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ABSTRACT
Alzheimer's disease is a neurodegenerative chronic disease with a severe social and economic impact in the societies, which 
still lacks an efficient therapy. Several pathophysiological events (β-amyloid [Aβ] deposits, τ-protein aggregation, loss of cho-
linergic activity, and oxidative stress) occurs in the progression of the disease. Therefore, the search for efficient multi-targeted 
agents for the treatment of Alzheimer's disease becomes indispensable. In this paper we evaluated the AChE inhibition by 
Ellman's method and antioxidant activity by DPPH assay of nine synthetic compounds: two hydroxy-benzene derivatives (1 and 
2), three bis-thioureidic derivatives (3–5), two imidazole derivatives (6 and 7), and two phenylacetamide derivatives (8 and 9). 
The compound 2, (3s,5s,7s)-adamantan-1-yl 4-(((E)-2,5-dihydroxybenzylidene)amino)benzoate, exhibited the best antioxidant 
activity (30.00 ± 1.05 μM eq Trolox) and compound 4 showed the highest AChE inhibition value (IC50 [μM] 8.40 ± 0.32). In the 
search for a compound showing combined activities (antioxidant and AChE inhibition), the compound 4, octane-1,8-diyl-bis-S-
amidinothiourea dihydrobromide, (19.02 ± 1.52 μM eq Trolox; IC50 [μM] 8.40 ± 0.32) was chosen to carry out a molecular docking 
study. The results showed that compound 4 has the ability to bind the active site of acetylcholinesterase with considerable affinity 
(estimated binding energies of −8.5 kcal/mol). All data indicate that compound 4 has the potential to be further investigated as a 
possible candidate in the Alzheimer's disease treatment.

1   |   Introduction

Alzheimer disease (AD) is a pathological condition character-
ized by several cognitive impairments. Its pathophysiology is 
characterized by distinguishing features such as β-amyloid (Aβ) 
deposits, τ-protein aggregation, and oxidative stress (Long and 
Holtzman 2019; Caruso et al. 2009). Oxidative stress plays a criti-
cal role in AD. The mitochondria are cell organelles much suscep-
tible to oxidative stress as the site of the electron transport chain 
for adenosine triphosphate (ATP) production and the main source 
of reactive oxygen species (ROS). ROS are metabolic byproducts 

that are necessary for physiological function but can be toxic at 
high levels. Levels of ROS increase with aging, impairing mito-
chondrial function and damaging above all the central nervous 
system. It is now known that accumulated oxidative stress is one 
of the key mechanisms causing cognitive aging and neurodegen-
erative diseases such as AD (Chen and Zhong 2014).

Moreover, age-associated loss of mitochondrial function affects 
the expression and processing of amyloid precursor protein 
(APP), producing Aβ oligomers that accumulate into plaques in 
Alzheimer's disease. Aβ is itself an effective source of oxidative 
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stress and the oxidative stress caused by this is likely due to the 
complexes it forms with metals, as copper, zinc, and iron. These 
bind to Aβ promoting its aggregation into plaques. In particu-
lar, copper forms the most stable bond, and this complex has 
been shown to produce superoxide and hydrogen peroxide. 
The oxidative stress caused by metal–amyloid complexes lead 
to excitotoxicity, promotes membrane depolarization, and im-
pairs mitochondrial function. Recent studies have shown that 
the damaging effects of mitochondrial dysfunction can be miti-
gated, attenuating the pathogenesis of AD (Ionescu-Tucker and 
Cotman 2021). In addition, recent findings suggest the role of 
toxic aldehydes in the onset of AD (Catalano et al. 2024).

One of the main causes of neurodegeneration in AD is the loss 
of cortical cholinergic neurotransmission. Therefore, several 
drugs behave as inhibitors of AChE, the essential enzyme in 
the serine hydrolases family in cholinergic synapses that plays 
a crucial role in this disease (Zhang et al. 2023). Moreover, al-
teration in the activity of the neurotransmitter acetylcholine is 
observed. The treatment and management of AD are not only 
based on drugs that inhibit the activity of AChE and butylcho-
linesterase (BChE), which are key enzymes in the breakdown 
of this neurotransmitter (Pope and Brimijoin 2018; Saturnino 
et  al.  2014), but also on drugs, as memantine, that block the 
flow of current through N-methyl-D-aspartate (NMDA) re-
ceptor channels, a subfamily of glutamate receptors involved 
in brain functions (Pichardo-Rojas et al. 2023; Rogawski and 
Wenk 2003).

Other classes of drugs for AD have been developed in recent 
years. In particular, several monoclonal antibodies (mAbs) tar-
geting different Aβ species implicated in pathogenesis of AD. 
Second-generation mAbs, such as lecanemab, a humanized 
gamma immunoglobulin 1 (IgG1) against soluble and insoluble 
aggregated forms of the amyloid-β peptide, have shown prom-
ising clinical results (Cummings et al. 2023). This neurodegen-
erative disease is also related to oxidative stress (Collins, Saleh, 
and Kalisch 2022).

Among the first drugs used to restore acetylcholine levels, we 
remind tacrine (I) and afterward, donepezil (II), rivastigmine 
(III), and galantamine (IV) (Figure  1). Today, cholinesterase 

inhibitors and NMDA antagonists, including memantine (V), 
are used for AD (Pichardo-Rojas et al. 2023). AChE inhibitors 
prevent the hydrolysis of acetylcholine and memantine modu-
lates NMDA receptor activity, leading to a reduction in excit-
atory glutamate signals. However, they cause several side effects 
(Zhang et al. 2019; Khan et al. 2020).

As is known, oxidative stress contributes to mental decline, neu-
rodegeneration, and even dysfunctional pathways associated 
with brain aging (Ionescu-Tucker and Cotman 2021; Franzoni 
et al. 2021).

Oxidative stress often occurs in AD, promoting neurodegen-
eration. It has been shown that there are alterations in the 
phosphorylation of proteins, such as heme oxygenase-1 and 
biliverdin reductase A, thus intervening in the signaling of the 
most critical antioxidant pathways (Khan et al. 2020). These ef-
fects cause mitochondrial damage that can promote the increase 
in levels of reactive oxygen species (ROS) (Jomova et al. 2023; 
Caruso et al. 2020).

New therapies, targeting oxidative stress, tend to improve cog-
nition and lower ROS levels. The use of antioxidants may have 
different effects not only on cognition in patients with AD but 
also in elderly patients; therefore, dosage, timing, combina-
tions of antioxidants and diet must be carefully evaluated to 
obtain benefits (Ionescu-Tucker and Cotman  2021). Several 
studies have shown that molecules such as resveratrol (Buglio 
et al. 2022; Chimento et al. 2016) (VI) (Figure 2) reduce neuro-
nal oxidative stress and cognitive decline in studies of patients 
with Mild Cognitive Impairment (MCI) and AD. Antioxidants 
are a powerful tool for reducing oxidative stress and improv-
ing cognition in the aging brain. The success of studies on an-
tioxidants in reducing cognitive aging has stimulated interest 
in their potential as therapies for AD. Indeed, vitamin E (VII) 
(Figure 2) and targeted mitochondrial antioxidants reduced ox-
idative stress in cultured neurons and prevented amyloid beta 
toxicity (Butterfield and Halliwell  2019). Furthermore, high 
levels of vitamin E in blood plasma are related to a lower risk 
of AD (Mecocci et al. 2018). In fact, one study found that daily 
intake of alpha-tocopherol slows functional decline in AD pa-
tients (Dysken et al. 2014).

FIGURE 1    |    Structures of Tacrine (I), Donepezil (II), Rivastigmine (III), Galantamine (IV), and Memantine (V).
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The importance and role of high levels of homocysteine in cog-
nitive decline in multiple forms of degenerative dementia, like 
Alzheimer's disease, have been renewed by a recent consensus 
statement (Smith et al. 2018). A clinical study in AD patients 
already showed that 8 months of polyphenol drinking lowered 
homocysteine levels (Morillas-Ruiz et  al.  2010). Moreover, a 
recent study showed that intake of flavonols significantly 
reduced the incidence of Alzheimer's disease (Holland 
et al. 2020). Therefore, there are many studies that indicate a 
direct correlation between AD and serum total homocysteine 
(tHcy). Blood levels of homocysteine may be increased in AD 
and tHcy concentration may be influenced by administration 
of polyphenols (Smith et  al.  2018; Morillas-Ruiz et  al.  2010; 
Holland et al. 2020).

Different enzymatic systems protect the human body from oxida-
tive stress; unfortunately, their functioning decreases with aging, 
and for this reason, it is increasingly necessary to introduce anti-
oxidants through the diet or from supplements (Dizdar et al. 2018). 
Many compounds, present in food supplements, such as phenolic 
compounds as resveratrol (VI), vitamin E (VII), L-(+)-ascorbic 
acid (VIII), and carotenoids as β-carotene (IX) (Figure 2), show 
antioxidant activity (Dizdar et al. 2018; Iacopetta et al. 2017).

Numerous studies are available molecules designed with the 
aim to improve the AChE inhibition activity together with an-
tioxidant activity. For example, a small library of benzoic-based 
amide nitrones with alkyl linker was synthesized and screened 
toward cholinesterase enzymes. In particular, the presence as 
well as the spacer length, was found to be an important contrib-
utor for AChEI modulation potency. From the studies carried 
out, none of the compounds showed BChE inhibitory activity 
(Oliveira et al. 2019).

For this reason, in this study, we evaluated the AChE inhibi-
tion and antioxidant activity of nine in-house compounds: two 
hydroxy-benzene derivatives (1 and 2) structurally similar to VI, 
three bis-thioureidic derivatives (3–5), long-chain compounds 
with the presence of double bonds as IX, two imidazole deriv-
atives (6 and 7) with aliphatic chain as VII, and two phenylac-
etamide derivatives (8 and 9), compounds with aromatic rings 
separated by a chain as II and VI (Figure 3).

Compound 4, which showed the highest AChE inhibition activ-
ity and moderate antioxidant activity, was chosen to carry out a 
molecular docking study in order to estimate the binding posi-
tions and affinity of the complex target/ligand.

2   |   Results and Discussion

2.1   |   Chemistry

Bis-thioureidic derivatives 3 and 5 were synthesized by one-pot 
reaction as reported in Scheme 1.

Compounds 1–9 were tested for their AChE inhibition and an-
tioxidant activities, by means of Ellman's method and DPPH 
assay, respectively, at a concentration of 0.5 μM.

2.2   |   Acetylcholinesterase Inhibition

From the screening for AChE inhibition activity, samples were 
assayed at a concentration of 5 μM up to 100 μM with the aim 
to calculate the IC50 value (Figure  4). Samples 4 and 9, that 
were not chemically related, displayed significant values of 
IC50 (Table 1), 8.40 ± 0.32 and 10.63 ± 1.20 μM, respectively. In 
particular, compound 4 showed the best AChE inhibition ac-
tivity (IC50 = 8.40 μM). Compounds 6 (IC50 = 65.02 ± 3.40) and 
7 (IC50 = 15.66 ± 1.28) although chemically related, as well as 
compounds 8 (IC50 = 24.19 ± 1.87) and 9 (IC50 = 10.63 ± 1.20), ex-
hibited very different AChE inhibition activity as evidenced by 
the IC50 values. In contrast, compounds 1 and 2 show no AChE 
inhibition activity.

2.3   |   Antioxidant Activity

Among all samples, 1, 2, and 4 showed the most interesting an-
tioxidant activity compared with Trolox (Table 2). Indeed, the 
three samples exhibited values of percentage of DPPH inhibi-
tion ranging between 49.46% and 77.88% at a concentration of 
0.5 μM. The same values were registered for Trolox, but at higher 
concentration (between 19.02 and 30.00 μM) (Figure 5). Instead, 

FIGURE 2    |    Structures of Resveratrol (VI), Vitamin E (VII), L(+)-ascorbic acid (VIII), and β-carotene (IX).
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compound 8 showed a significantly lower antioxidant activity 
(0.34 ± 0.06 corresponding to 0.13 ± 0.05 μM eq Trolox).

2.4   |   Molecular Docking of Compound 4 in 
the Active Site of Acetylcholinesterase

Docking studies were performed with a structural homol-
ogy model of acetylcholinesterase to get further insight into 
the inhibitory effects of compound 4 on the activity of this 
enzyme. The docking procedure provides a search in con-
formational space leaving all possible rotamers of the ligand 
and binding pocket side chains flexible. The highest ranking 
docking solution indicated that compound 4 has the ability to 
bind the active site of acetylcholinesterase with considerable 
affinity (estimated binding energies of −8.5 kcal/mol). The 

results showed that compound 4 binds with one of the termi-
nal amidinothiourea groups deeply buried into the binding 
pocket of acetylcholinesterase, the hydrocarbon chain linkage 
approximately where galantamine is located in the structure 
and the other terminal amidinothiourea is pointing towards 
the entrance of the pocket (Figure  6). The more penetrating 
amidinothiourea moiety forms hydrogen bonds with the side 
chains of Y155 as well as the backbone of W108 and G142. The 
outer amidinothiourea moiety forms several hydrogen bonds 
with the side chains of Q93, D96, N109, Y146 and S147, as well 
as the backbone of W108. Besides the hydrogen bonds there 
are several additional interactions between compound 4 and 
acetylcholinesterase (Figure 6). This top pose of compound 4 
in the binding pocket of acetylcholinesterase would mean that 
it blocks substrate entry similarly to galantamine, which also 
binds close to the catalytic triad.

FIGURE 3    |    Structures of: (E)-4-((2,5-Dihydroxybenzylidene))imino-sodium benzoate (1); (3 s,5 s,7 s)-Adamantan-1-yl 4-(((E)-2,5-dihydroxyb
enzylidene)amino)benzoate (2); 2,2′-(Nonane-1,9-diyl)diisothiouronium-dibromide (3); Octane-1,8-diyl-bis-S-amidinothiourea-dihydrobromide 
(4); 2,2′-(Octane-1,8-diyl)bis(1-(naphthalen-2-yl))isothiouronium-dibromide (5); N1,N4-Bis(4,5-dihydro-1H-imidazol-2-yl)butane-1,4-diamine-
dihydroiodide (6); 1,4-Piperazine-bis(propanamine-N-(4,5-dihydro-1H-imidazol-2-yl))dihydroiodide (7); N-(3,3-diphenylpropyl)-2-(p-tolyl)acet-
amide (8); and N-(3,3-diphenylpropyl)-2-(4-methoxyphenyl)-2-phenylacetamide (9).
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In summary, for this study, we chose to test compounds 1–9 as 
they have structural similarities with known anti-Alzheimer 
and antioxidant drugs (I–IX). In particular, compounds 1 and 
2 have a structure similar to resveratrol (VI) with two aro-
matic rings linked by a two-membered chain with a double 
bond. Furthermore, compound 2 presents the adamantane 

core as memantine (V). Instead, compounds 3, 4, and 5 were 
chosen as they have a long chain like carotene (IX). It is known 
that, carotenoids (carotene, astaxanthin, lycopene, lutein, fu-
coxanthin, crocin, and others) are reported to be used in the 
treatment of several diseases, including AD (Su et  al.  2023). 
Carotenoid astaxanthin showed efficacy in the reducing of 

SCHEME 1    |    One-pot reaction for the preparation of compounds 3 and 5.

FIGURE 4    |    AChE inhibition curve of compounds: (A) 3, 4, and 5; (B) 6 and 7; (C) 8 and 9. AChE inhibition values were measured in triplicate for 
each compound. Data are expressed as mean value ± standard deviation.

 17470285, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cbdd.70049 by A

ntonio V
assallo - U

niversity B
asilicata D

i Potenza B
ibl Interdepartim

 D
i A

teneo , W
iley O

nline L
ibrary on [25/01/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



6 of 10 Chemical Biology & Drug Design, 2025

neurotoxicity induced by the Aβ fragments in cell culture 
models of AD (Lobos et  al.  2016; Wang et  al.  2010). In  vitro 
and in  vivo studies demonstrated that pretreatment with ly-
copene reduced Aβ-induced cellular damage and prevented 
Aβ 1–42-stimulated cellular apoptosis via the inhibition of 
ROS production (Ratto et al. 2022; Dias et al. 2014). However, 
numerous reports are available on synthetic or semisynthetic 
compounds containing long alkyl chains linked to nitrogen 
or sulfur together with moieties/heterocycles or positively 
charged groups like compounds 3, 4, and 5. These compounds 
were designed with the aim to improve the AChE inhibition 
activity together with antioxidant activity. The simple struc-
ture of tacrine (I) make it the scaffold for developing new mol-
ecules with additional chemical moieties (long alkyl chains, 
charged groups) showing significant cognitive improvements 

as well as their antioxidant activity and reduced hepatotoxicity 
(Bubley et al. 2023). In fact, compound 5 has an aromatic bicy-
clic system and amine functionality as in tacrine (I).

Compounds 6 and 7 contains the imidazole ring, analogous to 
dihydrofuran (they have isoster groups, NH in the imidazole O 
in the dihydrofuran) which is essential for the antioxidant activ-
ity of L(+)-ascorbic acid (VIII), and for the aliphatic chain, also 
present in vitamin E (VII). Furthermore, derivative 7 presents 
the piperazine moiety, similar to the piperidine moiety present 
in donepezil (II). Compounds 8 and 9 have similar chemical 
properties to AChE inhibitors as donepezil (II) and rivastig-
mine (III); in particular, aromatic rings at the ends of the mole-
cule, diphenyl and p-tolyl for 8 and methoxyphenyl-phenyl and 
diphenyl for 9 (in donepezil (II), phenyl and indanone group, 
portions involved in interactions with the active site of the AChE 
(Sugimoto et al. 2000)), linked by a chain containing an amide 
group as in rivastigmine (III).

Among all tested compounds, three of them exhibited the most 
significant AChE inhibition: derivatives 3, 4, and 9 with IC50 
values of 13.20, 8.40, and 10.63 μM, respectively. These results 
suggested that two main chemical features influence the en-
zyme inhibition: the presence of charged functional groups 
and the stereochemistry of molecules. Compounds 3 and 4 
have a linear structure with two positively charged residues of 
thiourea. These residues could interact with anionic subsite of 
AChE by electrostatic interactions. Compound 9 possesses four 
aromatic rings symmetrically arranged that, likely, could be re-
sponsible of π-stacking interactions with aminoacidic residues 
of AChE at peripheral site.

The compound 4 showed a moderate antioxidant activity and 
the highest AChE inhibition activity. Furthermore, the results 
of our docking study suggest that 4 is compatible with acetyl-
cholinesterase binding and provide some insights into potential 
interactions formed between the inhibitor and the active site 
residues.

3   |   Materials and Methods

3.1   |   Chemistry

Commercial reagents were purchased from Aldrich and Alfa 
Aesar and used without additional purification. Melting points 
were determined on a Kofler melting point apparatus. ESI-MS 
spectra were performed on a Waters Quattro Micro triple quad-
rupole mass spectrometer equipped with an electrospray ion 
source. 1H-NMR (300 MHz) and 13C-NMR (75 MHz) were re-
corded on a Bruker Avance 300 MHz spectrometer. Chemical 
shifts were expressed in parts per million downfield from te-
tramethylsilane as an internal standard.

Compounds 1 and 2 (Figure 3) were obtained as reported in 
the literature (Longo et al. 2019) using p-hydroxy-benzene de-
rivative as starting material. Bis-thioureidic derivatives 3–5 
(Figure  3) were synthesized by one-pot reaction (Saturnino 
et al. 2003; Ceramella et al. 2020) using thiourea or suitable 
thiourea and dibromoalkane. Compound 4 was synthesized 

TABLE 1    |    AChE inhibition activity of samples expressed as IC50 
(μM).

Samples IC50 (μM) ± SD

1 N.A.

2 N.A.

3 13.20 ± 1.80

4 8.40 ± 0.32

5 22.26 ± 1.99

6 65.02 ± 3.40

7 15.66 ± 1.28

8 24.19 ± 1.87

9 10.63 ± 1.20

Galantamine 0.65 ± 0.05

Note: Data are expressed as mean value of three measurements ± standard 
deviation. Galantamine was used as standard.
Abbreviation: N.A., no activity.

TABLE 2    |    Antioxidant activity of samples evaluated by means of 
DPPH assay compared with Trolox (standard).

Samples
% Inhibition at 

0.5 μM (±SD)
μM eq Trolox 

(±SD)

1 55.80 ± 3.21 21.46 ± 0.74

2 77.88 ± 4.53 30.00 ± 1.05

3 11.53 ± 2.06 4.43 ± 0.20

4 49.46 ± 2.61 19.02 ± 1.52

5 5.12 ± 0.51 1.97 ± 0.52

6 22.84 ± 1.22 8.78 ± 0.87

7 14.70 ± 1.32 5.65 ± 0.12

8 0.34 ± 0.06 0.13 ± 0.05

9 8.03 ± 0.73 3.09 ± 0.47

Note: Values were measured in triplicate for each compound. Data are expressed 
as mean value ± standard deviation.
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as previously described (Ceramella et al. 2020). Bis-imidazole 
derivatives 6 and 7 (Figure 3) were prepared using suitable di-
amines which were reacted with 2-methylthio-2-imidazoline 
hydroiodide (molar ratio 1:2) (Ceramella et  al.  2020). 
Phenylacetamide derivatives 8–9 were obtained by direct con-
densation (Urbani et al. 2008) of p-tolylacetic acid (for 8) and 
2-(4-methoxyphenyl)-2-phenylacetic acid (for 9) and appropri-
ate amines using n-propylphosphonic acid anhydride (PPAA) 
as catalyst (Figure 3).

3.1.1   |   General Procedure for the Synthesis 
of Compounds 3 and 5

Thiourea or amidinothiourea or (naphthalen-2-yl)thiourea (1 
equiv.) and 1,9-dibromopentane or 1,8-dibromopentane (0.5 
equiv.) were refluxed in ethanol 95% for 12 h. The reaction mix-
ture was evaporated to dryness under vacuum. The residue was 
washed three times with diethyl ether and then taken up with 
hot CH3CN and crystallized giving 3–5 (70%–75% yield) as a 
white solid.

2,2′-(Nonane-1,9-diyl)diisothiouroniumdibromide (3): Mp 
202°C–203°C (CH3CN); 1H NMR (300 MHz, DMSO-d6): δ 
8.90–7.90 (bs, 8H, 2 NH, 2 NH3

+); 2.98–2.89 (m, 4H, 2 SCH2); 
1.82–1.26 (m, 14H, 7 CH2); 

13CNMR (75 MHz, DMSO-d6): δ 
165.15, 31.32, 30.14, 28.52, 27.35, and 26.97. MS (ESI, CH3OH) 
m/z = 278.15 [C11H26N4S2]

2+.

2,2′-(Octane-1,8-diyl)bis(1-(naphthalen-2-yl))isothiouronium-
dibromide (5): Mp 187°C–188°C (CH3CN); 1H NMR (300 MHz, 
DMSO-d6): δ 8.20–8.00 (m, 8H, Ar); 7.60–7.40 (m, 6H, Ar); 7.32 
(s, 6H, 2 NH3

+); 3.42–2.98 (m, 4H, 2 SCH2); 1.87–1.34 (m, 12H, 
6 CH2); 

13CNMR (75 MHz, DMSO-d6): δ 164.19, 147.32, 135.32, 
132.21, 128.32, 127.43, 126.67, 120.54, 119.65, 30.38, 28.32, 28.29, 
and 26.54. MS (ESI, CH3OH) m/z = 516.23 [C30H36N4S2]

2+.

3.2   |   AChE Inhibition Activity

AChE inhibition activity was evaluated by Ellman's method 
(Ellman et al. 1961; Tommonaro et al. 2016) with some modifi-
cations. Briefly, the reaction was performed in multi-well Petri 
dishes of 48 wells in a final volume of 500 mL 0.036 U/mL of 
EeAChE (Sigma Aldrich, Milan, Italy) in 0.1 M pH = 8 phosphate 
buffer was incubated for 15 min at different sample concentra-
tions (from 5 μM up to 100 μM) at 37°C. Afterward, the reaction 
was triggered by the addition of 0.35 mM acetylthiocholineio-
dide (ATChI) and 0.35 mM of 5,5′-dithiobis-2-(nitrobenzoic 

FIGURE 5    |    DPPH inhibition curve of Trolox (standard). DPPH inhibition values were measured in triplicate. Data are expressed as mean value 
± standard deviation.

FIGURE 6    |    Docking result of compound 4 and the original posi-
tion of galantamine in the homology model of Electrophorus electricus 
acetylcholinesterase. Compound 4 is shown with sticks and carbons 
in magenta, and galantamine with lines and carbons in cyan. Flexible 
residues are displayed with sticks and carbons in green in the active 
site of acetylcholinesterase, and residues forming hydrogen bonds with 
compound 4 are indicated in black, other interactions in grey, and the 
catalytic triad in red.
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acid) (DTNB). Changes in absorbance were measured at 410 nm 
in a BiotekPowerWaveXS spectrophotometer microplate reader. 
IC50 values were calculated as the concentration of the com-
pound yielding 50% AChE activity inhibition. Galantamine was 
used as standard.

3.3   |   Antioxidant Activity-DPPH Assay

Antioxidant activity of samples 1–9 was evaluated both as per-
centage inhibition of DPPH (2,2-diphenyl-1-picrylhydrazyl) 
free radical and as μM equivalent of Trolox, the water-soluble 
analog of vitamin E which shows several advantages (Lúcio 
et al. 2009). It was used as a standard chemical for comparing 
free radical scavenging activity expressed as Trolox equivalent 
antioxidant capacity (TEAC) (Frangu et al. 2020). Specifically, 
antioxidant activity of samples was determined by means of 
DPPH method (Blois 1958; Tommonaro et al. 2021); therefore, 
50 μL of sample solution (concentration of 0.5 μM) was added 
to 0.7 mL of DPPH in methanol (6 mg/50 mL; 0.1 mM final con-
centration) and adjusted to a final volume of 2 mL with metha-
nol. The absorbance was determined after 30 min at λ = 517 nm 
at room temperature, and the percentage of free radical inhibi-
tion was calculated.

3.4   |   Molecular Docking Studies

In the docking studies, an energy minimized structural homol-
ogy model of Electrophorus electricus acetylcholinesterase (as 
used in the inhibition assay), generated by Swiss-model based 
on the structures of its counterpart from Tetronarce californica 
(Faraone et al. 2020), was used. In silico molecular docking of 
conformationally flexible 4 into the semi-rigid homology model 
of acetylcholinesterase was performed with AutoDock Vina 
(Trott and Olson  2010). Selected flexible residues were Q93, 
Y94, D96, S98, W108, W139, Y146, S147, Y155, E224, S225, S251, 
W258, W304, F313, F315, E352, Y355, F356, Y359, H494, Y496, 
E497, and I498. Ligand interactions were analyzed with PyMOL 
and PISA (Kissinel and Henrick 2007).

4   |   Conclusions

In the present study, we investigated for ability to inhibit the 
AChE by a spectrophotometrically assay based on an Ellman's 
method and antioxidant activity of nine compounds selected in 
a chemical library. Their efficiency as radical scavengers was 
evaluated by their reactivity toward the stable free radical DPPH 
(Paesano et al. 2005) and as μM equivalent of Trolox. Among all 
tested molecules, compound 4 showed a good antioxidant activ-
ity and the highest AChE inhibition activity. Also, for 4, molec-
ular docking studies of AChE were done to estimate the binding 
positions and affinity of the complex target/ligand. These results 
suggested that octane-1,8-diyl-bis-S-amidinothiourea dihyd-
robromide (4) meets the requirements to be considered a good 
antioxidant and an AChE inhibitor, which suggests that this 
compound could be used as a potential active ingredient in some 
medicines.
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