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Sungkai (Peronema canescens Jack) has been used for generations as a traditional antidiabetic drug for the Borneo
people, but scientific data as a dipeptidyl peptidase-4 (DPP-4) inhibitor has never been reported. This study
aims to obtain the most active chromatographic fraction as a DPP-4 inhibitor and the profile of the compounds

contained. Bioassay-guided fractionation was used in this study and bioassays using spectrofluorometric principles.
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Compound profiling is carried out using ultra-performance liquid chromatography coupled with electrospray
ionization/quadrupole-time-of-flight mass spectrometry (UPLC-ESI-QToF-MS/MS), and molecular docking is used
to investigate interactions between compounds and DPP-4. The study found that the most effective extracts were
ethyl acetate and methanol extracts from the leaves, which showed inhibitory percentages of 70.0% + 0.7233%
and 59.69% + 1.9394%, respectively, at a concentration of 100 pg/ml. The fractionation produces the most active
fraction, the second fraction from P. canescens methanol extract (FPSM2 fraction), with a percent inhibition of
88.28% =+ 2.1204%. The compounds contained in FPSM2 were identified through UPLC-ESI-QToF-MS/MS,

profiling. including pectolinarigenin, glycitein, formononetin, latifoline, 3-oxo-alpha-ionol, moracin M, and loliolide. Assay
results showed that P. canescens has been shown to have inhibitory activity against DPP-4, suggesting that this plant
has excellent potential to be developed as a DPP-4 inhibitor.
INTRODUCTION and this condition is called insulin resistance. With the emergence

Diabetes mellitus is a chronic metabolic health problem
with the main characteristic of persistent hyperglycemia. This
health disorder causes death and disability throughout the world
and attacks the health of many people regardless of gender, age,
or country [1-3]. Type 2 diabetes is the most common type of
diabetes, accounting for more than 90% of all diabetes cases
worldwide. In type 2 diabetes, hyperglycemia is initially a result
of the body’s cells being unable to respond optimally to insulin,
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of insulin resistance, the hormone becomes less effective and
encourages increased insulin production so that, ultimately,
insulin production is no longer adequate. This occurs due to
the failure of pancreatic beta cells to produce insulin [4]. The
pathophysiology of type 2 diabetes mellitus is related to insulin
resistance and insulin secretion, which results in abnormally
high blood glucose levels. In cases of cell dysfunction, there is
a lack of insulin secretion, thereby limiting the body’s capacity
to maintain physiological glucose levels. Insulin receptors also
contribute to increased glucose production in the liver and
decreased glucose uptake in muscle, liver, and adipose tissue
[5]. The global incidence of diabetes has continued to increase
for several decades, and currently, around 537 million cases of
diabetes have been reported. This case continues to expand and is
estimated to reach 643 million in 2030 [4,6]. Different treatment
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classes for type 2 diabetes have shown treatment benefits, but
incidence continues to increase, encouraging new agent therapy
discoveries to treat type 2 diabetes [7].

Currently, dipeptidyl peptidase-4 (DPP-4) inhibitors
are used to treat type 2 diabetes mellitus, and this enzyme is
one of the active ingredients in treating type 2 diabetes mellitus.
DPP-4 promotes the breakdown of the incretin hormones
glucagon-like peptide-1 and glucose insulinotropic peptide
by dispensing with the N-terminal dipeptide in the form of
the hormone [8,9]. Inhibition of DPP-4 protects glucagon-like
peptide-1 and glucose insulinotropic peptide from degradation,
thereby increasing insulin secretion to help lower blood
sugar levels [10]. DPP-4 inhibitors do not cause weight gain,
hypoglycemia, or indigestion and can be administered to patients
with renal impairment. They are one of the first-line therapies
in managing diabetes [11]. Although most synthetic DPP-4
inhibitors are broadly well-tolerated, some side effects have
been reported lately, including headaches, nasopharyngitis, and
urinary infections [12]. Hence, it is necessary to identify DPP-4
inhibitors from natural products and explore their activity for
diabetes mellitus therapy development [13].

One of the potential Borneo medicinal plants is
Sungkai (Peronema canescens Jack). This plant has been used
for generations as a traditional antidiabetic drug for the Borneo
people. The activity of P. canescens fractions as an antidiabetic
has never been reported, including scientific data on this plant as
a DPP-4 inhibitor. The scientific data related to the antidiabetic
activity of Sungkai is an in vivo study [14] that significantly
reduces blood sugar levels. With its popular use as an empirical
antidiabetic, there is preliminary data about the potential of this
plant in lowering blood sugar levels. Still, there is no scientific
data on P. canescens as a DPP-4 inhibitor, encouraging research
to reveal the activity of this plant as a DPP-4 inhibitor.

In this study, the leaves and stems of P. canescens
were extracted by three-graded maceration using n-hexane,
ethyl acetate, and methanol as solvents, and each extract was
investigated for its inhibitory activity against the enzyme
DPP-4. Next, the best extracts in DPP-4 inhibition were
fractionated using column chromatography. Fractionation
using this method is expected to be able to separate the
active part of the extract, so the chromatographic fractions
will generally have better activity than the original extract
[15]. Compound profiling using ultra-performance liquid
chromatography coupled with electrospray ionization/
quadrupole-time-of-flight mass spectrometry (UPLC-
ESI-QToF-MS/MS) is performed on the most active
chromatographic fraction to reveal the compounds contained
therein. The interaction between these compounds and DPP-
4 will be revealed through molecular docking.

MATERIALS AND METHODS

Plant material

Peronema canescens was collected from Tabalong,
South Borneo, Indonesia, during the dry season. The cleaned fresh
plant, leaves (5 kg), and stems (3 kg) were dried in an oven at
40°C. The dried leaves and stems are pulverized separately with
a grinder, yielding 1.2 kg powdered leaves (24% yield) and 1.1

kg powdered stems (36.67% yield), then refrigerated at 8°C while
pending analysis. Plant authenticity was determined, and a voucher
specimen was deposited in the faculty of pharmacy, Universitas
Indonesia (voucher specimen number 208a/LB/X1/2022).

Chemicals and instrumentation

Chemicals: DPP-4 inhibitor screening assay kit (Cayman
Chemicals, Catalog n0.700210), analytical and distilled technical
grade n-hexane, ethyl acetate, and methanol (Smartlab), Silica Gel
70-230 mesh (Merck), and thin-layer chromatography plate Silica
Gel 60 F,,, (Merck). Instrumentations: Rotary evaporator (IKA),
UV lamp (Camag), Microplate reader (Glomax Promega), UPLC-
ESI-QToF-MS/MS  (Acquity UPLC H-Class System, Waters

USA; Xevo G2-S QToF, Waters USA).

Extraction

Peronema canescens leaves (1.2 kg) were extracted
by three-graded maceration using n-hexane, ethyl acetate,
and methanol as solvents (1:20). By increasing the polarity of
the solvent, extracts with different polarities were obtained.
Maceration was performed twice for each solvent, with the filtrate
being concentrated on a rotary evaporator and the solvent removed.
Extraction by this method produced n-hexane extract, ethyl acetate
extract, and methanol extract from P. canescens leaves. The stems
(1.1 kg) were also extracted using the same procedure as the leaves.

Fractionation

Fractionation was performed on selected extracts
showing the best activity in inhibiting DPP-4, namely ethyl
acetate and methanol extract from the leaves of P. canescens.
Fractionation using the column chromatography method with
a column length of 50 cm and a diameter of 3.5 cm. A gradient
system is applied to this fractionation using a combination of
eluents starting with n-hexane-ethyl acetate (9:1, 8:2, and up)
to the eluent ethyl acetate-methanol (10:0, 9:1, 8:2, and so on
until methanol 100%). Elution results were collected every 100
ml and analyzed for chromatogram patterns using thin-layer
chromatography.

DPP-4 inhibition activity

The inhibitory activity of DPP-4 was performed on
all extracts and chromatographic fractions of P. canescens
using the test protocol specified by the manufacturer [16].
This assay uses sitagliptin as the standard inhibitor of DPP-
4 and Gly-Pro-7-Amido-4-methylcoumarin as the substrate.
Briefly, this assay has the principle that DPP-4 decomposes
the substrate into fluorescent products, namely the free amido-
4-methyl coumarin group, which measures its fluorescence
with an excitation wavelength of 350-360 and an emission
wavelength of 450-465 using a microplate reader (Glomax
Discover System). Fluorescence data were obtained by
triplication with the calculation of percent inhibition using the
following formula determined by the manufacturer.

Compound profiling using UPLC-ESI-QToF-MS/MS

Compound profiling was performed using UPLC
(Acquity UPLC®, Waters, USA) and mass spectrometer
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(Xevo G2-S QToF, Waters, USA). Liquid chromatography
separation using a C18 column (Acquity UPLC®, Waters,
USA) at column temperature 50°C and room temperature
25°C. The eluent consists of 5 mM ammonium formic
water and acetonitrile with 0.05% formic acid using a
flow rate of 0.2 ml/minute (step gradient). The mass
spectrometry was performed using electrospray ionization
(positive mode) and quadrupole time-of-flight (QToF) mass
analyzer. The electrospray interface system connected the
UPLC separation output system to the mass spectrometer.
Compound profiling with the mass spectrometer using
conditions: the collision energy 4 Ev (low energy) and
high energy collision varied between 25 and 60 V. Cone
and desolvation gas flow 0 and 793 I/hour were also used
correspondingly, source temperature 100°C and desolvation
temperature 350°C. Data acquisition and analysis were
processed with Masslynx software.

Molecular docking

The 3-D structures of the compounds glycitein
(5317750), pectolinarigenin  (5320438), formononetin
(5280378), latifoline (5281736), moracin M (185848),
loliolide (100332), 3-oxo-alpha-ionol (5370052), and
sitagliptin (4369359) were downloaded from the PubChem
NCBI database. The 3-D structure of the target protein, DPP-
4, was downloaded from the Protein Data Bank database with
access code 3GOB [17]. The ligands structure (sitagliptin
as a commercial drug, and 2-({6-[(3R)-3-aminopiperidin-
1-yl]-3-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl}
methyl)benzonitrile as a native ligand) were carried out
from the PubChem NCBI database as sdf file (3-D form).

Table 1. Extracts yield with various solvents.

Plant sample Solvent Sil:;?gl;stia ]ivxetirgﬁilctt % Yield

Leaves n-hexane 18.78 g 1.57%
ethyl acetate 1.2kg 6432 ¢ 5.36%
methanol 8632 ¢ 7.19%

Stems n-hexane 1642 ¢ 1.49%
ethyl acetate 1.1kg 5241¢ 4.76%
methanol 7836 ¢ 7.12%

Table 2. DPP-4 inhibition on various extracts of P. canescens at

100 pg/ml.
Plant Solvent Percent inhibition (%)  Percent inhibition
sample Datal Data2 Data3 (%) +£SD
Leaves n-hexane 17.53 16.97 17.36 17.29 +0.2898
ethylacetate  70.93  69.66  69.68 70.09 +0.7233

59.69 +1.9394
31.10 £0.7675
58.20 + 1.8244
46.35+4.5989

methanol 59.59  61.68  57.80
Stems n-hexane 31.22  30.28  31.80
ethyl acetate  59.78  56.62  59.78
methanol 51.27 4215  45.63

Data are mean + SD or Percent Inhibition (%) + SD for triplicate measurements.

Both compounds and targeted protein were imported to the
Molegro virtual docker version 5.0. The Molegro virtual
Docker 5.0 program predicted the protein structure in the
cavities with a maximum molecular surface van der Waals as
a parameter [18]. The active side of DPP-4 protein was on the
protein grid X = 44.79 A; Y = 32.64 A; Z = 18.74 A; radius
11. Those protein grids were used for ligands-protein docking
[18]. Docking parameters with Molegro virtual docker are
Score Function Moldock Score [Grid]; grid resolution 0.30;
algorithm MolDock SE; the number of runs 10, max iteration
1,500; max population size 50; pose generation energy
threshold 100, tries 10-30; simplex evolution max steps 300;
neighbor distance factor 1.00; multiple poses the number of
poses 5; energy threshold 0.00; and cluster similar poses Root
Mean Square Deviation (RMSD) threshold 1. Docking data
were visualized with the PyMol 2.3 and the Discovery Studio
version 21.1.1. Interaction analysis was performed with the
Discovery Studio program version 21.1.1.

RESULT

Extraction and DPP-4 inhibition activity of extracts

The extraction was performed on the leaves and
stems of P. canescens. Each part of the plant was macerated
using a solvent of the increasing polarity of n-hexane, ethyl
acetate, and methanol. The yield of the obtained extract is
shown in Table 1, and each extract’s activity is shown in
Table 2.

Fractionation and DPP-4 inhibition activity of fractions

Two extracts with the best inhibitory activity, ethyl
acetate and methanol extract from the P. canescens leaves,
were further fractionated using column chromatography
with a silica gel stationary phase and a gradient system with
different solvents to generate increased polarity. The results of
the fractionation of ethyl acetate and methanol extract of the
leaves part are shown in Tables 3 and 4, which show the eluent

Table 3. Eluent and mass of ethyl acetate fractions from P. canescens

leaves.

Fraction Eluent of column Mass of fraction (mg)
FPSEALI n-Hxn/Ea=9: 1 473
FPSEA2 n-Hxn/Ea = 8: 2 306
FPSEA3 n-Hxn/Ea=8§: 2 217
FPSEA4 n-Hxn/Ea=7:3 440
FPSEAS n-Hxn/Ea = 6:4-5: 5 1,593
FPSEA6 n-Hxn/Ea =4: 6-3: 7 1,969
FPSEA7 n-Hxn/Ea=2:8-1: 9 551
FPSEAS n-Hxn/Ea =1: 9-0: 10 816
FPSEA9 n-Hxn/Ea = 0: 10 808
FPSEAI10 Ea/Met =9: 1-8: 2 879
FPSEAI1I Ea/Met =7:3-2: 8 443
FPSEA12 Ea/Met = 1: 9-0: 10 1,171

Description: FPSEA: fraction from ethyl acetate extract, n-Hxn = n-Hexane, Ea
= ethyl acetate, Met = methanol.
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Table 4. Eluent and mass of methanol fractions from P. canescens leaves.

Fraction Eluent of column Mass of fraction (mg)
FPSM1 n-Hxn/Ea =8: 2 65
FPSM2 n-Hxn/Ea =7: 3-6: 4 202
FPSM3 n-Hxn/Ea=5:5 141
FPSM4 n-Hxn/Ea=4: 6-3: 7 236
FPSMS5 n-Hxn/Ea=2:8-1: 9 61
FPSM6 n-Hxn/Ea=0: 10 1,053
FPSM7 n-Hxn/Ea = 0: 10-Ea/Met=9: 1 4,890
FPSM8 Ea/Met = 8:2 1,826
FPSM9 Ea/Met=7:3-1:9 1,048
FPSM10 Ea/Met=0: 10 1,504

Description: FPSM: fraction from methanol extract, n-Hxn = n-Hexane, Ea =
ethyl acetate, Met = methanol.

093

of each fraction so that the polarity conditions of each fraction
can be described and the mass of each fraction obtained. The
fractions were then assayed for inhibitory activity against
DPP-4, and the results are shown in Tables 5 and 6. The assay
results showed that all fractions had inhibitory activity against
DPP-4.

Compound profiling of the most active fraction in DPP-4
inhibition

The identification of the compounds in FPSM2
as the most active fraction was done by UPLC-QToF-MS/
MS. The Masslynx software processed the data obtained,
giving an overview of the compounds contained in FPSM2.
The chromatogram of FPSM2 using UPLC-QToF-MS/MS is
shown in Figure 1. Table 7 presents UPLC-MS/MS analysis

Table 5. Percent inhibition of ethyl acetate extract’s fractions against DPP-4.

ample Percent inhibition (%)

(130 p.g/ml) Data 1 Data 2 Data 3 Mean = SD
FPSEALI 18.05 28.28 21.96 22.76 +£5.1621
FPSEA2 19.75 22.22 17.60 19.86 £2.3118
FPSEA3 82.30 83.11 81.99 82.47+0.5783
FPSEA4 75.43 75.33 74.97 75.24 £0.2419
FPSEAS 71.62 65.62 71.39 69.54 +3.3997
FPSEA6 34.44 37.73 38.67 36.94 +£2.2211
FPSEA7 56.21 55.75 55.77 55.91 +0.2600
FPSEAS 76.10 77.91 78.53 77.51 £1.2626
FPSEA9 72.40 73.09 72.11 72.54 +0.5034
FPSEA10 77.38 78.37 77.32 77.69 + 0.5897
FPSEAT1I 56.11 58.32 57.92 57.48 +1.1776
FPSEAI12 30.16 29.67 27.22 29.18 £ 1.5751
Sitagliptin 96.25 96.25 96.43 96.31 +0.1096

Data are mean + SD or Percent Inhibition (%) + SD for triplicate measurements.

Table 6. Percent inhibition of methanol extract’s fractions against DPP-4.

Sample

Percent inhibition (%)

(100 ug/mi) Data 1 Data 2 Data 3 Mean 2 SD
FPSM1 19.03 15.26 13.10 15.80 +3.0020
FPSM2 89.40 85.83 89.60 88.28 £2.1204
FPSM3 85.53 85.53 85.39 85.49 +0.0854
FPSM4 65.25 65.18 65.31 65.25 £0.0629
FPSM5 63.34 65.55 65.98 64.95 £ 14155
FPSM6 69.45 69.55 68.40 69.13 +£0.6387
FPSM7 73.81 74.75 73.41 73.99 £+ 0.6882
FPSMS& 57.67 58.97 53.06 56.57 £3.1098
FPSM9 81.33 80.15 70.01 77.17 £6.2221
FPSM10 56.88 59.25 63.38 59.84 £3.2914

Sitagliptin 96.25 96.25 96.43 96.31 £0.1096

Data are mean + SD or Percent Inhibition (%) + SD for triplicate measurements.
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Figure 1. The chromatogram of FPSM2.

Table 7. Compounds identified in the most active fraction (FPSM2) from P. canescens leaves.

No Retention time [M+H]*, Ion fragments, Formula, Compound
(minute) mlz mlz [M+H]*

1 9.98 315.0872 271.0612 C,H O, Pectolinarigeni
299.1647

2 9.76 285.0777 242.0589 C,H 0,
124.0172
270.0537
167.0356

3 8.79 269.0816 137.1034 C,H,0,
239.1031

241.1234
243.1337 " ‘
RO o

4 8.47 394.1875 131.0869 C,,H,,NO, Latifoline
159.1185
189.1296
383.1487

(Continued)
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No

Retention time
(minute)

[M+HT,
mlz

Ion fragments,

mlz

Formula,
[M+H]*

Compound

8.29

7.73

243.0671

209.1548

197.1185

111.0786
133.1059
213.1252
225.1299

151.0728
165.0638
173.1360
191.1430

81.0730
135.1206
137.1064
153.0856

Cc ,H, O

14771174

Moracin M

CH N

oH N, 3-0x0-0-ionol

Loliolide

results, including retention time (rt), precursor ion mass
(m/z, positive mode), ion fragments formed, and the formula
of each compound.

Molecular docking

The compounds detected in the profiling of the
most active fraction were investigated for the mechanism of
interaction with the DPP-4 enzyme protein using molecular
docking. Visualization of the interaction between these
compounds and the DPP-4 enzyme can be seen in Figures
3-5. The interactions’ details, including binding energy,
binding category, and binding type, as well as the amino acid
residues that interact, can be seen in Table 8.

Figure 2. 3-D structure of the compound-complex with DPP-4 protein, red
shows the target compound, blue shows the compound structure of sitagliptin
(control), and black shows the compound 2-({6-[(3R)-3- aminopiperidin-1-
yl]-3-methyl-2,4-dioxo0-3,4-dihydropyrimidin-1(2H)-yl} methyl)benzonitrile,
while green is the DPP4 protein.

I:I van der Wasls - Pi-Sigma
I Conventional Hydrogen Bend B 7 Tsheped
[ carbon Hyd-ogen Band [ proalt

[ Piceten

Figure 3. In the interaction between loliolide, moracin M, formononetin, and
latifoline compounds with DPP4 protein, red indicates the target compound,
while green is the DPP-4 protein.
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Figure 4. Interaction of glycitein, pectolinarigenin, and 3-oxo-alpha-ionol
compounds with DPP-4 protein.

Table 8. Interaction between compound and DPP-4 protein.

A sitagliptin

PEI!sr

B 2-{[B4[3R-3- ammopiperidin-1-y] -3-methy-2 A-dioko-3 4-
dihydrapyTimidin-1{2H -ylimathylibanzonitrile

= W =
Interactions

D van der Waals [:' Halogen (Fluorine)

- Conventional Hydregen Bend - Pi-7y Stacked

:| Carben Hydrogen Bond |:| Fi-Alkyl

Figure 5. Interaction of sitagliptin and 2-({6-[(3R)-3-aminopiperidin-1-yl]-
3-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl} methyl)benzonitrile
compounds with DPP-4 protein. Blue shows the compound structure
of sitagliptin (control), and black shows the compound 2-({6-[(3R)-3-
aminopiperidin-1-yl]-3-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl1}
methyl)benzonitrile, while green is the DPP-4 protein.

Binding
Compound energy Interaction Distance (A) Binding category Binding type
(kJ/mol)
:10:H16 - A:TYR547:0H 2.08654 Hydrogen bond Conventional hydrogen bond
L A:TYRS547 - :10:C9 5.2041 Hydrophobic Pi-Alkyl
Loliolide -201.4 . .
A:TYR666 - :10:C9 3.94125 Hydrophobic Pi-Alkyl
A:HIS740 - :10:C7 3.98879 Hydrophobic Pi-Alkyl
:10:H9 - A:ASP739:0D1 1.77387 Hydrogen bond Conventional hydrogen bond
:10:H10 - A:GLU205:0E2 1.83875 Hydrogen bond Conventional hydrogen bond
A:ARGI125:NHI - :10 4.05942 Electrostatic Pi-Cation
A:ARGI25:NHI - :10 3.6655 Electrostatic Pi-Cation
Moracin M -308.2 A:HIS740:C,0;GLY741:N - :10 4.05044 Hydrophobic Amide-Pi stacked
A:HIS740:C,0;GLY741:N - :10 4.06935 Hydrophobic Amide-Pi stacked
:10 - A: ARG125 5.00327 Hydrophobic Pi-Alkyl
:10 - A: ARG125 4.1613 Hydrophobic Pi-Alkyl
A:LYS122:NZ - :10:H9 2.44879 Unfavorable Unfavorable donor-donor
Formononetin -261.8 A:ARGI125:NH2 - :10:02 2.47841 Hydrogen bond Conventional hydrogen bond
:10:H9 - A:ASP709:0D2 1.7697 Hydrogen bond Conventional hydrogen bond
A:HIS740:CD2 - :10:02 2.74826 Hydrogen bond Carbon hydrogen bond
A:ARGI25:NHI -:10 4.2348 Electrostatic Pi-Cation
A:ARGI125:NH1 - :10 4.73064 Electrostatic Pi-Cation
A:HIS740:CB - :10 3.85297 Hydrophobic Pi-Sigma
A:TRP629 - :10 5.16929 Hydrophobic Pi-Pi T-shaped
A:TRP629 - :10:C16 4.10504 Hydrophobic Pi-Alkyl
A:TRP629 - :10:C16 3.79111 Hydrophobic Pi-Alkyl
:10 - A: ARG125 4.74148 Hydrophobic Pi-Alkyl
:10 - A: ARG125 4.16958 Hydrophobic Pi-Alkyl

(Continued)
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Binding
Compound energy Interaction Distance (A) Binding category Binding type
(kJ/mol)
A:ARGI25:NH2 - :10:07 2.51919 Hydrogen bond Conventional hydrogen bond
A:TYR662:0H - :10:N1 2.58691 Hydrogen bond Conventional hydrogen bond
:10:H20 - A:GLU205:0E1 2.03586 Hydrogen bond Conventional hydrogen bond
:10:H1 - A:TYR662:0H 2.56552 Hydrogen bond Carbon hydrogen bond
:10:H2 - :10:02 2.98769 Hydrogen bond Carbon hydrogen bond
:10:H11 - A:TYR547:0H 3.06717 Hydrogen bond Carbon hydrogen bond
:10:H13 - A:GLU205:0 1.71989 Hydrogen bond Carbon hydrogen bond
Latifoline 5059 A:TYRS547 - :10:C18 435117 Hydrophobic Pi-Alkyl
A:TRP629 - :10:C20 4.787 Hydrophobic Pi-Alkyl
A:TYR662 - :10 5.36216 Hydrophobic Pi-Alkyl
A:TYR662 - :10 5.47281 Hydrophobic Pi-Alkyl
A:TYR666 - :10 3.93524 Hydrophobic Pi-Alkyl
A:HIS740 - :10 4.48955 Hydrophobic Pi-Alkyl
A:HIS740 - :10:C20 437139 Hydrophobic Pi-Alkyl
A:GLU206:0E1 - :10:04 2.88454 Unfavorable Unfavorable acceptor-acceptor
A:ARGI25:NH2 - :10:03 2.44764 Hydrogen bond Conventional hydrogen bond
:10:HS8 - A:ASP709:0D2 2.07689 Hydrogen bond Conventional hydrogen bond
A:HIS740:CD2 - :10:03 2.72543 Hydrogen bond Carbon hydrogen bond
:10:H10 - A:GLU205:0E2 2.12803 Hydrogen bond Carbon hydrogen bond
A:HIS740:CB - :10 3.76938 Hydrophobic Pi-Sigma
o A:TRP629 - :10 5.10356 Hydrophobic Pi-Pi T-shaped
Glycitein —261.6 )
:10:C16 - A:ARG125 4.45695 Hydrophobic Alkyl
A:TRP124 - :10:C16 5.3498 Hydrophobic Pi-Alkyl
A:TRP201 - :10:C16 4.22045 Hydrophobic Pi-Alkyl
A:TRP201 - :10:C16 4.47248 Hydrophobic Pi-Alkyl
:10 - A: ARG125 4.94596 Hydrophobic Pi-Alkyl
:10 - A: ARG125 4.24752 Hydrophobic Pi-Alkyl
A:SER209:0G - :10:02 3.12116 Hydrogen bond Conventional hydrogen bond
A:TYR631:N -:10:06 3.00402 Hydrogen bond Conventional hydrogen bond
:10:H7 - A:SER209:0G 1.70339 Hydrogen bond Conventional hydrogen bond
:10:HS8 - A:GLU206:0 1.98399 Hydrogen bond Conventional hydrogen bond
A:SER630:CB - :10:06 3.63175 Hydrogen bond Carbon hydrogen bond
:10:H11 - :10:04 2.65775 Hydrogen bond Carbon hydrogen bond
A:GLU206:0E1 - :10 3.49775 Electrostatic Pi-Anion
A:GLU206:0E1 - :10 3.38023 Electrostatic Pi-Anion
Pectolinarigenin P A:TYRG666 - :10 4.05842 Hydrophobic Pi-Pi stacked
A:PHE357 - :10 4.95655 Hydrophobic Pi-Pi T-shaped
:10:C16 - A:ARG358 4.69835 Hydrophobic Alkyl
:10:C17 - A:VAL656 4.6022 Hydrophobic Alkyl
A:PHE357 - :10:C16 5.48682 Hydrophobic Pi-Alkyl
A:TYR631 -:10:C17 4.90607 Hydrophobic Pi-Alkyl
A:TRP659 - :10:C17 5.10768 Hydrophobic Pi-Alkyl
A:TYR662 - :10:C17 4.64083 Hydrophobic Pi-Alkyl
A:TYR666 - :10:C17 4.70685 Hydrophobic Pi-Alkyl
A:ARG669:NH2 - :10:HS8 2.62431 Unfavorable Unfavorable donor-donor

(Continued)
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Binding
Compound energy Interaction Distance (A) Binding category Binding type
(kJ/mol)
:10:H20 - A:TRP629:0 1.84068 Hydrogen bond Conventional hydrogen bond
:10:H6 - A:TYR666 2.6142 Hydrophobic Pi-Sigma
3-oxo-alpha-ionol -213 A:TYRS547 - :10:C6 5.25812 Hydrophobic Pi-Alkyl
A:TYR666 - :10:C6 4.23887 Hydrophobic Pi-Alkyl
A:HIS740 - :10:C10 3.86701 Hydrophobic Pi-Alkyl
A:ARGI125:NH2 - :10:01 2.887 Hydrogen bond Conventional hydrogen bond
A:TYRS47:0H - :10:F4 3397 iﬂgrg‘;ien bond: E;g;ziﬁ(‘;‘iﬁ‘:;oge“ bond:
A:TYR631:N - :10:N3 2.63036 Hydrogen bond Conventional hydrogen bond
A:GLY632:N - :10:N5 3.27011 Hydrogen bond Conventional hydrogen bond
:10:H12 - A:GLU206:0E2 2.51282 Hydrogen bond Conventional hydrogen bond
:10:H12 - A:TYR662:0H 2.16614 Hydrogen bond Conventional hydrogen bond
:10:H2 - A:TYR547:0H 2.75542 Hydrogen bond Carbon hydrogen bond
:10:H2 - :10:F4 2.89965 Hydrogen bond Carbon hydrogen bond
:10:H3 - :10:F3 2.41648 Hydrogen bond Carbon hydrogen bond
:10:HS - A:TYR547:0H 2.84051 Hydrogen bond Carbon hydrogen bond
Sitagliptin 3308 :10:H9 - A:GLU205:0E1 3.04 Hydrogen bond Carbon hydrogen bond
A:GLU206:0 - :10:F5 3.11723 Halogen Halogen (Fluorine)
A:GLU206:0E1 - :10:F5 3.61562 Halogen Halogen (Fluorine)
A:VAL546:0 - :10:F1 3.4963 Halogen Halogen (Fluorine)
A:TRP629:0 - :10:F1 3.02873 Halogen Halogen (Fluorine)
A:TRP629:0 - :10:F2 3.46815 Halogen Halogen (Fluorine)
:10:N1 - :10:F4 3.55477 Halogen Halogen (Fluorine)
A:PHE357 -:10 4.05382 Hydrophobic Pi-Pi Stacked
:10 - A: TYR547 3.6064 Hydrophobic Pi-Pi Stacked
A:TYRS547 - :10 4.24833 Hydrophobic Pi-Alkyl
A:TYR547 - :10:C11 4.17332 Hydrophobic Pi-Alkyl
A:TYR631:N -:10:01 2.75598 Hydrogen bond Conventional hydrogen bond
:10:H18 - A:TYR662:0H 29153 Hydrogen bond Conventional hydrogen bond
A:SER630:CB - :10:01 2.8953 Hydrogen bond Carbon hydrogen bond
:10:H2 - A:TRP629:0 2.68511 Hydrogen bond Carbon hydrogen bond
2-({6-[(3R)-3- :10:H16 - A:GLU205:0E1 2.41845 Hydrogen bond Carbon hydrogen bond
aminopiperidin- :10:H23 - A:TYRS547:0H 2.661 Hydrogen bond Carbon hydrogen bond
1-yl] -3-methyl- A:TYRS547:0H - :10 3.25176 Hydrogen bond Pi-Donor hydrogen bond
2,4-dioxo-3,4- —291.2
dihydropyridine- A:TYR662:0H - :10 3.12186 Hydrogen bond Pi-Donor hydrogen bond
1(2H)-yl} methyl) A:SER630:CB - :10 3.49264 Hydrophobic Pi-Sigma
benzonitrile A:TYRS547 - :10 422248 Hydrophobic Pi-Pi stacked
A:TYR662 - :10 4.57868 Hydrophobic Pi-Pi stacked
A:TYRS547 - :10:C2 3.41521 Hydrophobic Pi-Alkyl
A:TYR666 - :10 5.44585 Hydrophobic Pi-Alkyl
:10 - A: VAL711 5.13663 Hydrophobic Pi-Alkyl
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DISCUSSION

Extraction and DPP-4 inhibition activity of extracts

The extraction showed that the yield of methanol
extract was higher from both leaves and stems. This makes it
clear that the compounds contained in P. canescens are almost
polar. The yield of hexane extract is the lowest because this
plant contains fewer non-polar compounds. Several previous
studies showed that the content of phytocomponents of this
plant, among others, is alkaloids, flavonoids, tannins, phenols,
terpenoids, and saponins [19,20]. Phytocomponents, such as
alkaloids, flavonoids, tannins, phenols, terpenoids, and saponin,
have been widely reported to have inhibitory activity against
DPP-4. These phytocomponents or secondary metabolites are
potential sources to be developed into new therapeutic agents
[21-23].

In general, it can be seen that all extracts have
inhibitory activity against DPP-4. Leaf extracts appear to be
slightly superior to stem extracts. Ethyl acetate and methanol
extract from the leaves showed better activity with percent
inhibition of 70.09% =+ 0.7233% and 59.69% =+ 1.9394% (at
100 pg/ml) compared to other extracts, followed by ethyl
acetate extract from the stem with percent inhibition of 58.20%
+ 1.8244% (at 100 pg/ml).

Fractionation and DPP-4 inhibition activity of fractions

Fractionation is performed to separate parts of the
extract, separating groups of compounds based on polarity
differences depending on the eluent used. The presence of
fractionation using a chromatographic column using a gradient
system with a gradual increase in polarity is expected to be able
to separate the active compound group (active fraction) from
the less active compound group, leaving the most active part of
the extract, which has better activity than the original extract.
Several studies have shown that the most active fractions from
column chromatography have better activity than the original
extract [15,24,25]. However, it cannot be denied that column
chromatography has a weakness when polar compounds
are bound to a polar stationary phase, so recovery of polar
compounds by this method will be poor [26,27].

The most active extracts, namely ethyl acetate and
methanol extracts of P. canescens leaves, were fractionated
to produce 12 and 10 fractions, respectively. In contrast to the
activity of the original extract, the resulting fractions had better
inhibitionthantheoriginalextract. Several fractions(at 100 ug/ml)
showed excellent activity, including the FPSEA3 fraction with
a percent inhibition of 82.47% + 0.5783%, the FPSM2 fraction
with a percent inhibition of 88.28% =+ 2.1204%, and the FPSM3
fraction with a percent inhibition of 85.49% =+ 0.0854%. This
could be due to the separation of the less active parts of the
extract, resulting in fractions with better activity. Sitagliptin
as a comparison standard showed better activity than the most
active fraction (FPSM2) with a percent inhibition of 96.31% +
0.1096% (at 100 pg/ml). This could be because sitagliptin is a
single compound, while FPSM2 is a fraction that may contain
even fewer active compounds. The isolation of FPSM2 in the
future will be very promising to produce a DPP-4 inhibitor
agent from P, canescens species.

Compound profiling of the most active fraction in DPP-4
inhibition

The strategy for identifying compounds with UPLC-
QToF-MS/MS is based on peak analysis at a specific retention
time and subsequent comparison with the database [28]. In
various compound profiling analyses using UPLC-ESI-QToF-
MS/MS, this method has been reported to be more sensitive
and selective compared to other chromatographic methods
[29]. Mass spectrometry analysis with QToF as a mass analyzer
has the ability to detect various compounds. QToF, as a mass
analyzer, can reveal mass information of compounds contained
in the sample, making the structure identification of compounds
more accurate and precise [30].

Seven peaks have been identified in the most active
fraction (FPSM2), where the compounds detected are the
flavonoids (glycitein, pectolinarigenin, and formononetin), an
alkaloid (latifoline), phenol (moracin M), and terpenoids (3-oxo-
a-ionol, loliolide). Compound profiling has never been done on
this species before, and the compounds detected using UPLC-
ESI-QToF-MS/MS are the first compounds identified in this
species. Flavonoids contained in the most active fraction have a
role in inhibiting the DPP-4 enzyme. Several studies have reported
the potential of the flavonoids glycitein and formononetin in
treating diabetes mellitus [31,32]. While glycitein has never been
reported as a DPP-4 inhibitor, formononetin is reported to have
inhibition against DPP-4 [33]. Sewidan ef al. [34] reported the
DPP-4 inhibitory activity of pectolinarigenin at a concentration
of 100 mM with a percent inhibition of 34.7% + 0.59%. Moracin
M has been reported to have the potential for treating diabetes
because of its ability to lower blood sugar through in vivo assays,
inhibit enzymes associated with diabetes mellitus (a-Glucosidase,
Protein Tyrosine Phosphatase 1B), and inhibit the formation of
advanced glycation end products. Still, data on this compound
related to DPP-4 inhibition has never been done [35-37]. Loliolide
has been reported to have a role in antidiabetic activity [38,39],
and its activity in inhibiting a-Amylase and a-Glucosidase has
been reported [40]. Still, its inhibition of DPP-4 has never been
reported before. The terpenoid compound 3-oxo-o-ionol and
the alkaloid compound latifoline are reported for the first time
to be contained in the active fraction of the DPP-4 inhibitor
from the species P. canescens. Disclosure of these compounds
shows the potential of this species in inhibiting the DPP-4, where
compounds in the class of flavonoids, phenols, alkaloids, and
terpenoids have been widely published as inhibitors of the DPP-4
[34,41-45].

Molecular docking

The control compounds used are two, sitagliptin
as a comparator control, and the compound 2-({6-[(3R)-3-
aminopiperidin-1-yl]-3-methyl-2,4-dioxo-3,4-dihydropyrimidin-
1(2H)-yl} methyl)benzonitrile as an inhibitor control and docking
validation control. Sitagliptin, as a control, showed the lowest
binding energy, which was —330.8 kJ/mol. The bond energy of
the complexes showed a range of bond energy values of —201.4—
—330.8 kJ/mol, with the types of bonds detected in the complexes
being hydrogen bonds, hydrophobic, and unfavorable bonds (Table
8). Based on the 3-D display of control compound complexes
and DPP-4 protein, all compounds bind in the same region as the
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inhibitor control (Fig. 2). The interaction of all compounds around
the validation control compound indicates validated docking.

Argl25 residues with sitagliptin were also shown
on the active side of moracin M, formononetin, latifoline,
and glycitein compounds. Tyr547 residues were identified
on the active side of loliolide, latifoline, 3-oxo-alpha-ionol,
sitagliptin, and 2-({6-[(3R)-3-aminopiperidin-1-yl]-3-methyl-
2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl} methyl)benzonitrile.
Pectolinarigenin compound showed the same active side as the
control, sitagliptin, and 2-({6-[(3R)-3-aminopiperidin-1-yl]-
3-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl} methyl)
benzonitrile, namely at residue Tyr631. Residue Glu206, the
active side of sitagliptin, was also detected as the active side of
latifoline and pectolinarigenin. Residue Glu205 identified two
control compounds, moracin M, latifoline, and glycetin. The
compounds formononetin, latifoline, glycitein, and 3-oxo-alpha-
ionol have an active side of Trp629, which was also identified in
both control compounds (Figs. 3-5; Table 8).

CONCLUSION

Peronema canescens has been shown to have
inhibitory activity against DPP-4, with the inhibitory activity of
the most active fraction (FPSM2) reaching 88.28% + 2.1204%
at 100 pg/ml, suggesting that this plant has excellent potential
to be developed as a drug for diabetes mellitus, especially as a
DPP-4 inhibitor. Compound profiling has successfully revealed
the compounds in FPSM2 as the most active fraction of P.
canescens, including pectolinarigenin, glycitein, formononetin,
latifoline, 3-oxo-alpha-ionol, moracin M, and loliolide. This
study proves that the potential of P. canescens as an antidiabetic
is limited to the inhibition activity of DPP-4. Therefore, further
research is needed to confirm its various other antidiabetic
mechanisms to reveal the complete mechanism of this plant as
an antidiabetic.
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