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inhibition, as it possessed best value in Molecular docking. Further in
vivo investigation need to identify BACElenzyme inhibitory activity of isolated compounds
from Macaranga denticulata.
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INTRODUCTION

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder which is characterized
by memory loss or loss of neurons and synapses in the cerebral cortex and certain subcortical
regions among aged person.l*%! 60 % - 70% of this disease leading to dementia.®! The real
cause of AD is poorly understood. Accordingly, WHO in 2015, approximately Worldwide,
47.5 million people have dementia and there are 7.7 milion new cases every year. In a

developing country, AD is a financially costly disease.

A possible therapeutic target for AD is S-amyloid cleavage enzyme (BACE-1) which
represents the protease cleaved in the APP degradation process, leading to production of -
amyloid (BA). Thus, the BACE-1 enzyme is very important in drug discovery as a primary
therapeutic target for AD.®] This occurs as a result of, reduces the B-amyloid production, that

become a promising target to control and progression of AD."!

Although there is no cure for AD, it can be managed with the available drugs, to some
degree. A number of scientific researchers have been carried out on medicinal herbs. Herbs
have anti-inflammatory and anti-oxidant activities that may be used in the treatment of
AD. Some of the medicinal herbs wused in this treatment are Salvia officinalis,
Rosmarinus  officinalis, Curcuma longa, Matricaria recutita, Melissa officinalis,
Commiphora whigitti, Galnthus nivalis, Panax ginseng, Bacoppa monneira, Angelica
archangelica, Collinsonia Canadensis, Bertholettia excels, Tinospora cordifolia,
Urticadioica, Magnolia officinalis, Huperzia serrata, Gingko biloba, Withania
somnifera. These herbs are responsible for slowing down the brain cell degeneration caused
by alzheimer’s. They enhance the brain’s ability to function, and therefore, provide stability
when used consistently.®!

Macaranga denticulata Muell.-Arg. belongs to the family Euphorbiaceae. In Bangladesh, it is
locally known as Burna, Burakochi, Ratabura, Mathura-ninia, Lepcha; Bura. It is a low
evergreen tree, with a large spreading crown; young shoots, leaves and inflorescence rusty
tomentose. Leaves large, peltate, denticulate or entire, base rounded. Flowers in axillary
panicles. Fruit a capsule, about 6 mm diam.!”) The juice of the leaves and flowers is
administered in cases of constipation, mucous stool and colic in Jointiapur of Sylhet in

Bangladesh.*!
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Molecular docking is a key tool in computer-assisted drug design and development. Docking
has been utilized to perform virtual screening on large libraries of compounds, and propose
structural hypotheses of how the ligands bind with the target with lead optimization. Another

potential application of docking is optimization stages of the drug-discovery cycle.

Our aim of the study to performed molecular docking studies to identify potential binding
affinities of the selected phytocompounds from Macaranga denticulata towards BACEL for

searching of lead molecule against Alzheimer’s disease.

MATERIALS AND METHODS

Protein Preparation

Three dimensional crystal structure of BACE1l (PDB id: 4IVT) was downloaded in pdb
format from the protein data bank.'*! After that, structure was prepared and refined using the
Protein Preparation Wizard of Schrédinger-Maestro v10.1. Charges and bond orders were
assigned, hydrogens were added to the heavy atoms, selenomethionines were converted to
methionines, and all waters were deleted. Using force field OPLS 2005, minimization was

carried out setting maximum heavy atom RMSD (root-mean-square-deviation) to 0.30 A.

Ligand Preparation

Compounds were retrieved from Pubchem databases, ie. 3-acetylaleuritolic acid, p-
Sitosterol, macarangin, oleanolic acid, scopoletin, stigmasterol. The 3D structures for these
were built by using Ligprep2.5 in Schrodinger Suite 2015 with an OPLS_2005 force field.
Their ionization states were generated at pH7.0£2.0 using Epik2.2 in Schrodinger Suite. Up

to 32 possible stereoisomers per ligand were retained.

Receptor grid generation

Receptor grids were calculated for prepared proteins such that various ligand poses bind
within the predicted active site during docking. In Glide, grids were generated keeping the
default parameters of van der Waals scaling factor 1.00 and charge cutoff 0.25 subjected to
OPLS 2005 force field. A cubic box of specific dimensions centred around the centroid of the
active site residues (Reference ligand active site) was generated for receptor. The bounding

box was set to 14 A x 14 A x 14 A for docking experiments.
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Glide Standard Precision (SP) ligand docking

SP flexible ligand docking was carried out in Glide of Schrodinger-Maestro v 10.1[12% 131
within which penalties were applied to non-cis/trans amide bonds. Van der Waals scaling
factor and partial charge cutoff was selected to be 0.80 and 0.15, respectively for ligand
atoms. Final scoring was performed on energy-minimized poses and displayed as Glide score.

The best docked pose with lowest Glide score value was recorded for each ligand.

RESULTS

In silico Molecular Docking analysis

Advances in computational techniques have enabled virtual screening to have a positive
impact on the discovery process. Virtual screening utilizes docking and scoring of each
compound from a dataset and the technique used is based on predicting the binding modes
and binding affinities of each compound in the dataset by means of docking to an X-ray
crystallographic  structure.*l Grid based docking study was used to analyze the binding
modes of molecules with the amino acids present in the active pocket of the protein.l*>! To
identify the potential anti Alzheimer’s lead molecule, we have subjected the docking analysis
of the active compounds of M. denticulata Kuntze to the active site of BACEL. In order to
study the interaction of the compounds 3-acetylaleuritolic acid, B-Sitosterol, macarangin,
oleanolic acid, scopoletin, stigmasterol and 4I1VT, we performed Glide docking analysis by
Schrodinger suite v10.1, where among of these compounds macarangin shows highest
docking score shown in Table 1. The negative and low value of free energy of binding
demonstrates a strong favorable bond between BACE1l and macarangin in most favourable
conformations. The results of docking analysis were described in Table 1 and the docking

figure showed in Figure 1.

Table 1: Docking results of A. 3-acetylaleuritolic acid, B. p-Sitosterol, C. macarangin, D.
oleanolic acid, E. scopoletin, F. stigmasterol with BACE1 (PDB: 4I1VT).

. . Glide
Compound Name Docking Score | Glide emodel energy
3-acetylaleuritolic acid -2.707 -39.152 -31.118
B-Sitosterol -3.006 -29.099 -26.037
macarangin -5.788 -69.045 -53.865
oleanolic acid -0.016 -38.234 -33.35
scopoletin -5.35 -40.453 -30.341
stigmasterol -4.276 -31.535 -31.098
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Figure 1: Docking results of A. 3-acetylaleuritolic acid, B. B-Sitosterol, C. macarangin,

D. oleanolic acid, E. scopoletin, F. stigmasterol with BACEL (PDB: 41VT).

DISCUSSION

Phytochemicals are plant-derived chemical compounds that have potential health-promoting

properties. A wide variety of phytochemicals has been shown to prevent certain chronic

diseases, such as cancers and cardiovascular diseases, by mitigating or correcting cellular

dysfunctions.l*®! Polyphenolic phytochemicals are the most abundant dietary antioxidants;

however, numerous studies performed in animal models or cell culture demonstrated that the

antioxidant activity of these compounds is unlikely to be the sole explanation for their

protective cellular effects. And phytochemicals also have ability to fix the AD problem. So
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searching new drugs for AD from medicinal plants is not latest. But, it is very costly to
discover the drugs in laboratory. In silico methods can help us to shorten the procedure of

drug discovery by selecting the perfect drug for the diseases.

The aim of molecular docking is the accurate prediction of the structure of a ligand within the
constraints of a receptor binding site and to correctly estimate the strength of binding. To
explore effective drugs for the treatment of AD, different compounds against known and
novel targets of AD could be designed and investigated using molecular docking. Dual or
multiple inhibitors that inhibits two or more targets of AD may also be investigated.
Currently there is no treatment to prevent or cure AD but several approved drugs can treat
some of the symptoms and cause a modest and temporary improvement in memory.
Targeting the direct cause of neuronal degeneration would constitute a rational strategy and
hopefully offer better prospects for the treatment of AD. Several molecules for the above
discussed targets have been withdrawn even from the clinical trials either due to their
ineffectiveness in human trials or their nonspecificity for receptors. The brain, being the most
complex organ, is difficult in terms of its structural accessibility and the presence of the
blood-brain barrier and thus difficult for many invitro molecules to be effective in situ.
Therefore, special attention should be paid for the development of effective ligands against
the potent targets of AD.*"! In a nut shell, molecular modeling and docking would be a
promising aspect for novel drug design and would shorten the time span of drug discovery

that could be further explored as possible therapeutic interventions for AD.

CONCLUSION

The present study revealed that among all the compounds macarangin showed best docking
score. So, macarangin is the best compounds for selective BACEL enzyme inhibition, as it
possessed best value in Molecular docking. Further in vivo investigation need to identify

BACEL enzyme inhibitory activity of isolated compounds from Macaranga denticulata.
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