ISSN: 2161-0460,

&Parkinsonism

Journal of Alzheimers Disease

Al-Madhagi, J Alzheimers Dis Parkinsonism
2022, 12:5

Investigation of Vitamins as Potential Dual Inhibitors of Acetylcholinesterase

and p-secretase

Haitham Ahmed Al-Madhagi"

Department of Applied Sciences, University of Thamar, Thamar, Yemen

“Corresponding author: Dr. Haitham Ahmed Al-Madhagi, Department of Applied Sciences, University of Thamar, Thamar, Yemen, E-mail: bio.haitham@gmail.com

Received date: 29-Aug-2022, Manuscript No. JADP-22-73227; Editor assigned: 01-Sep-2022, PreQC No. JADP-22-73227 (PQ); Reviewed: 15-Sep-2022, QC
No JADP-22-73227; Revised: 22-Sep-2022, Manuscript No. JADP-22-73227 (R); Published: 30-Sep-2022, DOI: 10.4172/2161-0460.1000552.

Citation: Al-Madhagi HA (2022) Investigation of Vitamins as Potential Dual Inhibitors of Acetylcholinesterase and B-secretase. J Alzheimers Dis Parkinsonism 12: 552.

Copyright: © 2022 Al-Madhagi HA. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Abstract

one violation to Lipinski's rule of five.

L

Background: Alzheimer's Disease (AD) is a chronic neurodegenerative disease affecting primarily people with
65 years or older. The current therapy of AD involves the combination of at least 2 drug options to target different
aspects of the disease. The study purpose is to investigate the capability of vitamins to act as dual inhibitors of
acetylcholinesterase (AChE) as well as B-secretase (BACE) in silico.

Methods: The whole set of vitamins structures were docked against AChE and BACE using the AutoDock vina
interface within UCSF Chimera. In addition, ADME parameters were predicted via SwissADME server.

Results: Two vitamins (vitamin K2 and B9) proved efficacious dual binding to both targets in comparison with the
standard inhibitors of the examined targets. Nevertheless, their ADME properties were found to suffer from at least

Conclusion: Vitamins K2 and B9 are superior candidates as dual inhibitors for AD.

Keywords: Alzheimer's disease; Vitamins; ADME; MTDL; Docking

J

Abbreviations MW: Molecular Weight; RB: Rotatable Bonds; HA:
Hydrogen Acceptors; HD: Hydrogen Donors; GI: Gastrointestinal
Tract; BBB: Blood Brain Barrier

Introduction

It is estimated that in America about 6 million live with Alzheimer's
disease (AD). The disease appears most commonly in the elderly
although younger individuals come into play in recent years. Beyond
age of 65, the incidence of AD doubles. As of 2060, the number is
suggested to raise 3-folds (expected for reaching 14 million in US
alone) [1]. Of those, more than 121.000 deaths occurred in 2019
ranking AD the sixth leading cause of mortality in US [2]. AD is the
most common type of dementia characterized by gradual loss of
memory that ultimately hampers the simple routine activities. The
factors governing such duration of continuum include genetics, age
and gender [3].

Two proteins are now well-studied to be firmly associated with the
decline in cognitive abilities seen in AD patients: f-amyloid (Af) and
tau protein [4]. AR forms a plaque in the extracellular medium and
inducing inflammation reaction therein, whilst tau protein accumulates
within neurons leading consequently to the formation of neurofibrillary
tangles that result in neurodegeneration. On the contrary of what was
thought, AP pathology is now recognized as a preceding step to
tauopathy [5].

Excessive production accompanied by diminished clearance of AB
monomers are the first event in AP plaque formation. A
overproduction is traced to abnormal activity of B-secretase (BACE)

as well as y-secretase in the brain [6]. In addition, neurofibrillary
tangles formation and aggregation is another target of AD therapy.
Besides, cholinergic neurons have been found to be lost within basal
forebrain. Therefore, combination of BACE and acetylcholinesterase
(AChE) inhibition do alleviate cognitive manifestations of AD patients
[7]. Recently, a novel appraoch has been exploited to simultaneously
affect multiple targets known as Multi-target Directed Ligand (MTDL)
strategy as depicted in Figure 1. Plenty of ligands have been reported
to have multi-modal binding and, hence, overriding the monotarget-
monoligand concept [8].

== BACE = AcChE wmx

Figure 1: MTDL strategy for targeting many AD druggable
enzymes and receptors. NMDA: N-methyl-D-aspartate receptor,
MAO-B: monoamine oxidase type B.

A large body of evidence has linked the intake of single or multiple
vitamins with the lower risk of AD pathogenesis [9-13]. According to
our knowledge, the investigation of the capability of vitamins to act as
dual inhibitors of AD targets has not yet been studied. So, in line with
the MTDL concept, this study aims to dock vitamins against AChE
and BACE and predict the pharmacokinetics of vitamins.
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Materials and Methods

Preparation of the receptors

Two hotspot targets of AD therapy were retrieved from PDB:
acetylcholinesterase (PDB ID#4EY7) and [-secretase (PDB
ID#20HM) as PDB files. The 3D structure of the two receptors were
elucidated via X-ray crystallography with a resolution 2.35 A and 2.70
A respectively as shown in Figure 2 [14,15]. 4EY7 is a homodimeric
protein with a sequence length of 542 amino acids while 20HM is a
monomer consisting of 402 amino acids.

Right Teft

Figure 2: X-ray crystallography structures of AChE
complexed with Donepezil (Left) and BACE complexed
with N~3~-benzylpyridine-2,3-diamine (Right).

Preparation of ligands

The whole set of vitamins (both fat-soluble and water-soluble) were
retrived from PubChem dataset in Table 1, using the corresponding
PubChem ID in UCSF Chimera 1.16 program. The downloaded
structures had their energy minimized prior to docking.

No. Ligand Scientific name
1. Vitamin A Retinol

2. Vitamin D3 Cholecalciferol
3. Vitamin E a-Tocopherol

4. Vitamin K1 Phylloguinone
5. Vitamin K2 Menaquinone

6. Vitamin C Ascorbic acid

7. Vitamin B1 Thiamine

8. Vitamin B2 Riboflavin

9. Vitamin B3 Niacin

10. Vitamin B5 Pantothenic acid
11. Vitamin B6 Pyridoxine

12. Vitamin B7 Biotin

13. Vitamin B9 Folic acid

Table 1: The screened ligands for docking in the current study.

Docking

Protein and ligand preparation as well as molecular docking were
performed using UCSF Chimera software (version 1.16) and its built-
in AutoDock vina interface [16,17]. We performed a blind docking
with a grid box covering all the AChE receptor structure with
dimensions 53 x 52 x 69 A and centred at -2.851, -38.1235 and
33.4475 of X, Y and Z coordinates. With respect to BACE, 50 x 62 x
40 A are the dimensions of grid box centered at 64.5245, 46.71 and
-0.649 of coordinates. Moreover, the polar hydrogens as well as
charge were added.

The 3D view and 2D diagram of the best poses were illustrated by
Discovery studio client 21 software.

ADME properties

With every docking study, it is advisable to predict the absorption,
distribution, metabolism and excretion (ADME) of the screened
ligands. For the current study, ADME parameters were predicted using
SwissADME webserver [18]. The parameters tested included
molecular weight, hydrogen bond acceptors, hydrogen bond donors,
rotatable bonds and LogP (Lipinski's rule of five). Besides,
gastrointestinal tract absorption and blood-brain barrier permeability
were also evaluated.

Results and Discussion

The present work describes the possibility of vitamins to serve as
dual inhibitors of two of the most common targets of AD, i.e. AChE
and BACE using molecular docking. Moreover, the pharmacokinetics
of the whole set of vitamins were also obtained.

Analysis of docking

Apparently from Table 2, fat-soluble vitamins performed well as
inhibitors of AChE with free energy ranges from -9.7 for vitamin A to
-11.6 kcal/mole for vitamin K2. In contrast, water-soluble vitamins are
less likely to block AChE except for folic acid which had a binding
affinity of -11.2 kcal/mole (ranked 2nd right after vitamin K2 as AChE
inhibitors). This was in the same line with Rehman et al. [19] who
proved the efficacy of folate in blocking AChE as shown in Table 2.

Ligand AChE BACE
Binding affinity Binding affinity
Reference inhibitor -11.8 -6.3
Vitamin A -9.7 -6.4
Vitamin D3 -8.9 -8.7
Vitamin E -10.4 -6.7
Vitamin K1 -10.9 -6.6
Vitamin K2 -11.6 =71
Vitamin C -6.0 -5.4
Vitamin B1 -8.5 -6.0
Vitamin B2 -8.4 -6.7
Vitamin B3 -6.0 -4.6
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Vitamin B5 -6.9 -5.0
Vitamin B6 -6.0 -5.2
Vitamin B7 -6.0 -5.3
Vitamin B9 -11.2 -8.1

Table 2: The binding affinities of the screened ligands against both
AChE and BACE.

Similarly, vitamin K2 and vitamin B9 are the best scoring vitamins
toward BACE inhibition with a free energy of -7.1 and -8.1 kcal/mole
respectively even better than the reference inhibitor of BACE enzyme
(vitamin D3 ranked top).

Collectively, Vitamins K2 and B9, and to a lesser extent vitamin
D3, are superior candidate dual inhibitors of both AChE and BACE.

The interaction between best ligands (vitamins K2 and B9) with the
target enzymes (AChE and BACE) involved both hydrogen bonds as
well as VAW interactions as depicted in Figures 3a-3d.

The interactions involving vitamin B9 with receptors revealed
the multi-hydrogen bond nature. Conversely, only one H-bond was
found in the interaction between vitamin K2 and AChE (no H-
bonds were found with BACE). This can be explained by the high
polarity of folic acid given that it is a water-soluble vitamin while
vitamin K2 is a fat-soluble one [20].

ADME properties

In order to assess the druglikeness of the screened ligands,
SwissADME webserver was utilized (Table 2). According to ADME
results, there was only one violation to Lipinski's rule of the fat-soluble
vitamins. The violation is that their LogP were >5. Likewise, folic acid
suffered from 2 violations. Focusing on vitamin K2 and B9, GI
absorption and BBB permeability were low, reflecting the reduced
possibility of reaching the brain to be inhibitors of AD targets.
However, this was in disagreement with the empirical results proving
the permeability of menaquinone to the brain [21] and exert many
beneficial actions therein [9]. Adding oil or fat to the diet or salad
dressings have been shown to enhance the absorption of fat-soluble
vitamins [22]. Folic acid is 2-fold better in GI absorption than folate.
Also, the gut microbiota is another source provide the body with folic
acid [23,24]. These considerations would overcome the low GI
absorption of vitamin K2 and B9 as shown in Table 3.

Figure 3: 3D (Left) and 2D (Right) representation of interaction

between vitamin K2 with AChE (A), vitamin K2 with BACE (B),

vitamin B9 with AChE (C) and vitamin B9 with BACE (D). Note:

(A) mm Conventional hydrogen bond; [ Pi- Sigma; W Pi-Pi stacked;
Alkyl; Pi- Alkyl (B) T- Shaped; Alkyl; (C)

van der wals; B Conventional hydrogen bond;  Carbon hydrogen

bond; Pi-Pi stacked (D) Conventional hydrogen bond,

Carbon hydrogen bond; Pi- Cation; == Pi- Anion; Pi- Alkyl

Ligands MW | RB HA HD | LogP | Lipinski| Gl BBB
violations ;I?iz?\r permeant
Vitamin A| 286.45 5 1 1 5.51 1 High Yes
\éiéamin 384.64 6 1 1 7.62 1 Low No
\E/itamin 430.71 12 2 1 8.84 1 Low No
\}(i}amin 450.7 14 2 0 9.16 1 Low No
\Iéiztamin 444 .65 11 2 0 8.92 1 Low No
\éitamin 176.12 2 6 4 141 | 0 High No
\B{i1tamin 300.81 4 3 2 -238 | 0 Low No
\B{iztamin 376.36 5 8 5 -168 | 0 Low No
\B{iéamin 123.11 1 3 1 0.78 0 High Yes
\B{ib}amin 219.23 7 5 4 -1.04 | 0 High No
\B{iéamin 169.18 2 4 3 -022 | 0 High No
\Blgamin 244.31 5 3 3 0.04 0 High No
\égamin 441.4 10 9 6 -0.38 | 2 Low No

Table 3: Predicted ADME properties of the screened ligands and
their compatibility to Lipinski's rule of five.

Conclusion

In summary, the current study demonstrates the applicability of
vitamin K2 and B9 and to a lesser extent vitamin D3 in simultaneous
blockade of AChE and BACE (as dual inhibitors). In addition, they
have good ADME properties making them superior nutraceuticals for
the patients suffering AD. Nonetheless, in vitro and subsequent in vivo
assays confirmation should be performed of the vitamins at
appropriate doses to be good candidates to manage AD patients.
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