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Background: In silico characterization can help to explain the interaction between mole-
cules and predict three-dimensional structures. Various studies have confirmed the glucose-
lowering effects of plant extracts, ie, lupeol and iso-orientin, which enable them to be used as
antidiabetic agents.

Purpose: Aims of the present study were to evaluate the hypoglycemic activities of lupeol
and iso-orientin in a rat model. The study proposed the effects of alloxan on blood glucose
level, body weight, and oxidative stress.

Materials and Methods: Thirty (n=30) Wistar albino rats were divided into six groups and
were subjected to different combinations of the compounds. Levels of different stress
markers, ie, malondialdehyde, superoxide dismutase, catalase, nitric oxide, glutathione,
glutathione peroxide, glutathione reductase, and blood glucose levels were estimated with
their respective methods. Whereas, for their in silico analysis, identified target proteins,
GPRA40, glucose-6-phosphatase, UCP2, glycogen phosphorylase, aldose reductase, and glu-
cose transporter-4 were docked with lupeol and iso-orientin. Three-dimensional structures
were predicted by ERRAT, Rampage, Verify3D, threading and homology approaches.
Results: Blood glucose levels were significantly increased in rats receiving intraperitoneal
injection of alloxan (2084+6.94 mg/dL) as compared to controls (90+7.38 mg/dL). Infected
rats were administered plant extracts; combined treatment of both extracts (lupeoltiso-
orientin) significantly reduced the levels of blood glucose (129.06+6.29 mg/dL) and
improved the antioxidant status. Fifteen structures of each selected protein were evaluated
using various techniques. Consequently, satisfactory quality factors [GPR40 (96.41%),
glucose-6-phosphatase (96.56%), UCP2 (72.56%), glycogen phosphorylase (87.24%), aldose
reductase (82.46%), and glucose transporter-4 (94.29%)] were selected. Molecular docking
revealed interacting residues, effective drug properties and their binding affinities (ie, —8.9 to
—12.6 Kcal/mol).

Conclusion: Results of the study affirmed the antidiabetic activities of lupeol and iso-
orientin. Administration of these extracts (either individually or in combination) significantly
reduced blood glucose levels and oxidative stress. Hence, it may be considered beneficial in
the treatment of diabetes.

Keywords: AutoDock vina, molecular docking, Iso-orientin, lupeol, diabetes, GLUT-4

Introduction

Lupeol is the bioactive compound present in Cassia fistula. C. fistula belongs to the
Caesal piniaceae family commonly known as Amaltas, Indian laburnum, and
golden showers. It is widely used in different traditional medicines such as
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Ayurveda, Unani, and Chinese.! It grows in East Africa,
South Africa, China, Brazil,
Mauritius, and Pakistan.? In Pakistan, it is widely culti-

India, Nepal, Mexico,

vated in the east of the Indus plains continuing north of the
Himalayas, it grows to an approximate height of 1,200 m.?
Whereas,
Parkinsonia aculeata L (Leguminosae), a small, spiny

iso-orientin is the active compound of
tree commonly known as Retama, Mexican Palo Verde,
Jerusalem thorn, and Jelly bean tree and is generally found
in arid or seasonally flooded areas. The tree is widely
distributed in tropical regions of America, India, Hawaii,
Egypt, Middle East,

Australia, and Pakistan. In Pakistan, it is abundantly

Italy, Cyprus, tropical Africa,
found along grand trunk roads as an avenue.”

Diabetes mellitus is a chronic metabolic disorder that is
characterized by an increase in blood glucose levels and
altered metabolism of proteins, carbohydrates, and lipids.’
The word “diabetes* was derived from the Greek language
which literally meant ’to siphon or drain off” which indi-
cates urination, whereas the word “mellitus® is Latin and
means “sweet”, which can be further classified into two
groups. Acute metabolic complication is usually short-
lived and is characterized by hyperosmolar non-ketonic
coma, ketoacidosis, and hypoglycemia. While the other
type is a late systemic complication commonly known as
chronic type that includes diabetic nephropathy, athero-
sclerosis, infections, diabetic neuropathy, retinopathy, and
micro-angiopathy.® Among all types of diabetes, two are
the most abundant forms. Type I diabetes, also known as
insulin-dependent diabetes mellitus, which is an autoim-
mune disorder, and type II diabetes, which is characterized
by functional disruption of insulin action due to the dis-
turbance of receptor or transporters on the cell membrane.”

Glucose enters the cells via GLUT-4, present on the
cell membrane. Therefore, reduction of GLUT-4 in mus-
cles contributes to insulin resistance, characteristic fea-
tures seen in type II diabetes, gestational diabetes, and
impaired glucose tolerance. Increased intake of glucose
initiates polyol pathway comprised of enzymes, ie, aldose
reductase (which converts glucose into sorbitol) and glu-
cose-6-phosphatase that mainly originates from the
kidneys and liver, and is expressed in the pancreas.
Evident from some studies, increased glucose-6-phospha-
tase or decreased glucokinase is responsible for the endo-
genous glucose production in type 2 diabetes.® GPCR40,
also recognized as FFA1, is expressed in the pancreatic -
cells and is stimulated by medium and long chains of fatty

acids. Activation of GPCR40 in pancreatic pB-cells

contributes to insulin secretion, which has a significant
effect against diabetes. Another member of the mitochon-
drial inner membrane carrier family, UCP2, is abundantly
present in pancreatic B-cells. UCP2 has structural homol-
ogy with two other subclades (UCP1 and UCP3). It is
considered an important part of B-cells that is involved in
type II diabetes. Moreover, UCP2 decreases ATP produc-
tion via mitochondrial proton leakage.’

Various studies have confirmed the anti-hyperglycemic
effects of plant extracts and herbal formulations which have
potential to be used as antidiabetic tonics. In comparison to
synthetic drugs, herbal medicines are more often considered to
have less harmful side effects.'® Investigation of P. aculeata
indicated that the leaves of the plant which contain
C-glycosylflavones vitexin, isovitexin, orientin, and iso-
orientin have some antidiabetic activities. In fact, the bark,
which contains flavonoids, alkoloids, steroids, and tannis also
have antidiabetic effects.'" C. fistula is important in traditional
medicines where its dried seeds tend to show marked hypogly-
cemic activity. The fruits of C. fistula are used for treatment of
disorders relating to the chest, throat, liver, and eyes, moreover,
it is also beneficial as abortifacient and antipyretic.'* The seed
powder of C. fistula is also used to treat amoebiasis.
Additionally, the seeds of C. fistula are also used for their
emetic (due to its cathartic properties) and antipyretic
activities."

Numerous biological problems have been tackled
by utilizing in silico approaches'? which can explain
the interacting molecules and predict three-dimensional
(3D) structures. In this study, appropriate phytochem-
icals and 3D structures were predicted by threading
and homology modeling approaches. The aim of the
current study was to conduct in silicoand in vitro ana-
lysis of lupeol and iso-orientin as potential antidiabetic
agents in a rat model.

Materials and methods
Sample collection

The experimental samples of plant extracts lupeol and
iso-orientin were purchased from Phoenix Chemicals,
Lahore, Pakistan. The extracts were then subjected to
non-polar medium, they were dissolved in approxi-
mately 1,000 mL of ethanol for the extraction of their
potential ingredients and these dissolved extracts were
then stored at room temperature. They were finally
administered to the subjects at a rate of 200 mg/kg
body weight.
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Experimental animals and experimental
design

Adult albino rats (Rattus norvegicus) aged 4-5 months
were used as test subjects in the current study. The rats
were purchased from the animal house of Institute of
Molecular Biology and Biotechnology (IMBB), The
University of Lahore, Pakistan. They were acclimatized
to the lab environment for at least 1 week prior to the
experiment and were allowed food and water ad libitum.
All the research work carried out was in accordance with
the Institutional Review Board (IRB) of the University of
Lahore.

The rats were then randomly divided into six groups with
five rats (n=5) in each group. Group 1 was labeled as negative
controls as they received a normal diet, while diabetes was
induced in the rest of the groups through intraperitoneal
injection of alloxan at 150 mg/kg body weight. Group 2
was labeled as positive control since no treatment was intro-
duced. Group 3 and group 4 were administered iso-orientin at
200 mg/kg and lupeol at 200 mg/kg respectively through oral
administration (by adding it to their food). Group 5 rats were
administered the
orientin, whereas group 6 was administered with commer-

combination of lupeol and iso-

cially available insulin.

Ethical statement

Ethical and legal approval was obtained from the IRB, The
University of Lahore before the commencement of the
study and all experiments were performed according to
the guidelines of the IRB, The University of Lahore.

Collection of blood and serum separation
Following the various treatments, after a few weeks the
subjects were followed for their blood glucose levels and
were aymptomised as subjects before collection of their
blood. An amount of 5 mL of blood was drawn from the
rats after dissection. Serum was separated by centrifuga-
tion at 3,000 rpm for 10 minutes. Serum samples were
then stored at —80°C for further analysis.

Biochemical assay

Blood glucose levels were estimated by using commer-
cially available digital blood glucose analyzer and its
strips. Certain stress markers were measured to evaluate
oxidative stress. Malondialdehyde (MDA) was estimated
in terms of thiobarbituric acid reactive substances with the
help of spectrophotometric method as described by

Ohkawa et al.'"* Superoxide dismutase (SOD) was esti-
mated with the help of another spectrophotometric method
described by Kakkar et al.'” Glutathione (GSH), glu-
tathione peroxidase (GPx), glutathione reductase (GRXx),
catalase (CAT), and nitric oxide (NO) were estimated by
their respective spectrophotometric methods as explained
by Moron et al,'® Sweazea et al,'” and Bredt and Synder.'®

Structure prediction

The amino acid sequences of selected rat proteins were
retrieved in FASTA format from Uniprot Knowledgebase
database'® and were subjected to BLASTp for the identi-
fication of suitable templates against PDB. The utilized
parameters were set according to the nature of the query.
Alignment was done by a compositional matrix adjust
scoring system. The alignment was done as the require-
ment of model building through MODELLER 9.15.%° The
templates were retrieved considering the e-value, identity,
and query coverage for structure modeling. Comparative
modeling and threading approaches were employed to
predict 3D structures by using MODELLER 9.15,
[-Tasser,”! Modweb,?? EsyPred,23 3D-JigSaw,24 and
SwissModel®> which are based on spatial restraints.
Numerous evaluation tools [ANOLEA (Atomic Non—
Local Environment Assessment),?* Rampage,”’
ERRAT,*® and Molprobity]** were used to evaluate the
predicted protein structures.

Model evaluation was done for all generated structures
including models through MODELLER 9.15 and web-based
servers. Evaluation tools were applied to determine the accu-
structures.
a Ramachandran plot and provided information about favored,

racy of predicted Rampage generated
allowed, and outlier regions. ERRAT evaluated the overall
quality of the predicted structures. The selected structure was
subjected to energy minimization by employing UCSF
Chimera 1.8 and utilized steepest descent and conjugate gra-

dient at 1,000 runs with Amber force-field parameters.

Molecular docking

The geometry optimization and energy minimization of
selected molecules were performed by Chem3D Ultra,
Avogadros, and UCSF Chimera 1.10. Docking studies
were conducted to determine the interactions and princi-
ples of bonding between proteins and ligands. Docking
was performed by using AutoDock-Vina at 1,000 runs.*
The generated results were analyzed and visualized by
UCSF Chimera 1.11°'*? and Lig-Plot.**
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Identification of active sites was analyzed from the litera-
ture using various tools: CASTP,34 GALAXYsite,35
COACH,*® RaptorX binding,”” and 3D-ligandsite.’®
ADMET (Absorption, Distribution, Metabolism, Excretion
and Toxicity) properties were calculated from admetSAR
online server,”® while the Lipinski’s rule of five was exam-
ined by using a mCule server.*

Results

Results of the study demonstrated higher blood glucose
levels in rats receiving alloxan (intraperitoneally) (208
+6.94 mg/dL) as compared to normal rats (90+7.38 mg/
dL), as shown in Table 1, indicating that an experimental
diabetic condition was successfully induced. Rats provided
with a single therapeutic dose of lupeol and iso-orientin
showed a reduction in their blood glucose levels (138.26
+10.26 mg/dL and 156.15£7.26 mg/dL)
Combined treatment of both extracts, ie, lupeol and iso-

respectively.
orientin led to significant synergistic results (129.06
+6.29 mg/dL). Likewise, rats administered insulin had an
even greater reduction in their blood glucose levels, which
were very close to the healthy rats.

Similarly, levels of the different oxidants and antioxidants
showed significant changes in the group with alloxan-induced
diabetes. Levels of MDA in alloxan group were higher (4.06
+1.09 umol/L) as compared to controls (1.06+0.005 pmol/L),
whereas, treatment with lupeol and iso-orientin significantly
reduced MDA levels to 2.01+0.056 umol/L and 1.96+0.041
pmol/L, respectively. Administration of lupeol and iso-orientin
in combined form reduced level of MDA to 1.614+0.013
umol/L. As shown in Table 1, the levels of SOD, GSH, and

CAT were significantly reduced in rats which received alloxan
as compared to healthy ones. Significant changes were
observed after the administration of these extracts, ie, indivi-
dual and combined administration of lupeol and iso-orientin
significantly ameliorated the levels of discussed antioxidants.
Enzymes of GSH such as GPx and GR play a key role in
conversion of glutathione into its oxidized or reduced forms.
Diabetes-induced rats had significant reduction in levels of
GPx and GR. Combination of both lupeol and iso-orientin
showed positive effects in reducing these levels.

Alloxan decreased rats' body weight significantly
(168.18+£2.55 g) as compared to healthy controls
(245.1645.26 g), this effect may have been ameliorated
by introduction of both lupeol and iso-orientin, as
shown in Table 1, as body weight of rats receiving
these extracts (205.56+£3.55 g) remained higher than
untreated diabetic rats (168.18+2.55 g). Similarly,
alloxan increased the production of reactive nitrogen
species (RNS) by the up-regulation of levels of NO
that were reported as 33.26+5.23 umol/L in rats receiv-
ing alloxan compared to healthy rats (18.26+4.26
pmol/L). Synergistic effects of discussed extracts can
be observed in the case of NO — they significantly
decreased the levels of NO (22.25+£3.25 umol/L) as
compared to rats receiving alloxan (33.26+5.23 pumol/
L). Therefore, these extracts of lupeol and iso-orientin
were subjected to 3D structure generation, as shown in
Table 2. Six prepared energy minimized proteins were
subjected to these two ligands, as shown in Figure 1,
and docked structures are discussed in the following
section.

Table | Antioxidative antioxidant profile of rats receiving alloxan vs controls

Variables GROUPS $<0.05
Gl G2 G3 G4 G5 Gé

Blood glucose levels | 90.000+7.380 208.000+6.940 156.150+7.260 138.260+10.260 | 129.060+6.290 114.260+7.260 0.016
(mgl/dL)

MDA (pmol/L) 1.060+0.005 4.060£1.090 2.010+0.056 1.960£0.041 1.610£0.013 1.330£0.019 0.015
SOD (U/mL) 0.610+0.0013 0.216+0.004 0.395+0.008 0.423+0.013 0.463+0.018 0.531+0.013 0.023
GSH (pmol/L) 8.550+2.160 4.235£1.220 6.135+1.880 6.200+1.330 6.890+2.150 7.140+1.880 0.000
CAT (U/L) 4.710£0.091 1.250+£0.016 2.230+0.320 2.890+0.016 3.090+0.560 3.660+1.230 0.019
GPx (umol/L) 6.260+1.880 2.260+0.150 4.350%1.220 3.990x1.110 5.640+2.160 5.990+1.140 0.019
GR (pmol/L) 4.260+0.001 1.090+0.004 2.330+£0.014 2.808+0.160 3.260+1.060 3.660+1.220 0.018
Body weight (g) 245.160+£5.260 | 168.180+2.550 180.640+4.590 196.290+7.250 205.560+3.550 207.560+11.260 | 0.011
NO (umol/L) 18.260+4.260 33.260+5.230 29.350+8.260 27.250+4.250 22.350+3.250 20.260+4.550 0.033

Notes: Groups: G| (control),

G2 (alloxan), G3 (iso-orientin), G4 (lupeol), G5 (iso-orientin+lupeol), G6 (insulin). All results are statistically significant (p<0.05).

Abbreviations: MDA, malondialdehyde; SOD, superoxide dismutase; GSH, glutathione; CAT, catalase; GPx, glutathione peroxidase; GR, ; NO, nitric oxide.
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Table 2 Templates of targeted proteins stored by their overall quality, query coverage, E-values, and identity

Target proteins Accession no Query coverage (%) Identity (%) E-value Maximum score
GPR40 4PHU 100 8l 2e-111 332
Glucose-6-phosphatase 5)KI 20 32 1.1 31.6

UCP2 2LCK 95 99 0.0 605

Glycogen phosphorylase I1EM6 99 95 0.0 1637

Aldose reductase 2PDK 99 86 0.0 552

GLUT-4 5EQG 97 66 0.0 649

o]
I

)
)

@ Ty

o
I

Figure | Schematic representation of the two-dimensional chemical structures (A) lupeol and (B) iso-orientin.

Structure prediction

The sequences of selected proteins (aldose reductase,
glucose-6-phosphatase, glycogen phosphorylase,
GPR40, GLUT-4, UCP2) were subjected to BlastP
against PDB database to search for suitable templates
against the target sequences. The top-ranked, optimally
aligned, suitable templates for each protein with query
coverage, maximum identity, E-values, and total scores
were selected for homology modeling. The scrutinized
templates were utilized to generate 3D structures of
selected proteins. The overall query coverage and simi-
larity among the utilized templates and target showed
>65% from end-to-end, which was not considered satis-
factory for reliable structures using homology modeling
approach for all the selected proteins except for glucose-
6-phosphatase.

Threading approach was utilized for the 3D structure
prediction of glucose-6-phosphatase. Fifteen models for
each selected protein were predicted by utilizing numer-
ous tools (3D-jigsaw, Swiss Model, I-TASSER, and
MODELLER 9.13) based on in silico approaches (homol-
ogy modeling and threading) by satisfying the sequence
and structural information from literature. All the gener-
ated models were evaluated on the basis of favored
region, allowed region, outliers, overall quality factor
(Figure S1), and binding regions. The most reliable

structure was selected for further studies. The selected
structures, after the critical examination of evaluation
parameters, were subjected to UCSF Chimera 1.8 for
minimization at 1,000 steepest and conjugate gradient
runs. The selected minimized structure of selected pro-
teins (Figure 2) has potential to be employed in further
molecular docking studies.

Molecular docking analyses

Based on extensive literature studies, two phytochemicals
(lupeol and iso-orientin) were investigated for identifica-
tion of binding domains by conducting molecular docking
analysis of the selected proteins. Nevertheless, the com-
parative docking analyses of scrutinized ligands revealed
variations in their binding energies. Initially, the molecular
docking analyses were performed with 100 runs and all the
generated docking complexes were analyzed, out of which
the suitable docked complex with the lowest binding
energy and highest binding affinity was chosen for each
protein. Docking analyses were conducted against the
selected phytochemicals by utilizing AutoDock Vina dock-
ing software. The utilized docking tools showed effective
binding energies and also similar binding residues.

The ligands were critically analyzed on the basis of their
lowest binding energy values, highest binding affinity, and

Drug Design, Development and Therapy 2019:13
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Figure 2 The three-dimensional structure representation of predicted targeted proteins for protein-ligand docking showing selected minimized structure of aldose
reductase, glucose-6-phosphatase, GLUT-4, glycogen phosphorylase, GPR40, and UCP2 respectively. (All selected proteins were prepared for protein-ligand docking.
Minimized proteins are depicted in different colors as shown in the above images and each figure is presented in edged ribbon style.)

drug properties. The lowest binding affinities were calcu-
lated (—8.9 to —12.6 Kcal/mol) and interactive residues were
also enlisted (Table 3). The lowest binding energy was
observed in GLUT-4. Interestingly, it was also observed
that the utilized ligands showed effective binding where
the docked complex was observed, as shown in Figure 3.
The Lipinski’s rule of five was calculated by mCule server
(Table 4). Iso-orientin showed the lowest binding affinity

(—12.6 Kcal/mol) against GLUT-4 and lupeol showed the
lowest binding affinity (—10.4 Kcal/mol) against UCP-2.

Discussion

The present study is of great significance as it is the first
one to report in silico findings of lupeol and iso-orientin. It
indicates their potential role as antidiabetic agents.
Worldwide, diabetes mellitus is recognized as the third
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Table 3 Calculation of binding affinities and interactive residues in the docked complex

Target Lupeol Iso-orientin
proteins . _ . o L .
Binding affinities Interactions of Binding affinities Interactions of docked
(Kcal/mol) of phyto- docked complex (Kcal/mol) of phyto- complex
compound with target compound with target
proteins (AutoDock proteins (AutoDock
Vina) Vina)
Aldose -97 Trp-21, Val-48, Tyr-49, -10.5 Val-48, GIn-50, Phe-123, Trp-
reductase Trp-80, His-111, Trp-112, 220, Cys-299, Leu-301, Met-302
Phe-123, Pro-219, Trp-
220, Cys-299, Leu-301
Glucose- -9.6 Trp-63, Trp-70, Phe-223, | —9.7 Val-67, Trp-70, Thr-194, Phe-195,
6-phosphatase Leu-273, Asn-276, Tyr- Phe-219, Leu-226, Tyr-280,
280, Pro334, Val-338 Pro334, Val-338
Glycogen -9.5 Met-1, GIn-72, Tyr-156, -11.0 Arg-94, GIn-97, GIn-106, Asp-110,
phosphorylase Arg-194, Phe-197, Arg- Tyr-114, Asp-119, Met-120, Glu-
310, Arg-311 121, Glu-124, Glu-125, Leu-495,
Cys-496, Pro-498, Lys-545, Lys-656
GPR40 -9.3 Gly-95, Ala-98, Ala-99, -89 Glu-137, Pro-139, Asp-144, Ser-
Val-118, Ala-121, lle-122, 146, Thr-148, Asn-153, Thr-154,
Leu-18I, Leu-182, Leu- Trp-166, Asp-167
185, lle-189
GLUT-4 -9.6 Ser-153, Gly-154, Pro- —12.6 Phe-38, lle-42, Ser-96, lle-99, Ser-
157, Met-158, GIn-177, 153, lle-180, GIn-299, lle-303, Asn-
Trp-404, Met-420 304, Phe-307,
UCP2 —-10.4 Thr-19, Asp-23, Lys-26, | —10.2 Ala-12, Ala-15, Asp-16, Thr-19,
Val-130, GIn-133, Asn- Phe-20, Asp-23, Arg-76, GIn-133
170, Asp-224, Lys-227,
Tyr-230

Notes: The bold text represents common interactions.

most common and serious metabolic disease that can even
cause death. Apart from the efficacy of insulin and several
oral hypoglycemic drugs used for the treatment of diabetes
mellitus, they still have a number of side effects.
Management of this metabolic disorder has a number of
challenges for both patients and physicians.*'
Investigations have revealed that traditional herbal medi-
cines offer exciting opportunities, such as unlimited
resources for the discovery of new drugs that can be
used for the welfare of mankind. Moreover, herbal medi-
cines can be used to treat a number of metabolic disorders
like tumor invagination, oral disorders, and diabetes mel-
litus due to hypoglycemic activities etc. With all such
approaches herbal medicines have relatively fewer side
effects than modern medicine.*?

Superoxide anion radicals (O,), hydrogen peroxide (H,
0,), and hydroxyl radicals (OH) may be considered as
major ROS that are generated during the onset of
oxidative  stress. These play

increased species

a significant role in the damage of pancreatic beta cells.
Normally, aerobic cells are endowed with extensive
mechanisms that include low molecular weight scavengers
such as decreased GSH, ascorbic acid (vitamin C), vitamin
E, and enzymes namely SOD, CAT, and GPx. These anti-
oxidants play an essential role in eliminating the ROS
produced during normal physiological functions.

It also helps to explain the lethal effects of alloxan in
inducing diabetes and oxidative stress. Alloxan can
increase levels of MDA and NO
Similarly, CAT catalyses the decomposition of H,O, into
H,0 and O,. In diabetes, the activity of CAT is decreased
in the low availability of NADPH or gradual reduction in

in a rat model.

the erythrocytes, where alloxan decreases the levels of
CAT and other antioxidants that cause oxidative stress.
GPx reduces H,O, to H,0. Following lupeol and iso-
orientin treatments, the activity of SOD was ameliorated
in diabetic rats, as also seen for CAT, GSH, and GPx.
Increased levels of lipid peroxidation in rats resulted in

Drug Design, Development and Therapy 2019:13
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Figure 3 The molecular representation of the docked complexes. Proteins and ligands are represented in different colors. Lupeol and iso-orientin are depicted in green and
firebrick respectively. The targeted proteins are aldose reductase (in cornflower), glucose 6-phophatase (in salmon), glucose transporter-4 (in yellow), glycogen
phosphorylase (in magenta), GPR40 (in sea green), and UCP2 (in orchid). (Molecular representation of docked complexes of lupeol and iso-orientin with all

theirl targeted proteins is shown in A=F).

Table 4 mCule properties of ligands according to Lipinski's rule
of five

Properties Lupeol Iso-orientin
Molecular mass (g/mol) 426.7162 434.3490

Log p-value 8.0248 —0.2452
H-bond acceptors | I

H-bonds donors | 8

Rotatable bonds | 2

Polar surface area 20.2300 201.2800

Ro5 violations | 2

Atoms 8l 49

Rings 5 4

Abbreviation: PSA, polar surface are.

elevation of MDA in the biological system. A higher level
of NO results in an increased level of peroxynitrite in the
body, which leads to increased RNS levels. Alloxan-
induced diabetes also caused oxidative stress by reducing
the levels of antioxidants such as GSH, SOD, CAT, GPx,
and GR in the serum of diabetic rats.

In the current study, plant-derived phytocompounds
(lupeol and iso-orientin) were used against six target pro-
teins (GPR40, glucose-6-phosphatase, UCP2, glycogen
phosphorylase, aldose reductase, and GLUT-4) to detect
their efficacy against diabetic disorders. For aldose reduc-
tase, the key residues were identified (Try-20, Tyr-48, His-
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Lig-Plot interactions lupeol and iso- Lig-Plot interactions lupeol and iso-
orientin of aldose reductase orientin of glucose-6-phosphatase

Lig-Plot interactions lupeol and iso-

e Lig-Plot interactions lupeol and iso-
orientin of GLUT-4

orientin of glycogen phosphorylase

Lig-Plot interactions lupeol and iso- Lig-Plot interactions lupeol and iso-
orientin of GPR40 orientin of UCP-2

Figure 4 The molecular interactions of top-ranked docked complexes as analyzed by Lig-Plot.

110, Trp-111, Phe-122, Tyr-219, Leu-300, Ser-302 and  6-phosphatase, all that key binding sites (Arg-79, Arg-83,
Cys-303) from literature.** The previous study His-114, His-119, His-167 and His-176) interacted with
indicated that Tol ligand binds with aldose reductase  glucose-6-phosphatase-p.** In the current study, the resi-
which also interacts with these residues. In this study, dues which strongly interacted with glucose-6-phosphatase
that particular structure was mutated as compared to  were identified (Trp-63, Val-67, Trp-70, Thr-194, Phe-195,
reported residues. The concerned ligands were bound Phe-219, Phe-223, Leu-226, Leu-273, Asn-276, Tyr-280,
with aldose reductase in a similar position as Tol ligand. Pro334, Val-338). The key residues Gly-135, Leu-136,

Current docking, as shown in Figure 4, of aldose Leu-139, Asp-283, Asn-284, Asp-339, His-377, Thr-378,
reductase revealed that the particular residues are involved — Val-455, Asn-484, Tyr-573, Lys-574, Glu-672, Gly-675,
in mutant structure with Val-48 in place of Tyr-48, His-111  and Thr-676 were identified as active sites for glycogen
in place of Trp-111, Pro-219 in place of Trp-219, and Met-  phosphorylase. In the current study, the ligands did not
302 in place of Ser-302. The active sites for glucose- bind at similar positions as in previously reported protein
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Table 5 Calculation of ADMET profile

(Probability)

CYP inhibitory promiscuity
AMES toxicity

(Probability)

Carcinogens

(Probability)

Acute oral toxicity n
0.8578
Biodegradation

Aqueous solubility (Logs) —4.4193

Low CYP inhibitory promiscuity 0.7562
Non-AMES toxic 0.9420

Non-carcinogens 0.9188

Not readily biodegradable 0.9793

Properties Lupeol Iso-Orientin
Blood-brain barrier (BBB) BBB +0.9592 BBB -0.6587
(Probability)

Human intestinal absorption (HIA) HIA +0.9974 HIA +0.8876

Low CYP inhibitory promiscuity
AMES toxic 0.9833

Non-carcinogens 0.9537

I

0.6847

Not readily biodegradable 0.7815
—2.3978

structures.*> The CP4, PLP, NBG, and MPD ligands also
different
phosphorylase.*® The current in silico study revealed that

interacted  at positions  with  glycogen
the following key interactive residues interacted with gly-
cogen phosphorylase: Met-1, GIn-72, Arg-94, GIn-97,
GIn-106, Asp-110, Tyr-114, Asp-119, Met-120, Glu-121,
Glu-124, Glu-125, Tyr-156, Arg-194, Phe-197, Arg-310,
Arg-311, Leu-495, Cys-496, Pro-498, Lys-545 and
Lys-656.

As for the molecular docking analyses of GPR40, in
a previous study Srivastava et al, in 2014, established that
Pro-80, Val-81, Ala-83, Val-84, Phe-87, Tyr-91, Leu-135,
Leu-1368, Gly-139, Gly-143, Phe-142, Val-141, Leu-171,
Glu-172, Trp-174, Ala-179, Ala-182, and Arg-183 had
molecular interactions with GPR40 at allosteric sites. In
this study, all ligands bound to GPR40 at the allosteric site
positions similar to those reported in the literature.*’

Thr-30, GIn-161, Ile-164, Val-165, Ile-168, GIn-282,
GIn-283, 11e287, Asn-288, Phe-291, Asn-317, Pro-380,
Gly-384, Pro-385, Try-388, Phe389, Asn-411, and Asn-415
were observed as key binding sites for GLUT-4 based on
literature.*® The B-nonylglucoside ligand bound with GLUT-
1 and in the current study both ligands bound at a similar
position as that of the reported ligand. In UCP2, the active
site was not reported in literature.*” The active sites were
identified by utilizing different tools, ie, CASTP,
GALAXYsite, COACH, RaptorX binding, and 3D-
ligandsite. Our current docking study on UCP-2 indicated
strong interaction between both ligands where some key
residues (Ala-12, Ala-15, Asp-16, Thr-19, Phe-20, Asp-23,
Lys-26, Arg-76, Val-130, GIn-133, Asn-170, Asp-224, Lys-
227, and Tyr-230) were involved in strong interactions. To

the best of our knowledge, our study is the first to report on
UCP-2 docking where both ligands were found to bind at
similar positions and all molecular interactions strongly
interacted with the targeted UCP-2 protein.

The results of docking analyses were considered satis-
factory for drug designing and both ligands presented
effective results for targeting diabetes. Docking results of
lupeol and iso-orientin showed strong activity with all six
target proteins and the difference between binding energies
can be observed in Table 5. Both ligands shared common
residues for potent inhibition of protein activity in dia-
betes. In this study, lupeol and iso-orientin were shown
to possess significant antidiabetic activity based on the
ADMET profile.

The blood-brain barrier (BBB) is highly significant in
terms of drug transport across the brain and is a very
efficient barrier that is designed to filter molecules which
may be harmful to brain function. Intestinal absorption is
an important factor for effective drug candidates and
human intestinal absorption properties depend on the phy-
siochemical properties of compounds.’! Better ADMET
profile analysis was seen in the case of lupeol as compared
to iso-orientin. Lupeol is also more potent as it has the
ability to cross the BBB.

One of the essential properties of phytochemicals is
biodegradation. It is a factor of dissipation into the envir-
onment and is also known as biotransformation.
Phytochemicals which are not readily or -efficiently
degraded may be responsible for the toxicity in terrestrial
and aquatic ecosystems due to the production of CO, and
reactive intermediates.>® The biodegradation principle is
measurements

determined by various experimental

submit your manuscript

1510

Dove

Drug Design, Development and Therapy 2019:13



http://www.dovepress.com
http://www.dovepress.com

Dove

Malik et al

including the production of CO,, biochemical oxygen
demand, pharmacokinetic properties, the development of
stable
intermediates.>* In silico approach is a principle for asses-

constants, and the formation of reactive
sing biodegradability, bioavailability, BBB, drug toxicity
Our

indicated that both phytochemicals lack the biodegradation

and carcinogenicity of compounds. study
property. In silico ADMET profile analysis is an efficient
and rapid procedure to determine the pharmacokinetic
properties of compounds. Better ADMET profile analysis
was seen in the case of lupeol, which is also more potent
than iso-orientin due to its ability to cross the BBB. In
addition, although both compounds showed low CYP inhi-
bitory promiscuity, they were resistant to biodegradation,
were non-AMES toxic, and non-carcinogenic. Therefore,
lupeol and iso-orientin have the potential to be investi-
gated as antidiabetic-agents.

Due to the following limitations: financial constraints,
socio-economic obstacles, limited resources etc, the cur-
rent study was conducted with a small sample size and
limited variables were used. Therefore, in future, a study
may be performed with a larger sample size, with assess-
ment of other important variables (AGEs, AOPPs, and
MMPs) which could lead to evaluation of the mechanism
of action of antidiabetic effect of plant extracts before
proposing it as a new antidiabetic medicine.

Conclusion

The current study revealed the antidiabetic activity of
discussed phytocompounds (lupeol and iso-orientin). It
showed that administration of these compounds, either
individually or in combined form, significantly
reduced the levels of blood glucose and ameliorated the
antioxidative profile of the body. Therefore, further clin-
ical studies on human models, using these compounds,
may help to elucidate their significant therapeutic benefits

in diabetes and some other disorders.
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Figure S1 Comparative model assessment plot showing ERRAT quality factor, Verify3d and Ramachandran favored, allowed and outlier regions. (A) Graphical

representation of aldose reductase. (B) Graphical representation of glucose-6-phosphatase. (C) Graphical representation of glycogen phosphorylase. (D) Graphical

representation of GPR40. (E) Graphical representation of GLUT-4 and (F) graphical representation of UCP2.
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