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Abstract. Background/Aim: Melanoma represents a big
challenge for clinical treatment. Besides being the most
aggressive and the deadliest form of skin cancer, it is often
refractory to commonly used anticancer drugs. Hence,
developing new anti-cancer agents is crucial to improve
refractory melanoma treatment. Studies using palladium(II)
complexes have reported antitumor effects on cancer cells. In
this study, we aimed to determine the cytotoxic effect of three
novel synthesized Pd(Il) complexes with Schiff bases derived
from 4-aminoacetophenone on the MDA-MB-435 melanoma
cell line. Materials and Methods: Cells were treated with
ligand and Pd(Il) complexes. Cell viability, morphology and
death induction upon treatment were examined. Results: Novel
synthesized Pd(Il) complexes led to decreased viability of
cells. They also induced morphological alterations and cell
death, mainly in the C3 complex. Conclusion: The novel
synthesized complexes have a significant cytotoxic effect on
cell line MDA-MB-435, especially C3 and can be considered
as an antitumor agent for further studies.

Cancer poses a major threat to public health worldwide, and
the incidence rates have increased in most countries (1).
Globally, the most frequent kind of malignancy is skin
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cancer, which has been categorized into non-melanoma and
melanoma skin cancers. Cutaneous melanoma is the
deadliest form of skin cancer, its incidence varies greatly
between countries, and has been increasing at a more rapid
rate than other cancer types (2).

Treatment of cutaneous melanoma experienced a revolution
over the past decade with the introduction of target therapy
and immunotherapy. Although new therapies have achieved
success in extending patient survival, most patients develop
endocrine disfunctions (3) and become resistant to targeted
therapy (4, 5) resulting in rapid progression with treatment-
refractory disease and once metastasized, the treatment options
for melanoma become very limited (6, 7). In this scenario,
chemotherapy remains important in the palliative treatment of
persistent post-BRAF blockade, refractory, progressive, and
relapsed melanomas (8).

After the discovery of cisplatin [cis-diamminedichloro-
platinum(Il)], a chemotherapeutic agent widely used against
several tumor types, including melanoma, antitumor
metallodrugs have emerged as potential alternatives for cancer
treatment. This is the case of palladium(Il) complex, a
structurally analog to cisplatin, with reported cytotoxic activity
against various cancer cell lines and lesser toxicity to normal
cells (9-14). In this study, we synthesized novel Schiff base
palladium(IT) complexes derivated from 4-aminoacetophenone
and evaluated their cytotoxic effects on melanoma cell line,
MDA-MB-435.

Materials and Methods
Synthesis of imine ligands (L1-L3). A solution of p-anisaldehyde (8.28

mmol), terephthaldehyde (4.13 mmol) or trans-cinnamaldehyde (8.26
mmol) in ethanol (5 ml), was added dropwise to a solution of of 4-
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aminoacetophenone (8.28 mmol) in ethanol (30 ml), to yield the L1,
L2 and L3 ligands respectively (15). The reaction mixture was stirred
at room temperature for 4 h. After coolling for 24 h, at —10°C, a pellet
was formed which was filtered off, washed (with ethanol, water and
ethyl ether) and vacuum-dried. L1 {1-{4-[(4-methoxyphenyl)methyli-
deneamino]phenyl}ethanone}: yellow; yield 90%; melting point:
126°C; IR (KBr, cm!): 2966, 2841, 1670, 1589, 1111, 854; 'H NMR
o ppm (DMSO-d6, 300 MHz): 9.86 (s, 1H), 8.32-6.95 (m, 4H), 3.84
(s, 3H), 2.57 (s, 3H); molar conductivity: 5.14 uS/cm; C;¢H;5sNO,
(253.29 g/mol); calculated (%): C, 75.87; H,5.97; N, 5.53; found (%):
C, 75.19; H, 5.68; N, 5.28. L2 {1,1’-[1 4-phenylenebis(methyly-
lidenenitrilo-4,1-phenylene)]diethanone}: yellow; yield 91%; melting
point: 214°C; IR (KBr, cm~1): 2982, 2888, 1670, 1578, 1271, 835; 1H
NMR 6 ppm (DMSO-d6, 300 MHz,): 10.10 (s, 1H), 8.09 (s, 2H), 7.66
(s, 2H), 6.54 (s, 2H), 2.36 (s, 3H), molar conductivity: 3.86 pnS/cm;
Cy4HyoN,O, (368.42 g/mol); calculated (%): C, 78.24; H, 5.47; N,
7.60; found (%): C,77.69; H, 5.29; N, 8.20. L3 {1-{4-[(3-phenylprop-
2-en-1-ylidene)amino]phenyl}ethenone}: yellow; yield 86%; melting
point: 134°C, IR (KBr, cm1): 2991, 2855, 1670, 1578, 1262, 752; 'H
NMR 6 ppm (DMSO-d6, 300 MHz,): 9.65 (d, 1H, J=7.8 Hz), 7.78-
7.59 (m, 2H), 7.59-7.34 (m, 3H), 7.30-7.08 (m, 5H), 6.84 (dd, 1H,
J=16.0, 7.8 Hz), 2.32 (d, 3H, J=19.4 Hz); molar conductivity: 3.54
uS/ecm; C7H;5sNO (249.30 g/mol); calculated (%): C, 81.90; H, 6.06;
N, 5.62; found (%): C, 81.54; H, 6.19; N, 5.29.

Synthesis of Pd(Il) complexes (CI1-C3). In order to synthesize the
Pd(II) complexes C1, C2 and C3, a solution of each ligand L1, L2
or L3 respectively (5.6 mmol) in methanol (20.0 ml) was added
dropwise to a solution containing palladium(II) chloride (5.6 mmol)
and lithium chloride (11.28 mmol) dissolved in methanol (50.0 ml).
A mixture of triethylamine (1.0 ml) and methanol (15.0 ml) was
then slowly added only for C1 synthesis. The resulting solutions
were stirred at room temperature for 8 h and a pellet was formed
which was filtered off, washed (with ethanol, water and ethyl ether)
and vacuum-dried. C1: orange; yield 80%; IR (KBr, cm=1): 2922,
2841, 1680, 1581, 1112, 825; TH NMR  ppm (DMSO-d6, 300
MHz): 10.15 (s, 1H), 8.05-7.28 (m), 3.34 (s, 3H), 2.52 (s, 3H);
molar conductivity: 24.52 uS/cm; C;,H,gN,0,Cl,Pd, (788.32
g/mol); calculated (%): C, 48.76; H, 3.58; N, 3.55; Pd, 27.00; found
(%): C,48.15; H, 3.24; N, 3.13; Pd, 27.88. C2: orange; yield 48%;
IR (KBr): 2907, 2862, 1682, 1598, 1271, 835 cm-!; 1H NMR
(DMSO0-d6, 300 MHz,): 6 ppm: 10.11 (s, 1H), 8.10 (s, 4H), 7.65 (d,
2H, J=8.7 Hz), 6.55 (d, 2H, J=8.7 Hz), 2.37 (s, 3H), molar
conductivity: 3.60 pS/cm; Cy4gHy4oN,O04Cl4Pd, (1091.51 g/mol);
calculated (%): C, 52.82; H, 3.69; N, 5.13; Pd, 19.5; found (%): C,
53.05; H, 3.83; N, 5.39; Pd, 19.45. C3: yellow; yield 87%; IR (KBr,
cm-1): 2921, 2857, 1682, 1573, 1169, 752; 'H NMR 6 ppm
(DMSO0-d6, 300 MHz): 9.67 (d, 1H, J=7.8 Hz), 7.76-7.64 (m, 2H),
7.48-7.37 (m, 3H), 6.89-6.73 (m, 5H), 6.58 (d, 1H, J=8.5 Hz), 2.37
(s, 3H); molar conductivity: 3.58 uS/cm; C3,H3oN,0,Cl,Pd (675.94
g/mol); calculated (%): C, 60.41; H,4.47; N, 4.14; Pd, 15.74; found
(%): C,61.10; H,4.13; N, 4.44; Pd, 17.74.

Cell line culture and treatment. The MDA-MB-435 cell line was
purchased from the Rio de Janeiro Cell Bank (Brazil) and cultured
in RPMI 1640, supplemented with 20% (v/v) inactivated fetal
bovine serum, 100 U/ml penicillin and 100 ug/ml streptomycin.
Cells were maintained in a humidified atmosphere with 5% CO,, at
37°C. Medium was replaced every two days and cells were sub-
cultured every 3 days, after 0.25% Tripsina-EDTA solution
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Table 1. Cytotoxic activity of the compounds against MDA-MB-435
cancer cell line.

Compound Inax (%) 1C5y (UM)
24 h 48h
Cisplatin 31.46+1.752 65.30£3.952 6.00+0.342
L1 28.87+1.202 66.48+1.072 6.7£0.212
C1 40.91+1.82b 73.31x1.242 5.33+0.242
L2 11.99+1.95¢ 67.62+1.352 6.45+0.272
C2 33.09+2.762b 85.72+2.17° 2.86+0.04b
L3 15.88+1.69¢ 72.99+2.152 5.40+0.432
C3 44.54+1.29b 80.13+1.24b 3.97+0.02b

Ihax: Maximal inhibition of viability achieved after 24 and 48 h of
treatment with 10 uM of each compound. IC5,: concentration required
to reduce the cell viability by 50% of the maximum effect of the
compound after 48 h of treatment (relative to negative control). The
results were obtained by the SRB assay and are shown as mean+SEM
of three independent experiments. Different letters in the same column

indicate significant differences (p<0.05) by the Tukey’s test.

treatment. The Trypan blue-dye exclusion method was used to
assess cell viability before each experiment and exponentially
growing cells were plated at seeding density of 2x104 cells/ml and
left overnight to allow for attachment. The cells were then exposed
for 24 or 48 h to L1-L3 and C1-C3 different concentrations (0.1-
10.0 pM). Compounds were freshly dissolved in DMSO, sterilized
by filtration and diluted in the culture medium. Treated-cells with
vehicule were the negative control, and with cisplatin, the positive.

Sulforhodamine B (SRB) viability assay. The cytotoxicity of the
compounds was evaluated using SRB cell viability, which estimated
cell protein content (16). Control and treated-cells, seeded onto 96-
well plates, were fixed with 10% trichloroacetic acid (w/v) for 30
min at 4°C, then washed three times with distilled water and dried
for 24 h. The fixed cellular material was stained with 0.4% SRB
dissolved in 1% acetic acid (v/v) for 30 min. Unbound dye was
removed by rinsing 4 times with 1% acetic acid (v/v). The protein-
bound dye was dissolved by adding 100 ul of 10 uM Tris, pH 10.5
for the determination of optical density (at 510 nm) in a
BiochromAsys UVM 340 microplate reader. Vibility of treated cells
was calculated relative to the negative control and the obtained
values were used to determine the ICs, (concentration necessary to
reach 50% of the maximum inhibitory effect of the compound).

Cell morphological and morphometric analyses. Control and treated
cells cultured on coverslips were fixed with 70% acetone for 15 min,
washed with PBS, and stained with hematoxylin-eosin. Slides were
observed by light microscopy, after being mounted in Entellan. Cell
digital images were acquired using an Olympus BX52 microscope
and Motic Images Plus 2.0 software. Fifteen random fields were
analyzed per treatment, to describe cell morphology. Cell length was
determined by measuring 150 cells per treatment (15).

Cell death assay. Cell death was estimated using the fast green-dye
exclusion method (17), with modifications (18). Control and treated-
cells were stained with 2% Fast green, followed by hematoxylin-
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Figure 1. Synthesis of 4-aminoacetophenone ligands (L1-L3) and of the Pd(Il) complexes (C1-C3).

eosin, and slides were mounted in Entellan. Based on this method,
viable cells exclude Fast green, so they were reddish-pink stained,
while dead cells were stained green, as they are unable to exclude
Fast green. We analyzed 600 cells/treatment using an Olympus
BX52 microscope and Motic Images Plus 2.0 software, to obtain
the percentage of dead cells.

Statistical analysis. Obtained data were compared by one-way
analysis of variance (ANOVA) followed by the Tukey test, when p-
value was less than 0.05. Data are shown as the mean+SEM of three
independent experiments.

Results

Chemistry. The metal palladium(Il) has a planar square
geometry and the coordination occurs by iminic nitrogen. In
C1 complex, the metal also binds to a carbon atom, forming
a cyclopalladated compound (Figure 1). All spectral,
elemental and thermal analysis agreed with the proposed
structures.

Cell viability. Cell viability decreased upon compound
treatment, and the effect was concentration and time-
dependent (Table I). Additionally, C2 and C3 were able to
reduce cell viability by more than 80% upon treatment for
48 h, an effect that is not frequently observed in apoptosis-

resistant cell lines. Compounds exhibited micromolar 1Cs
values. Of note, C2 and C3 exhibited the highest potencies
compared to the other compounds, with ICs, of 2.86 and
3.97 uM, respectively.

Morphology and morphometry. Ligands and Pd(II)
complexes treatment induced alterations in MDA-MB-435
cell morphology. Negative control cells are irregular-shaped
cells, with nuclear and cytoplasmic pleomorphism,
cytoplasm less stained than the nucleus and the nucleolus
plainly visible. After exposure to the compounds, cells
exhibited chromatin condensation, rounding-up and
shrinkage that indicate cytoskeleton disruption. The effect
of compounds increased with the incubation time increasing
(Figure 2). The Pd(II) complexes produced more
conspicuous morphological changes than the respective
ligands, specially C3. Cell shrinkage was further confirmed
by the determination of cell length, which was significantly
(p<0.05) decreased in comparison to control cells. The most
active compound was C3 (Figure 3).

Cell death. Cisplatin and compounds treatment induced

significant (p<0.01) cell death, with C3 being the most
efficient Pd(II) complex (Figure 4).
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Figure 2. Continued
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Figure 2. Morphology of control and treated MDA-MB-435 cells stained with hematoxylin and eosin, after 24 h (A) and 48 h (B) incubation. NC, Negative
control; PC, cisplatin (positive-control); L1-L3, ligands; C1-C3, Pd(Il) complexes. The compounds were used at 5 uM. All the experiments were carried
out in triplicates on different occasions, under identical conditions. Bar=5 um. Arrow: nucleolus; R: rounding; CC: chromatin condensation.
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Figure 3. Control and treated MDA-MB-435 cell length (um) after 24
and 48 h incubation. NC, Negative-control; PC, cisplatin (positive-
control); L1-L3, ligands; CI1-C3, Pd(1l) complexes. The compounds
were used at 5 uM. Results are expressed as mean+SEM of three
independent experiments. Different letters indicate significant
differences (p<0.05) by the Tukey’s test.

Discussion

In the present study, we report the in vitro antitumor
potential of three newly synthesized Schiff base
palladium(II) complexes derivated from 4-
aminoacetophenone. The presented coordination fashions
were based on similar structures reported in literature with
determined crystallographic structures (19-21). It has been
demonstrated that Pd(II) coordination to Schiff bases
improves its biological activity (22) and that was also
observed in the present work. Even though ligands
exhibited cytotoxic activity towards MDA-MB-435 cells,
the coordination with Pd(II) improved the observed
activity. In a previous study we have also demonstrated the
cytotoxic effect of a palladium(II) imine ligand complex
on MDA-MB-435 (15), however, with a lesser activity
than C3. It is also interesting to point out that C2 and C3
had ICs, values lower than cisplatin and dacarbazine, a
classic chemotherapy drug used in the treatment of
melanoma (23).

Decreasing protein content could be correlated to cell
number, thus being an indicator of cell growth or to the
protein turnover, affecting cell viability. Therefore, it is
possible to sustain the positive cytotoxic role of compounds
in the inhibition of MDA-MB-435 cell growth and spread,
thus affecting cell viability.

The cytotoxic potential of Pd(Il) complexes against the
MDA-MB-435 cancer cell line was also endorsed by the
demonstration of their effects on cell morphology, such as
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Figure 4. Control and treated MDA-MB-435 cell death (%) after 24 h
and 48 h incubation. NC, Negative control cells; PC, cisplatin (positive-
control); L1-L3, ligands; CI1-C3, Pd(Il) complexes. The compounds
were used at 5 uWM. Results are expressed as mean+SEM of three
independent experiments. Different letters indicate significant
differences (p<0.01) by the Tukey'’s test.

rounding-up (probably by disrupting cytoskeleton), shrinkage
of the cell and margination of chromatin in the nucleus
which are signs of cell death induction (24).

Most melanoma tumors are resistant to cell death (6, 25)
and the present work showed that Pd(II) complexes, mainly
C3, induced cell death, which could be important for
counteracting cancer development and spread, thus being
an important feature of a candidate for new antineoplastic
drug development. Our findings are in agreement with
reported work showing PD (II) complexes’ cytotoxicity to
melanoma cells both in vitro and in vivo, using a xenograft
model (12-14).

Overall, the results of the present work support a positive
cytotoxic effect of Pd(II) complexes towards MDA-MB-435,
an invasive melanoma cancer cell line, especially C3 which
may be a promising candidate for antineoplastic drug
development. Further in vitro experiments and animal studies
have to be performed to support these findings.
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