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Evaluation of Naphthalenylmethylen Hydrazine Derivatives
as Potent Inhibitors on, Antiatherogenic Enzymes,
Paraoxonase I and Acetylcholinesterase Activities
Hanif Shirinzadeh,[a] Esra Dilek,[b] and Zuhal Alım*[c]

Acetylcholinesterase (AChE) and paraoxonase 1 (PON1) are two
important serum ester hydrolases that have antiatherosclerotic
effect by inhibiting the oxidation of lipid peroxides. In addition,
AChE inhibitors are target molecules for the treatment of
Alzheimer’s. Naphthalene derivatives are important molecules
in the field of pharmacology due to their wide range of
biological activities. In this study, the inhibition effects of
naphthalenylmethylen hydrazine derivatives on these two
metabolic enzymes were investigated. IC50 values of these

molecules were determined in the range of 0.158 μM to
6.862 μM against PON1, 0.0214 μM to 0.675 μM against AChE.
As a result, naphthalenylmethylen hydrazine derivatives had
strong inhibition effect on both enzymes. In this context, we
hope that the results obtained in this study contribute to the
determination of the side effects of current and new
naphthalene-based pharmacological compounds to be devel-
oped. And also be effective in the synthesis studies of new
AChE inhibitors.

Introduction

Paraoxonase (PON1; EC 3.1.8.1) and acetylcholinesterase (AChE;
AChE; E.C.3.1.1.7) are serum ester hydrolases that can hydrolyze
lipid peroxides.[1,2] PON1 is an enzyme in calcium-dependent
glycoprotein structure, located on high-density lipoprotein
(HDL) in serum, showing esterase activity.[3,4] PON1, with a
molecular mass of 43–45 kDa, is synthesized as a protein
consisting of 354 aa in the liver and released into the blood.[5–7]

PON1 is found in the blood completely dependent on HDL, and
HDL stimulates the rapid release of PON1 from the liver and
stabilizes the enzyme.[8,9] PON1 hydrolyzes toxic metabolites of
organophosphate pesticides, certain carbamates, aromatic and
aliphatic lactones, aromatic esters and oxidized lipids.[10,11] Since
the PON1 enzyme has high potency to hydrolyze many
pesticides and insecticides in the organophosphate structure,
hence the PON1 enzyme has a significant role in the
detoxification of organophosphates.[12–14] Apart from that,
serum PON1 also shows antioxidant and anti-atherogenic

effects by degrading oxidized lipids and preventing LDL
oxidation.[15,16] Low PON1 activity is closely associated with
increased atherosclerosis and the development of cardiovascu-
lar diseases.[3,4,17,18] Acetylcholinesterase (AChE; E.C.3.1.1.7) is an
important metabolic enzyme that catalyzes the hydrolysis of
acetylcholine to acetic acid and choline.[19–21] Unlike PON1, the
activity of AChE is inhibited by organophosphates, however
AChE is like PON1 prevents oxidation of LDL by hydrolyzing
lipid peroxides and reduces the development of
atherosclerosis.[1,2,22,23] The previous studies indicate that low
serum AChE activity is associated with poor outcomes in the
coronary artery and stroke diseases.[23] Furthermore, in view of
the fact that AChE ends the nerve transmission by hydrolyzing
acetylcholine to acetic acid and choline in the cholinergic
synapses of the nervous system, somatic system and central
nervous system, AChE could be a potential target enzyme for
the development of drugs to be used in the treatment of
Alzheimer’s disease.[21,24–27] Whereas the inhibitors of AChE
(such as tacrine, donepezil, rivastigmine, galantamine) are
effective in the treatment of Alzheimer’s disease.[21,28] And
according to their outstanding metabolic functions, it is
extremely important to identify inhibitors of PON1 and AChE
enzymes.

Researching of therapeutic active compounds with a
specific pharmacological activity is a challenging task in drug
development. Indole and its derivatives have always attracted
the attention of researchers in terms of pharmacological
activity. In terms of pharmacological activity, Indole and its
derivatives have always attracted the attention of researchers,
and numerous studies indicated the antioxidant,[29]

antimicrobial,[30] anticancer[31] and carbonic anhydrase
inhibitör[32] activities of indole derivatives. The replacement of
the indole ring with another ring, which is isostere for indole
has attracted the attention of most researchers, One of the
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isostere rings is naphthalene.[33] The naphthalene skeleton with
varying structural modifications has a wide spectrum of
biological activities, from anticancer activity to antidepressants.
Nowadays, numerous naphthalene-based drugs are approved
by the FDA and used clinically.[34] For instance, in Agomelatine
which was confirmed as an antidepressant agent for the
treatment of major depressive disorders indole ring has been
replaced with naphthalene.[35]

Combining some pharmacophores in the same molecule
that may lead to new compounds with significant biological
activity, is one of the methods for developing the new drugs.
Therefore, based on our previous studies on indole derivatives,
indole ring was replaced with naphthalene ring than some
derivatives of imine substitution of naphthalene ring were
synthesized. 1H, 13C NMR, mass spectra and elemental analysis
data of the synthesized compounds have been published[32]

and it was determined that these compounds have strong
inhibition effect on carbonic anhydrase activity. In the current
study, the possible inhibitory effects of the same compounds
1a–1h (Figure 1) on human serum PON1 (hPON1) and AChE
enzymes, which have antiatherogenic effects, were investi-
gated.

Results and Discussion

Naphthalene is an aromatic molecule with a cytotoxic effect. It
has been determined that naphthalene derivatives have a wide

range of biological activities such as anticancer, antimicrobial,
anti-inflammatory, antiviral, antituberculosis, antihypertension,
antidiabetic, antineurodegenerative, antipsychotic, anticonvul-
sant, antidepressant. Today, many naphthalene-based mole-
cules (for example: naphyrone, tolnaftate, duloxetine, lasofox-
ifene, naproxen, propranolol etc) have been approved as drugs
and are used in the clinic.[34] Due to its wide variety of biological
activities, naphthalene derivatives have gained importance in
drug discovery and development research. In this study, we
examined the inhibition effects of naphthalenyl methylene
hydrazine derivatives (1a–1h) on hPON1 and AChE activities.

The PON1 enzyme, which is associated with HDL, is one of
the most important endogenous antioxidant enzymes with
paraoxonase, arylesterase and lactonase activities.[9] The anti-
oxidant property of PON1 and the presence of homocysteine
thiolactonase activity give PON1 antiatherosclerotic
properties.[36] Therefore, PON1 activity in serum is inversely
proportional to the risk of cardiovascular disease.[37,38] In many
studies, it has been determined that low serum PON1 activity is
proportional to increased atherosclerosis and cardiovascular
diseases.[39–41] In addition, in various studies, PON1 activity was
found to be low in individuals who are prone to atherosclerosis
such as diabetes,[42] familial hypercholesterolemia[43] and kidney
disorders[44] and in patients with obesity,[45] cancer,[46]

Alzheimer’s,[47] Parkinson’s,[48] and schizophrenia[49] Therefore, it
is vital to know the changes in PON1 activity, especially in
individuals at risk of vascular disease. Therefore, it is very

Figure 1. The molecular structures of naphthalenylmethylen hydrazine derivatives (1a–1h) used in this study.
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important to know the drugs and chemicals that change this
enzyme activity. To date, the inhibitory effects of, various
chemicals such as some sulfonamides,[50] some indazoles[4]

naphthoquinones, benzoquinones, anthraquinones,[51] and
many drug groups such as anticancer drugs,[3] antiepileptic
drugs,[9] calcium channel blockers,[11] antihypertension drugs,[52]

on PON1 activity have been investigated. Another serum
hydrolase associated with the risk of heart attack is AChE. It
also hydrolyzes lipid peroxides, preventing LDL oxidation and
reducing the risk of atherosclerosis. Studies have shown that
AChE activity is decreased in the serum and heart tissues of
patients who have had a heart attack.[1,2,23] Apart from this, the
AChE enzyme is the main enzyme in the development of
treatment methods for Alzheimer’s disease.[27] AChE inhibition
is the most effective and successful method used to date in the
treatment of Alzheimer’s disease. Today, there are AChE
inhibitors (tacrine, donepezil, rivastigmine, galantamine) used
in the treatment of Alzheimer’s disease. However, due to the
serious side effects of these inhibitors, studies to identify new
AChE inhibitors continue.[21] It is very important to know the
inhibitors of these two enzymes (PON1 and AChE) because of
their relationship with both the prevention of atherosclerosis
and other diseases such as Alzheimer’s. In this study, inhibition
effects of naphthalenyl methylene hydrazine derivatives (1a–
1h) on PON1 and AChE activities were investigated. Inhibitory
effects of 1a–1h compounds on hPON1 and AChE activity
were determined by IC50 (inhibitor concentration that halves
the activity) and Ki (enzyme-inhibitory dissociation equilibrium
constant) values. IC50 values of 1a–1h were found in ranging of
0.158 μM to 6.862 μM for hPON1. Ki constants of 1a–1h

excluding 1e were found as 0.357�0.041 μM, 0.273�
0.093 μM, 0.272�0.061 μM, 0.494�0.146 μM, 0.195�
0.027 μM, 0.272�0.027 μM, 8.72�1.63 μM, for hPON1, respec-
tively (Table 1). According to obtained results, 1f had the
strongest inhibition effect (Figure 2), while 1h had the weakest
inhibition effect. It was thought that the 1f showed this strong
inhibition effect with its fluorine group, unlike 1h. The 1e
compound did not change the hPON1 activity.

For AChE IC50 values of 1a–1h were found in ranging of
0.0214 μM to 0.675 μM. And Ki constants of 1a–1h were found
as 0.030�0.008 μM, 0.012�0.003 μM, 0.011�0.003 μM,
0.055�0.009 μM, 0.476�0.072 μM, 0.012�0.010 μM, 0.022�
0.013 μM, 0.676�0.086 μM for AChE, respectively (Table 2).
According to these results, 1c had the strongest inhibition
effect (Figure 3), while 1h had the weakest inhibition effect on
AChE.

At the same time, the inhibition power of 1g and 1b
compounds was found to be very close to that of 1c. In current
study, it was determined that the inhibition effect of all
naphthalenyl methylene hydrazine derivatives (1a–1h) on
AChE activity was much stronger than on hPON1 activity.
Tacrine was used as a reference inhibitor for AChE. Although
1a–1h compounds had a strong inhibitory effect on AChE at
micromolar concentration, their inhibition power was lower
than tacrine. In the literature, there are some studies in which
various naphthalene-based molecules have been identified as
potent AChE inhibitors.[53,54] At the same time, the inhibition
types of molecules showing an inhibitory effect on hPON1 and
AChE activities were determined in this study. 1f and 1g
compounds showed competitive inhibition effect on hPON1.

Table 1. The IC50 values, Ki constants and inhibition types determined for 1a–1h compounds having inhibitory effects on hPON1.

Compounds hPON1
IC50 (μM) R2 Ki (μM) Inhibition Type

1a 0.348 0.9984 0.357�0.041 Noncompetitive
1b 0.208 0.9966 0.273�0.093 Noncompetitive
1c 0.224 0.9943 0.272�0.061 Noncompetitive
1d 0.343 0.9788 0.494�0.146 Noncompetitive
1e – – – –
1f 0.158 0.9945 0.195�0.027 Competitive
1g 0.199 0.9979 0.272�0.027 Competitive
1h 6.862 0.9933 8.72�1.63 Noncompetitive

Table 2. The IC50 values, Ki constants and inhibition types determined for 1a–1h compounds having inhibitory effects on AChE.

Compounds AChE
IC50 (μM) R2 Ki (μM) Inhibition Type

1a 0.0346 0.9977 0.030�0.008 Noncompetitive
1b 0.0230 0.9948 0.012�0.003 Noncompetitive
1c 0.0214 0.9935 0.011�0.003 Noncompetitive
1d 0.034 0.9908 0.055�0.009 Noncompetitive
1e 0.673 0.9923 0.476�0.072 Noncompetitive
1f 0.0278 0.9832 0.012�0.010 Noncompetitive
1g 0.0219 0.9708 0.022�0.013 Noncompetitive
1h 0.675 0.9998 0.676�0.086 Noncompetitive
Tacrine 0.014 0.9940 0.010�004 Competitive

*Tacrine was used as standard inhibitor for AChE.
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Figure 2. IC50 graph (A) and Lineweaver-Burk graph (B) of 1f for hPON1.

Figure 3. IC50 graph (A) and Lineweaver-Burk graph (B) of 1c for AChE.
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Accordingly, it was understood that 1f and 1g bind to the
active site of the hPON1 enzyme, thereby reducing the
enzyme‘s catalytic activity. On the other hand, 1a, 1b, 1c, 1d,
1h showed a non-competitive inhibition effect on hPON1. In
this case, it was thought that these compounds bind to a place
other than the active site of the enzyme, reducing the turnover
number of the enzyme and causing inhibition. All of the 1a–1h
compounds showed a non-competitive inhibition effect on
AChE. According to this result, it was thought that 1a–1h
compounds exhibited an inhibition effect by binding outside
the active site of AChE.

Conclusion

As a conclusion, it was determined that the new
naphthalenylmethylen hydrazine derivatives (1a–1h) had
strong inhibition effects on the activities of hPON1 and AChE,
as two important serum ester hydrolase enzymes with anti-
atherosclerotic activity. Decreased hPON1 and AChE activity is
closely associated with the development of atherosclerosis. In
this regard, we hope that the results of this study will
contribute to the determination of the side effects of current
naphthalene-based drugs and new naphthalene-based phar-
macological compounds to be developed. In addition, AChE
inhibitors are target molecules in pharmacological studies for
the development of drugs used in the treatment of Alzheimer’s
disease. it is believed that naphthalenylmethylen hydrazine
derivatives (1a–1h), whose inhibitory effect on AChE activity
was determined in this study, will contribute to the design
studies of new AChE inhibitors.

Supporting Information Summary

Experimental Section of the current article, synthesis and
in vitro inhibition studies are provided in the supporting
information.
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