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Abstract

This study investigates the synthesis and characterization of a Schiff base (L) comprising amine and imine donor atoms, specifically
N1-(4-(benzyloxy)benzylidene)-N2-phenylethane-1,2-diamine, along with its Platinum(lI) complex (Pt-L). The structural
elucidation of both the ligand and complex is accomplished through various spectroscopic techniques including Fourier-transform
infrared spectroscopy (FT-IR), proton nuclear magnetic resonance ("H-NMR), carbon-13 nuclear magnetic resonance (*C-NMR),
and elemental analysis. Furthermore, the potential inhibitory effects of the Pt-L complex on AB, , aggregation are explored using the
human neuroblastoma cell line (SH-SY5Y) as a model system. The cytotoxicity of the Pt-L complex on SH-SY5Y neuroblastoma cells
is examined, revealing an IC, value of 19.22 pM. The inhibition kinetics of A aggregation are also investigated fluorometrically using
Thioflavine-T. By analyzing the area under the curve, it is calculated that the complex (1.0:1.0 molar ratio) interacts with amyloid at a

rate of 65%. These results obtained in our study show that the complex is promising in terms of inhibition of Af, ,,.

Keywords: Anti-Alzheimer activity, cytotoxicity, schiff base, platinum-schiff base complexes.

Oz

Bu calisma,amine ve imin donératomlariniigeren bir Schiffbazi (L) bilesiginin sentezini ve karakterizasyonunu incelemektedir. Ozellikle,
N1-(4-(benziloksi)benziliden)-N2-feniletan-1,2-diamin bilesigi ve onun Platin(IT) kompleksi (Pt-L) tizerinde durulmaktadir. Hem
ligandin hem de kompleksin yapisal aydinlatilmasi, Fourier-déntisimli kizilotesi spektroskopi (FT-IR), proton niikleer manyetik
rezonans ('"H-NMR), karbon-13 niikleer manyetik rezonans (SC-NMR) ve elementel analiz gibi cesitli spektroskopik teknikler
kullanilarak gergeklestirilmistir. Ayrica, Pt-L. kompleksinin AP, ,  agregasyonu Uzerindeki potansiyel inhibisyon etkileri, insan
noroblastoma hiicre hatt1 (SH-SY5Y') kullanilarak bir model sistem olarak aragtirilmigtir. Pt-L kompleksinin SH-SYS5Y néroblastoma
hiicreleri tizerindeki sitotoksisitesi de incelenmis ve IC_ degeri 19.22 uM olarak belirlenmistir. AP agregasyonunun inhibisyon kinetigi
ayrica Thioflavin-T kullanilarak florometrik olarak incelenmistir. Egrinin altinda kalan alanin degerlendirilmesi ile kompleksin 1.0:1.0
mol oraninda amyloid ile %65 oraninda etkilestigini gostermistir. Caligmamizda elde edilen bu sonuglar, kompleksin Af, .. inhibitéri
olarak umut verici bir bilesik oldugunu goéstermektedir.

1-42°

Anahtar Kelimeler: Anti-Alzheimer aktivitesi, sitotoksisite, schiff bazlari, platin-schift bazi kompleksleri.

1. Introduction many biological fields such as anticancer, antiviral, anti-
inflammatory, antifungal, etc. (Liu et al. 2014, Rao et al.

hiff i f th ile cl
Schiff bases are considered one of the most versatile classes 2013, Mohammed et al. 2022).

of bioactive compounds due to their capacity to interact
with various elements (Garai et al. 2018, Pal et al. 2020).
Schiff bases and their metal complexes are widely used in

(ND) are

progressive disorders that share many common features. The

Neurodegenerative  diseases chronic and
accumulation of death-causing protein aggregates (Especially

AP, ,,,amyloid beta(1-42))in certain areas of the brain causes
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damage and results in memory loss (Ross and Poirier 2004,
Soto and Pritzkow 2018). In Alzheimer’s disease (AD), the
alteration in the nerve transmission with nerve cell death
is recorded by the presence of neurofibrillary tangles with
phosphorylated forms of the tau protein as a microtubule
protein. Studies have been carried out for the future of
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Alzheimer’s disease, which is based on the assumption of
metal ions in the treatment of Alzheimer’s disease (Kepp
2017). In this context, metal ions, especially copper, play an
important role. It should be noted that copper, iron and zinc
ions also participate in various essential components in the
functions of the body. When copper accumulates as a toxic
cation, it also contributes significantly to Alzheimer’s disease
s, (Gaetke et al. 2014).
For this reason, diamine-based pharmacophore chelators

by increasing the aggregation of Af

have been synthesized using aromatic or alkyl amine/imine
groups (Santos et al. 2016). It is important to synthesize
ligands by taking into account some pharmacophore groups
of pro-drug chemicals that can be used in the treatment of
AD (Palanimuthu et al. 2017). Studies on the inclusion of
two nitrogen-containing compounds as chelating groups in
molecules for the removal of metal ions that play a role in
aggregation such as Cu and Zn have gained importance.

Another approach is the use of metal complexes that can
remove metal from AP, , in case of disease or modulate
AP aggregation to prevent disease (Rowinska-Zyrek et
al. 2015). Based on this idea, Pt-based metal complexes
were synthesized and their inhibition activities on Af,
were investigated (Liu et al. 2018). In the metal complexes
formed with these ligands, the metal mostly interacts with
the histidine nitrogens of amyloid, and the pharmacophore
groups of the ligand can also contribute to this interaction
(Valensin et al. 2012). Although Pt has generally been used
in studies on this subject, especially in recent years, there
have been studies including Ru, Ir and Pd complexes (Khan
et al. 2024). There are limited studies on Schiff base-metal
complexes (Heftern et al. 2014, Roberts et al. 2020, Iscen et
al. 2019).

In the study, new platinum(II)-schiff base complex (Pt-
L) which has new Schiff base (L) containing amine/imine
groups was synthesized. The structures of the synthesized
compounds were determined by spectroscopic methods.
Ligand synthesis was planned by taking into account
the groups (pharmaphores) in some drugs used in the
treatment of AD (Palanimuthu et al. 2017). We aimed to
prevent aggregation by binding studies of these synthesized
substances. In vitro study of the complex was performed
on the human neuroblastoma cell line (SH-SY5Y), and
cytotoxicity tests were performed beforehand. The inhibition
kinetic of Thioflavin T fluorescent aggregation of complex
was measured by the method.

2. Material and Methods
2.1. Chemicals

The reagents K PtCl,, 4-Benzyloxybenzaldehyde, methanol,
chloroform, dichloromethane, and diethyl ether used in
the synthesis were commercially purchased from Sigma
Aldrich, and solvents were purified according to standard
methods (Haas 1971). Pt(DMSO),Cl,, used as the starting
complex, was synthesized according to the literature (Price

et al. 1972). The AB, ,,

studies was purchased from Anaspec. A

Aggregation Kit for fluorescence
14, (human) for cell
studies and AFM were purchased from Bachem.

2.2. Instrumentations

Melting points were obtained using an Electrothermal
Melting Point detection apparatus. Elemental analyzes were
performed Ege University. Infrared spectra were recorded
on a Perkin Elmer Spectrum 100 FT-IR spectrophotometer
in the range of 4000- 400 cm™ for ligands, 4000- 200 cm™
for complexes. 'H and “C NMR spectra were measured at
Varian AS 400 MHz spectrometer. CDCI, and DMSO-d,
were used as the solvents and TMS was used as the internal
standard. ThT measurements were made using Thermo
Fisher Scientific, Varioskan Flash microplate reader device
(Temperature 37°C) with 480 nm excitation and 484 nm
emission wavelengths.

2.3. Synthesis

2.3.1. Synthesis of (N1-(4-(benzyloxy)benzylidene)-N2-
phenylethane-1,2-diamine)(L)

Scheme 1. Synthesis pathway for the L.

A solution of 4-Benzyloxybenzaldehyde (15.5 mg, 0.079
mmol) in 2 mL methanol was prepared in a schlenk.
Then, N-phenylethylenediamine (0.01 mL 0.079 mmol)
solution in 1 mL methanol medium was added dropwise
and stirred for 24 hours at room conditions. After 24 hours
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in the reaction, a precipitate was formed. The precipitate
and filtrate were separated. The precipitate was dried in the
vacuum line. Yield: 87.5%, FT-IR (KBr disk, cm™) v =
1642. 'TH NMR (400 MHz, DMSO-d,) 8 (ppm): 8.25 (s,
1H, CH=N), 7.69 (d, 2H, J=8.4 Hz, Ar-H), 7.46 (d, 2H,
J=7.2 Hz, Ar-H), 7.39 (t, 1H, J=7.4 Hz, Ar-H), 7.09-7.05
(m, 4H, Ar-H), 6.62 (d, 2H, J=8.0 Hz, Ar-H), 6.53 (t, 1H,
J=7.2 Hz, Ar-H), 5.57 (t, 1H, J=6.0 Hz, N-H), 5.15 (s, 2H,
O-CH,),3.71 (t,2H, J=6.2 Hz,N-CH,), 3.32- 3.28 (m, 2H,
N-CH,). C NMR (100 MHz, DMSO-d,) 6 (ppm): 161.5,
160.7,149.2,137.2,129.9,129.6,129.3,128.9,128.4,128.2,
116.1,115.3,112.6,69.8, 60.0, 44.3. Elemental analysis (%):
Calculated (C,H_ _N.O) (330,42) C,77.97; H,6.71; N,8.48;

2277227 72

Found, C,77.10; H, 6.64; N, 8.39.
2.3.2 Synthesis of Pt(L)CI2(Pt-L)

O

P{DMSO0),Cl, | -2 DMSO

Scheme 2. Synthesis pathway for the Pt-L complex.

Ligand (L) (38.5 mg, 0.137 mmol) was dissolved in 2 mL
of chloroform medium in a schlenk. Then, in a beaker,
Pt(DMSO),Cl, (58 mg, 0.137 mmol) was prepared as
a suspension in 3 mL chloroform medium and added
dropwise onto Ligand L. The mixture was then stirred at
reflux temperature for 72 hours. As a result of the reaction,
the solvent volume was reduced until 1 mL of solution
volume remained in the vacuum line and the solid was
obtained by precipitation with 5 mL of diethyl ether. The
light-yellow substance was dried under vacuum. Yield:
61%, Melting Point: 197 °C. FT-IR (KBr disk, cm™) v _
=1599, v, = 328 (with shoulder). 'H NMR (400 MHz,
DMSO-d,) 6 (ppm): 9.14 (s, 1H, CH=N), 7.79-7.15 (m,
14H, Ar-H),5.51(d, 1H,-NH), 5.20 (s, 2H,-CH,), 4.09 (bs,
1H,N-CH,),3.92 (bs, 1H,N-CH,), 3.03 (bs, 1H,N-CH,),
2.77 (bs, 1H, N-CH,). *C NMR (100 MHz, DMSO-d,)
d(ppm): 165.8, 161.5, 146.5, 133.1, 129.4, 129.0, 128.3,
124.5, 124.3, 124.0, 115.8, 115.3, 112.5, 70.0, 61.1, 60.1,
46.0. Elemental analysis (%): Calculated (C,,H,,CL N, OPt)

227722
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(596,41) C,44.30; H,3.72; N,4.70; Found, C,43.81; H, 4.18;
N, 4.08.

2.4. Thioflavin T Assay

Concentrations of the Af, ,, Aggregation Kit, purchased
from AnaSpec, were prepared according to the kit procedure.
For this purpose, stock solutions of complexes and AP,
4, prepared as specified in the biological measurements
above were diluted with buffer containing 50mM Tris /
150mM NaCl, 20mM HEPES (4-(2-hydroxyethyl)-1-
piperazinepropanesulfonic acid) / 150mM NaCl, 10mM
Phosphate / 150mM NaCl and final concentrations 10 plM
for AB, ,, and 10 pM for the complexes (corresponding to
an interaction ratio of 1: 1) were prepared. The final DM SO
concentration does not exceed 1 %. ThT solution prepared
with bufter was adjusted to the final concentration of 42.6
pM. It was determined by the literature data that an effective
signal was obtained at this concentration (Xue et al. 2017).

Negative controls consisting of ThT and assay buffer and
consisting of ThT-complex (Pt-L) was run to ensure that
complex does not alter ThT fluorescence. Samples were
plated in a black 96-well plate. The plate was sealed with
aluminum sheets to prevent samples from light and kept
in the dark. Fluorescence was measured through the plate
bottom every 5 min for 165 min. at excitation 440 nm and
emission 484 nm on a Thermo Fisher Scientific, Varioskan
Flash microplate reader. Samples were kept at 37 °C un-
der orbital agitation (550 rpm) in the plate reader between
reads. Kinetic was plotted using GraphPad Prism.

2.5. Biological Activity

2.5.1. Preparation of monomeric A}
solutions

1.0, and complexes stock

Commercially purchased A, , first interacted with HFIP,
resolved, and published in accordance with the literature.
This method primarily aimed to remove oligomers that
may be present in commercial amyloid. Insoluble parts were
separated by adding HFIP and the resulting solution was
concentrated in a vacuum concentrator. Again, the literature
was used to determine the concentration according to its
effects (Ryan et al. 2013). It was then brought to the con-
centration to be studied by diluting with 1xPBS. In all mea-
surements, amyloid solution was freshly prepared. Due to
the low water solubility of the complexes, the complexes for
the prepared stock solution were dissolved in 2:1 DMSO/
H,O medium and diluted to the targeted concentrations
with phenol-free DMEM (Dulbecco’s Modified Eagle Me-
dium). In all cell measurements, an application method was
followed in which the DMSO rate did not exceed 1%.
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2.5.2. Cell culture studies

Human neuroblastoma cancer cell (SH-SY5Y) was used
in cell culture studies. After removing the frozen cell from
-80°C in the cryotube. Then it was quickly thawed in a
water bath and transferred to a flask and filled with DMEM
medium. Phenol-red-free DMEM was selected as the
medium used to determine the cytotoxicity levels of the cells,
and all procedures were carried out under sterile conditions.
The DMEM medium was prepared with 1% penicillin/
streptomycin, 1 % L-Glutamine, 1 % non-essential amino
acid, and 1 % Sodium-pyruvate added to the bottle, and it
was completed to 500 mL. For an optimal environment for
cell growth, the cells were kept in an incubator at 37 °C,
containing 95% humidity and 5% CO, conditions.

2.5.3. Cytotoxicity studies

In 96-well plates, 1 x 10° SH-SY5Y cells (for 72 hours) were
seeded in each well. To determine the cytotoxicity of the
complexes alone, master stock solutions of the complexes
were diluted with DMEM to the obtained concentrations
and added to the wells at (0.1;0.5;1;10;50;100) pM concen-
trations. After 72 hours of cell cultivation, the medium was
removed from the cells and the wells were washed 2 times
with 1x PBS. At the end of the relevant time, the medium
was removed from the cells, 100 pL of 0.5 mg/mL MTT
(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) was added to each well and incubated at 37 °C
for 3 hours. After the incubation was completed, the me-
dium with MTT was removed from each well and 150 pl
of DMSO (Dimethyl sulfoxide) was added to dissolve the
MTT crystals in the cell. The absorbance of the wells was
measured at 570 nm with a microplate reader (Thermo Sci-
entific, Varioskan Flash). The percent viability of the control
group (untreated group) was considered 100% and the ab-

sorption value of each well was calculated as a percentage
relative to the control group, and the experiments were re-
peated three times.

As a result of this study, the inhibitory effect of the

complexes on the toxicity of AP, ,, in neuronal cell culture

1-42
was determined by MTT measurement. Neuronal cells

were incubated with A, , for 72h (Interaction with HFIP
(Hexafluoroisopropanol) may give erroneous results for the
first 24 hours with a final concentration of 10 pM in the
presence of complexes at concentrations of 10 and 5 uM
respectively.

After removing the medium from the installation, 0.5 mg/
mL MTT was added to the wells and incubated at 37°C
for 3 hours. After the incubation period was completed, the
medium with MTT was removed from each well and 150
pL of DMSO was added to open the MTT crystal cells
inside. The absorbance of the wells was measured at 570 nm
with a microplate reader and again compared with the con-
trol group to calculate the percentage of cell viability (Mos-
mann 1983).

3. Results and Discussion
3.1. Synthesis Studies of Ligands and Complexes

Synthesis schemes of the ligand and complex are shown in
Schemes 1 and 2, and '"H NMR and ®C NMR spectra of
the ligand and complex are given in Figures 1, 2, 3 and 4,
respectively.

'H NMR and ®C NMR spectra of L and complex Pt-L were
recorded in DMSO-d, media according to their solubility.
The imine peak seen at 8.25 ppm in the ligand shifted to
9.14 ppm with complex formation. The signal of the CH,
group bound to oxygen in the ligand shifted from 5.15 ppm
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Figure 1. 'H-NMR spectrum of Ligand (L).
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Figure 4. BC-NMR spectrum of complex (Pt-L).
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to 5.20 ppm with complex formation. The proton signal of
the CH, group bound to nitrogen is seen as a singlet at 3.71
ppm in the free ligand, while it is observed as two separate
singlets at 3.92 and 4.09 ppm with complex formation.
When the 'H NMR and *C NMR spectra for L and Pt-L.
are examined, shifts are seen relative to the free ligand. In
particular, the characteristic imine proton (N=CH) and
imine carbon (N=CH) shifts to higher ppm from the free
ligand indicated that the complex were imine bound (Miles
et al. 2016, Patterson ez a/. 2014, Shiju et al. 2015). The peaks
of the protons in the CH, group are also seen by separating
them in ligand spectrum (Damoc et al. 2020). A shift in
CH, protons was observed relative to the free ligand in the

complex spectrum. The results of the NIMR assessments are
presented in Table 1.

The FT-IR spectra of the complex obtained was compared

with the ligand. This spectrum shows that the v ., modes

change with complexation. While there is a cle(ZrN)distinc—
tion in cis- Pt-Cl peaks of the starting complex [PtCI(DM-
S0O),], it was observed as a peak containing a shoulder in the
FT-IR spectra of the Pt-L complex (Figure 6 and 7). How-
ever, when the literature data are examined, it is seen that
this distinction is not fully observed in some cis-structured

complexes (Gimis et al. 2009).

Elemental analysis results of the ligand and complex are
compatible with the suggested structure.
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Figure 6. FT-IR spectrum of complex (Pt-L).
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Table 1: 'H- and ®C-NMR peak assignments for ligand and complex.

w29 1!- =
S il
11 1p Tﬂ A " _@_{"/ 'KEE-_,.- His
12 Q_/ 4 1 15 noom Q_/ ‘* 22
a9 8 5 i
13 14
Ligand (L) complex (Pt-L)
"H-NMR
Number ppm Number ppm
15 8.25 (s) 15 9.14
2,6 7.69 (d)
3,5 7,46 ((d)) 2,3,5,6,10,11, 12,
11,13 7,39 (t 13, 14,21, 22,
10,12, 14,21, 25 7.09-7.05 (m) 23,24,25 7:79-7.15 (m)
22,24 6.62 (d)
23 6.53 (t)
19 5,57 (bs) 19 5.51 (bs)
8 5.15 (s) 8 5.20 (s)
4.09 (bs) (1H
17 371 (0 17 B Ebs§ ElH;
18 3.32-3.28 (m) 18 ;2; EE:; gg;
BC-NMR
Number ppm Number ppm
4 161.5 4 165.8
15 160.7 15 161.5
20 149.2 20 146.5
9 137.2 9 133.1
2,6 129.9 2,6 129.4
22,24 129.6 22,24 129.0
1 129.3 1 128.3
11,13 128.9 11,13 124.5
12 128.4 12 124.3
10,14 128.2 10,14 124.0
23 116.1 23 115.8
21,25 1153 21,25 115.3
3,5 112.6 3,5 112.5
8 69.8 8 70.0
17 60.0 17 61.1
18 44.3 18 46.0

*s: singlet; d: doublet; t: triplet; m: multiplet; bs: broad singlet.
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3.2. Biological Assessment
3.2.1. Determination of cytotoxic activities of complex

The cytotoxicity of the complex was studied for 72 hours
(Figure 7). The initial concentration was determined as 10
pM (Yellol et al. 2015). The cytotoxicity of the complex for
IC,, value over 72 hours is 19.22 uM.

After determination and evaluation of the cytotoxicity of
the complex alone in the SH-SY5Y cell line, the appropriate
concentration was determined for cytotoxicity studies to be
measured by Af, .
determined to correspond to the molar ratio of 1.0:1.0 and
1.0:0.5 amyloid/complex. AP, ,, alone was added to the
medium as a control (Figure 5).

'The concentration of the complex was

SH-SYS5Y + (Pt-L) Complex
120

100
20
0 |

Control 0.1 uyM 0.5uM 1pM 10 puM 100 pM

oo
o

% Cell Viability
N
(=]

B
o

Figure 7. Cytotoxicity of the Pt-L on the cell viability

150 amm control

140 bmm ARq4

130

120 cmm ARyt (Pt+L) Complex (1.0;1.0)
110 dmm ARyt (Pt+L) Complex (1.0;0.5)

% Cell Vitality

Figure 8. Inhibition of the AP, , toxicity.

After 72 hours (Vyas et al. 2018) 10 pM. Ap, , was found
to have approximately 65% cell viability by measurements,
which is consistent with literature data (Kristhal et al. 2019).
Interactions of the complexes with amyloid at 1:1 and 1:0.5

molar ratios were also performed over 72 hours.

As seen in the Figure 8, because of the findings, it was
observed that the complex at both molar ratios inhibited

the cytotoxicity caused by AP, ,, aggregation.

1-42
It showed higher activity in 1.0: 1.0 molar ratio than 1.0:0.5
in 1 molar ratio. This is compatible with some literature data
(Roberts et al. 2020). When the studies on Pt complexes
were examined, it was observed that certain activation was
obtained at 1.0:2.0 amyloid/complex ratios in general. The
result determined for the complex in this study appears to
be lower than the metal molar ratio found in many other

studies (Messori et al. 2013).
3.3. Thioflavine-T Aggregation Inhibition Studies

One of the most common method used to determine
the aggregation kinetics of AP , is the Thioflavine-T
fluorescence measurement technique. As a control, AB,
4, in the medium showed an increase in fluorescence over
time. To determine the AB
measurements with A,
and 1.0: 0.5 were made. The results are given in Fig 9a and
9b. As a result of this measurement, it was observed that

s,/ complex interaction ratio,

/ complex molar ratios of 1.0:1.0

the interaction of 1.0:1.0 molar ratio inhibited amyloid
aggregation more than other ratio. Compared with literature
data, the complexes we examined show a lower molar ratio
(Messori et al. 2013, Lu et al. 2015) suggesting that they are
more active in amyloid aggregation. By analyzing the area
under the curve, it can be calculated that complex (1.0:1.0
molar ratio) interacts with amylode at a rate of 65%.

There are only three studies conducted with Schiff bases
in the literature (Heffern et al. 2014, Roberts et al. 2020,
Iscen et al. 2019), and the effect of only one Co-Schiff
base complexes on the aggregation of AB, , was examined
and it was reported that the compound they synthesized
interacted with amyloid at a rate of approximately 70%
(Roberts et al. 2020). In studies available in the literature,
the values generally found for the compounds examined
in fluorescence measurement data are those with a similar
effect in the molar ratio of 1.0:2.0 (amyloid/complex)
(Roberts et al. 2020, Messori et al. 2013, Lu et al. 2015).
In a few studies, the interaction ratio is 1.0:1.0 (Vyas et al.
2018, Florio et al. 2020). These results obtained in our study

show that complex Pt-L is promising in terms of inhibition

of AP
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Figure 9. A) Fluorescent graphic. B) Under the curve Area.

4. Conclusion and Suggestions

In this study, the synthesis of a new amine/imine structured
Schiff base and its chelated platinum complex is reported.
'The structures of the ligand and the complex were elucidated
by spectroscopic methods. The cytotoxicity of the complex
on SH-SY5Y neuroblastoma cells was examined and its

ICso value was found as 19.22 pM.

'The activation of the complex on the cells with amyloid was
measured by determining the non-toxic concentration. It
has been determined that it inhibits amyloid aggregation
and increases cell viability, especially when the amyloid/
complex is in a 1.0:1.0 molar ratio. Again, with the help
of fluorescence measurements, it was understood that the
complex interacts with 65% of the amyloid. These results
obtained in our study show that the complex is promising in
terms of inhibition of AP, ..
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