potential novel a-amylase
inhibitors; however, further experimental validation is
required to optimize their efficacy as a-amylase
inhibitors.
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