’ © 2024 Journal of Pharmacy & Pharmacognosy Research, 12 (4), 735-747, 2024
ISSN 0719-4250
https://jppres.com

N
DOI: https://doi.org/10.56499/jppres23.1891 12.4.735

Original Article

In silico studies of Ruellia tuberosa L. compounds as aldose
reductase, dipeptidyl peptidase 4, and a-glucosidase inhibitors
against type 2 diabetes mellitus

[Estudios in silico de compuestos de Ruellia tuberosa L. como inhibidores de la aldosa reductasa, dipeptidil peptidasa 4 y a-
glucosidasa contra la diabetes mellitus de tipo 2]

Ekowati Retnaningtyas!”, Andri Setiawan?, Budi Susatial, Tanto Hariyanto3, Ni Luh Putu Eka Sudiwati?

1Department of Nursing, Malang State Health Polytechnic, Ministry of Health Indonesia, Malang, 65119, Indonesia.
2Master Program of Biomedical Sciences, Faculty of Medicine, Universitas Brawijaya, Malang 65145, Indonesia.
3Department of Blood Bank Technology, Malang State Health Polytechnic, Ministry of Health Indonesia, Malang, 65119, Indonesia.
*E-mail: ekowati.poltekes@gmail.com, andre.bbc4088@gmail.com

Abstract

Context: The search for a safe and effective anti-diabetic medication has escalated due to the unfavorable side effects of synthetic drugs and the geometric
rise in diabetes mellitus cases. Ruellia tuberosa is an important medicinal plant that can potentially reduce postprandial hyperglycemia.

Aims: To identify the inhibition of aldose reductase, dipeptidyl peptidase 4 (DPP-4), and a-glucosidase for anti-diabetic drug discovery from Ruellia tuberosa
bioactive compounds using computational methods, including molecular docking, binding free energy estimates and ADMET predictions.

Methods: A molecular docking study of betulin, betulinic acid, cirsiliol, cirsimarin, cirsimaritin, and pedalitin with aldose reductase, DPP-4, and a-glucosidase
inhibitors was done using Glide XP-docking module. The adsorption, distribution, metabolism, excretion, and toxicity (ADMET) prediction was carried out by
the QikProp module, and ligand binding energy was ascertained by the prime molecular mechanics with generalized born and surface area (MM/GBSA)
module, Schrodinger suite 2020-2.

Results: The molecular docking and complexes' MM/GBSA show specific interactions and high binding free energies. The ADMET prediction demonstrates the
excellent safety profile, pharmacokinetic characteristics, and favorable drug-likeness of betulin, betulinic acid, cirsiliol, cirsimarin, cirsimaritin, and pedalitin.
This study shows the inhibition potential of Ruellia tuberosa compounds against aldose reductase, DPP-4, and a-glucosidase inhibitors.

Conclusions: Therefore, for this chemical to be developed further into novel pharmaceuticals for treating type 2 diabetes mellitus, optimization and
experimental research are required.

Keywords: anti-diabetic; in silico ADMET; MM/GBSA; molecular docking; Ruellia tuberosa.

Resumen

Contexto: La bisqueda de una medicacién antidiabética segura y eficaz se ha intensificado debido a los efectos secundarios desfavorables de los farmacos
sintéticos y al aumento geométrico de los casos de diabetes mellitus. Ruellia tuberosa es una importante planta medicinal que potencialmente puede reducir
la hiperglucemia postprandial.

Objetivos: Identificar la inhibicién de la aldosarreductasa, la dipeptidil peptidasa 4 (DPP-4) y la a-glucosidasa para el descubrimiento de farmacos
antidiabéticos a partir de compuestos bioactivos de Ruellia tuberosa mediante métodos computacionales, incluyendo acoplamiento molecular, estimaciones
de energia libre de enlace y predicciones ADMET.

Métodos: Se realizd un estudio de acoplamiento molecular de betulina, 4cido betulinico, cirsiliol, cirsimarina, cirsimaritina y pedalitina con inhibidores de
aldosa reductasa, DPP-4 y a-glucosidasa utilizando el médulo de acoplamiento Glide XP. La prediccion de adsorcién, distribucion, metabolismo, excrecion y
toxicidad (ADMET) se llevé a cabo mediante el médulo QikProp, y la energia de unidn del ligando se determiné mediante el médulo de mecanica molecular
primaria con area superficial y de nacimiento generalizada (MM/GBSA), Schrodinger suite 2020-2.

Resultados: El acoplamiento molecular y el MM/GBSA de los complejos muestran interacciones especificas y elevadas energias libres de enlace. La prediccién
ADMET demuestra el excelente perfil de seguridad, las caracteristicas farmacocinéticas y el parecido favorable a farmacos de la betulina, el acido betulinico,
el cirsiliol, la cirsimarina, la cirsimaritina y la pedalitina. Este estudio muestra el potencial de inhibicion de los compuestos de Ruellia tuberosa frente a los
inhibidores de aldosa reductasa, DPP-4 y a-glucosidasa.

Conclusiones: Por lo tanto, para que esta sustancia quimica pueda seguir desarrollandose en nuevos farmacos para el tratamiento de la diabetes mellitus tipo
2, se requiere optimizacion e investigacién experimental.

Palabras Clave: acoplamiento molecular; antidiabético; in silico ADMET; MM/GBSA; Ruellia tuberosa.
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INTRODUCTION

The metabolic or multiple risk factor syndrome,
which includes conditions like obesity, hypertension,
and hyperglycemia, has become a significant worry in
today's culture due to the rapid changes in food hab-
its and lifestyle patterns. Interestingly, diabetes ranks
as the sixth most common cause of death worldwide.
Over 90% of people with diabetes have type 2 diabe-
tes mellitus, which has grown to be a severe health
issue globally. Diabetes, once only seen in the elderly,
is now prevalent in young people and has killed over
1.6 million people globally. The World Health Organ-
ization estimates that by 2030, there will be over 366
million diabetics worldwide, up from the current
level of over 220 million (Saeedi et al., 2019).

One significant risk factor for type 2 diabetes is
postprandial hyperglycemia (Kim, 2020). Managing
blood glucose levels is one of the most effective strat-
egies to prevent diabetes and hyperglycemia (Rines et
al., 2016). Digestive enzymes like a-glucosidase and
a-amylase act as catalysts for the hydrolysis of carbo-
hydrates, resulting in blood sugars. The enzyme a-
glucosidase is present in intestinal cell membranes
and is in charge of hydrolyzing polysaccharides. Simi-
larly, the salivary glands and pancreas secrete a-
amylase, an enzyme that can hydrolyze starches and
oligosaccharides into simple sugars. Inhibiting these
enzymes can slow down the digestion of carbohy-
drates, reducing the rate at which glucose enters the
bloodstream. Therefore, it is considered that one ther-
apeutic strategy to manage diabetes is to reduce the
activity of these enzymes in the digestive system
(Ghosh et al., 2014; Li et al., 2022). In the polyol path-
way, aldose reductase is an essential enzyme. It con-
nects the various body parts impacted by diabetes
and the onset of consequences from the disease by
catalyzing the conversion of glucose to sorbitol. Intra-
cellular sorbitol accumulation causes localized hyper-
osmotic situations that lead to the development of
diabetic =~ complications, including neuropathy,
nephropathy, retinopathy, and cataracts (Tang et al.,
2012). Therefore, aldose reductase has been a promis-
ing therapeutic target for treating diabetic complica-
tions (Dunlop, 2000). Furthermore, the gut's release of
hormones in reaction to the absorption of nutrients,
particularly glucagon-like peptide-1 (GLP-1) and glu-
cose-dependent insulinotropic-polypeptide (GIP), are
crucial in regulating postprandial hyperglycemia
(Holst, 2019). Because the enzyme DPP-4 inactivates
these hormones by cleaving the first two amino acids
from their N-terminals, resulting in GIP (3-42) and
GLP-1 (9-36), they have a limited circulation half-life.
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For this reason, DPP-IV inhibitors are helpful when
treating type 2 diabetes (Deacon, 2019).

Many anti-diabetic medications have been created
over time, are readily available in the market, and
successfully treat diabetes. These medications include
miglitol, emiglitate, acarbose, and voglibose. Never-
theless, it has been noted that long-term use of these
drugs can cause side effects like headache, nausea,
and dizziness, which can worsen other health issues,
such as cardiovascular events (Lee et al., 2014). For
this reason, it's important to look for safer substitutes
with good drug profiles and no negative side effects.
There is a growing trend in the management and pre-
vention of diabetes and obesity with functional meals
and plant-based medications that change physiologi-
cal effects. Many studies have shown that medicinal
plants have anti-hyperglycemic characteristics, show-
ing that they are rich in anti-diabetic chemicals, par-
ticularly in inhibiting aldose reductase, DPP-4, and a-
glucosidase (Ansari et al., 2021; Kalita et al.,, 2018;
Salehi et al., 2019).

One of the many medicinal plants in tropical na-
tions like Indonesia is Ruellia tuberosa L. This plant has
been used extensively in herbal medicine as an anal-
gesic, anti-diabetic, antidiuretic, antihypertensive,
antioxidant, and anti-inflammatory (Ratna Wulan et
al., 2015; Thi Pham et al., 2022). Many flavonoids,
including betulin, cirsiliol 4-glucoside, sorbifolin,
pedalitin, cirsimarin, and cirsimaritin, were found to
be separated from the ethyl acetate fraction of Ruellia
tuberosa methanolic extracts (Lin et al., 2006). Based on
an In silico analysis using chemicals from Ruellia tu-
berosa, betulin was the most potent inhibitor of both
human and rat model a-amylase (Wulan et al., 2014).
Moreover, Ruellia tuberosa has hypoglycemic potential
by inhibiting pancreatic a-amylase (Ratna Wulan et
al., 2015). Certain bioactive chemicals in anti-diabetic
plants are thought to cause their inhibitory effects on
aldose reductase, DPP-4, a-glucosidase, and other
therapeutic targets. These compounds could be used
as potential agents in creating medications that effec-
tively cure type II diabetes (Lin et al., 2019; Tundis et
al.,, 2010). It is essential to find potential aldose reduc-
tase, DPP-4, and a-glucosidase inhibitors in Ruellia
tuberosa to investigate this plant's hypoglycemic po-
tential in creating medications for treating diabetes
mellitus. This study identifies therapeutic drugs for
treating type 2 diabetes mellitus by assessing the in-
hibitory effectiveness of Ruellia tuberosa bioactive
compounds against aldose reductase, DPP-4, and a-
glucosidase through in silico tests.
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MATERIAL AND METHODS

Ligand preparation

The ligands' two-dimensional (2D) structures were
obtained in Spatial Data File (SDF) format from Pub-
Chem: https://pubchem.ncbi.nlm.nih.gov/. The lig-
ands included pedalitin (CID 31161), betulin (CID
72326), betulinic acid (CID 64971), cirsiliol (CID
44559837), cirsimarin (CID 159460), cirsimaritin (CID
188323), betulin (CID 64971), and standard anti-
diabetic drug acarbose (CID 41774). The ligand prepa-
ration process was carried out using the supplied SDF
files, which assigned the correct bond ordering and
created a three-dimensional geometry. The Ligprep
force field in Maestro Schrodinger Suite 2020-2 with
optimized potential liquid simulations (OPLS-2005)
was used to finish this. Moreover, ionization states
were generated utilizing Epik 5.2 at pH 7.0 £ 2.0 in the
Maestro Schrodinger Suite 2020-2 (Schrodinger, LLC,
NY, USA). We generated fifteen possible stereoiso-
mers for every ligand.

Protein preparation

The protein data bank (PDB)
https:/ /www.rcsb.org/ provided the three-
dimensional (3D) structures of aldose reductase (PDB
ID: 3G5E), DPP-4 (PDB ID: 4A5S), and a-glucosidase
(PDB ID: 3WEL). PDB structure files usually include
water molecules, heavy atoms, and occasionally co-
factors, metal ions, and co-crystallized ligands. Specif-
ic multimeric complexes might need to be broken
down into a single unit. The placement of these
groups needs to be confirmed because low resolution
X-ray scans can make it difficult to distinguish be-
tween NH and O. Formal charges, bond ordering, and
connectivity information that has to be assigned could
not be included in PDB structures. The protein struc-
ture was prepared using the protein preparation wiz-
ard module from Maestro v12.4, Schrédinger, 2020-2
(Schrodinger, LLC, NY, USA) (preprocessed, opti-
mized, and minimized). The chains were corrected to
reflect the correct bond ordering and remove any
missing hydrogens. Sample water orientations were
used to maximize the H-bonds. Ultimately, the pro-
tein structure was minimized to the standard root
mean square deviation (RMSD) value of 0.30 A. The
OPLS-2005 force field was utilized for molecular me-
chanics calculations to minimize energy.

Receptor grid generation

The prepared protein was used to generate recep-
tor grids. The grids were generated with the OPLS-
2005 force field. The polarity charge threshold was
0.25, and the protein atoms' van der Waals radii were
scaled by 1.0. The receptor grid box was designed
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with space for any ligand to fit inside the binding
pocket, and it was placed in the center of the cognate
ligands in each direction (x = 14A, y = 14A, and z =
14A) (Khotimah et al., 2021). After grid generation,
the dock main for each dimension (x, y, and z) was
14A.

Molecular docking analysis

Following the grid-based docking procedure, lig-
and-receptor docking was carried out using the
GLIDE module, Schrodinger, 2020-2 (Schrodinger,
LLC, NY, USA) (Schrodinger Release 2020-2, 2020a).
Suitable binders to the target receptor were thorough-
ly examined using Epik state penalties and Glide ex-
tra precision (XP) docking for precise and lucid de-
tails. There was no set of restrictions to protect ligand-
receptor interactions. Ligand parameters were kept on
default. The force field version utilized for calcula-
tions was OPLS 2005. The docked conformers were
evaluated using the Glide (G) Score (Divyashri et al.,
2021). The Maestro 12.3 Pose Viewer module was
used to view and examine the output file produced
by the docking pose.

Binding free energy calculation by Prime/MM-
GBSA approach

The molecular mechanics-generalized born surface
area (MM-GBSA)/Prime module, Schrodinger 2020-2
(Schrodinger, LLC, NY, USA), was utilized to calcu-
late the binding free energy of the ligand-receptor
complexes (Schrodinger Release 2020-2, 2020b). To
evaluate the binding free energy of XP Glide docked
output complexes, Prime MM/GBSA was employed.
The relative energy of the complex field was assessed
using the rotamer algorithm and the OPLS-2005 force
field (Sun et al., 2014). The input structures for these
calculations were taken from a Maestro 12.3 Pose
Viewer file Glide output. The Prime MM/GBSA ap-
proach generated the following descriptors, according
to equation [1].

AGBinding = AGcomplex - AGprotein - AGligand [l]

Where the binding free energy is represented by AGgindging and the com-
plex, protein, and ligand-free energies are represented by AGcomplex,
AGprotein, and AGiigand, respectively (Genheden and Ryde, 2015).

ADMET prediction

To assess the biochemical, molecular, physiologi-
cal, and pharmacological impacts of the compounds,
the adsorption, distribution, metabolism, excretion,
and toxicity (ADMET) properties were calculated by
the QikProp module of Maestro Schrédinger 2020-2
(Schrodinger, LLC, NY, USA) (Schrodinger Release
2020-2, 2020c). QikProp predicted the pharmacokinet-
ic and physicochemical properties of the compounds.
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Additionally, it assessed the tolerability of the analogs
using Lipinski's rule of five, which stipulates that an
analog cannot deviate from more than one of the fol-
lowing requirements: it can only have a maximum of
five hydrogen bond donors and ten hydrogen bond
acceptors, a molecular mass of less than 500 daltons,
and a log P value for the octanol-water partition coef-
ficient of less than five (Lipinski et al., 2012).

RESULTS

Molecular docking

Ruellia tuberosa bioactive compounds, including
betulin, betulinic acid, cirsiliol, cirsimarin, cirsimari-
tin, and pedalitin, exhibited a higher binding affinity
to the receptors compared to the standard anti-
diabetic drug acarbose or the control compound as
determined by molecular docking results (Table 1).
The docking scores for the aldose reductase receptor,
DPP-4 receptor, and a-glucosidase receptor were
found to be between -11.144 and -6.574 kcal/mol, -
9.223 and -3.405 kcal/mol, and -7.082 and -0.898
kcal/mol, respectively. Similarly, the ligands in XP
docking mode had the following glide energy, glide
ligand efficiency, and glide emodel values: -57.188to -
18.804 kcal/mol, -0.056 to -0.459 kcal/mol, and -
70.270 to -15.792 kcal /mol, respectively.

Fig. 1 shows betulin interacted with the active site
of the aldose reductase inhibitor through one hydro-
gen bond with the amino acid residue Trp111. Betu-
linic acid is connected through two hydrogen bond
interactions with residues Trp111 and Hiel10. Cirsili-
ol bonded to residues Asp43 and GIn183 via two hy-
drogen bond contacts and one pi-pi stacking interac-
tion with residue Hie110. Three hydrogen bonds were
formed between cirsimarin and the amino acid resi-
dues Trpl111, Ser159, and GIn183. Two pi-pi stacking
interactions between cirsimaritin and Trplll and
Phel22 were observed. Moreover, pedalitin connected
with amino acid residues Trp20, Asn160, and GIn183
through three hydrogen bond interactions, one pi-
cation interaction with residue Lys77, and one pi-pi
stacking interaction with Hiel1l0. For standard or
reference anti-diabetic drugs, acarbose interacts with
two hydrogen bonds with amino acid residues
Asn160 and GIn183, one pi-pi stacking interaction
with Trp20, and one pi-cation interaction with residue
Lys77.

Fig. 2 shows betulin interacted with the DPP-4 in-
hibitor active site through hydrogen bonds with
Asp1083 amino acid residues. Through single hydro-
gen bond interactions with residues Glu1048, cirsiliol
was linked to the DPP-4 active site. Two hydrogen
bonds allowed cirsimarin to connect with Ser1006 and
Asp1150 amino acid residues. Cirsimaritin interacted
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with Lys1030 and Met1079 residues through a two-
hydrogen bond interaction. Moreover, pedalitin is
associated with residues Met1079 and Aspl150
through two hydrogen bond interactions. Meanwhile,
one hydrogen bond and pi cation bond are residues
Thr736 and Lys721, respectively, interacting with the
standard anti-diabetic drug acarbose.

Fig. 3 shows betulinic acid interacted with the a-
glucosidase inhibitor active site through one hydro-
gen bond with amino acid residue Arg814. Cirsiliol
connected through one pi-cation interaction with
residue Arg699 and six hydrogen bond interactions
with amino acid residues Glu301, Asp666, Arg670,
Argb676, Asp684, and Glu792. Cirsimarin interacted
through one pi-cation interaction with residue Arg699
and four hydrogen bond interactions with residues
Asp666, Arg676, Arg699, and Glu792. Cirsimaritin
interacted through one pi-cation interaction, Arg699,
and five hydrogen bonds with residues Tyr659,
Arg670, Arg699, Glu792, and Arg814. Furthermore,
pedalitin interacted through two pi-cation interac-
tions with Arg699 Arg814 and four hydrogen bond
interactions with residues Tyr659, Arg670, Gly791,
and Phy815. Meanwhile, the two hydrogen bonds of
standard anti-diabetic drugs are connected to the
amino acid residues Tyr662 and Asp698, and the two
pi-cation bonds interact with Asn758 and Arg813.

Prime molecular mechanics with generalized born
and surface area solvation (MM/GBSA)

The lead complexes were analyzed using the
Prime MM/GBSA module, and their rescoring al-
lowed for an estimation of the interaction binding's
free energy. The Gibbs binding energy of the betulin,
betulinic acid, cirsiliol, cirsimarin, cirsimaritin, and
pedalitin, as well as the standard anti-diabetic drug
acarbose complexes from the molecular docking tech-
nique, was computed using the Maestro prime script.
Cirsiliol exhibited the most significant binding energy
score of -66.94 kcal/mol when interacting with the
aldose reductase receptor. Betulin had the highest
Gibbs free energy (AGbind) at -70.23 kcal/mol in its
interaction with the DPP-4 receptor. With a binding
energy value of -53.05 kcal/mol, pedalitin exhibited
the most potent interaction with the a-glucosidase
receptor. Furthermore, the AGbind coulomb, AGbind
covalent, AGbind vander, AGbind HBond and AGbind
Lipophilic ligands in MM/GBSA mode were -0.26 to -
20.44 kcal/mol, 0.01 to 15.81 kcal/mol, -3.70 to -51.50
kcal/mol, -0.19 to -6.57 kcal/mol, and -23.71 to -69.44,
respectively (Table 2).

ADMET prediction

The QikProp module was used in this study to an-
alyze the ADMET properties of betulin, betulinic acid,
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Table 1. The results of a molecular docking study of Ruellia tuberosa compounds with anti-diabetic receptors.

Ligands Receptor Docking score No of H- Glide Gli‘de‘ ligand Glide Emodel
(kcal/mol) bonds energy efficiency (kcal/mol)
Betulin Aldose reductase -6.767 1 -18.804 -0.211 -18.576
DPP-4 -5.031 1 -36.559 -0.157 -43.661
a-Glucosidase -1.779 - -19.299 -0.056 -23.251
Betulinic_acid Aldose reductase -6.574 2 -31.438 -0.199 -27.078
DPP-4 -3.405 - -25.157 -0.103 -15.792
a-Glucosidase -0.898 1 -21.135 -0.027 -18.044
Cirsiliol Aldose reductase -11.144 2 -52.382 -0.318 -63.704
DPP-4 -6.726 2 -57.188 -0.192 -69.834
a-Glucosidase -5.493 6 -50.452 -0.157 -66.322
Cirsimarin Aldose reductase -10.106 3 -4T7.447 -0.297 -64.915
DPP-4 -6.294 2 -55.471 -0.185 -70.270
a-Glucosidase -4.142 4 -44.085 -0.122 -54.423
Cirsimaritin Aldose reductase -8.927 - -36.062 -0.388 -52.524
DPP-4 -7.237 2 -40.967 -0.315 -54.512
a-Glucosidase -5.245 5 -34.545 -0.228 -42.947
Pedalitin Aldose reductase -10.554 4 -39.217 -0.459 -55.103
DPP-4 -9.223 2 -44.939 -0.401 -55.513
a-glucosidase -7.082 4 -42.275 -0.308 -55.351
Acarbose* Aldose reductase -9.489 2 -36.679 -0.431 -49.179
DPP-4 -1.615 1 -27.906 -0.073 -27.906
a-Glucosidase -6.096 3 -40.360 -0.277 -52.037

*Anti-diabetic reference drug.

cirsiliol, cirsimarin, cirsimaritin, and pedalitin bioac-
tive compounds from Ruellia tuberosa and standard
anti-diabetic drug acarbose. Table 3 displayed the
acceptable values for each parameter, the molecular
weight, percentage of oral absorption, and number.
Violations in the rule of five violations, and other
kinetic parameters and toxicity profiles were com-
pared with standard anti-diabetic drugs.

DISCUSSION

In the early stages of type 2 diabetes, reducing
postprandial hyperglycemia is one possible treatment
approach. Slowing the glucose absorption rate is
achieved by blocking the digestive enzymes aldose
reductase, DPP-4, and a-glucosidase, which break
down carbohydrates. Therefore, inhibitors of these
enzymes cause a decrease in the absorption of glu-
cose, which in turn lessens the rise in plasma glucose
following a meal (Tundis et al., 2010). Nevertheless,
additional research into novel therapeutic approaches
for the management and treatment of type 2 diabetes
is now required due to some of the unfavorable side
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effects of existing drugs, including diarrhea, lactic
acidosis, liver issues, and hypoglycemia at higher
dosages. Apart from the current treatments, numer-
ous medicinal plants have been proposed as possible
remedies for diabetes. Traditional medicines are
widely used worldwide because of their effectiveness,
lower cost, and lower risk of side effects (Ratna Wul-
an et al., 2015). Thus, research into medicinal plants'
bioactive components is essential to identify potential
therapeutic agents for developing anti-diabetic drugs.
In the present study, possible aldose reductase, DPP-
4, and a-glucosidase inhibitors for discovering anti-
diabetic drugs were identified by evaluating the in-
hibiting activity of Ruellia tuberosa and its bioactive
compounds using computational methods.

Finding compounds that may attach to biologically
attractive targets quickly is essential for drug discov-
ery. Conducting in silico analysis on compounds with
high hits against a specific target is one method to
accomplish this. Therefore, in the current study, com-
puter-generated interaction images of bioactive com-
pounds with target structures in different orientations
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Figure 1. Protein-ligand molecular interactions
with aldose reductase inhibitor.

(A) 3D view of the binding mode for betulin; (B) betulinic
acid; (C) cirsiliol; (D) cirsimarin; (E) cirsimaritin;

(F) pedalitin; (G) acarbose.
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Figure 2. Protein-ligand molecular interactions
with DPP-4 inhibitor.

(A) 3D view of the binding mode for betulin; (B) betulinic
acid; (C) cirsiliol; (D) cirsimarin; (E) cirsimaritin;

(F) pedalitin; (G) acarbose.
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Figure 3. Protein-ligand molecular interactions
with a-glucosidase inhibitor.

(A) 3D view of the binding mode for betulin; (B) betulinic
acid; (C) cirsiliol; (D) cirsimarin; (E) cirsimaritin;

(F) pedalitin; (G) acarbose.
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Table 2. Binding free energy calculations of Ruellia tuberosa compounds against the target's anti-diabetic receptors.

Ruellia tuberosa compounds as type 2 diabetes mellitus inhibitors

Ligands Receptor AGbind AGbind AGbind AGbind AGbind A‘Gbinc_l‘
(kcal/mol) Coulomb covalent Vander Hbond lipophilic
Betulin Aldose reductase -40.26 -10.43 15.81 -3.70 -0.25 -60.15
DPP-4 -70.23 -7.94 5.30 -36.21 -0.29 -69.44
a-Glucosidase -29.85 -0.26 1.79 -19.67 -0.30 -32.82
Betulinic_acid Aldose reductase -58.40 -10.63 6.23 -25.84 -0.24 -53.97
DPP-4 -9.85 -86.84 10.37 -11.51 -0.18 -66.82
a-Glucosidase -17.72 -5.33 5.42 -21.13 -0.83 -32.39
Cirsiliol Aldose reductase -66.94 -20.21 12.72 -51.50 -1.80 -41.29
DPP-4 -44.68 -8.59 0.01 -51.10 -2.09 -37.53
a-Glucosidase -47.93 -37.75 12.93 -39.60 -6.57 -25.40
Cirsimarin Aldose reductase -68.59 -15.51 7.91 -44.75 -1.05 -39.29
DPP-4 -52.03 -21.80 5.25 -45.92 -1.46 -39.40
a-Glucosidase -40.92 -18.24 2.50 -33.86 -5.86 -23.71
Cirsimaritin Aldose reductase -63.33 -7.87 5.80 -40.20 -0.19 -31.67
DPP-4 -53.34 -17.52 2.23 -37.05 -1.44 -29.15
a-Glucosidase -40.70 -16.67 6.53 -30.24 -1.39 -25.34
Pedalitin Aldose reductase -46.74 -19.27 4.41 -28.64 -1.08 -27.29
DPP-4 -61.64 -31.67 6.97 -32.82 -1.94 -32.00
a-Glucosidase -53.05 -31.12 3.59 -31.16 -2.83 -24.24
Acarbose* Aldose reductase -46.09 -15.46 7.57 -27.56 -0.94 -27.55
DPP-4 -10.17 -9.47 0.57 -16.27 -0.24 -7.85
a-Glucosidase -50.32 -26.20 3.00 -31.77 -2.47 -24.15

*Anti-diabetic reference drug.

were displayed by the Schrodinger software. The
highest compounds had XP docking scores ranging
from -11.144 to -0.898 kcal/mol, as shown in Table 1.

The high affinity that Ruellia tuberosa compounds
have for cirsiliol implies that these compounds may
be cirsiliol inhibitors and possible therapeutic agents
against anti-diabetes. A three-dimensional representa-
tion of the interactions between the ligands and the
amino acid residue of cirsiliol revealed that these
interactions were caused mainly by hydrogen bonds
with the carbonyl groups, hydroxyl groups, and oxy-
gen atoms of the aromatic rings found in the ligands.
Enzymatic catalysis and the structural stability of
biomolecules depend on hydrogen bond interaction
(Kikiowo et al., 2022). Tryptophan, tyrosine, histidine,
and phenylalanine amino acid residues have aromatic
interactions that are essential for drug design because
they improve molecular recognition, interactions, and
the specificity of drug-like compounds, which ulti-
mately enhances efficacy (Chukwuma et al., 2022).

This work found the docking poses of Ruellia tu-

berosa bioactive compounds and their binding sites on
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aldose reductase, DPP-4, and a-glucosidase by care-
fully analyzing the optimum conformation of the
docking data, as illustrated in Figs. 1, 2, and 3, respec-
tively. Various bonding interactions were involved,
such as H-bonds, pi-cation interaction, and aromatic
interaction (pi-pi stacking). According to published
research, the strength of a hydrogen bond in an excit-
ed state is similar to that of the pi-pi interaction when
stabilizing a structural complex (Deng et al., 2020).
Although the active-site conformation remains unaf-
fected in the ground state, the rate of chemical activity
is reduced by a factor of 20-30 due to the lack of the
pi-pi stacking interaction (Pecsi et al., 2010). On the
other hand, van der Waals or hydrophobic interac-
tions might increase ligand affinity for the target pro-
tein (Ferreira De Freitas and Schapira, 2017). Hydro-
phobic interactions and hydrogen bonding influence
complex stability. The interactions that help proteins
avoid water and cluster together in their globular
form are known as hydrophobic interactions (Camil-
loni et al., 2016). The residues of non-polar amino
acids that tend to form clusters inside proteins are the
residues involved in hydrophobic interactions. This
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Table 3. ADMET properties of Ruellia tuberosa compounds.

Active compounds

Predictor

Betulin Betulinic_acid Cirsiliol Cirsimarin Cirsimaritin Pedalitin Acarbose
mol_MW 442.724 456.707 492.435 476.436 314.294 316.267 642.526
donorHB 2 2 5 4 1 3 9
accptHB 3 3.7 13.7 13 4.5 5.2 16.3
QPlogs -6.27 -6.24 -3.77 -3.98 -4.11 -3.37 -6.40
QPlogPo/w 5.94 425 -0.01 0.61 2.69 1.15 -1.13
QPlogHERG -3.766 -1.834 -5.831 -6.023 -5.237 -3.376 -5.482
QPlogBB -0.376 -0.436 -3.465 -2.874 -1.036 -1.981 -5.127
#metabt 4 3 8 7 4 5 10
CNS +/- - -- - -- - --
QPPCaco 1765 320 11 33 424 51 0.31
RuleOfFive 1 1 2 1 0 0 3
RuleOfThre 1 1 2 1 0 0 0
HumanOralAbsorption 100 95 20 45 90 64 0
PercentHumanOralAbsorption Low Low Medium Medium HIGH HIGH Low

A * indicates a violation of the 95% range. mol_MW: Molecular weight (recommended value: 130-725); donorHB: Estimated number of hydrogen bond donors
(recommended value: 0-6); accptHB: Estimated number of hydrogen bond acceptors (recommended value: 2-20); QPlogPo/w: Predicted octanol/water partition
coefficient (recommended value: -2-6.5); QPlogS: Predicted aqueous solubility (recommended value: 6.5-0.5); QPlogHERG: Predicted ICs, value for blockage of HERG K*
channels (recommended concern below -5); QPlogBB: Predicted brain/blood partition coefficient (recommended value: -3-1.2); #metabi: Number of likely metabolic
reactions (recommended value: 1-8); CNS: Predicted central nervous system activity (recommended value: -2 (inactive), +2 (active); QPPCaco: Predicted apparent Caco-
2 cell permeability (recommended value: <25 poor, >500 great); QPPMDCK: Predicted apparent MDCK cell permeability (recommended value: <25 poor, >500 great);
RuleOfFive: Number of violations of Lipinski’s rule of five. The rules are MW < 500, logP < 5, DHB < 5, AHB = 10, Positive PSA value; RuleOfT hre: Number of violations of
Jorgensen’s rule of three. The three rules are: logS > -5.7, PCaco > 22 nm/s, PM < 7; HumanOralAbsorption: Predicted human oral absorption percent (recommended
value: >80% is high, <25% is poor); PercentHumanOralAbsorption: Predicted human oral absorption on 0 to 100% scale (>80% is high, <25% is poor).

discovery is critical for new drugs since most H-bond
residues are acceptors and donors. The intermolecular
properties discovered in this study could be explored
to optimize protein-ligand complexes. Using this
method, entirely new compounds with biological
activity that can interact and inhibit the target can be
developed both in vitro and in vivo.

The molecular docking result was confirmed by
identifying the binding free energy with Maestro's
Prime MM-GBSA module. This post-docking method
is used to evaluate the stability of the protein-ligand
complex following docking (Basnet et al., 2023). The
MM-GBSA module calculated the AGbind for aldose
reductase, DPP-4, and a-glucosidase receptor-lead
ligand complexes. Using advanced mechanics,
AGbind was utilized to compute the binding energy
of the screened compounds after the docking investi-
gation. Several researchers assert that the MM-GBSA
methodology is a reliable post-docking technique for
ascertaining the docked complexes' binding location
(Genheden and Ryde, 2015). The result showed that
Ruellia tuberosa's bioactive compounds have high
binding free energy values (-9.85 to -70.23 kcal/mol)
toward aldose reductase, DPP-4, and a-glucosidase
inhibitors. Studies have demonstrated a correlation

https://jppres.com

between a favorable binding free energy and a relia-
ble molecular docking study, indicating that a low
(more negative) binding free energy corresponds to a
robust and more stable protein-ligand complex.
Therefore, favorable interactions with the protein
crystal structure can be inferred from the docking
data of the bioactive compounds from Ruellia tuberosa.
Moreover, the binding free energy estimates the in-
termolecular interactions between the protein and the
ligand. Conversely, the docking score indicates the
binding affinity between the protein and the ligand
after docking. As the docking score demonstrates, the
binding affinity is defined by the strength of the in-
termolecular interactions between the protein and the
ligand, shown by the binding free energy values.
Overall, betulin, betulinic acid, cirsiliol, cirsimarin,
cirsimaritin, and pedalitin are potential inhibitors that
have the affinity of the binding of MMGBSA, pi-pi
intermolecules, and bond interactions with aldose
reductase, DPP-4, and a-glucosidase amino acid resi-
dues.

Given that 60% of drugs fail to achieve pharmaco-
kinetic properties during the drug development pro-
cess, the ADMET analysis could help predict pharma-
cokinetic properties early on and reduce late-stage
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compound attrition during the drug discovery pro-
cess, lowering the cost of drug development research
(Bocci et al., 2017). A set of physicochemically signifi-
cant descriptors was generated in the current study
using the QikProp module to aid in further evaluating
ADMET characteristics. As a general guideline,
Lipinski's rule of five can be used to assess drug-
likeness or to ascertain whether a chemical molecule
possessing a specific biological or pharmacological
activity has characteristics that would probably make
it an orally active drug in humans. A drug's ADMET
and other molecular characteristics that are crucial to
its pharmacokinetics in the human body are described
in the rule. This parameter indicates how many prop-
erty descriptors for 95% of the drugs listed that are
not within the optimal range of values were obtained
using QikProp. Molecular weight <500, QP log P o/w
<5, donor HB <5, and acceptor HB <20 were among
the parameters computed for each Ruellia tuberosa
compound in the present investigation. The capacity
of oral drugs to dissolve in intestinal fluid is one im-
portant characteristic. When a medication is required
to have systemic effects, its inability to dissolve could
hinder the absorption by the intestine through the
portal vein system. The main reason why water-
soluble chemicals make medication research so much
easier is that they are simple to handle and formulate.
Solubility is a key factor regulating absorption when
taken orally. Similarly, drugs intended for parenteral
delivery must be highly soluble in water to deliver a
sufficient active compound concentration (Daina et
al., 2017). The solubility of substances in water was
represented by the QP log S value (log S). The water
solubility (QP log S) ranged from -6.273 to -3.771, and
all readings were within the suggested range, indicat-
ing that Ruellia tuberosa compounds have adequate
absorption and distribution potential. This is im-
portant for drug absorption and distribution inside
the body.

The partition coefficient (log P o/w) between wa-
ter and octanol is another widely used descriptor to
evaluate lipophilicity. The permeability of the com-
pounds through biological membranes is correlated
with their lipophilicity. Very hydrophilic substances
generally cannot passively diffuse through them, but
they can be lowered when lipophilicity is too low
(Lagorce et al., 2017). Another important indicator of
the effective absorption and distribution of Ruellia
tuberosa compounds throughout the body is the parti-
tion coefficient (QP log P o/w), which ranged from
0.017 to 6.253. All of the measurements were within
the recommended range. One of the key elements
influencing a drug's efficacy in the central nervous
system is its permeability across the blood-brain bar-
rier. The blood/brain partition coefficients (log B/B)
were calculated and used to predict central nervous
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system (CNS) access in the current investigation. The
log B/B ranged from -3.465 to -0.436. These values
were within the recommended ranges, indicating that
Ruellia tuberosa compounds had excellent permeability
across the CNS.

The permeability of compounds in the gut-blood
barrier was investigated using the Caco2 cell permea-
bility assay. The current study confirms that each
compound in the gut-blood barrier has enhanced
permeability. This parameter, which access to biologi-
cal membranes varied from 11 to 1765 in the recent
investigation, is critical to drug metabolism. In addi-
tion, QikProp evaluated the quantity of potential
metabolic processes to determine whether the mole-
cules might easily reach the intended location after
entering the bloodstream. All compounds' metabolic
reactions in the current study are within permissible
limits. Numerous pharmaceuticals seem to cause car-
diac toxicity; the HERG K+ channel, most known for
its function in the heart's electrical activity that con-
trols heartbeat, is the molecular target (Vandenberg et
al., 2001). A significant number of drugs have been
withdrawn from the market due to hERG-related
cardiotoxicity. Therefore, HERG K+ channel blockers
have the potential to be toxic. During the initial phas-
es of drug discovery, the predicted ICs values usually
provide acceptable projections for the cardiac toxicity
of drugs. (Lee et al., 2019). To inhibit HERG K+ chan-
nels, predicted log ICso values (logHERG) should be
in the range of >-5. Given that the expected range of
values for the analysis was between -1.834 and -6.023,
all the compounds are safer to use. Overall, both the
Ruellia tuberosa compounds and the standard anti-
diabetic drug acarbose demonstrated the excellent
value of Lipinski's rule of five and predicted pharma-
cokinetic parameters without too much violation of
drug-likeness features so that these results can be
taken further for preclinical evaluation.

CONCLUSION

By a computational approach, we could identify
potent therapeutic compounds derived from Ruellia
tuberosa that target specific inhibitors associated with
anti-diabetes. The potential of Ruellia tuberosa com-
pounds as a treatment against diabetes mellitus is
suggested by their good interaction and binding en-
ergy to aldose reductase, DPP-4, and a-glucosidase
inhibitors compared to the standard anti-diabetic
drug acarbose. Further, all six of the evaluated Ruellia
tuberosa compounds showed drug-likeness, and many
of their pharmacokinetic and physicochemical pa-
rameter values were within the permissible range
established for human usage during ADMET analy-
sis, suggesting that they may have the potential to be
drug-like molecules. Thus, this work supports the
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traditional medicine practice of using Ruellia tuberosa
as an anti-diabetic agent and highlights the plant in
the quest for novel and secure anti-diabetic medicines
for drug development.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

ACKNOWLEDGMENTS

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit
sectors.

REFERENCES

Ansari P, Hannon-Fletcher MP, Flatt PR, Abdel-Wahab YHA (2021)
Effects of 22 traditional anti-diabetic medicinal plants on DPP-
IV enzyme activity and glucose homeostasis in high-fat fed
obese diabetic rats. Biosci Rep 41(1): BSR20203824.
https:/ /doi.org/10.1042 /BSR20203824

Basnet S, Ghimire MP, Lamichhane TR, Adhikari R, Adhikari A
(2023) Identification of potential human pancreatic aamylase
inhibitors from natural products by molecular docking,
MM/GBSA calculations, MD simulations, and ADMET
analysis. PLoS ONE 18(3): €0275765.
https:/ /doi.org/10.1371/journal.pone.0275765

Bocci G, Carosati E, Vayer P, Arrault A, Lozano S, Cruciani G
(2017) ADME-Space: A new tool for medicinal chemists to
explore  ADME  properties. Sci Rep 7:  6359.
https://doi.org/10.1038/541598-017-06692-0

Camilloni C, Bonetti D, Morrone A, Giri R, Dobson CM, Brunori M,
Gianni S, Vendruscolo M (2016) Towards a structural biology
of the hydrophobic effect in protein folding. Sci Rep 6: 28285.
https:/ /doi.org/10.1038 / srep28285

Chukwuma IF, Nworah FN, Apeh VO, Omeje KO, Nweze EJ,
Asogwa CD, Ezeorba TPC (2022) Phytochemical
characterization, functional nutrition, and anti-diabetic
potentials of Leptadenia hastata (pers) Decne leaves: In Silico
and In Vitro Studies. Bioinformatics and Biology Insights 16.
https://doi.org/10.1177/11779322221115436

Daina A, Michielin O, Zoete V (2017) SwissADME: A free web tool
to evaluate pharmacokinetics, drug-likeness and medicinal
chemistry friendliness of small molecules. Sci Rep 7: 42717.
https:/ /doi.org/10.1038 / srep42717

Deacon CF (2019) Physiology and pharmacology of DPP-4 in
glucose homeostasis and the treatment of type 2 diabetes.
Front Endocrinol 10: 80.
https:/ /doi.org/10.3389/fend0.2019.00080

Deng JH, Luo J, Mao YL, Lai S, Gong YN, Zhong DC, Lu TB (2020)
IT-mr stacking interactions: Non-negligible forces for stabilizing
porous supramolecular frameworks. Sci Adv 6: eaax9976.
https:/ /doi.org/10.1126 / sciadv.aax9976

Divyashri G, Murthy TPK, Sundareshan S, Kamath P, Murahari M,
Saraswathy GR, Sadanandan B (2021) In silico approach
towards the identification of potential inhibitors from Curcuma
amada Roxb against H. pylori: ADMET screening and
molecular docking studies. Biolmpacts 11(2): 119-127.
https:/ /doi.org/10.34172/B1.2021.19

Dunlop M (2000) Aldose reductase and the role of the polyol
pathway in diabetic nephropathy. Kidney Int Suppl 77: S3-12.
https://doi.org/10.1046/j.1523-1755.2000.07702.x

Ferreira De Freitas R, Schapira M (2017) A systematic analysis of
atomic  protein-ligand  interactions in  the  PDB.

https://jppres.com

Ruellia tuberosa compounds as type 2 diabetes mellitus inhibitors

MedChemComm 8(10):
https:/ /doi.org/10.1039/c7md00381a

Genheden S, Ryde U (2015) The MM/PBSA and MM/GBSA
methods to estimate ligand-binding affinities. Expert Opin
Drug Discov 10(5): 449-461.
https:/ /doi.org/10.1517/17460441.2015.1032936

Ghosh S, More P, Derle A, Patil AB, Markad P, Asok A, Kumbhar
N, Shaikh ML, Ramanamurthy B, Shinde VS, Dhavale DD,
Chopade BA (2014) Diosgenin from Dioscorea bulbifera: Novel
hit for treatment of type II diabetes mellitus with inhibitory
activity against a-amylase and a-glucosidase. PLoS ONE 9(9):
€106039. https:/ /doi.org/10.1371/journal.pone.0106039

Holst JJ (2019) From the incretin concept and the discovery of GLP-
1 to today’s diabetes therapy. Front Endocrinol 10: 260.
https://doi.org/10.3389/fend0.2019.00260

Kalita D, Holm DG, Labarbera D V, Petrash JM, Jayanty S (2018)
Inhibition of a-glucosidase, a-amylase, and aldose reductase
by potato polyphenolic compounds. PLoS ONE 13(1):
€0191025.
https:/ /doi.org/https:/ /doi.org/10.1371/journal.pone.019102
5

Khotimah H, Setiawan A, Rita CI, Mardiyah M, Ali A, Sukatman
MP, Retnaningtyas E, Ismail DDSL, Widasmara D, Nurseta T,
Sujuti H (2021) In silico studies of natural compounds of
Centella asiatica as anti-aging and wound healing agents. AIP
Conf Proc 2353: 030031. https:/ /doi.org/10.1063/5.0053016

Kikiowo B, Ogunleye JA, Iwaloye O, Jjatuyi TT (2022) Therapeutic
potential of Chromolaena odorata phyto-constituents against
human pancreatic a-amylase. ] Biomol Struct Dyn. 40(4): 1801~
1812. https:/ /doi.org/10.1080/07391102.2020.1833758

Kim D (2020) Glycemic index. In Obesity: Global Impact and
Epidemiology. Elsevier Inc. PP- 183-189.
https://doi.org/10.1016/B978-0-12-818839-2.00014-4

Lagorce D, Douguet D, Miteva MA, Villoutreix BO (2017)
Computational analysis of calculated physicochemical and
ADMET properties of protein-protein interaction inhibitors.
Sci Rep 7: 46277. https:/ /doi.org/10.1038/srep46277

Lee HM, Yu MS, Kazmi SR, Oh SY, Rhee KH, Bae MA, Lee BH,
Shin DS, Oh KS, Ceong H, Lee D, Na D (2019) Computational
determination of hERG-related cardiotoxicity of drug
candidates. BMC Bioinformatics 20(Suppl. 10):  250.
https:/ /doi.org/10.1186/s12859-019-2814-5

Lee MY, Choi DS, Lee MK, Lee HW, Park TS, Kim DM, Chung CH,
Kim DK, Kim IJ, Jang HC, Park YS, Kwon HS, Lee SH, Shin
HK (2014) Comparison of acarbose and voglibose in diabetes
patients who are inadequately controlled with basal insulin
treatment: Randomized, parallel, open-label, active-controlled
study. ] Korean Med Sci 29(1): 90-97.
https:/ /doi.org/10.3346/jkms.2014.29.1.90

Li X, Bai Y, Jin Z, Svensson B (2022) Food-derived non-phenolic a-
amylase and a-glucosidase inhibitors for controlling starch
digestion rate and guiding diabetes-friendly recipes. LWT 153:
112455. https:/ /doi.org/10.1016/j.1wt.2021.112455

Lin C-F, Huang Y, Cheng L-Y, Sheu S-J, Chen C (2006) Bioactive
flavonoids from Ruellia tuberosa. ] Chin Med 17(3): 103-107.

Lin SR, Chang CH, Tsai MJ, Cheng H, Chen JC, Leong MK, Weng
CF (2019) The perceptions of natural compounds against
dipeptidyl peptidase 4 in diabetes: from in silico to in vivo.
Ther Adv  Chronic Dis  10:  2040622319875305.
https://doi.org/10.1177/2040622319875305

Lipinski CA, Lombardo F, Dominy BW, Feeney P] (2012)
Experimental and computational approaches to estimate
solubility and permeability in drug discovery and
development settings. Adv Drug Deliv Rev 46(1-3):3-26.
https:/ /doi.org/10.1016 /s0169-409x(00)00129-0

1970-1981.

J Pharm Pharmacogn Res (2024) 12(4): 746


https://jppres.com/
https://doi.org/10.1042/BSR20203824
https://doi.org/10.1371/journal.pone.0275765
https://doi.org/10.1038/s41598-017-06692-0
https://doi.org/10.1038/srep28285
https://doi.org/10.1177/11779322221115436
https://doi.org/10.1038/srep42717
https://doi.org/10.3389/fendo.2019.00080
https://doi.org/10.1126/sciadv.aax9976
https://doi.org/10.34172/BI.2021.19
https://doi.org/10.1046/j.1523-1755.2000.07702.x
https://doi.org/10.1039/c7md00381a
https://doi.org/10.1517/17460441.2015.1032936
https://doi.org/10.1371/journal.pone.0106039
https://doi.org/10.3389/fendo.2019.00260
https://doi.org/https:/doi.org/10.1371/journal.pone.0191025
https://doi.org/https:/doi.org/10.1371/journal.pone.0191025
https://doi.org/10.1063/5.0053016
https://doi.org/10.1080/07391102.2020.1833758
https://doi.org/10.1016/B978-0-12-818839-2.00014-4
https://doi.org/10.1038/srep46277
https://doi.org/10.1186/s12859-019-2814-5
https://doi.org/10.3346/jkms.2014.29.1.90
https://doi.org/10.1016/j.lwt.2021.112455
https://doi.org/10.1177/2040622319875305
https://doi.org/10.1016/s0169-409x(00)00129-0

Retnaningtyas et al.

Pecsi 1, Leveles I, Harmat V, Vertessy BG, Toth J (2010) Aromatic
stacking between nucleobase and enzyme promotes
phosphate ester hydrolysis in dUTPase. Nucleic Acids Res
38(20): 7179-7186. https:/ /doi.org/10.1093 /nar/ gkq584

Ratna Wulan D, Priyo Utomo E, Mahdi C (2015) Antidiabetic
activity of Ruellia tuberosa L., role of a-amylase inhibitor: In
silico, in vitro, and in vivo approaches. Biochem Res Int 2015:
349261. https://doi.org/10.1155/2015 /349261

Rines AK, Sharabi K, Tavares CDJ, Puigserver P (2016) Targeting
hepatic glucose metabolism in the treatment of type 2
diabetes. Nat Rev  Drug Discov 15:  786-804.
https:/ /doi.org/10.1038 /nrd.2016.151

Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N,
Colagiuri S, Guariguata L, Motala AA, Ogurtsova K, Shaw JE,
Bright D, Williams R (2019) Global and regional diabetes
prevalence estimates for 2019 and projections for 2030 and
2045: Results from the International Diabetes Federation
Diabetes Atlas, 9th edition. Diabetes Res Clin Pract 157:
107843. https://doi.org/10.1016/j.diabres.2019.107843

Salehi B, Ata A, V Anil Kumar N, Sharopov F, Ramirez-Alarcén K,
Ruiz-Ortega A, Abdulmajid Ayatollahi S, Tsouh Fokou PV,
Kobarfard F, Amiruddin Zakaria Z, Iriti M, Taheri Y, Martorell
M, Sureda A, Setzer WN, Durazzo A, Lucarini M, Santini A,
Capasso R, Ostrander EA; Atta-ur-Rahman; Choudhary MI,
Cho WC, Sharifi-Rad ] (2019) Antidiabetic potential of
medicinal plants and their active components. Biomolecules
9(10): 551. https://doi.org/10.3390/biom9100551

Schrodinger Release 2020-2 (2020a) Glide. New York, NY:
Schrodinger, LLC.

Schrodinger Release 2020-2 (2020b) Prime. New York, NY:
Schrodinger, LLC.

Ruellia tuberosa compounds as type 2 diabetes mellitus inhibitors

Schrodinger Release 2020-2 (2020c) QikProp. New York, NY:
Schrodinger, LLC.

Sun H, Li Y, Shen M, Tian S, Xu L, Pan P, Guan Y, Hou T (2014)
Assessing the performance of MM/PBSA and MM/GBSA
methods. 5. Improved docking performance using high solute
dielectric constant MM/GBSA and MM/PBSA rescoring. Phys
Chem Chem Phys 16(40): 22035-22045.
https://doi.org/10.1039/c4cp03179b

Tang WH, Martin KA, Hwa ] (2012) Aldose reductase, oxidative
stress, and diabetic mellitus. Front Pharmacol 3: 87.
https:/ /doi.org/10.3389/fphar.2012.00087

Thi Pham TN, Nguyen TT, Le Thi Nguyen T, Nguyen Tran AM,
Nguyen TN, Tong DT, Tien Le D (2022) Antioxidant and anti-
inflammatory activities of phytochemicals from Ruellia
tuberosa. ] Chem 2022: 4644641.
https:/ /doi.org/10.1155/2022 /4644641

Tundis R, Loizzo MR, Menichini F (2010) Natural products as a-
amylase and a-glucosidase inhibitors and their hypoglycaemic
potential in the treatment of diabetes: An update. Mini Rev
Med Chem 10(4): 315-331.
https:/ /doi.org/10.2174/138955710791331007

Vandenberg JI, Walker BD, Campbell T] (2001) HERG K+ channels:
Friend and foe. Trends Pharmacol Sci 22(5): 240-246.
https://doi.org/10.1016/50165-6147(00)01662-X

Waulan DR, Utomo EP, Mahdi C (2014) Molecular modeling of
Ruellia tuberosa L compounds as a-amylase inhibitor: An in
silico comparation between human and rat enzyme model.
Bioinformation 10(4): 209-215.
https://doi.org/10.6026/97320630010209

AUTHOR CONTRIBUTION:

Contribution Retnaningtyas E Setiawan A Susatia B Hariyanto T Sudiwati NLPE
Concepts orideas X

Design X X

Definition of intellectual content X X

Literature search X X

Experimental studies X X

Data acquisition X X X X X
Data analysis X X X X X
Statistical analysis X X

Manuscript preparation X X X X X
Manuscript editing X X X X X
Manuscript review X X X X X

Citation Format: Retnaningtyas E, Setiawan A, Susatia B, Hariyanto T, Sudiwati NLPE (2024) In silico studies of Ruellia tuberosa L. compounds as
aldose reductase, dipeptidyl peptidase 4, and a-glucosidase inhibitors against type 2 diabetes mellitus. J Pharm Pharmacogn Res 12(4): 735-74T.

https://doi.org/10.56499/jppres23.1891 12.4.735

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the
publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed

by the publisher.

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/ licenses/by/4.0/), which permits use,
duplication, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative

Commons license and indicate if changes were made.

https://jppres.com

J Pharm Pharmacogn Res (2024) 12(4): 747



https://jppres.com/
https://doi.org/10.1093/nar/gkq584
https://doi.org/10.1155/2015/349261
https://doi.org/10.1038/nrd.2016.151
https://doi.org/10.1016/j.diabres.2019.107843
https://doi.org/10.3390/biom9100551
https://doi.org/10.1039/c4cp03179b
https://doi.org/10.3389/fphar.2012.00087
https://doi.org/10.1155/2022/4644641
https://doi.org/10.2174/138955710791331007
https://doi.org/10.1016/S0165-6147(00)01662-X
https://doi.org/10.6026/97320630010209
https://doi.org/10.56499/jppres23.1891_12.4.735

