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Abstract
There is a significant effort to explore the potential pharmacological activity of natural products derived from plant extracts. 
The goal is to generate new compounds that could be used for therapeutic purposes. Eugenia punicifolia is a shrub that grows 
widely all over the world. As a natural cure for diabetes, fever, flu and inflammation, leaves of this medicinal plant are often 
used in decoction or aqueous infusion. The goal of the study was to record the molecular docking, antioxidant, chemical 
composition, and alpha-glucosidase inhibition of E. punicifolia. A number of parameters were evaluated in order to confirm 
its efficacy, including Total Phenolic Content (TPC), TFC (Total Flavonoid Content), FRAP (ferric reducing antioxidant 
power), DPPH radical scavenging activity, inhibition of α-glucosidase, chemical composition, and molecular docking. The 
leaf ethanolic exhibited robust antioxidant activity with respect to radical scavenging activity, TPC (Total phenolic content), 
reducing power, TFC (Total Flavonoid Content), and alpha-glucosidase inhibitory activity at concentrations of 26.7 µg/
mL, 18.9 mmol/g, 11.9 mg GAE/g, 13.5 mg QE/g, and 18.9 µg/mL, respectively. In the ethanolic leaf extract, Z-8-Methyl-
9-tetradecenoic acid (28.6%) was the main component. The five compounds (− 121.208 kcal/mol, − 120.465 kcal/mol, 
− 105.572 kcal/mol, − 104.497 kcal/mol, and − 102.256 kcal/mol) were selected as the top lead compounds, respectively. 
The lead compounds that were found had drug-like properties and were suitable for oral administration. In addition, it was 
noted that they exhibited non-toxic features and favorable ADME-Tox characteristics, except for compound 6, which displayed 
toxicity. The leaves exhibited potential applications in the food and pharmaceutical sectors.
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1  Introduction

As a therapy strategy, the use of alternative therapies is 
becoming more frequent [1]. In this context, the use of 
medicinal plants in treating different diseases is significant 
[2]. Most parts of the world practice folk medicine very 
much. Plants and plant extracts are used by more than 
80% of people in Asia and Africa to treat a variety of 
illnesses [2]. Because of the special chemical compounds 
they contain, which have a known physiological effect on 
both humans and animals, plants have medicinal relevance 
[3]. Secondary metabolites produced by different plant 
components are widely used in many aspects of daily human 
life [4]. Both in their unrefined and refined forms, these 
substances are acknowledged for their broad biological value 
[5]. The concept of computer-aided drug design (CADD) 
has gained significant support as a means of producing or 
discovering novel, more effective small molecules faster 
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and at a lower cost [6]. The concept of computer-aided 
drug design (CADD) has gained significant support as a 
means of producing or discovering novel, more effective 
small molecules faster and at a lower cost [6]. Molecular 
docking virtual screening is widely used in structure-based 
drug design (SBDD) to predict the binding orientation and 
affinities of two molecules when they form a stable complex 
[6]. The shrub E. punicifolia is widely found around the 
world. This medicinal plant's leaves are frequently used as 
a natural remedy for diabetes, fever, flu, and inflammation 
in decoctions or aqueous infusions. In the treatment of 
infections and wounds, it is also administered in alcoholic 
infusion [7]. Eugenia punicifolia has clearly been important 
historically and currently, but not much has been done to 
document its biological function or chemical composition. 
The study sought to document E. punicifolia molecular 
docking, antioxidants, chemical composition, and inhibition 
of alpha-glucosidase.

2 � Materials and methods

2.1 � Sample collection

The plant specimens were recognized by a certified 
botanist from Ahmadu Bello University (ABU) in Zaria, 
Kaduna State, Nigeria. Eugenia punicifolia was found 
and is kept in the herbarium of the department (Voucher 
ABU1684). The species name was confirmed using the 
World Flora Online (WFO) at https://​www.​world​flora​
online.​org/.

2.2 � Sample extraction

With the grinding machine, the dry materials were crushed 
to a solid powder. Powdered plant samples weighed 100 g. 
The plant components were extracted into ethanol, hexane, 
and aqueous forms using the Soxhlet process [5]. The 
byproduct of the extraction was filtered through Whatman 
no. 2 filter paper [5]. Using an evaporation apparatus (E-Z-
2-Elite), the crude extract was made from hexane, ethanol, 
and aqueous plant leaves. The solvent pressure was adjusted 
to 300, 20, and 72 for the ethanol, hexane, and aqueous 
extracts, and the vacuum was set to 40ºC for each [5].

Extraction yield (%) = F1∕F2 × 100, Whereby F1
= Mass of the crude extract and F2
= Mass of the sample.

2.3 � DPPH radical scavenging activity

About 100µL of leaves and roots have been mixed 
with the DPPH solution in methanol at a concentration 
of 0.004% wv (extracted using ethanol, hexane, and 
aqueous) at different concentrations ranging from 1.56 to 
100 μg/mL, respectively. The mixture was assessed for 
DPPH reduction at a wavelength of 517 nm following 
a 30-min storage time at 37 °C in a dark environment. 
The scavenging activity percentage were determined by 
comparing it to the control, which consisted of 100 L of 
methanol and 200 L of DPPH. The subsequent equation 
was employed to compute the radical scavenging activity.

C1 represents the sample absorbance, while Co 
represents the control absorbance. The IC50 values, 
which indicate the concentration of the extract required 
to eliminate 50% of the DPPH radical, were determined 
by plotting the percentage of scavenging against different 
extract concentrations of 1.56 to 100 μg/mL, respectively 
[8–10].

2.4 � Antioxidant activity by (FRAP) assay

The FRAP antioxidant assay was determined using 
G-Biosciences’ FRAP assay kit according to the 
manufacturer’s instructions.

2.5 � Total phenolic content (TPC)

The Folin Ciocalteu reagent was employed to quantify 
the overall phenolic content (TPC). Simply put, 150 µl of 
Folin-Ciocalteu reagent (10%) were mixed with 30 µl of 
extract (1 mg/mL). After 4 min, a further 120 μL of 7.5% 
Na2CO3 was added. Following a period of 45 min in a dark 
environment, the resulting mixture was assessed for its 

Inhibition (%) =
[(

Co − C1

)/

Co)
]

× 100
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Fig. 1   Calibration curve for Gallic acid
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optical density at a wavelength of 760 nm [9]. The quantifi-
cation of the results was done in milligrams of Gallic Acid 
Equivalent (GAE) per gram of dry weight (DW) using the 
gallic acid standard curve equation, y = 0.0038x + 0.0673, 
with an R2 value of 0.9964 (Fig. 1) [9].

2.6 � Total flavonoid content (TFC)

To perform the estimation, methanol was mixed with an 
equivalent volume of a predetermined quantity of the sam-
ple. Subsequently, a weighed combination of diluted alu-
minum chloride, potassium acetate, and 1.4 mL of distilled 
water was introduced into the aforementioned mixture, 
which was sealed in aluminum foil and left undisturbed 
for a duration of thirty minutes to avoid light exposure 
[11, 12]. The measurement was obtained at a wavelength 
of 415 nm. Quercetin was employed as the flavonoid stand-
ard [12]. The results were expressed as mg of Quercetin 
Equivalent (QE) per g of dry weight (DW) [12] (Fig. 2). 

2.7 � α‑glucosidase inhibition assay

The reaction was done by mixing of plant extracts 10 
μL from different plant sections with 50 μL of 0.1 M 
phosphate buffer at a pH of 7.0. Afterwards, a 25µL 
solution of alpha-glucosidase with a concentration of 0.2 
U/mL in buffer was added to the mixture. The samples 
were incubated at 37 °C for 10 min. Following that, a 
volume of 25 μL of a 0.5 mM solution of (pNPG) substrate 
was added to the process. Subsequently, the combination 
was incubated at 37  °C for an additional 30 min. The 
reaction was stopped by adding 100 μL of a sodium 
carbonate solution. Quercetin was used as a positive 
control [13]. The absorbance was measured at 410 nm. 
The inhibition % was determined by:

% inhibition = [Cab − Sab)∕Cab] × 100

Cab represents absorbance of the control, while Sab 
represents the sample absorbance.

2.8 � Gas chromatography mass spectrometry (GC–
MS) conditions

The experiment was performed utilizing an Agilent 
GC–MS. The chemical mixtures were separated utilizing 
an HP-5MS column measuring 30 m in length and 0.25 mm 
in diameter. The separation procedure consisted of initially 
heating the column to a temperature of 60 °C for a duration 
of 10 min, and thereafter raising the temperature to 230 °C 
over a period of 1 min, with a heating rate of 3 °C per 
minute. The column was thereafter maintained at a 230 °C 
for a duration of 1 min. The injector's helium flow rate was 
1 mL/min, at a temperature of 245 °C. The ion source and 
analyzer for 70 eV MS were maintained at a temperature 
of 260 °C [14].

2.9 � Molecular docking methodology

The search for the stable conformations of the studied 
compounds was achieved using the Density Functional 
DFT (B3LYP) and the 6–31G* basis set and saved in 
pdb format [15]. The alpha-glucosidase 3D structure 
(pdb entry:3top) was collected from the online RCSB 
protein data bank. The protein was prepared with the 
Discovery Studio software. Here, ligand groups, water 
molecules, and heteroatoms attached to the target protein 
were removed and saved in pdb format. The investigated 
compounds (ligands) were docked into the binding site of 
the receptor with Molegro Virtual Docker (MVD) software 
[16]. Furthermore, the visualisation of protein–ligand 
interactions was carried out using the Discovery Studio 
software [17].

2.10 � Pharmacokinetics properties estimation

The Pharmacokinetics Properties Estimation was conducted 
at http://​www.​Swiss​ADME.​ch (Daina et al. 2017). Similarly 
the The “Adsorption, Distribution, Metabolism, Excretion 
and Toxicity properties of the compounds was estimated on 
the pkCSM”website at https://​biosig.​lab.​uq.​edu.​au/​pkcsm 
[18].

2.11 � Frontier molecular orbitals Dft method

Density functional theory (DFT) is a computational method 
used in physics, chemistry, and materials science to study the 
electronic structure of many-body systems, such as atoms, 
molecules, and condensed phases. It primarily focuses on 
the ground state and can provide insights into the nuclear 
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structure as well [19, 20]. Two fundamental ideas in 
quantum chemistry are the HOMO and LUMO, or lowest 
unoccupied molecular orbitals. The lowest empty orbital 
is known as the LUMO, while the highest energy orbital 
is known as the HOMO, where electrons are present. The 
HOMO–LUMO gap is a measure of molecular stability that 
is defined as the energy difference between the HOMO and 
LUMO [21].

2.12 � Molecular dynamics

The stability assessment of a promising molecule in 
conjunction with MMP-2 receptors, identified by the 
Protein Data Bank entry entry:3top, was conducted 
through molecular dynamics simulations using the force 
field (OPLS3e) within the 2020–3 Desmond software 
by Schrodinger LLC [22, 23]. A spacing of 10  Å was 
maintained among the protein atoms, and the boundaries 
of the orthorhombic periodic box that contained the 
solvent, while the ligand–protein complex was immersed 
therein. The SPC model, which stands for single-point 
charge water, was used as the solvent model. The Desmond 
System Builder panel helped achieve charge neutralization 
by adding Na + and Cl − counterions, and the concentration 
of NaCl salt was changed to 0.15 M to match physiological 
circumstances [24]. Subsequently, the solvated system 
underwent relaxation and minimization utilizing the default 
OPLS3e force field parameters in Desmond. The model ran 
in the isothermal isobaric ensemble (NPT) mode, with the 
Nose–Hoover chain thermostat controlling the temperature 
to 300  K and the Martyna-Tobias-Klein barostat the 
atmospheric pressure to 1.0315 Bar [25]. The estimation 
of binding free energy was performed using the MM/PBSA 
approach from the beginning and end of the MD simulation 
trajectory.

2.13 � Statistical analysis

Statistical Analysis System (SAS) version 9.4 was used 
to analyzed the data. Completed Randomized Design 
(CRD) was used, with three replications. At the p ≤ 0.05 
level, significant changes in the means were identified 
by comparing the results using ANOVA with a post hoc 
Duncan’s Multiple Range Test (DMRT) [5].

3 � Results and discussion

3.1 � Extraction yield

The yield exhibited substantial variation based on the extrac-
tion solvents employed (Table 1). It is possible that the high 
yield seen in the aqueous extracts (0.12%) is owing to the 

solvent's capacity to extract more compounds (Table 1). 
These findings differ from other studies, which assert that 
ethanol has a higher capacity to extract from plant material 
[26]. The yield of the extract varied due to four extraction 
parameters: extraction temperature, extraction duration, and 
solvent concentration [27]. The main factors influencing the 
yield extract variance across medicinal plant sections are 
the extraction technique, solvent type, chemical type, and 
metabolite polarity [5].

3.2 � Biological activity

A single approach is incapable of fully quantifying all anti-
oxidants and radicals present in complex matrices. The two 
most commonly employed forms of in vitro tests are basi-
cally two [28]. One type of test involves the use of hydro-
gen atoms to assess an individual's ability to remove free 
radicals [29]. The DPPH method has been widely employed 
by researchers to assess the antioxidant ability of specific 
plant extracts. The procedure is reliable and capable of 
transforming a DPPH free radical found in an antioxidant 
plant extract with an abundance of electrons into a non-
radical state [30–32]. The other type of complex reduces its 
complexity by transferring a single electron, for example, 
in the case of a metal or a free radical [9]. The scaveng-
ing properties of DPPH were assessed from the leaves and 
root of E. punicifolia using ethanol, aqueous, and hexane 
extracts (Table 2). The ethanol leaf extract had the most 
potent scavenging effect, as demonstrated by its IC50 value 
of 26. 7 ± 1.4 µg/mL (Table 2). The leaves' aqueous extract 
exhibited the least scavenging action, with an IC50 value 
of 71.2 ± 2.5 µg/mL (Table 2). The highest ability to con-
vert Fe3+ to Fe2+ was observed in ethanol leaves extracts, 
with 18.9 mmol/g (Table 2). The significant amount of phe-
nolic (11.9 ± 0.9 mg GAE/g) and flavonoid (13.5 ± 0.9 mg 
QE/g) compounds in the leaf extract enabled the scaveng-
ing effect and ferric reduction capability (Table 2). Phenolic 

Table 1   Yield percentages of 
several Eugenia punicifolia 
extracts

The values represent the 
average value ± SD, calculated 
from three replicates. The 
means in the vertical column 
with identical letters are not 
statistically significant at 
p < 0.05

S/N Leaves extract Yield %

1 Leaves aqueous 0.12a

2 Leaves ethanol 0.075b

3 Leaves hexane 0.105a

4 Root aqueous 0.113a

5 Root ethanol 0.089b

6 Root hexane 0.056b
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and flavonoid compounds are important types of molecules 
that operate as primary antioxidants and have the ability to 
interact with radicals such as hydroxyl, superoxide, and lipid 
peroxy [32]. The activity of different plant sections is sig-
nificantly influenced by the nature of the chemicals involved, 
the polarity of the metabolites, and the kind and character of 
the extraction solvents. The plant's antioxidant activity was 
evaluated by the TPC, TFC, FRAP and DPPH tests. The rea-
son for this is that no single technique can provide a reliable 
assessment of a substance's antioxidant capacity. Instead, 
many antioxidant compounds may function in vivo through 
different mechanisms [5]. Due to the complexity of phyto-
chemicals, it is crucial to evaluate the antioxidant activity of 
plant materials using many methodologies [32]. The ethanol 
and aqueous extracts of the Leaves exhibited α-glucoside 
inhibitory activity of 18.9 and 45.6 µg/mL, respectively 
(Table 2). The IC50 values were not detected in the extracts 
of leaf hexane, root ethanol, and root hexane, as shown in 
Table 2. Alpha glucosidase is the main enzyme responsi-
ble for carrying out the last stage of carbohydrate digestion. 
The investigations corroborate the assertions made by the 
traditional herbalist that E. punicifolia has the potential to 
alleviate diabetes. The inhibitory impact of α-glucoside in 
the ethanol leaf extract is attributed to the extract's strong 
antioxidant content (Table 2).

3.3 � Chemical composition

Leaf ethanol extract was analyzed with GC–MS, a hybrid 
analytical technique that combines the separation charac-
teristics of gas–liquid chromatography with the detection 
capabilities of mass spectrometry. This approach was used 
to determine the existence of compounds in the extract, 
as it has shown high activity. The data analysis revealed 
that Z-8-Methyl-9-tetradecenoic acid was identified as the 
primary chemical, with the largest proportion of 28.6, as 
indicated in Table 3. The composition of the extract is sig-
nificantly influenced by the polarity of the metabolites, the 

presence of chemicals, the extraction solvent, and the extrac-
tion procedure. The presence of compounds in an extract is 
affected by several factors, including temperature, geograph-
ical distribution, plant species, freshness, drying duration, 
and extraction technique [14]. The subsequent chemicals 
underwent molecular docking analysis to assess their indi-
vidual contributions to the biological activity of the entire 
plant extract. An essential aspect in the rational design of 
small molecules and the comprehension of underlying bio-
logical processes is the evaluation of binding behavior [6].

3.4 � Molecular docking

The significant antioxidants found in the ethanolic extract 
along with their prominent ability to scavenge free radicals 
and alpha glucosidase motivate us to conduct more in-depth 
analysis of the identified compounds present in the extract 
as potential anti-diabetic agent through in silico simulation. 
The binding interaction among the studied compounds and 
the binding site of alpha-glucosidase (pdb entry:3top) was 
studied through molecular docking to investigate whether the 
studied compounds will have favourable binding interactions 
with the alpha-glucosidase. They were found to possess 
favourable interactions with the receptor within the range 
of energy total values of − 41.4218 to − 121.208 kcal/mol 
as shown in Table 4. of − 105.572 kcal/mol, respectively 
(Table 4).

Based on the molecular docking investigation, the best 
five lead compounds identified are: molecule 14 (13-Doc-
osenamide) possesses the highest energy total value of 
− 121.208 kcal/mol, followed by molecule 10 (15-Tetracose-
noic acid) with an energy total value of − 120.465 kcal/mol, 
then by molecule 6 (Adenosine) with energy total value of 
− 105.572 kcal/mol, then by molecule 16 (Z-8-Methyl-9-tet-
radecenoic acid) with energy total value of − 104.497 kcal/
mol, and lastly by molecule 9 (9,12-Octadecadien-1-ol) 
with energy total value − 102.256 kcal/mol, respectively as 
shown in Table 5.

Table 2   Biological activities of different extracts from Eugenia punicifolia 

The values represent the mean value ± the standard deviation, based on three replicates. The means in the vertical column with the same alphabet 
are not significant

Activity DPPH
IC50 (µg/mL)

FRAP Fe2+/(mmol/g) TFC (mg QE/g) TPC (mg GAE/g) Alpha glucosidase
IC50 (µg/mL)

Leaves Aqueous 71.2 ± 2.5b 5 ± 0.9a 9.8 ± 1.3a 1.3 ± 0.1b 45.6 ± 1.5a

Leaves Ethanol 26. 7 ± 1.4a 18.9 ± 1.3b 13.5 ± 0.9a 11.9 ± 0.9a 18.9 ± 0.2a

Leaves Hexane 52.8 ± 0.3b 8 ± 2.6a 5.32 ± 0.2a 2.3 ± 0.4a ND
Root aqueous 68.9 ± 1.1b 3 ± 2.0a 0.9 ± 1.1b 1.6 ± 2.6b 84 ± 0.4a

Root ethanol 49.8 ± 1.6a 10 ± 0.0b 2.3 ± 2.3b 3.9 ± 0.9a ND
Root hexane 39 ± 0.2a 6 ± 1.3a 4.1 ± 2.2b 0.8 ± 0.2b ND
Quercetin 12.3 ± 2.1a 26 ± 0.6a ND ND 29.3 ± 1.2b
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Table 3   Chemical composition of Eugenia punicifolia 

S/N RT Area % Compound name Molecular structure 

1 5.091 1. 43 1-Hexene, 3-methyl

2 6.351 0.34 4-Octene, (Z)

3 7.671 9.21 Glycidol

4 8.321 10.54 2-Propanol

5 9.521 1.21 1-Dodecene

6 10.561 5.42 Adenosine

7 11.221 2.67 Tridecanoic acid

8 12.541 1.98 Octadecanoic acid

9 13.721 0.98 9,12-Octadecadien-1-ol

10 14.831 1.30 15-Tetracosenoic acid

11 15.431 0.76 Tridecanoic acid

12 18.321 1.32 5-Tetradecene

13 20.841 0.58 5-Octadecene

14 21.961 2.78 13-Docosenamide

15 22.765 0.49 3,11-Tetradecadien-1-ol

16 24.574 21.76 Z-8-Methyl-9-tetradecenoic acid

17 25.653 2.56 Isododecyl alcohol

18 26.976 3.13 Palmitin

19 28.876 5.78 Z-7-Tetradecenal

20 29.643 4.12 Vinyl methanoate

Total % 85.36
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From Table 5, 13-Docosenamide interacted with the bind-
ing site of alpha-glucosidase via hydrogen bond interaction 
with TYR1010 amino acid residue with a distance of 2.19 
in Å unit and hydrophobic bond interactions with VAL1008, 
LYS1089, LYS1099, LEU1082 & TYR1010 groups of 
amino acid respectively (Fig. 3).

15-Tetracosenoic acid is the second-best lead com-
pound as shown in Table 5 associated with the binding site 
of alpha-glucosidase via hydrogen bond interaction with 
GLN1109 amino acids with a distance of 2.43 a in Å unit. 
It further interacted with LYS1088, LYS1129, LYS1129, 
TYR1130 & TRP1648 group of amino acids via hydropho-
bic interactions, respectively (Fig. 4).

As also shown on Table 5, Adenosine was seen to have 
associated with the binding site of alpha-glucosidase 
via hydrogen bond interaction with SER1100 (1.83  Å) 
(2.73 Å) (2.76 Å), ILE1087(2.16 Å), PRO1078(2.84 Å), 
GLN1081(2.35 Å), GLU1079(1.85 Å), SER1006(1.68 Å) 
& VAL1008 (3.77 Å) group of amino acids (Fig. 5). Not 
only that, it interacted with VAL1008, LYS1099 & LYS1099 
groups of amino acids via hydrophobic interactions, 
respectively.

Figure  6 have interactions with ARG1098(2.26  Å), 
ARG1098(2.68 Å), & PRO1220(2.78 Å) group of amino 

Table 4   The energy total value, pose energy, and rerank score of the 
studied compounds

Molecule Energy total value 
(kcal/mol)

Pose energy Re-rank score

Molecule 1 – 56.6823 – 55.2191 – 46.2255
Molecule 2 – 59.898 – 57.8627 – 48.485
Molecule 3 – 41.4218 – 45.6285 – 33.7273
Molecule 4 – 35.3641 – 37.0696 – 29.4308
Molecule 5 – 79.3363 – 76.0733 – 60.3877
Molecule 6 – 105.572 – 111.738 – 57.001
Molecule 7 – 96.4088 – 101.071 – 75.0453
Molecule 8 – 101.175 – 91.6201 – 68.3603
Molecule 9 – 102.256 – 93.2581 – 77.2364
Molecule 10 – 120.465 – 107.153 – 95.6233
Molecule 11 – 91.2435 – 86.4812 – 69.5625
Molecule 12 – 89.178 – 86.5349 – 70.699
Molecule 13 – 95.4022 – 88.0929 – 73.9701
Molecule 14 – 121.208 – 115.065 – 84.8397
Molecule 15 – 99.5653 – 101.525 – 76.609
Molecule 16 – 104.497 – 106.69 – 74.5249
Molecule 17 – 85.8859 – 86.3641 – 65.4585
Molecule 18 – 98.8082 – 93.578 – 81.25
Molecule 19 – 92.428 – 90.4351 – 70.4663
Molecule 20 – 45.2923 – 44.693 – 37.1642

Table 5   The mode of binding interactions of the best five lead compounds

Entry Binding 
affinity 
(Kcal/mol)

Hydrogen bond interactions
(Bond distance Å)

Hydrophobic interactions

14 – 121.208 TYR1010(2.19 Å) VAL1008, LYS1089, LYS1099, LEU1082 & TYR1010
10 – 120.465 GLN1109(2.43 Å) LYS1088, LYS1129, LYS1129, TYR1130 & TRP1648
6 – 105.572 SER1100(1.83 Å) (2.73 Å) (2.76 Å), ILE1087(2.16 Å), 

PRO1078(2.84 Å), GLN1081(2.35 Å), GLU1079(1.85 Å), 
SER1006(1.68 Å) & VAL1008 (3.77 Å)

VAL1008, LYS1099 & LYS1099

16 – 104.497 ARG1098(2.26 Å), ARG1098(2.68 Å), & PRO1220(2.78 Å) TYR1010, VAL1008, LEU1082, VAL1008, LYS1089, 
LYS1099 (2) & TYR1010 (2)

9 – 102.256 LYS1089(1.83 Å), SER1004(2.23 Å), & LYS1089(2.44 Å) LYS1089 & LYS1089

Fig. 3:   2D-interaction of 
13-Docosenamide with 3top-
enzyme
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acids using hydrogen bond and with TYR1010, VAL1008, 
LEU1082, VAL1008, LYS1089, LYS1099 (2) & TYR1010 
(2) classes of amino acids using hydrophobic interactions, 
as respectively shown in Table 3.

The last in the category which is 9,12-Octadecadien-
1-ol (Fig. 7) also observed hydrogen bond interaction with 
LYS1089(1.83 Å), SER1004(2.23 Å), & LYS1089(2.44 Å) 
classes of amino acids and hydrophobic interactions with 
LYS1089 & LYS1089 classes of amino acids, as noticed in 
Table 5.

3.5 � Drug‑likeness features estimation 
of the reported five lead compounds

The drug-likeness of the reported best five lead compounds 
was estimated as follows: Lipinski's rule of 5 (Mw ≤ 500, 
hydrogen bond donors ≤ 5, hydrogen bond acceptors ≤ 10, 
Calculated MLog p ≤ 5) filtering criteria. which states that 
any small molecule that fails two of these stated conditions 
will have a problem related to oral bioavailability. All the 
reported compounds have a molecular weight ranging 
from 240.38 to 366.62 Da as presented in Table 4, which is 

within the accepted range for the Lipinski's rule of filtering 
conditions. They all have their number of hydrogen bond 
acceptors between 1 and 7 as clearly shown in Table 6, 
which is also within the range accepted. They further have 
their number of hydrogen bond donors between 1 and 4 as 
observed in Table 6 and is within the accepted range. Their 
Calculated MLog p value was between − 2.32 and 5.89 as 
shown in Table 4. Three compounds (6, 9, and 16) out of the 
5 reported compounds were found to have zero (0) violation 
of the Lipinski's rule of 5, while two (2) molecules (10 and 
14) were observed to have one (1) violation of the Lipinski's 
rule of 5 (in which their calculated Mlog p value has passed 
the threshold value set for this criteria). They are all orally 
bioavailable with an oral bioavailability score of 0.55 and 
0.85, respectively. Furthermore, they will all be easily 
synthesized as indicated by their synthetic accessibility 
score of 3, respectively.

3.6 � ADME‑Tox feature estimation of the reported 
five lead compounds

The ADME-Tox features of the reported best five 
lead compounds were estimated to ascertain their 

Fig. 4:   2D-interaction of 15-Tet-
racosenoic acid with 3top-
enzyme

Fig. 5:   2D-interaction of 
Adenosine with 3top-enzyme
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Fig. 6:   2D-interaction of 
Z-8-Methyl-9-tetradecenoic 
acid with 3top-enzyme

Fig. 7:   2D-interaction of 
9,12-Octadecadien-1-ol with 
3top-enzyme

Table 6   The drug-likeness 
features of the reported 5 lead 
compounds

S/N MW #H-bond 
acceptors

#H-bond 
donors

MLOGP Lipinski 
#violations

Bioavailability 
Score

Synthetic 
Accessibility

6 267.24 7 4 − 2.32 0 0.55 3.86
9 266.46 1 1 4.68 0 0.55 3.29
10 366.62 2 1 5.89 1 0.85 3.77
14 337.58 1 1 5.06 1 0.55 3.44
16 240.38 2 1 3.84 0 0.85 3.19
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pharmacokinetics properties as to how the body will 
respond to their administration. The estimated features are 
presented in Table 7. They were all reported to have intes-
tinal absorption (human) between 54.036 and 93.138%, 
this is beyond the minimum threshold value set at 30% 
for the estimation of this property. They can be inferred 
to have a good intestinal absorption value since they have 
passed the minimum threshold value set. Their permeabil-
ity to the skin is between the range of − 2.703–− 2.818 as 
clearly observed in Table 7. This is a good indication that 
they can permeate the skin. The threshold value set for the 
permeability of the blood–brain barrier (BBB) and central 
nervous system (CNS) is > 0.3 to <  − 1 and >  − 2 to <  − 3, 
respectively. Based on this value, they are all ascertained 
to be within the range set. As such, they can also per-
meate both the BBB and CNS (except for compound 6 
with CNS value of − 3.918), respectively. A good small 
molecule drug is anticipated to serve as a substrate and 
inhibitor of cytochrome a (CYP3A4). Three compounds 
were seen to be substrate to cytochrome a (CYP3A4) and 
the remaining two (that is, compounds 6 and 16) were 
not substrate to cytochrome a (CYP3A4), respectively. 
Additionally, none of them were observed to be an inhibi-
tor to cytochrome a (CYP3A4). They can be regarded as 
drugs looking at other properties. Their total excretion 
clearance values are in the range of 0.737–2.09, this is 
an indication that they can be excreted from the body 
when the need arises. Finally, all of them are never toxic 
to the body except for compound 6 as demonstrated by 
their ames toxicity [33–35]. As such, they can be regarded 
as good alpha-glucosidase inhibitors for the treatment of 
diabetes mellitus.

3.7 � Frontier molecular orbitals Dft estimation

The frontier molecular orbitals are the highest occupied 
molecular orbital (HOMO) and the lowest unoccupied 
molecular orbital (LUMO), which are interconnected 
with the chemical reactivity and stability of a particular 

compound. The energy HOMO is linked to the electron-
donor orbital, whereas the energy LUMO is connected to 
the electron-acceptor orbital [36]. The orbital energy gap 
aids to depict the kinetic stability and chemical reactivity 
of the compounds. The frontier molecular orbitals govern 
the path in which a compound relates to other species [37]. 
It was detected that compound 14 has the lowest reactivity 
with a bigger energy gap of 7.24 eV compared to compound 
6 which is the most reactive with the smallest energy band 
gap of 5.42 eV (Table 8), respectively.

3.8 � Molecular dynamics

Analyzing and verifying the stability of the expected 
ligand binding mechanism is greatly assisted by molecular 
dynamics (MD) simulations. To ensure a stable binding 
under dynamic conditions, our work used a 100  ns 
MD simulation to evaluate the mechanical stability of 
the promising molecule within its complexes. Based 
on characteristics such as root-mean-square deviation 
(RMSD), root-mean-square fluctuation (RMSF) and radius 
of gyration (Rg) of the protein backbone, MD simulation 
trajectories were meticulously analyzed to comprehend 
the many pathways followed by the system. By employing 
MM-GBSA-based methodologies, a thorough assessment 

Table 7   The ADME-Tox properties of the reported five lead compounds

S/N Absorption Distribution Metabolism Excretion Toxicity

Intestinal 
absorption 
(human)

Skin Permeability BBB permeability CNS permeability CYP3A4 
substrate

CYP3A4 
inhibitor

Total Clearance AMES toxicity

6 54.036 – 2.735 – 1.114 – 3.918 No No 0.737 Yes
9 90.129 – 2.619 0.816 – 1.522 Yes No 2.038 No
10 89.761 – 2.735 – 0.421 – 1.326 Yes No 2.082 No
14 88.843 – 2.818 – 0.558 – 1.432 Yes No 2.09 No
16 93.138 – 2.703 0.012 – 1.918 No No 1.716 No

Table 8   The frontier molecular orbitals energy band gap of the 
reported five lead compounds

Molecule Energy HOMO 
(eV)

Energy LUMO 
(eV)

Energy 
band gap 
(eV)

6 – 6.16 – 0.74 5.42
9 – 6.33 0.53 6.86
10 – 6.34 0.34 6.68
14 – 6.33 0.91 7.24
16 – 6.40 0.29 6.69
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of the stability and interactions within the ligand–protein 
complexes was accomplished in these analyses. Each 
parameter examined during the trajectory has its values 
presented in supplementary Table 1 as (average maximum 
and minimum).

3.8.1 � Analyse RMSD

A protein's structural change from its initial configura-
tion to its final disposition was evaluated using the RMSD 
(Root Mean Square Deviation). It is possible to evaluate the 
stability of a protein in respect to its conformation using 
simulation data. Less variation means more stability, and a 
lower RMSD indicates that the complex is more stable [38]. 
Figure 8(a) shows the RMSD graph of the Cα atoms in the 
protein. It shows that the ligand–protein complex maintained 
a balanced range of 0.005 Å to 0.170 Å over the 100 ns MD 
simulation. The fact that this range is less than 3 Å indicates 
that the combination was stable during the protein simula-
tion, which is an acceptable outcome.

3.8.2 � RMSF analysis

Analysis of amino acid fluctuation in the simulated protein 
provides valuable insights into how they contribute to 
maintaining the dynamic states of the protein–ligand 
complex [39]. Consequently, the fluctuation of each specific 
amino acid was evaluated, and the results are depicted in 
Fig. 8(b). Throughout the simulation, the RMSF (Root Mean 
Square Fluctuation) pattern of the amino acids bound to the 
ligand exhibited no significant or excessive fluctuations. It is 
noteworthy that the C-terminal amino acids displayed higher 
RMSF values owing to their intrinsic floating or flexible 
nature. The average RMSF serve as an indicator of amino 
acid stability during the MD simulation. For the ligand-3top 
complex, the average RMSF was determined to be 0.104 Å, 
as indicated in Supplementary Table 1. Generally, there was 
minimal fluctuation within the binding site region of the 
studied complex. These findings suggest that all amino acids 
in the protein maintained a consistent and strong binding to 
the ligand in the dynamic state.

Fig. 8   Simulation MD Analyse complexe ligand-3top obtenue à partir de trajectoires de 100 ns, a Graphiques RMSD dépendants du temps; b 
Acides aminés individuels RMSF; c Rayon de giration; d Analyse SASA
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3.8.3 � Analysis of the radius of gyration

The amount of compactness and folding properties of 
protein structures and protein–ligand complexes can be 
evaluated using the radius of gyration (Rg) method [38]. 
Rg analysis provides insight into the protein–ligand 
complex's stiffness and compactness by estimating the 
atomic distribution relative to the mass center. In addition, 
smaller Rg gap values support unfolding and high values 
support folding of proteins, respectively. The computed 
Rg for each protein bound conformation to the simulated 
chemical is shown in Fig. 8(c). It looked like the complex 
was really compact and tight throughout the MD simulation. 
Under dynamic conditions, protein folding was not possible 
in any one system that showed significant divergence. A 
parameter's overall deviation can be seen as the difference 
between its maximum and minimum Rg values. The range 
of the Rg values was from 1.73316 to 1.7973 Å. It is worth 
mentioning that the observed system is both more compact 
and thermodynamically stable, as indicated by the minor 
difference between the maximum and lowest RGyr.

3.9 � Solvent accessible surface (SASA) results

SASA can be used as an indicator of the stability of 
protein–ligand complexes because changes in the solvent 
accessible surface area can reflect conformational changes 
in the protein that can influence ligand binding. For example, 
a decrease in SASA may indicate a tightening of the protein 
structure around the ligand, which can be interpreted as 
an increase in complex stability. The results of the SASA 
analysis were shown in Fig. 8(d). Interestingly, the SASA 
values show stability around 115 nm2 from 17 ns until the 
end of simulation.

3.9.1 � Analysis of binding free energy

When evaluating potential drugs, the binding free 
energy is still the most important parameter to consider, 
especially because lower Gbind values suggest that the 
complex is more stable. The binding free energy was 
determined at the beginning (0  ns) and end (100  ns) 
of the simulation using the MM/GBSA method, which 
confirmed the ligand's binding affinity with the protein 
website. As shown in Supplementary Table 2, the binding 
free energy of the ligand decreased from -16.1918 kJ/mol 
at the start of the simulation to − 19.3445 kJ/mol at its 
completion. It is worth mentioning that the decrease in 
binding free energy throughout the simulation suggests 
that interactions in the dynamic environment have 
become more stable. The main factors that comprise 
the binding free energy are the Coulombic energy 
(ΔGCoulomb), the Van der Waals energy (EvdW), and 

the lipophilicity energy. It appears from these results 
that hydrophobic contacts, Coulombic electrostatic 
interactions, and Van der Waals forces are very important 
in this intricate system. The effects of packing energy 
(ΔGBind packaging) and hydrogen bonding energy (ΔG 
H-bond) are not as noticeable. Polar solvation energy 
(ΔGSolvGB) and covalent energy, both of which are 
positive, indicate that ∆Gbind is not favorably affected.

4 � Conclusion

This paper is the first of its kind to offer a comprehensive 
description of the molecular docking prediction, chemical 
composition, and biological activity. Strong antioxidant 
activity was demonstrated by the ethanol leaf extract 
in terms of alpha-glucosidase inhibitory activity, total 
phenolic compounds, reducing power, and radical 
scavenging activities. Based on the molecular docking 
tool we virtually screened, some compounds from 
the ethanol leaf the extract of E. punicifolia serve as 
potential alpha-glucosidase inhibitors. Five compounds 
(14: −  121.208  kcal/mol, 10: −  120.465  kcal/mol, 6: 
−  105.572  kcal/mol, 16: −  104.497  kcal/mol and 9: 
−  102.256  kcal/mol) were identified as the best lead 
compound, respectively. The identified lead compounds 
were seen to be drug-like compounds and orally 
bioavailable. Furthermore, they were also observed to 
be none-toxic with good ADME-Tox properties except 
for compound 6 that was toxic. Based on their computed 
frontier molecular orbitals, compound 6 was seen to be 
the most reactive and compound 14 as the less reactive, 
respectively. Therefore, the lead compounds except for 6 
can serve as potential alpha-glucosidase inhibitors when 
subjected to a clinic trials.
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