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ABSTRACT

Diabetes is a prevalent metabolic disorder characterized by elevated blood glucose levels due
to impaired glucose metabolism. Current therapeutic approaches target enzymes involved in
carbohydrate digestion and absorption, such as a-amylase and a-glucosidase, to control
postprandial hyperglycemia. In this study, we designed and evaluated 100 zinc-based
derivatives of epicatechin as potential inhibitors of these enzymes. Epicatechin, a natural
flavonoid found in various plants, has shown promising inhibitory activity against a-amylase
and a-glucosidase. By incorporating zinc into epicatechin derivatives, we aimed to enhance
their binding affinity and inhibitory potency. Docking studies were conducted to assess the
binding affinity of the designed compounds with o-amylase and a-glucosidase. Several
derivatives demonstrated strong binding affinity to the active sites of both enzymes,
outperforming the reference compound Acarbose. Further analysis revealed extensive
hydrogen bonding and miscellaneous interactions of the designed compounds with key
residues in a-amylase and a-glucosidase. These interactions suggest the potential of the zinc-
based derivatives to disrupt the enzymes' active sites and inhibit their catalytic activities
effectively. ADME analysis indicated favorable pharmacokinetic properties for the compounds,
such as molecular weight and hydrogen bond donors and acceptors, crucial for drug-protein
interactions and solubility. Additionally, computational toxicity analysis showed a generally
low toxicity profile for the zinc-based derivatives. In conclusion, this study presents the design

and evaluation of 100 zinc-based derivatives of epicatechin as potential inhibitors of a-amylase
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and a-glucosidase. The computational analysis reveals compounds with strong binding affinity
and inhibitory potential, providing a basis for further experimental investigations. Developing
novel inhibitors targeting these enzymes could offer new therapeutic strategies for managing

abnormal carbohydrate metabolism in diabetes.

KEYWORDS: Diabetes, Epicatechin, a-amylase, a-glucosidase, ADME, Toxicity
INTRODUCTION

Diabetes is a chronic metabolic disorder characterized by elevated levels of glucose in the
bloodstream. Normally, food is broken down into glucose in the stomach and serves as an
energy source for the body [1]. The pancreas plays a crucial role in this process, housing three
types of cells: a, beta, and delta cells. Among them, beta cells are responsible for producing
insulin, a hormone that regulates blood glucose levels and facilitates the transfer of glucose to
various parts of the body, including muscles, fats, and the liver [2-3]. However, in individuals
with diabetes, this vital function of glucose transfer encounters resistance due to two primary
factors. There are two main reasons for the increase in blood glucose levels in individuals with

diabetes:

1. Insufficient insulin production by pancreatic beta cells: In this case, the beta cells in the
pancreas fail to produce an adequate amount of insulin [4]. Without enough insulin,
glucose cannot be effectively transferred from the bloodstream into cells to be used as
energy. This leads to elevated blood glucose levels [5].

2. Insulin resistance: Insulin resistance occurs when cells in the body do not respond to
insulin normally. In other words, even if sufficient insulin is produced, the cells fail to
effectively utilize it to allow glucose to enter and be stored for energy [6]. As a result,

glucose accumulates in the bloodstream, causing high blood sugar levels [7].
There are three main types of diabetes:

1. Type 1 diabetes (T1D) or Juvenile diabetes or Insulin-dependent diabetes: T1D can
affect individuals of any age, including both adults and children [8]. It occurs when the
pancreas stops producing insulin due to the destruction or inactivity of pancreatic beta
cells. People with T1D rely on daily insulin injections to maintain normal blood glucose
levels [9]. The exact causes of T1D are not fully understood, but it is believed that a

combination of genetic and environmental factors contributes to its development.
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2. Type 2 diabetes (T2D) or Non-insulin dependent diabetes mellitus (NIDDM): This
is the most common form of diabetes and is typically diagnosed in adulthood. However,
due to rising obesity rates and sedentary lifestyles, T2D is increasingly being diagnosed
in teenagers and young adults as well. In T2D, fat, muscle, and liver cells do not respond
properly to insulin, leading to insulin resistance. Consequently, blood sugar cannot
enter these cells for energy storage, resulting in its accumulation in the bloodstream.

Insulin resistance is a gradual process that develops over time [10].

3. Gestational diabetes: Gestational diabetes is a type of diabetes that is first diagnosed
during pregnancy. Approximately eight out of 100 pregnant women in the United States
develop gestational diabetes [11]. Weight gain and hormonal changes during pregnancy
can impair insulin function, leading to high blood sugar levels. Usually, this form of
diabetes disappears after pregnancy [12]. However, women who have had gestational

diabetes have a 40-60% chance of developing T2D within 5 to 10 years [13].

Epicatechin, a natural flavonoid found in green tea, possesses powerful antioxidant properties
and is associated with numerous therapeutic benefits. It has been shown to have a positive
impact on various diseases, particularly diabetes and cancer. In the case of diabetes, epicatechin
consumption has demonstrated the ability to lower blood glucose levels and help maintain them
within the standard range [14]. Although the exact mechanism of action of epicatechin in
diabetes treatment is still being investigated, its potential as a promising candidate cannot be
ignored. Emerging evidence suggests that epicatechin, as a Flavon-3-ol compound, plays a role
in improving insulin sensitivity and may have a significant impact on the progression of Type
2 diabetes. By incorporating epicatechin-rich diets into their routine, individuals with insulin
resistance and glucose intolerance, such as those with obesity and Type 2 diabetes, may
experience normalized insulin sensitivity and glucose regulation [15]. Epicatechin compounds
also exhibit inhibitory effects on various biological events, including inflammation, oxidative
stress, and endoplasmic reticulum stress. Furthermore, they regulate processes within the
gastrointestinal tract and pancreas, ultimately influencing glucose homeostasis [16]. While the
precise mechanisms by which epicatechin influences diabetes treatment are yet to be fully
elucidated, its antioxidant effects and potential therapeutic actions make it a promising natural
compound for managing the disease. Further research is needed to fully understand and harness

the benefits of epicatechin in diabetes and other ailments [17-20].
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The objective of this study is to conduct in silico analysis of zinc-based epicatechin derivatives
for diabetes by targeting a-amylase and a-glucosidase, including molecular docking, ADME
prediction, and interaction studies. The specific goals are to investigate epicatechin's binding
affinity and interactions with target proteins involved in glucose regulation, predict its
absorption, distribution, metabolism, and excretion properties, analyze molecular interactions,
evaluate its drug-likeness properties, perform virtual screening for potential targets, validate
findings with existing data, and provide insights for future research. This analysis aims to assess
the therapeutic potential of epicatechin as an anti-diabetic agent and contribute to the

development of novel interventions for diabetes management.
MATERIAL AND METHODS

In this study, in-silico docking, a widely utilized technology for screening molecular libraries,
was employed to identify potential compounds with enzymatic inhibition capabilities. The Vina
1.5.6 AutoDock tool was utilized to assess the binding affinity (Kcal/mol) of the compounds,
specifically focusing on their interaction with the selected protein targets, namely a-
glucosidase (PDB id: 3a4a) and a-amylase (PDB id: 4w93) [21]. The compounds, obtained
from the ZINC database, were represented in both 2D and 3D structures using ChemBiodraw
ultra and ChemBiodraw 3D programs. Optimization of the compounds' performance and
energy minimization was achieved through the implementation of the MM2 method. The
resulting compounds were analyzed for their potential as a-amylase and a-glucosidase dual
inhibitors, and the interactions and poses of the compounds were visualized using Biovia

discovery studio visualizer and Pymol software.
COMPUTATIONAL DETAILS
Virtual Screening of Potential Molecules

In this study, a library of potential chemical compounds was generated by searching the ZINC
small molecule database for commercially available substances. Epicatechin was chosen as the
representative  molecule for this analysis. The ZINC database, accessible at
(www.zinc.docking.org), was used to identify structurally similar compounds, resulting in the
discovery of approximately 40% of such compounds. These molecules were downloaded in the
structural database file (.sdf) format. The Marwin view 18.22 version was employed to open
and visualize the downloaded ZINC database (.sdf) file, allowing for further analysis and

investigation [22].
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Ligand Preparation

To determine the most promising epicatechin derivative with strong binding potential, a
comprehensive screening was conducted using a library of these compounds. The 2D structures
of the epicatechin derivatives were generated using ChemBioDraw 2D software. Additionally,
ChemBioDraw 3D software was employed to convert the ligands into their respective three-
dimensional structures. Finally, to facilitate ligand analysis using the Autodock Vina program,
the ligands were saved as .PDB files, enabling further investigation of their binding affinities

and interactions with target proteins [23-24].
Protein Selection and Preparation

Proteins with the PDB codes 3a4a and 4w93, representing a-glucosidase and a-amylase,
respectively, were obtained from the Protein Data Bank (https://www.rcsb.org/). These
proteins, known for their roles in glucose metabolism, were downloaded and prepared using
the AutoDock Vina program. The program facilitated the separation of the ligand and protein
components for further analysis. The main objective of utilizing AutoDock Vina in this study
is to identify potential compounds with a high binding affinity for a-glucosidase (3a4a) and a-
amylase (4w93). By investigating the binding interactions between the ligands of interest and
these enzymes, the study aims to discover promising compounds that could potentially
modulate glucose metabolism and be developed as therapeutic agents for metabolic disorders

such as diabetes [25].
Validation of Protein for Docking

The repeatability and validity of the approach were assessed using the root mean square
deviation (RMSD) to compare redocked binding sites with ligands' atomic and crystallographic
conformations. The RMSD served as a quantitative measure, evaluating the accuracy and
precision of the methodology. Repeatability was determined by calculating the RMSD across
multiple redocking iterations, assessing consistency. Validity was established by comparing the
redocked binding sites with crystallographic conformations, indicating accuracy. The lower the
RMSD value, the higher the repeatability and validity, suggesting consistent and accurate
prediction of binding site conformations. The use of RMSD provided a robust evaluation of the

approach's performance [26].

Molecular Docking study
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Molecular docking was conducted to explore the potential binding patterns of the designed
molecules SS1-100 with the active sites of the target enzymes a-amylase (PDB ID: 4w93) and
a-glucosidase (3a4a), using AutoDock Vina 1.5.6. The protein was validated by extracting the
ligand from the protein structure, followed by preparation for the docking study. This involved
adding polar hydrogen, identifying the root, and converting the structure to a pdbqt extension
file. The protein was further prepared by removing water molecules, fixing missing atoms,
adding polar hydrogen, and assigning Kollman charges [27]. A grid box was generated around
the ligand, with the following coordinates and sizes for -amylase (PDB ID: 4w93) and a-

glucosidase (3a4a), respectively:
center x =-9.983
center y = 5.647

center z=-22.996

size x =54
size y =42
size_z = 40.

center x =21.798
center y =-7.787

center z = 24.341

size x =30
size 'y =24
size z=22

The AutoDock Tool Vina was executed through the command prompt, using the command
"program files\the scripps research institute\vina\vina.exe -config conf.txt -log log.txt." The
docking results, including binding affinities (Kcal/mol), for both the designed molecules and

the standard acarbose, were recorded and presented in a table [28].

ADME Analysis to find the lead molecules
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The screening and evaluation of seven hit compounds were conducted using the SwissADME
server, which is a computational tool for assessing molecular properties. The compounds were
inputted into the SwissADME program using a molecular sketcher based on ChemAxon's
Marvin. This allowed for the importation or manual drawing of 2D chemical structures, as well
as the utilization of SMILES notation. The BIOLED-egg approach within SwissADME was
employed to analyze various physiochemical characteristics, including interactions with p-
glycoprotein, permeability across the blood-brain barrier according to Lipinski's rule of 5, and
gastrointestinal absorption. By employing this computational approach, lead compounds with
desirable properties for targeted opioid agonists were identified based on lead-likeness criteria.
Furthermore, PKCSM (Preclinical Knowledge-Based Consensus Model) was utilized to
evaluate the toxicity of the identified lead compounds [29-30]. PKCSM employs a knowledge-
based consensus model that integrates multiple toxicity prediction models and databases to
provide a comprehensive assessment of potential toxicity risks. By leveraging PKCSM, the
research aimed to ensure that the selected lead molecules not only exhibited favorable
pharmacological properties but also demonstrated low toxicity profiles, thereby increasing
their potential as safe and effective drug candidates for targeted opioid agonists. This integrated
approach combining SwissADME and PKCSM enabled a robust evaluation of the lead

compounds' suitability for further development [31-33].

RESULT & DISCUSSION

The provided table 1 presents the docking scores of various compounds compared to acarbose
in terms of their binding affinity to a-amylase and a-glucosidase. Docking scores, obtained
through computational simulations, provide valuable insights into the potential interactions
between ligands (compounds) and target proteins. In this case, the target proteins, a-amylase
and a-glucosidase, play crucial roles in carbohydrate metabolism, and the compounds listed in
the table are being evaluated for their potential as inhibitors of these enzymes. Upon analyzing
the data, it becomes evident that several compounds exhibit notable binding affinity when

compared to acarbose, which serves as a reference inhibitor.

Table 1: Docking score of all the designed 100 compounds along with Ligands and standard

Sr | Com Structure a- a-
No. | poun amylase | glucosi
d docking dase

code score(kc | dockin
al/mol) g

score(
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kcal/m
ol)

1. SS-1 -8.4 -8.2
2. | SS-2 -8.8 -8.5
3. SS-3 -8.3 -8.6
4. | SS-4 -1.7 -8.3
5. SS-5 -8.2 8.4
6. SS-6 -7.3 -8.5
7. | SS-7 -8.4 -8.6
8. | SS-8 -7.2 -9.0
9. | SS9 -8.2 -8.2
10. | SS-10 -8.5 -10.0
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11. | SS-11 ©:O o -9.0 -10.1
HO O o 0
OH
OH O
12. | SS-12 o o~ -8.2 -8.2
O @ o O o
o
13. | SS-13 -7.4 -8.1
O ﬁ%@\
SO
14, | SS-14 -1.7 -8.0
/O:© fﬁ@\
o
15. | SS-15 -7.6 -8.1
16. | SS-16 -7.4 8.0
17. | SS-17 -9.0 -10.1
18. | SS-18 -8.6 -10.3
19. | SS-19 -1.7 -8.6
20. | SS-20 oH -8.5 -8.2
21. | SS-21 -7.3 -8.7
22. | SS-22 -8.2 -8.8
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23. | SS-23 -8.7 -10.2
HO:©
HO
24. | SS-24 OH OH -7.5 -8.9
HO@ (ji@\
HO
25. | SS-25 -7.6 -8.3
Ho
26. | SS-26 /@\)ﬁ, -8.9 -8.8
OH
27. | ss-27 oH 9.1 -10.7
ﬁOH
28. | SS-28 OH OH -7.4 -9.0
“°f5@
HO:@“' o OH
HO
29. | SS-29 OH -9.1 -95
HO.
0.
HO@
HO
30. | SS-30 OH -11.0 -11.3
HO
HO:©YO OH
0.
HO
31. | SS-31 -8.6 -10.0
’ O@g
32. | SS-32 -9.0 -9.9
HO
33. | SS-33 -8.6 -9.7
HO. OH
@@o
HO Ao} O@OH
HO OH
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34. | SS-34 -9.9 -10.1
35. | SS-35 -8.1 -9.1
36. | SS-36 OH -11.2 -11.3

HO
37. | SS-37 -8.0 -8.9
38. | SS-38 -8.7 -8.8
39. | SS-39 -7.4 -8.5
40. | SS-40 -7.7 7.9
41. | SS-41 -7.0 8.2
42. | SS-42 -8.4 -7.9
43, | SS-43 o~ -8.6 -8.0

HO

oA

HO
44, | SS-44 o~ -8.6 -8.6

0 g o~

<10
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45, | SS-45 -8.9 95
O@ o
46. | SS-46 -8.6 9.1
é ‘OH OH
oy ooy
HO
47. | SS-47 -8.7 -9.7
:5 ‘OH OH
HO:©
HO
48. | SS-48 -8.3 95
il o
(o8
HO@
HO
49, | SS-49 9.2 -10.5
50. | SS-50 -7.4 -8.0
51. | SS-51 1.7 -8.4
52. | SS-52 -75 -8.0
53. | SS-53 -8.1 -8.6
54, | SS-54 -1.4 -8.3
55. | SS-55 9.0 8.5
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56. | SS-56 @["j;@[o/ 93 -10.0
57. | SS-57 CNEN 86 -10.0
HOLAY? ~"‘@[o]©[\or+
OH O
58. | SS-58 OH -8.4 9.9
HO]@\“‘ 0 0" " oH
o OH
59. | SS-59 83 95
60. | SS-60 78 9.2
61. | SS-61 8.0 95
62. | SS-62 87 9.0
63. | S5-63 83 9.0
64. | SS-64 89 -10.0
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65. | SS-65 -8.4 -9.5
66. | SS-66 oH on -10.4 -10.4
OH ﬁw
HO 0 @\
OH
OH
67. | SS-67 D -8.4 -10.0

68. | SS-68 oH -8.0 -9.3

69. | SS-69 HO\(]&\HO:&H o -8.1 -9.2
HO o oG "/

70. | SS-70 ' -8.5 -9.4
" o o“'QﬂOFPH

71. | SS-71 O -8.1 -9.7

72. | SS-72 OH -8.2 -9.9

73. [ 5573 o 1 on 79 9.0
o o’(:)jVOH

74. | SS-74 OH -8.2 -9.4

HO \(\/©\
:©\‘ o OH
HO
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75. | SS-75 -8.8 -9.4
76. | SS-76 -8.0 -9.2
77. | SS-77 -8.0 -9.3
78. | SS-78 o OH wo, oM -8.9 -9.4
OH
- o O 3~
HO
79. | SS-79 OH wo, oM -9.0 -9.6
h'(g_/OH
80. | SS-80 -8.1 -8.0
81. | SS-81 -7.4 -8.5
82. | SS-82 -8.2 -8.3
83. | SS-83 -8.6 -95
84. | SS-84 -8.4 -10.6
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85. | SS-85 -8.1 -9.6
86. | SS-86 -8.6 -9.9
87. | SS-87 OH -1.7 -9.0
O,
W o) O
88. | SS-88 -8.1 -9.3
89. | SS-89 -8.0 -9.6
90. | SS-90 -9.6 -9.9
91. | SS-91 -9.0 -10.2
92. | SS-92 -8.4 -10.3
93. | SS-93 -8.4 -9.6
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94. | SS-94 OH -8.1 -9.3
A~ _OH
95. | SS-95 -8.1 -9.8
96. | SS-96 -8.2 -9.8
97. | SS-97 -8.0 -9.4
98. | SS-98 -8.7 -94
99. | SS-99 -9.7 -10.1
100. | Ss- -8.4 -10.0
100
HO ° OH

HO:@"' 0 OH

HO
101 | 3LN Ligand for Amylase -9.3 --
102 | GLC Ligand for Glucosidase -- -5.5
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103 | Acarb OH -7.4 -8.9
ose HO OH

The docking scores obtained for the top 10 compounds, along with the reference compound
Acarbose, were analyzed to assess their potential as inhibitors of a-amylase and a-glucosidase
table 2. In terms of a-amylase docking scores, compounds SS-36 and SS-30 exhibited the
highest binding affinity, with scores of -11.2 kcal/mol and -11 kcal/mol, respectively. These
scores suggest a strong interaction between these compounds and the active site of a-amylase.
Additionally, compounds SS-66, SS-34, and SS-99 demonstrated significant binding affinity,
with docking scores of -10.4 kcal/mol, -9.9 kcal/mol, and -9.7 kcal/mol, respectively. These
findings indicate that these compounds have the potential to effectively inhibit a-amylase
activity. Regarding o-glucosidase docking scores, compounds SS-36 and SS-30 again
demonstrated strong binding affinity, with scores of -11.3 kcal/mol and -11.3 kcal/mol,
respectively. This suggests that these compounds have a high affinity for the active site of a-
glucosidase and may effectively inhibit its activity. Compounds SS-34, SS-99, and SS-90 also
showed noteworthy binding affinity, with docking scores of -10.1 kcal/mol, -10.1 kcal/mol,
and -9.9 kcal/mol, respectively. These findings indicate that these compounds have the
potential to inhibit a-glucosidase activity. Comparing the docking scores of the top compounds
with that of Acarbose, it can be observed that some compounds, such as SS-36, SS-30, and SS-
66, exhibited higher docking scores than Acarbose for both a-amylase and a-glucosidase. This
suggests that these compounds may have improved binding affinity and could potentially be
more potent inhibitors of these enzymes compared to Acarbose. However, further experimental
validation is required to confirm their inhibitory activity. In conclusion, the docking results
indicate that several compounds, including SS-36, SS-30, SS-66, SS-34, and SS-99, show
promising binding affinity towards both a-amylase and a-glucosidase. Moreover, the identified
compounds SS-36, SS-30, SS-66, SS-34, and SS-99 demonstrate potential as dual antagonists
of both a-amylase and a-glucosidase. This dual inhibitory activity is particularly significant as

it targets two key enzymes involved in carbohydrate digestion and absorption. By
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simultaneously inhibiting both enzymes, these compounds have the potential to effectively

control postprandial glucose levels and modulate carbohydrate metabolism.

Table 2: Docking Score of 10 best compounds as compared to acarbose (standard)

Sr No. Compound A-Amylase A-
Code Docking Glucosidase
Score Docking
(kcal/mol) Score
(kcal/mol)

1. SS-36 -11.2 -11.3

2. SS-30 -11 -11.3

3. SS-66 -10.4 -10.4

4. SS-34 -9.9 -10.1

5. SS-99 -9.7 -10.1

6. SS-90 -9.6 -9.9

7. SS-56 -9.3 -10.0

8. SS-49 -9.2 -10.5

9. SS-27 -9.1 -10.7

10. SS-29 -9.1 -9.5

11. Acarbose -7.4 -8.9

After performing docking studies, further analysis was conducted to investigate the specific
interactions between the top compounds and the target proteins, a-amylase and a-glucosidase,
using Discovery Studio software. The interaction analysis provides valuable insights into the
molecular mechanisms underlying the binding affinity of the compounds and their potential as
enzyme inhibitors. The analysis revealed that the top compounds exhibited strong interactions
with the active sites of the target protein. The interaction analysis of the compounds with a-
amylase and a-glucosidase reveals crucial insights into their binding modes and potential
inhibitory mechanisms, with a particular emphasis on hydrogen bonding interactions.
Acarbose, utilized as the standard reference, displays specific interactions with both enzymes.
Comparing the hydrogen bonding interactions of the identified compounds with Acarbose
provides a detailed understanding of their binding profiles and potential inhibitory activities

table 3.

Table 3: Interaction Patterns of the potent compound in the active site of amylase and

glucosidase

S. No a-amylase Interactions a-glucosidase Interactions
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Compound | H-bond -7 Miscellaneous | H-bond -7 Miscellaneous
Code stack stack
55.36 ARG195, | TRP59 ASP300, ASP242, | PHE303 | GLUA411,
GLU233 ASP197 HI1S280, ARG315
ARG185, | TRP59 TYR62, SER240, | TYR158 | LYS156,
SS-30 HIS201 HIS299 ASP242, HIS280
SER157
GLN63 | TRP59 -- ARG442, | TYR158 | --
SS-66
ARG315
ASP197 | TYRG62, ARG195, PRO312, | -- ASP352,
TRP59 ASP356A | ASP69, ARG442
SS-34
ASP215,
GLU277
GLU233, -- -- ARG215, | PHE303 | VALZ216,
SS-99 HIS305, ASP352, TYR158
ASP356 ARG315
LYS200, - GLU233 ARG442, | -- HI1S280,
TRP59, ASP352, ASP242
SS-90
HIS299 GLN279,
SER240
ASP197, | TRP59 ALA198 ASP352, | -- ASP242,
GLNG63, GLU277, HIS280
SS-56
THR163 SER311,
SER240
GLU233, | TRP59 HIS201, ASP352, | PHE303 | GLU411,
55.49 HIS299 ASP197, ASP242, ARG442
ILE235 GLN279,
GLN353
GLU233, | LYS200 HIS201 HIS280, | -- GLU411
ILE235 ASP307,
SS-27
ARG442,
SER311
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10. THR163, | TYRG62, LEU165, GLN353, | TYR158 | --
ASP197 | TRP59 LEU162 SER241,
SS-29
SER157,
HI1S280
11. ASP353, -- -- ASP519, | -- --
TRP59, ASN522,
ASP356 LYS523,
Acarbose
ALAb547,
LYS523,
LYS551

SS-36: SS-36 exhibits significant interactions with a-amylase, forming hydrogen bonds with
ARG195 and GLU233. Additionally, it engages in a pi-pi stacking interaction with TRP59. In
a-glucosidase, SS-36 forms hydrogen bonds with ASP300 and ASP197, while also displaying
miscellaneous interactions with ASP242, HIS280, PHE303, GLU411, and ARG315. These
extensive hydrogen bonding interactions suggest that SS-36 has the potential to strongly disrupt

the active site both enzymes, effectively inhibiting their catalytic activities (Fig 1).
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Figure 1a: SS-36 in a-amylase

Figure 1b: SS-36 in a-glucosidase

SS-30: In o-amylase, SS-30 demonstrates interactions through hydrogen bonding with
ARG185 and HIS201. It also forms a pi-pi stacking interaction with TRP59. Moving on to a-
glucosidase, SS-30 engages in hydrogen bonding with TYR62, HIS299, SER240, ASP242,
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SER157, TYR158, LYS156, and HIS280. These diverse hydrogen bonding interactions imply

that SS-30 could significantly hinder substrate binding and enzymatic function of both a-

amylase and a-glucosidase (Fig 2).
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Figure 2a: SS-30 in a-amylase Figure 2b: SS-30 in a-glucosidase

SS-66: SS-66 exhibits an interaction with GLN63 in a-amylase and a pi-pi stacking interaction

with TRP59 in a-glucosidase. Although no miscellaneous interactions are observed for a-

glucosidase, SS-66's interaction with GLN63 in a-amylase suggests potential disruption of the

enzyme's catalytic activity (Fig 3).
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Figure 3a: SS-66 in a-amylase Figure 3b: SS-66 in a-glucosidase

SS-34: In a-amylase, SS-34 demonstrates an interaction with ASP197. In a-glucosidase, it
forms interactions involving TYR62, ARG195, and ASP356A. Additionally, miscellaneous
interactions are observed with PRO312, ASP69, ASP215, GLU277, ASP352, and ARG442.
These extensive hydrogen bonding interactions and miscellaneous interactions with key
residues in both enzymes suggest that SS-34 has the potential to effectively disrupt their active

sites, thereby inhibiting their catalytic functions (Fig 4).
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Figure 4a: SS-34 in a-amylase Figure 4b: SS-34 in a-glucosidase

SS-99: SS-99 interacts through hydrogen bonding with GLU233, HIS305, and ASP356 in a-
amylase. In a-glucosidase, it forms hydrogen bonds with ARG215, ASP352, ARG315,
PHE303, VAL216, and TYR158. These interactions highlight the potential inhibitory effects
of SS-99 on both enzymes, facilitated by its extensive hydrogen bonding interactions (Fig 5).
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Figure Sa: SS-99 in a-amylase Figure Sb: SS-99 in a-glucosidase

SS-90: In a-amylase, SS-90 forms hydrogen bonding interactions with LYS200, TRP59, and
HIS299. It also interacts with GLU233 through miscellaneous interactions. In a-glucosidase,
SS-90 engages in hydrogen bonding with ARG442, ASP352, GLN279, and SER240. These
interactions indicate that SS-90 has the potential to disrupt the catalytic sites of both enzymes

through strong hydrogen bonding interactions with key residues (Fig 6).

» o " ' y

A:200
Interactions

I:I van der Waals - Unfavorable Acceptor-Acceptor
- Conventional Hydrogen Bond |:| Pi-Cation

lLleracﬂw\s I:I Carbon Hydrogen Bond I:I Pi-Alkyl

;1:v?:£;:::‘iycrngen sond E irj:v:,mg P - Unfavarable Donor-Donor

Figure 6a: SS-90 in a-amylase Figure 6b: SS-90 in a-glucosidase

SS-56: SS-56 demonstrates interactions with ASP197, GLN63, and THR163 in a-amylase,
forming hydrogen bonds. Additionally, it forms a miscellaneous interaction with ALA198. In
a-glucosidase, SS-56 engages in hydrogen bonding with ASP352, GLU277, SER311, and
SER240. These interactions suggest that SS-56 can potentially hinder the enzymatic activities
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of both a-amylase and a-glucosidase through strong hydrogen bonding interactions with crucial

residues (Fig 7).
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Figure 7a: SS-56 in a-amylase Figure 7b: SS-56 in a-glucosidase

SS-49: In a-amylase, SS-49 forms hydrogen bonding interactions with GLU233 and HIS299.
It also interacts with TRP59, HIS201, ASP197, and ILE235 through miscellaneous
interactions. In a-glucosidase, SS-49 engages in hydrogen bonding with ASP352, ASP242,
GLN279, GLN353, and PHE303. These extensive hydrogen bonding interactions indicate that
SS-49 has the potential to disrupt the active sites of both enzymes, inhibiting their catalytic
functions effectively (Fig 8).
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Figure 8a: SS-49 in a-amylase Figure 8b: SS-49 in a-glucosidase

SS-27: SS-27 demonstrates hydrogen bonding interactions with GLU233 and ILE235 in o-
amylase. In a-glucosidase, it forms hydrogen bonds with LYS200 and HIS201. Furthermore,
SS-27 interacts with HIS280, ASP307, ARG442, and SER311 through miscellaneous
interactions. These interactions suggest that SS-27 has the potential to inhibit the enzymatic
activities of both a-amylase and a-glucosidase by forming crucial hydrogen bonds with key

residues (Fig 9).
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Figure 9a: SS-27 in a-amylase Figure 9b: SS-27 in a-glucosidase

SS-29: In a-amylase, SS-29 forms hydrogen bonding interactions with THR163 and ASP197.
It also engages in interactions with TYR62 and TRP59 through miscellaneous interactions. In
a-glucosidase, SS-29 forms hydrogen bonds with LEU165, LEU162, GLN353, SER241,
SER157, and HIS280. These interactions indicate that SS-29 has the potential to disrupt the
active sites of both enzymes by forming crucial hydrogen bonds with important residues (Fig

10).
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Figure 10a: SS-29 in a-amylase Figure 10b: SS-29 in a-glucosidase

Acarbose, the standard reference, interacts through hydrogen bonding with ASP353, TRP59,
and ASP356 in a-amylase. However, no interactions are observed in a-glucosidase. Although
Acarbose exhibits interactions with the enzymes, the identified compounds display a broader
range and stronger hydrogen bonding interactions, suggesting their potential as more potent
inhibitors. In summary, the compounds investigated show diverse hydrogen bonding
interactions with key residues in both a-amylase and a-glucosidase. These interactions indicate
their potential as inhibitors, potentially surpassing or complementing the inhibitory effects of
Acarbose. Further experimental validations and studies are necessary to confirm their

inhibitory potency, selectivity, and efficacy as dual antagonists (Fig 11).
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Figure 11a: Acarbose in a-amylase Figure 11b: Acarbose in a-glucosidase

ADME Analysis

In this study, we analyzed the ADME (absorption, distribution, metabolism, and excretion)
profiles of various compounds from the Swiss ADME dataset in comparison to the standard
drug acarbose. The results provide insights into the potential pharmaceutical utility of these
compounds based on their ADME properties. The molecular weight of a drug molecule is
known to influence its permeability and oral bioavailability. Acarbose, with a significantly
higher molecular weight (645.6), may exhibit distinct pharmacokinetic characteristics
compared to other compounds in the dataset. However, several compounds, including SS-36,
SS-30, SS-49, and SS-29, share a molecular weight similar to acarbose (442.37). This suggests
that these compounds might have comparable permeability profiles, which could be
advantageous for oral drug delivery. Hydrogen bond donors and acceptors are important factors
in drug-protein interactions and solubility. Acarbose possesses a substantial number of
hydrogen bond donors (19) and acceptors (14), indicating its potential for multiple interactions
with biological targets. Notably, compounds SS-66, SS-99, and SS-27 also exhibit a significant
number of donors and acceptors, suggesting the possibility of similar interaction capabilities.
This similarity might indicate potential therapeutic targets or mechanisms of action shared
between these compounds and acarbose. The LogP (partition coefficient) is a measure of a
compound's lipophilicity, reflecting its ability to permeate biological membranes. Acarbose,
with a significantly negative LogP value (-6.22), exhibits a hydrophilic nature. Conversely,
most compounds in the dataset, including SS-36, SS-30, SS-49, and SS-29, demonstrate

positive LogP values, indicating their lipophilic characteristics. These differences in
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lipophilicity may influence the compounds' absorption and distribution properties. Regarding
toxicity, all compounds in the dataset are classified as having "Low" toxicity, which suggests
their relative safety for further investigation. However, it is worth noting that SS-56 stands out
with a classification of "No" toxicity. This particular compound might possess an advantage
over others in terms of safety, potentially making it an attractive candidate for further drug
development table 4. The findings from this comparative analysis provide valuable insights
into the ADME profiles of various compounds in the Swiss ADME dataset, using acarbose as
the standard reference. However, it is important to consider that these results are based on
computational predictions and require further validation through in vitro and in vivo
experiments. The similarities and differences observed in molecular weight, hydrogen bond
donors and acceptors, LogP values, and toxicity classifications provide a foundation for further
investigations into the potential pharmaceutical utility of these compounds. Understanding the
ADME properties of drug candidates is crucial for predicting their efficacy, safety, and

potential for clinical success.

Table 4: Drug likeness properties of potent compounds using SWISSADME

Sr. #H-
No #H-bond | bond | Consensus Gl . BBB L_ipingki
Molecule | MW | acceptors | donors Log P absorption | permeant | #violations

1| ss-36 [442.37| 10 7 1.25 Low No 1

2 SS-30 | 442.37 10 7 1.2 Low No 1

3 SS-66 | 450.39 11 7 -0.31 Low No 2

% | ss34 |42238| 10 7 0.5 Low No 1

> SS-99  1450.39 11 7 -0.28 Low No 2

6. SS-90 | 422.38 10 7 -0.3 Low No 1

" | ss56 |48244| 10 5 157 Low No 0

8 SS-49 | 442.37 10 7 1.04 Low No 1

9 SS-27  1450.39 11 7 -0.3 Low No 2
10. SS-29 | 442.37 10 7 1.28 Low No 1
11 Acarbose | 645.6 19 14 -6.22 Low No 3

Toxicity Analysis
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Based on the above results, it was found that compound SS-56 has the most promising results
in comparison to standard Acarbose and all other compounds. Thus, this compound was further
taken for the toxicity analysis using the pkCSM and compared with the standard drug. pkCSM
(Prediction of PK Parameters and Molecular Properties) is a powerful computational tool used
for toxicity analysis in drug discovery and development. It predicts the pharmacokinetic and
molecular properties of small organic molecules, providing valuable insights into their
potential toxicity. By utilizing a combination of machine learning algorithms and
chemoinformatics techniques, pkCSM can estimate various parameters such as solubility,
absorption, metabolism, and toxicity-related endpoints. This predictive tool assists researchers
in identifying and prioritizing compounds with favorable pharmacokinetic profiles and helps
in the early identification of potentially toxic compounds, thus facilitating the design and

optimization of safer and more efficacious drugs.

Table 5: Toxicity Analysis of the Lead compound in comparison to Acarbose

Sr. |Com |AM | MTD | hER | hER | ORA | Hepato | Skin T.Pyrifo | minnow
No [poun [ES |[(hum |G I |G II|T toxicity ?:tr;cs)irfi rmis toxicity
d toxi | an) inhi | inhi | (LD5 toxicity | (mM)
Code |city | log bito | bito | 0) log
mg/k |r r mol/k pg/mL
g/day g
1 SS-56 [ No | 0919 | No |Yes |2.683 | No No 0.285 1.858
2 Acar |No |0.49 No |Yes |2633 |No No 0.285 15.597
bose

*MTD = Max Tolerated Dose, ORAT = Oral Rat Acute Toxicity, LD50 = Lethal Dose

From the analysis table 5, it can be observed that SS-56 also shows no AMES toxicity and
hepatotoxicity. It is not an hERG I inhibitor but exhibits hERG II inhibition, similar to
Acarbose. SS-56 is not expected to cause skin sensitization. The 7 Pyriformis toxicity is
relatively low at 0.285 log pg/mL, indicating potential low toxicity to this organism. In terms
of minnow toxicity, the concentration required to cause toxicity is 1.858 mM. These results
suggest that SS-56, similar to Acarbose, has a generally low toxicity profile based on the

provided parameters.

CONCLUSION
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In conclusion, the docking and interaction analysis of the top compounds, including SS-36, SS-
30, SS-66, SS-34, SS-99, SS-90, SS-56, SS-49, SS-27, and SS-29, suggest their potential as
inhibitors of a-amylase and a-glucosidase. These enzymes play crucial roles in carbohydrate
digestion and absorption, and inhibiting their activities can effectively control postprandial
glucose levels and modulate carbohydrate metabolism. The docking scores revealed strong
binding affinity of SS-36 and SS-30 for both a-amylase and a-glucosidase, indicating their
potential as potent inhibitors. SS-66, SS-34, and SS-99 also demonstrated significant binding
affinity. These findings suggest that these compounds could effectively inhibit the activities of
both enzymes. The docking scores for SS-56 indicate a high binding affinity to the active sites
of both enzymes, surpassing the docking score of the standard reference drug, Acarbose. This
suggests that SS-56 may have improved binding affinity and could potentially be a more potent
inhibitor of these enzymes. The extensive hydrogen bonding interactions exhibited by SS-56
with crucial residues in both a-amylase and a-glucosidase further support its potential as an
effective inhibitor. Furthermore, the ADME analysis reveals that SS-56 shares similarities with
Acarbose in terms of molecular weight and hydrogen bond donors and acceptors. These
similarities suggest that SS-56 may have comparable permeability profiles and interaction
capabilities, which are advantageous for oral drug delivery and targeting biological pathways.
The low toxicity profile of SS-56, as indicated by the toxicity analysis, further enhances its
potential as a safe and viable candidate for further drug development. The dual inhibitory
activity demonstrated by SS-56, targeting both a-amylase and a-glucosidase, is particularly
significant in modulating carbohydrate metabolism and controlling postprandial glucose levels.
By inhibiting these enzymes, SS-56 has the potential to disrupt the breakdown and absorption
of carbohydrates, effectively regulating glucose levels and offering a potential therapeutic
approach for managing conditions such as diabetes. It is important to note that the findings
presented are based on computational predictions and require further experimental validation
through in vitro and in vivo studies. While the docking scores and interaction analysis provide
valuable insights into the binding affinity and potential inhibitory mechanisms of SS-56, it is
crucial to confirm its inhibitory potency, selectivity, and efficacy through rigorous experimental
evaluation. Nevertheless, the promising results obtained from the computational analyses
suggest that SS-56 warrants further investigation and optimization as a potential drug candidate
for the management of conditions associated with abnormal carbohydrate metabolism. Its
potential as a dual antagonist of a-amylase and a-glucosidase, combined with its favorable

ADME and toxicity profiles, make SS-56 a compelling candidate for future studies. In
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summary, the comprehensive analysis of docking scores, interaction patterns, ADME
properties, and toxicity profiles of various compounds has identified SS-56 as a standout
candidate for inhibiting a-amylase and a-glucosidase. The compound exhibits strong binding
affinity, extensive hydrogen bonding interactions, and a favorable pharmacokinetic profile.
These attributes suggest that SS-56 has the potential to effectively disrupt carbohydrate
digestion and absorption, offering a promising avenue for the development of novel therapeutic
interventions. Further experimental investigations are required to validate and optimize SS-56
as a potential drug candidate, paving the way for the development of effective treatments for

metabolic disorders such as diabetes.
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