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ABSTRACT 

Objective: Despite the vast array of approved anti-diabetic drugs and the fact that these medications are often associated 

with other serious side effects like cardiovascular disease, weight gain, liver disorders, and countless others, the prevalence 

of Type-2 diabetes is soaring. Through in silico analysis, our study seeks to elucidate the anti-diabetic potential of six (6) 

medicinal plants Buchholzia coriacea, Vernonia amygdalina, Mimosa pudica, Momordica charantia, Bergenia 

ciliate, and Mangifera indica. Methods: Twenty-nine (29) bioactive compounds were selected from the six plants. 

Metformin and Miglitol are used as the control drug in this study. PubChem, an online server, was used to get the 3D 

structure of the bioactive compounds and the control drugs. The protein data bank was used to retrieve the crystal structure 

of the SIRT6 protein. The SwissADME online server was used for the Drug-likeness of the bioactive compounds and the 

control drugs. AutoDock was used for the molecular docking of compounds that passed the drug-likeness with the SIRT6 

active site. The protein-ligand complexes were analyzed using a protein-ligand interaction profiler and proteins plus web 

server. The Molinspiration online server was used to predict compound bioactivity. The ADMETlab webserver was used 

to determine the ligands' ADMET properties. Results: The drug-likeness screening of the twenty-nine compounds and the 

control drugs revealed that twenty-five compounds have zero or one violation of Lipinski's rule of five. Metformin and 

Miglitol have zero violations. The docking analysis revealed that twenty out of the twenty-five compounds docked against 

the protein target have better binding affinity than the control drugs. Catechin, Luteolin, Chlorogenic acid, and 

Mimopudine have an excellent binding affinity of -8.4 kcal/mol -7.8 kcal/mol, -7.7 kcal/mol, and -7.5 kcal/mol, 

respectively. In contrast, Metformin and Miglitol have binding scores of -4.8 and -5.1 kcal/mol, respectively. 

Conclusions: Therefore, the greater binding affinity of the twenty compounds compared to the control drugs suggests that 

these compounds possess anti-diabetic properties with good interaction with the SIRT6 protein. However, this research 

needs further validation with molecular dynamics studies and in-vitro and in-vivo evaluation. 
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INTRODUCTION 
 

Diabetes mellitus (DM), commonly called 

diabetes, encompasses a collection of metabolic 

disorders characterized by elevated blood sugar levels1. 

Insulin and glucagon play crucial roles in regulating the 

average glucose levels in the body. Insufficient insulin 

production, resistance to insulin action, or a combination 

of both often leads to impaired metabolism of 

carbohydrates and lipids, resulting in increased fasting 

and post-meal blood sugar levels2. If left untreated, 

persistently high blood sugar levels associated with 

diabetes can cause damage to various organs, such as 

nerves, eyes, and kidneys, and even be fatal. Long-term 

complications of diabetes include diabetic retinopathy 

(vision loss), diabetic nephropathy, 

peripheral/autonomic neuropathy, and cardiovascular 

diseases3. 

Furthermore, individuals with diabetes are more 

prone to developing atherosclerosis and cerebrovascular 

diseases4. The statistics surrounding diabetes are 

concerning, despite the existence of standard anti-

diabetic medications. According to the World Health 

Organization (WHO), the global prevalence of diabetes 

among individuals aged 20 to 79 was estimated to be 

8.8% in 2015 and is projected to rise to 10.4% by 20405. 

The international diabetes federation predicts that by 

2040, 642 million individuals will have been diagnosed 

with diabetes6. The most prevalent forms of diabetes 

include Type 1 Diabetes (Insulin Dependent), Type 2 

Diabetes (Non-Insulin Dependent), and Gestational 

Diabetes7. Type 2 diabetes arises when there is a 

significant impairment in insulin action, known as 

insulin resistance (IR), resulting in cellular dysfunction 

due to the pancreatic β-cells' inability to compensate for 

IR. Insulin resistance refers to the compromised ability 

of muscle, liver, and adipose tissue to appropriately 

respond to insulin's metabolic effects8. It accounts for 

approximately 90% of all diabetes cases and contributes 

to global morbidity and mortality. Consequently, there is 

a demand for new and effective treatments that can 

enhance metabolic control and reduce the incidence of 

complications9. Existing treatments encompass various 

approaches such as stimulating increased insulin 

secretion from the pancreas (e.g., Sulfonylureas like 

Glibenclamide, Glipizide, Chlorpropamide, 

Tolbutamide, and Glimepiride), enhancing target organ 

sensitivity to insulin (e.g., Thiazolidinediones like 

Rosiglitazone and Pioglitazone), and slowing down 

glucose absorption from the gastrointestinal tract (e.g., 

alpha-glucosidase inhibitors like Acarbose and Miglitol) 

10. However, these antidiabetic therapies are associated 

with adverse effects such as liver disorders, 

cardiovascular diseases, weight gain, bloating, 

flatulence, diarrhoea, and abdominal discomfort11. 

Sirtuin-6 (SIRT6) belongs to the Sirtuin family 

and regulates various physiological processes, including 

intermediary metabolism, ageing, genomic stability, and 

tumorigenesis12. In terms of glucose metabolism, 

targeting SIRT6 presents an attractive opportunity for the 

development of novel and effective antidiabetic 

treatments, as evidenced by animal studies showing 

enhanced expression of glucose transporters, increased 

tissue glucose uptake, and reduced blood glucose levels 

in Sirt6-deficient mice9. The impact of SIRT6 on glucose 

metabolism primarily stems from its ability to repress the 

transcription factor hypoxia-inducible factor-1α 

epigenetically (HIF1-α) 13. Consequently, the deletion of 

SIRT6 leads to elevated HIF1-α-mediated transcription, 

resulting in increased expression of glucose transporters 

and glycolytic enzymes. Therefore, compounds that 

inhibit SIRT6 have the potential to be valuable 

antidiabetic agents by enhancing glucose uptake and 

promoting glycolysis. Notably, SIRT6 has also been 

shown to regulate gluconeogenesis by modulating the 

activity of peroxisome proliferator-activated receptor-γ 

coactivator 1α, suppressing hepatic glucose production14. 

Based on this effect, exploiting the activation of SIRT6 

has been proposed as a strategy for antidiabetic 

treatment15. Since diabetes is a complex disease 

involving multiple factors, targeting multiple pathways 

holds more promise than a single-focused therapeutic 

approach in effectively managing diabetes. The 

limitations and adverse effects associated with currently 

available antidiabetic agents, whether in terms of 

effectiveness or safety, have prompted the search for 

novel drugs that can more efficiently manage type II 

diabetes. Approximately 60% of the global population 

depends on traditional remedies for addressing diverse 

ailments16, and numerous medicinal plants have been 

traditionally employed for managing diabetes. Over 400 

plant species have been documented for their potential in 

diabetes treatment. Nevertheless, only a limited number 

of these plants have undergone rigorous scientific 

evaluation, and the underlying mechanisms by which 

these plants exert their medicinal effects still need to be 

discovered16. 

Momordica charantia, commonly known as 

bitter melon, belongs to the Cucurbitaceae family and is 

extensively cultivated in numerous tropical and 

subtropical regions worldwide17. It encompasses diverse 

distinct and biologically active phytochemicals, such as 

Triterpenes, Steroids, Glycosides, Saponins, and 

Alkaloids18. Extracts derived from various parts of this 

plant have been reported to exhibit hypoglycemic 

properties19, 20. The hypoglycemic effects of Momordica 

charantia fruit juice have been observed in animal 

models of experimental diabetes and individuals with 

both type-1 and type-2 diabetes mellitus21. 

Bergenia ciliata, referred to as "Pashanbheda" 

in Nepalese communities, has a long-standing traditional 
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use in treating diabetes independently or in combination 

with other therapies22. The rhizome of Bergenia ciliata is 

rich in Bergenin, a prominent glycoside, and contains a 

novel lactone called paashanolactone23. Additionally, the 

aerial parts of this plant contain Bergenin alongside other 

Glycosides and Flavonoids24. Numerous secondary 

metabolites present in B. ciliata, including Catechin, 

Gallicin, Gallic acid, β-sitosterol, Bergenin, and Tannic 

acid, contribute to its biological activities, which 

encompass antibacterial, anti-inflammatory, antitussive, 

antiulcer, and anti-diabetic properties25- 29. 

Mimosa pudica, known locally as "Lajjawati," 

contains a rich assortment of valuable phytochemicals30 

such as Mimosine, Stigmasterol, β-sitosterol, Betulinic 

acid, p-coumaric acid, Mimopudine, 2-

Hydroxymethylchroman-4-one, Quercetin, and 

Avicularin. These phytochemicals are associated with 

various pharmacological properties, including 

antibacterial, antivenom, wound healing, anti-cancer, 

and antidiabetic effects31-33. Many of these 

phytochemicals, or derivatives obtained through 

chemical modification of plant compounds, have been 

utilized to enhance the safety of pharmaceutical drugs.  

Buchholzia coriacea is a perennial plant from the 

Capparaceae family, known for its medicinal potential 

and often used in herbal medicine. The plant grows as a 

forest tree, and its seeds, referred to as "good kola," are 

widely consumed and can be cooked or eaten raw34. In 

Africa, it is recognized for its beneficial properties in 

treating hypertension, preventing premature ageing, and 

enhancing memory function. Additionally, the bark 

decoction is utilized for washing individuals with 

smallpox. At the same time, the young leaves are applied 

as a poultice for boils, and the seeds serve as condiments 

or cough medicine35, 36. 

Vernonia amygdalina, commonly known as 

'Bitter leaf', belongs to the Asteraceae family37. It is a 

shrub that reaches a height of 2 to 5 meters and possesses 

a significant amount of bitter compounds throughout its 

various parts38 In Nigeria, this local plant is widely 

utilized for both therapeutic and nutritional purposes and 

is a crucial ingredient in the production of 'bitter leaf 

soap'39. The cultivation of Vernonia amygdalina in 

Nigeria primarily focuses on its nutritional value39. The 

fresh leaf extract of this plant has been found to contain 

a range of compounds such as Alkaloids, Saponins, 

Tannins, Flavonoids, Anthraquinones, Glycosides, 

Terpenoids, Proteins, Vitamins, and Minerals40, 41. 

Mangifera indica, belonging to the 

Anacardiaceae family, is a large evergreen tree known 

for its dense foliage and substantial size, reaching heights 

of 10 to 45 meters42. It has a sturdy trunk from which 

heavily branched branches emerge43. Traditional 

medicine has utilized extracts from Mangifera indica to 

treat various ailments, including diabetes, bronchitis, 

diarrhoea, asthma, renal disorders, scabies, respiratory 

issues, syphilis, and urinary diseases44, 45. The 

biologically active component of Mangifera indica is 

Mangiferin, which is followed by Benzophenones, 

Phenolic acids, and other antioxidants such as 

Flavonoids, Carotenoids, Quercetin, Isoquercetin, 

Ascorbic acid, and Tocopherols. These phytochemicals 

found in Mangifera indica exhibit a range of 

pharmacological properties, including antioxidant, anti-

diabetic, anti-inflammatory, antimicrobial, antiviral, 

immunomodulatory, anti-obesity, anti-allergic, 

antifungal, antiparasitic, antidiarrheal, antipyretic, and 

anti-tumour activities45. 

Molecular docking is a simulation strategy that 

relies on the structural characteristics of proteins and 

ligands to predict their interactions. This technique 

utilizes a scoring system to evaluate the affinity of the 

interaction and identifies the binding site on the target 

receptor46. Based on this knowledge, we have conducted 

an in silico comparison to assess the potential of natural 

compounds, including Momordica charantia, 

Buchholzia coriacea, Vernonia amygdalina, Mimosa 

pudica, Bergenia ciliate,  and Mangifera indica, in 

comparison to commonly used conventional drugs 

(Metformin and Miglitol) as antidiabetic agents. We 

have also performed in silico predictions to evaluate 

these compounds' drug-likeness, bioactivity, absorption, 

distribution, metabolism, excretion, and toxicity 

(ADMET) properties.  

 

MATERIAL AND METHODS 
 

Selection of Ligands (Bioactive compounds) 

In this study, six (6) medicinal plants were 

selected, namely Buchholzia coriacea (Wonderful Kola), 

Vernonia amygdalina (Bitter Leaf), Mimosa pudica 

(Sleepy Plant), Momordica charantia (Bitter Melon), 

Bergenia ciliate (Fringed Bergenia), and Mangifera 

indica (Mango) 47-53. Twenty-nine (29) bioactive 

compounds were selected from the six (6) plants. 

Additionally, control drugs used in the study included 

Metformin and Miglitol. Table 1 presents the bioactive 

compounds selected from the plants and the control 

drugs. To obtain the PubChem identification number 

(PID), the 3D structure in Structural Data Format (SDF), 

and the canonical SMILES of the bioactive compounds 

and control drugs, we used a chemical repository server 

called PubChem Web 

(https://pubchem.ncbi.nlm.nih.gov/) 54. 

 

Selection of Protein Target 

The protein of interest in this study is human 

SIRT6, and its crystal structure was obtained from the 

literature55. The three-dimensional (3D) crystallographic 

structure of the target protein (PDB: 3K35) 55 was 

acquired from the Research Collaboratory of Structural 

Bioinformatics (RCSB) Protein Database 

http://aprh.journals.ekb.eg/
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(https://www.rcsb.org/ ) 56 and saved in the PDB format. 

Figure 2 illustrates the structure of the human SIRT6 

protein crystal. 

 

Preparation of Protein Target  

The human SIRT6 crystal structure underwent 

cleaning and preparation, involving the removal of co-

crystallized ligands using UCSF Chimera (version 

1.13.1)57. UCSF Chimera was utilized to eliminate water 

molecules, introduce hydrogen atoms, and assign 

Gasteiger-Huckel charges. The protein was then 

subjected to minimization for molecular docking 

purposes and saved in PDB format. 

 

Screening for Drug-likeness 

The bioactive compounds and the control drugs 

were subjected to drug-likeness screening using the 

online server SwissADME (http://swissadme.ch/)58. This 

screening utilized the canonical SMILES of the 

compounds. Out of the twenty-nine (29) bioactive 

compounds and two (2) control drugs, four (4) bioactive 

compounds violated multiple criteria of the Lipinski rule 

of five59. The remaining compounds were then subjected 

to molecular docking. 

 

Molecular docking  

The software PyRx60 was employed to conduct 

molecular docking between the ligands and the target 

protein. The downloaded 3D structures of the ligands 

were sequentially uploaded to PyRx, where they were 

optimized to their lowest energy state using the Merck 

molecular force field (MMFF94). Subsequently, the 

ligands were converted to the auto-dock ligand format 

(PDBQT). The AutoDock was utilized to perform the 

molecular docking study, utilizing a lattice box with 

mean dimensions (x: 41.4429, y: 14.8822, z: 53.6957) 

and sizes (x: 62.7600, y: 93.2744, z: 56.8412 angstroms) 

to define the active site of the protein. A selection of 

amino acids identified from the literature, and known to 

be present in the binding region of the target protein, was 

used for molecular docking55, 61. The resulting binding 

energy in kcal/mol was obtained for each ligand and the 

protein complex. Additionally, PyRx was used to convert 

the docked ligands and protein targets from the PDBQT 

format to the PDB format, allowing for further analysis 

and visualization of the results. 

 

Analysis of Molecular Interactions 

The protein-ligand complexes were analyzed 

using PyMOL molecule visualization software (version 

2.4, 2010, Schrödinger LLC) 62 to generate graphical 

representations. The resulting complexes were saved in 

PDB format. Subsequently, these complexes were 

uploaded to the web servers Protein-Ligand Interaction 

Profiler (https://plip-tool.biotec.tu-dresden.de/plip-

web/plip/index) 63 and Proteins Plus 

(https://proteins.plus/) 64, 65 to identify and analyze their 

molecular interactions.  

 

Bioactivity Prediction  

The bioactivity of the ligands was assessed 

utilizing the online server Molinspiration 

(https://www.molinspiration.com) 66. This server 

calculated the activity score for various categories, 

including GPCR ligands, ion channel modulators, 

nuclear receptor ligands, kinases, proteases, and enzyme 

inhibitors. A specific range was utilized to determine the 

organic compounds' bioactivity. A compound is 

classified as active if its bioactivity score exceeds 0 (>0). 

The compound is moderately active if the score falls 

between -5.0 and 0.0. On the other hand, if the score is 

less than -5.0 (<-5.0), the compound is regarded as 

inactive 66. 

 

ADMET Properties prediction 

The pharmacokinetic properties of the ligands 

were evaluated using the online tool ADMETlab 

(https://admetmesh.scbdd.com/service/evaluation/cal) 
67. This tool allowed for assessing the absorption, 

distribution, metabolism, excretion, and toxicity 

(ADMET) properties of the ligands derived from the 

molecular docking process. The obtained results were 

then utilized to predict the pharmacokinetic properties of 

the ligands. 
 

RESULTS 
 

Drug-Likeness Screening Of Selected Compounds  

The bioactive compounds selected from the six 

medicinal plants were subjected to drug-likeness 

screening using the SwissADME server. The screening 

process involved applying the Lipinski rule of five. 

Among the compounds, twenty-five (25) exhibited no 

more than one violation of the Lipinski rule of five and 

were consequently considered for further analysis in this 

research. However, four (4) compounds violated two 

rules and were excluded from further analysis. As for the 

control drugs used in the study, Metformin and Miglitol, 

they did not violate any of the rules. The results of this 

screening process are presented in Table 1. 

 

Docking and Molecular Interaction Analysis  

The amino acids present at the active site of 

SIRT6 protein are the following: GLU-20, LYS-31, 

ALA-51, GLY-52, THR-55, PHE-62, ARG-63, PRO-65, 

HIS-66, TRP-69, ARG-74, LYS-79, ASP-81, ARG-106, 

GLN-111, ASN-112, ARG-124, HIS-131 GLN-145, 

ARG-162, LEU-184, SER-189, LEU-190, ASP-192, 

ASP - 194, ARG-203, THR-213, GLN-216, SER-214, 

LEU-215, ILE-217 PRO-219, ASN-222, ARG-229, 

ARG-230, ASN-238, LEU-239, GLN-240, ARG-251, 

HIS-253, VAL-256, LYS-294 55, 61. The docking and 
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Table 1. Drug-likeness screening of the 29 bioactive compounds and the two control drug. 

S/N Plants Phytochemicals 
Chemical 

Formula 

Molecular 

weight 
XLOGP 

Number 

of H-bond 

acceptors 

Number 

of H-

bond 

donors 

Bioavailability 

Score 

Lipinski 

number 

of 

violations 

 
1 

Buchholzia 
coriacea    

Oleic acid 
C18H34O2 282.46 7.64 2 1 0.85 1 

2  Stigmasterol C29H48O 412.69 8.56 1 1 0.55 1 

3  Cyclooctasulphur S8 256.52 8.56 1 1 0.55 1 
4  5-

hydroxylmethylfurfural C6H6O3 126.11 -0.58 3 1 0.55 0 

5  Beta-sitosterol C29H50O 414.71 9.34 1 1 0.55 1 
 

6 

Vernonia 

amygdalina 

 

Vernodalin 

C19H20O7 360.36 0.31 7 1 0.55 0 
7  Luteolin C15H10O6 286.24 2.53 6 4 0.55 0 

8  Phytol C20H40O 296.53 8.19 1 1 0.55 1 

9  Glucurono lactone C6H8O6 176.12 -1.85 6 3 0.55 0 

10  Chlorogenic acid C16H18O9 354.31 -0.42 9 6 0.11 1 

11 Mimosa 

pudica 
 

Mimosine 

C8H10N2O4 198.18 -4.36 5 3 0.55 0 

12  p-coumaric acid C9H8O3 164.16 1.46 3 2 0.85 0 

13  Avicularin C20H18O11 434.35 0.98 11 7 0.17 2 
14  Mimopudine C14H19N5O5 337.33 -2.72 8 5 0.55 0 

15  2-hydroxylmethyl-

chroman-4-on C10H10O3 178.18 0.76 3 1 0.55 0 
16 Momordica 

charantia 

 

Momordicoside k 

C37H60O9 648.87 3.67 9 5 0.55 1 
17  Phenylalanine C9H11NO2 165.19 -1.52 3 2 0.55 0 

18  Gentisic acid 5-O-beta-
glucoside C13H16O9 316.26 -1.27 9 6 0.11 1 

19  Quercetin-7-o-beta-d 

glucopyranoside C21H20O12 464.38 0.36 12 8 0.17 2 
20  Benzoic acid C7H6O2 122.12 1.87 2 1 0.85 0 

21 Bergenia 

ciliate 
 

Allantoin 

C4H6N4O3 158.12 -2.17 3 4 0.55 0 

22  Catechin C15H14O6 290.27 0.36 6 5 0.55 0 

23  Bergenin C14H16O9 328.27 -0.97 9 5 0.55 0 
24  Galloyl-epicatechin C22H18O10 442.37 2.3 10 8 0.55 1 

25 Mangifera 

indica 
 

Mangiferin 

C19H18O11 422.34 -0.37 11 8 0.17 2 

26  Methyl gallate C8H8O5 184.15 0.86 5 3 0.55 0 

27  Kaempferol C15H10O6 286.24 1.9 6 4 0.55 0 
28  Protocatehuic acid C7H6O4 154.12 1.15 4 3 0.56 0 

29  Luteoxanthin C40H56O4 600.87 9.39 4 2 0.17 2 

 Control 
Drug 

Metformin 
C4H11N5 129.16 -1.27 2 3 0.55 0 

  Miglitol C8H17NO5 207.22 -2.57 6 5 0.55 0 

 

 

 

molecular interaction results in Table 2 below represent 

the binding energies, hydrogen bonds, hydrophobic 

interactions, π-stackings, and salt bridges between the 

compounds and protein SIRT6.  

The findings revealed that Buchholzia 

coriacea compounds, namely Oleic acid, Stigmasterol, 

Cyclooctasulphur, 5-hydroxymethylfurfural, and Beta-

sitosterol, exhibited binding energy scores of -6.4 

kcal/mol, -7.1 kcal/mol, -2.5 kcal/mol, -4.3 kcal/mol, and 

-7.0 kcal/mol, respectively. Notably, Stigmasterol 

displayed the highest binding affinity. In detail, Oleic 

acid formed six hydrogen bonds with amino acid 

residues ALA51, ARG63, GLY212, SER214, and 

LEU215, while also engaging in hydrophobic 

interactions with PHE62, TRP69, VAL113, HIS131, 

TRP186, and ILE217 (Figure 3a). Stigmasterol formed 

two hydrogen bonds with HIS66 and LYS79 and 

exhibited hydrophobic interactions with THR55, 

ALA56, HIS66, LYS79, TYR255, and ASP257 (Figure 

3b). Cyclooctasulphur formed no hydrogen bonds and 

hydrophobic interactions with the protein target. 5-

hydroxylmethylfurfural established three hydrogen 
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Figure 1.  Flow chart of the study. 

 

 

 

Figure 2. Structure of the human SIRT6 (Retrieved from protein data bank). 
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a 

 
b 

 
c 

 
d 

 

 
Figure 3. The binding arrangement of Oleic acid (3a), Stigmasterol (3b), 5-hydroxymethylfurfural (3c), and Beta-sitosterol (3d) 

within the active site of 3K35, as determined through molecular docking using AutoDock. Protein-Ligand Interaction Profiler and 

Proteins Plus online server was employed to analyze the binding interactions. The legends denote the different types of interactions: a 

blue dashed line represents a hydrogen bond, a green dotted line represents pi stacking, and a grey dotted line represents a hydrophobic 

interaction. 
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Table 2. Evaluation of the molecular docking between the bioactive compounds with the target 

 

S/

N 

Plant 

Source 

Molecules Binding 

energy 

(kcal/mol) 

Number 

of 

hydrogen 

bond 

formed 

Residues involved in 

hydrogen bond 

formation (Ӑ) 

Residues involved 

in hydr0phobic 

interaction (Ӑ) 

Residues 

involved 

in π-

stacking 

(Ӑ) 

Salt bridge 

1 Buchholzia 

coriacea    

Oleic acid -6.4 6 ALA51 (2.15) 

ARG63 (3.50) 

GLY212(3.07) 
SER214(1.91, 2.81) 

LEU215(3.28) 

PHE62(3.92, 3.95, 

3.99, 3.70) 

TRP69(3.64) 
VAL113(3.82) 

HIS131(3.65) 

TRP186(3.87,3.74) 
ILE217(3.83,3.62) 

  

  Stigmasterol -7.1 2 HIS66(2.62) 

LYS79(2.39) 

THR55(3.60) 

ALA56(3.93) 
HIS66(3.10) 

LYS79(3.96) 

TYR255(3.54, 

3.87, 3.69, 3.56, 

3.93, 3.65) 

ASP257(3.61) 

  

  Cyclooctasulphur -2.5 NO 

INTERA

CTION 

NO INTERACTION NO 

INTERACTION 

  

  5-

hydroxylmethylfurf

ural 

-4.3 3 ARG63 (2.58, 2.39) 

TRP69 (2.13) 

LYS13 (3.74) 

ILE217 (3.69) 

TRP186 

(4.87) 

 

  Beta-sitosterol -7.0   THR55(3.86) 

ALA56(3.63) 

HIS66(3.92) 
TYR255(3.56, 

3.58, 3.43)  

  

2 Vernonia 

amygdalina 

 

Vernodalin -5.8 1 TYR255 (2.71) THR55(3.93) 
PRO60(3.91) 

TYR255(3.89) 

  

  Luteolin -7.8 4 HIS66(2.99) 

ASN238(2.40) 

LEU239(2.78) 

GLN240(2.04) 

LEU239(3.65, 

3.67) 

GLN240(3.64) 

  

  Phytol -4.1 2 THR83(2.35,3.41) PHE80(3.61,3.39) 

VAL151(3.68)  

  

  Glucurono lactone -4.9 3 HIS131(3.59) 
TRP186(2.95,2.46)  

  LYS13 
(5.40) 

HIS131(4.1

6) 
  Chlorogenic acid -7.7 6 ASP61(2.91, 1.77) 

HIS66(2.99) 

ASP81(2.71) 
LEU23(2.36) 

VAL256(3.05) 

HIS66(3.73) 

LEU239(3.38, 

3.62) 

  

3 Mimosa 

pudica 

 

Mimosine -4.3 5 THR55(2.02) 

ASP61(2.18, 2.43) 

GLU64(3.18) 
HIS66(2.22) 

  HIS66 

(5.34) 

  p-coumaric acid -6.4 4 ALA51 (3.11) ARG63 

(3.60) SER214 (2.30, 
3.25) 

PHE62(3.89) PHE62(3

.74) 

 

  Mimopudine -7.5 8 ALA51(2.94) 

ARG63(2.20, 2.96, 
2.34) TRP69(2.85) 

GLN111(2.39, 2.91) 

HIS131(3.39) 

ARG63 (3.49) 

VAL113 (3.70) 

  

  2-hydroxy methyl-

chroman-4-on 

-5.7 1 THR182 (2.09) LEU157(3.57, 

3.69) 

ARG180 (3.90) 

  

4 Momordica 

charantia 

Momordicoside K -6.8 3 THR55(1.79) 

LYS79(2.90) 

ASP257(3.44) 

THR55 (3.96) 

HIS66 (3.75) 

TYR255 (3.76) 
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  Phenylalanine -5.5 2 ASP185 (2.60) 

TRP186 (2.25) 

LYS13(3.78) 

TRP186(3.71) 

ILE217((3.77, 3.87, 
3.70) 

 HIS131 

(5.19) 

  Gentisic acid 5-O-

beta-glucoside 

-7.1 4 HIS66(3.43) 

LEU239(3.10) 
GLN240(2.12, 2.00) 

LEU239 (3.80, 

3.57) 

  

  Benzoic acid -5.7 5 GLN111(3.24) 

SER214(2.09, 2.46) 
LEU215(2.42)GLN21

6(2.67)  

ALA51(3.92) 

PHE62(3.89) 
GLN111(3.74) 

ILE217(3.80) 

 ARG63 

(4.94) 

5 Bergenia 

ciliate 

 

Allantoin -5.3 6 ARG124(3.31, 2.34) 
LEU127(2.53) 

GLN145(2.60) 

ASP194(2.42, 3.36) 

   

  Catechin -8.4 7 LYS13(2.74) 

ALA51(2.66) 

ARG63(2.61, 3.19) 
HIS131(2.89) 

THR213(1.87) 

SER214(2.33) 

LYS13(3.70 

PHE62 (3,39) 

TRP186(3.53 
ILE217(3.78, 3.71) 

  

  Bergenin -6.8 6 ARG124(2.32, 3.11, 

2.75) LEU127(3.57) 

GLU129(3.23) 
GLN145 (2.52) 

ARG193 (3.58)  ARG193 

(4.98) 

  Beta-sitosterol -7.0   THR55(3.86) 

ALA56(3.63) 
HIS66(3.92) 

TYR255(3.56,3.58, 

3.43) 

  

  Galloyl-

epicatechin 

-7.4 6 GLU20(3.07) 

THR55(2.55) 

ASP61(2.47) 
HIS66(3.10) 

LEU39(2.91) 

GLN240(3.62) 

LEU239(3.88) 

TYR255(3.70) 

  

6 Mangifera 

indica 

 

Methyl gallate -6.6 7 ALA51(3.57) 

ARG63(3.40) 

GLN111(3.26) 

ASN112(2.35) 

HIS131(1.99) 
SER214(2.22) 

LEU215(3.22) 

ALA51(3.59)   

  Kaempferol -7.0 5 ARG101(2.25, 1.70, 
2.36,) GLY121(3.18) 

LEU287(3.31) 

ARG101(3.72) 
LEU280(3.73,3.87, 

3.68,3.78) 

  

  Protocatechinic 

acid 

-5.3 1 ALA51(2.39) PHE62(3.43) 
GLN111(3.99) 

ILE217(3.85) 

 HIS131 
(4.70) 

7 Control 

drugs 

Metformin -4.8 4 ARG124(3.32, 2.62, 
2.42) GLN145(3.54) 

  GLU129(4.
97) 

ASP194(4.

23, 3.74) 
  Miglitol -5.1 5 THR55(2.55) 

ASP61(2.01,1.89) 

HIS66(2.49,3.00) 

   

Compounds in bold letters are the best-hit ligands 

 

 

 

bonds with ARG63 and TRP69 and engaged in 

hydrophobic interactions with LYS13 and ILE217 

(Figure 3c). Lastly, Beta-sitosterol solely participated in 

hydrophobic interactions with THR55, ALA56, HIS66, 

and TYR255 (Figure 3d). 

Our second chosen medicinal plant, Vernonia 

amygdalina, contains several bioactive compounds, 

including Vernodalin, Luteolin, Phytol, Glucurono 

lactone, and Chlorogenic acid. Vernodalin exhibited a 

binding score of -5.8 kcal/mol, forming a single 

hydrogen bond with TYR255 and engaging in 

hydrophobic interactions with three residues: THR55, 

PRO60, and TYR255 (Figure 4a). Luteolin 

demonstrated the highest binding affinity within this 

plant category, binding to the protein target with an 

energy of -7.8 kcal/mol. As depicted in Figure 4b,  
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Figure 4. The binding arrangement of Vernodalin 4(a), Luteolin 4(b), Phytol 4(c), Glucurono lactone 4(d) and Chlorogenic 

acid 4(e) within the active site of 3K35, as determined through molecular docking using AutoDock. Protein-Ligand Interaction 

Profiler and Proteins Plus online server was employed to analyze the binding interactions. The legends denote the different types of 

interactions: a blue dashed line represents a hydrogen bond, a green dotted line represents pi stacking, and a grey dotted line represents 

a hydrophobic interaction. 

 

 

 

Luteolin established hydrogen bonds with four amino 

acids: HIS66, ASN238, GLN240 and LEU239, and also 

exhibited hydrophobic interactions with LEU239 and 

GLN240. Phytol displayed a binding score of -4.1 

kcal/mol, forming two hydrogen bonds with THR83 and 

interacting hydrophobically with PHE80 and VAL151 

(Figure 4c). Glucurono lactone exhibited a binding 

energy of -4.9 kcal/mol, establishing three hydrogen 

bonds with HIS131 and TRP186 and forming a salt 

bridge with LYS13 and HIS131 (Figure 4d). 

Chlorogenic acid also demonstrated a favourable binding 

score of -7.7 kcal/mol, forming six hydrogen bonds with 

ASP61, HIS66, ASP81, LEU23, and VAL256 and 

engaging in hydrophobic interactions with HIS66 and 

LEU239 (see Figure 4e). 

Our analysis revealed that the bioactive 

compounds Mimosine, p-coumaric acid, Mimopudine, 

and 2-hydroxy methyl-chroman-4-on, found in Mimosa 

pudica, exhibited binding scores of -4.3 kcal/mol, -6.4 

kcal/mol, -7.5 kcal/mol, and -5.7 kcal/mol, respectively, 

with Mimopudine demonstrating the highest binding 

affinity. Mimosine formed five hydrogen bonds with 

amino acids THR55, ASP61, GLU64, and HIS66, 

establishing a salt bridge with HIS66 (Figure 5a). p-

coumaric acid engaged in four hydrogen bonds with 

residues ALA51, ARG63, and SER214 and interacted 

hydrophobically with residue PHE62. Additionally, it 

formed a π-stacking interaction with PHE62 (Figure 5b). 

Mimopudine established eight hydrogen bonds with 

residues ALA51, ARG63, TRP69, GLN111, and HIS131 

and displayed hydrophobic interactions with ARG63 and 

VAL113 (Figure 5c). Lastly, 2-hydroxy methyl-

chroman-4-on formed one hydrogen bond with amino 

acid THR182 and interacted hydrophobically with 

LEU157 and ARG180 (Figure 5d). 

From Momordica charantia, we identified the 

bioactive compounds Momordicoside K, Phenylalanine, 

Gentisic acid 5-O-beta-glucoside, and Benzoic acid,  
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a 

 
 

b 

 
 

c 

 
 

d 

 
Figure 5. The binding arrangement of Mimosine 5(a), p-coumaric acid 5(b), Mimopudine 5(c), and 2-hydroxy methyl-chroman-

4-on 5(d) within the active site of 3K35, as determined through molecular docking using AutoDock. Protein-Ligand Interaction 

Profiler and Proteins Plus online server was employed to analyze the binding interactions. The legends denote the different types of 

interactions: a blue dashed line represents a hydrogen bond, a green dotted line represents pi stacking, and a grey dotted line represents 

a hydrophobic interaction. 
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b 

 

 
 

c 

 

 
 

d 

 
 

Figure 6. The binding arrangement of Momordicoside K 6(a), Phenylalanine 6(b), Gentisic acid 5-O-beta-glucoside 6(c), and 

Benzoic acid 6 (d) within the active site of 3K35, as determined through molecular docking using AutoDock. Protein-Ligand 

Interaction Profiler and Proteins Plus online server was employed to analyze the binding interactions. The legends denote the different 

types of interactions: a blue dashed line represents a hydrogen bond, a green dotted line represents pi stacking, and a grey dotted line 

represents a hydrophobic interaction. 
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which exhibited binding scores of -6.8 kcal/mol, -5.5 

kcal/mol, -7.1 kcal/mol, and -5.7 kcal/mol, respectively, 

when interacting with the SIRT6 protein. 

Momordicoside K formed three hydrogen bonds with 

amino acids THR55, LYS79, and ASP257, and engaged 

in hydrophobic interactions with THR55, HIS66, and 

TYR255 (Figure 6a). Phenylalanine established two 

hydrogen bonds with ASP185 and TRP186, displayed 

hydrophobic interactions with LYS13, TRP186, and 

ILE217, and formed a salt bridge with HIS131 (Figure 

6b). Gentisic acid 5-O-beta-glucoside established four 

hydrogen bonds with residues HIS66, LEU239, and 

GLN240 and had hydrophobic interactions with LEU239 

(Figure 6c). Lastly, Benzoic acid formed five hydrogen 

bonds with GLN111, SER214, LEU215, and GLN216, 

displayed hydrophobic interactions with ALA51, 

PHE62, GLN111, and ILE217, and formed a salt bridge 

with ARG63 (Figure 6d). 

Bergenia ciliate contains the following 

bioactive compounds, namely Allantoin, Catechin, 

Bergenin, Beta-sitosterol, and Galloyl-epicatechin, 

which exhibit binding scores of -5.3 kcal/mol, -8.4 

kcal/mol, -6.8 kcal/mol, -7.0 kcal/mol, and -7.4 kcal/mol, 

respectively, when interacting with the protein target. 

Among them, Catechin shows the highest binding 

affinity. Allantoin forms six hydrogen bonds with amino 

acids ARG124, LEU127, GLN145, and ASP194 (Figure 

7a). Catechin establishes seven hydrogen bonds with 

residues LYS13, ALA51, ARG63, HIS131, THR213, 

and SER214, and engages in hydrophobic interactions 

with LYS13, PHE62, TRP186, and ILE217 (refer to 

Figure 7b). Bergenin forms six hydrogen bonds with 

ARG124, LEU127, GLU129, and GLN145 and exhibits 

hydrophobic interactions and a salt bridge linkage with 

ARG193 (Figure 7c). Beta-sitosterol solely interacts 

hydrophobically with THR55, ALA56, HIS66, and 

TYR255 (refer to figure 7d). Galloyl-epicatechin forms 

six hydrogen bonds with GLU20, THR55, ASP61, 

HIS66, LEU39, and GLN240, and engages in 

hydrophobic interactions with LEU239 and TYR255 

(Figure 7e). 

Mangifera indica contains bioactive 

compounds, namely Methyl gallate, Kaempferol, and 

Protocatechuic acid, which exhibit binding energies of -

6.6 kcal/mol, -7.0 kcal/mol, and -5.3 kcal/mol, 

respectively, when interacting with our target protein. 

Among them, Kaempferol shows the highest binding 

score in this category. Methyl gallate forms seven 

hydrogen bonds with residues ALA51, ARG63, 

GLN111, ASN112, HIS131, SER214, and LEU215, and 

interacts hydrophobically with ALA51 (see Figure 8a). 

Kaempferol establishes five hydrogen bonds with 

ARG101, GLY121, and LEU287 and engages in 

hydrophobic interactions with residues ARG101 and 

LEU280 (Figure 8b). Protocatechuic acid forms one 

hydrogen bond with residue ALA51, exhibits 

hydrophobic interactions with PHE62, GLN111, and 

ILE217, and forms a salt bridge linkage with residue 

HIS131 (Figure 8c). 

Metformin and Miglitol have a binding energy 

of -4.8kcal/mol and -5.1kcal/mol, respectively. 

Metformin forms four hydrogen bonds with amino acids 

ARG124 and GLN145 (3.54), and it has salt bridge 

linkage with residues GLU129 and ASP194 (Figure 9a). 

Miglitol forms five hydrogen bonds with residues 

THR55, ASP61, and HIS66 (Figure 9b). 

 

Bioactivity Prediction  

The bioactivity properties of the bioactive 

compounds with greater binding affinity than the control 

drugs and that of the control drugs are shown in Table 3.  

This bioactivity includes scores for GPCR 

ligand, ion channel modulator, nuclear receptor legend, 

kinase inhibitor, protease inhibitor, and enzyme 

inhibitor. For the GCPR ligand, Metformin, Miglitol, 

Protocatechuic acid, Kaempferol, Methyl gallate, 

Bergenin, Benzoic acid, Allantoin, Phenylalanine, 2-

hydroxymethyl chroman-4-on, Mimopudine, p-coumaric 

acid, and Luteolin has GCPR ligand score between -5.0 

and 0.0 which indicates that they are moderately active. 

Oleic acid, Stigmasterol, Beta-sitosterol, Vernodalin, 

Chlorogenic acid, Momordicoside k, Gentisic acid 5-O-

beta-glucoside, Galloyl-epicatechin, and Catechin has 

GCPR score greater than 0.0 and an indication that they 

are active. The ion channel modulator score of 

Metformin, Miglitol, Protocatechuic acid, Kaempferol, 

Momordicoside k, Methyl gallate, Bergenin, Benzoic 

acid, Allantoin, 2-hydroxy methyl chroman-4-on, p-

coumaric acid, Luteolin, Stigmasterol, and Vernodalin 

ranges from -5.0 to 0.0 which indicates they are 

moderately active while the ion channel modulator score 

of Oleic acid, Beta-sitosterol, Chlorogenic acid, Galloyl-

epicatechin, Catechin, Mimopudine, Phenylalanine, and 

Gentisic acid 5-O-beta-glucoside is greater than 0.0 

which indicates they are highly active. Oleic acid, 

Stigmasterol, Beta-sitosterol, Vernodalin, Chlorogenic 

acid, Momordicoside k, Gentisic acid 5-O-beta-

glucoside, Galloyl-epicatechin, p-coumaric acid, 2-

hydroxy methyl chroman-4-on, Phenylalanine, 

Allantoin, Benzoic acid, Bergenin, Methyl gallate, 

Protocatechuic, Miglitol, and Metformin has kinase 

inhibitor property in between -5.0 and 0.0 which indicate 

that they are moderately active. Kaempferol, Luteolin, 

Mimopudine, and Catechin have kinase inhibitor scores 

greater than 0.0, indicating they are highly active. 

Nuclear receptor ligand is another predicted bioactivity 

score on the compounds of interest, Metformin, Miglitol, 

Protocatechuic acid, Bergenin, Benzoic acid, 

Phenylalanine, 2-hydroxy methyl chroman-4-on, 

Mimopudine, p-coumaric acid, Methyl gallate, and 

Allantoin has nuclear receptor score between -5.0 and 0.0 

suggesting that they are moderately active.  
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Figure 7. The binding arrangement of Allantoin 7(a), Catechin 7(b), Bergenin 7(c), Beta-sitosterol 7(d) and Galloyl-epicatechin 

7(e) within the active site of 3K35, as determined through molecular docking using AutoDock. Protein-Ligand Interaction Profiler 

and Proteins Plus online server was employed to analyze the binding interactions. The legends denote the different types of interactions: 

a blue dashed line represents a hydrogen bond, a green dotted line represents pi stacking, and a grey dotted line represents a hydrophobic 

interaction. 

 

 

 

In contrast, Oleic acid, Stigmasterol, Beta-sitosterol, 

Vernodalin, Luteolin, Chlorogenic acid, Momordicoside 

k, Gentisic acid-5-o-beta-d, Catechin, Galloyl-

epicatechin, and Kaempferol has their score greater than 

0.0 which suggest that they are highly active. The 

protease inhibitor of Stigmasterol, Luteolin, p-coumaric 

acid, 2-hydroxy methyl chroman-4-on, Phenylalanine, 

Allantoin, Benzoic acid, Bergenin, Methyl gallate, 

Kaempferol, Protocatechuic acid, and Metformin is 

between -5.0 and 0.0 an indication that they are 

moderately active. In contrast, the protease inhibitor of 

Oleic acid, Beta-sitosterol, Vernodalin, Chlorogenic 

acid, Momordicoside k, Gentisic acid-5-O-beta- D-

glucopyranoside, Galloyl-epicatechin, Catechin, 

Mimopudine, and Miglitol is greater than 0.0 which 

indicate high activity. Enzyme inhibitor score for 

Allantoin, Benzoic acid, Bergenin, Methyl gallate, 

Protocatechuic, Metformin, 2-hydroxy methyl chroman-

4-on, and p-coumaric acid is between -5.0 and 0.0, an 

indication for moderate activity while the score for 

Miglitol, Kaempferol, phenylalanine, Mimopudine, 

Luteolin, Oleic acid, Stigmasterol, Beta-sitosterol, 

Vernodalin, Chlorogenic acid, Momordicoside k, 

Gentisic acid 5-O-beta-glucoside, Catechin, and Galloyl-

epicatechin is greater than 0.0 which indicates high 

activeness. 

 

ADMET Properties Prediction 

The absorption, distribution, metabolism, 

excretion, and toxicity properties of the hit compounds 

are shown in Table 4 below.  

For the absorption properties, Oleic acid, 

Stigmasterol, Beta-sitosterol, Vernodalin, Mimopudine, 

Phenylalanine, Benzoic acid, Allantoin, and Gentisic 
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Figure 8. The binding arrangement of Methyl gallate 8(a), Kaempferol 8(b), and Protocatechinic acid 8(c) within the active site 

of 3K35, as determined through molecular docking using AutoDock. Protein-Ligand Interaction Profiler and Proteins Plus online 

server was employed to analyze the binding interactions. The legends denote the different types of interactions: a blue dashed line 

represents a hydrogen bond, a green dotted line represents pi stacking, and a grey dotted line represents a hydrophobic interaction. 

 

 

 

acid 5-O-beta-glucoside can cross the blood-brain barrier 

(BBB). In contrast, Momordicoside k, Luteolin, p-

coumaric acid, 2-hydroxy methyl chroman-4-on, 

Bergenin, Methyl gallate, Kaempferol, Protocatechinnic 

acid, Catechin, and Galloyl-epicatechin together with the 

two control drugs Miglitol and Metformin cannot cross 

the blood-brain barrier. 

Oleic acid, Stigmasterol, Beta-sitosterol, Luteolin, p-

coumaric acid, 2-hydroxy methyl chroman-4-on, 

Benzoic acid and Phenylalanine has high absorption in 

the intestine through Caco-2 permeability. In contrast, 

other compounds and the control drugs inclusive have 

low intestinal absorption. All the hit compounds except 

Momordicoside k are not P-glycoprotein (Pgp) 

inhibitors. For the distribution properties, fifteen (15) out 

of the twenty hit compounds and the control drugs have 

good plasma protein binding, which (PPB) is below 90%. 

Sixteen (16) out of the twenty hit compounds are 

predicted to be localized in the mitochondria. Metformin 

and Miglitol are localized in lysosomes and 

mitochondria, respectively. For the metabolism 

properties, sixteen (16) out of the twenty compounds and 

the control drugs were predicted not to inhibit key 

cytochrome P450 enzymes which are CYP450 1A2, 

CYP450 3A4, CYP450 2C9, CYP450 2C19, and 

CYP450 2D6. 
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Figure 9. The binding arrangement of Metformin 9(a) and Miglitol 9(b) within the active site 3K35, as determined through 

molecular docking using AutoDock. Protein-Ligand Interaction Profiler and Proteins Plus online server was employed to analyze the 

binding interactions. The legends denote the different types of interactions: a blue dashed line represents a hydrogen bond, a green dotted 

line represents pi stacking, and a grey dotted line represents a hydrophobic interaction. 

 

 

 

 

 
 

Oleic acid Stigmasterol 

 
 

Beta-sitosterol Vernodalin 
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Luteolin Chlorogenic acid 

 
 

p-coumaric acid Mimopudine 

 

 
-hydroxylmethyl-chroman-4-one Momordicoside K 

 
 

Phenylalanine Gentisic acid 5-O-beta-glucoside 

  

Benzoic acid Allantoin 

 

 

Catechin  Bergenin 
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Galloyl-epicatechin Methyl gallate 

  

 

 

Kaempferol Protocatehuic acid 

 

 

 

Metformin Miglitol 

 

Figure 10. 2D structure of the best-hit ligands and control drugs 

 

 

In comparison, the other four compounds could 

inhibit one or two enzymes. Almost all the compounds 

and the control drugs have good metabolic properties. 

For the toxicity properties, all compounds and control 

drugs except Stigmasterol and Momordicoside k cannot 

inhibit the human ether a-go-go gene, which indicates 

that they cannot affect the QT interval of the heart. The 

bioactive compounds and the control drugs, except 

Benzoic acid, are non-carcinogenic. Of all the bioactive 

compounds, Catechin, Bergenin, Galloyl-epicatechin, 

Kaempferol, and Luteolin are mutagenic. 

 

DISCUSSION 
 

Type-2 Diabetes mellitus is a complex 

condition characterized by persistent high blood glucose 

levels and involves multiple factors. Currently, 

medications are available for managing the associated 

complications of Type-2 diabetes. However, due to their 

combined effects, there is a need to explore more 

effective and safer drugs that can effectively decrease 

blood glucose levels while minimizing side effects55. 

Consequently, it is crucial to identify biological targets 

for developing new classes of antidiabetic agents with 

bioactive substances and novel mechanisms. 

Additionally, developing molecules that can facilitate 

therapeutic interventions remains a primary objective. 

In-silico techniques have emerged as valuable tools for 

obtaining initial information about drug-likeness and 

understanding the mode of action, thereby saving time 

and resources68. In this study, twenty-nine (29) bioactive 

compounds sourced from six (6) Medicinal plants were 

examined through in silico analysis to assess their 

potential as antidiabetic agents. The target protein chosen 

for this analysis was SIRT6. The bioactive compounds 

were compared with the control drugs, Metformin and 

Miglitol. To determine their binding affinities with the 

SIRT6 protein, PyRx software was employed. 

Furthermore, online tools were utilized to predict the 

bioactive compounds' pharmacokinetic properties and 

biological activities. 
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Table 3. Predicted bioactivity score for bioactive compounds and control drugs 

 

 

 

In this study, the drug-likeness properties of the 

bioactive compounds and control drugs were assessed 

using Lipinski's rule. Lipinski's rule is a widely used 

guideline in drug design and development employed by 

pharmaceutical chemists to predict the oral 

bioavailability of drug molecules. According to 

Lipinski's rule, candidate molecules will likely exhibit 

good oral bioavailability if they fulfil at least three 

criteria69. These criteria include a molecular weight of ≤ 

500 g/mol, an octanol-water partition coefficient (log P) 

of less than 5, hydrogen bond donors (OH and NH 

groups) of less than 5, and hydrogen bond acceptors 

(mainly N and O atoms) less than 10. These parameters 

are associated with intestinal permeability and aqueous 

solubility, crucial factors influencing the initial stage of 

oral bioavailability. In this study, 5-

hydroxymethylfurfural, Vernodalin, Luteolin, Glucuro 

lactone, Mimosine, p- coumaric acid, Mimopudine, 2-

hydroxy methyl-chroman-4-one, Phenylalanine, benzoic 

acid, Allantoin, Catechin, Bergenin, Kaempferol, Methyl 

gallate and Protocatechuic acid violated none of the 

rules. Oleic acid, Stigmasterol, Cyclooctosulphur, Beta-

sitosterol, Phytol, Chlorogenic acid, Momordicoside k, 

Gentisic acid 5-O-beta-glucoside, and Galloyl- 

epicatechin violated one of the rules. Although these 

ligands violated one rule, they are acceptable as drug 

candidates due to bioavailability and non-toxicity. While 

Avicularin, Quercetin-7-o-beta-d-glucoropyranoside, 

Magniferin and Luteoxanthin violated 2 of Lipinski's 

rule. The control drugs Metformin and Miglitol did not 

violate any of the rules. The findings of this study 

suggest that bioactive compounds that conform to the 

drug-likeness criteria have the potential to be developed 

as oral drugs. Compounds that violate multiple rules 

outlined by Lipinski's rule may encounter challenges 

regarding bioavailability. Hence, this rule sets specific 

structural parameters for predicting the theoretical oral 

bioavailability profile and is widely employed in drug 

discovery endeavours. Per Lipinski's rule of five, 25 of 

the 29 bioactive compounds assessed in this study met 

the rule's criteria. This result indicates that these 

bioactive compounds exhibit favourable druggability 

and hold promise for oral drug utilization. 

S/N Compound name GPCR ligand Ion channel 

modulator 

Kinase 

inhibitor 

Nuclear 

receptor ligand 

Protease 

inhibitor 

Enzyme inhibitor 

1 Oleic acid 0.17 0.07 -0.22 0.23 0.07 0.27 

2 Stigmasterol 0.12 -0.08 -0.48 0.74 -0.02 0.53 

3 Beta-sitosterol 0.41 0.04 -0.51 0.73 0.07 0.51 

4 Vernodalin 0.41 -0.05 -0.17 0.86 0.14 0.56 

5 Luteolin -0.02 -0.07 0.26 0.39 -0.22 0.28 

6 Chlorogenic acid 0.29 0.14 -0.00 0.74 0.27 0.62 

7 p-coumaric acid -0.56 -0.26 -0.91 -0.12 -0.87 -0.15 

8 Mimopudine -0.02 0.07 0.20 -0.02 0.22 0.25 

9 2-hydroxy methyl 
chroman-4-on  

-0.45 -0.51 -1.11 -0.64 -0.98 -0.07 

10 Momordicoside k 0.09 -0.69 -0.73 0.05 0.13 0.28 

11 Phenylalanine -0.22 0.34 -0.89 -0.53 -0.09 0.16 

12 Gentisic acid 5-O-

beta-glucoside 

0.11 0.02 -0.10 0.19 0.04 0.43 

13 Benzoic acid -2.21 -1.57 -2.49 -2.05 -2.31 -1.60 

14 Allantoin -0.87 -0.71 -1.35 -1.92 -0.92 -0.52 

15 Catechin 0.41 0.14 0.09 0.60 0.26 0.47 

16 Bergenin -0.06 -0.09 -0.09 -0.08 -0.14 -0.35 

17 Galloyl-epicatechin 0.19 0.03 -0.10 0.38 0.15 0.30 

18 Methyl gallate -0.89 -0.36 -0.89 -0.72 -1.03 -0.34 

19 Kaempferol -0.10 -0.21 0.21 0.32 -0.27 0.26 

20 Protocatechinnic acid -0.88 -0.35 -0.10 -0.58 -1.09 -0.34 

21 Metformin -1.61 -0.93 -2.38 -3.21 -1.39 -1.23 

22 Miglitol -0.41 -0.10 -0.53 -0.83 0.11 0.36 
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Table 4. Predicted ADMET properties of bioactive compounds and control drugs 
 

S/N 

Class 

Properties Oleic acid Stigmasterol Beta-

sitosterol 

Vernodalin Luteolin Chlorogenic 

acid 

p-coumaric 

acid 

Mimopu

dine 

2-hydroxy 

methyl-

chroman-4-

on 

Momordico

side k 

Phenylala

nine 

1. Absorption BBB Yes Yes Yes Yes No No No Yes No No Yes 

 Caco-2 

permeability 

Yes Yes Yes No Yes No Yes No Yes No Yes 

 Pgp-inhibitor No No No No No No No No No Yes No 

 Pgp- substrate No Yes Yes No No No No No No Yes No 

2. Distribution PPB 
 

 

51.8% 104.4% 100.7% 67% 106.6% 63.4% 50.9% 42.2% 5.00% 48.1% 32.7% 

 Sub-cellular 
Localization 

Plasma 
membrane 

Lysosomes Lysosome
s 

Mitochondr
ia 

Mitochon
dria 

Mitochondria Mitochondr
ia 

Mitocho
ndria 

Mitochondria Mitochondri
a 

Lysosome
s 

3. Metabolism CYP450 1A2 

inhibition 

Yes No No No Yes No No No Yes No No 

 CYP450 3A4 

inhibition 

No No No No Yes No No No No No No 

 CYP450 3A4 
substrate 

No Yes Yes Yes No Yes No No No Yes No 

 CYP450 2C9 

inhibition 

No No No No No No No No No No No 

 CYP450 2C9 

substrate 

Yes No No No No Yes No No No No No 

 CYP450 2C19 
inhibition 

No No No No No No No No Yes No No 

 CYP450 2D6 

inhibition 

No No No No No No No No No No No 

 CYP450 2D6 

substrate 

No No No No No No No No No No No 

 UGT 
Catalyzed 

No Yes Yes Yes Yes No Yes Yes Yes No No 

4.  Toxicity Acute oral 

toxicity 

Class I Class I Class I Class III Class II Class III ClassIII Class 

III 

Class II Class III Class III 

 hERG  inhibitor No Yes No No No No No No No Yes No 

 Human 

hepatotoxicity 

No Yes Yes   Yes No Yes No Yes No No Yes 

 Ames 

mutagenicity 

No No No No Yes No No No No No No 

 Carcinogens No No No No No No No No No No No 
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S/N 

Class 

Properties Gentisic 

acid 5-O-

beta-

glucoside 

Benzoic acid Allantoin Catechin Bergenin Galloyl-

epicatechin 

Methyl 

gallate 

Kaempferol Protocatechinnic 

acid 

Metformin Miglitol 

1. Absorption BBB Yes Yes Yes No No No No No No No No 

 Caco-2 

permeability 

No Yes No No No No No No No No No 

 Pgp-inhibitor No No No No No No No No No No No 

  
Pgp- substrate 

No No No No No No No No No No No 

2.Distribution PPB 

 
 

58.1% 54.0% 22.5% 101.4% 45.4% 89.5% 55.1% 109.4% 54.6% 7.7% 2.0% 

 Sub-cellular 

Localization 

Mitochon

dria 

Mitochondria Mitochon

dria 

Mitochon

dria 

Mitochon

dria 

Mitochondria Mitoch

ondria 

Mitochondria Mitochondria Lysosomes Mitochon

dria 
3.Metabolism CYP450 1A2 

inhibition 

No No No No No No No Yes No No No 

 CYP450 3A4 
inhibition 

No No No No No No No Yes No No No 

 CYP450 

3A4 
substrate 

No No No No Yes Yes No Yes No No No 

 CYP450 

2C9 
inhibition 

No No No No No No No Yes No No No 

 CYP450 

2C9 

substrate 

No No Yes No No No No No No No No 

 CYP450 

2C19 
inhibition 

 

No No No No No No No Yes No No No 

 CYP450 
2D6 

inhibition 

No No No No No No No No No No No 

 CYP450 
2D6 

substrate 

No No No yes No Yes No No No No Yes 

 UGT 
Catalyzed 

Yes No No Yes Yes No Yes Yes Yes No No 

4. Toxicity Acute oral 

toxicity 

Class III Class III Class III Class iv Class iii Class iv Class 

iii 

Class ii Class iii Class iii Class iii 

 hERG  

inhibitor 

No No No No No No No No No No No 

 Human 
hepatotoxicity 

No No Yes No No Yes Yes Yes Yes Yes No 

 Ames 

mutagenicity 

No No No Yes Yes Yes No Yes No Yes No 

 Carcinogens No Yes No No No No No No No No No 

BB blood-brain barrier, PPB Plasma protein binding, CYP Cytochrome P450 
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This study indicated that the bioactive 

compounds passed the drug-likeness could be used as an 

oral drug. Molecules that violate more than one of these 

rules may present bioavailability problems. This rule, 

therefore, establishes specific structural parameters 

relevant to the theoretical prediction of the oral 

bioavailability profile and is closely used in the creation 

of new drugs70, 71. Using Lipinski's rule of five, 25 of the 

29 bioactive compounds passed this rule. This implies 

that these bioactive compounds have good druggability 

and can be used as oral drugs. 

Molecular docking is employed to assess the 

scoring function and analyze the interactions between a 

protein and a ligand, enabling the prediction of the ligand 

molecule's binding affinity and activity. It aids in 

determining the optimal conformation of the ligand 

within the macromolecular target, such as an enzyme or 

receptor, to establish a stable complex. The binding free 

energy, a significant thermodynamic parameter, is used 

in this approach to assess the theoretical stability of the 

ligand-protein complex72. In this study, Among all the 

tested docked bioactive compounds, Catechin derived 

from Bergenia ciliate had the best binding affinity of -

8.4 kcal/mol against the target compared to other ligands 

and the standard drugs (Table 2), Luteolin and 

Chlorogenic acid derived from Vernonia amygdalin, had 

a binding affinity of (-7.8 and -7.7) kcal/mol 

respectively, followed by Mimopudine derived 

from Mimosa pudica with a binding affinity of -7.5 

kcal/mol, Galloyl epicatechin, Stigmasterol, Gentisic 

acid 5-O-beta-glucoside, Kaempferol, Beta-sitosterol, 

Bergenin, Momordicoside k, Methyl gallate, p-coumaric 

acid, Oleic acid, Vernodalin, 2-hydroxymethyl-

chroman-4-one, Benzoic acid, Phenylalanine, Allantoin 

and Protocatechuic acid derived from the six (6) African 

plants had a binding affinity of (-7.4,-7.1,-7.1,-7,-7,-6.8,-

6.8,-6.6,-6.4,-6.4,-5.8,-5.7,-5.7,-5.5,-5.3&-5.3) kcal/mol 

respectively. 

Therefore, the interaction between the bioactive 

compounds and the human SIRT6 target can offer anti-

diabetic benefits in treating type-2 diabetes by inhibiting 

the target protein. Additionally, the compounds 

demonstrate their capability to bind to the catalytic sites 

of the target. Among the bioactive compounds derived 

from the six (6) African plants, including Catechin, 

Luteolin, Chlorogenic acid, Mimopudine, and the 

remaining sixteen (16) compounds, exhibit stronger 

binding to human SIRT6 compared to Metformin and 

Miglitol, thus presenting as potent inhibitors of this 

receptor and potential candidates for anti-diabetic drugs. 

Notably, Catechin demonstrates the highest binding 

affinity (-8.4 kcal/mol), attributed to its chemical 

interactions at specific amino acid residues within the 

receptor's active site (Table 2). These interactions 

involve hydrogen bonding with LYS13, ALA51, 

ARG63, HIS131, THR213, and SER214, as well as 

hydrophobic interactions with LYS13, PHE62, TRP186, 

and ILE217. Luteolin exhibits binding affinity through 

hydrogen bonding with HIS66, ASN238, LEU239, and 

GLN240, as well as hydrophobic interactions with 

LEU239 and GLN240. Chlorogenic acid displays 

binding affinity through hydrogen bonding with ASP61, 

HIS66, ASP81, LEU239, and VAL256 and hydrophobic 

interactions with HIS66, LEU239, and VAL256. The 

above amino acid residues act as a binding pocket for the 

ligand. Thus, Catechin, Luteolin, Chlorogenic acid and 

other bioactive compounds will be more effective against 

human SIRT6 receptors than Metformin and Miglitol's 

control drugs. The interaction of these compounds with 

this protein may lower blood glucose levels and prevent 

insulin resistance, characteristic of type-2 diabetes. It 

may reduce the acute and chronic complications 

associated with diabetes mellitus. Nguyen et al.73, in their 

studies, show that tannin and flavonoid family form 

hydrogen interaction with GLN111, THR123, and 

SER214, which are the three residues that seem to have 

a critical role in the active site of SIRT6 and hydrophobic 

interaction with ILE217, TRP186 and PHE62. The 

interaction of these residues may serve as a good 

prospect for treating type-2 diabetes. 

The findings of this study reveal that tannins 

and flavonoids, including Catechin, Luteolin, 

Chlorogenic acid, and other bioactive compounds, 

exhibit similar interactions with SIRT6, thereby 

impeding the progression of type-2 diabetes mellitus. 

The inhibition of human SIRT6 by these compounds 

relies on their capacity to form various bonds with 

specific amino acid residues at the active site. Moreover, 

the compounds' specificity in interacting with amino acid 

residues at the active site of human SIRT6 prevents 

potential toxic effects. The binding affinities observed 

between the bioactive compounds (ligands) and SIRT6 

in this study were stabilized through non-covalent 

interactions, such as hydrogen bonds, hydrophobic 

bonds, pi-stacking, and salt bridge formation. 

Rahmayanti and Fakhrurrazi have previously highlighted 

the significance of hydrogen bonding as an 

intermolecular interaction during the development of 

medicinal compounds, including herbal medicines. 

Hydrogen bonds are crucial in facilitating various 

cellular functions by enabling molecular interactions. In 

essence, hydrogen bonds are recognized as facilitators of 

protein-ligand binding74. 

A hydrogen bond is considered stable when its 

bond length is below 2.7Å. In this research, the highest 

binding affinity observed for Catechin can be attributed 

to its interaction with seven amino acid residues through 

hydrogen bonds, four of which have a bond length less 

than 2.7Å (ALA 51 (2.66), ARG 63(2.61), THR 

213(1.87), and SER 214 (2.33). Furthermore, this 

interaction is further stabilized by hydrophobic 

interactions with LYS 13 (3.70), PHE 62 (3.39), TRP 
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186 (3.53), and ILE 217 (3.78, 3.71) at the active site of 

the protein. Umar et al. reported that the binding affinity 

is enhanced when ligands exhibit a higher ability to form 

hydrophobic interactions with hydrophobic amino acid 

residues in the binding site75. This finding may explain 

the significant binding affinity observed for this study's 

bioactive compounds docked against human SIRT6. 

Hydrophobic bonds play a crucial role in stabilizing 

hydrogen bonds. The results of this investigation 

underscore the importance of hydrogen bonding, 

hydrophobic bonding, pi-stacking interactions, and salt 

bridges in achieving a stable interaction between the 

ligand and the target. 

Drug score values indicate the overall potential 

of a compound to be a drug candidate. As presented in 

Table 3, a Molinspiration web-based tool was used to 

predict the bioactivity score of the bioactive compounds 

against regular human receptors such as GPCRs, ion 

channels, kinases, nuclear receptors, proteases and 

enzymes. Compounds or ligands with a bioactivity score 

of more than 0.00 typically exhibit substantial biological 

activity. In contrast, values between -5.0 and 0.00 are 

considered moderately active molecules, and scores 

below -0.50 indicate that the molecules are inactive76. 

The score result of this study shows that eleven (11) 

bioactive compounds; Catechin, Luteolin, Chlorogenic 

acid, oleic acid, Stigmasterol, Vernodalin, Mimopudine, 

Gentisic acid 5-O-beta-glucoside, Bergenin, Galloyl 

epicatechin and Kaempferol have good bioactivity score 

(active molecules), with Catechin having the highest 

values for all types of drug target when compared to 

other test ligands while Beta-sitosterol, p-coumaric acid, 

2-hydroxymethyl chroman- 4-one, Momordicoside k, 

Phenylalanine, Benzoic acid, Allantoin, Methyl gallate 

and the control drugs are interpreted as insufficiently 

active as they have low bioactivity score lesser than -5.0. 

For any compound to be considered a potential drug 

candidate in clinical trials, it should have an acceptable 

pharmacokinetic profile and a high safety margin with a 

lower probability of toxicity and potent adverse effects77. 

To evaluate the compounds' pharmaceutical, 

physiological, biochemical, and molecular effects, an 

analysis of their absorption, distribution, metabolism, 

excretion, and toxicity (ADMET) properties was 

performed using the online server ADMETlab. These 

properties provide insight into the pharmacological 

characteristics of the compounds and their ability to 

reach their target protein. The ADMET properties of 

both the control drugs and the tested ligands are 

presented in Table 4. The pharmacokinetic profile of the 

compounds, as shown in the table, reveals that only three 

of the hits, namely Stigmasterol, Beta-sitosterol, and 

Momordicoside k, act as substrates for P-glycoprotein. 

In contrast, the two control drugs do not exhibit such 

substrate activity. According to Akinwumi et al., P-

glycoprotein is among the ATP-binding cassette (ABC) 

proteins responsible for effluxing molecules from cells, 

thereby preventing their bioaccumulation and eliciting a 

response. A compound possesses good plasma protein 

binding (PPB) when its predicted value is below 90%, as 

high protein binding may lead to a reduced therapeutic 

index 78. Fifteen hit compounds, including Chlorogenic 

acid and Mimopudine, have PPB values below 90%, 

indicating a potentially higher therapeutic index. 

In this study, Catechin, Chlorogenic acid, Luteolin, and 

Mimopudine were predicted to have no inhibitory effects 

on the isoforms CYP450 2C9, CYP450 2C19, and 

CYP450 2D6. Therefore, they are expected to be non-

inhibitors of these enzymes, indicating a lower likelihood 

of drug-drug interactions that may lead to loss of 

efficacy. Furthermore, these compounds were also 

predicted to be non-carcinogenic, which aligns with the 

earlier findings from the rigorous drug-likeness 

screening. Carcinogenicity is a significant concern when 

evaluating the toxicological properties of drugs, as it can 

adversely affect human physiology by damaging the 

genome or disrupting cellular metabolic processes79. 

Catechin, Luteolin, Chlorogenic acid, Mimopudine, and 

other hit bioactive compounds' non-carcinogenic nature 

suggests their potential as viable drug candidates. 

However, further validation through in vitro and in vivo 

studies and clinical trials is necessary to confirm the 

inhibitory potential of these Medicinal plant-derived 

compounds against human SIRT6, as revealed by the 

molecular docking technique employed in this current 

work. 

Our study ascertained that out of the twenty-

nine (29) compounds selected from the six (6) medicinal 

plants Buchholzia coriacea, Vernonia amygdalina, 

Mimosa pudica, Momordica charantia, Bergenia ciliate, 

and Mangifera indica only Avicularin, Quercetin-7-o-

beta-d glucopyranoside, Mangiferin, and Luteoxanthin 

violated two of Lipinski rule. The molecular docking 

process showed that twenty (20) out of the twenty-five 

compounds docked against the SIRT6 protein have good 

binding affinity than the control drugs, with Catechin, 

Luteolin, Chlorogenic acid, and Mimopudine having the 

best binding affinity within the range of -7.5 to -8.4 

kcal/mol. Compared with the control drugs, this good 

binding affinity suggests that these compounds interact 

with the protein at the catalytic site and inhibit its 

function in diabetes pathophysiology, which may lower 

blood glucose levels and prevent insulin resistance. This 

research, however, needs further validation with 

molecular dynamics studies and in-vitro and in-vivo 

evaluation. 

 

CONCLUSION 
 

Our study ascertained that out of the twenty-

nine (29) compounds selected from the six (6) medicinal 

plants Buchholzia coriacea, Vernonia amygdalina, 
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Mimosa pudica, Momordica charantia, Bergenia ciliate, 

and Mangifera indica only Avicularin, Quercetin-7-o-

beta-d glucopyranoside, Mangiferin, and Luteoxanthin 

violated two of Lipinski rule. The molecular docking 

process showed that twenty (20) out of the twenty-five 

compounds docked against the SIRT6 protein have good 

binding affinity than the control drugs, with Catechin, 

Luteolin, Chlorogenic acid, and Mimopudine having the 

best binding affinity within the range of -7.5 to -8.4 

kcal/mol. Compared with the control drugs, this good 

binding affinity suggests that these compounds interact 

with the protein at the catalytic site and inhibit its 

function in diabetes pathophysiology, which may lower 

blood glucose levels and prevent insulin resistance. This 

research, however, needs further validation with 

molecular dynamics studies and in-vitro and in-vivo 

evaluation. 
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