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Abstract. In this study the synthesis of three new N-pyrrolyl azomethine derivatives com-
prising furan, substituted furan and indole residues is presented. A classical Paal-Knorr cy-
clization was used for synthesis of the initial N-pyrrolyl hydrazine and the final azomethines
were obtained in a micro synthesis scale, assuring about 69—76% yields, low harmful emis-
sions and reagent economy. The compounds were elucidated by IR, 1TH NMR and 13C
NMR spectral analyses and the obtained results were consistent with the assigned struc-
tures. The purity of the substances was proven by TLC characteristics and corresponding
melting points. In addition, the neurotoxicity and possible MAO-A and MAO-B inhibitory
effects were elucidated in vitro. The obtained results indicated that the target molecules are
with low neurotoxicity and no MAOA/B enzyme inhibiting effects.
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INTRODUCTION

Alzheimer’s disease (AD), Parkinson’s dis-

ease (PD), multiple sclerosis (MS), Hunting-
ton’s disease (HD), and amyotrophic lateral sclerosis
(ALS), are characterized by progressive neuronal
and synaptic loss, often emerging later in life. The
extent of neuronal degeneration closely correlates
with clinical symptom onset and progression. In AD,
for example, early hippocampal neuron loss impairs
episodic memory. While several therapies are ap-
proved, most target symptoms rather than disease

N eurodegenerative disorders (NDs), including

progression. Challenges such as the blood-brain bar-
rier and adverse side effects limit therapeutic efficacy
and contribute to poor survival outcomes [1].

MAOQ inhibitors (MAOIs), originally developed as antide-
pressants, have shown therapeutic potential in neuro-
degenerative disorders, including Alzheimer’s disease
(AD) and Parkinson’s disease (PD) [2]. MAO exists in
two isoforms, MAO-A and MAO-B, and is widely dis-
tributed on the outer mitochondrial membrane in mam-
malian cells. These isoforms metabolize neurotransmit-
ters, such as dopamine, serotonin, and noradrenaline,
and dysregulation of their activity has been associated
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with various neuropsychiatric and neurodegenerative
disorders, including AD and PD [3, 4, 5].

In AD, disturbances in monoaminergic systems —
particularly serotonergic and dopaminergic — have
been linked to altered MAO activity [5]. MAO cata-
lyzes the oxidative deamination of biogenic amines,
generating neurotoxic by-products, including hy-
drogen peroxide (H,O,), ammonia, and aldehydes,
which may contribute to oxidative stress and disease
progression. MAO-A is predominantly expressed in
catecholaminergic neurons, while MAO-B is found in
serotonergic neurons and glia. Autopsy studies re-
veal increased MAO-A and MAO-B activity in several
brain regions during early and late AD stages [6]. Im-
munostaining shows elevated MAO-B in the hippo-
campus and cortex, while MAO-A is increased in the
frontal pole and hypothalamus [7]. These alterations
may result from transcriptional or post-transcriptional
changes and are implicated in AD pathogenesis [5].
MAO activity correlates with cognitive dysfunction in
AD. Monoamine neurotransmitter systems — particu-
larly those involving norepinephrine (NE), serotonin
(5-HT), and acetylcholine — are essential for atten-
tion, memory, orientation, and emotional regulation
[8]. MAO-A preferentially degrades NE and 5-HT [9],
while MAO-B targets substrates like phenylethyl-
amine and benzylamine [10]. Dysregulation of MAO
thus impairs neurotransmission, contributing to cog-
nitive deficits through NE pathway disruption and
cholinergic dysfunction [11].

Oxidative stress, partially driven by MAO-mediated
ROS production, further exacerbates neurotransmit-
ter dysfunction. Additionally, MAO activity is linked to
neuroinflammation, which intensifies oxidative stress
and promotes neurodegeneration [12]. Changes in
monoamine metabolites such as homovanillic acid
(HVA) and 5-hydroxyindoleacetic acid (5-HIAA) are
associated with cognitive decline in AD models [13].

Elevated platelet MAO-B activity in AD patients corre-
lates with disease severity, and its measurement may
serve as a potential biomarker. MAO-B activity is also
elevated in astrocytes surrounding amyloid plaques,
suggesting a role in amyloid-B (AB) pathology [14].
MAO may contribute to APP cleavage via BACE and
y-secretase, promoting AB generation. Additionally,
5-HT receptor signaling (e.g., 5-HT2A, 5-HT2C, and
5-HT4) may modulate AB production [15].

Reactive astrocytic GABA synthesis via MAO-B im-
pairs synaptic plasticity and memory function in AD
models. Inhibition of MAO-B with drugs like selegi-
line has been shown to restore synaptic function and
cognitive performance, despite the presence of AB
pathology [16]. Although selegiline offers short-term

cognitive benefits in AD, long-term efficacy remains
limited [17].

Given the interplay between oxidative stress, neuro-
inflammation, and amyloid pathology, targeting MAO
— especially MAO-B — presents a promising thera-
peutic strategy. MAOIs may reduce AP production
and inflammation by modulating NF-kB signaling and
cytokine expression. The design and development of
selective MAOIs could offer new avenues for treating
AD and related neurodegenerative disorders [18].

Nicotinamide adenine dinucleotide phosphate
(NADPH), also known as reduced coenzyme I, plays
a critical role in regulating redox homeostasis, miti-
gating neuroinflammation, and preserving mitochon-
drial function. Neurodegenerative disorders such as
Alzheimer’s disease (AD) and Parkinson’s disease
(PD) exhibit shared pathological hallmarks, includ-
ing mitochondrial dysfunction, oxidative stress, and
chronic neuroinflammation, often triggered by the ac-
cumulation of misfolded protein aggregates [19].

NADPH and Monoamine Oxidase (MAO) play dis-
tinct but interconnected roles in cellular processes.
NADPH is a coenzyme that serves as a key reduc-
ing agent in anabolic reactions and supports anti-
oxidant defense by maintaining redox balance [20].
In contrast, MAO is an enzyme responsible for the
oxidative deamination of monoamines, generating
aldehydes, ammonia, and hydrogen peroxide [21].
While NADPH does not directly participate in MAO’s
enzymatic activity, it may indirectly affect MAO func-
tion through its involvement in redox signaling and
the cellular response to oxidative stress [22]. Thus,
finding new approaches combining activities against
these neurodegeneration-sensitive targets is of great
importance for establishing successful therapy of
neurodegenerative conditions.

The purpose of this investigation is to evaluate the pos-
sible neurotoxicity and MAOA/B inhibitory effects of
newly synthesized N-pyrrolyl hydrazide-hydrazones.

MATERIALS AND METHODS

General

The melting points were determined on Kruss M5000
and are not corrected. The synthesis progress was
controlled by TLC on aluminum sheets Silica gel 60
F254 (Merck, Darmstadt, Germany), using CHCI,/
CH,CH,OH as a mobile phase. Yields were calcu-
lated for purified products. The IR spectra were re-
corded on a Nicolet iIS10 FT-IR spectrometer with a
Smart iTR adapter (Thermo Fisher Scientific, USA).
The 1H NMR spectra were registered at 250 MHz
on spectrometer Bruker-Spectrospin  WM250MHz
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(Faenlanden, Switzerland) as & (ppm) relative to
TMS as internal standard with DMSO-d6 as a solvent
(20°C); coupling constants (J) are expressed in Hertz
(Hz). All OH and NH protons were D20 exchange-
able. Available solvents and reactants were acquired
from commercial suppliers (Sigma-Aldrich; Fluka)
and applied without purification.

General procedure for the synthesis of the
targeted hydrazones:

To 1.5 mmol of the initial carbohydrazide 13 were dis-
solved 1.5 mmol of any of the carbonyl partners h, i
or j in glacial acetic acid in a round bottom flask of
20 ml. The mixture was stirred at 100 oC for 40-50
min to complete the reaction under TLC-control. The
products were isolated after pouring into cold water
and recrystallized from ethanol where necessary.

The IUPAC names* of the newly synthesized hydra-
zones, together with the interpretation of their IR and
1H NMR spectra, are presented below:

(E)-ethyl 5-(4-bromophenyl)-1-(4-(2-(furan-2-ylmeth-
ylene)hydrazinyl)-4-oxobutyl)-2-methyl-1H-pyrrole-
3-carboxylate (15h): IR [cm™]: 3120 (OH and NH),
1695 (COOC,H,), 1640 (Amide I), 1520 (Amide II),
1240 (C-0), 810 (p-disubstituted C.H,); 'H NMR (at
400 MHz, in DMSOd,): 1.28 [s, 3H, CH,CH,], 2.03
[t, 2H, CH,CH,CH,], 2.45 [s, 3H, CH,(2)], 2.38 [s,
2H, CH,CH,CH,], 4.26 [s, 2H, N(CH,)], 4.32 [s, 2H,
CH,CH,], 6.4 [s, 1H, H(4)], 7.05 [s, 1H, NH-N], 7.12
[s, 1H, H(3")], 7.61 [s, 1H, H(4")], 7.73 [s, 2H, H(3’),
H(5)], 7.8 [s, 2H, H(2'), H(6")], 8.27 [s, 1H, CH=N];
®C NMR (100 MHz, DMSOd,): 6 170.4, 163.0, 144.4,
132.06 (2C), 125.3 (2C), 134.6, 118.9, 116.3, 114.4,
112.6, 110.3, 51.5, 43.6, 39.4, 26.3, 14.9 and 11.4.

(E)-ethyl 5-(4-bromophenyl)-2-methyl-1-(4-(2-((5-ni-
trofuran-2-yl)methylene)hydrazinyl)-4-oxobutyl)-1H-
pyrrole-3-carboxylate (15i): IR [cm-"]: 2979 (CH,
and CH,), 1682 (COOC_H,), 1602 (Amide 1), 1521
(Amide 1I), 1242 (C-O), 809 (p-substituted C.H,),
544 (C-Br); '"H NMR (at 400 MHz, in DMSOd,): 1.26
[s, 3H, CH,CH,], 2.06 [t, 2H, CH,CH,CH,], 2.47 [s,
3H, CH,(2)], 2.35 [s, 2H, CH,CH,CH,], 4.16 [s, 2H,
N(CH,)], 4.3 [s, 2H, CH,CH.], 6.4 [s, 1H, H(4)], 7.0
[s, 1H, NH-N], 7.09 [s, 1H, H(3")], 7.59 [s, 1H, H(4")],
7.68 [s, 2H, H(3), H(5)], 7.71 [s, 2H, H(2'), H(6")],
8.25[s, 1H, CH=N]; *C NMR (100 MHz, DMSOd): 6
173.4, 164.0, 163.3, 132.06 (2C), 125.3 (2C), 134.6,
116.7, 114.3, 114.4, 114.7, 112.3, 51.5, 43.6, 39.4,
26.3,14.9 and 11.4.

(E)-ethyl 5-(4-bromophenyl)-2-methyl-1-(4-oxo-4-(2-
((3-oxoindolin-2-yl)methylene)hydrazinyl) butyl)-1H-
pyrrole-3-carboxylate (15j): IR [cm™]: 3119 (OH and
NH), 1689 (COOC,H,), 1640 (Amide 1), 1520 (Amide
" ACD/Name Version 2.51

Il), 1240 (C-0), 810 (p-disubstituted C_H,); 'H NMR
(at 400 MHz, in DMSOd,): 1.27 [s, 3H, CH2CH3],
2.03 [t, 2H, CH,CH,CH,], 2.45 [s, 3H, CH,(2)], 2.38
[s, 2H, CH,CH,CH,], 4.0 [s, 1H, NH], 4.26 [s, 2H,
N(CH,)], 4.32 [s, 2H, CH,CH.,], 6.4 [s, 1H, H(4)], 7.05
[s, 1H, NH-NJ, 7.14 [s, 2H, H(3"), H(5')], 7.20 [s, 1H,
H(7")], 7.34 s, 1H, H(3")], 7.78 [s, 12H, H(4"), H(6")],
7.8[s, 2H, H(2)), H(6")], 8.27 [s, 1H, CH=N]; *C NMR
(100 MHz, DMSOd,): & 187.4, 167.0, 163.0, 144.4,
142.7,135.5, 132.06 (2C), 126.3, 125.3 (2C), 134.6,
118.9, 116.3, 114.4, 112.6, 110.3, 51.5, 43.6, 39.4,
26.3, 14.9 and 11.4.

Pharmacological studies

The necessary for the pharmacological evaluations
reagents and buffers including Percoll reagent, Buf-
fer B, glucose, 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT), dimethyl sulfoxide
(DMSO0), 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB),
trichloroacetic acid, 0.1 M Tris buffer containing: 0.1
mM dithiothreitol, 0.1 mm phenylmethylsulfonyl fluo-
ride, 0.2 mM ethylendiamine tetra acetic acid (EDTA),
1.15% potassium chloride (KCI) and 20% (v/v) glyc-
erol (pH 7.4) and the corresponding Assay kits for
evaluation of MAO inhibitory activity were purchased
from Sigma Aldrich.

Animals

A total of 10 animals were used in the experiments.
The animals were obtained from the National Breed-
ing Centre of the Bulgarian Academy of Sciences,
Sofia, Bulgaria and kept under standard conditions in
plexiglass cages with free access to water and food
and 12 h/12 h light/dark regime at 20-25°C. Twelve
hours before each specific study, the animals’ food
was withdrawn. The experiments were conducted in
accordance with the Ordinance No. 15 on Minimum
Requirements for the Protection and Welfare of Ex-
perimental Animals (SG No. 17, 2006), the European
Regulation for the Handling of Experimental Animals
and the Permission Ne304/valid until 28.06.2026 from
the Bulgarian Food Safety Agency.

Preparation of rat brain synaptosomes
and mitochondria

Synaptosomes and mitochondria were obtained by
multiple, subcellular fractionation using a Percoll
gradient [23]. The necessary brain homogenate
was prepared and centrifuged at 1,000 x g for 5 min
at +4 °C. After centrifugation, the supernatants were
collected and centrifuged again at 1,000 rpm for 5
min at +4°C. The supernatants from the two centrifu-
gations were mixed and distributed into 4 tubes. The
tubes were centrifuged at 10,000 x g for 20 min
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at +4 °C three times. The last two centrifugations were
for purification of synaptosomes and mitochondria.

Isolation of the corresponding synaptosomal
and mitochondrial fractions

The isolation of the required fractions was based on
formation of a colloidal solution of silicon (Percoll),
as per the procedure including: 1. Preparation of a
90% stock solution of Percoll, followed by prepara-
tion of two Percoll solutions of different percentages:
16% and 10%. 4 mL of each of the prepared 16% and
10% Percoll solution was placed in six test tubes. A
90% Percoll (7.5 % Percoll) was added to the pre-
cipitate obtained from the previous step from the last
centrifugation. The obtained mixtures in all 12 tubes
were centrifuged for 20 min at 15,000 x g +4°C. After
centrifugation, three layers are formed in the tubes.
The bottom layer contains mitochondria, the top layer
contains lipids, and the middle layer — at the 16% to
10% Percoll limit — contains synaptosomes. The re-
spective layer from each tube is removed through a
glass pasteurizer and collected into one. Buffer B +
glucose is added to it. The mixture was centrifuged
at 10,000 x g for 20 min at +4°C. Thus, the isolation
buffer is exchanged with the incubation buffer. After
centrifugation, the pellet where the synaptosomes
are is mixed and made up with buffer B + glucose.

Incubation of synaptosomes

Synaptosomes and mitochondria were incubated with
the test substances, at a concentration of 50 uM, for 1 h.

MTT assay to assess synaptosomal viability

After 1 h incubation with the substances, synapto-
somes were centrifuged on a microcentrifuge for 1
min at 15,000 x g. The pellet was mixed gently with
buffer B + glucose, and the supernatant was discard-
ed to prevent oxidation of MTT. Centrifuge again at
15,000 x g for 1 min. After the second wash, buffer B
+ glucose were added to the pellet. To the ‘washed’
synaptosomes, 60 pL of MTT solution were added.
The plates were incubated with the MTT solution at
37 °C for 10 min. After incubation, the samples were
centrifuged at 15,000 x g for 2 min. The excess liquid
was removed and a DMSO solution was used to dis-
solve the formed formazan crystals. After dissolution,
the amount of formazan is measured spectrophoto-
metrically at A = 580 nm [24].

Determination of reduced glutathione (GSH) in
isolated brain synaptosomes

After precipitation of the proteins with trichloroacetic
acid, the thiol groups in the supernatant were deter-
mined by DTNB, which produced a yellow-colored
compound that absorbs light at A = 412 nm. After in-
cubation, synaptosomes were centrifuged at 400 x

g for 3 min. The supernatant was removed and the
pellet taken for GSH determination. It was treated
with 5% trichloroacetic acid, then left for 10 min on
ice. Centrifuge at 8000 x g for 10 min (2°C). The su-
pernatant is taken for GSH determination and frozen
at-20°C. Immediately before measurement, the sam-
ples are neutralised with 5N NaOH [25].

Determination of malondialdehyde (MDA)
production in brain mitochondria [26]

To the mitochondria was added 0.3 ml of 0.2% thio-
barbituric acid and 0.25 ml of sulfuric acid (0.05 M),
and the mixture was boiled for 30 minutes. After
boiling, the tubes were placed on ice and 0.4 ml of
n-butanol was added to each, then centrifuged at
3,500 x g for 10 minutes. The amount of MDA was
determined spectrophotometrically at 532 nm.

Determination of GSH level in brain
mitochondria [26]

After incubating the mitochondria with the substanc-
es, the reaction was stopped with 5% trichloroacetic
acid, and each sample was homogenized with the
acid and left on ice. After centrifugation of the homog-
enate at 6,000 x g, a 0.04 % solution of DTNB was
added to the supernatant to give a yellow color, the
determination being spectrophotometric at 412 nm.

Isolation of brain microsomes [27]

The brain was homogenized in 9-volume parts of 0.1
M Tris buffer containing: 0.1 mM Dithiothreitol, 0.1 mM
Phenylmethylsulfonyl fluoride, 0.2 mM EDTA, 1.15%
KCl and 20% (v/v) glycerol (pH 7.4). The resulting ho-
mogenate was centrifuged twice at 17,000 x g for 30
min. The supernatants from the two centrifugations
were pooled and centrifuged twice at 100,000 x g for
1 h. The pellet was frozen in 0.1 M Tris buffer.

Determination of MDA in brain microsomes [28]

After completion of incubation of the microsomes
with the substances, the reaction was stopped by
the addition of 0.5 ml of 20% trichloroacetic acid,
followed by 0.5 ml of 0.67% thiobarbituric acid. The
ongoing reactions are associated with the formation
of a colored complex between the malondialdehyde
formed and thiobarbituric acid. The determination of
MDA was spectrophotometric at 535 nm. A molar ex-
tinction coefficient of 1.56 x 105 M-' cm* was used for
the calculation.

Determination of human recombinant MAOA/B
enzyme activity

The activity of recombinant human MAOA/B was
determined fluorimetrically. Tyramine hydrochloride
was used as substrate. The activity is determined
by detection of H,O, production. This production
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is, in turn, reported by binding to horseradish per-
oxidase using N-acetyl-3,7-dihydroxyphenoxazine
(AmplexRed) [29]. Working solutions of the test sub-
stances, reagents and human recombinant MAOA/B
enzyme (hMAOA/B) were prepared in reaction buffer
according to the manufacturer’s instructions. A pure
working solution of MAOA/B in reaction buffer, a work-
ing solution of MAOA/B containing hydrogen perox-
ide, and a pure reaction buffer were used as controls.
Substances were applied at a final concentration of
1 uM. The substances, together with hMAOB, were
placed in a 96-well plate (8 samples for each sub-
stance), and then the plate was placed in an incu-
bator for 30 min (in the dark, at 37°C). Fluorimetric
readings were performed in a Synergy 2 Microplate
Reader, at two wavelengths (570 nm and 690 nm).

Statistical methods

The results of the experiments performed on isolated
brain synaptosomes, mitochondria and microsomes
were statistically processed using the ‘MEDCALC’ pro-
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r N~ ~CHj "
i CH50H
OH
O
3 4

gram using the non-parametric Mann-Whitney method
at significance levels P < 0.05; P <0.01 and P < 0.001.

The results obtained from hMAOA/B activity were sta-
tistically processed using GraphPad Prism 5.0 software.

RESULTS

Chemistry

The initial for the synthesis N-pyrrolyl hydrazine was
synthesized according to a procedure explained
elsewhere [30] via classical Paal-Knorr cyclization,
followed by esterification of the initial carboxylic ac-
ids and its hydrazinolysis as presented on Figure 1.

The Schiff bases (comprising an azomethine group
(-CH=N-)) were synthesized by a nucleophilic addi-
tion reaction of the corresponding aldehydes (h and
i) and the ketone j and the initial N-pyrrolyl hydrazine
as by the procedure defined on Figure 2 with any of

the carbonyl compounds presented on Figure 3:
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Fig. 1. Synthesis of the used N-pyrrolyl hydrazine 5
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Fig. 2. General synthesis of the target compounds
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Fig. 3. Used carbonyl compounds

The purity of the new compounds was confirmed by
TLC analysis and their structure was elucidated, with
IR, 1H NMR and 13C NMR spectral data. The cor-
responding melting points, TLC characteristics and
yields are presented in Table 1.

Table 1. Melting points, TLC characteristics (Rf/
(CHCI3:C2H50H) and yields (%)

In silico assessment of physicochemical
properties and possible biological
effects of the new azomethine derivates.
Prediction of pharmacokinetic properties

Web-based online servers for prediction of pharma-
cokinetics of the target hydrazones were applied as
a tool for preliminary evaluation of the applicability of
the designed azomethines. The results from the per-

Compound Melting TLC characteristics | Yields ) ) }
) points (RFI(CHCI3:C2H50H) | (%) formed calculations using two web-based tools — Mi-
15h 134.8-135.9 0.60 7 :\l/Tslpwa:lon Chen:;.snform(a;lcts [3;]2and Molsoft L.Lt.Cd.
15 13171329 058 69 ! (?regluazr properties predictor [32] — are presente
15j 95.4-96.3 0.76 76 n fable <.

Table 2. Some calculated pharmacokinetic parameters
Molinspiration Cheminformatics Molecular Properties and Drug-likeness
3
5 |g
o %) T 2 ) B, E < § 5 6 | 2 @
gl 5 | 5 | 2| S| e | E| S |3523| 2 |E2|5%
| B | B | E|8| 2| 2| 8| 3|2 |£8E) 28 |25|&8¢

15h | 4.63 | 85.84 31 486.37 | 7 1 0 10 | 39462 | 456 | 0731224 | 342 0 0.39

151 | 4.71]13166 | 34 |531.36| 10 1 1 1" 41796 | 423 | 0.78/12.18 | 1.88 0 0.06
15/ | 4.05| 101.8 36 | 55144 | 8 2 1 10 | 45043 | -4.23 1.83/7.97 2.58 1 0.89

*The Blood-Brain Barrier (BBB) Score: 6-High,0-Low [33].

Table 3. Prediction of interaction of the test compounds with the defined targets.

Alzheimer target IDs Predicted Outcome Probability | Probability Active | Probability Inactive | Predicted Reliability

15h Inactive 0.8 0.2 0.8 reliable

Alzheimer - COX2 15i Inactive 0.5 0.2 0.8 unreliable

15) Inactive 1.0 0.0 1.0 unreliable

15h Inactive 0.8 0.2 0.8 unreliable

Alzheimer — iNOS 15i Inactive 1.0 0.0 1.0 unreliable

15j Inactive 0.6 04 0.6 unreliable

15h Active 1.0 1.0 0.0 unreliable

Alzheimer — NADPH 15i Active 1.0 1.0 0.0 unreliable

15j Active 1.0 1.0 0.0 unreliable

15h Inactive 1.0 0.0 1.0 unreliable

Alzheimer — JNK-3 15i Inactive 1.0 0.0 1.0 unreliable

15) Inactive 0.6 0.4 0.6 unreliable

15h Inactive 1.0 0.0 1.0 unreliable

Alzheimer — PDE5 15i Inactive 1.0 0.0 1.0 unreliable

15j Inactive 1.0 0.0 1.0 unreliable
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Prediction of biological activity

In addition, we made an attempt to identify the ap-
pearance of possible effect of the target compounds
against some neurodegenerative disorders, like Al-
zheimer’s disease. As a predictive tool we applied
the online platform MolPredictX [34]. The results of
the predictions are presented in Table 3.

Pharmacological evaluations
Neurotoxicity assessment
Effect on isolated rat brain synaptosomes

When administered alone, at a concentration of 50
MM, to brain synaptosomes, the test substances
(15h-15j) showed a statistically significant weak
neurotoxic effect compared to the control (untreated
synaptosomes). They slightly decreased synapto-
somal viability and reduced glutathione level (Figure
4A and 4B).
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Fig. 4. Effect of the tested hydrazones on synaptosomal
vitality (A) and GSH levels (B)

All evaluated compounds revealed a comparable to-
wards isolated synaptosomes weak neurotoxic effect.

Effect on isolated rat brain microsomes

Self-administered, at a concentration of 50 uM, to brain
microsomes, the test substances (15h-15j) again ex-
hibited a statistically significant weak neurotoxic effect,
relative to the control (untreated microsomes).

HA
HAH3

i

MDA, nmol/0,1 mg protein

control 15h 1si 15§

*** P < 0.001 vs control (untreated microsomes)

Fig. 5. Effect of the tested hydrazones on microsomal MDA
levels

The increase in the production of malondialdehyde
(MDA), used as a marker of lipid peroxidation (Figure
5) identified compound 15i with the weakest neuro-
toxic effect in isolated microsomes.

Effect on isolated rat brain mitochondria

The performed experiments showed that when ap-
plied alone, at a concentration of 50 uM, to brain mi-
tochondria, the test substances (15h-15j) exhibited
a statistically significant weak neurotoxic effect, rela-
tive to the control (untreated mitochondria).
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Fig. 6. Effect of the tested hydrazones on mitochondria
GSH (A) and MDA levels (B)

Synthesis and in vitro evaluation of neurotoxicity...

45



They slightly decreased reduced glutathione (GSH)
level and increased malondialdehyde (MDA) pro-
duction (Figure 6A and 6B). The substance with the
weakest neurotoxic effect was 15h.

In vitro MAOA/B inhibitory activity

As a result of the performed pharmacological and
toxicological studies of the newly synthesized hy-
drazones, it was found that the evaluated molecules
show minimal neurotoxicity on subcellular fractions
(isolated rat brain synaptosomes, mitochondria and
microsomes).

These results pointed our attention towards assess-
ment for their possible inhibitory effects on the MAO
isoforms type A and B.

The inhibitory effect on both MAOA and MAOB iso-
forms was evaluated in vitro and the corresponding re-
sults are presented on Figure 7A and 7B, respectively.
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IMAOA, enzyme activity, %

HIMAOB enzyme activity, %

*** P < 0.001 vs control (pure hAMAOA)
*** P < 0.001 vs control (pure hMAOB)

Fig. 7. Effect of newly synthetized hydrazones (at concen-
tration 1 uM), on the activity of human recombinant MAOA
enzyme (hMAOA) (A) and human recombinant MAOB en-
zyme (hMAOB) (B), respectively

All of the newly synthesized hydrazones (at concen-
tration 1 uM), DID NOT reveal statistically significant
inhibitory effect on human recombinant MAOA and/
or MAOB enzymes (hMAOA/B), compared to the
controls (pure hMAOA and hMAOB, respectively)
(Figure 7). Only clorgyline, which is a classical MAOA

inhibitor, revealed statistically significant inhibitory
effect by decreasing the enzyme activity with 45%,
compared to the control (pure hMAOA enzyme)
(Figure 7A). In means of hMAOB, only the selective
MAOB inhibitor selegiline was found to express 45%
inhibition (Figure 7B).

DISCUSSION

Chemistry

The target products were synthesized in micro syn-
thesis conditions, ensuring about 69-76% yields, low
harmful emissions and reagent economy. The results
from the structural elucidations indicated high consis-
tency with the theoretically assigned values.

In silico assessment of physicochemical
properties and possible biological effects of the
new azomethine derivates.

The calculated results (Table 2) show that two of
the designed compounds do not comply with Lipin-
ski’s rule of 5 regarding the corresponding molecular
weight. In one of the representatives (15j) is possible
appearance of stereoisomerism due to presence of a
stereo center.

According to the presented data 15h is with highest
BBB permeability, while 15j is characterized by the
best drug-like properties.

The presented calculations (Table 3) indicate that the
tested azomethines are expected to be active against
Alzheimer’'s NADPH enzyme system. This should be
considered in the future development of agents de-
signed as therapy for Alzheimer’s disease due to the
recently evaluated influence between the activity of
NADPH and MAO. It is found that NADPH and MAO
participate in distinct yet interconnected cellular func-
tions. NADPH is essential for maintaining redox bal-
ance and supporting antioxidant defenses, whereas
MAO plays a key role in monoamine metabolism and
contributes to oxidative stress through the production
of reactive oxygen species (ROS). Their interplay is
complex: NADPH can modulate MAO activity indirect-
ly via redox signaling, while MAO-derived ROS can,
in turn, influence the cellular redox environment [19].

Pharmacological evaluations
Neurotoxicity assessment

In attempt to indicate the mechanism of neurological
affect, the target compounds were tested on isolated
rat-brain synaptosomes, microsomes and mitochon-
dria. The neurotoxicity was determined by evaluation
of the synaptosomal viability and the effect of the test
molecules on the corresponding biomarkers affect-
ing the functional-metabolic status of the sub-cellular
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fractions, expressed as decrease in the glutathione
(GSH) levels and increase in the malondialdehyde
(MDA) production.

The mitochondrial dysfunction hypothesis suggests
that dysregulation in mitochondrial function may
lead to neurodegeneration, as mitochondria have a
dual role in regulation — as a source of ROS and an
antioxidant. Since mitochondria are the site of elec-
tron transport processes, they are a major source of
ROS that can lead to further mitochondrial damage
and more pronounced neurodegeneration [35]. This
aimed our research into evaluation of the mitochon-
dria effect of the tested hydrazones.

In vitro MAOA/B inhibitory activity

Although MAO-B inhibitors are primarily used in the
treatment of PD, dual MAOA/B inhibition is a rela-
tively understudied treatment strategy that may have
potential benefits. By inhibiting both isozymes, it is
possible to reduce the level of several toxic metabo-
lites, and to protect different types of neurons, as well
as to modulate different neurotransmitter systems.
However, the search for new and more effective anti-
parkinsonian agents continues.

The results indicated lack of activity against both iso-
forms, which defines lack of selectivity towards the
enzymes and determines that the introduction of a fu-
ranyl, substituted furanyl and/or indolyl residue in the
carboxylic fragment lead to lack of possible MAO in-
hibitory effects. This points the further developments
towards excluding this type of residues in the design
of such agents.

CONCLUSION

The performed pharmacological and toxicological
studies on subcellular fractions (isolated rat brain
synaptosomes, mitochondria and microsomes) of de-
rivatives 15h — 15j, defined that when administered
alone, at a concentration of 50 uM, all substances
exhibited a weak neurotoxic effect relative to the
control (untreated subcellular fractions). The evalu-
ated substances, at a concentration of 1 uM, did not
exhibit inhibitory activity neither on MAOA, nor on
MAOB enzyme. The reason for lack of MAO effect
may be due to the introduction of a furanyl, substi-
tuted furanyl and/or indolyl residue in the carboxylic
fragment in the azomethine molecule. This points the
further developments towards excluding this type of
residues in the design of such agents.
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