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Abstract: This work investigated the potential of C. olitorius and M. oleifera leaves and
seeds as sources of bioactive compounds for T2DM treatment. We used in silico
approaches to examine their inhibitory effects against alpha-amylase and alpha-
glucosidase, two key enzymes in carbohydrate metabolism. Antioxidant activity tests
revealed ICso values of 108.96 pg/mL and 139.67 ug/mL for C. olitorius leaves and
seeds, respectively, while M. oleifera leaves and seeds exhibited ICso values of 132.15
pug/mL and 174.86 ug/mL, respectively. Cytotoxicity assays against Artemia salina
Academic Editor: Md. Arif Khan indicated lower toxicity for leaf extracts compared to seed extracts. A comprehensive
review of chromatography studies identified 223 phytochemicals from both plants.
Among these, prunol, stigmasterol, and acarbose (control) showed the most favorable
binding affinities to alpha-amylase, with binding free energies of -9.3, -9.4, and -7.9
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stigmasterol and rutin exhibited the highest stability, suggesting their strong potential
as competitive inhibitors. ADMET analysis further confirmed the favorable
physicochemical, pharmacokinetic, and safety profiles of these compounds,
positioning them as promising candidates for drug development. However, further in
vivo, in vitro, and clinical studies are required to confirm their therapeutic efficacy in
managing type 2 diabetes.
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1. Introduction

Diabetes mellitus (DM) is a chronic metabolic illness in which the pancreas does not
produce enough insulin or the body does not use it adequately, resulting in excessive
blood glucose levels. Type 2 diabetes mellitus (T2DM) is a fast-growing global health
concern. According to the International Diabetes Federation's 2023 projection, roughly
476 million people worldwide suffer with diabetes. Individuals with T2DM are at a
This article is an open access article higher risk of different problems and are more vulnerable to common infections,
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Inhibiting the digestion of dietary carbohydrates, which reduces glucose absorption, is an important method for
treating postprandial hyperglycemia in type 2 diabetes.

In the digestive tract carbohydrates are split into monosaccharides by the enzyme alpha-amylase first. These
monosaccharides are subsequently transformed into glucose by alpha-glucosidase before being absorbed into the
bloodstream. It can reduce blood sugar levels by slowing the digestion of carbohydrates by inhibiting the activities of alpha-
amylase and alpha-glucosidase. The management of T2DM has been aided by the development of synthetic medications
such as oral hypoglycemic treatments including metformin, sulfonylureas, thiazolidinediones, biguanides, meglitinides
and dipeptidyl peptidase-IV inhibitors. However, long-term use of these medications often leads to adverse effects like liver
dysfunction, hyperglycemia, and gastrointestinal issues. This highlights the urgent need for the development of novel
inhibitors that are both effective and exhibit low toxicity. In this context, medicinal plants offer a promising alternative for
drug discovery due to their lower toxicity, specificity, and wide availability.

Since ancient times, various plants have been widely used as treatments for diverse diseases which are one of the
most effective medicinal compound sources and well-known for their potential therapeutic outcome [1], [2], [3], [4], [5].
From the crude extracts of alkaloids, flavonoids, terpenes, proteins and various glycosides several phytochemicals were
isolated, purified, and identified [4]. Various plant bioactive components such as, flavonoids, polyphenols, saponins,
alkaloids, terpenes, quinones, lignins, tannins, pro-anthocyanidins, steroids, thiosulfonates, polysaccharides and coumarins
etc. are eminent bioactive phytochemicals that are noticed to have activities as an antiviral [6], [7], antifungal [8] and
antibacterial [5], [9], [10], [11], [12]. Nowadays, near about 25% of the prescribed drugs are from the plant origin.
Phytochemicals provide various approaches for the findings of antiviral agents with tremendous pharmacological effects.
Yet people count on traditional plants and their compounds for their primary health care in numerous parts of the world.
Besides, for the treatment of an uncountable inflictions and diseases, approximately 2500 medicinal plant species have been
used worldwide [12], [13], [14], [15], [16], [17]. These natural compounds have been acknowledged to have antiviral activity
and they can be used as a commencement point to search feasible bioactive candidates against tpye-2 diabetes [5], [18], [19].

Many plants having antioxidant potential provide the health benefits [20]. Free radicals cause oxidative stress in the
body and are implicated in the processes of diabetes and neurodegenerative and inflammatory diseases [21], [22].
Antioxidants neutralize free radicals and reduce oxidative stress to avoid oxidation [23], [24]. Different plant species such
as Vinca rosea (Nayantara), Corchorus olitorius (Jute) and Moringa oleifera (Moringa), Allium sativum (Garlic), Trigonella foenum
(Fenugreek) and their bioactive compounds such as phenolics and flavonoids are found to have blood glucose lowering
effects and potential therapeutic benefits.

The present work is aimed at evaluating the antioxidant and cytotoxic properties of C. olitorius and M.oleifera leaves
and seeds under laboratory conditions. Then phytochemicals for both types were obtained from deep chromatography
analysis and in silico analysis was used to find possible components of these extracts that can interact with the proteins of
alpha-amylase and alpha-glucosidase of T2DM. The investigation indicated the potential therapeutic value of C. olitorius
and M. oleifera leaves and seeds and their application as source of anti-diabetic and antioxidant chemicals. The in silico
technique adds computational dimension to the inquiry and makes it more enriched.

2. Materials and Methods
2.1. Sample collection and extract preparation

The experiment was carried out on C. olitorius and M. oleifera leaves and seeds samples. Samples of C. olitorius leaves
and seeds were designated as COL and COS respectively while samples of M. oleifera leaves and seeds were designated as
MOL and MOS respectively Aseptic samples were obtained from Bogura district, Bangladesh and were sent to the
Microbiology Laboratory, Department of Genetic Engineering and Biotechnology, University of Rajshahi, Bangladesh. The
disease-free samples were cleaned with 70% ethanol and then broken into powder by an electric grinding machine and
placed in an incubator at 65 °C for appropriate drying. The methanolic extracts were prepared by mixing 25g powdered
materials into 100 mL of solvents as per Mariswamy et al. [25]. The mixture was shaken on shaker for seven days and then
adequately filtered with Whatman no. 1 filter paper. The filtered samples were evaporated at room temperature.

2.2. Antioxidant activity test

The antioxidant activity was measured by following method described by Rahman et al. [26]. The initial
concentrations of each solvent extract were increased to 50, 100, 150, 200, and 250 pg/mL, then methanol was added to
produce the volume 1 mL. By adding 1.5 mL of DPPH solution and then vials were left in the dark for 32 minutes. After 32
minutes, OD was measured at 517 nm with a spectrophotometer made in Germany by Analytik Jena. The procedure
outlined by Jahan et al. [27] was used to create the BHT standard curve. Using the approach outlined by Mahmud et al., the
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percentage of scavenging was determined by displaying the equation in an Excel linear scatter graph to determine the half
maximum inhibitory concentration (ICso) value [28].
2.4. Cytotoxic activity test

Using brine prawn nauplii (Artemia salina), the cytotoxic activity of these extracts was assessed using the procedure
outlined by Meyer et al. [29]. For this, 48 hours of artificially generated 1% NaCl saltwater were used to hatch Artemia salina.
Each extract's concentrations were changed to 25, 50, 100, 150, and 200 pig/mL. After that, 15 live brine prawns were placed
in each vial with 5 milliliters of artificial saltwater and allowed to sit at room temperature for a whole day. The overall
number of fatalities and survivors was tallied after a day.
2.6. In silico analysis
2.6.1. Ligand collection and preparation

We gathered C. olitorius and M. oleifera leaf and seed substances from relevant research findings and publications.
These substances were ready to be used in the molecular docking investigation as ligands. The ligand structures were
optimized and minimized using the mmff94 force field [30] and the steepest gradient technique.
2.6.2. Protein preparation

The RCSB PDB (Research Collaboratory for Structural Bioinformatics Protein Data Bank) provided the crystal
structures of the human alpha-amylase (PDB ID: 3baj) and alpha-glucosidase (PDB ID: 3w37) domains [31]. The retrieved
protein structure has been cleaned and processed by eliminating water molecules and heteroatoms using the most recent
versions of PyMOL [32] and Discovery Studio [33]. The Swiss-PDB viewer [34] tool was used to optimize and minimize
energy after crystal structure purification.
2.6.3. Molecular docking study

Molecular docking was performed with the PyRx virtual screening tool [35] to determine all possible conformations,
orientations, and binding affinities of the ligands with the alpha-amylase and alpha-glucosidase proteins. All ligand free
energy values were optimized with universal force field (UFF), conjugated gradient techniques and 2000 minimization
steps. All ligands were converted to PDBQT format for docking with AutoDock Vina. This docking approach was designed
to allow any ligand to spin with the protein fixed in place. The center and grid box sizes for each docked complex are shown
in Table 1. The docking of protein-ligand complexes and analysis of docking poses were carried out using BIOVIA
Discovery Studio. PyMOL and BIOVIA Discovery Studio were used for the exploration of non-bonding interactions.
Docking studies were carried out to select the top two conformations for each protein based on their docking scores (in
kcal/mol).
2.6.4. Molecular dynamics (MD) simulation study

The molecular dynamics (MD) simulation was conducted using the AMBER14 force field [36][37] and the YASARA
software [38]. The docked complexes originally optimized, integrating additional hydrogen bond interactions. The TIP3P
solvation model was exploited to determine the cubic simulation was conducted under constant boundaries [39][40][41]. In
parallel, the establishment of a simulation cell regarding the protein and ligand enabled in a 20A expansion of the
counterfeit cell towards both pathways. The simulation cell's optimum physiological specifications are pH 7.4, 298 K, and
0.9% NaCl. Over around 5000 cycles of the steepest gradient technique, a significant energy mitigate was obtained by using
the simulated annealing method. For the simulation cell, a constant time step of 1.25 fs was employed in the interim. Over
around 5000 cycles of the steepest gradient technique, a significant energy mitigate was obtained by using the simulated
annealing method. In the meantime, the simulation cell was programmed to a constant duration step of 1.25 fs. To estimate
prolonged electrostatic interactions, the Particle Mesh Ewald approach was adopted with a cut-off radius of 8.0 A
[42][43][44][45]. The simulated paths were spaced apart every 100 ps. The simulation ran for 100 ns with constant
temperature, pressure, and a Berendsen thermostat. Finally, the trajectory data was utilized to compute RMSD (root mean
square deviation), Rg (radius of gyration), hydrogen bond, SASA (solvent accessible surface area), and RMSF (root mean
square fluctuation) [46][47][48].

2.6.5. ADMET prediction

The pharmacokinetic parameters were determined using the ADMET (absorption, distribution, metabolism,
excretion, and toxicity) predictions from reputable web servers such as SwissADME [49], pKCSM [50], and admetSAR [51].
2.7. Statistical analysis

For every biological sample, three replications of the study were conducted [52]. To find the significance mean+SD
of each data group, Microsoft Excel version 2021 was used to calculate the mean and standard deviation. Graphical
representations were created using Graph Pad Prism 8.
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3. Results
3.1. DPPH scavenging activity

The DPPH scavenging percentage of both C. olitorius and M. oleifera extracts increased in proportion to the increasing
concentration (Figure 1a). The ICso values are the concentration necessary to scavenge 50% of free radicals. The ICso values
of C. olitorius leaves and seeds were 108.96 ug/mL and 139.67 pg/mL respectively while the ICso values of M. oleifera leaves
and seeds were 132.15 ug/mL and 174.86 ug/mL respectively (Figure 1.b) While the typical antioxidant BHT has an ICso
value of 152.21 ug/mL. Our results showed that the ICso value of C. olitorius and M. oleifera extracts, especially the leaf
extracts of M. oleifera, were lower than BHT. This result shows that M. oleifera leaves showed better antioxidant activity
than other extracts as they reached 50% scavenging at 108.96 pug/mL higher than other extracts (Figure 1b).
3.2. Cytotoxicity test

The cytotoxicity of these methanolic extract from C. olitorius and M. oleifera leaves and seeds are shown in Figure 1c
and d. The LCs values, indicating the concentration required to induce 50% mortality, were 202.60 and 146.71 pg/mL for
C. olitorius leaves and seeds, respectively. For M. oleifera, the LCso values were 160.25 pig/mL for the leaves and 120.83 pg/mL
for the seeds. These results indicate that C. oliforius leaves exhibit lower cytotoxicity compared to the other extracts (Figure
1d), as they required a higher concentration of 202.60 pg/mL to achieve 50% mortality, suggesting they are less toxic than
the other extracts tested.
3.3. Docking analysis

In this study, molecular docking research was undertaken for binding interactions of several phytochemicals with
human alpha-amylase and alpha-glucosidase to discover the lead compounds for type 2 diabetes therapy. The docking
results revealed that the binding energies of prunol and stigmasterol with human alpha amylase were -9.3 and -9.1 Kcal /
mol, respectively (Table 2). The values were greater than that of control inhibitor acarbose with a docking score of 7.9
Kcal/mol. Additionally, rutin and apigetrin exhibited binding energies of -8.9 and -8.1 Kcal/mol respectively (Table 2),
which are greater than acarbose with docking score -7.0 Kcal/mol. Prunol, apigetrin and stigmasterol were detected in C.
olitorius extracts and rutin in M. oliefera extracts. Prunol demonstrated strong binding interactions with strong binding
interactions with alpha-amylase, forming four conventional hydrogen bonds with the active site residues ARG252, PRO332,
THR6, and GLY334, and a carbon-hydrogen bond with GLNS8. Bonding distances measured at 2.21 A, 258 A 226 A, 3.03
A, and 2.63 A, respectively (Figure 2c and Table 2). Additionally, an alkyl interaction with PRO4 was observed at 4.29 A
(Figure 2c and Table 2).
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Figure 1. Antioxidant and cytotoxic activity of C. olitorius and M. oleifera plant leaves and seeds extract. Here, (a) indicates
scavenging percentage of these extracts, (b) indicates ICso values, (c) indicates the mortality percentages of these extracts,
and (d) indicates LCso values. These columns indicate significant differences between mean + SD.
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Stigmasterol also formed significant interactions with alpha-glucosidase, including a conventional hydrogen bond
with GLU235 and alkyl bonds with LEU162, LEU165, and ALA198, as well as a pi-alkyl bond TRP59 at distances of 4.64 A
(Figure 2f and Table 2). In comparison, the control molecule acarbose formed five conventional hydrogen bonds with the
alpha-glucosidase active site residues ARG252, ARG421, THR6, ARG10, and ASP402, along with carbon hydrogen bonds
at THR6 and alkyl interaction at PRO4 a pi-alkyl bond was observed with PHE335 (Figure 2i and Table 2). Rutin showed
strong interactions with alpha-glucosidase, forming five conventional hydrogen bonds with residues ASP568, SER474,
HIS626, ASP469, and TRP432.Additional interactions included pi-alkyl interactions at TRP467, TRP565, PHE601, LYS506,
and HIS626, a pi-anion bond with ASP232, a pi- pi stacked bond at PHE476, and a pi-donor hydrogen bond at TRP329
residues (Figure 3.c and Table 2). Apigetrin stabilized by six conventional hydrogen bonds at GLU105, ARG102, ARG103,
GLU109, PRO114, and ARG93, also formed alkyl bonds with PRO107 (Figure 3f and Table 2). Moreover, the control
acarbose formed four conventional hydrogen bonds with ASN572, ILE698, ASP697, and ASN572, along with carbon
hydrogen bonds at PRO238 (Figure 3i and Table 2).

Table 1. The box size and box of docked pose in AutoDock Vina.

Protein Center (A) Dimension (A)
Alpha-amylase X=8.3262, Y=28.6295, Z=50.178 X=58.6537, Y=56.5786, Z=46.1378
Alpha-glucosidase X=16.5014, Y=8.3050, Z=123.9474 X=49.4324, Y=75.0238, Z=59.1801

3.5. Molecular dynamics simulation

Molecular dynamics simulation was employed to validate the docking conditions for the top three complexes
involving proteins such as, alpha-amylase-prunol, alpha-amylase-stigmasterol, alpha-amylase-acarbose, alpha-
glucosidase-apigetrin, alpha-glucosidase-acarbose, and alpha-glucosidase-rutin, as well as the rigidity of these structures.
The RMSD value for the C-alpha atoms was determined to evaluate the differences in the stability of the complex produced
by the ligand and protein based on the simulation processes' trajectories. In the Figure 5a showed the RMSD profiles of
three distinct molecular complexes over a 100 ns simulation time.
Table 2. Non-bond interactions of the ligand molecules with the three target proteins of alpha-amylase and the alpha-

glucosidase.
Complex Binding Affinity (Kcal/mol) Residues contact = Bond type Distance in A
ARG252 H 2.20831
GLY334 H 3.03534
Alpha-amylase- PRO332 H 2.57556
prunol (64945) THR6 H 2.25567
9.3 GLNS8 Carbon H 2.62956
PRO4 Alkyl 4.28785
PRO4 Alkyl 4.88803
ARG252 H 2.37823
ARG421 H 2.08248
THR6 H 2.76532
iliii':;(‘ﬁi‘z) ARG10 H 2.03368
-7.9 ASP402 H 1.9821
THR6 Carbon H 2.92514
PRO4 Alkyl 4.51243
PHE335 Pi-Alkyl 4.65795
GLU235 H 2.33497
Alpha-amylase- TRP59 Pi-Alkyl 4.64896
stigmasterol 91 LEU162 Alkyl 5.15627
(5280794) LEU165 Alkyl 4.72471
ALA198 Alkyl 4.84502
ASP568 H 2.53016
Alpha-
elucosidase- SER474 H 1.79019
rutin (5280805) -8.9 HIS626 H 2.44956
ASP469 H 1.94374
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TRP432 H 2.38486
TRP467 Pi-Alkyl 5.19208
TRP565 Pi-Alkyl 4.88629
PHE601 Pi-Alkyl 4.79297
LYS506 Pi-Alkyl 4.08588
HIS626 Pi-Alkyl 5.26934
ASP232 Pi-Anion 3.9305
PHEA476 Pi- Pi Stacked  3.77936
TRP329 Pi-Donor H 3.03303
GLU105 H 2.42633
Alpha- ARG102 H 2.53044
glucosidase- ARG103 H 2.65462
apigetrin 81 GLU109 H 2.28309
(5280704) PRO114 H 2.75481
ARG93 H 2.12672
PRO107 Pi-Alkyl 4.42456
ASN572 H 2.40677
Alpha- ILE698 H 2.53468
glucosidase- ASP697 H 2.07545
acarbose (41774) -7.0 ASN572 H 2.93659
PRO238 H 3.3942

In comparison to the other two complexes, alpha-amylase-acarbose showed a gradual, steady increase in RMSD
value, eventually reaching the highest average values toward the end of the timeline. The alpha-amylase-prunol complex
showed an early, rapid increase in RMSD within the initial 10 ns and fluctuated with relatively high amplitude between 15
to 40 ns but achieves a more stable and constant RMSD value from 40 to 65 ns. Furthermore, the alpha-amylase-stigmasterol
complex displayed a highly stable RMSD value from 40 to 70 ns of simulation time, remaining mostly stable for the rest of
the simulation time with minor fluctuations. For most of the simulation, the RMSD value for the alpha-amylase-acarbose
complex hovers close to 1.25A, whereas the RMSD value for the alpha-amylase-stigmasterol complex stayed lower,
generally below 1.15A for most of the run. The alpha-amylase-prunol complex's higher early fluctuation suggested initial
structural instability across the early stages of simulation compared to the others. Therefore, compared to the Acarbose and
Prunol complexes, the alpha-amylase-stigmasterol complex is expected to be structurally more stable. Similarly, Figure 5a
displayed the RMSD of the 3W37 protein complexes with three different ligands over a 100 ns molecular dynamics
simulation. In comparison to the other two complexes, the alpha-glucosidase-acarbose complex exhibited the highest
average increase in RMSD value, peaking near 1.4A around the 55 ns. The alpha-glucosidase-apigetrin complex showed an
initial sharp spike up to 1.3A within the first 10 ns but established a relatively constant and lower RMSD value (averaging
around 1.15A) from 20 to 60 ns. Meanwhile, the alpha-glucosidase-rutin complex exhibited a steady, gradual increase before
stabilizing after 70 ns of simulation time, remaining stable for the rest of the period with minor fluctuations around 1.25A.
For most of the simulation, all three complexes remained highly stable as their RMSD values stay well below 1.5A. However,
the slightly lower and more consistent RMSD profile of the alpha-glucosidase-apigetrin complex suggested it may possess
greater structural stability and rigidity during the simulation compared to the Acarbose and Rutin complexes.

The SASA value of the complexes was measured as well to better comprehend how the surface region of the alpha-
amylase, and 3W37 proteins evolved gradually after contact with their respective top three ligands. The protein's surface
area is increasing when the SASA number rises, and it is contracting when the value falls [14]. In Figure 4b, the alpha-
amylase-acarbose, alpha-amylase-prunol, and alpha-amylase-stigmasterol complexes showed the increasing SASA value
entire the simulation time. Among them, the alpha-amylase-acarbose, and alpha-amylase-prunol exhibited a larger SASA
than the alpha-amylase-stigmasterol complex, implying that alpha-amylase-acarbose, and alpha-amylase-prunol had a
more widespread surface compared to alpha-amylase-stigmasterol. In terms of the 3W37 protein, the 3W37-acarbose
complex had an expanded surface than the other complexes, as illustrated by its significantly higher SASA at a simulation
period of 0-25 ns, and 35-100 ns (Figure 5.b). The alpha-glucosidase-rutin and alpha-glucosidase-apigetrin complexes
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attained a steady state at 15 ns and 40 ns simulation durations, respectively, and remained firm for the remainder of the
simulation time with mild turbulence.

(a) (a)

Figure 2. Molecular interactions of the selected compound Figure 3. Molecular interactions of the selected compound
with alpha-amylase, (a)- (¢) prunol with alpha-amylase, with alpha-glucosidase, (a)- (¢) rutin with alpha-
(d)-(f) stigmasterol with alpha-glucosidase, (g)-(i) control glucosidase, (d)-(f) apigetrin with alpha-glucosidase, (g)-
acarbose with alpha-glucosidase. (i) control acarbose with alpha-glucosidase.

Rg values were used to determine the degree of compactness or flexibility of the protein complexes. In a simulated
protein complex, a greater Rg value denotes flexibility, whereas a lower number denotes rigidity [15]. In Figure 4c, the
alpha-amylase-acarbose complex had an average Rg value that was greater than the other complexes with alterations. The
alpha-amylase-acarbose complex displayed the highest Rg value during the 30-50 ns time frame, whereas the alpha-
amylase-prunol complex displayed the highest Rg value across the 0-10 ns and 65-100 ns time frames, and meanwhile
alpha-amylase-stigmasterol displayed the lowest Rg value comped to the other two complexes throughout the time. Like
this, in Figure 5.c the alpha-glucosidase-acarbose, and alpha-glucosidase-epigetrin complexes showed the greatest Rg value
during the almost 100 ns simulated period, whereas the alpha-glucosidase-Rutin complex showed the lowest Rg value
overall with just minor variations. These findings conclude that compared to the alpha-glucosidase-acarbose, and alpha-
glucosidase-epigetrin complexes, the alpha-glucosidase-rutin complex is relatively less flexible. Due to the hydrogen bonds
importance to protein stability and integrity, the hydrogen bond-forming ability of the resulting docking complexes was
analyzed. A large network of hydrogen bonds was formed in the alpha-amylase-acarbose, alpha-amylase-prunol, and
alpha-amylase-stigmasterol complex during the period of the simulation, emphasizing that the three top three ligand
molecules assembled a robust integration with the alpha-amylase protein (Figure 4d). Similarly, the alpha-glucosidase-
acarbose, alpha-glucosidase-apigetrin, and alpha-glucosidase-rutin complexes built an enormous network of hydrogen
bonds throughout the period of the simulation, emphasizing that the top three ligand molecules created a strong interaction
with the 3W37 protein (Figure 5d).

The RMSF values of the six protein-ligand complexes have been assessed to gain an understanding of the protein's
ability to bind across amino acid residues. With only a few minor outliers, the RMSF profiles of the alpha-amylase-acarbose,
alpha-amylase-prunol, alpha-amylase-stigmasterol, alpha-glucosidase-acarbose, alpha-glucosidase-apigetrin, and alpha-
glucosidase-rutin complexes were below 2.5 A (Figure 4e; Figure 5e). The top three docked complexes for the protein exhibit
less flexibility due to lower RMSF values, which is consistent with its better stability, as lower RMSF values reflect a more
stable complex [14].

3.5.3. ADMET prediction

The effectiveness and safety of the top two candidate compounds for each protein were assessed using a variety of
ligand characteristics, such as pharmacokinetics and toxicity profiles (Table 3). There were 2, 1, 16, and 10 hydrogen bond
acceptors and 2, 1, 10, and 6 hydrogen bond donors in the substances prunol, stigmasterol, rutin, and apigetrin, respectively.
For prunol, stigmasterol, rutin, and apigetrin, the topological polar surface area (TPSA) was 201.354 A2, 186.349 A2, and
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174.313 A2, respectively. Pharmacokinetically, drugs with high gastrointestinal (GI) absorption included riboprine, Z-Gly-
Pro, and 4-hydroxyretinoic acid, whereas compounds with low GI absorption included succinyladenosine, xanthosine, and
2'-deoxyinosine-5'-monophosphate. All the top compounds were shown to be impermeable to the blood-brain barrier (BBB),
except for 4-hydroxyretinoic acid. Additionally, toxicity profiling revealed no evidence of skin sensitisation for any of the
tested chemicals. Furthermore, every compound aside from succinyl adenosine —complied with Lipinski's Rule of Five.
4. Discussion

C. olitorius leaves exhibit lower cytotoxicity compared to the other extracts (Figure 1d), as they required a higher
concentration of 202.60 pug/mL to achieve 50% mortality, suggesting they are less toxic than the other extracts tested. Several
research studies have been demonstrated that compounds from C. oliforius and M. oleifera can serve as alternative sources
for the treatment of human disease[53], [54], [55], [56]. This study focused on examining the antioxidant and cytotoxicity
activity of C. olitorius and M. oleifera leaf and seed extract which examining the inhibitor effects of alpha-amylase and alpha-
glucosides by assessing the binding affinities of these plants’ phytochemicals through in silico molecular docking and
molecular simulations. Both C. olitorius and M. oleifera leaf and seed extract exhibit notable antioxidant activity, with
scavenging percentage increase with concentrations. The ICso values for the leaf extract of C. olitorius (108.96 pg/mL) and M.
oleifera (132.15 pg/mL) were lower than the synthetic antioxidant BHT (152.21ug/mL), indicating stronger antioxidant
potential in these extracts.
Table 3. Pharmaceutical profiles generated from the SwissADME, admetSAR and pKCSM webservers for the top two
probable candidates for each protein from docking.

Parameters Prunol Stigmasterol Rutin Apigetrin Acarbose
Molecular weight (g/mol) 456.7 412.7 g/mol 610.5 g/mol 432.4 g/mol 472.7 g/mol
Num. of H-bond acceptors 2 1 16 10 3
Num. of H-bond donors 2 1 10 6 3
SASA (A?) 201.354 186.349 240.901 174.313 206.148
Caco-2 permeability 0.8353 0.7953 0.9172 0.9208 0.7175
AMES toxicity No No No Yes No
P-glycoprotein inhibitor No No No No No
Carcinogenicity No No No No No
BBB permeability No Yes No No Yes
Skin sensitization No No No No No

.. . . Yes; 0 Yes; 0 No; 0 Yes; 0 Yes; 0
Lipinski rule of five S D o D L

violation violation violations violation Violation

Among the extracts, M. oleifera leaves demonstrated the most potential antioxidant activity, achieving 50% free radical
scavenging at a lower concentration compared to other samples. This is consistent with previous research highlighting M.
oleifera as a rich source of bioactive compounds with antioxidant capacity [57], [58]. These findings suggest the potential for
utilizing M. oleifera and C. olitorius as natural alternatives synthetic antioxidants in health applications. The cytotoxicity
assessment of methanolic extracts from C. olitorius and M. oleifera leaves and seeds revealed varying degrees of toxicity,
with the LCso values indicating the concentration required for 50% mortality. C. olitorius leaves exhibited the highest LCso
values of 202.60 ug/mL, suggesting lower cytotoxicity compared to the seed extracts of species, as well as M. oleifera leaves
and seeds. These findings align with previous studies that have shown differing levels of toxicity in plant extracts,
emphasizing the influence of plant part and extract concentration on biological activity [59], [59], [60]. The lower toxicity
observed in C. olitorius leaves suggests that they may hold potential for safer use in therapeutic applications, aligning with
findings by other researchers who have noted the medicinal benefits of C. olitorius species with minimal adverse effects [53],
[61], [62]. Further investigation is necessary to identify the specific bioactive compounds responsible for these effects and
to evaluate their potential therapeutic use in safe dosages [63], [64], [65].

The molecular docking analysis conducted on various phytochemicals from C. olitorius and M. oleifera revealed
promising binding interactions with human alpha-amylase and alpha-glucosidase, highlighting their potential as lead
compounds for type 2 diabetes treatment. Prunol and stigmasterol exhibited strong binding affinities for alpha-amylase,
with docking scores of -9.3 and -9.1 Kcal/mol, respectively outperforming the control inhibitor acarbose, which had docking
scores of -7.9 Kcal/mol. Prunol demonstrated particularly strong interactions, forming multiple hydrogen bonds with the
enzymes active site residues (ARG252, PRO332, and GLY334), along with additional alkyl interactions, suggesting its
potential as a potent alpha-amylase inhibitor. For alpha-glucosides, rutin and apigetrin displayed stronger binding than
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acarbose, with binding energies of -8.9 and -8.1 Kcal/mol, respectively, underscoring their higher affinity for the enzyme.
Rutin formed several hydrogen bonds and pi interactions, indicating its stability within the enzymes active site, while
apigetrin also showed significant binding with key resides, further enhancing its potential as an effective inhibitor. The
interactions observed for these phytochemicals align with previous studies showing that plant-derived compounds can
effectively modulate enzyme activity, offering novel therapeutic approaches for managing type 2 diabetes [66], [67], [68],
[69]. The findings suggest that the phytochemicals in C. olitorius and M. oleifera may offer promising natural alternatives or
adjuvants to current pharmaceutical treatments for diabetes [70], [71], [72].
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Figure 4. The alphabetic order (a)-(e) shows the Figure 5. The alphabetic order (a)-(e) shows the following;:
following- (a) RMSD, (b) SASA, (c) Rg, (d) number of (a) RMSD, (b) SASA, (c¢) Rg, (d) number of hydrogen bonds
hydrogen bonds and (e) RMSF calculated from and (e) RMSF, calculated from the molecular dynamics

molecular dynamics simulation of alpha-amylase- simulation of of alpha-glucosidase-acarbose, alpha-
acarbose, alpha-amylase-prunol and alpha-amylase- glucosidase-apigetrin and alpha-glucosidase-rutin at 298K
stigmasterol complexes at 298K temperature. temperature.

The molecular dynamics of simulations conducted to assess the stability of the docked complexes with alpha-amylase
and alpha-glucosidase revealed critical insights into the nature of the binding interactions. The analysis of root mean square
deviations (RMSD) showed that both the alpha-amylase and alpha-glucosidase complexes reached a stedy state after initial
fluctuations, indicating the stable binding of the ligands within the active sites. The RMSD values remained consistently
below 2.5 A, suggesting that the docked complexes maintained their structural integrity throughout the simulation.
Additionally, the solvent accessible surface area (SASA) analysis demonstrated that both alpha-amylase and alpha-
glucosidase complexes exhibited stable SASA trends, with no significant fluctuations, indicating the rigidity of the
complexes in their bound states. The radius of gyration (Rg) analysis further supported these findings, showing that the
alpha-glucosidase complexes exhibited a more stable Rg profile, while the alpha-amylase complexes displayed slightly
higher Rg values, reflecting a more flexible nature during interactions. Hydrogen bond analysis also corroborated the stable
nature of the complexes, as the number of hydrogen bonds remained relatively constant throughout the simulations. These
results highlight the potential of the identified phytochemicals as stable and effective inhibitors of both enzymes, suggesting
their promise in therapeutic applications for type 2 diabetes management [66], [73], [74], [75].

5. Conclusion

This study provides compelling evidence for the potential of C. olitorius and M. oleifera leaves and seeds as promising
sources of bioactive compounds for the management of type 2 diabetes. The in-silico analyses revealed significant inhibitory
effects of phytochemicals from both alpha-amylase and alpha-glucosides enzymes, which play crucial role in carbohydrate
metabolism. The antioxidant and cytotoxicity assays further highlighted the therapeutic potential of these plants, with both
showing substantial antioxidant activity and relatively low toxicity, especially in leaf extracts. The molecular docking
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studies identified key bioactive compounds such as prunol, stigmasterol, rutin, and apigetrin, with strong binding affinities
to target enzymes, suggesting their potential as effective inhibitors. Additionally, molecular dynamic simulations
demonstrated their stability and strong interaction with the enzymes, reinforcing their promise as competitive inhibitors.
The favorable ADMET profiles also suggest that these compounds could be viable candidates for drug development, with
suitable pharmacokinetics, and safety properties. Despite these promising results, further validation through in vitro, in
vivo, and chemical studies is necessary to confirm the efficacy of these compounds in managing type 2 diabetes. This
research paves the way for further exploration of these plants and bioactive constituents as potential therapeutic agents for
diabetes management.
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