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Abstract: Cholinesterases allow the nervous system to function properly by catalyzing the breakdown of the
neurotransmitter acetylcholine (ACh), a naturally occurring neurotransmitter, into choline and acetic acid.
Cholinesterases in the human body are of two types: acetylcholinesterase (AChE; E.C.3.1.1.7) and
butyrylcholinesterase (BChE; E.C.3.1.1.8). In this study, the anticholinergic effect of p-Nitroaniline was investigated
experimentally and theoretically and compared with tacrine, which is known as an AChE inhibitor. As a result of
experimental inhibition studies, ICso values were calculated as 17.77 nm against AChE and 18.73 nm against BCE
for p-nitroaniline, and 15.06 nM against AChE and 15.75 nM against BChE for tacrine. In addition, K; values; for
p-nitroaniline it was calculated as 1.80 £ 0.16 nm against AChE, 6.49 + 1.63 nm against BCHE, and for tacrine it
was calculated as 2.59 + 0.90 nM against AChE and 7.08 + 0.90 nM against BChE. Docking Score values were -
4.631 against AChE and -3.779 against BChE for p-nitroaniline and -12.908 against AChE and -6.090 against BChE
for tacrine. The results of the study showed that p- nitroaniline has an effective inhibition against ACHE and BCHE
enzymes associated with global metabolic AD disease.

Keywords: Alzheimer’s disease, enzyme inhibition, acetylcholinesterase, butyrylcholinesterase.

p-Nitroanilinin antikolinerjik etkilerinin belirlenmesi

Ozet: Kolinesterazlar, dogal olarak olusan bir nérotransmiter olan nérotransmitter asetilkolinin (ACh) kolin ve asetik
aside parcalanmasini katalize ederek sinir sisteminin diizgiin ¢aligmasina izin verir. Insan viicudunda kolinesterazlar,
asetilkolinesteraz (AChE; EC3.1.1.7) ve butirilkolinesteraz (BChE; EC3.1.1.8) dahil olmak iizere iki tiptir. Bu
¢aligmada, p-Nitroanilin'in antikolinerjik etkisi deneysel ve teorik olarak arastirildi ve AChE inhibitorii olarak bilinen
takrin ile karsilastirildi. Deneysel inhibisyon ¢aligmalari sonucunda ICso degerleri p-nitroanilin i¢in AChE'ye karst
17.77 nm ve BCE'ye kars1 18.73 nm, takrin i¢in AChE'ye kars1 15.06 nM ve BChE'ye kars1t 15.75 nM olarak
hesaplanmistir. Ayrica K, degerleri; p-nitroanilin i¢cin AChE’ye kars1 1.80 + 0.16 nm, BCHE'ye kars1 6.49 + 1.63
nm, takrin i¢in AChE’ye karst 2.59 + 0.90 nM ve BChE’ye karst 7.08 = 0.90 nM olarak hesaplandi. Yerlestirme
skoru degerleri p-nitroanilin igin AChE'ye kars1 -4.631, BChE'ye karsi -3.779 ve takrin i¢in AChE'ye kars1 -12.908,
BChE'ye kars1 -6.090 idi. Caligmanin sonuglari, p-nitroanilin'in global metabolik AD hastalig ile iliskili ACHE ve
BCHE enzimlerine kars1 etkili bir inhibisyona sahip oldugunu gostermistir.

Anahtar Kelimeler: Alzheimer hastaligi, enzim inhibisyonu, asetilkolinesteraz, butirilkolinesteraz
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1. INTRODUCTION

Alzheimer's disease (AD) is a slowly progressive
neurodegenerative  brain  disease that affects
approximately 5-10% of the elderly population, for
which no current treatment has yet been found and the
mechanism of which is not fully known [1, 2].
According to the cholinergic hypothesis, the cerebral
cortex's acetylcholine level decreases with cholinergic
neurons' loss in AD [3]. Characteristic pathological
symptoms with decreased acetylcholine (ACH), B-
protein amyloid aggregation, and tau-
hyperphosphorylation are observed in patients, and
studies show that the cholinergic hypothesis is a
clinically appropriate strategy [4]. The level of
acetylcholine  (an  important  neurotransmitter
associated with memory) in the hippocampus and
cortex region of the brain has been reported to have a
direct effect on AD [5]. Cholinesterase enzymes
including acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) can convert
acetylcholine (ACh) and butyrylcholine (ACh) to
acetate, butyrate and choline (Ch). Therefore,
Alzheimer's disease can be treated with the use of
pharmaceuticals that restore acetylcholine levels
through the inhibition of cholinesterase enzymes [6-8].
N-forms heterocyclic compounds that are widely
distributed in nature, have physiological and
pharmacological properties, and are components of
many biologically important molecules, including
many vitamins, nucleic acids, drugs, and antibiotics [9].
They also form an integral part of many
pharmacologically active molecules. Base pairs of
DNA and RNA (guanine, cytosine, adenine, and
thymine), purines, and pyrimidines are also
heterocyclic compounds containing N [10].

It was determined that p-nitraniline has high inhibitory
activity on AChE and BChE enzymes by preliminary in
silico molecular chelation studies. As a result, in this
study, the inhibitory effects of p-nitraniline on AChE
and BChE enzymes, whose inhibitory effects have not
been studied before, on these enzymes were
investigated experimentally and theoretically.Tacrine,
known as an AChE inhibitor, used to treat Alzheimer's
disease, was used as a reference molecule in studies.

2. MATERIALS AND METHOD
2.1. AChE and BChE enzymes inhibition assays

The inhibition effects of p-nitroaniline on the activities
of AChE and BChE enzymes were determined
according to the Ellman  method  [11].
Acetylthiocholine iodide (AChl) for AChE enzyme
activity, butyryl thiocholine iodide (BChl) for BChE
enzyme activity, and 5,5'- Dithio-bis(2-nitro-benzoic)
acid (DTNB) were used as a substrate for activity
measurements. Briefly, by mixing 100 mL of Tris/HCI
buffer (1.0 M and pH 8.0), 10 mL of p-nitroaniline and
tacrine solution dissolved in deionized water at
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different concentrations, and 50 mL of AChE/BChE
(5.32 £ 10-3 EU) solution. It was incubated for 10
minutes at 25 °C. Then, the reaction was started by
adding 50 mL, 0.5 mM DTNB and 50 mL, 10 mM
AChI/BChl. The formation of yellow 5-thio-2-
nitrobenzoate anion as a result of the reaction of DTNB
with thiocholine released by enzymatic hydrolysis of
AChI/BChl was monitored spectrophotometrically at
412 nm wavelength and the results were recorded [12-
14]. From the recorded results, activity (%)-
concentration and Line weaver-Burk plots were drawn
for tacrine and p-nitroaniline. ICso, 12 and K; values
were calculated and inhibition types were determined.

2.2. Molecular modeling studies

Theoretically, there are many programs in
bioinformatic chemistry for the design of new drugs
and active substances. Molecular placement is one of
the methods developed for this (15). Experimental
inhibition studies have also been supported
theoretically by molecular placement studies. The
Schrodinger Molecular Modeling Suite (the docking
program of Maestro 20.3) was used to predict the
binding affinity and possible interactions between
ligands (p-Nitroaniline and tacrine) and corresponding
proteins (AChE and BChE) [16]. In the first phase of
molecular studies, the molecular structure of p-
Nitroaniline was drawn with the chem-draw program,
and the pdb extension file was created. Crystal
structures of acetylcholinesterase and butyrylcholine
esterase with 2 A resolution (TJH (PDB ID: 4TVK),
3F9 (PDB ID: 4TVK)) were obtained from the protein
database [17, 18]. The ligands were prepared using Lig
Prep at pH 7.0. The energy minimization was done by
using an OPLS3e force field. Based on the calculated
Glide score the best pose was ranked [19].

3. RESULTS AND DISCUSSION

Alzheimer's disease (AD) is one of the most common
forms of dementia for older people. A chronic disease
that causes a decline in central nervous system,
language ability, and cognitive function [20]. As a
result of irregularities in acetylcholine metabolism,
AChE activity increases. These increases increase
amyloid protein formation and hydrolysis of
acetylcholine, resulting in neurodegenerative diseases
such as AD. Synthesis and detection of molecules that
reduce AChE activity are extremely important to
prevent these diseases caused by damage to the
cholinergic system [21]. Enzyme inhibition studies are
effective therapeutic approaches for the pharmaceutical
and cosmetic industries [22]. When the Ki values were
compared as a result of experimental studies conducted
for this purpose, it was determined that p-nitroaniline
had a stronger inhibitory effect against the AChE and
BCHE enzymes associated with global metabolic AD
disease than the positive control compound tacrine
(Table 1).
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The results of the molecular insertion simulations are
given in Table 2. When the experimental inhibition
results and free binding energy scores were evaluated,
it was observed that the results were compatible. The
results showed that p-Nitroaniline had a weaker
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insertion score and higher free binding energy than
tacrine, the positive control compound.
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Figure 1. Plotted to determine the inhibitory effect of p-nitroaniline on AChE enzyme at different concentrations;
a) Activity (%)-[p-Nitroaniline] and b) Lineweaver-Burk (Ki) plots
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Figure 2. Plotted to determine the inhibitory effect of p-nitroaniline on BChE enzyme at different concentrations;
a) Activity (%)-[p-Nitroaniline] and b) Lineweaver-Burk (Ki) plots
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Figure 3. Plotted to determine the inhibitory of p-nitroaniline on AChE enzyme at different concentrations; a)
Activity (%)-[Tacrine] and b) Lineweaver-Burk (Ki) plots
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Figure 4. Plotted to determine the inhibitory of p-nitroaniline on BChE enzyme at different concentrations; a)

Activity (%)-[Tacrine] and b) Lineweaver-Burk (Ki

) plots

Table 1. The enzyme inhibition results of p-Nitroaniline against acetylcholinesterase (AChE), and butyrylcholine

esterase (BChE) enzymes

1Cso0 (NM) Ki (nM)
Compounds
AChE r? BChE r? AChE BChE
p Nitroaniline 17.77 0.9918 18.73 0.9840 1.80+0.16 6.49 + 1.63
Tacrine 15.06 0.9965 15.75 0.9890 2.59+0.90 7.08 +0.90

*Tacrine (TAC) was used as a positive control for AChE and BChE enzymes.

Table 2. Docking scores and binding energies of the compounds for acetylcholinesterase (AChE), and

butyrylcholinesterase (BChE) enzymes

Enzymes Compounds Docking Score XP GScore  Glide gscore  Glide emodel
Acetylcholinesterase p-Nitroaniline -4.631 -4.631 -4.631 -35.412
(PDB: 4TVK) Tacrine -12.908 -12.909 -12.909 -62.350
Butyrylcholinesterase p-Nitroaniline -3.779 -3.779 -3.779 -31.096
(PDB: 4TPK) Tacrine -6.090 -6.091 -6.091 -42.653
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Figure 6. Two-dimensional (2D) ligand interactions of p-nitroaniline with AChE enzyme
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Figure 8. Two-dimensional (2D) ligand interactions of p-nitroaniline with BChE enzyme
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