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INTRODUCTION 

Diabetes is a multifactorial physiological disorder with macrovascular and microvascular complications resulting in 

cardiovascular diseases, retinopathy, neuropathy, nephropathy, blindness, and kidney failure, which might lead to fatality1. 

It is characterized by persistent hyperglycemia resulting from a disturbance in insulin secretion, function, or both, extremely 

upsetting the body's normal metabolic activities and affecting the body's energy sources with notable symptoms including 

polyuria, polydipsia, and hunger1. There are two main types of diabetes: type 1 and type 2 diabetes. The former is regarded 

as insulin-deficient, while the latter is insulin-resistant2. Worldwide, diabetes continues to be devastating and a leading 

menace in decreasing the quality of life, resulting in mortality, morbidity, and a burden on individuals, healthcare, and 

government spending3. Diabetes affects 537 million people, including three in every four adults in middle- and low-income 

countries, with mortality due to diabetes estimated to be up to 6.7 million people in 2021. The number of people living with 

diabetes is predicted to be 643 million by 2030, with further projections indicating a rise to 783 million by 20453,4. 
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 Abstract 

This study aimed to evaluate the antidiabetic potential of 
compounds from Anogeissus leiocarpus in silico and the potential of 
the compounds as antidiabetic drug candidates. Molecular docking 
(MD), molecular dynamics simulation (MDS), and ADMET were 
carried out in silico to evaluate the compounds' antidiabetic potential 
and drug candidacy. The MDS revealed the least BA (-8.7 kcal/mol) 
was exhibited by Compound X (palmitic acid) with Glucagon-like 
Peptide-1 Receptor (GLP1), while the highest BA (-5.8 kcal/mol) 
was demonstrated by I (1,2,4-benzetriol) with dipeptidyl peptidase 
IV (DPP-4) among the best interactions. The MDS result showed 
good docked complexes' flexibility, deformability, and stability with 
low eigenvalues ranging from 8.52 × 10-5 to 1.30 × 10-4. All the 
compounds had a bioavailability score of 0.55 except VI (0.85), while 
the synthetic ability showed a good score of ≤3.01. Eight compounds 
were predicted to be soluble, with two poorly soluble. Additionally, 
all the compounds had high gastrointestinal absorption, with the 
majority being blood-brain barrier permeant, while skin permeation 
value was between -2.55 and -7.48 cm/s. Furthermore, none of the 
compounds were either permeability glycoprotein (P-gp) substrate 
or CYP2C19 and CYP2C9 inhibitors, though some were CYP1A2, 
CYP2D6, and CYP3A4 inhibitors. Moreover, the toxicity study 
showed moderate to non-toxicity results with toxicity classes 
between 3 and 5. Conclusively, the compounds from A. leiocarpus 
showed good binding interactions, which are the protein targets of 
antidiabetic therapy and potentially good candidates for 
antidiabetic drug development. 
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Furthermore, 541 million adults were reported to exhibit impaired glucose tolerance, placing them at high risk of type 2 

diabetes2. Additionally, in 2021, global diabetic expenditure was estimated to be 966 billion USD, up to a 316% rise in the 

past 15 years, a figure predicted to rise to 1054 billion USD by 20454.  

Globally, therapeutic approaches are employed in managing diabetes, including insulin therapy and biguanide drugs. 

However, exercise, change in life, and diets are recommended for managing and preventing onset5-7. Additionally, the use 

of medicinal plants has often been reported, especially in low-income countries with poor access to modern healthcare 

systems and therapeutics, with poverty contributing to the choice. Although synthetic drugs are prescribed for diabetic 

patients, factors such as affordability and associated side effects of these drugs make them undesirable for some individuals. 

However, some approaches, such as multidrug target therapy (combined), are often used in synthetic drug therapy8. Side 

effects such as hypoglycemia, bloating, and diarrhea make synthetic drugs undesirable, pushing patients to seek alternatives 

to achieve glycemic control and therapeutic goals9. Medicinal plants offer an alternative approach to diabetic management 

considering their synergistic action, often safe, and affordability with minimal side effects10. The phytochemical contents of 

these plants play vital roles in targeting different proteins involved in the pathophysiology of diabetes, providing 

multitargeting of the diseases considering its nature as a multiple disorder11-13. These proteins also target synthetic 

antidiabetic drugs for different antidiabetic effects. Several medicinal plants were reported to exhibit antidiabetic effects with 

their pharmacological properties attributed to their phytochemical compositions10,11,14,15.    

Anogeissus leiocarpus tree belongs to the Combretaceae family, growing up to 15-18 m in height, and is native to the savannah 

in Africa and other parts of the world16. Different parts of the plant are used to manage diseases in traditional medicine, 

including tuberculosis17, trypanosomiasis18, malaria19, and wound healing20. Several studies revealed the pharmacological 

activities of this plant, including in vivo and in vitro studies including antitrypanosomal21, antidiarrheal activity22, antibacterial 

effects23, antiangiogenic and antitumor properties24. The nature of diabetes makes it a multitarget disease for different 

therapeutics to achieve glycemic control and reduce its complications. Anogeissus leiocarpus was reported to be rich in 

phenols and possess strong antihyperlipidemic and antioxidant properties attributed to antidiabetic activities25. Recent in 

vitro and in vivo studies26,27 reported the antidiabetic properties of A. leiocarpus, suggesting different mechanisms without 

evidence of the molecular interactions of the proteins involved in the pathophysiology of diabetes. Thus, in our study, the 

antidiabetic potential of A. leiocarpus compounds was evaluated in silico via molecular docking, molecular dynamics, and 

ADMET studies to document the molecular interactions of the compounds with proteins involved in the pathology of 

diabetes and evaluate the potential of the compounds as antidiabetic drugs candidates. 

 

MATERIALS AND METHODS 

Materials 

The HP laptop (HP Envy M6 K010dx) was used for the present study with hardware specifications including 8 GB RAM 

with an AMD 2.1 GHz to 2.9 GHz Elite Quad-core A10-5745M accelerated processer and AMD Radeon HD 8610G graphics 

with up to 3053 MB total graphics memory. The ligands used for this study were selected based on their abundance from 

our previous study28 and retrieved from the PubChem database (https://pubchem.ncbi.nlm.nih.gov), while proteins were 

downloaded from the RSCB protein databank database (https://www.rcsb.org). The ligands were downloaded in SDF 

format and converted to PDB format using the OpenBabel version 3.1.1 software29. In contrast, proteins were downloaded 

in PDB format, followed by the removal of identical chains, attached ligands, heteroatoms, and water molecules using 

AutoDock Tools version 1.5.730. The list of ligands is presented in Table I, including their respective PubChem ID and 

designation, whereas the list of proteins is presented in Table II with their RSCB PDB ID. 

 
Table I. List of ligands. 

Name PubChem ID Designation 

1, 2, 4-benzetriol 10787 Compound I 
1, 2-epoxyhexadecane 23741 Compound II 
2-(tetradecyloxy) ethanol 16491 Compound III 
2-methoxyhydroquinone 69988 Compound IV 
5-hydroxymethylfurfural 237332 Compound V 
5-methyl-1H-pyrazole-3-carboxylic acid 9822 Compound VI 
Hexadecanal 984 Compound VII 

https://portal.issn.org/resource/ISSN/2621-4814
https://pubchem.ncbi.nlm.nih.gov/
https://www.rcsb.org/
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Maltol 8369 Compound VIII 
Methyl 14-methylpentadecanoate 21205 Compound IX 
Methyl palmitate 8181 Compound X 

 
Table II. List of target enzymes. 

Name RSCB PDB ID 

Protein tyrosine phosphatase 1B (PTP1B) 2ZMM 

11-β-hydroxysteroid dehydrogenase (HSD1) 3D3E 

Peroxisome proliferator-activated receptor γ (PPARγ) 4EMA 

α-amylase (AA) 3BAJ 

Dipeptidyl peptidase IV (DPP-4) 3W2T 

Glucagon-like peptide 1 receptor (GLP1) 7S15 

Sodium-glucose cotransporter-2 (SGLT2) 7VSI 

α-glucosidase (AG) 3WEN 

 

Methods 

Molecular docking 

The MD of ligands with proteins was performed using the Vina wizard of PyRx virtual screening Tool version 0.8 software. 

The ligands and proteins were converted to PDBQT format before the docking with exhaustiveness set to 32. The dock poses 

of each ligand-protein interaction were saved in PDB format for 3D visualization using PyMOL software version 2.5.4, with 

the lowest binding affinity interactions saved for further analysis31. The 2D interactions of the best dock poses were 

visualized by LigPlot+ 2.2.8 for hydrogen bonds (HBs) and hydrophobic interactions (HBIs), while the while protein-ligand 

interaction profiler webserver32 was utilized for viewing other interactions. The inhibition constant (Ki) was evaluated from 

the binding affinity by the formula Ki = exp ∆G/RT, where the temperature T=298.15 K and R depict the universal gas 

constant 1.985 x 10-3 kcal-1 mol-1 k-1, and ∆G represents the binding affinity33. 

Molecular dynamics simulations 

The CABS-flex V2.0 online server (http://biocomp.chem.uw.edu.pl/CABSflex2/index)34 and the iMODs server 

(https://imods.iqfr.csic.es) (iMODS)35 were utilized to carry out the MDS. The best protein-ligand docked complexes with 

the lowest energy were uploaded to the servers in PDB format. The protein interactions' root-mean-square fluctuations 

(RMSFs) were assessed using the CABS-flex server to evaluate their structural stability via the trajectory or NMR ensemble 

with the simulation time set to 10 ns while other parameters were set as default. The iMODs were used to determine the 

stability and molecular motion of the docked protein-ligand complexes to evaluate their structural dynamics and molecular 

motion. The values of deformability, B-factor, eigenvalues, variance, covariance map, and elastic network were used to 

evaluate the structural dynamics and stability of the docked complexes. 

Absorption, distribution, metabolism, excretion, and toxicity prediction 

The present study used a SwissADME online server36 to determine the selected compounds' medicinal chemistry, drug-

likeness, lipophilicity, and water solubility in the ADME prediction. The toxicity of the compounds was predicted using 

ProTox-II online server37 to determine the oral toxicity values, carcinogenicity, hepatotoxicity predicted, cytotoxicity, 

mutagenicity, and immunotoxicity. Furthermore, the potential of the compounds to cause adverse reactions via binding to 

proteins was predicted using the ProTox-II. 

 

RESULTS AND DISCUSSION 

The binding interactions of PTP1B with the compounds are presented in Table III displaying the binding affinity (BA), 

inhibition constant (Ki), and binding interactions. Compound II (1,2-epoxyhexadecane) exhibited the least BA (-5.9 

kcal/mol) and Ki (47 µM) among the compounds followed by Compound IX (methyl-14-methylpentadecanoate) with a 

slightly higher BA (-5.8 kcal/mol) and Ki (55 µM), though both compounds have same HBs (2) and HBIs (10). Compounds 

VIII and VI demonstrated the highest number of HBs (4) but with slightly inferior BAs (-5.7 and 5.6 kcal/mol respectively) 

compared to Compounds II and IX. Additionally, Compound X had the highest BA (-4.9 kcal/mol) and Ki (254 µM). 

 
 

http://biocomp.chem.uw.edu.pl/CABSflex2/index
https://imods.iqfr.csic.es/
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Table III. Protein tyrosine phosphatase 1B (PTP1B). 

Compounds BA (kcal/mol) Ki (µM) HB HBI 

II -5.9 47 2 10 
IX -5.8 55 2 10 
I -5.7 66 4 4 
VII -5.7 66 1 11 
VIII -5.7 66 4 6 
VI -5.6 78 4 4 
III -5.4 109 3 10 
IV -5.3 129 2 7 
V -5.2 153 3 6 
X -4.9 254 1 6 

Note: BA = Binding Affinity, Ki = Inhibition Constant, HB = Hydrogen Bonds, HBI = Hydrophobic Interactions 

 

Figure 1 shows the 2D and 3D interactions of PTP1B with Compounds II and IX, displaying the HB distance in Å, HBIs, 

and the participating residues with Compound IX demonstrating a slightly longer HB distance. The HBs distances for 

Compound II were 2.96 Å (Arg47) and 2.81 Å (Asp48), while those of Compound IX were 2.98 and 2.99 Å (Arg221). Both 

compounds also participated in HBIs interactions with similar residues. The RMSF plots of Compounds II and IX are shown 

in Figure 2. Compound II demonstrated its highest RMSF of 4.305 Å at residue no. 298 (the last residue), the least (0.089 Å) 

RMSF was seen at residue no. 84 while the maximum RMSF (4.159 Å) observed for Compound IX was at residue no. 183 

with the minimum RMSF (0.101 Å) observed at residue no. 213. Furthermore, slightly different fluctuations were observed 

at residue no. 129, 139, 151, 165, 182, 217, 218, 240, 285, and 298 in both compounds.  

Figure 3 presents the iMODs MD simulation results of the docked PTP1B complex. The deformability and B-factor plot of 

the protein represent the mobility of the residues of PTP1B during the simulation, with each peak pointing to deformability 

within the protein regions. Higher peaks represent regions of high mobility in the docked complex, while the B-factor plot 

compares the normal mode analysis (NMA) and PDB field of the complex, whereas the eigenvalues and variance inversely 

relate to each normal mode 32. The co-relationship between residues within the complexes is represented by the covariance 

plot correlation motion represented by the red color. In contrast, white represents uncorrelated motions, and blue shows 

anticorrelation with better stability represented by more significant correlations among residues. The elastic network 

represents the associations between the atoms with stiffer portions depicted by the darker-gray portions. 

Molecular docking considers the interactions of docked complexes, highlighting the types of binding interactions involved 

to achieve an energy-favorable dock pose. In our study, different enzymes involved in the pathophysiology of diabetes were 

docked with the compounds previously identified in A. leiocarpus. PTP1B is a crucial protein in the insulin signaling pathway 

that opposes the phosphorylation of the tyrosine subunits of the β units of the insulin receptor and insulin receptor substrate-

1 (IRS-1), downregulating the insulin signal in the cell38. Additionally, it is involved in the leptin signaling pathway 

influencing appetite by dephosphorylating Janus kinase 2 (JAK2), the downstream signaling molecule of leptin. Insulin 

promotes glucose intake and utilization by cells, while leptin decreases appetite via the JAK2 signaling and promotes energy 

expenditure39. PTP1B opposes the actions of both insulin and leptin via dephosphorylation, downregulating their activity, 

thus a target of antidiabetic agents40. In our study, Compounds II and IX interacted with PTP1B with the least BA and Ki 

(Table III), participating in 10 HBIs with binding pockets. This might be attributed to the hydrophobic nature of the binding 

pocket, as both compounds were predicted to be lipophilic. A thiophene-based PTP1B inhibitor was previously reported to 

inhibit PTP1B with Ki of 4 µM with notable interacting residues such as Arg221, Phe182, and Gln266 forming HBs41. 

Compounds II and IX interacted with similar residues, including the formation of HB with Arg221 by IX in addition to the 

HBIs. The binding of these compounds to PTP1B might disrupt its activity via allosteric inactivation.  

Additionally, the MD simulation using CABs-flex showed fluctuations of residues of the docked complex from their original 

position observed for both compounds, possibly influencing the enzyme's activity. Furthermore, the flexibility of the docked 

evaluated by the iMODs server showed deformability of the docked complex with considerable mobility as the 

deformability index was close to 1.0. Thus, further establishing the compounds' binding effect on the enzyme's structure. 

Flexibility is a considered factor in the interactions of macromolecules with ligands. The eigenvalue signifies the energy 

required to deform the docked complex, reflecting the motion stiffness of the complex directly proportional to the 

deformability of the complex42. The low eigenvalues observed for PTP1B further signify the stability and flexibility of the 

complexes. 

https://portal.issn.org/resource/ISSN/2621-4814
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The binding interactions of HSD1 with the compound showing the BA, Ki, and binding interactions are displayed in Table 

IV. Compound X (methyl palmitate) exhibited the highest BA (-8 kcal/mol) and Ki (1 µM) next to Compound VIII (maltol) 

with BA and Ki of -6 kcal/mol and 40 µM respectively, though Compound VIII had a higher number of HBs (7) but fewer 

HBIs (4) than Compound IX. Only Compound I participated in PS interaction among all the compounds, while Compounds 

IV, V, and VII had the highest BA, though with different numbers of HBs and HBIs. Compound V had the same number of 

HBs as Compound VIII, though with higher BA, while Compounds IX and X had the same numbers of HBIs. The 2D and 

3D interactions of HSD1 with Compounds X and VIII are displayed in Figure 4, showing the HBs (including the distances 

in angstrom) and HBIs with the participating residues. Although no HBs were observed for Compound X, the HBs 

distances of Compound VIII were between 2.86-3.18 Å with participating residues including Asp132, His135, Asn127, 

Ser125, Met179, and Ala181. 

 

 
a      b 

 
c      d 

Figure 1. 2D and 3D interactions of PTP1B with Compound II and IX. (a) 2D Compound II; (b) 2D Compound IX; (c) 3D Compound II; 

and (d) Compound IX. 

 
a      b 

Figure 2. RMSF profile of PTP1B with (a) Compound II; and (b) IX. 
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Figure 3. iMODs MD simulation results of PTP1B docked complex. 

 

The RMSF plots of HSD1 with Compounds X and VIII are presented in Figure 5. The highest (6.963 Å) fluctuation was 

observed for Compound X at residue no. 284, the least (0.109 Å) fluctuation was observed at no. 50 and 116. Compound 

VIII's maximum (7.154 Å) fluctuation occurred at residue no. 21, while the minimum (0.153 Å) was observed at no. 187. 

However, residue no. 43, 84, 111, 128, 179, 206, 263, and 284 were among the fluctuating residues for Compounds X and 

VIII. Figure 6 displays the iMODs MD simulation of the HSD1 docked complex, depicting the deformability, B-factor, 

eigenvalues, variance, covariance map, and elastic network plots. 

Accumulation of glucocorticoids in tissues has been implicated in the development of insulin resistance and type 2 diabetes. 

Specifically, tissue cortisol level is influenced by HSD1 activity via the conversion of inactive cortisone to active cortisol, thus 

leading to its accumulation43. Therefore, HSD1 has been targeted by antidiabetic agents to decrease cortisol accumulation 

by suppressing its activity. In our study, Compound X was observed to bind HSD1 with a low BA and Ki compared to all 

the other compounds without any HBs interaction. Additionally, it had the highest HBIs observed at the pocket surrounded 

by helices, coils, and sheets interacting with up to 12 residues. Some benzamide was previously reported to inhibit HSD1 

via binding in this pocket44 interacting with similar residues (Thr222, Ala223, Tyr183, Ser170, and Gly216) like Compound 

X though with HBs (Tyr183 and Ser170) interactions absent for Compound X. This is not surprising considering the 

lipophilic nature of Compound X. Additionally, MD simulations of the Compound X docked complex with CABs-flex 

show high residues fluctuations which might reflect modification of the enzyme structure, thus its activity. 

https://portal.issn.org/resource/ISSN/2621-4814


Dahiru MM, Musa N, Abaka AM, Abubakar MA. 2023. Potential Antidiabetic Compounds from Anogeissus leiocarpus: Molecular Docking, … 

255 

Similarly, simulation with the iMODs server points to the deformability of the docked complex with a low eigenvalue and 

deformability index close to 1. Thus, further supporting the structural deformation of the enzyme. Although Compound X 

had lower BA and Ki than Compound VIII, a superior number of HBs were observed for Compound VIII, indicating a 

stronger interaction with the enzyme45. Thus, Compound VIII might also be a good candidate for HSD1 inhibition, 

considering its ADME profile, though it has the lowest LD50 among all the compounds. 

 
Table IV. 11-β-hydroxysteroid dehydrogenase (HSD1). 

Compounds BA (kcal/mol) Ki (µM) HB HBI PS 

X -8 1 - 12 - 
VIII -6 40 7 4 - 
I -5.7 66 4 8 His135 
VI -5.5 92 2 7 - 
III -5.4 109 5 9 - 
IX -5.4 109 1 12 - 
II -5.1 181 1 11 - 
IV -4.9 254 5 5 - 
V -4.9 254 7 5 - 
VII -4.9 254 1 10 - 

BA = Binding affinity, Ki = Inhibition constant, HB = Hydrogen bonds, HBI = Hydrophobic interactions, PS= π-stacking 

 

 
a      b 

 

 
c      d 

Figure 4. 2D and 3D interactions of HSD1 with Compound X and VIII. (a) 2D Compound X; (b) 2D Compound VIII; (c) 3D Compound 

X; and (d) Compound VIII. 
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a      b 

Figure 5. RMSF profile of HSD1 with (a) Compound X; and (b) VIII. 

 

 
Figure 6. iMODs MD simulation results of HSD1 docked complex. 

 

Table V shows the docking interactions of PPARγ with the compounds showing the BA, Ki, HBs, HBIs, and other 

interactions. Compound IX (methyl 14-methylpentadecanoate) exhibited the least BA (-6.6 kcal/mol) and Ki (14 µM) among 

all the compounds, followed by II (1,2-epoxyhexadecane) with BA and Ki of -6.2 kcal/mol and 28 µM respectively. Although 

both compounds have the same numbers of HBs (4), Compound IX had more HBIs (11). The highest number of HBIs (13) 

was exhibited by Compound VII, while Compound VI had the highest HBs (5). Compounds IV, V, and I demonstrated the 

highest BA (-5.1 kcal/mol) and Ki (181 µM), though Compound I had the highest HBs (4), while Compound VIII was the 

only compound that participated in CI. 

The 2D and 3D interactions of PPARγ with Compounds IX and II revealing the HBs with distances in angstrom and HBIs 

along with residues involved are shown in Figure 7. The HBs distances for Compound IX are between 2.85-3.35 Å with 

https://portal.issn.org/resource/ISSN/2621-4814
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participating residues including His289, His323, Tyr473, and His449. For Compound II, HBs were only involved with 

His449 (2.85 Å) and Tyr473 (2.83 Å)—additionally, some of the residues in HBIs with both Compounds IX and II. Figure 8 

shows the RMSF of PPARγ docked with Compounds IX and II. Compound IX's maximum (4.353 Å) fluctuation was 

observed at residue no. 427, the minimum (0.071 Å) fluctuation was observed at no. 388. The maximum (3.793 Å) fluctuation 

was observed for Compound II at residue no. 260, the minimum (0.090 Å) fluctuation was observed at residue no. 328. 

Furthermore, fluctuations were observed for Compounds IX and II at residues no. 207, 228, 244, 246, 260, 343, 359, 397, 427, 

429, and 462. Figure 9 displays the results of the iMODs MD simulations of the PPARγ docked complex depicting the 

deformability, B-factor, eigenvalues, variance, covariance, and elastic network plots. 

The PPARγ, predominantly found in adipose tissues, acts as a nuclear receptor activating transcription factors associated 

with lipid and glucose homeostasis, improving dyslipidemia and insulin resistance46. The antidiabetic agent 

thiazolidinediones is a typical example of a PPARγ agonist, which, upon binding, promotes lipogenesis and suppresses 

lipolysis by insulin, thus increasing insulin sensitivity47. In our study, the compounds were docked in the binding pocket of 

the PPARγ agonist interacting with similar residues, including Ser289, His449, Tyr473, and His32345. Compound IX, which 

exhibited the lowest BA and Ki, participated in HBs interactions with the residues above surrounded by helix structures 

within the pocket. Similar interactions were observed for Compound II but with fewer HBs. The hydrophobic nature of 

these two compounds might contribute to their favorable interaction within this pocket compared to the other compounds, 

as observed in the ADME predictions. These compounds might act as agonists of PPARγ, promoting its activity. 

Moreover, the MD simulation revealed similar residue fluctuations for both compounds, supporting the impact of their 

binding on the conformation of the protein, with higher fluctuation observed for Compounds IX than II, thus more flexibility 

of the docked complex. Additionally, the superior number of HBs and HBIs exhibited by Compound IX is a sign of more 

potent and stable interaction than Compound II48. This is further supported by the iMODs MD simulation showing low 

eigenvalue and higher deformability of the docked complex with an index close to 1.  

 
Table V. Peroxisome proliferator-activated receptor γ (PPARγ). 

Compounds BA (kcal/mol) Ki (µM) HB HBI CI 

IX -6.6 14 4 11 - 
II -6.2 28 4 4 - 
III -6 40 3 12 - 
VII -6 40 1 13 - 
X -5.5 92 - 7 - 
VI -5.3 129 5 4 - 
VIII -5.3 129 2 7 His449 
IV -5.1 181 2 9 - 
V -5.1 181 2 9 - 
I -5.1 181 4 4 - 

Note: BA = Binding affinity, Ki = Inhibition constant, HB = Hydrogen bonds, HBI = Hydrophobic interactions, CI = π-cation interaction 

 

The docking interactions of AA with the compounds, including the BA, Ki, HB, HBI, and other interactions, are presented 

in Table VI. Compound X (methyl palmitate) had the least BA (-7.2 kcal/mol) and Ki (5 µM), followed by Compound IX 

(methyl 14-methylpentadecanoate) with BA and Ki of -5.5 kcal/mol and 92 µM respectively. Although both compounds 

have the same number of HIBs (10), Compound IX had 2 HBs that absent in Compound IX. Compounds I and IV, having 

the same number of HBs (3), participated in PS with Tyr62. The highest BA (-5 kcal/mol), Ki (300 µM), and HBs (4) were 

observed in Compound V, while the highest HBIs were seen in Compounds X and IX. The 2D and 3D interactions of AA 

with Compounds X and IX are shown in Figure 10, displaying the HBs bond distances, HBIs, and the residues involved. 

No HBs were observed for Compound X, though two were observed for Compound IX with Tyr151 (3.03 Å) and His201 

(2.94 Å). 

The RMSF profile of AA with Compound X and IX are shown in Figure 11. The maximum fluctuation (4.158 Å) for 

Compound X was observed at residue no. 224, while the minimum (0.047 Å) was seen at no. 14. A maximum (5.025 Å) 

fluctuation was observed at residue no. 144 for Compound IX, while the minimum (0.096 Å) was seen at no. 14. 

Additionally, fluctuations were seen at residues no. 7, 53, 73, 106, 122, 143, 152, 307, 350, 364, 460, 463, 471, 482, and 496. The 

iMODs MD simulation result of the AA docked complex is shown in Figure 12, displaying the deformability, B-factor, 

Eigenvalues, variance, covariance, and elastic network plots. 
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a      b 

 
c      d 

Figure 7. 2D and 3D interactions of PPARγ with Compound IX and II. (a) 2D Compound IX; (b) 2D Compound II; (c) 3D Compound IX; 

and (d) Compound II. 

 

 
a      b 

Figure 8. RMSF profile of PPARγ with (a) Compound IX; and (b) II. 
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Figure 9. iMODs MD simulation results of PPARγ docked complex. 

 

α-amylase is a calcium-containing metalloenzyme that catalysis the hydrolysis of polysaccharides at the α-1,4 glycosidic 

bond into smaller molecules, including glucose and maltose, subsequently absorbed, leading to the elevation of blood 

glucose49. Thus, a target of antidiabetic agents, specifically antihyperglycemic drugs, where inhibition of the enzyme 

prevents hyperglycemia. In our study, Compound X exhibited superior BA and Ki among the compounds, which might be 

attributed to the hydrophobic nature of the binding pocket, as up to 10 HBIs were formed with Compound X. The high 

number of HBIs might contribute to the stability of the complex formed with Compound X, though the B-factor plot shows 

some gaps in the NMA and PDB values of the complex, thus the residue fluctuations might prevent longer duration of 

action inhibiting the enzyme activity. Additionally, the RMSF values from the MD simulations show residues fluctuations 

of many residues, which might further suggest disruption of the original conformation, subsequently affecting the enzyme 

activity.  Moreover, the MD simulation using iMODs sever also showed deformability of the enzyme structure, which might 

support the disruption of the enzyme activity due to the binding of Compound X. 

 
Table VI. α-amylase (AA). 

Compounds BA (kcal/mol) Ki (µM) HB HBI CI 

X -7.2 5 - 10 - 
IX -5.5 92 2 10 - 
I -5.1 181 3 3 Tyr62 
IV -5.1 181 3 4 Tyr62 
II -5 214 1 8 - 
III -5 214 1 9 - 
VII -5 214 1 8 - 
VIII -5 214 2 4 - 
VI -5 214 1 6 - 
V -4.8 300 4 3 - 

Note: BA = Binding affinity, Ki = Inhibition constant, HB = Hydrogen bonds, HBI = Hydrophobic interactions, PS= π-stacking. 
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a      b 

 

 
c      d 

Figure 10. 2D and 3D interactions of AA with Compound X and IX. (a) 2D Compound X; (b) 2D Compound IX; (c) 3D Compound X; 

and (d) Compound IX. 

 

 
a      b 

Figure 11. RMSF profile of AA with (a) Compound X; and (b) IX. 
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Figure 12. iMODs MD simulation results of AA docked complex. 

 

Table VII presents the docking interactions of DPP-4 with the compounds, including the BA, Ki, and binding interactions. 

Compound I (1,2,4-benzetriol) demonstrated a slightly least BA (-5.8 kcal/mol) and Ki (55 µM) followed by Compound VI 

(5-methyl-1H-pyrazole-3-carboxylic acid) with BA and Ki of -5.7 kcal/mol and 66 µM respectively, though Compound VI 

had a superior number of HBIs (6) while Compound I had more HBs (3). The highest number of HBIs (10) were observed 

in Compounds X and IX, while the highest HBs were observed in Compound V. Additionally, Compound II exhibited the 

highest BA (-4.6 kcal/mol) and Ki (421 µM) among all the compounds. 

Figure 13 displays the 2D and 3D docked interactions of DPP-4 with Compounds I and VI, showing the HBs distances in Å 

and HBIs with the residues involved. The HBs distance ranged from 2.83-3.25 Å formed with Asp197 and His299 for 

Compound I, while Compound VI had only one HB with ASP197 (2.88 Å). Figure 14 presents the RMSF profile of 

Compounds I and IV interactions. The maximum (4.368 Å) fluctuation for Compound I was observed at residue no. 148, 

while the minimum (0.051 Å) was observed at residue 302. Compound VI's maximum (4.326 Å) fluctuation was observed 

at residue no. 742, while the minimum (0.083 Å) was at residue 469. Additionally, similar fluctuations for both compounds 

were observed at residue no. 38, 261, 400, 438, 450, 520, 535, 645, 678, 743, and 766. The iMODs MD simulation results of the 

DDP-4 docked complex show the deformability, B-factor, eigenvalues, variance, covariance, and elastic network plots. The 

iMODs MD simulation result of the DPP-4 docked complex is shown in Figure 15. 

DPP-4 is a critical enzyme in maintaining glucose homeostasis via proteolytic cleavage of the incretin hormone GLP-1 and 

gastric inhibitory peptide (GIP), contributing to glucose homeostasis and regulating activity. Thus, this enzyme serves as a 

target of antihyperglycemic agents via its inhibition. The proteolytic activity of these enzymes makes them vital in regulating 

other peptides associated with insulin sensitivity50. In our study, Compounds I and VI docked in the binding pocket of 

vildagliptin exhibited similar interaction, though Compound I exhibited superior interaction with more HBs and HBIs, 
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demonstrating binding strength and stability compared to Compound VI. The binding of these compounds might inhibit 

the enzyme's activity, as in the case of vildagliptin, thereby prolonging insulin action and preventing hyperglycemia. 

Moreover, the MD simulation points to the docked complex's flexibility, deformability, and stability, which further suggests 

the disruption of the enzyme activity with the RMSF profile, showing multiple fluctuations of the enzyme residues. At the 

same time, the eigenvalue was observed to be low. 

 
Table VII. Dipeptidyl peptidase IV (DPP-4). 

Compounds BA (kcal/mol) Ki (µM) HB HBI CI 

I -5.8 55 3  3 
VI -5.7 66 1  6 
IV -5.3 129 3  4 
X -5.3 129 -  10 
VIII -5.2 153 2  4 
IX -5.1 181 2  10 
III -5.1 181 1  9 
V -4.8 300 4  3 
VII -4.8 300 1  8 
II -4.6 421 1  8 

Note: BA = Binding affinity, Ki = Inhibition constant, HB = Hydrogen bonds, HBI = Hydrophobic interactions. 

 

 
a      b 

 
c      d 

Figure 13. 2D and 3D interactions of DPP-4 with Compound I and VI. (a) 2D Compound I; (b) 2D Compound VI; (c) 3D Compound I; 

and (d) Compound VI. 
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a      b 

Figure 14. RMSF profile of DPP-4 with (a) Compound I; and (b) VI. 

 

 
Figure 15. iMODs MD simulation results of DPP-4 docked complex. 

 

The docking interactions of GLP1 with the compounds showing the BA, Ki, and other binding interactions are presented in 

Table VIII. Among the compounds, the least BA (-8.7) and Ki (4.1 × 10-1 µM) was exhibited by Compound X (methyl 

palmitate), followed by IX (methyl 14-methylpentadecanoate) with BA and Ki of -6.3 kcal/mol and 24 µM respectively. 

Although no HB was observed for Compound X, Compound IX had 1 HB with fewer HBIs (6) than Compound X (8). 

Furthermore, PS interaction with Trp33 was observed for Compound IX. Compounds III, IV, V, and VIII had the highest 

HBs (2), while Compounds VII and III had the highest HBIs. Compound VIII exhibited the highest BA (-4.7 kcal/mol) and 

Ki (µM) among all the compounds, though it participated in PS interaction with Arg380. 

The 2D and 3D docking interactions of GLP1 with Compounds X and IX, showing the HB interaction with distance and 

HBIs, are presented in Figure 16. Although no HBs were formed for Compound X, Compound IX participated in HB 

formation with Gln221 with a distance of 2.98 Å—Additionally, both compounds interacted with similar residues forming 

HBIs. The RMSF profile of GLP1 docked with Compounds X and IX showing the fluctuations of the residues are shown in 

Figure 17. For Compound X, a maximum fluctuation of 5.014 Å was observed at residue no. 338, while a minimum (0.079 
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Å) fluctuation was observed at residue no. 237. Compound IX had a maximum (4.012 Å) fluctuation at residue no. 92 while 

the minimum (0.099 Å) was seen at no. 240. However, similar fluctuations were observed for both compounds at residue 

no. 58, 108, 117, 135, 171, 295, 343, and 421. The iMODs MD simulation results of GLP1 docked complex showing the 

deformability, B-factor, eigenvalues, variance, covariance, and elastic network plots are presented in Figure 18. 

Glucagon-like peptide 1 receptor is an incretin hormone that stimulates insulin secretion and suppresses glucagon secretion, 

thus regulating postprandial glucose influx. Additionally, GLP1 contributes to the control of food intake and appetite. Thus, 

this enzyme is a target of antihyperglycemic agents preventing postprandial hyperglycemia51. Here, the GLP1 receptor is 

the target of an agonist that mimics the effects of GLP1, offering more advantage over other antihyperglycemic agents 

without the risk of hypoglycemia8. In our study, the compounds were docked with GLP1 receptors where Compound X 

exhibited the lowest BA and Ki stabilized with HBIs, though no HBs were observed. The binding of Compound X to the 

receptor might mimic the activity of GLP1 acting as an agonist to the receptor, thereby prompting the GLP1 effect mentioned 

earlier. The MD simulation further revealed many residue fluctuations within the protein structure, depicting the flexibility 

of the complex, with iMODs simulation showing a lot of deformability and mobility within the complex structure. Thus, it 

might translate to forming a stable and flexible complex with good mobility, subsequently stimulating the GLP1 receptor. 

 
Table VIII. Glucagon-like Peptide-1 Receptor (GLP1). 

Compounds BA (kcal/mol) Ki (µM) HB HBI CI 

X -8.7 4.1 × 10-1 - 8 - 
IX -6.3 24  ̀ 1 6 Trp33 
VII -6.1 33 1 9 - 
II -5.8 55 1 7 - 
III -5.5 92 2 9 - 
IV -4.9 254 2 3 - 
I -4.8 300 1 8 - 
VI -4.8 300 1 6 - 
V -4.7 356 2 6 - 
VIII -4.7 356 2 5 Arg380 

Note: BA = Binding affinity, Ki = Inhibition constant, HB = Hydrogen bonds, HBI = Hydrophobic interactions, PS= π-stacking. 

 

 
a      b 

 
c      d 

Figure 16. 2D and 3D interactions of GLP1 with Compound X and IX. (a) 2D Compound X; (b) 2D Compound IX; (c) 3D Compound X; 

and (d) Compound IX. 
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a      b 

Figure 17. RMSF profile of GLP1 with (a) Compound X; and (b) IX. 

 

 
Figure 18. iMODs MD simulation results of GLP1 docked complex. 

 

Table IX presents the docking interactions of SGLT2 with the compounds showing the BA, Ki, and binding interactions. 

The lowest BA (-7.6 kcal/mol) and Ki (3 µM) were exhibited by Compound X (methyl palmitate) followed by Compound 

IX (methyl 14-methylpentadecanoate) with BA and Ki of -6.6 kcal/mol and 14 µM respectively. However, Compound IX 

had more HBIs (14) among all the compounds, and HB was absent in Compound X. Among the compounds, the highest 

BA (-5.6 kcal/mol), Ki (78 µM), and number of HB (5) were seen in Compound V. Additionally, Compounds I and VIII 

participated in PS interactions with Arg290. 

Figure 19 shows the 2D and 3D docking interactions of SGLT2 with Compounds X and IX, depicting the HBs distances, 

HBIs, and the residues involved. Although no HBs were observed for Compound X, the residues involved in HBIs for 

Compound X were similar to those for Compound IX, which participated in HB interaction with Trp291 (3.01 Å). Figure 20 

presents the RMSF profile of SGLT2 with Compounds X and IX, revealing the residue fluctuations of the docked complex. 
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The maximum (4.24 Å) fluctuation observed for Compound X was at residue no. 254, while the minimum (0.043 Å) was 

observed at no. 317. The maximum (5.37 Å) fluctuation for Compound IX was at residue no. 247, while the minimum (0.056 

Å) was at no. 390. Furthermore, similar fluctuations were observed for both compounds at residues no. 21, 49, 92, 136, 245, 

246, 270, 416, 448, and 551. Figure 21 shows the iMODs MD simulation results of the SGLT2 docked complex depicting the 

deformability, B-factor, eigenvalues, variance, covariance, and elastic network plots. 

Sodium-glucose cotransporter-2 is a cotransporter located in the proximal tubule involved in the renal reabsorption of up to 

80% of glucose from the glomerulus52. Therefore, SGLT2 inhibitors inhibit the reabsorption of filtered glucose from the 

kidney, decreasing the circulating glucose level independent of insulin53. Compound X demonstrated superiority in 

interacting with SGLT2 with many HBIs, which might point to stability rather than strength, as no HBs were observed. This 

compound might interrupt and inhibit SGLT2, considering the MD simulation results, which show the stability of the 

complex formed accompanied by few residue fluctuations and a low deformability index of less than 0.8. Additionally, the 

B-factor plot further supports the postulated stability of the complex as there were few peaks formed by the complex, 

whereas the deformability index shows the flexibility of the complex, though the low eigenvalue observed might translate 

to weakness in the complex. 

 
Table IX. Sodium-Glucose Cotransporter 2 (SGLT2). 

Compounds BA (kcal/mol) Ki (µM) HB HBI CI 

X -7.5 3 - 11 - 
IX -6.6 14 1 14 - 
III -6.3 24 4 14 - 
II -6.2 28 1 11 - 
IV -6 40 3 6 - 
VII -6 40 1 10 - 
I -5.9 47 3 6 Tyr290 
VI -5.9 47 2 7 - 
VIII -5.9 47 3 5 Tyr290 
V -5.6 78 5 2 - 

Note: BA = Binding affinity, Ki = Inhibition constant, HB = Hydrogen bonds, HBI = Hydrophobic interactions, PS= π-stacking. 

 

 
a      b 

 
c      d 

Figure 19. 2D and 3D interactions of SGLT2 with Compound X and IX. (a) 2D Compound X; (b) 2D Compound IX; (c) 3D Compound X; 

and (d) Compound IX. 

https://portal.issn.org/resource/ISSN/2621-4814


Dahiru MM, Musa N, Abaka AM, Abubakar MA. 2023. Potential Antidiabetic Compounds from Anogeissus leiocarpus: Molecular Docking, … 

267 

 
a      b 

Figure 20. RMSF profile of SGLT2 with (a) Compound X; and (b) IX. 

 

 
Figure 21. iMODs MD simulation results of SGLT2 docked complex. 

 

The docking interactions of AG with the compounds showing the BA, Ki, and binding interactions are presented in Table 

X. Among the compounds, Compound VI (5-methyl-1H-pyrazole-3-carboxylic acid) had the least BA (-6 kcal/mol) and Ki 

(40 µM) followed by Compound X (methyl palmitate) with BA and Ki of -5.8 kcal/mol and 55 µM respectively. Moreover, 

Compound VI had the highest numbers of HBIs (9) and HBs (2), absent in Compound X. Compounds I, IV, II, and V were 

the compounds with the highest number of HBs (3), while Compound VII had the highest HBIs (12). The highest BA (-4.9 

kcal/mol) and Ki (254 µM) were seen in Compound V. 

The 2D and 3D docking interactions of AG with Compounds VI and X, showing the HBs distances, HBIs, and the residues 

involved, are presented in Figure 22. For Compound VI, HBs were formed with His626 and Asp357 with distances of 3.01 

and 2.95 Å, respectively, though absent in Compound X. However, there were HBIs with similar residues for both 



Borneo Journal of Pharmacy, Vol 6 Issue 3, August 2023, Pages 249 – 277  e-ISSN: 2621-4814 

268 

Compounds VI and X. Figure 23 shows the RMSF profile of AG with Compounds VI and X depicting the fluctuating 

residues of the docked complex. The maximum (5.317 Å) fluctuation for Compound VI was observed at residue no. 181, 

while the minimum (0.038 Å) was at no. 93. For Compound X, the maximum (4.63 Å) fluctuation was seen at residue no. 

137, whereas the minimum (0.054 Å) was at no. 581. However, a similar fluctuation was observed for both compounds at 

residue no. 56, 108, 373, 406, 462, 500, 685, 710, and 805. The iMODs MD simulation results of the AG docked complex are 

shown in Figure 24, showing the deformability, B-factor, eigenvalues, variance, covariance, and elastic network plots. 

α-glucosidase found in the brush borders of the small intestine contributes to the digestion of carbohydrates, selectively 

hydrolyzing the 1→4-linked α-glucose residues, releasing single glucose molecules in the process leading to elevation of 

blood glucose. α-glucosidase inhibitors act by competitively inhibiting the action of AG, delaying the digestion of 

carbohydrates, reducing glucose absorption, and preventing hyperglycemia54. In our study, Compound VI demonstrated 

superior interaction with AG, evidenced by the low BA and Ki values. MD simulation shows a lot of residue fluctuation of 

the enzyme docked complex, with many hinge regions within the complex reflecting on the flexibility of the complex. 

Furthermore, the deformability and mobility of the complex further suggest conformation change within the complex. The 

result suggests that the binding of this compound might inhibit the enzyme's activity, preventing the substrate's attachment. 

 
Table X. α-glucosidase (AG). 

Compounds BA (kcal/mol) Ki (µM) HB HBI 

VI -6 40 2 9 
X -5.8 55 - 8 
I -5.7 66 3 6 
IV -5.7 66 3 8 
II -5.5 92 - 11 
VIII -5.5 92 2 7 
VII -5.4 109 1 12 
IX -5.4 109 1 9 
III -5.2 153 3 7 
V -4.9 254 3 7 

Note: BA = Binding affinity, Ki = Inhibition constant, HB = Hydrogen bonds, HBI = Hydrophobic interactions. 

 

 
a      b 

 
c      d 

Figure 22. 2D and 3D interactions of AG with Compound VI and X. (a) 2D Compound VI; (b) 2D Compound X; (c) 3D Compound VI; 

and (d) Compound X. 

https://portal.issn.org/resource/ISSN/2621-4814


Dahiru MM, Musa N, Abaka AM, Abubakar MA. 2023. Potential Antidiabetic Compounds from Anogeissus leiocarpus: Molecular Docking, … 

269 

 
a      b 

Figure 23. RMSF profile of AG with (a) Compound VI; and (b) X. 

 

 
Figure 24. iMODs MD simulation results of AG docked complex. 

 

Eigenvalue is a measure of motion stiffness of the docked complex reflecting the energy required to deform the structure; 

directly proportional to the ease of deformability of the complex35. As previously mentioned, all of the docked complexes in 

our study exhibited ease of deformability with low eigenvalues. The low eigenvalues and deformability point to good 

flexibility and stability of the docked complex molecular motion. All the docked complexes in our study exhibited low 

eigenvalues, with GLP1, HSD1, and AA among the lowest (Table XI). 
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Table XI. Eigenvalues of iMODs MD Simulations. 

Target protein Eigenvalues 

Protein tyrosine phosphatase 1B (PTP1B) 3.66 × 10-4 

11-β-hydroxysteroid dehydrogenase (HSD1) 8.52 × 10-5 

Peroxisome proliferator-activated receptor γ (PPARγ) 3.35 × 10-4 

α-amylase (AA) 2.22 × 10-4 

Dipeptidyl peptidase IV (DPP-4) 1.30 × 10-4 

Glucagon-like peptide 1 receptor (GLP1) 3.42 × 10-5 

Sodium-glucose cotransporter-2 (SGLT2) 3.31 × 10-4 

α-glucosidase (AG) 1.85 × 10-4 

 

The drug-likeness parameters and synthetic accessibility of the compounds are presented in Table XII, showing the MW, 

TPSA, ESOL, Fraction Csp3, rotatable bonds, and bioavailability score. The MW of the compounds ranges from 126.11 to 

270.45 g/mol, with Compounds I, V, VI, and VIII having the while Compounds IX and X the highest. The TPSA of all the 

compounds ranged from 12.53 to 65.98 Å, with Compound II busting the least while Compound VI the highest. The ESOL 

values ranged from -5.18 to -0.54, with Compound X exhibiting the least while Compound V was the highest. The number 

of rotatable bonds for the compounds ranged from 0 to 15, with Compounds I and VIII having none while Compounds III 

and X have 15. All the compounds had a bioavailability score 0.55 except Compound VI (0.85). The synthetic accessibility of 

the compounds ranged from 1 to 3.01, with Compound I being the least while Compound III was the highest. Additionally, 

Compounds IX and X had the same value for synthetic accessibility. 

Drug likeness techniques are employed to predict the possibility of a compound being an oral drug by assessing its 

physicochemical properties to predict its bioavailability and oral drug potential36. The abbot bioavailability is employed to 

predict the probability of a compound having at least 10% oral bioavailability in rats or measurable in the Caco-2 cell line 

permeability experiment55. The Caco-2 model is applied to predict the human intestinal absorption of drugs with the 

consideration of lipophilicity (−0.7 < XLOGP3 < 5.0), molecular weight (MW) (150 g mol−1 < MW < 500 g mol−1), polarity (20 

Å2 < TPSA < 130 Å2), solubility (0 < log S (ESOL) < 6), saturation (0.25 < Fraction Csp3 < 1) and flexibility (0 < of rotatable 

bonds < 9).  This rule quantitatively defines the compound into probability classes of four: 11, 17, 55, and 85%, with 55% 

being the accepted class, depicting the passing of the rule of five55,56. In our study, all the compounds were predicted to have 

a bioavailability score of 55%, except Compound VI, with a bioavailability score of 85%. Furthermore, the complexity of the 

compound structures was assessed by the synthetic accessibility score to ascertain structural complexity and ease of 

synthesis. The synthetic accessibility score is graded from 1 (the easiest to synthesize) to 10 (very difficult to synthesize)57. In 

our study, the synthetic accessibility score ranged from 1.0 to 3.01, reflecting ease of synthesis with minimal structural 

complexity 

 
Table XII. Drug-likeness parameters and synthetic accessibility of the compounds. 

Compounds 
Drug-likeness 

Synthetic Accessibility 
MW (g/mol) TPSA (Å2) ESOL Log S Fraction Csp3 Rotatable Bonds Bioavailability Score 

I 126.11 60.69 -1.92 0 0 0.55 1 
II 240.42 12.53 -5.1 1 13 0.55 2.86 
III 258.44 29.46 -4.35 1 15 0.55 3.01 
IV 140.14 49.69 -1.38 0.14 1 0.55 1.33 
V 126.11 50.44 -0.54 0.17 2 0.55 2.25 
VI 126.11 65.98 -1.27 0.2 1 0.85 1.53 
VII 240.42 17.07 -4.85 0.94 14 0.55 2.26 
VIII 126.11 50.44 -1.17 0.17 0 0.55 2.39 
IX 270.45 26.3 -5.13 0.94 14 0.55 2.53 
X 270.45 26.3 -5.18 0.94 15 0.55 2.53 

 

Table XIII shows the absorption parameters of the compounds displaying the solubility class and consensus values for 

lipophilicity and water solubility. The lowest lipophilicity value was exhibited by Compound V (0.19), while the highest by 

Compound X (5.54). The consensus water solubility value ranged from -0.63 to -6.32, with Compounds V and X having the 

least and highest, respectively. Most compounds fall within the very soluble class, with three being moderately soluble and 

only two being poor soluble. 

The absorption potential of the compounds was assessed by the lipophilicity and water solubility defining the solubility 

class. The lipophilicity prediction of the SwissADME server utilizes the partition coefficient between n-octanol and water 
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(log Po/w) via five models: XLOGP3, WLOGP, MLOGP, SILICOS-IT, and LOGP36. For our study, the consensus (log Po/w) 

value of the five models was used, reflecting the average of the five models. The consensus value of ESOL, Ali, and SILICOS-

IT models was used for the water solubility prediction. The solubility is defined based on the log S scaled as <−10 – poorly 

soluble, <−6 - moderately soluble, <−4 - soluble, <−2 - very soluble, and <0 highly soluble36. In our study, five (half) of the 

compounds were predicted to be very soluble, and out of the other half, three were moderately soluble, while only two were 

poorly soluble. Water solubility is an essential factor to consider in the absorption and delivery of both oral and parenteral 

administration drugs. Additionally, solubility contributes to ease in handling and formulation during drug development. 

Most of the compounds from our study might be good candidates for further development considering their solubility, 

while the others might require further structural modification considering their bioavailability score and structural 

accessibility. 

 
Table XIII. Absorption parameters of the compounds. 

Compounds Lipophilicity (Consensus Log Po/w) Water Solubility (Consensus Log S) Solubility Class 

I 0.7 -1.56 Very soluble 
II 5.48 -6.05 Moderately soluble 
III 4.79 -5.48 Moderately soluble 
IV 0.87 -1.27 Very soluble 
V 0.19 -0.63 Very soluble 
VI 0.31 -1.22 Very soluble 
VII 5.43 -2.56 Moderately soluble 
VIII 0.55 -1.19 Very soluble 
IX 5.48 -6.11 Poorly soluble 
X 5.54 -6.32 Poorly soluble 

 

The distribution parameters of the compounds are presented in Table XIV, showing gastrointestinal (GI) absorption, blood-

brain barrier (BBB) permeation, and skin permeation. All the compounds were predicted to have high GI absorption. Only 

Compounds II, V, VI, and VII were not BBB permeants among the compounds. The permeation values ranged from 2.55 to 

7.48 cm/s, with Compound II exhibiting the most negligible value while Compound V was the highest. 

Distribution of drugs across different barriers such as hepatocytes, gastrointestinal epithelial cells, blood capillary wall, 

glomerulus, and blood-brain barrier are the most restrictive of all. For skin permeability, the more negative the log Kp value, 

the less permeant the compound is predicted to be58, while the boiled egg model was employed for the passive human 

gastrointestinal absorption (HIA) and blood-brain barrier (BBB) permeation59. All the compounds from our study were 

predicted to possess high GI absorption, whereas only four were non-BBB permeant. Furthermore, the skin permeable was 

the less soluble compound revealed in Table XIV. The metabolic potential of the compounds was predicted by the 

probability of binding the compounds to the permeability glycoprotein (P-gp) or inhibition of the cytochrome P450 (CYP) 

isoenzymes36. 

 
Table XIV. Distribution parameters of the compounds. 

Compounds GI Absorption BBB Permeant Skin Permeation (Log Kp; cm/s) 

I High Yes -6.17 
II High No -2.55 
III High Yes -3.48 
IV High Yes -6.82 
V High No -7.48 
VI High No -6.73 
VII High No -2.76 
VIII High Yes -7.01 
IX High Yes -2.84 
X High Yes -2.71 

 

The metabolic parameters of the compounds are presented in Table XV, showing their predicted probability of being the 

substrate of P-glycoprotein substrate (P-gp) and inhibitors of cytochrome P enzymes. None of the compounds were 

predicted to be the substrate of P-gp. Compounds II, III, VII, IX, and X were predicted to be substrates of CYP1A2 while are 

substrates of CYP2C19 and CYP2C9. Only Compound III was predicted to be the substrate of CYP2D6, while Compounds 

I, IV, and VIII for CYP3A4. 
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The metabolism of drugs influences their bioavailability via drug-drug or drug-protein interactions. The P-gp plays a critical 

role in the efflux of drugs across membranes, synergistically eliminating drugs from the body along with CYP enzymes via 

biotransformation60. Considering the role of the CYP enzymes, their inhibition by drugs might contribute to the adverse 

effects and reactions of drugs due to their accumulation and decreased solubility. Although none of the compounds were 

predicted to be a substrate of P-gp, five of the compounds were inhibitors of CYP1A2, two were inhibitors of CYP3A4, one 

for CYP2D6, while none were inhibitors of CYP2C19 and CYP2C9, thus weakening their drug candidacy. 

 
Table XV. Metabolism parameters of the compounds. 

Compounds P-gp Substrate CYP1A2 inhibitor CYP2C19 inhibitor CYP2C9 inhibitor CYP2D6 inhibitor CYP3A4 inhibitor 

I No No No No No Yes 
II No Yes No No No No 
III No Yes No No Yes No 
IV No No No No No Yes 
V No No No No No No 
VI No No No No No No 
VII No Yes No No No No 
VIII No No No No No Yes 
IX No Yes No No No No 
X No Yes No No No No 

 

The predicted LD50, toxicity class, and endpoints of the compounds are presented in Table XVI. Compounds II, VII, IX, and 

X exhibited the highest (5000 mg/kg) LD50, all within toxicity class 5, while the least was Compound VIII (220 mg/kg) within 

class 3. Only Compound VI was predicted to be hepatotoxic among the compounds, while Compounds I, II, III, V, and VIII 

were carcinogenic. Compounds I, V, and VIII were predicted to be mutagenic. However, none of the compounds show 

immunotoxicity and cytotoxicity. 

Toxicity is an essential yet expensive stage in drug discovery. However, an in silico study reduces the cost and time required 

for this stage61. Although in silico toxicity study predicts the possible toxicity of compounds, further studies, including in vivo 

and in vitro, are required to ascertain their toxicity further. The toxicity of the compounds evaluated by the ProTox online 

server predicted most of the compounds to have LD50 above 1000 mg/kg, with only three having ≤500 mg/kg. The LD50 is 

the dose at which the exposed subject dies, while the toxicity class classifies from 1 to 6, with 1 being highly toxic and 6 being 

non-toxic. For our study, the toxicity ranged from moderately toxic to non-toxic (3 to 6), supporting their drug candidacy62. 

Furthermore, the compounds' hepatotoxicity, carcinogenicity, immunotoxicity, mutagenicity, and cytotoxicity were 

evaluated to predict their toxicity further. Among the compounds, only Compound VI was predicted to be hepatotoxic. 

Four compounds were carcinogenic; three showed mutagenicity, while none were immunotoxic or cytotoxic. 

 
Table XVI. LD50, toxicity class, and toxicity endpoints of the compounds. 

Compounds LD50 (mg/kg) Toxicity Class HPT CGN IMT MGN CTT 

I 300 3 - + - + - 
II 5000 5 - + - - - 
III 2280 5 - + - - - 
IV 550 4 - - - - - 
V 2500 5 - + - + - 
VI 1000 4 + - - - - 
VII 5000 5 - - - - - 
VIII 220 3 - + - + - 
IX 5000 5 - - - - - 
X 5000 5 - - - - - 

Note: + = Active - = Inactive, HPT = Hepatotoxicity, CGN = Carcinogenicity, IMT = Immunotoxicity, MGN = Mutagenicity CTT= Cytotoxicity. 

 

CONCLUSION 

Conclusively, the compounds from A. leiocarpus showed good binding interactions, and the protein targets of antidiabetic 

therapy are potentially good candidates for antidiabetic drug development, considering the results of the molecular docking 

and molecular dynamics simulations. Furthermore, the antidiabetic drug potential of the compounds evaluated by the 

ADME study further supports the drug candidacy of the compounds, considering the results of the drug-likeness, synthetic 
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ability, solubility, absorption, and metabolic parameters. Additionally, the compound's toxicity results showing moderate 

to non-toxicity, further supports the potential of the compounds as antidiabetic drug candidates. 
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