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To investigate the anti-hyperglycemic activity potential of a hyperoside
flavanoidal glycoside isolated from Rourea minor in vitro. The study design
entails the preparation of Rourea minor ethanol stem extract, investigation of
its extractive values, total flavonoid content, total phenolic content, high-
performance thin layer chromatography, gas chromatography, isolation and
characterization of flavanoidal glycosides, cytotoxicity testing, a cell-line
study, in vitro anti-hyperglycemic activity, and molecular docking analysis
using Dipeptidyl-peptidase-1V. The Rourea minor ethanol extract has a high
percentage yield (25%). Based on the results obtained from the extractive
values, Rourea minor ethanol extract had the highest (62.6 mg/QA) total
flavanoidal content. The phytochemical screening revealed that all of the
samples contained phenols, flavonoids, and glycosides confirmed by the thin-
layer chromatography results (R¢0.66). The gas chromatography identified 15
compounds. The isolated compound from Rourea minor ethanol extract was
separated, and the spectra of these fractions with comparable R¢(0.66) values
matched those of the drug, hyperoside (C21H20012). Hyperoside inhibited the
enzymes a-amylase, a-glucosidase, and Dipeptidyl-peptidase-IV in vitro while
also acting as an anti-hyperglycemic. As a result, using Auto Dock 4.2 software,
the presence of hyperoside bound to the Dipeptidyl-peptidase-1V protein was
detected at -6.97 kcal/mol. These findings revealed that Rourea minor has an
anti-hyperglycemic effect.
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Introduction

Diabetes symptoms harm a patient's quality of life
in terms of their social and psychological well-
being as well as their physical health [1, 2]. Species
of the genus Rourea are known from the Amazon,
the Pacific, Africa, and Asia. Some Rourea species
are poisonous, whereas others are frequently
utilized in traditional medicine. Various studies
have suggested Rourea spices as an anti-
hyperglycemic agent. Although they are widely
used in ethnomedicine, there are few scientific

studies on their chemical ingredients and
biological activity [3].
Rourea  minor (Gaertn.) Alston (family

Connaraceae) can be found all across Southeast
Asia. They have simple, alternate, spiralling leaves,
12-15 m tall, with petioles of about 2-3.5 cm long
and lamina of about 12-30*3-6 cm. The leaves are
oblanceolate or obovate-oblong, gradually
tapering downwards at the base, abruptly
acuminate at the apex, and entire [4]. Two
glycosides, rourinoside, and rouremin glucosides
are produced by chloroform extraction of the stem
of R. minor [5]. R. minor stems are utilized to
detect compounds of bergenin and catechin [6]. A
methanol extract from the stem bark of R. minor
was used to create silver nanoparticles [7]. The
roots and twigs are used to make the bitter tonic
and uterine tonic, which are used to treat
rheumatism, scurvy, diabetes, and pulmonary
problems [8]. However, there has not been any in
vitro anti-hyperglycemic activity study carried out
on the young stem of the plant [9] demonstrated
that alpha-amylase catalyzes the breakdown of
maltotriose and oligosaccharides as starch is
hydrolyzed into a combination of smaller
oligosaccharides, including maltose. These
molecules are converted into glucose by the
enzyme alpha-glucosidase, which is then absorbed
into the bloodstream [10]. Increased alpha-
amylase and alpha-glucosidase activity, which can
harm beta cells and reduce insulin synthesis and
glucose uptake, are the causes of post-prandial
hyperglycemia [8]. The digestion of these enzymes
is suppressed at the same time that the
metabolism of carbohydrates is slowed down;
increasing the digest
carbohydrates, glucose

time it takes to

resulting in lower

absorption rates and post-prandial blood glucose
[11].  Therefore, slowing
carbohydrate digestion by inhibiting alpha-
amylase and alpha-glucosidase is a significant
target for type 2 diabetes mellitus treatment. The
flavonol glycoside hyperoside is present in various
plant-based foods [12, 13]. There are several
names for quercetin 3-0-D-galactoside. From
medicinal herbs, Hypericum perforatum [14],
Crataegus  davisii  [15], and  Divaricate
saposhnikovia [16] have all isolated.
Hyperoside is linked to anti-inflammatory, anti-
diabetic, anti-viral, anti-fungal, and anti-oxidant
therapeutic potentials [17]. The present study was
aimed at investigating the phytochemical
constituents, isolating, and characterizing
hyperoside from an ethanol extract of Rourea
minor stem, investigating the in vitro anti-
hyperglycemic activity, and docking analysis.

levels down

been

Materials and Methods
Plant material and Authentication

Healthy R. minor stems were obtained in Kerala in
February. The plant identified
authenticated by Professor. P. Jayaraman in the
Department of Pharmacognosy with the
verification voucher number PARC/2020/4367.
The remaining stem pieces were dried in the sun,
ground into a coarse powder, and used for the
study.

was and

Instrument required

The Kohler melting point instrument was used to
record the melting points. On a Perkin FTIR
spectrophotometer 1650, IR spectra
collected using a KBr disk. H-NMR spectra were
acquired at 500 MHz on a JEOL spectrometer with
DMSO0-d6 as the solvent. A JMS-T 100 LC Mass
Spectrometer from JEOL-Accu TOF was used to
obtain mass spectra. Silica gel 100-200 mesh
(Merck) was used for column chromatography,

were

while silica gel 60PF254 was used for thin-layer
chromatography.

Chemicals, assay kits, cell lines, media, and reagents

Reagents and enzymes were purchased from the
Hi media laboratory in Chennai, India. Highveld
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Biological in South India provided the HepG; liver
cells. Sigma Aldrich in South India provided MTT,
which is used in the Eagle's basic fundamental
medium (EMEM). Any remaining reagents used in
this study were purchased from Sigma.

Determination of the extractive values

Each of the six glass-stoppered dry conical flasks
was filled with 4 g of stem powder. One hundred
milliliters (100 mL) of various solvents, such as
benzene, water, petroleum ether, ethanol, ethyl
acetate, and methanol were used to macerate the
stem powder for 6 hours with intermittent
stirring. After that, the mixture was left for 18
hours before being filtered to a volume of 25 mL.
Thereafter, the filtrate was transferred to a flat-
bottomed, empty porcelain dish that had been
coated with tar. After being evaporated to a dry
condition, the residue was dried for six hours at
105 °C, cooled for 30 minutes in a desiccator, and
weighed. The percentage (%) yield of the different
extracts was estimated using the formula [18].

(W1 -wW2)
Weight of plant powder taken

% extractive value (w/w)

X 100

Preparation of Rourea minor stem extracts

With increasing polarity, different organic
solvents such as petroleum ether, ethyl acetate,
and ethanol were used to extract the stem powder
(60 g). The extraction procedure was carried out
three times. Most of the solvent was evaporated
under reduced pressure in the rotary evaporator
(60 °C). A dark greenish-brown semisolid ethanol
extract weighing 10 g was obtained.

HPTLC fingerprinting analysis

By heating 1 gm of the ethanol extract of stems for
10 minutes at 50-550 °C, 1 g of ethanol extract of
stems is dissolved in 10 mL of methanol. The
extract is filtered before being applied to
aluminum monuments (20 x 10 cm) precoated
with silica gel 60 F254 from Merck labs. The
mobile phase (Chloroform: Ethyl acetate: Formic
acid (5:4:1) is saturated using the Whatman
filterer paper lining in the Camag twin trough
chamber (20 x 10 cm). Using a Linomat V
applicator and a Hamilton syringe, a total of 30 pl

of ethanol extract solution was applied as an 11.6
mm band. In a twin trough chamber containing the
mobile phase, the applied plate was developed.
The plate was designed with a 76.5 mm migration
distance in mind. It was then scanned with
Deuterium and Tungsten lamps at all wavelengths
between 254 and 365 nm, and photo documented
with Reprostar.

Determination of total flavonoid content

The total flavonoid content (TFC) of the Rourea
minor ethanol extract (RMEE) was determined
using the aluminum chloride colorimetric assay
[19]. A high percentage yield of ethanol extract
from the subsequent solvent extraction was used
in this analysis. A standard solution of the filtrate
or a 1 mL aliquot of the RMEE was added to an
empty, tarred, flat-bottomed porcelain dish, and
evaporated to a dry state. Then, the residue was
allowed to dry for six hours at 105 °C before being
cooled for 30 minutes in a desiccator and weighed.
Using a formula, the percent yield of various
extracts was taken into account. Quercetin (20, 40,
60, 80, or 100 pg/mL) was added to a 10 mL
volumetric carafe that contained 4 mL of purified
water. After another 5 minutes, 0.30 mL of 5%
NazNO; and 0.3 mL of 10% AlICl; were added to the
flask. An aliquot of 5 mL 1 M NaOH was added, and
the solution was increased to 10 mL using purified
water. After blending the mixture, the absorbance
at 510 nm was measured on a UV-visible
spectrophotometer (thermos fisher scientific,
Chennai). The TFC was expressed as mg of
quercetin equivalent (QE). The measurements
were made in triplicate.

Estimation of total phenolic content

The Folin-Ciocalteu examiner was used to control
the level of total phenolic content (TPC) [19].
Gallic acid (20, 40, 60, 80, or 100 pg/mL) was
added to a portion of RMEE concentrate (1 mL) in
a 25-mL volumetric carafe containing 9 mL of
sterilized water. An aliquot of 1 mL of Folin-
Ciocalteu reagent was added to the solution, and
then stirred. After 5 minutes, 10 mL of 7% Na;CO3
was added to the solution. Then, the volume was
increased. After incubation for 90 min at ambient
temperature, a UV spectrophotometer was used to
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measure the wavelength at 550 nm on a UV-visible
spectrophotometer (thermos fisher scientific,
Chennai). The amount of total phenolic content
was estimated by using gallic acid equivalent
(GAE).

triplicate.

The measurements were made in

Isolation of active constituents

The RMEE was dissolved in methanol before being
adsorbed on silica gel with a mesh size of 100-
200. It was poured into a column made of silica gel
(100-200) that had been manufactured with
hexane and the solvent was evaporated. Hexane
was used to elute the column, followed by a steady
increase in polarity using hexane: ethyl acetate
(95:5, 90:10, 80:20, 70:30, 60:40, 50:50, 30:70,
and 20:80) and finally with 100% ethyl acetate. To
elute the column, a mixture of ethyl acetate and
chloroform (90:10, 80:20, 70:30, 60:40, 50:50,
30:70, and 20:80) was used, followed by 100%
chloroform. A total of 89 fractions were collected.
Thin-layer chromatography was used to monitor
the fractions, and similar fractions were found in
fractions 72-79 (compound 1). The fractions with
similar R values were pooled together, and the
solvent was evaporated under a lower strain. As a
result, fractions were stored at room temperature
for an overnight period after being decolored with
charcoal (activated) in hot methanol. Analysis of
melting point, mass spectra, FT-IR, 13C-NMR, and
1H-NMR spectra of the resultant solid were
performed [20].

Gas chromatography

A GC-MS evaluation was carried out on the stem
ethanolic extract of R. minor. The identification of
pharmacologically natural chemical
compositions is done using this method. The

active

experiment was carried out with Agilent (GC-MS
QP2022) equipment included an autosampler and
a gas chromatograph (GC-MS) apparatus. It
functioned under the following circumstances:
Column Elite-1 (300.25 mm ID X 1EM df, 100
percent dimethyl polysiloxane), a fused silica
capillary column, was used in electron impact
mode at 70e V. The carrier gas was helium (99.999
percent) gas, with a continuous flow of 1 mL/min
and an injection volume of 1 pL. (split ratio of

10:1). The injector and ion source were kept at
240 °C, respectively. The oven temperature was
set to 70 °C (isothermal for 2 minutes), then
increased by 10 °C per minute to 300 °C per
minute [21], ending with a 9-minute isothermal at
300 °C. The scan range was 40-100 m/z, and the
mass spectra were obtained at 70 Ev. The MS start
time was 5 minutes, the MS finish time was 35
minutes, and the solvent cut time was 5 minutes.
The temperature of the ion source was 200 °C,
while the temperature of the interface was 240 °C.

Cell culture maintenance

At 37 °C, all cell cultures were cultured in an
environment that was humid and comprised 5%
CO;. Every 2-3 days, HepG; prison cells were
replenished with new ones with development
growing media, which consisted of RPMI 1640
standard accompanied by 10% foetal calf serum.
After attaining 90% confluence, all cell lines were
sub-purified.

Cytotoxicity assay

The cytotoxicity experiments were performed
using Mosmann's [22] approach with minor
modifications. For the time being, HepG: liver cells
were grown in plates (96 wells) with a capacity of
100 pL at a bulk of 8000 per-well cell count, and
the cells were allowed to combine before each well
received 100 liters of plant extract at various
doses (50 g/mL, 100 g/mL, and 200 g/mL).
Instead of 48 hours of heating, the spent media
was taken out of the cells and stored at 37 °C by
aspiration, and 100 plL of EMEM mixture
containing 10% FCS and 0.5 mg/mL MTT was in
used and cultured for another 3 hours at 37 °C.
After suctioning the media, the MTT valuable
stone was destroyed in 10% of DMSO (100 pL) to
dissolve in the cells. The formazan jewels were
framed. A microplate peruser was used to examine
the absorbance at 540 nm Multiscan MS, Lab
system). The plant separate's cytotoxic effect was
represented as a level of control (medium alone).

(OD of test — OD of control)

x 100
0D of test

% of inhibition =

HepG; Cell' glucose absorption: An experimental
procedure
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The approach described in Van de Venter's
description [23] was used to limit glucose
consumption in HepG: cells. HepG. cells were
extracted with CO; and suspended in a new
development medium with trypsin (0.25%) in
phosphate-supported saline, and grown for three
days at 37 degrees Celsius with 5% CO; in a 96-
well culture plate at a thickness of 4000 cells per
well. Two lines without cells were also introduced
to function as blanks. On the third day after
sowing, the plant (10 pL) ethanol extract with a
fixation fraction of 25-100 pg/mL was put into
each well without altering the medium. The
discarded cultural media aim was replaced after
48 hours with a 25-pL incubation buffer (RPMI
mode attenuated with PBS, 0.1 percent BSA, and 8
mm glucose) and incubated for 3 hours at 37 °C.
Positive controls included Berberine (0.1 pg/mL)
with metformin (0.1 pg/mL) and (18 pg/mL). The
negative control consisted of just the incubation
buffer and no extract (untreated). To evaluate
glucose centralization in the medium, each well
received 10 liters of culture broth. After brooding,
the culture was relocated to a plate with 96 wells
labelled with glucose oxidase reagent (200 pL) to
evaluate glucose centralization in the medium. At
37 °C, after 15 minutes of hatching, the measure of
glucose used was determined as the contrast
between the wells with and without cells. The
level of glucose use was determined to correspond
Using the MTT
measurement, cell practicality in the delegate is
still up in the air. Through a Multiscan (MS)
microtiter plate peruser, the absorbance was
determined at 492 nm. The difference between the
cells with and without them was used to estimate
the glucose concentration. The amount of glucose
ingested was assessed in contrast to the untreated
controls. Using the MTT measurement, cell
practicality in the delegate is still up in the air.

to the untreated controls.

(OD of test — OD of control) 1

P t of inhibition = * 100
ercent of inhibition 0D of test

In vitro anti-hyperglycemic activity testing using
alpha-amylase inhibition assay

A slightly modified standard protocol was used to
determine the test's
activities by RMEE,

a-amylase inhibiting

and R minor isolated

compound (RMIC) [24]. To perform this assay,
100 pL (0.1 mg/mL) of the a-amylase solution was
pre-incubated for 15 minutes at 37 °C with
different concentrations of the test (10, 20, 40, 80,
160, or 320 pg/mlL), reference control (no
standard/test), and standard (acarbose) samples.
A 100 pL solution of starch was added to initiate
the reaction, and it was incubated at 37 °C for 60
minutes. An aliquot of 10 uL HCL (M) and 100 pL
iodine reagent was added to the test tubes. The
absorption level of the mixture was measured at
565 nm and a-amylase inhibitory activity was
measured using the formula [21]:

(OD of test — OD of control)
OD of test

Percentage inhibition = x 100

The measurements were made in triplicate.

In vitro anti-hyperglycemic activity testing using
alpha-glucosidase inhibition assay

The a-glucosidase activity of the test sample,
RMEE, and RMIC (hyperoside) was measured. The
glucopyranoside-containing p-nitrophenyl
(pNPG) substrate solution was made using the
enzyme a-glucosidase in a 100 mM phosphate
buffer at pH 6.8. An aliquot of 200 uL of o-
glucosidase was pre-incubated, and extract
fixations of 10, 20, 40, 80, 160, and 320 pg/mL
were utilized. After that, the reaction was initiated
with 400 pL of 5.0 mM (pNPG) as a substrate that
had been liquified in 100 mM of phosphate buffer
(pH 6.8). With the addition of 1 mL of 0.1 M
Na;CO3, the reaction was terminated after 20
minutes at 37 °C. The yellow reaction mixture, 4-
nitrophenol, generated by pNPG was measured
using a UV-VIS spectrophotometer at 405 nm.
Voglibose was used as a positive control, and the

inhibitory  impact of «-glucosidase was
determined with the formula [25]:

o (Abs Control — Abs Sample
Percentage inhibition = x 100

Abs Control

The measurements were made in triplicate.

Assay to inhibit DPP-IV

The DPP-IV restraint test was done by the
technique described by Al-masri with a slight
change. Momentarily, 35 pL of RMEE and RMIC
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(10, 20, 40, 80, 160, and 320 pg/mL), (di-protein
A; 10, 20,40, 80,160, and 320 pg/mL) was applied
to 15 pL of DPP-IV chemical arrangement (50
U/uL in the barrier of tris) in a separate plate with
96 wells with its wells. The addition of 50 uL of 20
mM NA (Gly-Pro-NA) as the basis for the response
was started with the addition of the barrier of tris
after 5 minutes of hatching at 37 °C, and the
response was further brooded for 30 minutes at
37 °C. Following the incubation period, 25 pL of
25% was added to an acid solution to inhibit the
response, and at 410 nm, the absorbance was read.
A clear and a test clear were made by substituting
35 ul of a barrier for plant concentrate and 15
liters of support as an alternative to the catalyst.
The rate restraint was determined using the
accompanying equivalence [26]:
(OD of test — OD of control)

% of inhibition = OD of test X 100

Docking analysis

The protein data bank of the research
collaborative for structural bioinformatics hosted

the crystal structure of DPP-IV (PDB ID: 4EWA).
The DPP-1V structure was cleaned up before the
docking simulation by eliminating the water,
ligand, and other unimportant small molecules;
adding hydrogen atoms and charges; and fixing
residues. The PubChem database mol2 formats of
the tested flavanoidal glycoside (hyperoside)
were obtained, and the structures were prepared
by reducing energy, eliminating water, adding
atomic charge, designating an atomic type, and
making all flexible bonds rotatable. Using the Auto
Dock 4.2 program, molecular docking simulations
were run as well as the docking model of a
complex with binding energy for hyperoside. The
relationship between the hyperoside and DPP-1V
was visualized with pymol software.

Results and Discussion

Extractive values

The extractive values for benzene, ethyl acetate,
water, petroleum ether, methanol, and ethanol
soluble are all listed in Table 1.

Table 1: The extractive values for Rourea minor extraction with various solvents

Extract Colour % yield (w/w)
Benzene Brown 2%
Ethyl acetate Light yellow 4%
Water Brown 8 %
Petroleum ether Light yellow-green 12 %
Methanol Yellowish-brown 15 %
Ethanol Dark greenish brown 25%

HPTLC report

The ethanol extract of stems was subjected to
HPTLC analysis. At Rrof 0.19, 0.29, 0.32, 0.36, 0.40,
0.43, 0.48, 0.50, 0.53, 0.57, 0.60, 0.62, 0.65, 0.67,
and 0.71, stem  extract eluted 15
phytoconstituents, the most prominent spots are
at Rf 0.19, 0.32, 0.48, 0.50, 0.53, 0.60, 0.65, and
0.71, while others are less prominent under 254
nm. All of the spots are brown-dark green under

UV 254 nm, but the spots at Rf 0.47 fluoresced buff
green with the standard under UV 365 nm. Blue
fluorescence was seen at Ry 0.02, 0.06; dark
pinkish blue fluorescence was seen at R¢0.11, 0.23;
pink fluorescence was seen at R¢ 0.46; dull red
fluorescence was seen at R 0.53 and 0.70, and
pale-yellow fluorescence was seen at R¢ 0.60.
Peaks at R 0.31, 0.39, and 0.66 were prominent in
the stem extract, as indicated in Table 2 and Figure
1.
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Table 2: HPTLC Fingerprints of R. minor stem ethanol extract

HPTLC effect on ethanol extract from stems
Peak Maximum Rf Area (AU) Percentage area (%)
1 0.19 302.6 3.903
2 0.29 440.3 5.69
3 0.32 373.4 4.82
4 0.36 462.2 5.97
5 0.40 93.4 1.20
6 0.43 1193 15.43
7 0.48 949.7 12.28
8 0.50 5149 6.66
9 0.53 1438.6 18.61
10 0.57 361 4.65
11 0.60 575.9 7.45
12 0.62 238.5 3.08
13 0.65 407 5.26
14 0.67 177.5 2.29
15 0.71 2149 2.77
Track ID: 262-18 -
Date 1808 21 10 32 51
- A

o -
.

Figure 1: Stem ethanol extract

The total flavonoid and phenolic contents of Rourea
minor ethanol extract

The standard calibration equations for total
flavonoid content were reported in terms of
quercetin equivalent as y = 0.0259x + 0.3285, R2 =
0.9599 with a mean value of 62.6 mg of
quercetin/g of dry extract, as displayed in (Figure
2).

The total phenolic content was presented in terms
of gallic acid equivalenty = 0.0213x + 0.1288,R2 =
0.9476) with a mean value of 43.9 mg of gallic
acid/g of dry extract.

Active phytochemicals in Rourea minor ethanol
extract

When Rourea minor ethanol extract was
separated, the spectra of these fractions with
comparable R¢ (0.66) values matched those of the

drug, hyperoside.

Mass spectrum

Some of the active phytochemicals discovered in
the ethanol extract of Rourea minor include
C21H20012, EI-MS m/z: 465.1 [M+H] +, 487.09 [M+
Na] +, as shown in (Figure 3). The compounds
were pale yellow solids with a melting point of
232-234 °C.

1H-NMR (DMSO-ds) ppm

12.62 (1H, s, -OH), 9.69 (1H, s, -OH), 9.12 (1H, s, -
OH), 7.64-7.67 (1H, dd, -Ar-H), 7.50- 7.51 (1H, d, -
1752 |Page
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Ar-H), 6.79- 6.81 (1H, d, -Ar-H), 6.38 - 6.39 (1H,d, OH), 4.38-4.40 (1H, m, Glucose-OH), 3.63 (1H, s, H-
-Ar-H), 6.18 - 6.19 (1H, d, Ar-H), 5.35 - 5.37 (1H, 4"), 3.52-3.58 (1H, m, H-2"), 3.41 -3.45 (1h, m, H-
d, H-1"),5.09 -5.10 (1H, d, Glucose-OH), 4.81 -4.83  6"a),and 3.25-3.37 (2H, m, H-3", H-5", and H-6"b),
(1H, d, Glucose-OH), 4.41-4.43 (1H, m, Glucose- as displayed in Figure 4.

A B
Clibration curve for quercetin Calibration curve for GAE
2 "
g ! g !
<
il i
2 g
3 g
E 0 ?'\'.E'a:i-':.fe-:n s
L n 0 R4t
w4 @ % mm ¢ B 0 B B W W

Comcentration (ugml)

Concentrziion {uz/ml)

Figure 2: Calibration curves to determine total flavonoids (A) and total phenolic compounds (B)

AR TR - A 4 GO TR G X1
e pees

: § 5 S3I3B3LENLEOINIEESNINNINCAINRTISYLANTLRRASLANTLAN

[ SO D —
................................................................................................................................................
.

- e . -

- Pratn

Figure 4: Flavanol glycoside 500 MHz 'H-NMR spectrum. Hyperoside was enzymatically obtained from DMSO-ds
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13C-NMR (DMSO-ds) FT-IR (KBr)

§177.49 (C-4), 164.11 (C-7), 161.22 (C-5), 156.29 3467, 3320 cm-! (-OH stretching), 2975, 2902 cm-!
(C-9), 156.22 (C-2), 148.45 (C-4"), 144.82 (C-3"), (-CH stretching), 1656 cm-1(-C=C stretching); 1608
133.47 (C-3), 121.99 (C-6'), 121.09 (C-1"), 11594 cm?t (-C = O stretching), 1445 cm?1 (-CH
(C-2", 115.17 (C-5"), 103.92 (C-10), 101.78 (C-1), stretching), and 1364 cm! (-CH bending), as
98.66 (C-6),93.48 (C-8), 75.83 (C-5), 73.18 (C-3"), illustrated in Figure 6.

71.20 (C-2"), 67.92 (C-4"), and 60.14 (C-6"), as The spectral pattern was the same as the
depicted in Figure 5. hyperoside shown in Figure 7.

L1l Ll Ul

I3EE 1B 2GS IFIED ISES ITES 1408 JSE0 (405 (MG (168 JI05 IS8 WS BAG T8 AA0 A58 S0 M8 0 RS 0 a8 .38
B ; Carbeml

Figure 5: 13C-NMR spectrum of hyperoside

Figure 6: KBr disc on Perkin Elmer FTIR spectrophotometer 1650 for compounds that indicate the presence of
functional groups by characteristic absorption of hyperoside

HO

HO

OH

Figure 7: Hyperoside (C21H20012) structure
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Gas chromatography

A total of 15 compounds are identified and listed
in Figures 8, GC-MS analysis in that major
antidiabetic activity reported compounds and
higher peak area percentage are 1,5-
Anhydrogluitol (56.07%), n-Hexadecanoic acid
(3.57%), and phytol (2.43%), with a lower peak
area percentage of 1,1-diethoxy-3-methyl-Butane
(0.31%). 1,5-anhydrous glucitol has been shown
to have anti-diabetic activity [27], n-hexadecanoic

acid has been shown to have anti-inflammatory
[28] and anti-diabetic activity [29], and also phytol
has been shown to have anti-inflammatory [30]
and anti-diabetic activity [31].

By synchronizing the target compounds with hits
from the library in the database, the following
interpretations were done. Glycidol MS (ESI): m/z:
74, M+ parent peak calculated for C3Hg¢Oy;
characteristicintense base peak at 44 accounts for
the fragment C2H40.

TI(

| NN T?
| 205171

Figure 8: Gas chromatography-mass spectrum of R. minor stem ethanol extract

1-Ethoxy-3-methyl-butane MS (ESI): m/z: 115,
M+1 parent peak calculated for C;His0 + H<;
characteristic intense base peak at 103 accounts
for the fragment C¢H140 + H*. Diethyl Phthalate MS
(ESD): m/z: 222.1, parent peak calculated for
C12H1404; characteristic intense base peak at
149.05 accounts for the fragment CgHeOsz 2-
Hexadecen-1-ol MS (ESI): m/z: 240, parent peak
calculated for C12H1404; characteristicintense base
peak at 95 accounts for the fragment CsHi2 4-
ethyl-2-methylhexan-1-ol MS (ESI): m/z: 145,
parent peak calculated for CoH200; characteristic
intense base peak at 70.10 accounts for the
fragment CsHio. 1, 5-Anhydroglucitol MS (ESI):
m/z: 164, parent peak calculated for CeH120s;
characteristicintense base peak at 73 accounts for
the fragment CsHiz 2- Deoxy D-Galactose MS (ESI):
m/z: 164, parent peak calculated for CeH120s;
characteristicintense base peak at 43 accounts for
the fragment CsHs. (R)-2-methyl-4H-pyran-3,4,5-
triol MS (ESI): m/z: 145, parent peak calculated
for CsHgO4; characteristic intense base peak at 85
accounts for the fragment CsHsO. Hexadecanoic

acid MS (ESI): m/z: 256, parent peak calculated for
C16H3202; characteristic intense base peak at 73
the fragment CsHi, 8-
methylnonanoic acid MS (ESI): m/z: 256, parent
peak calculated for Ci2H2402; characteristic
intense base peak at 88.05 accounts for the
fragment C¢H14, Phytol MS (ESI): m/z: 298, parent
peak calculated for Ci2H2402;
intense base peak at 71 accounts for the fragment
CsH12. Z, Z-8,10-Hexadecadien-1-ol MS (ESI): m/z:
238, parent peak C16H300;
characteristic intense base peak at 55 accounts for
the fragment C4Hs. 9, 12-Octadecadienoic acid (Z,
Z) MS (ESI): m/z: 280, parent peak calculated for
CigH3202; characteristic intense base peak at 67
accounts for the fragment CsH1o. Octadecanoic acid
MS (ESI): m/z: 280, parent peak calculated for
CigH3202; characteristic intense base peak at 67

accounts for

characteristic

calculated for

accounts for the fragment CsHio, Cis-Valerenyl
acetate MS (ESI): m/z: 202, parent peak calculated
for C17H2602; characteristic intense base peak at
173 accounts for the fragment Ci3Hjs.

1755 |Page

Archive of SID.ir



Archive of SID.ir

Yedelli K., and Pathangi R.K./]. Med. Chem. Sci. 2023, 6(8) 1746-1762

Cytotoxicity

The MTT assays were performed on the HepG:
liver cell line at various fixations and were used to
determine the in vitro cytotoxic movement of the
R. minor ethanol concentrate. The cytotoxicity

results showed that R. minor concentrate

demonstrated toxicity to HepG: cells in a dose-
dependent manner (Figure 9). Cell death was
observed at the appropriate test dose (200
ug/mkL), as the 1Cso value (concentration capable
of killing 63 percent of cells) was discovered to be
200 pg/mlL.

Cyto-toxicity assay

80+

40-

% of Inhibition

@ Control

] i
(0] T T
50

I @l RMEE
100 200

Concentartion (ug/ml)

Figure 9: MTT cytotoxicity effect of the ethanol extract of R. minor on Cell lines is liver cells that have been
genetically modified. The information is shown as a percentage of the control mean * SD (n = 3). * Specifies a
substantial upsurge (p <0.05) when compared with a control group

HepG; glucose utilization

Figure 10 depicts the consumption of glucose data
achieved in HepGg cells at 25 and 100 pg/mL in the
presence of the R. minor extricate. The ethanol
extract of R. minor produced a huge (p < 0.05)
larger expansion in any focal points of glucose
consumption in HepG; cells as compared with a
control group and the Berberine-treated control,
except for metformin. Then again, the ethanol
extract of R minor (80%) displayed a higher
expansion in glucose take-up at 100 pg/mL. [t was
less than Berberine (80%) but higher than
metformin (110%).

The data is provided as a mean =*
deviation (n = 3). *There was a substantial
increase (p <0.05) as compared with the control
cell lines.

standard

Alpha-amylase inhibitory effect of Rourea minor
ethanol extract

The results demonstrated that the RMEE
significantly inhibited alpha-amylase at all test
sample concentrations (10, 20, 40, 80, 160, and
320 pg/mL) in a dose-dependent manner.
Nonetheless, RMEE was observed to have 98%
inhibition at the maximum concentration (320
pug/mL) tested, but this was less than acarbose,
which had a 98% inhibition rate (Figure 11A). The
percentage of inhibition observed in the RMIC was
93%. However, this was higher than the
percentage inhibition recorded for acarbose in
Figure 12B. In the alpha-amylase assay, the ICsg
values of acarbose and RMEE were 5.09 and 25.76,
respectively, while 11.74 and 30.9 were recorded
for the ICso values of Acarbose and Hyperoside,
respectively.
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Hep G2 cell lines

100+

80+

0 T I I
0.1 18

% of Inhibition

@l Enzyme
@l Metformin
@l Berberine
@l RMEE

*
25 100

Concentartion (ug/ml)

Figure 10: An ethanol extract of R. minor's effect on glucose utilization in Hep G: cells was given a 48-hour
treatment with varying doses of the presence or absence of a plant extract

Alpha amylase inhibition assay

—o— Acarbose

% of inhibition

~#—RMEE

Concentration (pug/ml)

Alpha amylase Inhibition Assay

120

= Acarbose

% of Inhibition

~8— RMIC

400

0 200
Concentration pg/ml

Figure 11: % inhibition of alpha-amylase against RMEE (A) and % inhibition of alpha-amylase against RMIC (B)

Acarbose is a glucosidase inhibitor that prevents
complex carbohydrates from being digested and
absorbed in the gut [32]. These drugs also increase
the release of the gluco-regulatory hormone,
glucagon-like peptide-1 into the bloodstream,
which could help explain their glucose-lowering
effects [33]. According to several scientific
findings, phenols and their effects on the
inhibitory potentials of o-amylase and a-
glucosidase are significantly correlated with
flavonoids [34].

Alpha-glucosidase inhibitory activity of Rourea
minor ethanol extract

The results revealed that the RMEE significantly
inhibited alpha-glucosidase activity at each of the
test sample concentrations (10, 20, 40, 80, 160,
and 320 pug/mL) in a dose-dependent manner.
Nevertheless, 88% inhibition was obtained by the

RMEE at the highest concentration (320 pg/mL),
which was less than voglibose (91%), as
demonstrated in Figure 12A. The RMIC,
hyperoside, was observed to have an 83%
inhibition rate, but this was higher than voglibose
with a 94% inhibition rate as demonstrated in
Figure 13B. In the alpha-glucosidase assay, the 1Csg
values of voglibose and RMEE were 34.1 and
66.4%, respectively, while 1Cso values of 22.7 and
71.9 were respectively recorded for Voglibose and
Hyperoside.

Assay for DPP-1V inhibition

The results revealed that the RMEE significantly
inhibited DPP-IV at each of the test sample
concentrations (10, 20, 40, 80, 160, and 320
pug/mL) in a  dose-dependent
Nevertheless, 83% inhibition was obtained by the
RMEE at the highest concentration (320 pg/mL),

manner.
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which was less than Diprotin A (93%), as depicted
in Figure 13A. The RMIC, hyperoside, was
observed to have an 84% inhibition rate, but this
was higher than Diprotin A with a 94% inhibition
rate, as demonstrated in Figure 14B. In the DPP-1V
inhibition assay, the ICso values of Diprotin A and
RMEE were 35.1 and 67.4%, respectively, while
ICso values of 23.7 and 72.9 were respectively
recorded for Diprotin A and Hyperoside.

Among these are alpha-amylase, alpha-
glucosidase, and DPP-1V inhibition, in comparison
to the positive controls, there was a significant
inhibition. A similar observation has been made

RMEE could be a valuable therapeutic agent for

diabetic complications.

Docking with DPP-1V enzyme

Molecular docking was performed to mimic the

binding interaction between

DPP-1V

and

hyperoside. Figure 14 and Table 3 show the best

docking outcomes.

The binding energy of

hyperoside to the active pocket of DPP-IV was -

6.97 kcal/mol. Seven hydrogen

bonds were

generated in the hyperoside ARG125, HIS126,

SER209, TYR547, TYR585, TYR662,

and ASP663

with distances of 3, 3.3, 2.8, 2.7, 3.6, 2.7, and 2.8,

for flavanoidal glycosides (hyperoside) [35, 36]. respectively.
The results obtained in this study indicate that the
A B
Alpha glucosidase inhibition ass |  Alpha glucosidase inhibition assay
100
S 2 90
= ‘S 80
2 £ 70
£ £ w0
- %5 50
. —e—VOGLIBOSE
- —+—VOGLIBOSE 2 40
® 30 ~—RMIC
—m—RMEE 20
10
0
0 200 400
Concentration (ug/ml) Concentration (pg/ml)

Figure 12: % inhibition of alpha-glucosidase against RMEE (A) and % inhibition of alpha-glucosidase against

RMIC (B)
A B
DPP-IV Inhibition assay DPP-IV Inhibition assay
100 100
. : —
s 70 s 70
e e
a= G0 a= G0
5 . 5 .,
= 50 = 50
E a0 E a0
2 0 —&—Diprotin A & a0 &—Diprotin A
20 - 20
10 % e 10 i 8—RMIC
0 100 200 300 400 100 200 300 400
Concentration pg/mL Concentration pg/mL

Figure 13: % inhibition of DPP-1V against RMEE (A) and % inhibition of DPP-1V against RMIC (B)
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Figure 14: 3D interaction pattern of human dipeptidyl peptidase IV and hyperoside compound

Table 3: Overall docking results of ligand hyperoside

Binding energy Predicted
S. No. Protein IUPAC Inhibition Structure
(kcal/mol)
Constant
(2-(3,4-dihydroxyphenyl)-
Human 5,7-dihydroxy-3-
Dipeptidyl [(2S,3R,4S,5R,6R)-3,4,5-
1 peptidase IV trihydroxy-6- -6.97 7.78uM .
(PDB ID IRWQ) (hydroxymethyl) oxan-2- L i
yl] oxychromen-4-one g [ g

In addition, hyperoside interacted with the
hydrophobic interactions of VAL207, PHE208,
PHE357, GLY549, PRO550, CYS551, and VAL711,
hydrophilic interaction: =~ GLU204, GLUZ205,
GLU206, ARG358, SER552, GLN553, SER630,
TYR631, TYR666, ASN710, and HIS740, as well as
hydrogen bond interactions: ARG125, HIS126,
SER209, TYR547, TYR585, TYR662, and ASP663.

Molecular docking provides an essential tool for
drug discovery. Binding energy is the critical
parameter to provide for us an idea about the
strength and affinity of the interaction between
the ligand and receptor. Greater the binding
energy, the weaker the interaction is, and vice
versa. In this study, hyperoside displayed binding
energy against the DPP-IV enzyme, indicating a
good interaction. Flavanoidal glycosides such as
hyperoside acted as DPP-1V inhibitors, and in silico
analysis showed that these flavanoidal glycosides

bounds to the enzyme with low binding energy (-
6.97 kcal/mol).

Conclusion

In the present study, chloroform: methanol
fraction was initially used to extract the chemical
flavonol glycoside; hyperoside was discovered as
a fraction of a crude ethanol extract of Rourea

minor stem. The findings of this study
demonstrate that the ethanol extract of Rourea
minor stem possesses anti-hyperglycemic

properties. Rourea minor ethanol extract and
isolated compound significantly inhibited the
enzyme assays for a-amylase, a-glucosidase, and
DPP-IV. Based on the in-vitro assay findings and
the presence of active components, in-silico
docking studies of hyperoside were done against
the DPP-IV enzyme. The molecular docking

analysis revealed that compound hyperoside
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showed a good enzyme inhibition. More research
the potential
pharmacological anti-hyperglycemic effectiveness
of the extract.

is needed to determine
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