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ABSTRACT
Objective: To identify the inhibitory effects of artemisinin and its derivatives against Alpha-Amylase in Diabetes
II.
Study Design: Insilico approaches using Bioinformatics techniques were used to access the effects of arteisinin
and its derivatives.
Place and Duration of Study: The study was conducted from December 2016 to July 2017 at Department of
Bioinformatics and Biosciences of Capital University of Science and Technology, Islamabad, Pakistan.
Materials and Methods: In this work, the inhibitory effects of artemisinin and its derivatives were determined
by using in silico approach. For proper inhibitory effects, molecular docking and the pharmacokinetic
properties of the ligand were identified.
Results: Artemether was found to be the ligand that shows the best binding energy -7.08 Kcal/mol, strong
hydrogen bonding, 4 alkyl bonds, 0 bumps, inhibition constant 13.26, and better pharmacokinetic properties. It
has been selected as a lead compound as it is the most active compound for alpha-amylase inhibition.
Conclusion: In future, this work can be used in wet-lab analysis to confirm its adequacy and efficacy.
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Introduction
Diabetes mellitus is a globally highlighted metabolic
disorder affecting 422 million adults and specifically
39.19% of people in Pakistan according to WHO
(world health organization), report released in 2016.1
This ratio is increasing day by day all around the
world. It is an estimation that by the end of the year
2020 there will be nearly 250 million people that
would have type 2 diabetes mellitus over the world.2
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Diabetes mellitus causes hyperglycemia as a result of
a defect in insulin secretion, insulin action, or both.
The long-term hyperglycemic condition can cause
organ dysfunction and failure including kidney, eyes,
3
blood vessels, nerves and heart. Diabetes is
categorized into two major forms. In type I diabetes
mellitus, autoimmune destruction of β-cell occur,
resulting in an absolute deficiency of insulin. While in
the case of Type II diabetes, there develops insulin
resistance along with insufficient insulin synthesis by
the β-cell and thus being rejected for impairment to
maintain blood glucose level.4
In diabetes mellitus, alpha-amylase is an enzyme
that performs a key role to create the hyperglycemic
condition. Alpha-amylase is present in two forms,
the one that is present in the saliva is termed salivary
alpha-amylase and the other present in the pancreas
is called pancreatic alpha-amylase.5 Alpha-amylase
causes hydrolysis of O-glycosidic linkage in starch
and converts it into a simple sugar molecule.6 These
simple sugar molecules after storage in blood cause
3
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hyperglycemic conditions due to improper insulin
4
secretion. As the key factor in type II diabetes is
alpha-amylase so its inhibition can help to control
the disease.
Many synthetic and plant-derived secondary
metabolites are available for type II diabetes
inhibition. The most effectively plant's secondary
metabolites for alpha-amylase are categorized into
five major forms. These are peptide-based αamylase inhibitors, carbohydrate-based α-amylase,
p o l y p h e n o l s , 2 - a m i n o b e n zo t h i a zo l e a n d
7
terpenoids. Artemisinin is a secondary metabolite of
the plant name Artemisia annua and chemically
sesquiterpenoid lactone peroxide in nature. On the
basis of its phytotoxin behaviour, it causes inhibition
of protein synthesis and without mitotic disruption,
activate growth reduction mechanism.8 Artemisinin
and its derivatives that are artesunate, artemether,
artemotil and dihydroartemisinin are highly efficient
for parasitic disease control and treatment.
Artemisinin is an ancient Chinese medicinal
compound and famous for its high inhibitory effect in
the case of malaria. Its antimalarial activity is more
than any other antimalarial drug. Artemisinin and its
derivatives play important role in the treatment of
9
schistosomiasis, hepatitis B , and various cancer cell
lines including breast cancer, human leukaemia,
10-12
colon and small-cell lung carcinoma. Artemisinin's
efficient inhibitory effect on type II diabetes is not yet
discovered, so it will be a promising aspect to
discover artemisinin's inhibitory effect against
diabetes by targeting alpha-amylase. So to detect the
effect of artemisinin for alpha-amylase inhibition can
open a new gate for diabetes type II treatment which
would be more effective, less costly with minimum
side effects.
Docking is an Insilico technique that is used to
estimate the binding strength between the ligand
and target protein by a specific scoring function, to
determine the correct conformation of a ligand
inside the target binding site. The 3D structure of
both target protein and ligand are taken as input for
docking.13 It recognizes novel small molecular
compounds, reveals essential properties, such as the
high interaction by binding with target protein
having reasonable absorption, distribution,
metabolism and excretion (ADME), to assist in the
14
identification of the lead compound for the target.
4
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A searching algorithm and an energy scoring
function for generating and evaluating ligand poses
are the fundamental docking methodologies.15 It
focuses on the achievement of the minimized free
energy of the overall system in which protein and
16
ligand are involved with proper orientation.
Despite several treatments available for diabetes,
there is still a need to discover some new herbalbased medicine that would have fewer adverse
effects rather than synthetic ones which besides
curing the disease also show several side effects.
Plant extracts have been utilized in ethnomedical
treatments that have a lesser number of side effects
as compared with synthetic treatments. To cure most
people with diabetes with lesser side effects we
design a methodology. Thus, this study aimed to find
an efficient and cost-effective treatment for diabetes
type II with lesser side effects as compared to other
synthetic medicines. The objectives included
identification of artemisinin and its derivatives as
inhibitors of alpha-amylase, to find the interacting
behaviour of alpha-amylase with artemisinin and its
derivatives and to finally analyze the binding
conformation between α-amylase and other
inhibitors as a standard antidiabetic agent.

Materials and Methods
Diabetes mellitus is a metabolic disorder that causes
persistent hyperglycemia. Alpha-amylase is
responsible for the breakdown of oligosaccharides
into monosaccharide's which are absorbed into the
blood causing hyperglycemia. It is the most
important worldwide endocrine disease. To lower
blood glucose levels, inhibition of a-amylase activity
is a possibility.17
Retrieval of the three-dimensional structure of the
target protein
A 3D structure of Alpha-amylase was retrieved from
PDB having PDB id 5VA9 in complex with peptide
inhibitor piHA-L5(d10Y), the attached ligand and
nonstandard residues were removed via Discovery
18
Studio 3.5 visualizer. Pfam was used to identify the
functional domain of the pancreatic alpha-amylase
19
protein. Conserved domains are involved in
sequence/structure/relationship. The binding
20
pocket was evaluated by the online tool CASTp that
shows the binding pocket by analyzing the functional
information of residues present in the protein
structure. In order to evaluate the pockets, protein
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structure was submitted to CASTp server. Protein
structure in pdb format was submitted to the server.
It predicts the location of residues. The protein
receptor that had been separated from the residues
was optimized with Autodock Tools (ADT) v1.5.6. The
optimization includes: the addition of hydrogen
atoms to the macromolecule and setting the grid box
parameters. The size of the grid box was set at 28 x 28
x 28 (x,y,z) using 1.000 Å. The centre of the grid box

was put at 52.734 –3.774 x 34.258 (x,y,z). These
results are saved in pdbq format.
Preparation of ligands
Artemisinin and its derivatives were selected as
ligands. Their structure and other information were
21
extracted from PubChem , which is an open
repository for experimental data identifying the
biological activities of small molecules. The
compounds are shown in Table 1.

Selected compounds were then tested against the
Lipinski rule of five22 to check their likeliness to be
used as an active drug in humans. The log P value,
molecular weight, maximum number of H-bond
acceptors and H-bond donors were determined. For
more successful drug discovery, a lead needs to be
more like a drug. Compounds were further screened
based on drug score, drug likeliness and toxicity. The
potential success of a compound depends on its
ADMET properties which were tested by the pkCSM,
a tool that helps to find the ADMET properties of the
compounds.23 The ligands were prepared for docking
in autodock tool, the Gasteiger charges were added

in those compounds where they were necessary,
non-polar hydrogen atoms were merged, aromatic
carbons were detected, and torsions were added
into the ligands. The ligands were then saved in
pdbqt format.
Molecular docking of the dataset with the target
protein
The purpose of molecular docking is to find out the
best conformational interactions among target
protein and compounds for which the two essential
requirements are the target protein and the
candidate ligands. Alpha-amylase was used as the
target protein and selected ligands were artemisinin
5
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with derivatives artesunate, artemether and
dihydroartemisinin. AutoDock 4.0 in association
24
MGL tools 1.5.7 was used to perform docking. For
this purpose, firstly, the target protein file was
prepared by adding hydrogen bonds to study polar
interaction and given to AutoDock as input, similarly,
the ligand file was also prepared The docking grid box
was set around the protein by selecting parameters
(x-75.6, y-63.2, z-48.7, x-86, y-79, z-82). Utilizing
docking related commands, docking was performed.
Ligand usually shows the highest number of
interactions with protein, where target protein has
their active site having the amino acids highly
involved in the formation of a protein-ligand
complex. These protein-binding pockets were
identified by CASTp.20
Ligand-protein interaction
The interaction of ligand and active pocket of protein
was calculated for the interpretation of docking
results. Ionic interactions, hydrogen bonding and
25
hydrophobic bonding were studied using PDBsum.
Interaction studies have a distance range of 4 or less
which was kept into consideration. After the detailed
analysis of protein and ligand interaction, docking
score and toxicity studies, the most active inhibitor
was identified as the lead compound.
Docking of standard anti-diabetic Drug with the
Target Protein
The standard anti-diabetic drugs were identified
which are used for diabetes type II treatment by
using the KEGG database. It helps to analyze the
disease in detail with its pathways and drugs. The
identified drugs are necessary to filter out to select
the most efficient drug. This was done via a detailed
study of identified drugs and the most efficient drug
Acarbose was identified by setting parameters:
effective ADMET properties, physiochemical
properties, efficient mechanism of action and least
side effects were collected from PubChem, PKCSM
and KEGG database respectively. As Acarbose binds
to alpha-amylase after it has been enzymatically
modified by the enzyme, therefore the modified
Acarbose Hexasaccharide was obtained through
PubChem and docked with alpha-amylase protein to
24
identify its inhibition efficiency using autodock tool.
The comparison between the modified acarbose
hexasaccharide and the proposed anti-diabetic
agents was done via comparing docking values,
6
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physicochemical properties, and ADMET properties.
Results and Discussion
The alpha-amylase protein consists of 511 amino
acid residues having a molecular weight 57706.85
Dalton. Out of 511 residues, 226 amino acids from
the alpha helix, 211 amino acids form beta-sheets
and 62 amino acids form beta turns. The protein
contains one functional domain, by the name
ofalpha-amylase-c, which belong to the amylase
family starting from residue number 409 and ends at
492 residues. The 3D structure of the alpha-amylase
protein is shown in Figure 1.

Fig 1: The 3D structure of alpha-amylase protein
retrieved through Protein Databank
6 binding pockets were identified in the protein. The
applicability of artemisinin and its derivatives on the
Lipinski rule of five and their toxicity values were
compared with the modified acarbose and are
shown in table 2.
All compounds are considered toxic at high doses
and all are safe at very low doses. The toxicity occurs
due to the interaction of a drug with the same target
that produces the wanted pharmacological
reaction.23 After performing the molecular docking at
least five times with different orientations of ligands
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in the active pocket, the ligand-protein docked
complexes were analyzed on the basis of minimum
energy values i.e. ΔG bind best value (lowest energy).
Low ΔG bind energy indicates that the conformation
formed was stable, whereas high ΔG bind energy
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indicates that a less stable complex was formed.
Results indicated that ligand molecules showed good
binding energy values in the range of -9.8 to -5.55
kcal/mol against α-amylase for the studied
compounds (Table 3).

7
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The binding energy values justified the binding
potential against the target protein. Artemether
showed the best binding energy lying in the range of 7.7Kcal/moL to -5.8 Kcal/moL quite better than the
modified acarbose and the inhibition constant of
13.26µM, much better than that of modified
acarbose. The ligand efficiencies of artemether are
also better than other compounds. The mean values
and standard deviation errors from table 3 are shown
in table 4.

8
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From the mean values of table 4, it is also confirmed
that the Artemether is a more effective inhibitor as
compared to modified acarbose and other chemical
constituents, so it can be used as a potent alphaamylase inhibitor. The standard deviation errors in
the binding score observed in all docked results were
1.172, 3.079, 3.16, 2.792, and 0.657 respectively.
All the docked complexes were analyzed for docking
interactions using the discovery studio software. In
all the docking results it was observed that all the
ligand molecules bind within the active binding
region of targeted proteins which was found to
contain the following residues ASN100, ARG 158,
ASP167, ARG195, ASP197, HIS201, the best docking
result among all the docking results is shown in Table
5.
The current alpha-amylase docking results have
shown the artemisinin binds with the active binding
pocket of target protein forming 2 hydrogen bonds at
LYS227and ILE230 with a distance of 2.84Å and 2.86Å
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respectively, further hydrophobic interactions were
found at SER3, LYS227, PRO228, PHE229, ILE230,
ASN250, TYR2. The Artemether binds in the active
pocket-forming 4 Alkyl bonds with a distance range
of 4 – 5, Hydrophobic interactions were made at
ASN298, ARG195, ARG337. While artesunate with
binding energy -7.29 Kcal/moL and inhibition
constant 18.61µM made 5 hydrogen bonds with
ASN, ARG, ASP, ASP, and HIS with the distance of
2.31Å, 2.56Å, 2.43Å, 2.50Å, and 2.45Å. Hydrophobic
interactions made by artesunate were ASN100,
HIS201, ASP167, ARG158. The docking results of
artemether and interactions are shown in Figure 2.

Fig 2: The binding interactions of artemether with the
active pocket of alpha-amylase protein after molecular
docking. The purple dotted lines represent the alkyl
bonding

Acarbose has shown a large number of interactions
with the pocket residues but performs many bumps
with most of the interacting atoms. However only 5
bumps are allowed for a good docking, a larger
number of bumps demonstrate toxic effects of a
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chemical compound on the body of an organism. The
docking results of Acarbose are shown in Figure 3.

Fig 3: The binding interactions of Modified Acarbose
with the active pocket of alpha-amylase protein after
molecular docking. The purple dotted lines represent
the alkyl bonding, green dotes lines shows conventional
hydrogen bonding

The ADME properties of ligands were extracted from
pkCSM. Toxicity provides insight into a drug-likeness
of ligands, which is necessary to consider before
designing a drug. To use a compound as a
chemotherapeutic agent it should first clear the
toxicity test. The predicted ADME properties of
Artemisinin and its derivatives are shown in Table 6.
The toxicity measurements by mean of pkCSM have
shown the identified toxic behaviour ranges of
artemether, it can be selected as a lead compound as
it is the most active compound for alpha-amylase
inhibition. Modulation of α-amylase activity affects
the utilization of carbohydrates as an energy source,
sometimes drastically. Natural α-amylase inhibitors
have been known for many years and were
.26,27
discovered in plants, such as wheat and legumes
Herbal medicines used to treat diabetes also contain
9
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substances with anti-α-amylase activity.28 Several
molecules from plants have been reported
previously to inhibit α-amylase. In this work, we
confirmed on the basis of the efficacious dose for
humans, it is possible to reduce alpha-amylase
activity by consuming herbal tea of the plant
containing these active compounds with strong
10
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alpha-amylase inhibitory activity. Therefore,
integration of artemether based alpha-amylase
inhibitors in a well-designed food matrix with a given
amount of starch load would be necessary to
demonstrate the bioefficacy of the natural
compounds. By understanding the structurefunction relationships between artemether derived
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compounds and human alpha-amylase, one could
facilitate the discovery and development processes
for designing a functional herbal tea for type 2
diabetic patients. The efficacy of artemether was
also confirmed by its comparison with the toxic
properties of Acarbose drug used in the market. This
comparison between Acarbose and artemether
helped to identify the better treatment for diabetes
type II. The comparison among the properties of
both compounds is shown in table 7.
From the comparison, it is confirmed that the
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This research aimed to identify a compound for the
treatment of diabetes type II using a computational
approach that could be used in near future as an
efficient drug. Four ligands were selected and docked
with alpha-amylase protein; protein-ligand
interactions of these ligands were analyzed. After the
detailed analysis of their binding score,
physiochemical properties and ADME properties,
artemether was identified as a potent inhibitor for
diabetes. From the above mentioned
physiochemical and ADMET values it is visible that
the artemether activity in comparison to acarbose is
better. It follows the Lipinski rule of 5 and it can act as
a possible alternative treatment for Diabetes Type II
disorder.
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