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Abstract: Alzheimer’s disease (AD) is a multifactorial neurodegenerative disorder. Acetylcholines-
terase (AChE) inhibitors constitute a pharmacotherapeutic strategy for AD treatment. Resveratrol
has anti-inflammatory, neuroprotective, anticarcinogenic, and antioxidant properties. This study
aimed to evaluate the AChE inhibitory properties and the protective role against oxidative stress
damage of 5 resveratrol analogs (M1 to M5) in SH-SY5Y cells. The studied compounds were not
cytotoxic in a wide range of concentrations. Treatment of SH-SY5Y cells at the AChE’s IC50s con-
centration significantly decreased the AChE enzyme activity in live cells. Through the dichloroflu-
orescein (DCF) assay, 3 compounds decreased the endogenous production of reactive oxygen spe-
cies (ROS). These results demonstrate that, in addition to their action as biologically active AChE
inhibitors, some resveratrol derivatives exhibit neuroprotective effects against endogenous ROS
production.
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levels of acetylcholine (ACh) in the synaptic cleft, constituting a pharmacotherapeutic
strategy for reducing AD symptoms [1,2]. Resveratrol (3,5,4’-trihydroxystilbene) is a nat-
ural polyphenol, which is widely found in foods and medicinal plants. It exerts a variety
of promising biological activities, including anti-inflammatory, neuroprotective, anti-
cancer, and antioxidant properties [3,4]. However, resveratrol has limited pharmacoki-
netic parameters [5]. This limitation has led to the development multiple strategies aiming
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2. Materials and Methods

All the chemicals were from Aldrich-Merck and were used without further purifica-
tion. AChE (from electric eel, type VI-S), 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB),
acetylthiocholine iodide (ATChl), and tacrine were obtained from Sigma Aldrich.

NMR spectra were recorded on a Bruker Avance ARX-300 spectrophotometer, in
CDCI3. A CEM Discover reactor (CEM Corp, Matthews, North Carolina, USA) was em-
ployed in microwave-assisted reactions. Alumina (mm) for column chromatography, was
acquired from Merck, Argentina. TLC detection was carried out with p-anisaldehyde-ace-
tic acid spray reagent (Mallinckrodt, New York, NY, USA) and 254 and 366 nm UV light.

SH-SY5Y cells were grown in a DMEM/Ham F12 medium (1:1) (Gibco) supple-
mented with 10% fetal bovine serum (Internegocios), 100 U/mL penicillin (Gibco), and 100
pg/mL streptomycin (Gibco) at 37 °C in a 5% CO2. For biochemical determinations, 2 x 105
SH-SY5Y cells were seeded in 24 well culture plates (Gibco) and maintained in the condi-
tions described above [7].

Cellular damage/death was analyzed through the activity of the cytoplasmic enzyme
lactate dehydrogenase (LDH), which is released by cells with damaged plasma mem-
branes. SH-SY5Y cells, grown as described above for 72 h, were treated with M1-M5 in
the growth medium for 24-48h. Then, 100 uL of the medium was collected, and LDH
activity was spectrophotometrically determined using a kinetic assay, according to the
manufacturer’s instructions (Wiener LDH-P UV). LDH release was compared to 100%
LDH release (complete lysis) obtained by treating the cells with Triton X-100 0.1% in phos-
phate-buffered saline (PBS; 150 mM NaCl, 10 mM Na2HPO4, 10 mM, NaH2PO4, pH 7.4)
[7,8].

AChE activity was determined according to Ellman s method [6] with minor modifi-
cations [30]. Briefly, SH-SY5Y cells grown in 24 well culture plates for 72h were washed
three times with PBS and pre-incubated for 15 min with M1-M5. Then, the cells were
maintained for 30 min in the presence of DTNB (final concentration of 0.31 mM in PBS)
and ATCHhI (final concentration of 0.9 mM in PBS). DMSO was used as a vehicle and was
kept below 0.1% in all cases. Control cells were incubated in the presence of the vehicle.
After 30 min, 0.9 mL of solution was collected from each condition, and absorbance was
measured at 412nm. Results are expressed as a percentage of the control.

All results are presented as mean + SEM from at least three independent experiments.
LDH and AChE activity determinations were analyzed using one-way ANOVA followed
by Tukey’s test for multiple comparisons. The differences were considered to be statisti-
cally significant when p < 0.05. Analysis of data was performed using GraphPad Prism
software.

3. Results
3.1. Chemistry

To obtain a series of resveratrol derivatives, azobenzene was first reacted with the
corresponding dibromo alkane (68 carbon atoms) and then, the intermediate was reacted
with the secondary amine. Five compounds (M1-M5) were synthesized in moderate
yields. These compounds were purified by column chromatography and identified by 1H
and 13C NMR. The derivatives were evaluated as iAChE by Ellman’s method [6].
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3.2. In Vitro AChE-Inhibition Studies
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Table 1 shows the obtained IC50 + SD values of the different resveratrol analogs. All
of them were found to be active against AChE. The most active, with an IC50 of 0.27 uM,
was the derivative with an 8 carbon atoms spacer and a piperidine ring, compound M5.

Table 1. AChE inhibitory activity values for compounds M1-M5 expressed in ICso + SD (uM).

Comp.  Spacer Amine AChE ICso (uM) Estructure
M1 7 Diethylamine 1.1+0.01 O
C SO TN
S
M2 6 methylbenzylamine 1.4 +0.001 @
ONANN
e \

M3 6 ethylbenzylamine 0.9 +0.001 ONAANA /—©

o ST

M4 7 Piperidine 0.96 +0.001 D)
oAAAN
©, N NQ

M5 8 Piperidi 0.27£0.1 OANNA
iperidine NNO N

o O

3.3. Cytotoxicity Assay

The cytotoxic effect of resveratrol analogs was evaluated in the human neuroblas-
toma cell line, SH-SY5Y [8]. Treatment of SH-SY5Y cells with a concentration equal to 6
times the IC50 (previously determined in vitro enzyme assays) of the tested compounds
was not cytotoxic during 24-48h of treatment (data not shown).

3.3.1. Cellular Assay for the Inhibition of Acetylcholinesterase

We used SH-SY5Y cells to evaluate the effects of M1-M5 analogs on AChE activity.
For this purpose, SH-SY5Y cells were treated for 24 h with the aforementioned com-
pounds, and AChE activity was determined by Elman’s method [40]. All tested com-
pounds significantly inhibited AChE activity in the cell assay (Figure 2). The drug concen-
tration used in this assay corresponded to the IC50 previously determined in vitro [7,8].
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Figure 2. AChE activity in SH-SY5Y cells treated with resveratrol derivatives. AChE activity in SH-
SY5Y cells treated for 24h with vehicle (DMSO, control) M1 (1.1 uM), M2 (1.4 uM), M3 (0.9 uM), M4
(0.96 uM) and M5 (0.27 uM), respectively. AChE activity was determined according to Ellman’s
method in live cells. The activities of the enzyme are expressed as % of control (AChE activity) +
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SEM of at least 7 independent experiments. One-way ANOVA followed by Turkey’s test; (*), (***),
and (****) denote p values <0.05, <0.001, and <0.0001, respectively.

3.3.2. Antioxidant Activity

The antioxidant activity of M1, M2, M3, M4, and M5, was evaluated in SH-SY5Y cells
exposed to H202 100 uM for 24 h. M1-M5 compounds were administered 24 h before in-
cubation of the cells with H202 and maintained throughout the experiment [8]. The results

are shown in Figure 3. None of the administered compounds showed antioxidant activity
when SH-5Y5Y cells were exposed to H202.
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Figure 3. Evaluation of antioxidants properties of resveratrol derivatives against exposure of SH-
SY5Y cells to 100 pM H20:. SH-SY5Y cells were pretreated M1 (1.1 pM), M2 (1.4 uM), M3 (0.9 uM),
M4 (0.96 pM), and M5 (0.27 uM) for 24 h before the oxidative insult. Afterward, 100 uM H20:2 was
added to the cell culture and incubated for 24h, in the presence of resveratrol derivatives. Cellular
damage was analyzed by an LDH release assay. Data are expressed as a percentage of LDH released
compared with the positive control. Data are expressed as the means + SEM of at least four inde-
pendent experiments. (*) denote p < 0.05 concerning control H20z.

3.3.3. Cellular Protection

We investigated the potential protective activity of M1-M5 against Ca?* overload in
SH-SY5Y cells as in Cavallaro et al. [8]. For this purpose, SH-SY5Y cells, previously treated
with the aforementioned compounds, were subsequently exposed for 24 h to depolarizing
medium containing 70 mM KCI, which induced Ca?  overload and cell death. The M1-M5
were administered 24 h before incubation of the cells with high K* and maintained
throughout the experiment. Subsequently, LDH release was measured as a marker of cell
damage. As shown in Figure 4, only compound M1 was shown to exhibit cytoprotective
effects against 70 mM KClI treatment.
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Figure 4. Evaluation of cellular protective effects of resveratrol derivatives against depolarizing con-
centration of KCl (70 mM) in SH-SY5Y cells. SH-SY5Y cells were pretreated with M1 (1.1 uM), M2



Med. Sci. Forum 2023, 3, x

5 of 6

(1.4 pM), M3 (0.9 M), M4 (0.96 uM), and M5 (0.27 uM) for 24 h before the 70 mM KCl insult. Af-
terward, a depolarizing concentration of KCI (70 mM) was added to the culture medium and the
cells were incubated for 24 additional h, in the presence of resveratrol derivatives. Cellular damage
was analyzed by an LDH release assay. Data are expressed as the means + SEM of at least four
independent experiments. (*) and (**) denote p <0.05 and p < 0.01 respect of control KCl.

3.3.4. Resveratrol Analogs on Intracellular ROS Production

The influence of M1-M5 was analyzed on the intracellular production of ROS in SH-
SY5Y cells. This study was performed using fluorogenic 2’,7’-Dichlorodihydrofluorescein
diacetate (H2DCFDA) dye. After the passive diffusion of H2DCFDA into SH-SY5Y cells,
itis deacetylated by intracellular esterases to a non-fluorescent compound. In the presence
of cellular ROS, it is oxidized into highly fluorescent 2’,7’-dichlorofluorescein (DCF) [9].
Compounds M2, M4, and M5 can reduce ROS production in SH-SY5Y cells. (Figure 5).
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Figure 5. Resveratrol derivatives effects on DCF fluorescence in SH-SY5Y cells. SH-SY5Y cells were
treated with M1 (1.1 uM), M2 (1.4 uM), M3 (0.9 uM), M4 (0.96 uM), and M5 (0.27 uM), for 48 h.
Then, the cell culture medium was removed by aspiration. After rinsing twice with a warm RPMI
medium, the cells were incubated in DCFD 100 uM in RPMI at 37 °C for 1 h. Following the incuba-
tion period, the DCFDA-containing medium was replaced with RPMI containing either DMSO or
resveratrol derivatives. Fluorescence readings (492 nm excitation and 515 nm emission) were taken
at 15-min intervals for 1 h 30 min at 37 °C. Fluorescence at each point was normalized to the initial
fluorescence intensity for each experimental condition.
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4. Conclusions

The synthesis of 5 new resveratrol analogs, with different spacer lengths and terminal
amine, was performed. All the analogs were found to be active against the AChE enzyme
(in vitro) in the micromolar range.

These results prompted us to perform several biological assays in SH SY5Y cells.
Treatments of SH-SY5Y cells did not affect cell viability. All the compounds tested signif-
icantly inhibited AChE activity in cellular assays. In addition to acting as an AChE inhib-
itor, compound M1 exhibited neuroprotective effects against KCl-induced Ca?* overload.
Furthermore, we observed that compounds M2, M4, and M5 have the ability to decrease
ROS production in SH-SY5Y cells. These findings indicate that these new resveratrol de-
rivatives could be considered as interesting entities with potential therapeutic applica-
tions for AD treatment.
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