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ABSTRACT ARTICLE HISTORY

The prevalence of diabetes mellitus is increasing, and well-known conventional Received 1 September 2024
medications are associated with harmful effects. Therefore, this study aimed to ~ Revised 26 October 2024
identify the compounds present in the young leaves of Daniellia oliveri and assess ~ Accepted 18 November 2024

their antidiabetic potential using an in-silico model. The best column chromato- KEYWORDS

graphic fraction obtained from ethyl acetate fraction was analyzed using HRLC- Diabetes mellitus; D. oliveri:
MS to identify the prominent compounds. The identified compounds were molecular docking; gallic
subjected to ADMET prediction using online servers to confirm their draggability. acid

In addition, the compounds were screened for activity against type 2 diabetes
using molecular docking. Eight compounds with prominent peaks were identi-
fied, viz; gallic acid, 2,6-dihydroxybenzoic acid, salicylic acid, caffeic acid, pheny-
lacetaldehyde, 2,5-dimethylphenol, 3-(—4-Hydroxyphenyl) propionic acid, and
16-hydroxyhexadecanoic acid. Most of the identified compounds were phenolics
and had little toxic effects. The molecular docking results revealed the potentials
of the identified compounds in inhibiting the therapeutic targets viz; 11p-
hydroxysteroid dehydrogenase type 1, human salivary alpha-amylase, glycogen
phosphorylase, human protein tyrosine phosphatase 1B, glutamine fructose-
6-phosphate amidotransferase, human sirtuin 6, and dipeptidyl peptidase IV,
responsible for the development of type 2 diabetes. This study has successfully
revalidated and provided scientific insight into the usage of D. oliveri in mana-
ging type 2 diabetes by Nigerians. However, the limitation of this study remains
the purification of the lead compounds that can serve as lead for type 2 diabetes
treatment in conventional medicinal practices.
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Introduction

Diabetes is a serious, chronic condition that
emerges when the body either does not pro-
duce enough insulin or cannot effectively uti-
lize the insulin it produces, leading to
a persistent metabolic imbalance [1]. It is esti-
mated that approximately 537 million adults
aged 20 to 79 worldwide, comprising 10.5% of
all individuals in this age group, are affected by
diabetes. Projections suggest that by 2030, the
number of global diabetes cases will reach
643 million, and this figure is expected to rise
to 783 million by 2045 [2]. As a result, if diabetes
is not managed appropriately over time, it can
negatively affect various physiological systems,
including neurons, blood vessels, kidney and
eyes. A well-controlled blood sugar level is
necessary to avoid significant diabetic conse-
quences [3]. Despite this, diabetic problems
are exacerbated by a lack of regular exercise,
smoking, high blood pressure, and obesity [4].
Untreated diabetes complications usually result
in morbidity and mortality [5].

Although strict control of hyperglycemia can
reduce the risk of diabetic complications, these
are frequently unavoidable, necessitating man-
agement strategies that increase the cost of dia-
betes treatment by more than 50% [6]. On the
market, oral hypoglycemic medications to treat
type 2 diabetes include insulin secretagogues
(sulfonylureas), insulin sensitizers (biguanides
and thiazolidinediones), glucose absorption inhi-
bitors (alpha-glucosidase inhibitors, guar gum),
and repaglinide and nateglinide, which are early-
phase insulin secretagogues that target post-
prandial hyperglycemic peaks [7]. These oral
anti-hyperglycemic medications have many
drawbacks, ranging from gastrointestinal distur-
bances such as diarrhea, nausea, and dyspepsia
to Urinary Tract Infections (UTls) resulting in ure-
thritis, pyelonephritis, and genital mycosis.

Medicinal plants use dates to ancient times,
and they are still widely utilized today to treat
various conditions [8,9]. Bioactive constituents

such glycosides, alkaloids, terpenoids, flavo-
noids, carotenoids, peptidoglycans and hypo-
glycans, and guanidine and amino acids are
found in many plant species and have been
linked to hypoglycemic action [10]. Mounting
evidence demonstrates the use of therapeutic
plant supplements to prevent and control type
2 diabetes [11,12]. Plant-derived phytochem-
icals like curcumin, isolated from Curcuma
longa root, are becoming increasingly popular
in the scientific community [13].

The modern pharmaceutical industry’s recog-
nition of medicinal plants as therapeutic agents
has produced precious drugs extensively used in
clinical therapy. Natural phyto-compounds and
analogues have not yet developed viable treat-
ments for complex human diseases with complex
pathophysiologies, such as diabetes, autoimmune
disorders, and degenerative diseases [14].
Numerous early pharmaceuticals were developed
because of extensive research on numerous tradi-
tional herbal treatments, including Digoxin (from
Digitalis purpurea), Morphine (from the Opium
poppy), and Quinine (from Cinchona barks).
However, it is estimated that more than 50% of
all medications currently available are derived
from medicinal plants [15,16].

Previously, drug development from plant
materials and the process of identifying the
structures of active compounds in extracts
were both complex and time-consuming, tak-
ing weeks, months, or even years depending on
the complexity of the compounds [17].
However, the introduction of high-
performance liquid chromatography/mass
spectrometry (HPLC/MS), liquid chromatogra-
phy-mass spectrometry (LC/MS), and nuclear
magnetic resonance (NMR) has considerably
boosted the rate of bioassay-guided fractiona-
tion in recent years [18].

The computer-based method, commonly
known as the ‘in-silico’ approach, facilitates the



exploration of disease-related targets through
bioinformatics. This approach encompasses the
design of molecules for potential therapeutic
applications, the optimization of molecular
compatibility, and the simulation of interac-
tions [19,20]. In-silico studies employing com-
puter-aided drug design (CADD) tools, which
include structure-based drug design (SBDD)
and ligand-based drug design (LBDD) meth-
odologies [21], have facilitated the identifica-
tion and development of novel drugs. The
Target-Based Virtual Screening method is
extensively used in drug development, often
incorporating docking or molecular dynamics
techniques for this purpose [22]. The advan-
tages of the in-silico method include environ-
mental sustainability, as it reduces solvent
usage, minimizes electronic waste, and
decreases gas emissions. Moreover, it adheres
to the core principles of the 3Rs (replacement,
reduction, and refinement) by lessening the
reliance on animal testing. Additionally, it
saves time, lowers financial costs, and enables
the analysis of chemical and physical properties
[23,24].

Daniellia oliveri is the lone member of
Daniellia subgenera Paradaniellia, and it
belongs to the family Fabaceae [25]. Daniellia
consists of 10 species, nearly all restricted to
woodland habitats in West and Central Africa,
except D. oliveri, extending to Sudan and
Uganda [26]. As reported by Onefeli [27], the
species of Daniellia are indigenously distributed
to Nigeria, Mali, Senegal, Sudan, Sierra Leone,
Niger, Togo, Uganda, Liberia, Ivory Coast,
Zambia, Cameroon, Cabinda, Gulf of Guinea Is.,
Guinea-Bissau, Angola, Ghana, Gabon, Burkina,
Benin, Guinea, Equatorial Guinea, Chad,
Gambia, Congo, Congo, and the Central
African Republic. In Nigeria, D. oliveri is perva-
sive in savannah environments such as
Adamawa, Jalingo, Shaki-Iseyin, Jebba, and
Olokemeji forests [25,27]. It is found in abun-
dance at the University of llorin, llorin, Nigeria.
The usage of D. oliveri leaves in the manage-
ment of diabetes is popular in Nigeria local
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communities and tribes. However, limited
empirical data are reporting its efficacy in the
literature. Meanwhile, several ethnobotanical
studies have documented the usage of the
roots, leaves, and stem barks in diabetes man-
agement [28]. The plant has been reported as
an antihyperglycaemic and glycolytic enzymes
inhibitors [29,30]. Furthermore, the leaves’ aqu-
eous extract is a safe and effective treatment for
type 2 diabetes, as reported by Shauibu et al.
[31]. However, we have reported in previous
studies the efficacy of tender leaves of
D. oliveri in the management of type 2 diabetes
[32,33].

The use of in-silico model in this study not
only allows for a more efficient and safer iden-
tification of potential antidiabetic compounds
from the young leaves of Daniellia oliveri, but it
also addresses limitations present in tradi-
tional laboratory experiments. Conventional
laboratory methods often require extensive
time and resources, and they may involve the
use of live animal models or complex in vitro
systems that can introduce ethical concerns
and variability in results [34]. In contrast, the
in-silico model provides a rapid means of
assessing the biological activity and safety of
compounds without the need for initial physi-
cal testing [35]. By utilizing computer-aided
drug design (CADD) tools, including structure-
based and ligand-based drug design
approaches, this research facilitates the identi-
fication of compounds with promising antidia-
betic properties while predicting their
absorption, distribution, metabolism, excre-
tion, and toxicity (ADMET) profiles.

Furthermore, the use of molecular docking
in this study allows for a detailed understand-
ing of how identified compounds interact with
key therapeutic targets involved in the devel-
opment of type 2 diabetes. This computational
assessment streamlines the drug discovery pro-
cess, and also enhances the reliability of find-
ings by minimizing the potential for
experimental errors associated with conven-
tional techniques.
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The high incidence and increasing prevalence
of type 2 diabetes, as well as the limitations and
side effects of currently available hypoglycemic
agents, clearly justify the search for new anti-
diabetic agents. Despite the growing use of med-
icinal plants as hypolipidemic [36,37], antihyper-
tensive [38,39], and hypoglycemic [40-42] agents
in the management of diabetes and its associated
complications, the reserves of plant-derived anti-
diabetic therapeutics remain untapped. Daniellia
oliveri, though reported for its antidiabetic effi-
cacy using the leaf crude extracts [32] and sol-
vent-solvent fractions [33], is yet to be explored
using its identified compounds for its role in the
management of type 2 diabetes. Although var-
ious phytochemicals from Daniellia oliveri have
been identified [43], their direct engagement
with key proteins like alpha-glucosidase, alpha-
amylase, or dipeptidyl peptidase-4 (DPP-4),
which are critical in glucose metabolism and insu-
lin regulation, is not well-documented. Also, the
prediction of drug-likeness, bioavailability, and
toxicity profiles of these compounds, are vital for
the potential development of therapeutics
derived from D. oliveri.

Methodology

Chemicals

Folin-Ciocaltue  reagent (FC Reagent),
1,1-diphenyl-2-picraylhydrazine (DPPH), a-

glucosidase (From Saccharomyces cerevisiae),
Acarbose, Ethanol, Diethyl ether, ethyl acetate,
and n-hexane were products of SRL Pvt limited,
India; p-Nitrophenyl-a-D-glucopyranoside was
a product of Hi-media. All buffers were pre-
pared using standard procedures. All reagents
were supplied locally by Dualife Science PVT
limited, Kaveri Hebitet, Surat, India.

Collection of plant materials

Daniellia oliveri's fresh young leaves were
obtained in their native habitat at the
University of llori, Nigeria. In the Department

of Plant Biology Herbarium, the collected plant
was authenticated to the species level and
a voucher specimen (UILH/001/1291/2021)
was submitted.

Extraction procedure

A total of 2kg of dried D. oliveri young leaves
was extracted using the cold maceration method
for 72 h in 70% Ethanol to obtain 182g of
extract. 103 g of the crude extract suspended in
water was placed in separating funnel and frac-
tionated with the same volume of n-hexane,
diethyl ether, and ethyl acetate, successively, in
order of polarity, to obtain 5g of ethyl acetate
fraction (Do-E). The Do-E was further separated
by silica gel column-chromatography using the
mobile phase, petroleum Ether/Ethyl Acetate/
Methanol (2:8:1) to obtain 8 pulled fractions
(DoEF1 — DoEF8) using their Rf values. Thin-
layer chromatography technique was used to
arrive at the mobile phase used.

Total flavonoid content of the
chromatographic fractions (DoEF1-DoEF8)

1 ml of extract solution/Quercetin (different
concentrations) was taken in a test tube. 3 ml
methanol, 200 pl of 10% AICI5, 200 pl of 1M
potassium acetate solution were added. 5.6 ml
of distilled water was added to the reaction,
after which the test tubes were incubated at
room temperature to complete the reaction.
The absorbance of the solution was measured
at 420 nm using a UV-visible spectrophot-
ometer (Shimadzu UV-1800) against the blank.

The total content of flavonoid compounds in
the plant extract in quercetin equivalent was
calculated as follows:

(cxV)

C:M

Where:
C =Total content of flavonoid compound, mg/g
plant extract in Quercetin equivalent (QE)
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¢ = Concentration of Quercetin established
from the calibration curve, mg/ml

V =Volume of extract, ml

M=The weight of the plant extract
used, gm.

Total phenolic content of the
chromatographic fractions (DoEF1-DoEF8)

The modified method of Singleton et al., [44] was
used. 0.5ml of methanolic solution of the
extracts/aallic acid (10, 25, 50, 100 and 200 pg/
ml) was mixed with 2.5 ml 10% Folin—-Ciocalteu
reagent (FCR) and 2.5 ml 7.5% NaHCOs. The mix-
ture was incubated at 45°C for 45 min. The
absorbance was determined at 765 nm using
a UV Spectrophotometer (Shimadzu UV-1800).
The gallic acid calibration curve was constructed
by plotting the OD against the concentrations.

The total phenolic compounds in the plant
extract in gallic acid equivalent was calculated
using as follows;

(cxV)
C =
M
Where;
C=Total content of Phenolic

compound, mg/g plant extract in gallic acid
equivalent (GAE)

¢ = Concentration of gallic acid established
from the calibration curve, mg/ml

V =Volume of extract, ml

M =The weight of the plant extract used, gm.

In-vitro a-glucosidase inhibition assay
(ICs0) of chromatographic fractions (DoEF1-
DoEF8)

Based on the size of the chromatographic frac-
tions, the standard protocols of Kim et al., [45] and
Telagari & Hullatti [46] with modifications were
used to ascertain the ICsq of the subfractions. 36 pll
of phosphate buffer (6.8 pH), 30 pl sample solu-
tion with various concentrations (2, 4, 8, 10 ug/ml)
and 17 ul pNPG substrate at a concentration of
5mm were put in a 96-well microplate. The

mixture was incubated at 37°C for 5 min, and
17 ul of a-glucosidase solution (0.15 U/ml) was
added to each well to obtain a total volume of
100 pl. The mixture was incubated for 15 min to
get the complete hydrolysis reaction. After
15 min, the reaction was stopped by adding
100 pl of NayCos (200 mm). Absorbance was
read at 405 nm using a microplate reader. Each
test was repeated thrice.

The OD obtained from the test was pro-
cessed using the formula:

(A1 — A2)

% Inhibition = x 100

Where:

A1 =Blank absorbance (B*)- Control of blank
absorbance (KB**)

A2 =Sample absorbance (S) - Control of
sample absorbance (KS***)

*Blank contained substrate and enzyme,
without extracts

**Control of blank contained substrate and
buffer, without enzyme and extracts

***Control of the sample contained sub-
strate and extract with the addition of the
enzyme after incubation.

The 1C5¢ (concentration needed to inhibit
50% of enzyme activity) was estimated using
a regression equation derived by plotting con-
centrations in the range of 2-10 ug/mL (x-axis)
against percentage inhibition (y-axis) for the
extract and various fractions.

Metabolite profiling of putative lead from
chromatographic fraction

TLC fingerprinting of DoEF3

The stationary phase used was silica gel 60
F,54 pre-coated aluminum plates (3 x 10cm,
200 um thick). Before sample application, the
plates were pre-washed with methanol and
activated at 110°C for 10 min. A CAMAG
Linomat V applicator was used to apply
250 pg/ml of the chromatographic fraction
(DoEF3) and standard compound, gallic acid
in methanol as 5 mm wide bands. The mobile
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phase consisted of toluene, ethyl acetate, for-
mic acid, and methanol (3:3:0.8:0.2 v/v). The
development occurred in a twin trough glass
chamber saturated with the mobile phase at
room temperature (25 +2°C) for 30 min. The
bands were scanned at 200-700 nm, with the
plate imaged at 254 nm and scanned at 500
nm using a TLC scanner 3. The developed
method was validated as per the ICH guide-
lines for quality control of herbal drugs and
botanicals [47,48].

HRLC-MS fingerprint of bioactive fraction

The LC-MS analysis was performed using
Agilent HIP Sampler equipped with a binary
pump. The HPLC was interfaced with a Q-TOF
mass spectrometry fitted with an ESI source
(Dual AJS ESI). Full scan mode from m/z 100 to
1100 was performed with a source temperature
of 30°C. HPLC column Hypersil GOLD 3y, C18
(100 X 2.1 mm i.d.) was used for analysis. The
mobile phase comprises solvent A (0.1%
Formic Acid in water) and solvent B (90%
Acetonitrile + 10% H,O + 0.1% Formic Acid)
for 1 min. The column was held as presented
in Table 1. The flow rate was 0.300 mL/min, and
the injection volume was 3 uL. For the electro-
spray ionization with positive ion polarity, the
capillary voltage was set to 3500V, the capillary
temperature to 250°C, the nebulizer pressure to
35psi, and the drying gas flow rate to 13 L/min.

In-silico pharmacokinetics properties and
antidiabetic evaluations

In-silico ADME properties

SwissADME (http://www.swissadme.ch/) and
ADMETLab 2.0 (https://admetmesh.scbdd.com/
service/evaluation/cal) were utilized in

Table 1. Mobile phase timetable for LC-MS.

S/N Time (minutes) Solvent A Solvent B
1 1.00 95% 5%
2 20.00 0% 100%
3 25.00 0% 100%
4 26.00 95% 5%
5 30.00 95% 5%

predicting the ADME properties of the identi-
fied compounds. These web servers calculate
the pharmacokinetics, ADME, drug-likeness,
and medicinal chemistry compatibility of small
molecules [49,50]. Phytochemicals identified
using LC-MS were retrieved in SMILES for-
matted structure from the PubChem database.

In-silico toxicity risk assessment and drug
likeliness

The chemical scaffolds of the identified phyto-
chemicals were evaluated using OSIRIS
Property Explorer, an open-source program
(http://www.organic-chemistry.org/prog/peo/),
SwissADME (http://www.swissadme.ch/index.
php), and ADMETLab 2.0 (https://admetmesh.
scbdd.com/service/evaluation/cal) which calcu-
lates the toxicity risks and drug-relevant prop-
erties of compounds [49,50].

Molecular docking studies

Ligand preparation. Structures of the com-
pounds identified using LC-MS were down-
loaded from the PubChem database in 3D SDF
format for docking. Using Open Babel in PyRx
(Version 0.9.8), all the ligand structures were
relaxed by performing energy minimization by
conjugate gradient algorithm for 200 steps
using uff force field with RMS gradient of 0.1
and converted into pdbqt format for docking.

Macromolecule preparation. The three-
dimensional structures of various protein tar-
gets were retrieved from the RCSB protein
database. For docking studies, any bound
ligands were removed. And receptor protein
was  dehydrated, hydrogenated and
Gasteiger charges were added along with
the atomic type set to Assign AD4 type,
which was saved as pdbqt format using
PyRx software (Version 0.9.8). Protein used
in the study are depicted with the PDB IDs
in Table 2.

Virtual screening. The atomic level interac-
tions between protein and phytochemical
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Table 2. Diabetic proteins target along with PDB ID.

S/No PDB ID Proteins

1 1XU7 11B-hydroxysteroid dehydrogenase type 1 (113-HSD1)

2 1232 Human Salivary alpha-amylase (HSA)

3 2AT1 Glycogen Phosphorylase (GP)

4 2HNP Human Protein Tyrosine Phosphatase 1B (PTP1B)

5 27)4 Glutamine Fructose-6-phosphate amidotransferase (GFAT)
6 3K35 Human sirtuin 6 (SIRT6)

7 4N8D Dipeptidyl peptidase IV (DPP4)

ligands were investigated using molecular dock-
ing studies using PyRx 0.9.8 software which uses
the AutoDock Vina algorithm to predict protein—
ligand interactions. The high exhaustiveness of
27 with 20 binding modes was considered for all
docking to increase the prediction accuracy. The
dimension of the grid box encloses the site of
ligand interaction and active sites of the protein
receptor, while the position of the grid box was
centered on enclosing the residues of the pro-
tein are represented in Table 3. In this virtual
screening technique, 20 conformations for the
ligand were generated, and the binding energies
of the ligand conformations were analyzed. The
Dock score of the best poses docked into the

Table 3. Binding pockets configuration of various
receptors used in the study.

Binding pocket configuration

S/No PDB ID Size Centre
1 1XU7 x =35.981 X =—57.468
y =40.288 y =-80.721
z=34.402 z=-29.054
2 1232 x=48.873 x=15.968
y =43.456 y =49.204
z=143.845 z=18.492
3 2AT1 x =37.002 x =20.390
y =37.404 y =86.367
z=37.379 z=107.408
4 2HNP X =66.766 x=43.417
y =49.036 y =15.893
z=40.190 z=14.725
5 27)4 x =46.889 X =68.037
y =46.699 y=33.592
z=48.840 z=7.601
6 3K35 X =34.881 x=18.844
y =40.481 y=4.520
z=42303 z=5.909
7 4N8D x=31.892 x=14.833
y=41.224 y=30.612
z=38.939 z=>52.827

target protein was calculated for all examined
compounds and proteins.

Results

This is the first time the ethyl acetate fraction
obtained from the ethanolic extract of D. oliveri
is being separated using column chromatogra-
phy. However, after several trials, the mixture of
Petroleum ether, Ethyl Acetate, and Methanol
(2:8:1) gave satisfactory separation. Eight sub-
fractions, DoEF1, DoEF2. DoEF3, DoEF4, DoEF5,
DoEF6, DoEF7 and DoEF8 resulted from the
column chromatographic separation.

Total flavonoid and total phenolic contents

The total flavonoids and phenolic contents of the
chromatographic fractions are presented in
Figure 1 (a,b). Out of the eight sub-fractions, the
DoEF7 had the highest flavonoid contents
(250.61 £4.01), while DoEF6 contained the least
total flavonoids (44.21 +2.14). DoEF1 also con-
tained significant flavonoid contents (221.82 +
7.16). However, no significant differences were
observed in the total flavonoid contents of
DoEF2 (125.79 + 3.30) and DoEF3 (121.58 + 2.33),
as well as those of DoEF4 (99.31 + 2.55) and DoEF6
(101.22 £ 2.20) at p < 0.05. The total phenolic con-
tent (TPC) of DoEF3 (205.56 + 0.00) was the high-
est estimated in all the chromatographic fractions
and was significantly different (p <0.05) from
other chromatographic fractions. DoEF1 con-
tained the lowest estimate of total phenolics.
Meanwhile, there was no significant difference
(p < 0.05) in the TPC of DoEF2 and DoEF®6.
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Figure 1. Total Flavonoid Content (a) and Total Phenolic Contents (b) of chromatographic fractions of Ethyl
acetate fraction obtained from D. oliveri. *mg/g QE: mg/g Quercetin Equivalent; mg/g GAE: mg/g Gallic Acid
Equivalent. **Values are mean of three replicates + Standard Error of Mean (SEM). Different superscripts denote

significant differences (P<0.05).

In vitro a-glucosidase inhibitory assay of
chromatographic fractions of ethyl acetate
fraction

To select the most active chromatographic frac-
tion obtained from the ethyl acetate fraction of
D. oliveri, the in vitro alpha-glucosidase inhibitory
efficacy in the form of inhibitory concentrations
(ICso) was evaluated. In our study, the ICs, was
used to measure the performance of the chroma-
tographic fractions. Our finding revealed that
DoEF3 (IC5o=0.66 +0.03) was desirable because
it had a lower IC5, after Acarbose (0.65 +0.01),
a standard drug (Table 4). The alpha-glucosidase
inhibitory potential and its phenolic content
made it a sort-after fraction for further analysis.

Table 4. Alpha glucosidase inhibitory activity 1Csg
(ug/ml) of chromatographic fractions of ethyl acet-
ate fraction obtained from D. oliveri.

Fractions Alpha glucosidase 1Cso (ug/ml)
Acarbose 0.65+0.01*

DoEF1 1.25+0.23

DoEF2 0.68 = 0.06

DoEF3 0.66 +0.03

DoEF4 0.85+0.19

DoEF5 0.67 £0.05

DoEF6 0.78 £ 0.09

DoEF7 0.75+0.13

DoEF8 0.76 = 0.07

Values are the mean of three replicates + Standard Error of Mean
(SEM).

TLC fingerprinting of DoEF3

HPTLC fingerprinting studies of DoEF3 and the
standard, gallic acid, showed distinct band pat-
terns at 254 nm. Gallic acid, which appeared to be
absent under the 254 nm wavelength, was
observed using the TLC scanner (Figures 2 (a,b)).
A good correlation was obtained between the
gallic acid and sample overlay spectra (Figures 2c).

HRLC-MS fingerprint of the bioactive
subfraction

Based on the outlook in the LC-MS chromato-
gram of DoEF3 (Figure 3), eight (8) compounds,
viz; gallic acid, 2,6-dihydroxybenzoic acid, sal-
icylic acid, caffeic acid, phenylacetaldehyde,
2,5-dimethylphenol, 3-(-4-Hydroxyphenyl) pro-
pionic acid, and 16-hydroxyhexadecanoic acid
were prominently present in DoEF3 (Table 5).

In-silico pharmacokinetics properties and
antidiabetic evaluations

The physicochemical properties of the pro-
minent compounds identified in the chroma-
tographic fraction, DoEF3 are presented in
Table 6. The properties such as the number
of rotatable bonds, number of hydrogen
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Figure 2. High-performance thin-layer chromatography (HPTLC). HPTLC chromatogram at 500 nm showing

different peaks and bands for gallic acid standard (a), and sample (b);
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Figure 3. LC-MS chromatogram of DoEF3 subfraction from the ethyl acetate fraction of D. oliveri leaves. 1- Gallic
acid; 2- 2,6-dihydroxybenzoic acid; 3- salicylic acid; 4- caffeic acid; 5- phenylacetaldehyde; 6- 2,5-dimethylphenol;

7- 3-(4-hydroxyphenyl) propionic acid; 8- 16-hydroxyhexadecanoic acid.
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Table 5. LC-MS fingerprint of prominent compounds present in the chromatographic fraction DoEF3.

S/No Compound Retention time (mins) ~ Molecular formula ~ Molecular weight m/z
1 Gallic acid 1.864 C7HgOs5 170.12 169.0145
2 2,6-Dihydroxybenzoic acid 2.906 C/HgO,4 154.12 153.0199
3 Salicylic acid 4.032 C/He05 138.12 137.0247
4 Caffeic acid 4.480 CoHgO4 180.16 177.0196
5 Phenylacetaldehyde 5.686 CgHgO 120.15 119.0501
6 2,5-Dimethylphenol 6.372 CgH,00 122.16 121.0660
7 3-(4-Hydroxyphenyl) propionic acid 6.372 CoH1003 166.17 165.0559
8 16-Hydroxy hexadecanoic acid 16.661 Cy6H3,03 27242 271.2293
Table 6. Physicochemical properties of compounds prominently present in DoEF3.
Molecular weight TPSA  Consensus ~ Water solubility
S/N Compound name Formula (g/mol) NRBs NHBAs NHBDs (A?) Log P Class
1 Gallic acid C7HeOs 170.12 1 5 4 97.99 0.21 Very soluble
2 2,6-Dihydroxybenzoic acid  C;H¢O,4 154.12 1 4 3 77.76 0.89 Soluble
3 Salicylic acid C7Hg03 138.12 1 3 2 57.53 1.24 Soluble
4 Caffeic acid CoHgOy4 180.16 2 4 3 77.76 0.93 Very soluble
5 Phenylacetaldehyde CgHgO 120.15 2 1 0 17.07 173 Soluble
6 2,5-Dimethylphenol CgHq00 122.16 0 1 1 20.23 2.12 Soluble
7 3-(4-Hydroxyphenyl) CoHq003 166.17 3 3 2 57.53 1.31 Very soluble
propionic acid
8 16-Hydroxyhexadecanoic ~ Ci¢Hs, 272.42 15 3 2 57.53 430 Moderately
acid 0s soluble

NRBs: Number of Rotatable Bonds; NHBAs: Number of Hydrogen Bond acceptors; NHBDs: Number of Hydrogen bond donors; TPSA:

Topological Polar Surface Area.

acceptors, number of hydrogen donors,
topological polar surface area, and water
solubility class are essential to predict the
nature of drugs to determine their
druggability.

To assess the molecules’ drug-likeness, we
have considered six physicochemical viz;
saturation, lipophilicity, polarity, dimensional
stability, solubility, and flexibility which is repre-
sented in Figure 4. The lipophilicity, polarity and
size of all the compounds are within the confine
of the radar. The saturation levels of the com-
pounds like gallic acid, 2,6-hydroxybenzoic
acid, salicylic acid, caffeic acid, and phenylace-
taldehyde fall outside the recommended radar,
whereas other compounds are within the con-
fine of recommended saturation levels
(Figure 4).

The predicted absorption, distribution,
excretion, and toxicological analysis of the com-
pounds of prominence in DoEF3 as presented
(Tables 7-11) are essential in drug discovery.

CaCo-2 permeability, MDCK permeability, and
Human Intestinal Absorption were predicted
(Table 7). The predicted CaCo-2 permeability
in the compounds screened revealed that only
phenylacetaldehyde (-4.291 log cm/s) and
2.5-dimethylphenol (—4.356) are accepted as
they are higher than the -5.15-log cm/s.
Optimally, the CaCo-2 permeability coefficient
must be higher than the —5.15-log unit. The
predicted MDCK-permeability, Pgp-inhibitory
values, and human intestinal absorption are all
within the accepted range for all the com-
pounds. The 20% bioavailability (F20%) was
not accepted for gallic acid as the probability
of being F20% (bioavailability <20%) is 0.964.
The compounds were subjected to a set of
analyses to ascertain their drug-likeness, and
how natural product-like they were, among
other tests to ascertain their medicinal chemistry
(Table 8). A quantitative estimate of drug-likeness
(QED), synthetic accessibility score (SAscore), and
natural product (NPscore) score were determined.
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Figure 4. Bioavailability radar of identified compounds based on physicochemical indices ideal for oral bioavail-

ability. Gallic acid (a); 2,6-hydroxybenzoic acid (b); salicylic acid (c); caffeic acid (d); phenylacetaldehyde (e);
2,5-dimethylphenol (f); 3-(4-hydroxyphenyl) propionic acid (g); 16-hydroxyhexadecanoic acid (h).

Table 7. Absorption of compounds prominently present in DoEF3 as predicted.

Absorption
CaCo-2 MDCK Pgp- Pgp-
S/IN COMPOUNDS Permeability Permeability Inhibitor Substrate  HIA F20%
1 Salicylic acid -5.179 11%x107° 0.000 0.001 0.017 0.008
2 Gallic acid —-5.728 50x107° 0.001 0.003 0.085  0.964
3 Phenylacetaldehyde —4.291 33x107° 0.000 0.007 0.005 0.056
4 2,5-Dimethylphenol —4.356 27x107° 0.002 0.120 0.003 0321
5 2,6-Dihydroxybenzoic acid -5.626 6.0x107° 0.000 0.001 0.079 0.579
6 3-(4-Hydroxyphenyl) propionic acid -5.163 1.1%107° 0.001 0.005 0.020 0.051
7 16-Hydroxy hexadecanoic Acid -5.250 35%107° 0.017 0.000 0.012 0346
8 Caffeic acid -5.220 1.1x107° 0.000 0.024 0.009  0.009

Human epithelial colorectal adenocarcinoma cells® (CaCo-2) Permeability (Optimal Higher than —5.15 Log cm/s); Madin-Darby canine
kidney (MDCK): low permeability: < 2 x 107® cm/s; medium permeability: 2-20 x 107 cm/s; high passive permeability: > 20 x 1076
cm/s; Pg-P Inhibitor: Category 1: Inhibitor; Category 0: Non-inhibitor; The output value is the probability of being Pgp-inhibitor, within
the range of 0 to 1. Human Intestinal Absorption: Category 1: HIA+(HIA <30%); Category 0: HIA-(HIA <30%); The output value is the
probability of being HIA+; F20% = 20% Bioavailability. Category 1: F20%+ (bioavailability <20%); Category 0: F20%- (bioavailability
>20%); The output value is the probability of being F20%-+.

In addition, the compounds were subjected to
Lipinski's rule of 5 and Pfizer's rule to determine
their drug-likeness. The predicted distribution and

excretion of the drugs in the human system are
presented in Table 9. Most compounds show
limited BBB penetration, with the highest being
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Table 8. Medicinal chemistry analysis of compounds prominently present in DoEF3 using ADMETLab 2.0.

Medicinal chemistry

S/N Compounds QED SAscore NPscore Lipinski rule Pfizer rule
1 Salicylic acid 0.61 1.425 0.139 Accepted Accepted
2 Gallic acid 0.46 2.095 0.981 Accepted Accepted
3 Phenylacetaldehyde 0.539 1.706 0.798 Accepted Accepted
4 2,5-Dimethylphenol 0.558 1.586 0.026 Accepted Accepted
5 2,6-Dihydroxybenzoic acid 0.559 1.972 0.622 Accepted Accepted
6 3-(4-Hydroxyphenyl) propionic acid 0.713 1.521 0.602 Accepted Accepted
7 16-Hydroxy hexadecanoic a cid 0.431 1.748 0.515 Accepted Rejected
8 Caffeic acid 0.472 2.035 1.124 Accepted Accepted

QED: Quantitative estimate of drug-likeness; Attractive: > 0.67; unattractive: 0.49 ~ 0.67; too complex: < 0.34; SAscore: Synthetic
accessibility score is designed to estimate ease of synthesis of drug-like molecules. SAscore > 6, difficult to synthesize; SAscore < 6,
easy to synthesize; NPscore: Natural product-likeness score. This score is typically in the range from —5 to 5. The higher the score is,
the higher the probability is that the molecule is a NP; Lipinski rule: MW < 500; logP < 5; H-acceptors <10; H-donors <5, If two
properties are out of range, a poor absorption or permeability is possible, one is acceptable; Pfizer Rule: logP > 3; TPSA <75
Compounds with a high log P (>3) and low TPSA (<75) are likely to be toxic.

Table 9. Distribution and excretion of compounds prominently present in DoEF3.

Distribution Excretion
S/N Compounds PPB (%) VD (L/Kg) BBB Penetration Fu (%) CL (mL/min/Kg) Tin
1 Salicylic acid 67.27 0.251 0.456 26.12 6.39 0913
2 Gallic acid 53.49 0.466 0.099 33.59 10.108 0.947
3 Phenylacetaldehyde 36.94 1.575 0.933 67.03 9.592 0.784
4 2,5-Dimethylphenol 84.00 1.406 0.744 12.74 15.302 0.853
5 2,6-Dihydroxybenzoic acid 81.44 0.325 0.139 21.56 5.018 0.915
6 3-(4-Hydroxyphenyl) propionic acid 68.09 0.213 0.093 21.67 13.199 0.894
7 16-Hydroxy hexadecanoic acid 96.65 0.496 0.523 1.405 2.877 0.757
8 Caffeic acid 87.70 0.37 0.119 11.07 10.108 0.947

PPB = Plasma Protein Binding (Optimal: < 90%). Drugs with high protein-bound may have a low therapeutic index; VD = Volume
Distribution (Optimal: 0.04-20 L/kg); Blood-Brain Barrier (BBB) Penetration Category 1: BBB+; Category 0: BBB- (The output value is the
probability of being BBB+); The fraction unbound in plasma (Fu) (Low: <5%; Middle: 5 ~ 20%; High: > 20%); CL= Clearance (High:
>15 mL/min/kg; moderate: 5-15 mL/min/kg; low: <5 mL/min/kg); T1/2 Category 1: long half-life; Category 0: short half-life; long half-
life: >3 h; short half-life: <3 h. The output value is the probability of having long half-life.

Table 10. Toxicity of compounds prominently present in DoEF3.

Toxicity
hERG AMES Skin
S/N Compounds Blockers H-HT DILI  Toxicity ROAT Carcinogenicity sensitizers DL
1 SalicylicaAcid 0.048 0594 0856 0.018 0.516 0.046 0.288 0.12
2 Gallic acid 0.017 0.433 0.852 0.053 0.03 0.024 0.871 -3.27
3 Phenylacetaldehyde 0.097 0.059 0313 0395 0.019 0.319 0.957 —1.44
4 2,5-Dimethylphenol 0.017 0.042 0.057 0.033 0.284 0.539 0.534 1.62
5 2,6-Dihydroxybenzoic acid 0.032 0505 0.869 0.118  0.123 0.152 0.409 -3.82
6 3-(4-Hydroxyphenyl) Propionic acid 0.035 0.153 0.049 0.029 0.565 0.458 0.285 —3.84
7 16-Hydroxy hexadecanoic acid 0.043  0.035 0.034 0.005 0.019 0.093 0.913 -1.56
8 Caffeic acid 0.018 0.73 0.365 0.183 0.833 0.233 0.942 —24.60

hERG Blockers Category 1: active; Category 0: inactive; The output value is the probability of being active; H-HT: Human Hepatotoxicity.
Category 1: H-HT positive (+); Category 0: H-HT negative (-); The output value is the probability of being toxic; Drug-Induced Liver
Injury (DILI) Category 1: drugs with a high risk of DILI; Category 0: drugs with no risk of DILI. The output value is the probability of
being toxic; AMES Toxicity. Category 1: Ames positive (+); Category 0: Ames negative (-); The output value is the probability of being
toxic; ROAT = Rat Oral Acute Toxicity. Category 0: low-toxicity; Category 1: high-toxicity. The output value is the probability of being
highly toxic; Carcinogenicity Category 1: carcinogens; Category 0: non-carcinogens; The output value is the probability of being toxic;
Skin Sensitizer; Category 1: Sensitizer; Category 0: Non-sensitizer; The output value is the probability of being sensitizer; DL= Drug
Likeness.



Table 11. Predicted ADME properties — metabolism.

EGYPTIAN JOURNAL OF BASIC AND APPLIED SCIENCES . 731

CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4 log Kp
S/N Compound name inhibitor inhibitor inhibitor inhibitor inhibitor (cm/s)
1 Gallic acid No No No No Yes —-6.84
2 2,6-Dihydroxybenzoic acid No No No No Yes —5.68
3 Salicylic acid No No No No No —5.54
4 Caffeic acid No No No No No —6.58
5 Phenylacetaldehyde Yes No No No No -5.77
6 2,5-Dimethylphenol Yes No No No No -5.39
7 3-(4-Hydroxyphenyl) propionic acid No No No No No —6.49
8 16-Hydroxyhexadecanoic acid No No No Yes No -3.99

CYP1A2: Enzyme Cytochrome P450 1A2; CYP2C19: Enzyme Cytochrome P450 2C19; CYP2C9: Enzyme Cytochrome P450 2C9; CYP2D6:
Enzyme Cytochrome P450 2D6; CYP3A4: Enzyme Cytochrome P450 3A4; log Kp: Skin permeation coefficient.

Phenylacetaldehyde (0.933), while others like gal-
lic Acid (0.099) and 3-(4-Hydroxyphenyl) Propionic
Acid (0.093) showed very low penetration. The
predicted toxicity properties covered a range of
essential endpoints, including AMES, hERG, H-HT,
AMES, ROAT, carcinogenicity, and skin sensitizer
(Table 10). The human hepatotoxicity prediction
revealed that all compounds are well tolerated
except caffeic acid, with a 0.73 (73%) probability
of being H-HT toxic. Salicylic acid, gallic acid, and
2,6-dihydroxybenzoic acid are mildly toxic with
a probability value of 0.594, 0.433 and 0.505,
respectively, of being H-HT toxic. A glance into
the rat oral acute toxicity test (ROAT) revealed
that caffeic acid is highly toxic, with a 0.833 prob-
ability of being highly toxic (Table 10). In this
study, most identified compounds are non-
inhibitors of CYP enzymes isoforms (Table 11).
Gallic acid and 2,6-dihydroxybenzoic acid are inhi-
bitors of CYP3A4, while phenylacetaldehyde and
2,5-dimethylphenol are inhibitors of CYP1A2. 16-
hydroxyhexadecanoic Acid is an inhibitor of
CYP2D6. In contrast, salicylic acid, caffeic acid,
and 3-(4-hydroxyphenyl) propionic acid inhibit

none of the isoforms of the CYP enzyme evalu-
ated in-silico.

The binding energies of all the eight com-
pounds identified in DoEF3, and metformin,
a standard drug on seven proteins related to
type 2 diabetes are presented in Table 12.
Among the docking results, the values of
binding energy ranged from -7.3 to —4.5
Kcal/mol. The binding affinity of caffeic acid,
—7.3 Kcal/mol, was the highest against 11f-
hydroxysteroid dehydrogenase type 1 (11f-
HSD1) (PDB ID: 1XU7) and Glutamine
Fructose-6-phosphate amidotransferase
(GFAT) (PDB ID: 27J4), which was the lowest
recorded binding energy, even when com-
pared with Metformin (-5.0 and -5.5 Kcal/
mol, respectively). Also, some compounds
such as gallic acid and 3-(4-Hydroxyphenyl)
Propionic Acid had low energy against their
various protein targets. Caffeic acid produced
the most potent inhibition against 113-HSD1,
with its phenyl group interacting with VAL
124 and ARG 66 residues of the protein via
pi-sigma and pi-alkyl bonds (Figure 5).

Table 12. Binding energy (kcal/mol) of identified compounds in DoEF3 of Daniellia oliveri to target proteins.

S/No. Protein PDB ID MET GA 2,6-D SA CA PAH 2,5-D 3,4-HPA 16-HHA
1 1XU7 -5.0 -6.3 —6.0 =57 -7.3 -4.9 —5.4 —6.3 =55
2 1232 =5.1 -6.1 —-6.1 -5.9 —-6.7 =52 -5.6 —6.2 =53
3 2ATI -5.0 -6.3 -5.8 -5.8 -6.3 =53 =59 -6.0 -6.0
4 2HNP -5.8 =56 -5.6 =53 -59 -4.8 =51 -5.4 —4.5
5 27J4 =55 -6.5 —6.5 —6.1 -7.3 -4.9 =55 —6.4 -5.0
6 3K35 =5.1 —6.6 -6.5 -6.3 =71 —6.1 -6.0 —6.6 6.1
7 4N8D -4.9 -6.5 -5.8 -5.9 -6.3 =53 =57 -6.0 -4.9
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Figure 5. 2-D interaction of caffeic acid with 11B- hydroxysteroid dehydrogenase type | (113-HSD1) (PDB ID:

1XU7).

Similarly, caffeic acid’s interaction with GFAT
was also remarkable. The caffeic acid’s
hydroxyl group interacted with the LYS 675,
GLN 421, and SER 422 via hydrogen bond,
while the ligand’s carboxyl group interacted
with THR 375 and SER 473 via conventional
hydrogen bonding and unfavorable donor-
donor bonds, respectively (Figure 6).

Discussions

Nature has endowed humanity with a wealth
of medicinal plants worldwide. Natural pro-
ducts have long been a valuable resource for
drug design and discovery, with their use tra-
cing back to ancient time [51]. However, sev-
eral tools are needed to identify the bioactive
principles responsible for the acclaimed activ-
ity of medicinal plants. Fractionating plant
extracts affords researchers the opportunity
of obtaining the bioactive molecules respon-
sible for therapeutic outcome. The in-vitro a-

glucosidase recorded as ICsy was used early in
the discovery process to evaluate the suitabil-
ity and performance of the fractions. ICso, also
called half-maximal inhibitory concentration,
is the most frequently used and informative
parameter for determining a drug’s efficacy. It
represents the amount of drug required to
stop a biological process completely, hence
providing a measure of an antagonist’s
potency in pharmacological research [52].
The lower ICsy recorded for DoEF3 among
others made it the best performing fractions
for further studies.

The 1C5o recorded for DoEF3 could be as
a result of its higher total phenolic content,
significantly higher than other subfractions. It
has been suggested that specific plant pheno-
lics, due to their structural properties, can inhi-
bit risk factors of Type 2 diabetes [53,54].
Dietary polyphenols have been reported as
inhibitors of diabetes mellitus by several
researcher [55-57].
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Figure 6. 2-D interaction of caffeic acid with glutamine fructose-6-phosphate amidotransferase (GFAT) (PDB ID:

27)4).

High-performance thin-layer chromatogra-
phy (HPTLC) fingerprint analysis has evolved
into a highly effective and powerful tool for
estimating chemical and biological markers
[58]. In our study, the HPTLC laid bare the pre-
sence of a known drug gallic acid, the chroma-
tographic fraction, DoEF3. Quality control is
a key consideration in the analysis of herbal
formulations. TLC fingerprinting is commonly
employed to establish the metabolite profile
of an extract, enabling its identification in the
future. To further identify the metabolites pre-
sent in the chromatographic fraction, HRLC-MS
was used. In this study, gallic acid, salicylic acid
and caffeic acid were among the prominent
compounds identified.

Gallic acid (GA) which is a naturally occur-
ring phenolic chemical is found in plants in
abundance, especially in tea leaves, grapes,
various berries and fruits, and wine [59,60].
GA has been reported to have anti-diabetic
activity in animal models with insulin defi-
ciency and insulin resistance [61]. As reported,
When GA extracted from Terminalia bellerica is

administered orally, it causes a dose-
dependent reduction in blood glucose levels.
In another research, GA (20mg/kg BW),
reportedly decreased blood glucose (81.8
mg/dL), total cholesterol, triglycerides, low-
density lipoprotein cholesterol, urea, uric
acid, and creatinine levels while significantly
boosting  plasma insulin  (16.3U/mL),
C-peptide, and glucose tolerance [62].
Additionally, the presence of GA in the sub-
fraction when checked using HPLC is
a testament of its marked antidiabetic effi-
cacy. Several other researchers have reported
gallic acid as a remarkable antidiabetic agent,
in addition to its anti-oxidative potential
[63-65].

Salicylic acid (SA), also known as ortho-
hydroxybenzoic acid, and its derivatives are
a class of phenolic compounds found in plants.
Salicylates generated from plants have been
used in medicine since antiquity [66]. Salicylic
acid is a potent inhibitor of oxidative stress. SA
interacted with hydroxyl radicals in granulo-
cytes, as demonstrated by Sagone and Husney
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[67]. Additionally, SA reportedly reduced super-
oxide anion radicals by inhibiting NADPH activ-
ity, which reduced reactive oxygen species
(ROS) in human endothelial cells in vitro [68].
Caffeic acid (CA) is a polyphenol formed during
the secondary metabolism of vegetables such
as olives, coffee beans, fruits, potatoes, carrots,
and propolis. It is the primary source of hydro-
xycinnamic acid in the human diet [69-71].
Various in vitro and in vivo studies have demon-
strated the numerous physiological benefits of
caffeic acid and its derivatives as an antidia-
betic, antioxidant, and cardioprotective
[72,73]. Dietary polyphenols, especially CA,
may inhibit a-amylase and p-glucosidase,
sodium-dependent glucose transporter 1
(SGLT1) absorption in the gut, promote insulin
secretion, and decrease hepatic glucose output
[74,75].

Medicinal chemists must access absorption,
metabolism, distribution, and excretion (ADME)
and physiochemical data early in the discovery
stage to avoid failure at the later stage of drug
discovery process including preclinical trials. By
utilizing rational drug design concepts, infor-
mation can be used to manufacture novel struc-
tural analogues that improve those features.
While it would be ideal for screening many
drug candidates using in vivo pharmacokinetic
tests, but it is unrealistic due to its fundamen-
tally slow, labor-intensive, and non-
automatable nature [76]. Therefore, the in-
silico model is needed to achieve much in
a short period.

Solubility determination of a potential
drug is an initial step, as poor solubility can
affect the subsequent ADME, hence the qual-
ity of pharmacokinetic predictions.
Physicochemical property such as drug'’s solu-
bility is strongly related to absorption, as only
soluble drugs may be absorbed via the gut.
A drug’s solubility is determined by its intrin-
sic properties (lipophilic or hydrophilic nat-
ure). While hydrophilic drug molecules are
easily soluble in bodily fluids, their penetra-
tion into the bloodstream is limited due to

the lipophilic character of the biological
membrane barrier, which restricts penetra-
tion, and vice versa for lipophilic drug mole-
cules [77,78]. The predicted absorption,
distribution, excretion, and toxicological ana-
lysis of the compounds of prominence in
DoEF3 are essential in drug discovery which
helps to make a rational decision on whether
inhibitors can be administered to a biological
system or not [79,80]. Membrane permeabil-
ity is a critical driver of drug absorption effi-
ciency and is the rate-limiting stage in oral
bioavailability, according to Lipinski et al.
[81]. Even in preclinical research, attention is
being paid to how membrane permeability
affects therapeutic efficacy [82].

Lipinski’s rule of 5 is a rule of thumb for
identifying an inhibitor's drug-likeness and
whether an inhibitor with specified biological
and pharmacological features would be an
orally active medication in the human body
[81]. When there are more than 5 h-bond
donors, 10 h-bond acceptors, the molecular
weight (MWT) is greater than 500 g/mol, and
the estimated Log P (CLogP) is greater than 5
(or MlogP > 4.15), ‘the rule of 5" indicates that
poor absorption or permeability is more
likely [81].

Several drugs are considerably restricted
from entering the fluid environment of central
nervous system (CNS) due to their inability to
pass the blood-brain barrier (BBB). The BBB is
usually assumed to be composed of a layer of
CNS capillary endothelial cells that is selectively
permeable [83]. The ability of a tiny molecule to
traverse lipid bilayers, such as those that make
up the GIT membrane, the BBB, and all cell
membranes, is also critical for medicine and
food distribution and elimination [84,85]. If the
hERG potassium channels are blocked, the QT
interval may be prolonged, leading to severe
cardiac adverse effects in clinical trials of poten-
tial drug candidates [86]. In the early stages of
drug discovery, AMES mutagenicity is
employed to assess possible teratogenicity
and genotoxicity.
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Additionally, acute oral toxicity and carcino-
genicity are the most concerning toxicological
endpoints for human health. In particular, car-
cinogenicity has led to the withdrawal of
numerous drugs from the market, including
canrenone and hexestrol [87]. Around 90% of
oxidative metabolic processes were catalyzed
by CYP enzymes, specifically isoforms 1A2,
2C9, 2C19, 2D6, and 3A4 [88]. According to
Cheng et al. [89], the more CYP isoforms inhib-
ited by a particular small molecule, the more
probable it will be implicated in drug-drug
interaction (DDI). The ADMET property of the
compounds predicts their druggability. The
ADMET property of the studied compoumds,
especially gallic acid [90], salicylic acid [91] and
caffeic acid [92] comforms with report of other
researchers. In our study, caffeic acid, gallic acid,
and salicylic acid performed positively to all the
ADMET tests, hence, potential antidiabetic
drugs.

The in-silico method allows for exhibiting
interactions and binding energies between
small molecules and proteins at the atomic
level. This enables the analysis of the behavior
of metabolites within the target protein’s bind-
ing site and provides insight into the potential
mechanism of action of the molecules [93]. The
11B-HSD1 enzyme catalyzes the conversion of
cortisone to cortisol in humans, available in the
brain, liver, and adipose tissues [94], leading to
the production of insulin resistance [95,96].
Hence, inhibition of 113-HSD1 is a viable ther-
apeutic target for the treatment of T2DM [97].
Hassan et al., [98] similarly highlighted the
docking potential of caffeic acid, among other
compounds identified in Carica papaya against
113-HSD1. Several reported ligand—protein
interaction studies have been carried out on
11B-HSD1 protein [99,99-101].

Amylase is found in human saliva and pan-
creatic secretions; the pancreatic and salivary a-
amylases have highly comparable basic struc-
tures and demonstrate a high degree of struc-
tural similarity [102,103]. Inhibiting the human
salivary a-amylase (HAS) is a therapeutic

strategy to slow down the rate of glucose meta-
bolism, thereby inhibiting hyperglycemia [104].
Due to its prominent role in the oral cavity, HSA
has been used as a target for the structure-
assisted design of compounds capable of pre-
venting the production of undesirable dental
plaque and the following process of dental car-
ies formation and progression. Understanding
the mechanism by which these inhibitors bind
to the enzyme should provide a rationale for
developing novel compounds with greater affi-
nity and specificity for HSA [104]. Our study on
HAS is corroborated by the study carried out by
Lolok et al., [105], who reported docking poten-
tials of some ligands against HAS proteins as
a promising target of type 2 diabetes.
Similarly, the inhibition of glycogen phos-
phorylase is a therapeutic strategy to control
the hallmark of type 2 diabetes [106,107].
Glycogenolysis, the process by which mono-
meric glucose is released from its polymeric
storage form, glycogen, is a significant contri-
butor to hepatic glucose output. The enzyme
that catalyzes this reaction is glycogen phos-
phorylase [106]. Hence, the inhibition of the
enzyme will slow down the release of mono-
meric glucose, which reduces the glucose out-
put. Protein tyrosine phosphatase-1B (PTP1B),
also acts as a negative regulator of the insulin
signaling pathways by dephosphorylating the
insulin receptor’s tyrosine and inhibiting the
insulin signaling cascade. Compounds or sub-
stances that inhibit PTP1B’s negative regulation
can induce the insulin pathway, hence aiding in
controlling diabetes mellitus [108]. The expres-
sion of specific PTPs in muscle and adipose
tissue is associated with the development of
type 2 diabetes [109]. The results from our in-
silico study suggest that the ligands, especially
caffeic acid, could improve glucose levels, insu-
lin metabolism, and fat accumulation by bind-
ing to this protein. As reported, molecular
docking of PTP protein with epigallocatechin
and caffeic acid extracted from Geranium colli-
num showed good binding energy [110]. The
same efficacy is being repeated in our study.
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Glutamine fructose-6-phosphate amido-
transferase (GFAT) is the rate-limiting enzyme
in the hexosamine biosynthesis pathway and
is involved in the pathogenesis of type 2
diabetes [111]. It controls glucose uptake
and catalyses the synthesis of glucosamine
6-phosphate. Thus, GFAT has been high-
lighted as a potential therapeutic target for
T2DM treatment. Sirtuin 6 (SIRT6) is one of
seven members of the mammalian sirtuin
family found in the nucleus and is involved
mainly in chromatin signaling and genomic
integrity regulation [112]. SIRT6 s
a worthwhile therapeutic target in the treat-
ment of type 2 diabetes. The molecular rea-
son for claiming that inhibiting SIRT6 may be
a promising strategy for treating T2DM is
that SIRT6 can restrict the expression of glu-
cose transporters GLUT-1, —4, and glycolytic
enzymes [113-115]. In the present study, all
the ligands docked against SIRT6 yielded low
energy, implying that they are potent inhibi-
tors of SIRT6 enzymes.

Regarding insulin secretion stimulation, one
of the targets of drugs for antidiabetic action is
the serine protease dipeptidyl peptidase-IV
(DPP-1V), as DPP-IV inhibition has been demon-
strated to be an effective treatment for T2DM
[116]. Natural DPP-IV inhibitors such as berber-
ine, a class of isoquinoline alkaloids, have also
been shown to be efficient in inhibiting the
DPP-IV enzyme [117]. The interactions between
our ligands and DPP-IV were remarkable.
Salicylic acid, caffeic acid, phenylacetaldehyde,
and 2,5-dimethylphenol have been found to
interact with the residues reportedly found in
the lipophilic ST binding pocket by Kuhn et al.
[118]. This implies that the compounds promi-
nently present in D. oliveri subfraction are
potential DPP-IV inhibitors.

Conclusion

Natural products remain an invaluable source
for drug discovery, with bioactive principles
playing a crucial role in therapy. Fractionation

and chromatographic analyses, such as HPTLC
and HRLC-MS, enabled the identification of
potent compounds like gallic acid, salicylic
acid, and caffeic acid, which exhibit significant
antidiabetic properties, in-silico. The in-silico
studies provided insights into the interaction
mechanisms of these compounds with key
enzymes such as 113-HSD1, PTP1B, and DPP-
IV, which are crucial for managing type 2 dia-
betes. Furthermore, ADMET profiling and
Lipinski's rule of 5 reinforced the drug-likeness
of the studied compounds, supporting their
potential as therapeutic agents. Rational drug
design strategies offer promising avenues for
developing novel diabetes treatments based
on these bioactive compounds. However,
further studies on the purification and clinical
trials of the lead compounds present in the
young leaves are still needed.
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