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Abstract

Background/Objectives: Sulphonylureas (SUs) are a cost-effective first-line treatment for Type 2
Diabetes Mellitus (T2DM), yet the precise bioorganic mechanisms governing their activity and the
variation in their hypoglycemic effects are not fully elucidated. This study aimed to computationally
determine the structural basis for the activity of SUs on the sulphonylurea receptor 1 (SUR1) and to
identify the factors responsible for their differing potencies and durations of action. Methods: A
computational chemistry approach was employed to analyze first- and second-generation
sulphonylureas. The methods included molecular docking to simulate drug-receptor binding,
Molecular Mechanics/Generalized Born Surface Area (MM/GBSA) calculations to estimate binding
free energies, and the prediction of cytochrome P450 (CYP450) sites of metabolism to assess metabolic
stability. Results: Molecular docking identified critical interactions between all SUs and the amino
acid residues ARG 1300, ARG 1246, and ARG 4 on SUR1. The total hydrogen bond energy was found
to be inversely proportional to the drugs’ potencies. Furthermore, the intrinsic reactivity of the
predicted CYP450 metabolism sites was inversely proportional to the drugs’ observed half-lives.
Conclusions: The activity of sulphonylureas on SUR1 is primarily driven by interactions with key
arginine residues (ARG 1300, ARG 1246, and ARG 4). The variation in drug potency is explained by
differences in total hydrogen bond energy, while the diversity in their hypoglycemic durations is
attributed to their differing metabolic stability as determined by CYP450 intrinsic reactivity.

Keywords: sulphonylureas; molecular docking; Type 2 diabetes mellitus; SUR1; P450; computational
chemistry

1. Introduction

Type 2 Diabetes Mellitus (T2DM) is a global health challenge affecting millions, with a rising
prevalence despite advancements in understanding and preventative measures [1]. T2DM is a
multifactorial syndrome characterized by abnormalities in carbohydrate and fat metabolism,
resulting from a combination of insulin resistance and reduced pancreatic beta-cell function [2—4].
The physiological mechanism of insulin secretion involves the uptake of glucose by beta-cells, which
increases the intracellular ATP/ADP ratio, leading to the closure of ATP-dependent potassium
channels and subsequent depolarization of the cell membrane [5]. This depolarization opens voltage-
gated Ca?* channels, causing an influx of Ca?* and triggering the release of insulin [6].

Sulphonylureas (SUs) are a class of oral hypoglycemic agents that stimulate insulin secretion
from pancreatic beta-cells by binding to the sulphonylurea receptor 1 (SUR1), a subunit of the ATP-
sensitive potassium (KATP) channel [7,8]. By binding to SUR1, SUs cause the closure of the KATP
channel, mimicking the effect of high ATP concentrations and leading to membrane depolarization
and subsequent insulin release [9]. While this mechanism is well-established, the specific molecular
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interactions responsible for the different potencies and durations of action (hypoglycemic effects)
among different generations of SUs are not fully understood [10].

Computational chemistry and molecular docking have become invaluable tools in drug
discovery and development, providing insights into ligand-protein interactions and molecular
mechanisms in a time and cost-effective manner [11-13]. This study leverages these in-silico methods
to bridge the knowledge gap regarding the specific bioorganic mechanisms of sulphonylurea activity.
We aim to identify the key amino acid residues on SUR1 that interact with SUs, determine the factors
influencing their potency, and investigate the reasons behind their varying half-lives and
hypoglycemic effects.

2. Materials and Methods

2.1. Protein and Ligand Preparation

The protein structure of the sulphonylurea receptor 1 (PDB ID: 6PZA), which was co-crystallized
with Glibenclamide, was downloaded from the Protein Data Bank (RCSB). The protein was prepared
using the Protein Preparation Wizard from the Schrédinger suite to minimize energy and relieve
steric clashes. The quality of the 3D model was validated using a Ramachandran plot [14,15]. Ligands
(sulphonylureas) were prepared using LigPrep to generate 3D coordinates and assign appropriate
ionization/tautomeric states using the Epik tool.

2.2. Molecular Docking

Molecular docking was performed to predict the most favorable binding pose of each
sulphonylurea ligand within the SUR1 binding pocket. The docking score, which is a combination of
the Epik state penalty and the Glide score, was used for ranking and enrichment calculations.
Docking method validation was performed by re-docking Gliclazide to 6PZA and comparing the
results with previously published studies [13].

2.3. Ligand Protein Interaction and MMGBSA Calculations

The binding interactions between the ligands and the protein were analyzed using ligand
interaction diagrams. Parameters such as hydrogen bonding and pi-pi stacking were examined to
understand the nature of the interactions. The binding energies of the sulphonylureas to SUR1 were
determined using MMGBSA (Molecular Mechanics, General Born surface area) calculations. This
method provides a more accurate estimation of binding free energy by accounting for solvation
effects and conformational changes.

2.4. P450 Sites of Metabolism

The P450 sites of metabolism for each sulphonylurea were determined to understand the
relationship between drug metabolism, half-life, and hypoglycemic effects. The intrinsic reactivity of
SUs at CYP450 sites was calculated to identify the most likely metabolic pathways.

3. Results

Molecular Docking and Ligand-Protein Interactions

The protein structure for the sulphonylurea receptor 1 (SUR1) was prepared and validated using
a Ramachandran plot, which confirmed its stereochemical quality and overall structural integrity
(Appendix A.1). The molecular docking method was validated by comparing the binding interactions
of complexed gliclazide with preliminary redocking results of the bound ligand, which was
supported by the literature on pdb. The docking results successfully reproduced the hydrogen bond
interactions of gliclazide with key residues ARG 1300 and ARG 1246, confirming the reliability of the
computational approach used in this study.Analysis of the ligand interaction diagrams revealed
consistent binding patterns across all sulphonylureas (SUs). The centrally located sulfonylurea group
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of each ligand consistently formed hydrogen bond interactions with the residues ARG 1300 and ARG
1246, as well as the ARG 4 residue. A summary of the frequency of these interactions is presented in
Table 1. The consistent interaction with these three arginine residues across all tested sulphonylureas
suggests their critical role in the pharmacological activity of this class of drugs. This finding is further
supported by previous studies which showed that mutating ARG 1246 and ARG 1300 significantly
reduces sulphonylurea binding.
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Figure 1. Ligand Interaction Diagrams of Sulphonylureas with SUR1 with a)Tolbutamide, b) Glimepiride,
c)Chlopropamide and d)glicazide.

Table 1. Frequency of Residue Interactions with Sulphonylurea Ligands.

ARG ARG ARG ASN ASN TRP TRP PHEN TRP TYR
1300 1246 4 1245 437 430 377 433 30 12
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Relationships between Activity and Computational Parameters

A clear inverse relationship was observed between the relative potency of the sulphonylureas

and their total hydrogen bond energy (Figure 2a and 2b). Glimepiride, the most potent SU, exhibited

the most negative total H-bond energy, with a value of -3.47064 kcal/mol. Conversely, the least potent

SUs, such as Tolbutamide, had less negative H-bond energy values. This suggests that the strength

of hydrogen bonding plays a significant role in determining the differences in potency among the

sulphonylureas.The relationship between relative potency and total binding energy (Figure 2c)

showed a general trend where increased potency was associated with decreased total binding energy.

This relationship was not perfectly linear, with a notable inflection point after Chlorpropamide.

Similarly, the correlation between relative potency and ligand efficiency (Figure 2d) also showed

inverse proportionality, with some outliers, particularly Tolbutamide and Acetohexamide. A

summary of these relationships and the corresponding values is provided in Table 2.
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Figure 2. Correlation of Sulphonylurea Relative Potency with Key Computational Parameters.

Table 2. Summary of Relative Potency against computational parameters.

MMGBSA dG Ligand

Relative Docking Score - MMGBSA_dG_Bind e
Drug Bind H Bond Pl Efficiency
Potency (nm) kcal/mol Keal/mol Kcal/mol Kcal/mol
Tolbutamide 1 -5.128 -2.65070 -18.8434 -0.285
Acetohexamide 25 5.128 TS 117.1521 -0.246
Chlorpropamide 6 -5.102 -2.78334 -8.37358 -0.3
Glipizide 100 -8.656 -3.07364 -23.51570 -0.279
Glibenclamide 150 -7.937 -3.44163 -28.90450 -0.241
Glimepride 200 -7.803 -3.47064 -18.791 -0.229

P450 Sites of Metabolism and Pharmacokinetics

The P450 sites of metabolism were determined to evaluate the intrinsic reactivity of each
sulphonylurea. The results showed a significant inverse proportionality between the total intrinsic
reactivity and the half-life of the drugs (Figure 3 and Table 3). Sulphonylureas with a higher total
intrinsic reactivity tended to have shorter half-lives. This finding indicates that the number of
metabolic sites and their intrinsic reactivity are key determinants of the different hypoglycaemic
effects observed for each drug. First-generation sulphonylureas generally showed more intrinsic
reactivity compared to the second-generation drugs, which aligns with their known shorter half-lives.
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Figure 3. Intrinsic Reactivity of First and Second-Generation Sulphonylureas.

Table 3. Summary of Relative Potency, Pharmacodynamic, and Pharmacokinetic Parameters for

Sulphonylureas.
Drug Half-life (Hr) Total intrinsic reactivity

Tolbutamide 5 -77.1
Acetohexamide 10 -85.9
Chlorpropamide 12 -96.9
Glipizide 25 -33.88
Glibenclamide 29 -77.5
Glimepiride 36 -39.9

4. Discussion

This study utilized a computational approach to provide a deeper understanding of the
bioorganic mechanisms of sulphonylurea activity, offering valuable insights that complement
traditional experimental methods. The molecular docking results confirmed that sulphonylureas
bind to the SUR1 protein, with the consistent identification of ARG 1300, ARG 1246, and ARG 4 as
critical binding residues. This finding is significant as it provides a precise molecular target for drug
design. The bidentate hydrogen bonding observed between chlorpropamide and ARG 1300 is a key
structural insight into the ligand-protein interaction, which can be further exploited for designing
more effective drugs. The validation of these residues with previous studies strengthens the
conclusions of this work [16].

The analysis of the relationship between computational parameters and drug activity yielded
important findings. The lack of a direct correlation between docking scores and potency suggests that
while docking can predict a favorable binding pose, it may not fully capture the nuanced interactions
that define therapeutic potency [11]. Instead, the inverse proportionality between the total hydrogen
bond energy and potency provides a more direct measure of binding strength and its impact on drug
effectiveness [17]. This highlights the importance of specific non-covalent interactions in determining
the overall drug-receptor affinity, a key consideration for rational drug design.
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Furthermore, the study successfully linked the number of CYP450 intrinsic reactivity sites to the
observed half-lives and hypoglycemic side effects of the sulphonylureas. The finding that first-
generation sulphonylureas, with fewer metabolic sites, have significantly longer half-lives provides
a clear bioorganic explanation for their prolonged hypoglycemic effects and higher risk of inducing
hypoglycaemia compared to the second-generation drugs [18]. This is a critical insight for clinical
practice, informing the selection of appropriate sulphonylurea therapy. It underscores how
computational prediction of metabolic pathways can be used to forecast clinical outcomes and reduce
the risk of adverse drug reactions.

5. Conclusions

This study successfully used a computational approach to determine the bioorganic mechanisms
of sulphonylurea activity and the causes of their differing hypoglycemic effects. Through molecular
docking, we established that the interaction of sulphonylureas with the amino acid residues ARG
1300, ARG 1246, and ARG 4 on the sulphonylurea receptor 1 is critical for their therapeutic activity.
The differences in potency among sulphonylurea generations can be attributed to their varying total
hydrogen bond energies, which showed an inverse relationship with their potency. Furthermore, the
study concluded that the differences in the number of CYP450 intrinsic reactivity sites and the
molecular size of the drugs are responsible for the varying half-lives and the associated hypoglycemic
side effects. These findings provide a deeper understanding of the molecular basis of sulphonylurea
pharmacology and offer valuable insights for the rational design of new antidiabetic agents with
improved efficacy and reduced side effects.
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Appendix A

Appendix A.1 Ramachandra’s Plot Before and After Protein Preparation
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