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Plants have always been an exemplary source of drugs and many of the currently available drugs have been derived
directly or indirectly from them. Since ancient times, traditional medicines all over the world have advocated the use of
plants to treat diabetes. Elephantopus scaber L. assumes significance because it has shown by us to possess high
hypoglycemic effect and justifies the traditional claims of being anti-diabetic drug candidate. The terpenoid isolated from
Elephantopus scaber L. demonstrated promising antihyperglycemic property with an increase in insulin levels but the mode
of action had not been investigated. Since increased insulin levels are associated with B-cells of the pancreas, histological
studies were undertaken to evaluate the effect of the compound on B-cells protection in streptozotocin induced diabetic rats.
Streptozotocin is known to cause damage to B-cells and hence the protective and curative role of terpenoid was
evaluated on the restoration of B-cells. The regeneration of damaged B-cells on the administration of the terpenoid is evident
from histological and ultra-structural investigations. In histological observations, islets of extract-treated
diabetic rats are seen to have numerous cells with normal histoarchitecture. Ultrastructural studies revealed B-cells
of compound-treated diabetic rats to contain granulated secretory vesicles. The plant may act independently
or synergistically to regenerate the damaged endocrine pancreas and thereby stimulation of insulin secretion in B-cells
as revealed by LM and TEM. To further confirm the mode of action of the compound, in silico docking with target
proteins like PPARy, which plays a role in protecting B-cells from damage was undertaken. The docking analysis in
the active sites of 2PRG was performed by Schrodinger program. The docking results showed good binding interactions of
the ligand with the target at the very low energy level. In our in silico analysis, terpenoid isolated from E. scaber
clearly demonstrated that it could improve the diabetic condition by increasing insulin secretion from remnant or
regenerated pancreatic 3-cells and could promote insulin sensitization and glucose uptake activities, which was a supporting
evidence to the histological studies. Thus the terpenoid from E. scaber can be considered for developing into a potent
antidiabetic drug.
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Diabetes mellitus (DM) is a group of metabolic
diseases, which is characterized by high blood
sugar levels over a prolonged period®. Globally, as of
2013, an estimated 382 million people have diabetes
worldwide, with type 2 diabetes making up about
90% of the cases’. The number of people with
diabetes is expected to rise to 592 million by 2035.
In the indigenous system of medicine (Ayurveda), a
mention was made on a good number of plants for
the cure of diabetes or ‘Madhumeha’ and some of
them have been experimentally evaluated and the
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active principles were isolated*®. However, search for
newer effective antidiabetic drugs continues. Earlier
we have reported the antidiabetic activity of
Elephantopus scaber L.”. The compound terpenoid
was isolated from E. scaber previously at our institute
and was reported to possess antidiabetic activity, with
an increase in insulin levels®, yet its mode of action
was unknown. Hence histological studies were
undertaken to study the effect of terpenoid on B-cells
of compound-treated diabetic rats. Bioinformatics
tools have become very significant to support the
results of experiments and it reveals the targets for
different ligands. We made an attempt in using
bioinformatics tools to evaluate whether the isolated
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terpenoid is a good ligan-d to the target protein related
to diabetes such as PPARy. Activation of PPARY
improves insulin resistance and therefore PPARY is
an established molecular target for the treatment of
type 2 diabetes’. The role of PPAR in combating
diabetes has provided us the rationale to carry out
structure-based drug design studies™. The Peroxisome
Proliferator-Activated Receptor y (PPAR-y) has been
the focus of intense research during the past decade
because ligands for this receptor have emerged as
potent insulin sensitizers used in the treatment of type
2 diabetes. Hence the present in a silico study aimed
at finding new selective human PPARy (hPPARY)
modulators that are able to improve glucose
homeostasis with reduced side effects compared with
standard drugs. The above-mentioned target was
subjected to in silico docking with a view to
identifying whether terpenoid could be a good
molecule to treat diabetes.

Materials and Methods
Research method

Plant material, a method of extraction, isolation, and
identification of the active compound, terpenoid
procedures were published in our previous manuscript”®.

Treatment

Streptozotocin administered diabetic rats were
treated with the compound for 30 days and were then
sacrificed by decapitation and pancreas was dissected
and removed for histological studies*.

Acute toxicity studies

An acute oral toxicity study was performed as per
the Organization for Economic Co-operation and
Development (OECD) guidelines 420. Wistar albino
rats of either sex (150-200 g) were used for the study
and administered a limit dose of 2000 and 5000 mg/kg
of the hydroalcoholic combined plant extract and
animals were observed for mortality and clinical signs
for the first hour, then hourly for 3 h and finally
periodically until 48 h. All of the experimental animals
were maintained under close observation for 14 days,
and the number of rats that died within the study period
was noted. Behavioural and neurological changes such
as tremors, convulsions, salivation, diarrhoea, sleep,
lacrimation and feed behaviour in drug-treated rats
were observed for a sign of acute toxicity.
Ligand preparation

Chemical structure of the ligand (terpenoid) was
obtained from spectral analysis and the three-

dimensional structure for the terpenoid was generated
using Chem Draw Ultra 11. 2.2

Protein selection

Three-dimensional structures of PPARy (PDB ID:
2PRG), were retrieved from the Protein Data Bank
(PDB), (http://www.pdb.org).

Protein and ligand structure preparation and
molecular docking 3D crystallographical structure of
target protein was obtained from protein data bank,
before docking, the protein was prepared and
optimized using Protein Preparation Wizard of
Schrodinger' to rectify the assignment of bond
orders, addition , and deletion of hydrogen atoms and
remove water molecules. The refined and optimized
protein structures were subjected to Site Map module
of Schrodinger suite to identify the binding packet of
the ligand with standard grid cropping sitemaps at
3 A from the nearest site point. The structures of
terpenoid was drawn with aid of chem draw, both
native ligand and terpenoid were fixed tautomeric and
ionization states of ligands were generated in the pH
range of 7.0 +/-2.0 using Epik during ligand
preparation using Lig Prep wizard (Lig Prep, version
3.9, Schrodinger, LLC, New York, NY, 2016) of
Schrédinger by assigning the bond orders and bond
angles and then subjected to minimization using
OPLS_2005 force fields.

After careful consideration of both ligand and
protein structure preparation, they were subjected for
molecular docking using Glide extra-precision (XP)
mode in Schrodinger package. Both native and our
ligands were forced to bind within the grid
corresponding to the active sites of the target protein,
to enclose it within 3 A from the centric of these
residues.

Docking analysis

The docking analysis of terpenoid was carried out
by means of the Schrodinger tools. The molecular
docking studies performed with the active sites of the
2PRG target protein by the Glide application of
Schrodinger™.

Results and Discussion

Hematoxylin and eosin stained sections of the
pancreas of untreated rats under a light microscope
revealed that each islet of Langerhans is formed of
numerous compactly arranged cells occurring as
dense cords. The islets appeared lightly stained when
compared with the surrounding acinar tissue. The Islet
cells were round to ovoid with round vesicular nuclei
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Table 1 — Comparing the docking score and properties of the standard drug and compound from E. scaber
Title Docking score Glide evdw Glide energy ~ No of Bonds Interactive residue H bond length (A)
Terpenoid —8.397 —18.369 —20.639 2 HIE 449 2.31
GLN 286 1.95
Rosiglitazone —7.874 —49.183 —54.666 2 HIE 323 2.19
SER 289 1.97

and pale pink cytoplasm. Capillaries were found in
between the islet cells. Islets from the pancreas of
diabetic control rats showed an entirely different
picture in hematoxylin and eosin stained sections
(Suppl. 1). Most of the cells in the islets possessed
pyknotic nuclei, whereas some cells contained dark
nuclei, and few cells at the periphery had round or
ovoid nuclei, indicating the damaged condition
of the cells. However, the treatment with the
compound showed improvement in the architecture.
Hematoxylin and eosin stained section of the pancreas
of treated diabetic rats showed several islet cells to
contain vesicular nuclei, although a few cells possessed
shrunken nuclei. Capillaries were present in between the
cells. A few cells possessed pyknotic nuclei.

Transmission electron micrographs (TEM) of
B-cells of untreated rats revealed that the p-cells
contained abundant secretion granules. Each granule
had a large clear space around it. Cytoplasmic
organelles were also present. TEM of B-cells of
diabetic control rats revealed the nucleus to be dark
and shrunken and to possess an irregular outline.
Numerous capillaries were observed in between the
islet cells. A few cells showed pyknotic nuclei. TEM
of treated diabetic rats showed the cytoplasm of the
B-cell to contain numerous secretion granules and a
few vacuoles. Capillaries were prominent. In contrast
to pB-cell, alpha cells contained extremely electron-
opaque dense secretion granules. The core of the
alpha cell granules showed two characteristic
components, an extremely electron dense central
spherical mass located asymmetrically with respect to
the limiting membrane and a granular material of
moderate electron density that filled the compartment
between the electron opaque component and the
limiting membrane. The cytoplasm possessed
abundant mitochondria.

Streptozotocin diabetes results in degenerative and
Iytic changes in the islets of Langerhans of the
pancreas. The islet is considerably reduced and
shrunken, there is the destruction of some 3-cells with
central hyalinization, a few cells show pyknotic nuclei
and the number of cells is lower*. Histopathological
examination of the pancreas in streptozotocin-induced

Table 2 — Qikprep results of the standard drug and compound
from E. scaber

Descriptors Rosiglitazone ~ Terpenoid
Molecular weight 357.426 394.596
Donor Hydrogen Bond 1 0
Acceptor Hydrogen Bond 5.25 3
Human Oral Absorption 3 1
Rule of Five 0 1

diabetic rat treated with D-400 (a herbomineral
formulation) revealed that the treatment restored
the activity of the islets of Langerhans™. In the
present study, oral intubation of terpenoid from
Elephantopus scaber L. to STZ- induced diabetic rats
brought about an improvement in the histoarchitecture
of the islets in the pancreas of STZ- induced diabetic
rats. As mentioned earlier, in the present study also,
there was a complete loss of -cell secretion granules in
STZ-treated rats. Oral administration of the compound
from Elephantopus scaber L. brought about an increase
in insulin granules in STZ-induced diabetic rats.

The insulin result suggests that the hypoglycemic
activity of the plants may be due to a sulfonylurea-
like activity'®, while histological studies clearly
demonstrated the regenerated pancreatic B-cells in the
extract treated, suggesting regeneration of p-cells"’.

The molecular interaction of terpenoid and target
protein was described by performing docking analysis
by the Schrodinger program. It has been shown
effective and observed experimentally the binding
affinities in terms of lowest docking energy. The
target protein structure of 2PRG was docked with
terpenoid, which provided significant results by the
least values of the binding energy comparable
with known agonist Rosiglitazone (Table 2).
Molecular docking results showed that the isolated
terpenoid possess a greater binding affinity (glide
score: —8.397 kcal/mol) as compared to Rosiglitazone
(=7.874 kcal/mol) through two hydrogen bonds
interaction by HIS 449 (2.31) and GLN 286 (1.95)
residues of the 2PRG protein. The best possible
binding affinities of the terpenoid at targeted protein’s
active sites are displayed and their corresponding
energy values are listed in (Table 1). The processed
target protein structure of were docked with isolated
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terpenoid and standard drug Rosiglitazone which
provided Glide Score that identified the best
interacting and binding ligand in the respective
protein’s active site. The best possible binding modes
of the terpenoid and Rosiglitazone at targeted
proteins’ active sites are displayed in (Figs. 1 & 2).
The known agonist Rosiglita zone of PPAR
having a better affinity towards their binding
packet, the residues in the binding packet of
PPAR was already described by Nolte et al. 1998 by
X-ray studies. An obtained interaction of Terpenoid
was correlated with the previously reported
study Mazumder et al.'®, where the Rosiglitazone
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showed hydrogen bond interaction with His-323
and Ser-289. Thiazolidinedione and several naturally
occurring carboxylic acids showed strong interaction
with the major binding residue of PPAR as follows
His323, His449, and Tyr473". This binding
promotes the agonists effects against PPAR. They
can strongly bond to the target protein and activated
them even at micromolar concentrations. Also,
human oral absorption rate of both isolated
and available drug has predicted by Qikprep
application. The terpenoid showed a lower level of
absorption < 30%*° compared with commercially
available drug 99%%".
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Fig. 1—(A) 3D structure of PPARy, PDB (2PRG), (B) Terpenoid from E. Scaber (C) & Interacting amino acids as predicted and

enfolding of the compound in the active pocket
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Fig.

2 — Interacting amino acids as predicted and enfolding of

the compound, Terpenoid from E. scaber in the active pocket of
PPARy, PDB (2PRG)
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