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ABSTRACT

Aim: In the present investigation, we have studied the inhibitory potential of a bioactive
compound isolated from Rhus tripartite on Glucokinase (GK), Dipeptidyl Peptidase-IV (DPP-IV),
alpha-glucosidase, and alpha-amylase enzymes. Materials and Methods: The plant leaves
were subjected to Soxhlet extraction followed by qualitative phytochemical screening and the
separation of active constituents by applying column chromatography. The obtained fraction
was subjected to spectral analysis to identify the compound. Molecular docking followed
by in vitro enzyme assays were used to study the inhibitory effect of the isolated compound.
Results: The plant leaves were used for the extraction, and the identified compound was
S-benzo[d]oxazol-2-yl 2-(piperazine-1-yl)ethanethioate, confirmed by spectral analysis. From
in-silico ADMET analysis, the isolated compound displayed most drug-likeness features, and in
molecular docking studies, it has developed many crucial hydrogen bonding and hydrophobic
interactions with enzymes (PDB IDs: 1V4S, 2P8S, 3BAX, and 3WY2). An in vitro enzyme assay
validated the virtual screening results of isolated compounds. Isolated compound at 250 pgm/
mL displayed 96.29+2.56, 89.23+2.1, 72.72+0.75, and 69.76+0.85% activity against GK, DPP-IV,
alpha-amylase, and alpha-glucosidase enzymes, respectively. Conclusion: Our study concluded
that DM could be treated using an isolated compound after further in-vivo and in-vitro studies.
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INTRODUCTION

Diabetes is associated with various clinical complications,
including cardiovascular disease, retinopathy, nephropathy, and
neuropathy.'” The problem of Type 2 Diabetes Mellitus (T2DM),
which affects people all over the globe, is becoming worse.
Diabetes has increased dramatically in the US and the Middle
East due to diet patterns, rapid development, and economic
growth. In 2013, the prevalence of DM in Saudi Arabia was 382
million, projected to be 592 million by 2035.

The current oral care medications for T2DM are designed to
lower the amount of glucose that is synthesized in the liver,
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increase the amount of glucose that is secreted, lower the amount
of glucose that is consumed, and raise the amount of glucose
that is used.*® Biguanides, sulfonylureas, thiazolidinediones,
meglitinides, and f-glucosidase inhibitors are the most frequent
medications used to treat T2DM. However, most of these
medications have common negative effects, such as weight gain
and hypoglycemia.”” Numerous new anti-diabetic medications
have been developed to overcome these side effects, including
11b-hydroxysteroid dehydrogenase 1 inhibitors, sodium-glucose
cotransporter 2 inhibitors, Dipeptidyl Peptidase IV (DPP-IV)
inhibitors, and glucagon receptor antagonists.'*!!

Inhibiting enzymes alpha-glucosidase and
alpha-amylase postprandial blood glucose
significantly and may thus be an effective blood glucose
management strategy for T2DM.'? DPP-1V inhibition has proven
to be a treatment for T2DM that is not only safe but also highly

successful and well recognized.**!* The enzyme Glucokinase

carbohydrate

reduces rise
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(GK) catalyzes the phosphorylation of glucose by serving as a
glucose sensor in B-cells of the pancreas.'>! It acts as a regulating
enzyme for glycogen formation and hepatic glucose clearance and
is responsible for keeping the glucose level inside cells stable.'”'®
GKAs have recently been shown to be of great benefit to people
who have type 2 diabetes, according to recent research.**

The hunt for novel pharmacologically active natural substances
for treating human ailments may lead to the development
of various clinically useful natural medicines. There exists a
need to discover and develop some novel anti-diabetic agents,
especially from natural sources, as they are significantly safer
than synthetic drugs. The genus Rhus is primarily found in
tropical, subtropical, and temperate zones. Rhus tripartite grows
wild in Saudi Arabia's Hail region. The Rhus tripartite plant
has been used in Arabian folk medicine to treat inflammatory
conditions and GI and CV disorders for centuries. Polyphenols,
flavonoids, proanthocyanidins, and other phytochemicals found
in Rhus species are extensively employed in contemporary
and traditional medicine. Antimicrobial, antitumorigenic,
antioxidant, hypoglycemic, and anticonvulsant properties have
been described for a Rhus extract. Given the crucial role of the
above enzymes in treating DM, we aimed to study the inhibitory
potential of a bioactive compound isolated from Rhus tripartite
on these enzymes through molecular docking followed by in vitro

enzyme assays.

MATERIALS AND METHODS

Collection of Plant Material and Authentication

The plants were identified, and fresh Rhus tripartite leaves were
collected in Saudi Arabia's northeastern Hail region in March
2021. For authentication, the plant herbarium was submitted to
the Department of Botany, Sri Venkateswara University, Tirupati,
India.

Chemicals, Reagents, and Instruments

All the required chemicals and reagents, i.e., methanol, ethyl
acetate, and sodium sulfate, were purchased and procured from
Lab Trading Laboratory, Aurangabad, Maharashtra, India. The
100183-SND 400 MHz NMR instrument was used to generate
'H and “C NMR graphs, whereas the LC-Ms Shimadzu Mass
spectrometer was used to get Mass spectra. Tetramethylsilane
(TMS) was used as an internal standard in NMR analysis.

Extraction and Isolation

The plant's leaves were left to dry naturally in the air at room
temperature so that they wouldn't lose too much of their chemical
components. The dried leaves were ground in a grinder to get
a course powder for extraction. 1000 gm of course powder was
extracted by Soxhlet apparatus using hydro-alcoholic solvents
(methanol: water, 70:30) until the completion of at least 10-15
siphon cycles. A dry extract weighing 267 gm (26.7%) was
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obtained by passing it through a Whatmann No. 1 concentration
filter while evaporating at 40°C in a rotary evaporator and
operating under decreased pressure. We calculated the percentage
yield using the weight of the plant materials after they had been
air dried and the amount of the extract produced after drying.

The 100 gm of the above dry extract was mixed with 500 mL
of distilled water and extracted with Ethyl Acetate (EtOAc) for
24 hr. The resulting extract was subjected to a second drying
process using anhydrous sodium sulfate. The EtOAc fraction was
concentrated at 35°C to get dry mass, which was then lyophilized
to make it a free-flowing powder, which was given the code
ETAF-1. A column made of borosilicate glass and measuring 30
centimeters in height was filled with silica gel before ETAF-1,
weighing 10 gm was placed into the column. In gradient elution
mode, the fraction was separated using mobile phases composed
of various solvents. The mobile phases were 100% ethyl acetate,
ethyl acetate: methanol (7:3), and 100% methanol. In the mobile
phase, the 12 sub-fractions were produced using ethyl acetate:
methanol (7:3). On these 12 fractions, TLC was performed
using silica gel H plates to yield a chemical that appears in
greater concentrations in the sub-fraction. In the TLC analysis
of the above fractions, it was observed that fraction number-08
displayed only a single spot after visualization; therefore, only
this fraction was subjected to further analysis. This isolated
compound was subjected to 'H NMR, C NMR, and Mass
spectrometry (LC-MS) analysis to elucidate the structure. After
confirming the structure of the isolated molecule, an in silico
ADMET analysis and molecular docking study were performed
on various enzymes.

Virtual Screening of Isolated Compound

Pharmacokinetics and toxicity predictions of an isolated
compound

ADMET properties play essential roles in discovering and
developing new drugs. The drug candidate should demonstrate
optimal ADMET characteristics at the therapeutic dosage. An
isolated molecule was investigated for its ADME profile as well
as its drug-likeness and toxicity criteria. Using the Swiss ADME
server, the Lipinski Rule of five (LRo5) and the pharmacokinetic
(ADME) characteristics of the isolated compound were studied.**
ProTox-II is a site that can be accessed without cost and is used
for making in silico toxicity predictions for novel derivatives. This
web server was used to predict whether the molecule is poisonous
or not (http://tox.charite.de/protox_IT).

Molecular Docking

When carrying out the molecular docking process, the software
programs Autodock Vina 1.1.2 and PyRx Virtual Screening Tool
0.8 from the Chimera version 1.10.2 and the Biovia Discovery
Studio were used. The structure of the isolated compound,
represented as an SDF file, was drafted using ChemDraw Ultra
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version 12.0, and the structures of the naturally occurring ligands
were obtained from the PubChem database maintained by the US
National Library of Medicine. Energy reduction was carried out
by using Universal Force Field (UFF).” The RCSB Protein Data
Bank was consulted to get the enzymes' three-dimensional crystal
structures (https://www.rcsb.org/). 3D ribbon view of selected
enzymes with Native Ligand (NL) in the cavity is illustrated in
Figure 1.

For molecular docking, the three-dimensional grid box of known
size (Alpha-amylase, size_x = 55.5421 A", size_y = 58.2603A°,
size_z = 39.9963A"% Alpha-glucosidase, size_x =25.0 A°, size_y
= 47.6775 A, size_z = 59.2180 A% DPP-IV, size_x = 67.1704
A°, size_y = 72.2455 A, size_z = 63.6575 A’ and GK, size_x =
67.1704 A%, size_y = 72.2455 A", size_z = 63.6575 A’ was adjusted
(to define area for interactions) with exhaustiveness value of 8.
There were active amino acid residues found by using the BIOVIA
Discovery Studio Visualizer. The complete molecular docking
technique, including identifying cavity and active amino acid

residues, was carried out using the strategy described by Khan
et al 3

In vitro Enzyme Assay

GK activation assay

Sigma-Aldrich was the vendor for the glucokinase enzyme
stearothermophilus. The
compound was put through an in vitro test to see whether or not it
was successful in the activation of GK. This test, known asan SC_|
test, evaluated the molecule's activity using a concentration of 50
uM across the board. An isolated compound was put through a
series of tests with varying concentrations ranging from 50 to 250
UM on a 96-well plate with a final reaction volume of 100 pl. As
the reaction mixture, we used the following components: 25 mM
Hepes with a pH of 7.5, 10 mM glucose, 1 mM ATP, 4 U/mL
G6PDH (Sigma-Aldrich), 1 mM NADP, 2.5 mM MgCl2, 50 mM
KCl, 2 mM DTT, 1 mM glucokinase, and the isolated compound.
The reaction mixtures were held at a temperature lower than

extracted from Bacillus isolated

Alpha amylase (PDB ID: 3BAX)

Alpha glucosidase (PDB ID: 3WY2)

Figure 1: Three-dimensional view of selected enzymes with NL in the cavity along with PDB IDs.
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37 degrees Celsius for twenty minutes. Kinetic analysis was
performed at a wavelength of 340 nm to follow the rate of rising
absorbance of NADPH that was liberated during the reaction. To
ascertain the values, a comparison was made between them and
GK, which had not been treated in any way. This aspect of the
stimulatory concentration (SC,) is known as its effectiveness.*>*

DPP-1V inhibition assay

The N-terminal dipeptidase serine protease is known as DPP-IV.
In this particular piece of research, an isolated compound was put
through an in vitro DPP-IV enzyme test. H-Gly-Pro-7-amino-4-
methyl coumarin, also known as H-Gly-Pro AMC, served as
a surrogate substrate to measure the level of DPP-IV activity.
Vildagliptin served as the standard. DPP-IV cleaves the peptide
bond, which causes the release of the AMC group. This results
in fluorescence spectrophotometrically measured at a wavelength
of 562 nm. The absorbance of the half-maximal inhibitory
concentration was determined. The process was done three times

in total.”

a-amylase and a-glucosidase inhibition assay

In the current investigation, the drug acarbose served as the
control. In a test tube, 1 mL of alpha-amylase and 1 mL of the
separated fraction were subjected to an incubation period of ten
minutes at 37°C. After the tubes had been pre-incubated, 1 mL of
a 1% (v/v) starch solution was added to each one, and the tubes
were then heated to 37°C for 15 min. After adding 2 mL of DNSA
reagent to halt the reaction, the mixture was heated in a boiling
water bath for 5 min, cooled, and diluted, and the absorbance was
measured using a spectrophotometer set at 546 nm (Shimadzu).
During the control procedure, no fraction could be separated.
Hence, the total enzyme activity was 100%. In order to conduct
an alpha-glucosidase inhibition experiment, the same technique
was repeated, but this time the absorbance was measured at 405
nm. The various isolated fractions and acarbose concentrations,
ranging from 2 mg/mL to 16 mg/mL, were measured.”
Alpha-glucosidase and alpha-amylase % inhibition by isolated
fraction and acarbose may be calculated:

Enzyme activity of control — Enzyme activity of extract |
X

% inhibition = -
Enzyme activity of control

RESULTS

The predicted and actual '"H NMR spectrum and structure are
illustrated in Figure 2. Predicted and experimentally obtained
BC NMRs of the isolated compound are exemplified in Figure
3, along with structure and numbering. The compound's mass
spectra are given in Figure 4, with fragment structure near the

obtained respective peaks.
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(A) S

Figure 2: 'H NMR spectrum of the isolated compound; A) Predicted '"H NMR
by ChemDraw Ultra 12.0; B) Experimental '"H NMR of the isolated compound.

B)

Figure 3: *C NMR spectrum of the isolated compound; A) Predicted *C NMR
by ChemDraw Ultra 12.0; B) Experimental *C NMR of the isolated compound.

The LRo5 and Veber’s properties of isolated compounds and NL
present in the selected crystal structures of enzymes are tabulated
in Table 1. The pharmacokinetics and drug-likeness of isolated
compounds and NL are given in Table 2. The acute toxicity of an
isolated compound was predicted and compared with NL. The
predicted acute toxicity of the molecules is illustrated in Table 3.

The docking scores, active amino acid residues, bond length,
and bond categories of isolated compound with all the selected
enzymes are tabulated in Table 4. The 2D- and 3D-docking
orientations of isolated compound with enzymes are exemplified
in Table 5.

DISCUSSION
Structural elucidation of the isolated compound
The different spectrums obtained experimentally were

compared with the spectrum of compounds suggested by
HR-MS analysis. From spectral data, the interpreted structure
was S-benzo[d]oxazol-2-yl 2-(piperazine-1-yl)ethanethioate; the
spectral data with compound structure is described below:

Mol. formula: C, \H,.N,O,S; mol. Wt.: 277 gm/mol; R value: 0.82.
Elemental analysis (calc.): C, 56.30; H, 5.45; N, 15.15; O, 11.54; S,
11.56.
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Figure 4: The mass spectra of the isolated compound.

SC50 value

Compound conc. (ugm/mL)
@
=]

GK activation %

Figure 5: GK enzyme assay of the isolated compound

'H NMR (400 MHz, DMSO-d,, chemical shift (ppm)): § 1.91 (s,
NH of diazine), 1.923 (s, protons of C, and C, ), 1.942, 1.948 (d,
protons of C_ and C,), 3.476 (s, protons of C)), 7.601, 7.619 (d,
protons of C, and C19)> 7.802, 7.857 (d, protons of C, and C,-

“C NMR (400 MHz, DMSO-d,, chemical shift (ppm)): 45.063 (C,
and C,), 56.890 (C, and C, ), 69.356 (C,), 110.008 (C,,), 119.893
(C,), 123.534 (C,), 124.098 (C ), 141.367 (C,,), 151.468 (C,)),
152.109 (C,)), 196.028 (C)).

MS: m/z 277.67, 279.12 (m+1), 127.01(fragment-1), 150.23
(fragment-2).

Pharmacokinetics and toxicity predictions of the
isolated compound

The investigation of ADME features of a novel compound helps
to study and explain how pharmacokinetic processes occur.
None of the molecules have disobeyed the LRo5 or the Veber
rule, as seen in Table , which indicates that these rules have been
followed correctly. Lipophilicity is a vital property determining
how a molecule functions inside the body. It is defined by
Log-P of the compounds, which assesses the permeability of
medicament in the biological system in order for it to reach the
target tissue.” The log P values of the isolated compound were
found to be 1.48, which indicates optimum lipophilicity. The fact
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that all of the molecules, including the isolated compound, had
a molecular weight of less than 500 Da demonstrates that they
are able to pass across biological membranes with relative ease
and facilitates active transport.” It has been discovered that the
Total Polar Surface Area (TPSA) and the number of rotatable
bonds are better able to differentiate between compounds that are
or are not active when taken orally. Veber's rule dictates that the
TPSA should be less than 140, and the number of rotatable bonds
should be less than 10. An isolated compound did not violate any
of the above-discussed rules.

These compounds' drug-likeness and pharmacokinetics features
were analyzed and modeled to optimize the molecules better.
The isolated compound showed no evidence of penetrating the
Blood-Brain Barrier (BBB), a desirable quality for a medicine
that will treat conditions other than those affecting the CNS. The
isolated compound's bioavailability and log Kp (skin penetration,
cm/s) values were within an acceptable limit. Isolated compound
displayed high GI absorption, whereas native ligands of 1v4s, 3bax,
and 3wy2 exhibited GI absorption. GI absorption is very crucial
for the development of oral dosage forms. An isolated compound
displayed CYP1A2 and CYP2C19 inhibitory potential, which
indicates that it might interfere with the metabolism of other
drugs, but fortunately, it did not show inhibition of CYP2C9,
CYP2D6, and CYP3A4. The isolated compound did not violate
any of the Ghose, Egan, and Muegge rules, which indicates it has
the most drug-likeness properties (Table ).

In acute toxicity predictions, isolated compound and native
ligands of 1v4s and 2ps8 fall in toxicity class IV, indicating that it
is harmful if ingested(300<LD, <2000). The native ligand of 3bax
fall in toxicity class V, which indicates that there is a potential
for damage if the substance is ingested (2000<LD, <5000).* The
native ligand of 3wy2 fall in toxicity class-VI, which indicates
non-toxic compounds. An isolated compound did not show
carcinogenicity, hepatotoxicity, immunotoxicity, cytotoxicity,
and mutagenic properties. The results of this virtual screening
encouraged us to the conclusion that an isolated chemical has
drug-like qualities. As a result, the compound was put through
molecular docking experiments to achieve a higher optimization
level.

Molecular docking

Molecular docking is a computational method that allows us to
digitally screen molecules to determine the ligand's preliminary
activity potential against biological targets. Here, we have
investigated the inhibitory potential of molecular docking on
a-amylase, a-glucosidase, DPP-IV, and GK, as these are essential
targets for developing novel anti-diabetic drugs. The binding
affinities of an isolated compound with all the enzymes with
crystal structures 1v4s, 2ps8, 3bax, and 3wy2 are discussed in the
below section. The isolated molecule had a binding free energy of
-5.8 kcal/mol when docked with 1v4s. Additionally, it formed one
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Compound codes

Isolated compound.

NL (1v4s)
NL (2ps8)
NL (3bax)
NL 3wy2)

Parameters

Pharmacokinetics

Drug-likeness

Parameters

LD, (mg/kg)

Toxicity class

Prediction accuracy (%)
Hepatotoxic (Probability)
Carcinogenic (Probability)
Immunotoxic (Probability)
Mutagenic (Probability)
Cytotoxic (Probability)

Table 1: Veber's rule and the LRo5 were computed for NLs and isolated compound.

Log P Mol. Wt.
1.48 277.34
2.29 349.41
3.29 419.37
-1.78 221.21
-2.16 180.16

LRo5
H BA.
HBD.
5 1
2
10 1
5
5

Violations

@ @ @ @ | @

TPSA (A2

83.67
139.37
59.97
119.25
110.38

Table 2: NL and isolated molecules' pharmacokinetic and drug-like features.

GI absorption

BBB permeation
P-gp substrate
CYP1A2 inhibition
CYP2C19 inhibition
CYP2C9 inhibition
CYP2D6 inhibition
CYP3A4 inhibition

Log K (skin permeation,
cm/s)

Ghose
Egan
Muegge

Bioavailability Score

Isolated compound.
High

Yes
Yes

0.55

NL (1v4s)

Low

Yes
Yes
Yes
Yes
Yes
-6.59

0.55

NL (2ps8)
High

Yes

Yes

Yes

-7.43

0.55

Veber’s rule

NL (3bax)

Low

Yes

0.55

Table 3: The estimated values of acute toxicity for native ligands and the isolated compound.

Isolated

compound.

1000
4

54.26

1A (0.65)
1A (0.59)
1A (0.97)
1A (0.59)
1A (0.75)

Where, IA: Inactive; A: Active.

Compound names

NL (1v4s)

1000
4

54.26

A (0.65)
A (0.56)
1A (0.83)
1A (0.53)
1A (0.71)

NL (2ps8)

1000
4

23

1A (0.59)
1A (0.51)
1A (0.65)
1A (0.54)
1A (0.66)
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NL (3bax)

5000
5
69.26

1A (0.72)
1A (0.71)
1A (0.99)
1A (0.72)
1A (0.69)

No. of
rotatable
bonds

4

— W W U

NL (3wy2)
Low

Yes

0.55

NL (3wy2)

23000

6

67.38

IA (0.98)
IA (0.82)
IA (0.99)
IA (0.81)
IA (0.87)
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Table 4: The molecular interactions of isolated compound with target enzymes.

Active amino acid residues Bond length (&) Bond type
1v4s

LYS296 1.83659 Hydrogen
GLY328 3.71871 Bond
GLU300 4.05797 Electrostatic
GLU300 4.3812

VAL277 5.20169 Hydrophobic
ARG327 5.2948

2p8s

HIS100 2.25273 Hydrogen
ASN92 2.32368 Bond

ILE102 3.98355 Hydrophobic
PHE95 5.19679

1LE102 5.01272

3bax

HIS201 2.55706 Hydrogen
GLU233 3.55406 Bond
GLU233 3.48394

GLU233 3.36948

TRP59 5.58568 Hydrophobic
TRP59 5.33456

TYR62 5.83625

LEU165 5.14923

LEU165 5.44646

3wy2

GLU283 2.32571 Hydrogen
HIS240 2.35562 Bond
ARG246 2.41067

VAL241 3.74246 Hydrophobic
VAL241 3.84853

ARG239 4.88229

conventional hydrogen bond and one carbon-hydrogen bond with
Lys296 and Gly328. Electrostatic interactions of the Pi-anion type
were observed between Glu300 and this compound. In addition,
it exhibited the pi-alkyl form of hydrophobic interactions with
Arg327 and Val277. It formed two conventional hydrogen bonds
with His100 and Asn92 and had a binding free energy of-7.1 kcal/
mol when interacting with 2p8s. In addition, it has established
hydrophobic interactions with Ile102 and Phe95 in the form of
pi-sigma and pi-pi T-shaped interactions. It had binding free
energy of -6.6 kcal/mol when docked with 3bax, and it generated
one conventional hydrogen bond and three carbon-hydrogen
bonds with His201 and Glu233. Electrostatic interactions of the
Pi-anion type were observed between Glu300 and this compound.

s448

Bond category Docking scores (Kcal/mol)

Conventional Hydrogen Bond  -5.8
Carbon Hydrogen Bond

Pi-Anion

Pi-Alkyl

Conventional Hydrogen Bond -7.1
Pi-Sigma

Pi-Pi T-shaped

Pi-Alkyl

Conventional Hydrogen Bond -6.6

Carbon Hydrogen Bond

Pi-Pi Stacked

Pi-Pi T-shaped

Conventional Hydrogen Bond  -5.5

Pi-Sigma
Pi-Alkyl

In addition, it demonstrated hydrophobic interactions of the pi-pi
stacked and pi-pi T-shaped types with Trp59, Trp62, and Leul65.
It established three conventional hydrogen bonds with Glu283,
His240, and Arg246 and displayed a binding affinity of -5.5 kcal/
mol with 3wy2. Pi-sigma and Pi-alkyl interactions were created
between it and Arg239 and Val241. From docking investigations
it was observed that -NH group is playing crucial role in the
formation of close bonds with the targets.

GK enzyme assay

Invitro GK enzyme assay revealed that isolated compound exhibit

optimum GK activation potential in a dose-dependent manner
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Table 5: The 2D- and 3D molecular postures of the isolated compound.

2D-binding orientations 3D-binding orientations
1v4s

ARG (B0

A:327 {309

5.29 4.064.38

GLY

VAL A:328
A277 .

3bax

TR ’
LEU |
A:165 A59 2.

5.84s5515 5.87
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Table 6: The % of enzymes alpha-amylase and alpha-glucosidase that were inhibited by the compound.

Concentrations (pgm/ Isolated compound Acarbose
mL) % inhibition % inhibition
alpha-amylase alpha glucosidase alpha amylase alpha-glucosidase

50 NA* NA* 32.93+0.80 30.63+0.83

100 23.36+0.33 20.96+0.43 48.83+0.34 47.33+£0.54

150 41.53+0.41 38.83+0.71 72.74%0.82 67.78+0.89

200 58.87+0.24 52.37+0.94 89.71+0.95 85.61+0.92

250 72.72+0.75 69.76+0.85 97.42+0.92 98.92+0.82

(Figure 5). It displayed maximum GK activation at 250 ugm/mL,
ie., 96.2942.56%.

DPP-IV enzyme assay

DPP-IV enzyme assay revealed that the isolated compound
demonstrated comparative activity with standard drug sitagliptin
at different concentrations (50-250 ugm/mL, Figure 6). Isolated
compound displayed 89.23+2.1% inhibition at 250 pgm/mL
concentration, whereas sitagliptin showed 99.92+1.12% at the
same concentration.

DPP-IV enzyme assay

E h
50 100 150 200 250

Concentration (ugm/mL)

% inhibition
D OE o » o D
o & 5 & &8 8 &
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Figure 6: DPP-IV enzyme assay of the isolated compound.

alpha-amylase and alpha-glucosidase enzyme assay

Table 6 is a tabulation of the percent inhibition of the alpha-
amylase and alpha-glucosidase enzymes. Acarbose was used as
a control so that the inhibitory effects of the isolated compound
could be compared to those of a known compound. The results
showed that the isolated compound stopped the alpha-amylase
and alpha-glucosidase enzymes from working very well. The
isolated compound at 250 pgm/mL displayed 72.72+0.75 and
69.76+0.85, inhibiting alpha-amylase and alpha-glucosidase
enzymes, respectively. The most interestingly isolated compound
was not active at 50 ugm/mL of concentration against both
enzymes.

CONCLUSION

Scientists have found that chemicals made from plants can be used
in different ways in medicine, pharmacy, and general biology.
These compounds come from a wide variety of plant sources.

S$450

Researchers have predicted that screening natural resources
would create new lead' compounds due to the immense structural
variety of natural goods and the relevance of natural products
to the pharmaceutical industry. It is well known that structural
analogs with higher pharmacological activity and fewer adverse
effects may be formed by modifying the functional groups of such
lead compounds at the molecular level. Compounds obtained
from a wide variety of natural product sources have served as
the foundation for creating therapeutically relevant drugs that
are active against various disorders. Given the crucial role of
GK, DPP-1V, alpha-amylase, and alpha-glucosidase enzymes
in treating DM, we aimed to study the inhibitory potential of
a bioactive compound isolated from Rhus tripartite on these
enzymes through molecular docking followed by in vitro enzyme
assays. The identified compound was S-benzo[d]oxazol-2-yl
2-(piperazine-1-yl)ethanethioate, which was confirmed by spectral
analysis. The present compound demonstrated excellent activity
and displayed the most drug-like properties. From the present
investigation, we concluded that isolated compounds could be
used clinically to treat DM, but before that, numerous clinical
data points need to be generated from many in vivo and in vitro
models. Also, one can consider this nucleus as a lead molecule for
the further development of novel anti-diabetic compounds.
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SUMMARY

The Glucokinase (GK), Dipeptidyl Peptidase-IV (DPP-1V),
alpha-glucosidase, and alpha-amylase enzymes play an important
role in the treatment of Type 2 Diabetes Mellitus (T2DM). Given
the crucial role of the above enzymes in treating DM, we aimed
to study the inhibitory potential of a bioactive compound isolated
from Rhus tripartite on these enzymes through molecular
docking followed by in vitro enzyme assays. The plant leaves
were used for the extraction, and the identified compound
S-benzo[d]oxazol-2-yl  2-(piperazine-1-yl)ethanethioate,
confirmed by spectral analysis. From in-silico ADMET analysis,
the isolated compound displayed most drug-likeness features,
and in molecular docking studies, it has developed many
crucial hydrogen bonding and hydrophobic interactions with
enzymes (PDB IDs: 1V4S, 2P8S, 3BAX, and 3WY2). An in vitro
enzyme assay validated the virtual screening results of isolated
compounds. Isolated compound at 250 pgm/mL displayed
96.29+2.56, 89.23+2.1, 72.72+0.75, and 69.76+0.85% activity
against GK, DPP-IV, alpha-amylase, and alpha-glucosidase

was

enzymes, respectively.
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