
https://doi.org/10.1177/11779322231223851

Bioinformatics and Biology Insights
Volume 18: 1–9
© The Author(s) 2024
Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/11779322231223851

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial  
4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without 

further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Introduction
Type 2 diabetes, diabetes mellitus, is a major health burden that 
affects more than 90% of the world population currently living 
with the noncommunicable disease, and its prevalence contin-
ues to increase yearly.1 The existing synthetic glucose lowering 
agents are presented with side effects and various known com-
plications that adversely affect the quality of life of diabetic 
patients.2 Therefore, the search for new therapeutic agent, most 
importantly, those that could effectively inhibit or activate the 
enzymes associated with the disease, is the need of ongoing 
efforts in reducing the health burden of diabetes mellitus.

Glucose reabsorption occurs in the kidney which prevents 
its appearance in the urine.3 The combination of enzymes such 
as SGLT-2, glucose transporter 2 (GLUT2), sodium-glucose 

co-transporter protein 1 (SGLT1), and glucose transporter 1 
(GLUT1) is implicated in the uptake of glucose from the urine 
and subsequent transport of glucose to the blood stream.4 The 
inhibition of the SGLT1 resident in the L cell of the proximal 
small intestine increases plasma glucagon-like peptide 1 (GLP-
1) release, reduced postprandial hyperglycaemia, and renopro-
tective effects.5-8 The synergistic action of SGLT1 and GLUT2 
is responsible for effective glucose absorption in the intestine.9 
Under functional physiological condition, the SGLT-2 is 
responsible for the uptake of about 90% glucose reabsorption.10 
In addition, an overexpression of the SGLT-2 transporter is 
observed under hyperglycaemic condition leading to increased 
glucose reabsorption, which results in increased blood glucose 
level in diabetic patients.11 Hence, the inhibition of SGLT-2 to 
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prevent the renal glucose reabsorption, renal functional impair-
ment, and heart failure in type 2 diabetes patient could be an 
important mechanism to manage diabetes mellitus.12,13

Various synthetic SGLT-2 inhibitors such as dapagliflozin, 
empagliflozin, and canagliflozin have been introduced as ther-
apeutic agent to manage diabetes.14 However, the usage of 
these drugs is presented with episodes of side effects such as 
kidney damage and urinary tract infections.14,15 Therefore, 
there is need to explore natural products as possible and suita-
ble SGLT-2 inhibitor with little or no side effect. Mangiferin 
congeners are chemical compounds that have an aglycone 
mainly xanthone and attached to one or more carbohydrate 
unit through a carbon-carbon linkage.16 They possess varieties 
of biological activities such as antioxidant, anti-inflammatory, 
antimicrobial, antifungal, and anticancer activities.17-19 
Mangiferin and its congeners have become desirable antidia-
betic agents due to their resistance to enzymatic and acidic 
cleavage of the C-C glycosidic bond of their chemical struc-
ture.20 Hence, they may be suitable as potential SGLT-2 
inhibitor.

Molecular docking and MD simulation are computational 
techniques used to screen chemical compounds and study their 
stability, binding mode, and interactions against the target 
enzymes implicated in the pathophysiology of metabolic and 
parasitic diseases.21,22 The screening technique has become 
useful due to the fact that it is cheap, fast, and effective in iden-
tifying drug candidates.23 Furthermore, the density functional 
theory is a computational method that is used to provide useful 
information about the quantum chemical properties and often 
predict the druggability of chemical compounds.24 Though 
mangiferin is a widely explored pharmacologically, its conge-
ners which have similar structural similarities with different 
substituents are yet have not been investigated for their 
SGLT-2 inhibitory property.

Hence, this study uses molecular docking and MD simula-
tion to identify potential SGLT-2 inhibitor among the natu-
rally occurring mangiferin congeners. It also uses density 
functional theory to evaluate and compare the quantum chem-
ical property of the hit molecule with dapagliflozin (standard 
drug).

Materials and Methods
Protein and ligand preparation

The three-dimensional (3D) X-ray crystallographic structure 
of SGLT-2 enzyme (PDBID: 3DH4) was downloaded from 
the protein data bank (www.rcsb.org). The protein was loaded 
on PyMol software and water molecules; co-factor and ions 
were removed to obtain a bare protein suitable for docking. 
Since the protein does not have a native ligand, the CASTp 
server was used to identify the amino acid residues resident at 
the active site for docking purpose (supplemental material, 
Table S1).

Ten naturally occurring mangiferin congeners previously 
isolated from medicinal plants (supplemental material, Table 
S2)25-28 were downloaded from the PubChem database in SDF 
format, while those that were not available on the database 
were built with Spartan 14 programme.29 The ligands were 
loaded on the built-in open label functionality of PyRx 0.8 
software30 for energy minimization under the MMFF94x force 
field. The energy-minimized ligands were saved in PDB for-
mat for docking purpose. The entire process of in silico studies 
is illustrated in Figure 1.

Molecular docking

The bare SGLT-2 protein and ligands were loaded into the 
built-in Autodock Vina31 feature of PyRx 0.8 software and 
subsequently converted to PDBQT format32,33 The residues 
identified at the active site of the protein were selected, and the 
grid box size was set at centre (x = 25.5054, y = −32.4950, and 
z = 62.3184) and size (x = 45.5073, y = 46.2700, and z = 50.9413). 
Then, the ligands were docked into the protein’s binding pocket 
on Autodock Vina at an exhaustiveness of 100.33 The results 
obtained were ranked based on their binding energy, and the 
ligand with the best binding energy was selected at the lowest 
RMSD value and the best conformation. Thereafter, the pro-
tein-ligand interactions such as hydrogen bond, hydrophobic 
and pi-interactions were examined using the Discovery Studio 
Visualizer software.34,35

Figure 1.  Graphical abstract of the entire in silico studies reporting the 

mangiferin congeners as SGLT1 inhibitors.
SGLT1 indicates sodium-glucose co-transporter protein 1.

www.rcsb.org
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Molecular dynamics simulation

The MD simulation of protein-ligand complexes was per-
formed using GROMACS 202336,37 software which was 
installed in Ubuntu 18.04 LTS on a GPU-enabled PC having 
the NVIDIA Geforce RTX 3070 graphics card. Docked struc-
tures of the protein-ligand complexes were used as starting 
points in the simulation study. Proteins were processed and the 
topology files prepared by using pdb2gmx and charmm36 force 
field38 while the ligand topology files were prepared by using 
the online server, SwissParam.39 The solvent (using the TIP3P 
water model)40 addition was done in a cubic box by using a box 
distance 1.0 nm from the closest atom in the protein. There was 
no need to add ions to the system since the overall charge was 
zero. Energy minimization was done by using the steepest 
descent algorithm taking 50 000 steps and 5 kJ/mol maximum 
forces. Position restraints were applied in the equilibration step. 
After that, NVT equilibration was done at 300 K for 100 ps 
and NPT equilibration taking Parrinello-Rahman (pressure 
coupling), 1 bar reference pressure for 100 ps. LINCS algo-
rithm was applied to constraint all the bonds. For long-range 
electrostatics, particle-mesh Ewald (PME) algorithm41 was 
used. Finally, the production MD of the protein-ligand com-
plex was run for 100 ns. After successful completion of MD 
simulation for 100 ns, RMSD of backbone residues, RMSF, 
radius of gyration (Rg), and solvent accessible surface area 
(SASA) were calculated. The clustering of the trajectory was 
done using the gmx_cluster module of the GROMACS pro-
gramme with an RMSD cut-off of 0.2 nm.

The free energy of binding calculations was done using the 
stand-alone programme, gmx_MMPBSA by Valdes-
Tresanco,42 based on the MMPBSA.py (from AMBER) func-
tionalities, a well-known and excellent tool for performing 
end-point binding free energy calculations and to predict the 
stability of the complex. In this study, MM-PBSA method was 
employed to calculate the binding free energy between the 
SGLT-2 protein and the ligands. 

Theoretical modelling and optimization studies

DFT studies of neomangiferin, mangiferin, and dapagliflozin 
were performed using the Spartan 14 software containing 
functional B3LYP (Lee-Yang Parr exchange-correlation 

functional method). Also, a 6-31G basis set was selected for the 
DFT study.43 During the calculations, the values of the frontier 
orbital energies for neomangiferin, mangiferin, and dapagliflo-
zin were estimated from the most established conformation of 
the compounds. In addition, global reactive descriptors such as 
energy gap (ΔEgap), chemical potential (µ), chemical hardness 
(η), electronegativity (χ), softness (S), and electrophilicity 
index were calculated using the formulas below.
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ADMET studies

ADMET is an acceptable method of investigating the phar-
macokinetic properties of potential bioactive phytochemicals 
that could be effective in the treatment of diseases. In this 
study, the admetSAR 2.0 server (http://lmmd.ecust.edu.cn/
admetsar2/) was used to probe the pharmacokinetic properties 
of neomangiferin. The ADMET parameters considered 
include solubility, blood-brain barrier (BBB), nephrotoxicity, 
hepatotoxicity, carcinogenicity, and oral acute toxicity.

Results and Discussion
Results and discussion

Molecular docking study was performed on mangiferin conge-
ners to estimate their binding energy and possible interaction 
with the amino acid residues at the active site of SGLT-2 pro-
tein. The binding energies observed were compared with dapa-
gliflozin (standard drug) which was set as the cut-off point, and 
its interaction is presented in Table 1.

Neomangiferin elicited a binding energy of −9.0 kcal/mol 
showing that it had better binding energy as compared with 

Table 1.  Interactions of hit molecules with the amino acid residues at receptor sites of SGLT-2.

Ligand (PubChem 
ID)

Binding energy 
(kcal/mol)

Hydrogen bond interaction Hydrophobic 
interaction

Pi-interaction

Amino acid residue Distance (Å)

Neomangiferin (CID 
6918448)

−9.0 Glu68,Tyr138, Asn142, 
Ser372

2.22, 1.98, 2.44, 2.78, 
2.61

Ile270, Met369 Ile270, Met369

Dapagliflozin (CID 
9887712)

−8.3 Tyr262, Ser372 2.09, 2.26 Ile270, Met369 Tyr269, Ile270, 
Ser372

Abbreviation: SGLT-2, sodium-glucose co-transporter 2 protein.

http://lmmd.ecust.edu.cn/admetsar2/
http://lmmd.ecust.edu.cn/admetsar2/
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dapagliflozin (−8.3 kcal/mol) and mangiferin (−8.5 kcal/mol) 
which could be obtained from the cleavage of the O-glucose 
attachment to the neomangiferin moiety. Neomangiferin 
established 6 hydrogen bonding interactions with the amino 
acid residues resident at the binding pocket of SGLT-2 enzyme 
(Glu68H at 2.22 Å, Tyr138-O at 1.98 Å, Asn142-O at 2.44 Å, 
Asn142H at 2.78 Å, and Ser372H at 2.61 Å), while dapagliflo-
zin formed 2 hydrogen bonding interactions with Tyr262-O at 
2.09 Å and Ser372-O at 2.26 Å (Figure 2A and B). 
Neomangiferin was also stabilized at the binding pocket of 
SGLT-2 enzyme through the formation of hydrophobic and 
pi-interactions (pi-alkyl and pi-sigma) with Ile270 and 
Met369. The formation of higher hydrogen bonding, hydro-
phobic and pi-interactions was noticed in the protein-ligand 
complex of neomangiferin. The high number of hydrogen 
bond formed by neomangiferin showed that the binding pocket 
of the receptor is less hydrophobic. Hydrophobic interaction 
has direct influence on the binding energy of a ligand.44 The 
lipophilic atoms of neomangiferin established good hydropho-
bic interaction with the nonpolar side chains of binding site 
residues of SGLT-2, thereby increasing its binding energy as 
compared with dapagliflozin.

Neomangiferin has xanthone moiety as its aglycone and 2 
glucose attachment at C-C and O-C linkage. The O-C linkage 
differentiates it from mangiferin which has been identified 
with promising biological properties. In this study, the attach-
ment of O-C linkage of glucose from neomangiferin improved 
its binding energy compared with mangiferin, thereby identify-
ing the former as a better SGLT-2 inhibitor compared with 
dapagliflozin and mangiferin. Previous studies have elucidated 
the mechanism of action by which neomangiferin ameliorate 
nonalcoholic fatty liver disease whereby diabetes markers and 
lipid profiles were effectively managed.45,46 Neomangiferin was 
isolated from Anemarrhena asphodeloide and Rhizoma 
Anemarrhenae which demonstrated excellent antidiabetic 

activity.47,48 It may be inferred that the phytochemical may be 
among the therapeutic agents responsible for its activity.

Analysis of molecular dynamic simulation

Neomangiferin and dapagliflozin (standard drug) were selected 
for 100 ns MD simulation to understand their binding mode and 
dynamic behaviour in the binding pocket of SGLT-2 enzyme.

Root-mean-square deviation

The RMSD plot was obtained to examine the structural stabil-
ity of neomangiferin and dapagliflozin with the SGLT-2 pro-
tein (Figure 3A). In the RMSD trajectories of the ligand-bound 
system, the graph line of neomangiferin-3DH4 complex 
showed an increasing trend of RMSD values ranging from 0.2 
to 0.29 nm between 0 and 25 ns, indicating that neomangiferin 
accustomed itself earlier in the binding pocket of the enzyme. 
A slight deviation was observed between 26 and 45 ns but was 
within 0.2 to 0.26 nm, after which a stable system was observed 
from 46 to 100 ns. Dapagliflozin-3DH4 RMSD plot showed 
deviation from 0 to 30 ns with an increasing trend of RMSD 
values ranging from 0.2 to 0.3 nm. A stable system was observed 
between 31 and 65 ns followed by consistent deviation from 66 
to 100 ns. The RMSD plots of neomangiferin-3DH4 and 
dapagliflozin-3DH4 complexes suggested that neomangiferin 
adapted to conformational changes as the simulation pro-
gressed and achieved stability than dapagliflozin.

Root-mean-square fluctuation

The RMSF plots of the neomangiferin-3DH4 and dapagliflo-
zin-3DH4 complexes were examined to estimate their extent 
of flexibility during the 100 ns simulation period. These esti-
mated fluctuations helped to determine the mobility of the 
backbone atoms in the neomangiferin-3DH4 and dapagliflo-
zin-3DH4 simulation. Figure 3B shows the RMSF plot of the 
protein-ligand complexes, indicating that the amino acid resi-
dues of the ligand-bound complexes are relatively stable. Also, 
the RMSF values of neomangiferin-3DH4 ranged from 0.02 
to 0.44 nm and dapagliflozin-3DH4 from 0.02 to 0.26 nm.

Radius of gyration

The study assessed the influence of the ligand binding mode 
on the overall compactness of the protein. Hence, the Rg was 
estimated, in that, ligand that has higher Rg value elicited 
higher flexibility, which results instability of the system. Also, a 
lower Rg value corresponds to a closely packed and dense sys-
tem and increased stability.49 The Rg value of neomangiferin-
3DH4 and dapagliflozin-3DH4 complexes ranged between 
2.3 and 2.33 nm, indicating that there was no significant 
change in the parking of ligand to the SGLT-2 enzyme (Figure 
3C). Also, the Rg of the complexes reached a stable equilibrium 
throughout the entire 100 ns simulation period.

Figure 2.  Diagrammatic representation of interaction of (A) 

neomangiferin-3DH4 and (B) dapgliflozin-3DH4.
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Solvent accessible surface area

The SASA helps to investigate the surface area of the protein 
in contact with the solvent in the simulation system.50 The 
connectivity between the protein-ligand complexes and the 
water molecules is estimated from SASA. The change in SASA 
for neomangiferin-3DH4 and dapagliflozin-3DH4 complexes 
was analysed during the 100 ns simulation period (Figure 3D). 
The SASA for neomangiferin-3DH4 and dapagliflozin-
3DH4 complexes was 210 to 230 nm2 and 215 to 235 nm2, 
respectively. The data obtained from the analysis showed that 
there was no large difference in the SASA values when the 
ligands bind to the protein. In both the systems SASA 
decreased and stabilized after around 25 ns indicating adapta-
tion of respective ligands in the binding site.

Molecular mechanics Poisson-Boltzmann surface 
area analysis

The MM-PBSA method was adopted to evaluate the binding 
affinity of the simulated complexes. In this study, the snapshots 

of the entire trajectories obtained during the 100 ns simulation 
were input to estimate the vital forces between the ligand and 
protein interactions. The total binding free energies calculated 
for neomangiferin and dapagliflozin are presented in Table 2.

The average binding free energy of the neomangiferin-
3DH4 and dapagliflozin-3DH4 is −26.05 ± 0.11 and 
−17.42 ± 0.12 kcal/mol. Neomangiferin elicited the good bind-
ing energy compared with dapagliflozin due to lower electro-
static energy and GGas value obtained in the free binding energy 
calculations. This indicates that neomangiferin exhibited 
favourable binding strength than dapagliflozin.

Frontier molecular orbital and chemical reactivity 
descriptors

Frontier molecular orbital (FMO) theory explains mechanisms 
of reaction of organic molecules and provides a clear under-
standing of the interaction of drug molecules and their recep-
tors.51,52 Researchers have adopted FMO theory to investigate 
structure-activity relationships of small structural drugs. 

Figure 3. M olecular dynamic simulation plots: (A) RMSD; (B) RMSF; (C) Rg; and (D) SASA.
RMSD indicates root-mean-square deviation; RMSF, root-mean-square fluctuation; Rg, radius of gyration; SASA, solvent accessible surface area.
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Frontier molecular orbital involves the estimation of the energy 
of the highest occupied molecular orbital (EHOMO) and energy 
of the lowest unoccupied molecular orbital (ELUMO). In this 
study, the structural feature of the hit mangiferin congener 
(neomangiferin) showed that it has C-C glucose and C-O glu-
cose linkages. However, the C-O glucose linkage is the only 
differential substituent when compared with the structure of 
mangiferin. Hence, we investigated the effect O-glucose link-
age of neomangiferin on its kinetic stability, biological poten-
tial, and reactivity and compared the values obtained with 
mangiferin and dapagliflozin (standard drug) (Table 3).

The HOMO provides important information on the elec-
tron-donating ability of a phytochemical while its electron-
accepting property is known through the LUMO value.53 A 
higher HOMO value indicates high electron-donating capac-
ity while a lower LUMO value indicates a higher electron-
accepting ability.54 Mangiferin had the highest HOMO value 
of −5.78 eV, indicating that it had better electron-donating 
capacity than dapagliflozin (−5.95 eV) and neomangiferin 
(−6.03 eV). Also, neomangiferin had the highest LUMO value 
of −1.72 eV indicating that it exhibits the highest electron-
accepting capacity as compared with mangiferin (−1.63 eV) 
and dapagliflozin (−0.70 eV) (Figure 4).

Chemical reactivity descriptors

Chemical reactivity descriptors are parameters adopted by 
chemists to predict chemical reactivity, relative stability, and 

possible bioactivity potential of organic compounds.55 Energy 
gap, ΔEgap, explains stability and reactivity of phytochemicals.56 
Molecules with higher ΔEgap value are said to be stable but less 
reactive. Hence, dapagliflozin (5.25 eV) is the most stable and 
less reactive as compared with neomangiferin (4.31 eV) and 
mangiferin (4.15 eV). Global hardness, η, is the degree of 
rigidity of an electron cloud of a molecule to withstand defor-
mation.57 It directly relates to energy gap, which further con-
firms stability of organic molecule. In this study, dapagliflozin 
(2.63 eV) is the most stable followed by neomangiferin 
(2.16 eV) and mangiferin (2.08 eV).

On the contrary, global softness (δ) is the reciprocal ten-
dency of molecules to accept electrons.58 A higher global soft-
ness value favours massive electron transfer from the atoms of 
a molecule and also indicates higher reactivity.59 The order of 
increasing global softness of the molecules is mangiferin 
(0.48 eV) >neomangiferin (0.47 eV) >dapagliflozin (0.38 eV). 
The electrophilicity index (ω) is a measure of the electron-
donating ability of a molecule.60 It also provides vital informa-
tion on the tendency of a molecule to bind to a receptor 
implicated in any disease condition.28 Neomangiferin (3.48 eV) 
had the highest electrophilicity value thereby justifying the 
high binding energy obtained in the molecular docking and 
MD simulation studies. The electrophilicity index is followed 
by mangiferin (3.31 eV) and dapagliflozin (2.11 eV).

Chemical potential, μ, is the energy change experienced by 
a molecule in connection with electron number at a fixed 
potential.57 It is the probability of a molecule to exchange 

Table 2. M olecular mechanics Poisson-Boltzmann surface area analysis of the protein-ligand complexes.

Compounds Van der 
Waal energy 
(kcal/mol)

Electrostatic 
energy (kcal/
mol)

Polar 
solvation 
energy 
(kcal/mol)

Nonpolar 
solvation 
energy 
(kcal/mol)

Total gas-
phase energy 
(kcal/mol)

Total 
solvation 
energy 
(kcal/mol)

Total (kcal/
mol)

Neomangiferin −47.09 ± 0.09 −53.55 ± 0.22 80.07 ± 0.25 −5.48 ± 0.02 −100.6 ± 40.27 74.59 ± 0.25 −26.05 ± 0.11

Dapagliflozin −48.03 ± 0.05 −18.56 ± 0.11 54.07 ± 0.13 −4.9 ± 0.00 −66.6 ± 0.12 49.17 ± 0.13 −17.42 ± 0.12

Abbreviation: MM-PBSA, molecular mechanics Poisson-Boltzmann surface area.

Table 3.  Quantum chemical properties of neomangiferin, mangiferin, and dapagliflozin.

Parameters Neomangiferin Mangiferin Dapagliflozin

ELUMO −6.03 −5.78 −5.95

EHOMO −1.72 −1.63 −0.7

ΔEgap 4.31 4.15 5.25

η 2.16 2.08 2.63

Μ −3.89 −3.71 −3.33

ω 3.48 3.31 2.11

Δ 0.47 0.48 0.38

Χ 3.88 3.71 3.33

Abbreviations: EHOMO, highest occupied molecular orbital energy; ELUMO, lowest unoccupied molecular orbital energy; S, softness; ∆Egap, energy gap; η, hardness; µ, 
chemical potential; χ, electronegativity; ω, electrophilicity index.
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electron density with the environment at the ground state, and 
this is connected with ω of molecules. High chemical potential 
value of molecules (dapagliflozin −3.33 eV and mangiferin 
−3.71 eV) shows they are weak electrophile and neomangiferin 
that has lower μ value (−3.89 eV) have strong electrophilic 
potential. Also, electronegativity (χ) is the characteristic of 
molecules to attract electrons.60 A high electronegativity value 
corresponds to a higher electron withdrawing potential. 
Neomangiferin (3.88 eV) had the highest electronegativity 
value, indicating that it has greater electron withdrawing ten-
dency than mangiferin (3.71 eV) and dapagliflozin (3.33 eV). 
The high electronegativity value of neomangiferin may be as a 
result of the higher number of oxygen atoms on its chemical 
structure.

The O-glucose unit of neomangiferin had a higher influ-
ence on its electrophilicity value which, in turn, contributed to 
its binding energy in the docking studies. Also, the increased 
oxygen atoms contributed by the O-glucose attachment of 
neomangiferin had direct influence on the ELUMO and elec-
tronegativity value of the ligand.

Molecular electrostatic potential of neomangiferin

The molecular electrostatic potential (MEP) is related to an 
effective descriptor useful in determining the possible site for 
nucleophilic and electrophilic attack in a molecule.60 It is 
directly related to sites enriched with electron density. 
Molecular electrostatic potential also gives information about 
sites that can form hydrogen bonds with other atom.23 To pre-
dict the reactive sites where nucleophilic and electrophilic 
attack can occur in neomangiferin, the MEP was evaluated 
using the B3LYP 6-31 (d, p) level geometry of the molecule 
optimized in the gas phase (Figure 5). In this study, the colours 
of the electrostatic potential are denoted in blue (nucleophilic 
region) and red (electrophilic region). Oxygen atoms (O4, O9, 
O7, O12, O14, and O15) on the xanthone (aglycone) and sugar 
molecules were the strong electrophilic region, while the elec-
tron density was localized on the hydrogen atoms (H56, H57, 
H59, H60, H61, H62, H66, and H67) to form the nucleophilic 
region of the neomangiferin moiety. The electron-rich and 
electron-deficient centres of neomangiferin may be available 
for hydrogen bonding formation and also strengthen the sta-
bility of the phytochemical at the active site of SGLT-2 
enzyme.

ADMET properties

The in silico approach to probing the ADMET properties of 
chemical compounds has helped medicinal chemists to identify 
compounds with potential adverse effect. In this study, the sol-
ubility, acute oral toxicity, carcinogenicity, hepatotoxicity, BBB 
permeability, and nephrotoxicity were examined to understand 
the pharmacokinetic properties of neomangiferin.

Solubility of a chemical compound explains the extent of 
its absorption in a diabetic subject.29 Carcinogenicity and 
hepatotoxicity properties of phytochemical give relevant 
information on whether it causes the development of cancer-
ous cells and also maybe it will be toxic to the liver.61 The 
nephrotoxicity and acute oral toxicity profile of a ligand helps 
to understand its safety to the kidney and when taken orally 

Figure 4. H OMO and LUMO diagrammatic representation of: (A) 

neomangiferin; (B) mangiferin; and (C) dapagliflozin.
HOMO indicates highest occupied molecular orbital; LUMO, lowest unoccupied 
molecular orbital.

Figure 5.  The MEP diagram of neomangiferin.
MEP indicates molecular electrostatic potential.
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by diabetic subject.61 Blood-brain barrier permeability prop-
erty of a phytochemical explains its ability to cross the BBB 
layer.62

Neomangiferin had a solubility value of −2.196, indicating 
that it has a good solubility property. A solubility value of −6.0 
to 0.5 is preferred for a drug candidate. Also, the acute oral 
toxicity profile of the phytochemical showed that it is safe 
when taken orally by a diabetic subject. Furthermore, the 
nephrotoxicity, hepatotoxicity, and carcinogenicity profile of 
neomangiferin showed that it is not toxic to the kidney and 
liver and will not cause the development of cancerous cell. 
However, neomangiferin could not cross the BBB layer. This 
property may not be important since the compound is not 
studied towards the development of a central nervous system 
drug.63

Conclusion
This study used molecular docking, MD simulation, 
MM-PBSA binding free energy calculations, density func-
tional theory calculations, and ADMET analysis to screen 
naturally occurring mangiferin congeners as SGLT-2 inhibitor. 
The computational methods used in the study revealed neo-
mangiferin as a potential SGLT-2 inhibitor and a good drug 
candidate in the management of type-2 diabetes. The binding 
energies obtained from the molecular docking studies identi-
fied neomangiferin as the top-ranked inhibitor. The RMSD, 
RMSF, Rg, and SASA plots obtained from the 100 ns MD 
simulation showed that neomangiferin was more stable in the 
binding pocket of SGLT-2 enzyme compared with dapagliflo-
zin. Also, neomangiferin elicited better binding energy from 
the MM-PBSA analysis as compared with dapagliflozin. The 
influence of the O-glucose attachment was studied using den-
sity functional theory calculations. Neomangiferin elicited bet-
ter electrophilicity index as compared with mangiferin that 
differs from neomangiferin through the O-glucose substituent. 
Furthermore, the ADMET studies showed that neomangif-
erin may exhibit nontoxic properties when administered to dia-
betic patient. This hit molecule could be useful in the 
development of SGLT-2 in vivo and in vitro.
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