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ABSTRACT

Inhibitors of Acetylcholinesterase (Acetylcholine
acetylhydrolase, AChE, E.C.3.1.1.7) are highly significant in
the therapy of a chronic illness such as Alzheimer’s disease
(AD) due to the deep relationship with memory and
acetylcholine. So investigation of natural AChE inhibitors
having minimal side effects has become important. In this paper
human erythrocytes AChE enzyme (0.032 EU mg! protein)
was partially isolated by using DE-52 anion exchange
chromatography. Then, primer effects of resorcinol derivatives
on the enzyme activity were studied and ICso values were found
in the range of 2.74-363.61 pM. Besides, inhibition profiles
were elucidated by molecular docking and the highest
inhibition potency was observed in 4-hexylresorcinol with the
free binding energy of -6.16 kcal mol™!. In conclusion, it was
found that 4-hexylresorcinol had the highest inhibitory potential
on human AChE. So, this compound may be used in drug
design in memory-lost diseases.

Keywords:  Acetylcholinesterase, resorcinol, inhibition,

molecular docking.

Insan asetilkolinesteraz inhibitorii olarak
resorsinol tirevleri: Bir /n Vitro ve In Silico
calisma

0z

Asectilkolinesteraz inhibitorleri (Asetilkolin asetilhidrolaz,
AChE, E.C.3.1.1.7), hafiza ve asetilkolin ile derin iliskisi
nedeniyle Alzheimer hastaligi (AD) gibi kronik bir hastaligin
tedavisinde olduk¢a dnemlidir. Bu nedenle minimal yan etkiye
sahip dogal AChE inhibitorlerinin arastirilmasi Onem
kazanmigtir. Bu ¢alismada insan eritrosit AChE enzimi (0.032
EU mg! protein) DE-52 anyon degistirme kromatografisi
kullanilarak kismen izole edilmistir. Daha sonra resorsinol
tirevlerinin enzim aktivitesi iizerindeki primer etkileri
incelenmis ve ICso degerleri 2.74-363.61 uM araliginda
bulunmustur. Ayrica inhibisyon profilleri molekiiler docking
ile aydinlatilmis ve en yiiksek inhibisyon giicii -6.16 kcal mol!
serbest baglanma enerjisi ile 4-heksilresorsinolde gozlenmistir.
Sonug olarak, 4-heksilresorsinoliin insan AChE iizerinde en
yiiksek inhibitdr potansiyele sahip oldugu bulunmustur. Bu
nedenle, bu bilesigin hafiza kaybi olan hastaliklarda ilag
tasariminda rehberlik edebilecegi diistiniilmektedir.

Anahtar Kelimeler: Asetilkolinesteraz, resorsinol, inhibisyon,
molekiiler docking.

1. INTRODUCTION

Alzheimer’s disease (AD), the cause of about 60-70% of
dementia cases, is a chronic neurodegenerative disease,
and its incidence accelerates exponentially with age. AD,
which initially shows symptoms of short-term memory
loss and mental dysfunction, as it progresses it leads to
mood swings, loss of motivation, inability to manage
personal care and behaviour, physical dysfunction and
eventually death. Approximately 24 million people
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suffered from AD in 2018, and it is estimated that this
number will quadruple in 2050.'° Although the
pathogenesis of AD has not been fully clarified, there are
some hypothesis on pathophysiology of AD such as
cholinergic hypothesis, f-amyloid (AP) peptide theory,
irregularity on energy metabolism, and oxidative stress.
47 One of the most common studied of these is
cholinergic hypothesis and this hypothesis is generally
based on the treatment of AD. The cholinergic system
plays a role in the transport of impulses between central
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and peripheral nervous system cells, and the decline of
cholinergic neurons and loss of neurotransmission have
been reported to be the main causes of decreased
cognitive function in patients with AD. The cholinergic
hypothesis explains the main cause of AD with a
decrease in the synthesis of acetyl choline (ACh).* ACh,
an important neurotransmitter involved in signal
transduction, is synthesized in the cholinergic neurons of
the brain. It has been reported that ACh decreases in some
neurodegenerative diseases.” >

In a healthy brain, in the reaction catalysed by
Acetylcholinesterase (AChE, E.C. 3.1.17) approximately
80% of ACh hydrolyses to acetate ions and choline.'" '
This enzyme is mainly localized in the synaptic cavities
of the central and peripheral nervous system and red cell
membranes. It plays a key role in nerve conduction as it
terminates the stimuli in cholinergic pathway with ACh
hydrolysis.'" 1415 It has been declared that inhibition of
AChE can significantly reduce behavioural disorders of
patients with AD. Therefore, the cholinergic hypothesis
based on inhibiting the activity of acetylcholinesterase
(AChE) is used in development of therapeutic strategies'®
and this leaded to the discovery of the first 4 drugs
(tacrine, donepezil, rivastigmine, and galantamine)
certified by FDA.

Moving on the advantages of AChEIs in the treatment of
AD, in the current study, it was aimed to investigate the
effects of resorcinol derivatives (Figure 1) on the activity
of AChE. Besides, the interactions between compounds
and the enzyme were clarified by the molecular docking
method in order to understand the inhibition mechanism
more clearly. In some research, alkylresorcinols have
been reported to have some biological activities, such as
antioxidant, anticancer, antimicrobial, antiparasitic,
antifungal activities, and enzyme inhibition potency.'’!®
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Figure 1. The chemical structures of resorcinol derivatives used
in this study.
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2. MATERIALS AND METHODS
2.1. Chemicals

All chemicals used in the isolation and activity
determination of enzyme were procured from E. Merk
AG. The erythrocyte of waste human blood was taken
from the Turkish Red Crescent, Erzurum, Turkey.

2.2. Enzyme Protein
Determination

assay and Quantitative

AChE activity was measured spectrophotometrically at
436 nm according to Worek et al.’s method, modified
from Ellman procedure which is more sensitive than
Ellman’s method."® In this method, during the reaction,
the yellow-colored anion 2-nitro-5 thiobenzoate (TNB)
formed from the 5,5'-dithiobis-(2-nitrobenzoic acid)
(DTNB) in the presence of the acetylthiocholine iodide.
At 436 nm increased absorbance is recorded and used in
activity calculations. The protein amount of enzyme
samples was analysed according to the Bradford method
at 595 nm by using bovine serum albumin (BSA, 1 mg
ml™) as standard protein.?’

2.3. Partial purification of acetylcholinesterase from
human erythrocytes by DE-52 anion exchange
chromatography

Erythrocytes were haemolysis by stirring with ice water
in aratio of 1:5. Than the haemolysed erythrocyte sample
was centrifuged at 5 000 g for 15 minutes and pH of it
was increased to 7.8 with 0.05 M K,;HPOjs solution and
AChE was isolated by DE-52 anion exchange
chromatography, equilibrated with phosphate buffer at
pH 7.5, as reported in Guller and co-workerset.?! The
AChE was eluted with the increasing salt gradient in the
equilibration buffer. All these operations were carried out
at about +4°C.

2.4. Inhibition studies

For examining the effects of resorcinols, activity
determinations were performed at the different amount of
compounds and at least five various inhibitor
concentrations were chosen. Enzyme activity measured
without resorcinols was taken as 100%. Activities
determined in the presence of each compound calculated
as activity%. Then activity%- [resorcinol derivatives]
graphs were drawn using Microsoft Office 2016 Excel,
and concentrations of compound that inhibited 50% of
the activity (ICso) were calculated from these graphs.?!*2

2.5. Analysis of bindings models

The crystal structure of the acetylcholinesterase enzyme
(PDB code: 4EY7)* was downloaded from the RSCB
Protein Data Bank (PDB) with 2.0 A resolution.
Molecular structures of the derivatives were gotten by
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ChemDraw Professional 15.0 and Avogadro software
* pdb file. Receptor protein and ligands were prepared by
using Autodock4.2 tool.** Finally, the grid box
dimension (80 x 80 x 80 A), grid spacing (0.375 A), and
grid boxes centres (x= -2.980, y= -40.109, z= 30.750)
were adjusted to provide optimum binding poses. The
Lamarckian genetic algorithm was used to determine the
appropriate binding positions of ligands. The binding
positions and interactions of ligand-receptor complexes
were viewed using Discovery Studio Visualizer.

3. RESULT AND DISCUSSION

The role of acetylcholine (ACh), a neurotransmitter, is to
ensure the neural impulses reach the muscles or related
tissues after being released into the synaptic space by the
nerve cells. In diseases related to memory loss, ACh
reported to break down in a very short time. Therefore, it
is used in the diagnosis and treatment of Alzheimer's
disease (AD) today.? It was determined that ACh levels
in normal-aged control groups’ brain are different from
normal-aged AD patients' brain around 50%.52” When
ACh is hydrolysed by Acetylcholinesterase (AChE), its
role in neurotransmission ends. It has been determined
that the transmission among nerves is strengthened by
inhibition of AChE.”® Besides, it has been seen that
anticholinesterase drugs provide a significant regression
in behavioural disorders in patients with memory-related
diseases.”” Considering the above-mentioned importance
of AChE inhibition in treatment of memory lost diseases,
in this study primer effects of resorcinols on enzyme
activity were investigated. Also, inhibition mechanisms
were clarified by molecular docking. Firstly, 0.032 EU
mg! AChE was isolated from human erythrocytes by
DE-52 anion exchange chromatography as described in
method section. Then, in vitro inhibition studies of
compounds on enzyme activity were performed
spectrophotometrically. ~ Activity%-[inhibitor] graphs
were plotted (Figure 2). From the equations of these
exponential graphs, the concentrations of compounds
that inhibits the activity by half was calculated.

As seen from the Tablel, ICso values of compounds
found in range between 2.74-363.61 uM. Most effective
inhibitor was determined as 4-hexylresorcinol (4) with
the ICso value of 2.74 uM. The ICs¢ value of tacrine, used
as a standard inhibitor, was found to be 0.013 uM. The
inhibition potency of the studied compounds was found
to be lower than the standard inhibitor (ICs¢ values were
higher). The previous researcher described that so many
compounds such as N-(4-methoxyphenethyl)-N-
(substituted)-4-methylbenzenesulfonamides, carbamate
substituted coumarin derivatives, salicylanilide and 4-
chlorophenol-based N-monosubstituted carbamates,
tacrine hybrids with carbohydrate derivatives, bivalent [3-

carboline  derivatives, N-arylisomaleimides, and
benzylidenemalononitrile derivatives, carbazole-
30-38

coumarin hybrids, azoderivatives.

Table 1. Results of in vitro and molecular docking studies of
resorcinol derivatives on hAChE.

Compounds ICso R?  Estimated Estimated
(M) Free Ki constant

Energy of (M)

Binding
(kcal/mol)

1 363.16 0.93 -4.96 231.63

2 345 0.98 -5.09 187.20

3 3631  0.95 -5.52 89.32

4 2.74 098 -6.16 30.33

5 32 0.94 -4.93 243.77

6 57.5 0.92 -5.26 139.53

Tacrin 0.013  0.96 -7.49 3.26

ICso values of N-(4-methoxyphenethyl)-N-(substituted)-
4-methylbenzene sulfonamides on human erythrocytes
AChE were found in range of 0.0751- 22.549 pM.3*%*
determined that donepezil-flavonoid hybrids inhibited
human erythrocytes AChE with ICs values 0of 0.021-7.49
uM. It was seen that inhibition potencies of compounds
4 and 5 in the current study were almost similar those of
the studies conducted by Abbasi and co workers*’ and
Valencia and co workers.> When compared with
resorcinol, that the inhibitory effect of 4-hexylresorcinol
(4), derived from C 4, was found 132.5 times higher.
Giiller and co workers*® reported that 4-hexylresorcinol
inhibited the human glutathione reductase (GR) higher
than other derivatives. Studies examining the enzyme
inhibition effect of resorcinols showed that; resorcinols
derived from the 4™ and 5 positions exhibited significant
inhibition effect on cytochrome P450 and GR.'*#
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After in vitro inhibition, molecular docking studies were
performed by AuthoDock 4.2 to clarify the inhibition
mechanism. Estimated Binding Energies were predicted
in a computer-aided manner and summarized in Table.
Results of molecular docking studies were found to be
consistent with in vitro inhibition results. The lowest
binding energy was estimated for Compound 4 with -6.16
kcal mol"'. However, all of the compounds had lower
inhibition effects than the standard inhibitor. Free energy
of binding was predicted for tacrine as -7.49 kcal mol™.
When the inhibition mechanism inspected closer, it was
seen that Try337 residue of hAChE receptor showed pi-
sigma interaction with tacrine (Figure 3). Benzene
moieties of compound had pi-alky interactions with
Val294, Phe338, and Tyr341 residues. Compound
formed pi-pi stacked interaction with phenly group of
Phe338 and pi-donor hydrogen bond with Phe295.
Besides, tacrine had several van der Waals interactions
with Glyl122, Tyr124, Trp286, Ser293, Arg296, and
Phe297 amino acids.
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Figure 3. Potential binding modes and 2D ligand-receptor
interaction diagrams of tacrine with hAChE receptor.

Compound 4 showed pi-sigma interaction with AChE in
the same manner with tacrine (Figure 4). Tyr72, Asp74,
and Tyr124 residues showed hydrogen bonds with -OH
group of compound. It was observed that there was a pi-
pi stacked interaction between the benzene ring of the
molecule and the phenyl ring of Tyr124. Compound 4
had several van der Waals interaction with
active site residues.

Figure 4. Potential binding modes and 2D ligand-receptor
interaction diagrams of the most effective compound, 4-
hexylresorcinol with hAChE receptor.

The interactions of compound 4 with hAChE receptor
were found to be similar to those for the best inhibitors in
the studies of Zhang and co workers*! and Fernandes and
co workers.*?

4. CONCLUSIONS

Consequently, in this study, inhibition potential of
resorcinol derivatives on human erythrocyte AChE were
investigated and mechanism were clarified. The
inhibition of AChE is widely used in the treatment of
illnesses of which symptoms are memory loss. As a result
of in vitro inhibition studies, it was seen that most
effective inhibitor of hAChE is compound 4 (4-
hexylresorcinol) with the ICso of 2.74 uM. Also,
molecular docking studies predict docking score as -6.16
kcal mol™!. The results of both the in vitro and in silico
approaches were seen to support each other. The results
of the current paper may contribute to the studies
regarding the design of new therapeutics targeting the
activity of hAChE.
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