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Abstract: Defective neurotransmission, impaired synaptic plasticity, and progressive 

neurodegeneration triggered by diabetes and stroke. The computational designing of a therapeutic agent, 

molecular dynamic (MD) simulation, and molecular docking are essential, along with streamlined and 

inexpensive techniques which enable the potential therapeutic targets for the novel drug discovery 

process in specific pathology. Molecular docking software such as AutoDock tool v1.5.6, PyRx v8.0, 

Discovery Studio Visualizer v19.1.0.18287, and PyMOL v2.3.1 has been used for virtual screening and 

identification of structural based molecular interactions. The 3D co-crystal structures of receptor/target 

therapeutic proteins (BCl-2, Caspase-3, Caspase-8, Caspase-9, IL6, MAPKERK, PI3K, TGF- β, TNF- 

α, and ZO-1) with attached ligand were gained from the RCSB-PDB website in PDB format. The 

obtained structures comprise a ligand and a water molecule, which must be removed before docking 

from the receptor using Discovery Studio Visualizer and finally transformed into macromolecules by 

AutoDock Vina of PyRx. The active residues were recognized through previously published literature. 

In-Silico molecular simulation study of anti-diabetic agents with stroke and neurodegeneration-

associated proteins gave a strong hypothesis to the neuroprotective actions of the anti-diabetic drugs. 

Moreover, higher binding energy with all biomarker proteins directs us of exerting strong therapeutic 

action of the selected class of anti-diabetic agents, i.e., voglibose, saxagliptin, repaglinide, and 

Dapagliflozin with BCl-2, Caspase-3, Caspase-8, Caspase-9, IL6, MAPK/ERK, PI3K, TGF- β, TNF- α 

and ZO-1. The current study elucidates the strong anti-stroke potential of selected anti-diabetic agents 

and can claim a strong candidature as anti-stroke therapeutics in specific hyperglycemic conditions. 
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1. Introduction 

The basic requirement of new drug discovery and development is the structural activity 

relationship (SAR) and molecular interactions between the receptor and ligand. For 

computational designing of a therapeutic agent, molecular dynamic (MD) simulation and 

molecular docking are the most important streamlined and inexpensive techniques. Advances 

in structural biology techniques such as XRD, NMR, and electrophoretic MD simulation have 

generated numerous structural bio-molecules and therapeutic agents [1]. The receptor-ligand 

interface needs to be evaluated at their atomic level fluctuation to understand the SAR and 

inter-molecular interaction patterns, which could be used to understand the biomolecular 

functions and development of novel therapeutic agents [2]. Throughout the simulation, each 
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particle of receptor and ligand interact with each other for a specific period of time and 

produces a paragon of the interaction patterns that can be further analyzed for the dynamic 

nature of the system [3]. MD simulation and molecular docking generated the 3-D structure of 

the receptor-ligand complex, identifying the active structural conformations, binding 

affinities/energies, strength and type of interactions (hydrophilic, hydrophobic, electrostatic, 

van der Waals, etc.), active residual (amino acids) binding sites which reveal mechanism and 

stability of the complex through how the ligand fit or interact inside the binding pocket of the 

receptor. The great combination of the experimental model with in-silico methods have 

expansively been utilized for identification and assessment of biological events, disease 

condition, physiological process even therapeutic treatment at the cellular and molecular levels 

[4].  

Diabetes and stroke as pre-morbidities are significantly linked with cognitive demur, 

neurodegenerative and psychological disorders [5,6]. Defective neurotransmission, impaired 

synaptic plasticity, and progressive neurodegeneration triggered by diabetes and stroke 

unequivocally increase the odds of cognitive impairment in diabetic victims [7,8]. Several 

cerebrovascular risk factors comprising hyperglycemia, dyslipidemia, hypertension, and 

genetic, demographic, and lifestyle aspects contribute to varying degrees to make up the two-

fold high chance for ischemic stroke in diabetic patients compared to non-diabetic individuals 

[9]. The four main direct reasons for diabetic patients to acquire stroke are oxidative stress, 

endothelial dysfunction, systemic inflammation, and arterial stiffness [10]. The anti-diabetics 

that lower hyperglycemia through different mechanisms is glucagon-like peptide-1 (GLP-1) 

analogs, insulin sensitizer (i.e., rosiglitazone), and glucose synthesis inhibitor (i.e., metformin), 

also show favorable effects on neuroplasticity and behavior [11]. It has been reported that the 

use of anti-diabetic agents like sulfonylurea by acute ischemic stroke patients with coexisting 

diabetes is less likely to have symptomatic hemorrhagic transformation[12]. Anti-diabetic 

drugs such as voglibose, saxagliptin, repaglinide, and Dapagliflozin have shown prominent 

action in hyperglycemic conditions. Stroke activates various neurodegenerative mechanisms 

through inflammation and apoptotic changes and up or down-regulate a few protein 

expressions, which play a vital role in stroke pathogenesis. Diabetic individuals have already 

altered mechanisms that interplay in stroke pathogenesis. In the current study, we aimed to 

investigate the role of anti-diabetic agents in altered stroke proteomics through MD simulation 

studies. 

2. Materials and Methods 

2.1. Preparation of the receptor/target and ligand for the docking. 

The mechanism of interactions of a ligand with receptor/target therapeutic protein was 

done by in-silico molecular docking programs (steps including preparation of protein binding 

site and ligand, docking process, structural-based virtual screening, and molecular dynamic 

simulation was carried out). The accuracy of these docking mechanisms remains intricate due 

to an incomplete understanding of the ligand-binding process [13]. Molecular docking 

software, such as AutoDock tool v1.5.6, PyRx v8.0, Discovery Studio Visualizer 

v19.1.0.18287, and PyMOL v2.3.1, has been used for virtual screening and identification of 

structural based molecular interactions. The 3D co-crystal structures of receptor/target 

therapeutic proteins (BCl-2, Caspase-3, Caspase-8, Caspase-9, IL6, MAPKERK, PI3K, TGF- 

β, TNF- α and ZO-1) with attached ligand were gained from the RCSB-PDB website 
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(http://www.rcsb.org/) in PDB format. The obtained structures comprise ligand and water 

molecules, which must be removed before docking from the receptor using Discovery Studio 

Visualizer and finally transformed into macromolecules by AutoDock Vina of PyRx. The 

active site residues of all described receptors were determined by a literature review [14]. The 

list of active binding site residues (amino acid) of mentioned proteins is mentioned in Table 1. 

The 3D structure of all the drug molecules (Voglibose, Saxagliptin, Repaglinide, and 

Dapagliflozin) in SDF format were obtained from the PubChem 

(https://pubchem.ncbi.nlm.nih.gov/) database. Then molecules are minimized and converted 

into PDBQT file using AutoDock Vina of PyRx [15]. 

Table 1. Summary of the active binding site (residual amino acid) of listed protein molecules 

Proteins Active site residues (amino acid) 

BCL2 Tyr9 Asp10 Asn11 Asn182 His186 Gly194 Trp195   

Caspase3 Ser65 Ser205 Trp206 Arg207 Asn208 Ser209     

Caspase8 --- 

Caspase9 Arg75 Asn78 Val85 Arg86 Asn87 Lys88 Asn89   

IL6 Leu163 Gly164 Thr165 Ser168 Arg180 Trp181 His200   

MAPKERK Gln105 Asp106 Thr110 Asp111 Lys114 Ser153 Asn154 Asp167 

TNF-A Leu57 Tyr59 Ser60 Tyr119 Leu120 Gly121 Gly122   

TGF-B Leu49 Asn53 Arg56           

ZO-1 --- 
1Caspase8 and ZO-1 active binding site not found, performed random (blind) docking 

2.2. Docking process. 

The drug ligands were docked with the receptors binding site of PDBQT file using 

AutoDock vina of PyRx software. The first step to prepare PDBQT files of protein and ligands 

and grid box formation was carried out using the AutoDock MGT tool console. Gasteiger 

charges and polar hydrogen were assigned by the Autodock4 tool. Grid boxes were prepared 

by accessing the Autogrid-4 tool, which was proceeded before docking. After the selection of 

PDBQT files of protein and ligands, docking preference was originated by AutoDock vina 

wizard. The obtained grid box was adjusted to the selected active site of the protein. Then 

proceed for the vina simulation for structural interactions. It provided the negative value of 

ligands binding affinity/efficacy of each orientation with the receptor proteins measured in 

kcal/mol, a unit of docking score. It ranked and provided all possible conformation/orientation 

of receptor-ligand interactions. Amongst binding affinities, each orientation's upper and lower 

value of root-mean-square deviation (RSMD) has been provided in ascending order [16].  

2.3. Virtual screening and molecular dynamics simulation study. 

Interactions and molecular simulation of docked ligands with the different proteins 

were completed by PyMol molecular graphics system. The H-bond interactions, hydrophobic 

interactions, and binding patterns of docked molecules were examined by Discovery Studio 

Visualizer [13,17]. 

3. Results 

All the anti-diabetic drugs (Voglibose, Saxagliptin and Repaglinide, and Dapagliflozin) 

were assigned to AutoDock vina of PyRx software for docking with different targeted proteins. 

PyRx software docked the possible different conformation/orientation of the drug ligand with 

the active site residues of the targeted receptors. Molecular dynamic simulation and validation 

of all the docked orientation were done by PyMol molecular graphics system and Discovery 
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studio visualizers. In final outcomes from all orientation, zero orientations of the docked 

ligands were shown lowest binding energy with null RMSD value defined the best fitting 

interaction result amongst all orientation[14]. The interaction binding affinities of listed drugs 

with designated proteins were summarized in Table 2. 

Table 2. Summary of the ligand-protein binding affinities/docking score (kcal/mol). 

Proteins 
Ligand binding affinities (kcal/mol) 

Voglibose Saxagliptin Repaglinide Dapagliflozin 

Bcl-2 -5.6 -7.0 -6.9 -7.2 

Caspase 3 -5.6 -6.6 -6.3 -6.6 

Caspase 8 -4.8 -7.0 -7.5 -6.9 

Caspase 9 -3.7 -4.0 -3.7 -4.4 

IL 6 -6.6 -7.0 -7.9 -7.3 

MAPK/ERK -5.8 -7.4 -7.8 -8.2 

TNF-Alpha -5.0 -7.3 -5.3 -3.8 

TGF-Beta-1 -3.4 -3.3 4.8 -3.7 

ZO-1 -4.5 -6.1 -5.7 -5.8 

All the mentioned drugs were shown binding efficacies to the listed protein molecules. 

The binding of each drug ligand with different active site residues of the receptor hasbeen 

achieved by intermolecular chargesassigned to both during the preparation method. BCl-2 

receptor has non-specific residues; still, all four drugs have an affinity toward the protein 

molecule. The active binding site of BCl-2 was determined by blind docking. For blind 

docking, the process of grid box formation was done by selecting the whole protein molecule. 

After the docking process, the vina wizard had been generated the tabular report of the possible 

docked orientation/conformation of ligand binding interaction along with binding affinity 

(kcal/mol), upper and lower bound RMSD values of each orientation[15]. The zero orientation 

with the lowest binding affinity was extracted and fetched with the receptor to study molecular 

dynamic simulation and virtual analysis using the PyMol and Discovery studio visualizer 

software program[13]. The interactions and binding affinities of the different anti-diabetic 

drugs with active site residues of BCl-2 protein are shown in Figure 1 and Table 2. Anti-

diabetic drugs showed explicit binding interaction with BCl-2 protein. Anti-diabetic drug 

dapagliflozin shows a good lowest binding affinity -7.2 kcal/mol with BCl-2 as compared to 

another drug. The Dapagliflozin has H-bond interaction within the binding pocket of BCl-2 

protein such as Asp10, Asn11, Asn182, and His186 amino acids, andhydrophobic amide bond 

interactions with Thr7, Tyr9 and Gly193 amino acids [9,10]. The similar binding patterns were 

observed in voglibose and repaglinide with binding affinities -5.6 and -6.9 kcal/mol[18]. But 

the saxagliptin shows random interactions outside the binding pocket BCl-2 with binding 

affinity -7.0 kcal/mol. The active site residues of BCl-2 involved in the binding with saxagliptin 

are Glu13, Ala43, Glu46, Thr47, Ser49 amino acids [19]. 

The binding affinities of voglibose, saxagliptin, repaglinide, and Dapagliflozin against 

Caspase-3 protein were found to be -5.6, -6.6, -6.6, and -6.3 kcal/mol, respectively, as shown 

in Table 2. The binding pattern of these drugs with active site residues of Caspase-3 protein is 

shown in Figure 2. The voglibose has an H-bond interaction within the binding pocket of Arg64 

and Arg207 amino acids and hydrophobic interaction with Tyr204 and Trp206 amino acids 

[20]. Dapagliflozin and saxagliptin show similar binding affinities -6.6 kcal/mol with Caspase-

3 protein, but a different pattern with active site residues. The Dapagliflozin has an H-bond 

interaction within the binding pocket of Arg208, Asn207, and Phe250 amino acids, 

Hydrophobic Alkyl binding interaction with His121 and Cys163 amino acids.  
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Figure 1. Molecular interaction of anti-diabetic drugs with active site residues of Bcl-2 protein (PDB:1g5m): (a) 

voglibose; (b) saxagliptin; (c) repaglinide; (d) dapagliflozin. 

 

Figure 2. Molecular interaction of anti-diabetic drugs with active site residues of Caspase-3 protein 

(PDB:4qud): (a) voglibose; (b) saxagliptin; (c) repaglinide; (d) dapagliflozin. 
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The saxagliptin has an H-bond interaction with Arg207 amino acid and hydrophobic 

Pi-alkyl and Pi-sigma interaction with Tyr204 and Trp206 amino acids of Caspase-3 protein. 

At the same time, Repaglinide has shown binding affinity -6.3 kcal/mol with a hydrophobic 

interaction pattern. It has shown Pi-Pi stacking and Pi-cation interaction with Trp206 and 

Arg207 amino acids of Caspase-3 protein[21,22]. 

The active site residues of Caspase-8 protein were not found in the protein drug bank 

database. However, we perform blind docking of each drug molecule with Caspase-8 protein. 

The binding affinities of voglibose, saxagliptin, repaglinide, and Dapagliflozin were found to 

be -4.8, -6.9, -7.0, and -7.5 kcal/mol against Caspase-8 protein, respectively, through blind 

docking are shown in Table 2. The binding interactions of these drugs with different residues 

through blind docking with Caspase-8 are shown in Figure 3. The voglibose has H-bond 

interaction within the binding pocket of Asp15, Asp18, Ile89, Tyr106, and Glu110 amino acids. 

Dapagliflozin only shows binding hydrophobic Alkyl binding interactions with Lys23 and 

Leu27 amino acids and Pi-Pi stacking interaction with Phe24 amino acid. Similarly, 

Repaglinide shows hydrophobic Alkyl binding interactions with Leu150, Ile108, Val112, and 

Leu117 amino acids and one Pi-sigma interaction with Phe120 amino acid of Caspase-8 

protein. The saxagliptin has shown H-bond interaction with Ser109 amino acid and 

hydrophobic Alkyl binding interaction with Phe24, Leu105, Val112, and Phe120 amino acids 

[23]. 

 

Figure 3. Molecular interaction of anti-diabetic drugs with active site residues of Caspase-8 protein 

(PDB:6agw): (a) voglibose; (b) saxagliptin; (c) repaglinide; (d) dapagliflozin. 
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The binding affinities of voglibose, saxagliptin, Repaglinide, and Dapagliflozin against 

Caspase-9 protein were found to be -3.7, -4.4, -4.0, and -3.7 kcal/mol, respectively, as shown 

in Table 2. The binding pattern of these drugs with active site residues of Caspase-9 protein is 

shown in Figure 4. The voglibose has shown potential H-bond interactions with binding pocket 

of Caspase-9 protein comprise Val85 and Asn87 amino acids. The Dapagliflozin has shown H-

bond interactions within the binding pocket of Val85, Asn87, and Lys88 amino acids and 

hydrophobic Alkyl interactions with Arg75, Arg79, and Arg86 amino acids of Caspase-9 

protein. Similarly, saxagliptin has shown H-bond interaction within the binding pocket of 

Arg75, Val85, and Lys88 amino acids. In contrast, Repaglinide has shown three different 

interactions: H-bond interaction with Glu106 amino acid, hydrophobic Pi-Alkyl interaction 

with Lys88, and hydrophobic Pi-cation interaction with Arg86 amino acid of Caspase-9 

protein[24].  

 

Figure 4.Molecular interaction of anti-diabetic drugs with active site residues of Caspase-9 protein (PDB:5iab): 

(a) voglibose; (b) saxagliptin; (c) repaglinide; (d) dapagliflozin. 

The binding affinities of voglibose, saxagliptin, repaglinide, and Dapagliflozin against 

Il-6 protein were found to be -6.6, -7.3, -7.0, and -7.9 kcal/mol, respectively, as seen in Table 

2. This binding pattern of these drugs with IL-6 protein is shown in Figure 5. Here all the drugs 

showed binding interactions with non-active residues of IL-6 proteins. IL-6 has two different 

activation signaling pathways; both act on a similar receptor subunit, but their biological 

responses are diverse. Hence, the effect of IL-6 on glucose metabolism and insulin sensitivity 

distinctly varies in the different tissue and situation. The controversial role of IL-6 on insulin 

resistance and the development of diabetes is still unclear[25]. The voglibose has shown 
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potential H-bond interactions with non-binding pocket IL-6 protein includes Arg11, Gly12, 

Asp13, Phe14, Thr15, Thr35, and Arg188 amino acids. The Dapagliflozin has shown only 

hydrophobic binding interaction with IL-6 protein includes Pi-sigma interaction with Ile52 

amino acid and Pi-alkyl interaction Cys78, Cys88, Leu89, and Ile92 amino acids. The 

saxagliptin also observed non-pocket H-bond interactions with Leu153 and Lys156 amino 

acids and exhibited hydrophobic alkyl interactions with Leu152 and Arg165 amino acids. At 

the same time, Repaglinide has shown three different interaction patterns: H-bond interaction 

with Ser93 amino acid, hydrophobic Pi-sigma interactions with Ile52, Phe132, and Val136 

amino acids, and hydrophobic alkyl interactions with Leu89, Leu90, and Ile142 amino acids of 

IL-6 protein[26]. 

 

Figure 5. Molecular interaction of anti-diabetic drugs with active site residues of IL-6 protein (PDB:2l3y): (a) 

voglibose; (b) saxagliptin; (c) repaglinide; (d) dapagliflozin. 

The binding affinities of voglibose, saxagliptin, repaglinide, and Dapagliflozin against 

MAPKERK protein were found to be -5.8, -8.2, -7.4, and -7.8 kcal/mol, respectively, as shown 

in Table 2. The binding pattern of these drugs with active site residues of MAPKERK protein 

is shown in Figure 6. The voglibose has shown potential H-bond interactions with binding 

pockets of Asp106, Asp111, Lys114, Ser153, and Cys166 amino acids. The Dapagliflozin has 

shown H-bond interactions with inactive residues amino acids such as Lys54 and Met108 

amino acids and hydrophilic alkyl interactions with Tyr36, Val39, and Ile56 amino acids. In 

comparison, saxagliptin has shown H-bond interaction within binding pocket Ser153 and 

Asp167 amino acids along with non-active residual sites such as Gly37, Glu71, and 

hydrophobic alkyl interactions with Val36 and Tyr36 amino acids. The repaglinide has shown 

different binding interactions outside the binding pocket like H-bond interaction with Met108 
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amino acid, hydrophobic Pi-sigma interactions with Leu156 amino acids, and Pi-alkyl 

interaction with Val39 and Cys166 amino acids of the MAPKERK protein[27]. 

 

Figure 6.Molecular interaction of anti-diabetic drugs with active site residues of MAPK/ERK protein 

(PDB:4h3p): (a) voglibose; (b) saxagliptin; (c) repaglinide; (d) dapagliflozin. 

 

Figure 7. Molecular interaction of anti-diabetic drugs with active site residues of TGF-β protein (PDB:3rjr): (a) 

voglibose; (b) saxagliptin; (c) repaglinide; (d) dapagliflozin. 
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The binding affinities of voglibose, saxagliptin, repaglinide, and Dapagliflozin against 

TGF-β protein were found to be -3.4, -3.7, -3.3, and -4.8 kcal/mol, respectively, as shown in 

Table 2. The binding pattern of these drugs with active site residues of TGF-β protein is shown 

in Figure 7. The voglibose has shown binding interactions within the binding pocket of Asn53 

and Arg56 amino acids. The saxagliptin shows three different types of interactions: H-bond 

interactions with Arg56 and Asp57 amino acids near the binding pocket, two hydrophobic Pi-

anion and Pi-alkyl interactions with Glu284 and Leu44 amino acids, respectively. Similarly, 

Dapagliflozin showed two different interactions: H-bond interaction with Arg56 amino acid 

and hydrophobic alkyl interaction with Leu49 amino acid. At the same time, Repaglinide has 

shown unfavorable interaction within Asn53 and Arg56 amino acids' binding pocket and 

hydrophobic Pi-alkyl interaction with Leu49 amino acid. Glu284 amino acid has also exhibited 

two different interactions, such as H-bond and hydrophobic Pi-anion [28]. 

The binding affinities of voglibose, saxagliptin, repaglinide, and Dapagliflozin against 

TNF-α protein were found to be -5.0, -3.8, -7.3, and -5.3 kcal/mol, respectively, shown in Table 

2. The binding pattern of these drugs with active site residues of TNF-α protein is shown in 

Figure 8. The voglibose has shown binding interactions within active site Ser60 and outside 

Gln61 and Tyr151 amino acids of the TNF-α protein. The Dapagliflozin has two types of 

hydrophobic interactions, in which Tyr59 amino acid shows both Pi-Pi and Pi-alkyl 

interactions. While other amino acids Tyr119 and Leu120, have only Pi-Pi interactions, and 

Tyr151 has only Pi-alkyl interaction. The saxagliptin has shown H-bond interaction within the 

binding pocket of Ser60 amino acid and hydrophilic Pi-alkyl interactions with Leu57, Tyr59, 

and Tyr119 amino acids. Similar kinds of interactions also were observed in Repaglinide. The 

Amino acids Leu57 and Tyr59 have exhibited hydrophobic interactions, such as Pi-sigma and 

Pi-alkyl[29,30]. 

 

Figure 8. Molecular interaction of anti-diabetic drugs with active site residues of TNF-α protein (PDB:2az5): 

(a) voglibose; (b) saxagliptin; (c) repaglinide; (d) dapagliflozin. 
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The active site residues of ZO-1 protein were not found in the protein drug bank 

database. However, we perform blind docking of each drug molecule with ZO-1 protein. The 

binding affinities of voglibose, saxagliptin, repaglinide, and Dapagliflozin were found to be -

4.5, -5.8, -6.1, and -5.7 kcal/mol against ZO-1 protein, respectively through blind docking, as 

shown in Table 2. The binding interactions of these drugs with different residues through blind 

docking with ZO-1 are shown in Figure 9. The voglibose has an H-bond interaction within the 

binding pocket of Ser6, Met7, and Lys8 amino acids. In contrast, Dapagliflozin has shown 

three binding interactions: H-bond interaction with Arg13, hydrophobic Alkyl binding 

interaction with Pro4, and Pi-sigma interaction with Pro40 amino acids. Similarly, repaglinide 

had shown H-bond interactions with Arg65, hydrophobic Alkyl binding interactions with 

Arg21 and Leu73, and one Pi-sigma interaction with Val69 amino acids of ZO-1 protein. The 

saxagliptin showed H-bond interaction with Ser6, Met7, and Lys87 amino acids and 

hydrophobic Alkyl binding interaction withLys87 amino acid. 

 

Figure 9. Molecular interaction of anti-diabetic drugs with active site residues of ZO-1 protein (PDB:3shu): (a) 

voglibose; (b) saxagliptin; (c) repaglinide; (d) dapagliflozin. 

4. Discussion 

Hyperglycaemia is a second leading world threat causing morbidities and mortalities in 

the world. People with diabetes have cognitive impairment due to metabolic disturbances and 

impaired brain insulin pathways; they activate inflammation and microglia activation, leading 

to a series of events causing an increase in ischemia risk factors, neurodegeneration, and 

cognitive decline. Diabetes has reported distorted endothelial functions associated with 

neurodegenerative disorders, progressive brain insult, and neuronal loss. Hyperglycaemia or 
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diabetes type-2 (T2DM) is prone to develop cardiovascular and cerebrovascular complications. 

Brain ischemia or stroke and cognitive decline are the first-line morbidities associated with 

chronic hyperglycemia. Oxidative stress and neuronal loss are progressive pathologies in 

hyperglycemia. Brain ischemia and hyperglycemia are bidirectional pathology and progress 

synergistically. The current clinical research reports support using voglibose as monotherapy 

in type-2 diabetes and a healthy individual, which can reduce the incidence of a cardiovascular 

event by decreasing postprandial hyperglycemia [31,32]. Several studies have reported that 

treatment with voglibose also results in a significant decline in triglyceride levels and prevents 

atherosclerosis [33]. Based on accumulating evidence, which suggests that voglibose is an ideal 

cardioprotective agent, it may exert cerebral-protective effects. Saxagliptin, a dipeptidyl 

peptidase-4 inhibitor, is an oral hypoglycaemic agent that restrains the breakdown of the 

incretin hormones, GLP-1 and GDITP (glucose-dependent insulinotropic polypeptide) is 

widely prescribed and used as monotherapy and add-on therapy with other anti-hyperglycaemic 

agents for the better control over postprandial hyperglycemia. Repaglinide is a drug of class 

meglitinides that works in a similar manner to sulfonylurea and secretes the insulin from 

pancreatic beta cells for achieving the desired lowering sugar levels quickly. Physicians 

frequently prescribe it due to its quick glucose-lowering quality and strict postprandial glucose 

control. In previous research reports, Dapagliflozin, an SGLT2 inhibitor, has reduced apoptosis 

and inflammation (cultured ischemic tubular cells) in ischemic renal disease in mice[34].  

Although the effects of SGLT-2 inhibitor over ischemia are unclear, several research 

reports have evident its efficacy in improving ischemia by improving cardiovascular risk 

factors[35]. 

From recent evidence and having proven strict glycemic control, we hypothesize to 

evaluate these four classes of drugs for their neuroprotective action through in-silico molecular 

simulation studies between stroke-associated proteins and selected anti-diabetic agents. We 

screened all the anti-diabetic agents with in-silico molecular docking and virtual screening with 

targeted proteins responsible for possible activation of impairment of various pathways leading 

to the diabetes-associated cerebrovascular complications, apoptosis, active inflammation, 

neurodegeneration, and neurodegeneration cognitive decline. We screened all four anti-

diabetic agents with bcl-2, caspase-3, caspase-8, caspase-9, IL-6, MAPK/ERK, TGF-β, TNF-

α, ZO-1 protein molecules obtained from the protein bank (RCSB.PDB). The interactions 

derived from in-silico molecular dynamic stimulation and virtual screening frameworks are 

often involved in the biological mechanism essential for receptor-ligand binding. More docking 

fitness allows the possible interaction with protein and its therapeutic action. We established 

ADD's structure-based virtual screening framework with proteins like caspase 3, 8, 9; IL-6, 

MAPK/ERK; PI3K, BCl-2, TNF-α, TGF-β, ZO-1 proteins. It is well established that caspases 

3 and 8 are the pre-apoptotic markers, and caspase 9 posts apoptosis marker [36]. In our study, 

docking of voglibose and saxagliptin with caspases showed a good docking score and binding 

energy, which predicts the expected neuroprotective effect through inhibition of apoptosis.  

Extracellular signal-regulated kinase 1/2 (ERK1/2) is one of the best-characterized 

members of the mitogen-activated protein kinase (MAPK) family, which is associated with 

series of activities of the cell cycle, cell death, and survival. Previous research data on ERK1/2 

indicates that it plays a vital role in inflammation and oxidative stress during brain injury and 

its reduced activity evident of ischemic damage[37,38]. Upon docking, voglibose and 

saxagliptin were found to have a good binding score and docking energy with MAPK/ERK 
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and PI3K protein. Thus, docking results hypothesize the possible signaling pathway of 

voglibose and saxagliptin through ERK1/2.  

Tumor necrosis factor-alpha (TNFα) is a cytokine synthesized by mostly macrophages 

and microglia during a cell injury event. The co-relation of Bcl-TNF-alpha in 

neurodegeneration and brain damage is intimately linked[39]. The dual activation of TNF-

alpha and Bcl family proteins induces neuronal cell apoptosis and mimics stroke pathology. 

The lower expression of both proteins is reciprocal to neuronal health and brain damage[40]. 

Our in-silico study found potent binding and docking scores of voglibose and saxagliptin with 

Bcl-2 and TNF-α, which strongly predicts its clear involvement in anti-inflammatory activity.  

Bloodstream and cerebrospinal fluid levels rise immediately following a stroke, and 

observational studies specify that stroke lesion size correlates with brain injury-related proteins 

like TGF-β, ZO-1 levels[41]. Voglibose and saxagliptin showed good docking energy and 

docking score with TGF-β, ZO-1 proteins, promising therapeutic potential against stroke and 

brain injury.  

The molecular docking study found that voglibose, saxagliptin, repaglinide and 

Dapagliflozin have a greater negative binding score with Bcl-2 and IL-6 protein. With evidence 

to these docking reports, we hypothesize their role as active anti-inflammatory agents by 

inducing beneficial anti-inflammatory responses over hyperglycemic conditions. By Molecular 

docking with caspase cascade and anti-diabetic agents, we got higher docking affinity and 

better docking score with caspase-3, caspase-8, and caspase-9. The results of docking binding 

affinity of anti-diabetic agents and caspase cascade proteins show its possible anti-apoptotic 

role over hyperglycaemic conditions. Molecular docking with MAPK/ERK protein and anti-

diabetic agents resulted in a great binding score, docking energy, and hydrogen binding, giving 

us an idea of its possible role in the MAPK/ERK pathway, polyol pathway, PKC pathway, and 

oxidative stress. The results of docking with stroke-associated proteins (TNF-α, TGF-β, ZO-1) 

were also promising with all anti-diabetic agents. The results show a very good affinity and 

docking score with stroke-associated proteins, which gives us an evident hypothesis of its 

involvement in diabetes-associated ischemia. The molecular docking simulation study results 

demonstrated the evident pilot role of their possible potent therapeutic action of all four anti-

diabetic agents: anti-diabetic, anti-inflammatory, anti-apoptosis, and anti-stroke 

activity[42,43]. 

5. Conclusions 

In-silico molecular simulation study of anti-diabetic agents with stroke and 

neurodegeneration associated proteins gave a strong hypothesis to the neuroprotective actions 

of the anti-diabetic drugs. Moreover, higher binding energy with all biomarker proteins directs 

us of exerting strong therapeutic action of the selected class of anti-diabetic agents, i.e., 

voglibose, saxagliptin, repaglinide, and Dapagliflozin with BCl-2, Caspase-3, Caspase-8, 

Caspase-9, IL6, MAPK/ERK, PI3K, TGF- β, TNF- α and ZO-1. That indicates its potential 

role against inflammation, neurodegeneration, and apoptotic cascade in hyperglycemic brain 

ischemic conditions through various diabetic pathogenic pathways. 
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