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Abstract

Chronic hyperglycemia is a metabolic disorder caused by insufficient insulin secretion, impaired insulin action, or
a combination of both. Current oral hypoglycemic agents for managing Type 2 Diabetes (T2D) act through various
mechanisms of action. Paederia scandens L. (commonly known as daun sembukan) is a perennial herb that grows in open
fields, thickets and along riverbanks, with a long history of use in traditional medicine systems such as Chinese and
Ayurvedic medicine for treating diverse ailments, including diabetes. In this study, we investigated the antidiabetic
potential of compounds from P. scandens by evaluating their activity against four diabetes-related protein receptors: DPP-
4, SGLT-2, PTP1B and FBPase. Among the tested ligands, three compounds — cosmetin, cynaroside and compound 39
— demonstrated superior pharmacological performance in both dynamic and kinetic evaluations. These ligands exhibited

the highest binding affinities and more favorable pharmacokinetic profiles compared to other candidates, highlighting

their potential as promising antidiabetic agents.
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Introduction

In 2015, about 9.1 million Indonesians had
diabetes and the global prevalence is projected to reach
170 million by 2025, with most cases from India and
China. The disease is linked to increased free fatty acid
flux to the liver, leading to dyslipidemia characterized
by elevated triglycerides, VLDL, small dense LDL and
CETP activation that alters HDL and triglyceride
particles [1].

Chronic hyperglycemia is a metabolic disorder
resulting from insufficient insulin secretion, impaired
insulin action, or both, leading to disturbances in the
metabolism of carbohydrates, lipids and proteins —
particularly in adipose tissue, skeletal muscle and the
liver. If left untreated, this condition may lead to
complications such as polydipsia, dysuria, weight loss,

visual disturbance, coma and in severe cases, death due

to ketoacidosis or hyperosmolar nonketotic syndrome
[2]. Oral hypoglycemic agents used in the management
of type 2 diabetes (T2D) exert their therapeutic effects
through diverse mechanisms of action, each eliciting
distinct physiological responses. These agents may
activate or inhibit specific drug receptors to enhance
insulin sensitivity, stimulate insulin secretion, inhibit
glucose absorption, or suppress hepatic glucose
production [3]. In advanced stages of T2D, the use of
combination therapy involving two or more oral agents
from different pharmacological classes — targeting
multiple pathogenic mechanisms — may be necessary for
effective management, as monotherapy or agents acting
on a single pathway may exhibit limited efficacy [4,5].
Conventional drugs for T2D like metformin,
thiazolidinediones and sulfonylureas often associated
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with significant side effects include, gastrointestinal
issues, increase of heart failure, fluid retention, and
edema. Therefore, people start to research alternatives
from plant extracts and secondary metabolites [6].
Plants are an important source of medicine, with many
drugs derived from their natural products. Their
therapeutic effects are mainly due to secondary
metabolites such as alkaloids, flavonoids, phenolics,
essential oils and polyphenols [7]. Certain medicinal
plant species exhibit pharmacological activities that are
associated with the presence of compounds [8]. One of
plants that could have potential as antidiabetic agents is
sembukan (Paederia scandens). Paederia scandens L.,
commonly known as daun sembukan, is a perennial herb
that typically grows wild in open fields, thickets, or
along riverbanks. P. scandens has a long history of
traditional use in various systems of medicine including
Chinese and Ayurvedic medicine and employed for a
wide range of ailments for several disease including
diabetes [9]. Previous studies on diabetic rats have
demonstrated that extracts of P. scandens can
significantly restore blood sugar levels, with effects
comparable to standard diabetic drugs [10].

Several attempts to discover new drugs for
antidiabetic agents using in silico approach via
molecular docking studies has been done previously
targeting various target receptors. Four proteins that
become the focus in this research are Dipeptidyl
Peptidase-4 (DPP-4). Sodium-Glucose Co-Transporter
2 (SGLT-2), Protein Tyrosine Phosphatase 1B (PTP1B)
and Fructose 1,6-bisphosphatase (FBPase). DPP-4 and
SGLT-2 are well established drug targets in glucose
regulation in Type 2 Diabetes. PTP1B and FBPase are
promising targets in diabetes for different mechanisms
of glucose regulation. Therefore, we picked these four
targets as our drug target.

Dipeptidyl Peptidase-4 (DPP-4) was initially
identified as a lymphocyte cell surface protein, also
known as the T-cell activation antigen CD26. DPP-4 is
a crucial target for anti-diabetic drugs due to its central
role in inactivating “incretin” hormones that are vital for
glucose regulation. Blocking the DPP-4 enzyme has
been proven effective to ameliorate glycemia in diabetes
[11].

Sodium-Glucose Co-Transporter 2 (SGLT-2) is a
protein responsible for reabsorbing approximately 90%
of glucose from the renal filtrate back into the

bloodstream. Inhibiting the function of SGLT-2
represents an effective therapeutic strategy for the
management of diabetes, as it reduces glucose
reabsorption within the body. When the process is
blocked, excess glucose is excreted via the urine,
therefore directly lowers plasma glucose levels, leading
to improvement in glycemic parameters [12].

Protein Tyrosine Phosphatase 1B (PTPIB) is a
promising therapeutic target for the treatment of T2D
and obesity. Although there are no approved drugs
currently exist that specifically target PTP1B, it remains
a major focus of research. PTP1B plays a role in cellular
processes by dephosphorylating the insulin receptors.
Decreased in PTP1B activity is associated with weight
loss and enhanced insulin sensitivity [13].

Fructose 1,6-bisphosphatase (FBPase) is a key
rate-limiting enzyme in gluconeogenesis, facilitating the
conversion of non-carbohydrate precursors such as
lactate and pyruvate into glucose. It catalyzes the
hydrolysis of fructose-1,6-bisphosphate to fructose-6-
phosphate, a critical intermediate in glucose production.
FBPase is potential molecular target for regulating
blood glucose levels, with its inhibitors being explored
as promising candidates for the treatment of diabetes
[14]. In this research, we explored the potential of
Paederia scandens leaf secondary metabolites as anti-
diabetic agents against multiple diabetes-related protein
targets, namely DPP-4, SGLT-2, PTP1B and FBPase.

Materials and methods

Compounds structure preparation from
Paederia scandens L. and reference compounds

The research began with the preparation of 80
compound structures derived from Paederia scandens
L., based on data obtained from the reviewed literature
[9]. The molecular structures were drawn using digital
structure-drawing software Marvin [15]. Once all
structures were finalized, the two-dimensional
representations (.mol/.smi) were converted into three-
dimensional formats (.mol2/.pub) using OpenBabel
[16]. Reference compounds for virtual screening and
molecular docking were selected based on previous
studies involving the four target receptors. A total of
three reference compounds were used for each target
protein, as follows: PTP1B: Ertiprotafib (ERT), KQ-791
(KQ7) and 864135-09-1 (CID: 11786814, R86); DPP-4:
Alogliptin (ALO), sitagliptin (SIT) and vildagliptin
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(VIL); SGLT-2: Canagliflozin (CAN), dapagliflozin
(DAP) and empagliflozin (EMP); FBPase: Adenosine
monophosphate (AMP), CS-917 (CS9) and MB07803
(MBO0)

Preparation of target protein receptors for
anti-diabetic screening

The three-dimensional structures of the target
protein receptors were retrieved from the RCSB Protein
Data Bank (PDB). The selected structures were as
follows: DPP-4 (PDB ID 20NC), SGLT-2 (PDB ID
7VSI), PTP1B (PDB ID 2QBP), FBPase (PDB ID
2FIE). Unnecessary components such as water
molecules, co-crystallized ligands and other non-
essential  heteroatoms  were  removed  using
AutoDockTools [17]. Subsequently, polar hydrogens
were added and Kollman charges were assigned to
represent partial positive and negative distribution on

the protein surface.

Method validation of molecular docking

Method validation was carried out by redocking
the co-crystallized ligands or predefined reference
compounds using molecular docking protocol.
Molecular docking was performed wusing the
Lamarckian Genetic Algorithm (LGA), with 50 docking
runs employed to verify the method is valid. Fifty
docking runs are picked because it is ideal number of
runs because it is most efficient showing lowest RMSD

with smallest number of runs [18].

Molecular docking of compounds from
Paederia scandens L.

Molecular docking of compounds derived from
Paederia scandens L. was performed using AutoDock
Vina [19]. Residues surrounding the binding pocket
were used as a guide to define the active site of each
target protein. The docking was conducted using
60x60%60 grid box. During docking, the protein

residues were kept rigid, while only the rotatable bonds
in the ligands were allowed to be flexible. The docking
parameters were set with an exhaustiveness value of 10
and the number of predicted bindings poses also set to
10.

Data processing and visualization of ligand-
receptor interactions

Following the docking simulations, analysis was
conducted to evaluate the interactions between the
ligands and the receptor residues. The assessment
focused on binding affinity (binding energy) and the
binding pose of the ligands within the receptor’s active
site. Subsequently, ligand-receptor interactions were
visualized using BIOVIA Discovery Studio to better
interpret the molecular interactions and binding

conformations.

ADMET predictions and evaluation of
compounds from Paederia scandens L.

The ADMET profiles prediction of compounds
derived from Paederia scandens L. were analyzed using
the ADMETLab 3.0 online server [20]. This tool was
employed to predict the pharmacokinetic properties and
potential toxicity of the selected phytochemicals

through silico analysis.

Results and discussion

Preparation of secondary metabolites structure
and standard comparison

The structures of secondary metabolite
compounds found in Sembukan leaves were constructed
using the MarvinSketch software. These structures were
then converted into 3D PDB format and subjected to
energy minimization to ensure the compounds were in a
relaxed conformation. A total of 80 compounds were
modelled and labelled with codes. Additionally,
reference compounds that were listed in the materials

were prepared for each target protein.
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Table 1 Anti diabetes target receptor, Co-crystal ligand, interacting residues, dan centre coordinates of docking.

Centre Coordinates of

Receptors Co-crystallized Ligand Interacting Residues [14] .
Docking
Arg45, Tyrd6, Tyrd7, Ala217,
PTP1B (2QBP) Ligand 527 Lys120, 1Ile219, Met258, 48,9,2
GIn262
i Glu205, Glu206, Tyr547,
DPP-4 (20NC) Ligand SY1 —40, 20, 15
Trp629
i Phe98, Phe453, Val9s,
SGLT-2 (7VSI) Ligand 7R3 38,48, 45
Leu283, Tyr290, Leu84
) Vall7, Metl18, Gly21, Ala24,
FBPase (2FIE) Ligand A74 3,40, 40

Leu30, Metl77

7 8 9

Figure 1 Chemical structures of compound 37 (1), compound 38 (2), compound 39 (3), compound 40 (4), cosmetin (5),
cynaroside (6), linarin (7), narcissin (8) and paederinin (9).
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Preparation of receptor protein structures and
validation of the docking method

Target receptor proteins were prepared by
downloading their structures from the Protein Data
Bank (PDB). The structures used were PDB ID: 2QBP
for PTP1B, PDB ID: 20NC for DPP-4, PDB ID: 7VSI
for SGLT-2 and PDB ID: 2FIE for FBPase. Water
molecules, co-crystallized ligands and other non-
essential molecules were removed  using
AutoDockTools. Polar hydrogens were added, and
Kollman charges were assigned to represent the
distribution of partial positive and negative charges. The
protein structures were then saved in PDBQT format,
which includes atomic coordinates, partial charges, and
atom types.

The cleaned receptors were then subjected to

molecular docking validation using their respective

Table 2 Molecular docking results against PTP1B receptor.

native or co-crystallized ligands to ensure optimal
docking parameters. The validation process provided

the coordinates for the docking site's center as follows.

Molecular docking of secondary metabolite
compounds and reference compounds

All 80 compounds found in the literature are
tested. Following molecular docking, we summarized
the molecular docking results and picked nine ligands
with the highest average binding energy. These nine
compounds were selected because of their great affinity
towards all four receptors. The selected compounds then
analyzed further. The receptor—ligand complexes were
then visualized using Discovery Studio Visualizer to
examine the binding interactions and identify the

interacting amino acid residues.

Pi-Cation Pi-Anion, o . Energy binding Estimated
PTP1B Hydrogen bond . Pi-Sigma, Pi-Alkyl .
Pi-Sulfur (kcal/mol) Ki (uM)
ARG254, GLY259,
Compound 37 ARG24, GLN262, CYS215 ALA217, PHE182 -8.1 1.142
SER216
ASP438, ARG24,
Compound 38 GLN262, ARG221, - CYS215, ALA217 -8.2 0.965
ARG47
GLN262, ARG47,
Compound 39 ARG221, CYS215, - ALA217 -7.9 1.601
ASP48
ALA217, PHEI1S82,
Compound 40 GLY259, TYR46 - -8.1 1.142
ARG221, CYS215
Cosmetin GLN262 - ALA217 -8.7 0.415
CYS215, ARG221,
ASP48, GLN262,
Cynaroside GLY259, ARG24, - ALA217, TYR46 -8.9 0.296
TYR20, ARG254,
SER216
. ARG254, SER28, TYRA46, PHE182,
Linarin - -8.8 0.350
SER216, ASP29 ALA217
. SER118, ARG221,
Narcissin - LYS120, ALA217 -8.5 0.581
SER216, TYR46
ASP29, ASP438,
- PHEI182, TYR46,
Paederinin GLN262. ARG254, - -8.2 0.965
CYS215, ALA217
SER216
. CYS215, ARG221, ALA217, VALA49,
Ertiprotafib (ERT) ARG24, TYR46 -8.6 0.491

MET258

PHE182
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Pi-Cation Pi-Anion, L. . Energy binding Estimated
PTP1B Hydrogen bond . Pi-Sigma, Pi-Alkyl .
Pi-Sulfur (kcal/mol) Ki (uM)
ARG221, GLN266,
LYS120, VALA49,
KQ-791 (KQ7) GLN262, GLY220, - -9.2 0.178
ALA217
PHE182,
LYS120, CYS215,
864135-09-1 (R86) ARG254, SER216 ALA27, ALA217 -83 0.815

ARG221, PHE182

According to the molecular docking results from
the secondary metabolites of Paederia scandens, we got
top 9 ligands that form good binding with the four
receptors. The ligands are compound 37, compound 38,
compound 39, compound 40, cosmetin, cynaroside,
linarin, narcissin and paederinin.

The docking results against PTP1B showed that
the ligands bind with high energy binding and low
inhibition constant (—7.9 kcal/mol or 1.60 uM to —8.9
kcal/mol or 0.296 uM) with cynaroside (8.9 kcal/mol,
0.296 uM), linarin (—8.8 kcal/mol, 0.35 pM), cosmetin
(-8.7 kcal/mol, 0.415 uM), narcissin (-8.5 kcal/mol,
0.581 uM) and paederinin (—8.2 kcal/mol, 0.965 pM)
being in the upper side, indicating a promising candidate
for PTP1B inhibitor.

According to Liu ef al. [21]; Ala et al. [22] there
are 4 sites that play an important role in inhibition of
PTP1B namely main catalytic “A Site” and three
additional secondary sites were named B, C and D sites.
Together these four sites constitute attractive structural
cavities for inhibitors. The A site is from residues
PHE182 to CYS215 and TYR46 to GLN262 with main
residues are CYS215, GLN262, ASP181 and ARG221.
Meanwhile the B site that was discovered by [23],
involves residues like TYR20, ARG24, ALA27,
PHE52, ARG264 and MET258-GLY259 and
contributes to substrate binding and specificity. C Site
consists of TYR46, ARG47 and ASP48, while D Site
consists of TYR46, GLU115, LYS120, ASP181 and
SER216.

KQ-791 with the highest energy binding from the
three reference standards. It exhibits hydrogen bonds
with ARG221, GLN266, GLN262, GLY220, PHE182,
SER216 and hydrophobic interactions with LYS120,
TYR46, VAL49, and ALA217 (Figure 2(L)). This

simultaneous engagement with the main site and the
secondary site provides a high bar for potency and
structural template for dual site occupancy, meanwhile
ertiprotafib and R86 still have great contact with the
receptors but fewer than KQ-791 (Figures 2(J) and
2(K)).

Several of the ligands exhibit binding to these
residues. Cynaroside exhibits multiple hydrogen
bonding networks to CYS215, ARG221, ASP48,
GLN262, GLY259, ARG24, TYR20, ARG254 and
SER216 which make cynaroside interacting almost in
every main site and make the binding between the
cynaroside and PTP1B greater than other ligand (Figure
2(F)). Linarin also forms multiple hydrogen bonds with
ARG254, Ser28, Ser216 and ASP29 and & interactions
with TYR46, PHE182 and ALA217. Although it lacks
direct contact with the main A site, specifically CYS215
or ARG221, strong hydrophobic interactions with
TYR46 or PHE182 seem to compensate for it, hence it
still has strong interactions with the PTP1B receptor
(Figure 2(B)).

Cosmetin which only exhibit 2 interactions, one
hydrogen bond with GLN262 and one hydrophobic
interaction with ALA217 seems adequate to hold the
binding of the ligand with the receptor (Figure 2(E)).

Narcissin has good hydrogen bonds toward several
residues which are SERI11, ARG221, SER216 and
TYR46 (Figure 2(H)) while paederinin also exhibit
hydrogen bonds with ASP29, ASP48, GLN262,
ARG254 and SER216 which could indicate their
potential as well as PTP1B inhibitors (Figure 2(I)).
From these results, we can proceed to conclude that
cynaroside, linarin, cosmetin and narcissin are

promising PTP1B inhibitors.
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Figure 2 Interactions between PTP1B obtained from molecular docking with (A) Compound 37, (B) Compound 38, (C)
Compound 39, (D) Compound 40, (E) Cosmetin, (F) Cyanaroside, (G) Linarin, (H) Narcissin, (I) Paederinin, (J) R86, (K)
Ertiprotafib, (L) KQ791.

Table 3 Molecular Docking Results against DPP-4 Receptor.

Pi-Cation, Pi-Anion Estimated
DPP-4 Hydrogen bond Pi-Sigma, Pi-Alkyl  Energy binding
Pi-Sulfur, Halogen Ki (unM)
PRO159, TRP157,
Compound 37 - - -11.7 0.003
TRP216, PRO218
TRY547,  HIS740,
Compound 38 - PHE357 -11.0 0.009
TYRS85, GLU205
TYR631, TYR547,
Compound 39 GLU206, SER630, - PHE357 -12.1 0.001
HIS740
ASN710, TYR662,
Compound 40 GLU205, ARG669, - - -12.1 0.001
HIS126
) HIS592, SER349,
Cosmetin - - -10.8 0.012
ASP588, ASN377
. ASP737,  ASP192, PHE240, VAL252,
Cynaroside ASP739 -11.2 0.006
ARG253 LYS122
L VAL656, TYR662,
Linarin TYR631, ARG358 GLU206 -11.6 0.003

TYR666, PHE357
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Pi-Cation, Pi-Anion Lo . - Estimated
DPP-4 Hydrogen bond X Pi-Sigma, Pi-Alkyl  Energy binding .
Pi-Sulfur, Halogen Ki (uM)
. ARG253, ASP192,
Narcissin - PHE240 -12.4 0.001
GLN124, THR199
Paederinin TRP629, ASP739 ARG125 HIS740 —-11.1 0.007
- PHE240, VAL252,
Alogliptin (ALO)  ASP739, GLN123 - 8.8 0.350
ALA707
o SER209, HIS740,
Sitagliptin (SIT) GLU206, VAL207 PHE357, TYR666 -10.2 0.033
TYR662
. . GLU205, ARGI2S,
Vildagliptin (VIL) TYRS547 - -8.8 0.350
ASN710

The molecular docking results of ligands against
DPP-4 Receptor shows that the energy binding of
ligands varies between —12.4 to —10.8 kcal/mol, which
all of them show stronger energy than the reference
drugs, which are alogliptin (—8.8 kcal/mol, 0.35 puM),
sitagliptin (—10.2 kcal/mol, 0.033 pM), and vildagliptin
(—8.8 kcal/mol, 0.350 uM). Narcissin, compound 39 and
compound 40 showed the best binding energies (<—12.0
kcal/mol), while compound 37, linarin, cynaroside, and
paederinin followed them.

As we already know previously that the
catalytically critical or recognition residues in the table
include region with saline bridging residues such as
GLU205, GLU206 and TYR662; S1 and S2 regions
which contain ARG125, SER209, PHE357, ARG358,
TYR547, SER630, TYR666 and ASN710; other
important sites such as ASP192, VAL207 and ARG253
which are essential for substrate recognition and
catalysis [24-27]. Besides those residues, other
interacting residues such as PHE240, VAL252 and
ALA707 also play important roles in the binding of
ligands to the receptors [28].

The secondary metabolites show great potential
for inhibition of DPP-4 activity, and each with their own

mechanism which could be described to 2 main

categories. Compound 38, compound 39, compound 40,
paederinin and linarin for example exhibit binding to
ARG125 / GLU205 / GLU206 / PHE357 / TYR662
which is very similar to the model of vildagliptin and
sitagliptin binding to the receptor. Compound 40
(Figure 3(D)) is especially shown in this result like
vildagliptin (Figure 3(K)) in the mode of binding,
which is to GLU205 (anchor) and ASN710 (S1 floor).

Meanwhile cynaroside and narcissin binding to
ASP192 and ARG253 residues. These residues are
located near the entrance/interface and can contribute to
polar anchoring (Figures 3(F) and 3(H)). PHE240 and
VAL252 are hydrophobic and provide affinity
improvement.

Compound 37 on the other hand has bonding to
PRO159, TRP157, TRP216 and PRO218, which are
peripheral to S1/S2 pocket and indicate binding near a
surface loop or entry channel rather than deeply filling
S1 or S2 as is shown in Figure 3(A). The result is a
reasonable docking score and stabilized mainly by shape
complementarity ~ rather = than  pharmacophore
interactions. Overall, cynaroside, narcissin, linarin,
compound 39 and compound 40 could be candidates for
inhibiting the activity of DPP-4 receptor.
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Figure 3 Interactions between DPP-4 obtained from molecular docking with (A) Compound 37, (B) Compound 38, (C)
Compound 39, (D) Compound 40, (E) Cosmetin, (F) Cyanaroside, (G) Linarin, (H) Narcissin, (I) Paederinin, (J)
Sitagliptin, (K) Vildagliptin, (L) Alogliptin.

Table 4 Molecular Docking Results against SGLT-2 Receptor.

Pi-Cation, Pi-Anion L. . Energy binding Estimated
SGLT-2 Hydrogen bond X Pi-Sigma, Pi-Alkyl X
Pi-Sulfur (kcal/mol) Ki (uM)
PHE9S, GLU99,
Compound 37 GLN457,  ASNT75, ASP158 LYS154, VAL157 -10.7 0.014
SER393, SER74
GLN457,  ASNT75, PHE9S, VAL9S,
Compound 38 - -9.9 0.055
HIS80 PHE453
ASNTS, LYS154,
PHE9S, VAL9S,
Compound 39 ASP158, TYR290, - -9.8 0.065
PHEA453
HIS80
SER460, GLN457,
ASP158, HISS0, VAL157, LYS154,
Compound 40 - -10.5 0.020
SER74, PHEQ9S, ILE397
TYR290
) THR87, ASNT7S, VAL95,  PHEA453,
Cosmetin HIS80 -10.5 0.020

GLN457, SER287 VAL157
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Pi-Cation, Pi-Anion L. . Energy binding Estimated
SGLT-2 Hydrogen bond K Pi-Sigma, Pi-Alkyl X
Pi-Sulfur (kcal/mol) Ki (uM)
. THR97, ASNT7S, VALD9S, PHE9S,
Cynaroside - -10.4 0.023
GLU99, HIS80 PHEA453, VAL157
TYR290,  ASNT7S,
VALO9S, LEUg4,
A LYS154, GLY79,
Linarin GLU99 PHE9S, PHEA453, -9.7 0.077
GLN457, THRI153,
LEU274, ILE397
HIS80, GLY83
. GLY79,  ASP454,
Narcissin HIS80 VAL157, TYR290 -9.2 0.178
GLN457
HIS80, SER460,
Paederinin GLN457, PHE9S, ASP454 - -9.9 0.055
GLU99
HIS80, LEUS84,

Canagliflozin (CAN) GLU99 PHE98, ASP454 -10.9 0.010
VAL9S5, PHE453
. GLN457, HISgO0, LEUS4, VALD9S,
Dapagliflozin (DAP) - -10.2 0.033
PHEO98, TRP291 LEU274
. LYS321, PHE9S, VALO9S, LEUS4,
Empagliflozin (EMP) HIS80, GLY79 -11.2 0.006
TYRS526 LEU274

Molecular docking results for ligands against
SGLT-2 receptors were found as shown in Table 4.
Binding energies and Ki for the ligands ranged from —
9.2 kcal/mol, 0.178 uM to —10.7 kcal/mol, 0.014 pM
while the reference used also showed good energy
binding with canagliflozin (—10.9 kcal/mol, 0.01 uM),
dapagliflozin (-10.2 kcal/mol, 0.033 pM) and
empagliflozin (—11.2 kcal/mol, 0.006 uM). The three
reference drugs are used because they are in line with
their known high potency as clinical SGLT-2 inhibitors
[29].

Previous study showed that ASN75, HISSO0,
LYS154, TYR290, TRP291, PHE453 and ILE456 to be
important residues in the binding of ligands to SGLT-2
receptor [30]. Compound 37 with the lowest binding
energy form binding with ASN75 and LYS154 residues

which is important for binding with the receptor.
Moreover, it also binds to PHE98, VALI157 and
GLN457 which seems to be the common residues too
with the other mode of binding from other ligands
(Figure 3(A)).

Compound 40 exhibits multiple hydrogen bonds
toward the receptor with HIS80 and TYR290 as the
main residues. This suggests that compound 40 anchors
to the polar rim and inserts toward the mid region of the
pocket (Figure 4(D)). Cosmetin with similar binding
energy with compound 40 exhibits binding with ASN75
in hydrogen bonding and HIS80 and PHE453 as
hydrophobic interactions (Figure 4(E)). Similarly to
cosmetin is cynaroside which has hydrogen bonding
toward ASN75 and HIS80 while PHE453 interacts
hydrophobically (Figure 4(F)).
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Figure 4 Interactions between SGLT-2 obtained from molecular docking with (A) Compound 37, (B) Compound 38, (C)
Compound 39, (D) Compound 40, (E) Cosmetin, (F) Cyanaroside, (G) Linarin, (H) Narcissin, (I) Paederinin, (J)
Canagliflozin, (K) Dapagliflozin, (L) Empagliflozin.

Table 5 Molecular Docking Results against FBPase Receptor.

Pi-Cation, Pi-Anion, L. . Energy binding Estimated
FBPase Hydrogen bond . Pi-Sigma, Pi-Alkyl .
Pi-Sulfur (kcal/mol) Ki (uM)
GLY26, THR31,
Compound 37 - - -84 0.688
THR27, ARG22
Compound 38 THR27 - ARG22, GLY21 -8.2 0.965
ARG22, THR31,
Compound 39 GLY?26, ARG25, - ARG22,GLY21 -8.6 0.491
GLY28, THR27
THR31, GLY?26,
Compound 40 - ARG22 -8.4 0.688
GLU19
. GLY?26, METI1S,
Cosmetin ARG22 ARG25 -8.2 0.965

GLY21, GLY28

i GLY26, MET18,
Cynaroside - ARG25 -8.3 0.815
THR27
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Pi-Cation, Pi-Anion, L. . Energy binding Estimated
FBPase Hydrogen bond . Pi-Sigma, Pi-Alkyl .
Pi-Sulfur (kcal/mol) Ki (uM)
ARG22, THR31,
L ARG25, THR27,
Linarin - PHES9 -9.6 0.091
GLY?26, GLY28,
GLY21
GLY21, GLY?26,
L MET]I, ARG22,
Narcissin GLY28, GLY28, - -8.6 0.491
ARG25
ARG25
GLY29, THR27,
L THR31, ARG22,
Paederinin - ALA24 -8.7 0.415
GLY21, GLY?26,
GLU20
Adenosine METI1S, GLY26,
- ARG22, ARG25 -7.3 4.412
monophosphate (AMP)  GLY28, THR31
CS-917 (CS9) THR27, ARG22 - ARG25, ARG22 -7.6 2.658
ARG22, THR27,
MBO07803 (MB0) - ARG25 -8.7 0.415
GLY28

Our molecular docking results of ligands against
the FBPase receptor show various energy binding and
Ki ranging from —8.2 kcal/mol, 0.965 uM to -9.6
kcal/mol, 0.091 uM. Among all compounds, linarin
demonstrated the most favorable binding (-9.6
kecal/mol, 0.091 uM) surpassing all references.

Previous research found that several residues that
interact with the ligand in the bonding pocket site of
FBPase are THR27, GLY28, GLU29, LYS112,
TYR113, GLY21, ARG22, GLY26, THR31, ARG140,
VAL160, MET177, ASP178, and CYS179 [31]. From
the results we can conclude that GLY21, ARG22,
GLY26, THR27, GLY28 and THR31 form frequent
hydrogen bonding toward almost all the ligands.
Compound 39 and Linarin engaged with ARG22,
THR31, GLY26, GLY28, and THR27 simultaneously,

suggesting a stabilizing interaction network within this
pocket (Figures 5(C) and 5(G)).

We can also see that almost all the ligands have
hydrophobic interactions with ARG22 and ARG2S5.
This could be a highlight that ARG22 is a recurrent
‘anchoring’ residue, crucial for ligand orientation within
the binding site, since this residue is interacting with
many ligands except linarin, which interacts with
PHES9. Even though it doesn’t interact with ARG22 or
ARG?25, it achieved the lowest inhibition constant
(0.091 pM). This could potentially show that flavonoid
scaffolds with extended aromatic systems may exploit
both polar and hydrophobic interactions in the binding
pocket [32]. In this case, we could conclude that linarin,
paederinin, or narcissin could be the best candidate for
FBPase inhibitor.



Trends Sci. 2026; 23(3): 12090

13 0of 17

Figure 5 Interactions between FBPase obtained from molecular docking with (A) Compound 37, (B) Compound 38, (C)
Compound 39, (D) Compound 40, (E) Cosmetin, (F) Cyanaroside, (G) Linarin, (H) Narcissin, (I) Paederinin, (J)

Adenosine monophosphate, (K) CS9, (L) MBO.

ADMET Predictions

Table 6 showed the ADMET prediction of 9 top
secondary metabolites of Paederia scandens. Molecular
weight properties of most compounds are over 500 Da,
which may reduce oral bioavailability [33]. Cosmetin
and Cynaroside are within the favorable range.

For the number of hydrogen bond acceptors
(nHA), cosmetin and cynaroside are within the
acceptable range (< 10 ideally). Higher numbers of
hydrogen bonds acceptor may reduce the permeability
of molecules inside the body [34]. No ligand is fulfilling
the number of hydrogen bonds donors, since it is all
more than 5. Cosmetin has the lowest number of
hydrogen bonds donors. All compounds also have
negative (< 0) logP, which means that they are
hydrophilic. This may help solubility, but it will reduce

membrane permeability. From the general drug-likeness

prediction, cosmetin and cynaroside are leading the
table.

From the absorption aspects, all ligands have low
and negative values, which is less than —5, this could
mean low intestinal permeability. It is shown that all
ligands have the value of Pgp inhibitor equals 0. This
means that none of the ligands inhibit Pgp proteins. This
is a positive result, since none of the candidates will
interfere with the work of Pgp proteins in the body,
which could lead to increase in bioavailability and brain
penetration. However, almost all show values of Pgp
substrate close to 1, which indicates that they are strong
Pgp substrates. This will lead to molecules of drugs
effluxing out of cell, reducing absorption.

For the distribution properties, all ligands show

negative value, which indicates low tissue distribution.
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This means, the ligands are mostly confined to plasma,
hence lower dose of a drug is required to achieve a given
plasma concentration. Blood-Brain Barrier penetration
prediction also shows very low value for most (< 0.3).
Only compound 38 (0.284) shows light potential. But
overall, these ligands don’t cross the BBB.

In the metabolism parameter, all the ligands have
values almost or equal to zero which means that neither
of the ligands are a substrate of CYP2D6 or CYP3A4
which could decrease the bioavailability in the body
[35]. Also, none of the ligands inhibit the activity of
CYP2D6 and CYP3A4. This means that it won’t interact
with drugs that are metabolized by the CYP2D6 and
CYP3AA4.

Excretion properties of the ligands showed various
results, but still in the low region, which means it

removes from the body slowly, with longer systemic

Table 6 Prediction of Drug likeness and ADMET.

retention. Linarin’s negative value suggests that it is
removed very slowly and could be retained in the body.

Most compounds display moderate half-lives with
linarin and narcissin showing the longest retention time,
potentially prolonging the pharmacological action but
also raising the risk of toxicity.

Toxicity properties of the ligands showed mixed
results of each ligand. All compounds show relatively
(<0.1) risk of
cardiotoxicity. Several ligands show mutagenicity risk

low values indicating minimal
from the AMES toxicity prediction, with compound 40,
linarin, and paederinin show higher value. All ligands
also showed very low carcinogenicity. Some ligands
like compound 37, compound 40 and paederinin also
show higher hepatotoxicity. All tested ligands also
predicted to have extremely low probability of drug-
induced neurotoxicity, meaning neurotoxicity is not a

major concern.

Compound Compound Compound Compound

Parameter 37 38 39 40 Cosmetin Cynaroside Linarin Narcissin Paederinin
MW 568.27 552.28 568.27 582.29 448.23 464.23 608.3 640.29 566.29
nHA 14 13 14 14 10 11 14 16 13
nHD 10 9 10 9 7 8 8 10 8
logP -1.98 -1.859 -2.75 —-1.609 -1.206 -2.117 -1.015  -2.099 —0.544
Absorption
Caco-2
Permeability -5.745 -5.778 -6.173 -5.65 —6.368 —6.629 -5.829  —-6.147 —5.588
Pgp inhibitor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pgp substrate 0.997 0.99 0.987 0.999 0.945 0.951 0.883 0.999 0.882
Distribution
VDss —-0.651 -0.58 —0.687 —0.684 -0.433 —0.462 -0.496  —0.607 -0.613
BBB 0.003 0.284 0.158 0.003 0.137 0.041 0.002 0.001 0.062
Metabolism
CYP2D6 Substrate 0.001 0.0 0.0 0.004 0.0 0.0 0.0 0.0 0.008
CYP2D6 Inhibitor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CYP3A4 Substrate 0.0 0.0 0.0 0.0 0.0 0.0 0.001 0.004 0.0
CYP3 A4 Inhibitor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Excretion
Clplasma 2.724 1.684 1.087 1.823 1.746 0.856 0.643 -0.007 1.884
T2 3.591 2.744 3.057 3.199 3.479 3.906 3.713 4.813 2.528
Toxicity
hERG blockers 0.021 0.017 0.016 0.019 0.061 0.06 0.076 0.023 0.028
AMES toxicity 0.139 0.484 0.509 0.789 0.413 0.426 0.687 0.773 0.755
Carcinogenicity 0.066 0.02 0.018 0.092 0.051 0.05 0.017 0.007 0.054
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Compound Compound Compound Compound . . . L. L.
Parameter Cosmetin Cynaroside Linarin Narcissin Paederinin
37 38 39 40
Human
. 0.707 0.553 0.526 0.758 0.596 0.593 0.355 0.356 0.637
Hepatotoxicity
Drug-induced
. 0.014 0.003 0.004 0.014 0.024 0.035 0.004 0.003 0.003
Neurotoxicity
Conclusions Acquisition, Writing — Review and Editing,

We have shown you the results of our studies
which indicate that some of the secondary metabolites
from Paederia scandens could be used in inhibiting
diabetes correlated protein, whether it is by inhibiting
PTP1B, DPP-4, SGLT-2 or FBPase protein with their
own mechanism of action. We also showed the
prediction of pharmacokinetics from each of top
potential ligands. We could see the potential of 3 ligands
that really showed their pharmacological performance,
whether the dynamic part or the kinetic part. These three
ligands are cosmetin, cynaroside, and compound 39.
These 3 ligands show highest binding energy from all
the ligands and pharmacokinetically better than the
other ligand with high binding energy.
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