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Abstract. In the present study, we synthesized a Schiff base (L1) derived from L-phenylalanine
with furfuraldehyde and its Pt(II) complex ([Pt(L1)(L2)]: [Pt(N-(furfuralidene)phenylalanine)(8-
hydroxyquinoline)]) in the presence of 8-hydroxyquinoline (L2). The chemical structures of the syn-
thesized Schiff base and Pt(II) complex were characterized using ESI-MS, UV–Visible, FT-IR, 1H NMR,
13C NMR, and powder-XRD spectroscopy. The surface morphologies and elemental composition
were determined by SEM and EDX. Thermal analysis was performed with TG-DTA. Mole ratio of
Meyer and Job methods were used for the composition of complexes. According to these methods,
the ratio [Pt2+] : [L1 +L2] was found to be 1 : 1. In addition, the antimicrobial activities of L1 and the
complex showed that the compounds have significant antibacterial and antifungal properties. They
also show important cytotoxic effects against the growth of mouse embryo fibroblasts (MEF) and
human prostate adenocarcinoma (Du145) cancer cells. L1, L2, and the Pt(II) complex also displayed
effective antioxidant activity.
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1. Introduction

Schiff bases are an important class of ligands
that help to elucidate the mechanisms of various
reactions in biological and chemical systems due
to the presence of an imine group in their struc-
tures. Schiff bases have a significant role in coor-
dination chemistry since they easily form stable
complexes with most of the transition metal ions.
Schiff bases containing nitrogen and oxygen donor
atoms can be obtained by the condensation of
various aldehydes and amines. Due to their struc-
tural and functional properties, Schiff bases derived
from aldehydes and amino acids with transition
metal ions have various applications in chemical,
biological, and medical fields [1–5]. These com-
pounds also have antimicrobial and antifungal ac-
tivities against certain bacteria and fungal strains,
respectively [6–9].

Metal complexes of Schiff bases derived from
amino acids play a significant role in the inves-
tigation of DNA-binding and bovine serum albu-
min (BSA)-binding properties. DNA-binding metal
complexes have been extensively investigated as
potential anticancer drugs, DNA-dependent elec-
tron transfer, DNA structural and conformational
probes [10]. Apart from DNA, many other proteins
such as serum albumins, which are the most abun-
dant proteins in the blood, are also extensively im-
portant in the accumulation and transportation of
various drug molecules [11]. BSA is generally selected
as a target protein due to its low cost and similarity to
human serum albumin (HSA) [12]. Previously, DNA
and BSA-binding properties of metal-based Schiff
base complexes were investigated by Wei’s [13–15]
and Guo’s groups [16–18]. For example, two hexa-
coordinated octahedral nickel (II) complexes [14] of
Schiff bases derived from o-vanillin/salicylaldehyde
with glutamine and an Ni(II) complex [15] of Schiff
base of o-vanillin and l-methionine in the presence
of 1,10-phenanthroline were synthesized and char-
acterized. The DNA-binding properties of Ni(II) com-
plexes and the interactions of the nickel (II) com-
plexes with BSA were studied by using spectroscopic
analysis. In another study, vanadium complexes of
Schiff bases derived from o-vanillin/L-valine [17]
and L-serine/2-hydroxy-1-naphthaldehyde in the
presence of 1,10-phenanthroline [18] were synthe-

sized and the binding properties studied. The results
showed that the complexes can intercalate into calf
thymus DNA (CT-DNA) and quench the intrinsic flu-
orescence of BSA in a static quenching process and
cause conformational changes of BSA by binding to
the BSA.

There are many methods which characterize
Schiff bases derived from amino acids and aldehy-
des in the presence of various metals [19–23]. The
Pt(II) complexes were found to act as active homo-
geneous catalysts in hydrogenation reactions [24],
oxidative hydrolysis [25,26] of olefins, and activa-
tion of alkanes [27]. Since the platinum ions have
the ability to form complexes, they bind to amino
acids. Although there are many reports of transi-
tion metal complexes of Schiff bases derived from
amino acids, information about the corresponding
platinum(II) derivatives is still limited [28]. For these
reasons, in this study, a Pt(II) complex [Pt(L1)(L2)]
was synthesized using a Schiff base (L1) derived from
L-phenylalanine with furfuraldehyde in the presence
of 8-hydroxyquinoline. The structure of the complex
was investigated by Electrospray ionization mass
spectrometry (ESI-MS), UV–Visible spectroscopy,
Fourier transform infrared spectroscopy (FT-IR),
1H nuclear magnetic resonance (NMR), 13C NMR,
powder-X-ray diffraction (XRD), scanning electron
microscopy (SEM), energy-dispersive X-Ray anal-
ysis (EDX) and thermogravimetric and differential
thermal analysis (TG-DTA). As a result of physico-
chemical, spectral, and thermal analyses, it was
found that one molecule of L1 and one molecule of
L2 react with one Pt2+ ion. The Schiff base and the
complex were examined for antibacterial activities
against Escherichia coli ATCC 25922, Salmonella
thyphimirium ATCC 14028, Listeria monocytogenes
ATCC19115, gram positive Staphylococcus aureus
ATCC 25923, Bacillus cereus ATTCC 11778 and an-
tifungal activity against Candida albicans ATCC
1023. These results are compared with the antibi-
otic ampicillin and the antifungal amphotericin B.
The Schiff base and the Pt(II) complex were also
investigated for cytotoxic activity against mouse em-
bryo fibroblasts (MEF ATCC®SCRC-1008™) and hu-
man prostate adenocarcinoma (Du145 ATCC®HTB-
81™) cells. In addition, antioxidant activities
were determined for the obtained Schiff base and
complex.

C. R. Chimie, 2020, 23, n 2, 127-142



Özlen Altun and Melike Özge Koçer 129

Scheme 1. The synthesis of Schiff base (L1).

2. Experimental section

2.1. Materials

L-phenylalanine, furfuraldehyde, 8-hydroxyquinoline,
methanol, n-heptane, and K2PtCl4 were purchased
from Sigma, Aldrich, and Merck and used as sup-
plied.

2.2. Physical measurements

Elemental analysis for C, H, N, and O were per-
formed with a Costech ECS 4010 CHNSO element an-
alyzer and an ICP-MS 7700X (Agilent) element an-
alyzer was used for Pt. Conductivity measurements
were done with an Inolab Thermal 740P in dimethyl-
formamide (DMF). The magnetic moments were de-
termined by an MK-1 Sherwood scientific magnetic
susceptibility balance. ESI-MS was performed on an
Agilent 6400 Series Triple Quadrupole. UV–Visible
spectra were measured with a Shimadzu UV-1700
Pharma spectrophotometer in the wavelength range
of 200–800 nm. FT-IR spectra were recorded in trans-
mission mode by a Shimadzu FT-IR-470 spectrom-
eter in the wavenumber range of 4000–400 cm−1.
KBr was used as matrix material for pellets. 1H and
13C NMR spectra were performed in D2O for Schiff
base and CD3OD for the complex on a Bruker, DPX-
400 spectrometer. A Shimadzu XRD-6000 was used
for XRD analysis. SEM analysis was performed with
a scanning electron microscope, model ZEIS LEVO
LS 10. EDX was completed on an EVO LS 10 ana-
lyzer. The TG-DTA curves were recorded with a Seiko
Exstar TG-DTA 6200 thermal analyzer with a heating
rate of 10 ◦C·min−1 in the static atmosphere of dry
air at a temperature range of 25–1200 ◦C. Platinum
crucibles of 5–10 mg sample size were used in the
analysis.

2.3. Synthesis of Schiff base (L1)

The reaction mixture, including a methanolic solu-
tion (20 mL) of furfuraldehyde (1 mmol, 0.08 mL)
and a solution of L-phenylalanine (1 mmol, 0.20 g)
in methanol (20 mL) were refluxed for 3 h at 70 ◦C.
Then the solvent was removed by evaporation. The
obtained yellow crystals were recrystallized from wa-
ter. The reaction is given in Scheme 1.

L1 (C14H13O3N): Yield (%): 88. Color: Yellow. M.P.
(◦C): 225. Elemental Analysis (%): Calcd.: C 69.13, H
5.35, O 19.75, N: 5.76; Found: C 69.08, H 5.30, O 19.69,
N: 5.70. ESI-MS (m/z): Calcd. for L1 [M + H]+: 244.
Found: 243.

2.4. Synthesis of the Pt(II) complex in the pres-
ence of L1 and L2

The L-phenylalanine (1 mmol, 0.16 g) was dissolved
in 20 mL methanol containing NaOH (2 mmol,
0.08 g) and stirred magnetically at room tempera-
ture. Then, 0.08 mL furfuraldehyde (1 mmol), solid
K2PtCl4 (1 mmol, 0.10 g), and 8-hydroxyquinoline
(1 mmol, 0.14 g) in 10 mL methanol were added to
the solution and the mixture was stirred magnetically
for 3 hours at room temperature. The solution vol-
ume was reduced 75% by evaporation. The obtained
brown solid was recrystallized from methanol.

[Pt(L1)(L2)]([Pt(C14H12O3N)(C9H6ON)]): Yield (%):
82. Color: Brown. M.P. (◦C): 195. Elemental Analy-
sis (%): Calcd.: C 47.49, H 3.09, O 11.01, N 4.82,
Pt: 32.56; Found: C 47.44, H 3.06, O 10.98, N 4.79,
Pt: 33.57. Magnetic Moment (µeff, BM): 0.00, Dia-
magnetic. Conductivity (Ω−1 cm2 mol−1): 27.5, ESI-
MS (m/z): Calcd. for [[Pt(L1)(L2)] [M + H]+: 582.09.
Found: 581.08. Accordingly, the following reaction
was determined:

C. R. Chimie, 2020, 23, n 2, 127-142
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Scheme 2. The possible reaction of the Pt(II) complex with L1 and L2.

2.5. Antimicrobial activity

Since antimicrobial properties of L2 were reported
in previous studies [29–32], in this study, antimicro-
bial activities of the synthesized L1 and Pt(II) com-
plex were evaluated using the broth micro-dilution
method and the Clinical and Laboratory Standards
Institute (CLSI) procedures [33–38]. Minimal In-
hibitory Concentration (MIC) values for each com-
pound were determined against three gram-negative
bacteria (Escherichia coli ATCC 25922, Salmonella ty-
phimurium ATCC 14028, and Listeria monocytogenes
ATCC19115); two gram-positive bacteria (Staphylo-
coccus aureus ATCC 25923 and Bacillus cereus ATTCC
11778); and fungal (Candida albicans ATCC 1023)
strains. The area of the zone of inhibition was mea-
sured using ampicillin and amphotericin B (positive
control) for bacterial and fungal strains, respec-
tively. The concentrations of tested compounds were
prepared in the range 200–6.25 µg/mL. Dimethyl
sulfoxide (DMSO), which has no activity, was used
as negative control. Microorganisms were seeded
in a 96-well sterile microplate. The microplate was
then incubated for the growth of test organisms for
24 h at 37 ◦C. The absorbance was measured on
a Thermo Multiscan GO Microplate Reader Spec-
trophotometer at 600 nm. The color change was
determined visually. Any color change from pur-
ple to pink was considered as positive. The lowest
concentration with a color change was recorded
as the MIC value. All experiments were repeated
four times.

2.6. Cytotoxic activity

Anticancer therapy is generally used with
chemotherapeutic compounds that promote the
destruction of sensitive tumors and show cytotoxic
activity against cell proliferation [39,40]. The cell vi-
ability was evaluated with the MTT method [41–44].
The MTT assay is a well-documented cell viability
assay for cytotoxic activity that was first tested by
Mosmann [45]. The MTT assay can be applied to any
cancer cell because MTT can be metabolized by all
living cells. In this analysis, cells were cultured in Dul-
becco’s Modified Eagle Medium supplemented with
10% fetal bovine serum, 1% L-glutamine, 5% heat-
inactivated penicillin–streptomycin (100 IU/mL)
and kept in a 5% CO2 incubator at 37 ◦C. Healthy
human (MEF, ATCC®SCRC-1008™) cells and hu-
man prostate adenocarcinoma (Du145, ATCC®HTB-
81™) cancer cells were transferred into a 96-well
sterile microplate using a culture medium (den-
sity of approximately 7500 cells/well in 200 µL) for
24 h. The cell viability was determined with trypan
blue dye using a hemocytometer and a 95% viability
was confirmed. For cell attachment, the microplate
was incubated in a 5% carbon dioxide incubator for
24 h at 37 ◦C. After 24 h, synthesized Pt(II) complex
in the concentration of 25, 50,100, 200, 400, and
800 µM was added to the wells and again kept in
incubation for 24 h. Then, 20 µL/200 µL per well
of 5 mg/mL MTT (3-(4,5-dimethyl-thiazol-2-yl)-2,5-
diphenyltetrazolium bromide) solution was added
and incubated at 37 ◦C for an additional 4 h. The
formazan blue formed in the cells was dissolved in
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DMF (200 µL/well). The optical density (OD) was
measured on a Thermo Multiscan GO Microplate
Reader Spectrophotometer at 490 nm. The measured
absorbance value for each concentration of the Pt(II)
complex was compared to the DMF-treated control.
The IC50 values were evaluated. All experiments were
performed six times. Growth inhibition percentage
was calculated with the following formula [46]:

Growth inhibition % = OD control−OD treated sample

OD control
×100

(1)

2.7. Antioxidant activity

The stable DPPH (2,2-Diphenyl-1-picrylhydrazyl)
radical scavenging assay is a widely used method to
evaluate antioxidant activities, as it is a simple and
rapid method compared to others [47–52]. Different
concentrations of the free ligands and Pt(II) complex
were dissolved by serial dilution in methanol to attain
final concentrations ranging from 1 to 5 µg/mL. The
prepared solutions were added to a sterile 96-well
microplate. BHT (2,6-di-tert-butyl-4-methylphenol)
was used at a concentration range of 1–5 µg/mL in
methanol as positive control. Methanol was chosen
for blanks. After 1 h of incubation in the dark, the ab-
sorbance (A) was recorded against a blank at 517 nm
on a Tecan-PC infinite M200 Pro Plate reader and IC
50 (50% inhibition of DPPH color) values were calcu-
lated. Experiments were duplicated. DPPH inhibition
percentage (Antioxidant Activity %) was calculated
using the following formula:

Antioxidant % = Ablank − Asample

Ablank
×100, (2)

where Ablank is the absorbance of the blank and
Asample is the absorbance of sample.

3. Results and discussion

Elemental analysis for C, H, N, and O is in accordance
with the proposed general formula of L1 and the Pt(II)
complex. In order to determine the molar conduc-
tivity, the complex was dissolved in DMF 10−3 M at
25 ◦C. The molar conductivity Λ of the complex was
calculated using the following formula:

Λm = K

C
, (3)

where K is the measured conductivity (specific con-
ductance) and C is the molar concentration of the

complex solution. The molar conductivity value
for this complex was 27.5 Ω−1·cm2·mol−1. There-
fore, this complex can be considered as a non-
electrolyte [53,54]. The magnetic moment of the
complex was determined to be µeff = 0.00 BM: the
complex is diamagnetic, in a low-spin state and with
square-planar geometry.

In the ESI-MS of L1 (Figure 1), the peak at m/z =
244 (found: 243) corresponds to [M + H]+ of L1 and
supports the suggested structure in Scheme 1. The
ESI-MS spectrum of the complex (Figure 2) shows a
molecular pattern with maximum intensity at m/z =
582.09 (found: 581.08) that is compatible with [M +
H]+ for the structure presented in Scheme 2. The
spectrum also shows isotope peaks at m/z 338, 339,
and 340 corresponding to the molecular cation, re-
sulting from removal of L1 molecule from the parent
ion.

The UV–Visible spectra of L1, L2, and their Pt(II)
complex (Figure 3) in CHCl3 showed absorption
bands between 200 nm and 800 nm. While the elec-
tronic spectrum of L1 contains three bands, L2 has
two bands in the UV region. The first bands for L1

at 249 nm and for L2 at 225 nm are assigned to π–
π* and n–π* (–C=N, –C=O) transitions. The second
bands of L1 and L2 at 305 and 275 nm, respectively,
and the third band of L1 at 404 nm may be ascribed
to the long pair electrons of nitrogen and oxygen
atoms. These values are shifted to higher values in
the UV–Visible spectrum of the complex. The com-
plex shows three absorption bands at 252, 354, and
416 nm which are attributed to 1A1g → 1Eg, 1A1g →
1B1g and 1A1g → 1A2g transitions, respectively. As a re-
sult, the observed transitions are consistent with low-
spin square-planar geometry [55–61].

The FT-IR spectra of free ligands and their Pt(II)
complex are detailed in Table 1. In the FT-IR spec-
trum of the complex, the symmetric and asym-
metric vibrations of the –COO group are not ob-
served since the amino acid-derived Schiff bases
are not in the form of their salts. But the charac-
teristic bands at 1597 and 1454 cm−1 which may
be caused by the symmetric ν(COO) and asym-
metric ν(COO) stretching vibrations, respectively,
of the coordinated carboxylate group [62–69]. This
assignment is based on the fact that non-ionized
and uncoordinated ν(COO) stretching band occurs
usually around 1750–1700 cm−1, while the ionized
and coordinated ν(COO) stretching appears around
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Figure 1. ESI-MS spectrum of L1.

Figure 2. ESI-MS spectrum of the Pt(II) complex.

Figure 3. UV–Visible spectrum of L1, L2, and
the Pt(II) complex.

1600–1400 cm−1. In addition, in the FT-IR spectrum
of L1, the characteristic bands at 1635 and 1548 cm−1

are attributed to ν(C=N) and ν(C=C) stretching
vibrations. These bands are shifted to 1643 and
1502 cm−1 in the complex, which indicates that the
imino nitrogen and phenolic oxygen of the Schiff
base are coordinated to the Pt(II) ion. The broad OH
stretching band in the 3200–3100 cm−1 region for L2

is missing in the spectrum of the complex. A sig-
nificant feature of FT-IR spectra of the metal com-
plexes in the presence of L2 is the absence of band
∼3440 cm−1 due to the OH stretching vibration of
the free OH group in L2. This observation leads to
the conclusion that complex formation takes place by
deprotonation of the hydroxyl group of the L2 moiety.
Furthermore, the stretching vibration of the azome-
thine, which appears at 1630 cm−1 in L2, is shifted
to a lower frequency in the complex, which indicates
coordination through the ternary nitrogen donor of
L2 [63]. The coordination through the nitrogen atom
in ν(C–N) and ν(C=N) groups is supported by the
appearance of new bands at 598 cm−1 in the spec-
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Table 1. Characteristic FT-IR bands (cm−1) of
the free ligands and Pt(II) complex

L1 L2 Pt(II) complex

ν(OH) - 3100 -

ν(COOH) 1709 - -

ν(C=N) 1635 1630 1643

νas(COO) - - 1597

ν(C=C) 1548 1524 1502

νs(COO) - - 1454

ν(Pt–O) - - 698

ν(Pt–N) - - 598

trum of the complex which may be connected with
the ν(Pt–N) vibration and a new band of weak inten-
sity observed at 698 cm−1 which may be assigned to
the ν(Pt–O) vibration [65].

1H NMR (300 MHz, D2O for Schiff base and
CD3OD for complex) (Table 2) and 13C NMR
(75 MHz, D2O for Schiff base and CD3OD for com-
plex) (Table 3) spectra of free ligands and their Pt(II)
complex were recorded to verify the binding of the
Schiff base and 8-hydroxyquinoline molecules to
the Pt2+ ion. For the Schiff base, the characteristic
1H NMR signal at 9.2 ppm is assigned to the COOH
proton. The peak at 7.7 ppm is attributed to the
HC=N proton. The multiplets in the 6.5–7.4 ppm
range are attributed to aromatic and furan protons.
The two signals at 3.8 and 2.7 ppm are assigned
to the aliphatic hydrogen protons (–CH and –CH2,
respectively) of the L-phenylalanine moiety. For
the 8-hydroxyquinoline [70,71], the characteristic
1H NMR signal at 9.7 ppm is attributed to the OH
proton. The other six protons of the quinoline ring
appear as multiplets between 6.7 ppm and 8.9 ppm.
In the 1H NMR spectrum of the complex, –OH and
–COOH peaks are missing and little shifts are seen
in the other peak positions. According to Table 4, the
13C NMR spectrum of L1 has signals at δ: 152 (s, C1),
126 (s, C2), 114 (s, C3), 150 (s, C4), 181 (s, C5), 53 (s,
C6), 176 (s, C7), 34 (s, C8), 138 (s, C9), 132 (s, C10 and
s, C14), 134 (s, C11 and s, C13), and 130 ppm (s, C12),
whereas the 13C NMR spectrum of L2 shows signals
at δ: 150 (s, C1), 122 (s, C2), 136 (s, C3), 118 (s, C4),
127 (s, C5), 122 (s, C6), 153 (s, C7), 139 (s, C8), and
127 ppm (s, C9). 1H and 13C NMR data indicate that
the complex was shifted in comparison with L1 and

L2 [72].
Despite several attempts, [73,74], single crystal of

the studied complex could not be obtained. There-
fore, the XRD-powder pattern of the Pt(II) complex
was investigated in order to test the degree of crys-
tallinity of the complex [75–78]. The X-ray powder
diffraction patterns of the complex were determined
over 2θ = 5–80◦ and six important peaks were ob-
served in the angle range of 10–70◦ (2θ), which arise
from diffraction of X-rays by the planes of the com-
plex (Figure 4). The inter-planar spacing (d) was
found from the positions of intense peaks using
Bragg’s equation. Angle (2θ), inter-planar spacing (d),
full-width at half-maximum (FWHM) of prominent
intensity peak, intensity (%), and integrated inten-
sity (%) are given in Table 4. According to Table 4, the
2θ values with maximum intensity of the peaks for
the complex are determined to be 12.5206, 24.8819,
28.1212, 40.4385, 46.3102, and 66.7250 (2θ) which
corresponds to d: 7.06402, 3.57558, 3.17064, 2.22879,
1.95895, and 1.40071 Å, respectively. There are good
agreements between 2θ and d values. All the peaks
calculated from the observed values of inter-planar
distance were compared to the recorded one. The
unit cell calculations were recorded for cubic sym-
metry from all significant peaks, and h2 +k2 + l2 and
(hkl) values were evaluated. The h2+k2+l2 values are
1, 1, 1, 1, 2, 2.8 and the (hkl) values (000), (001), (001),
(111), (200) and (220) for the Pt(II) complex. These re-
sults are compatible with characteristic XRD peaks of
other Pt(II) complexes in the literature. The average
crystallite size (D) of the complex dxrd was calculated
using Scherrer’s equation [79–82].

D = Kλ

βCosθ
, (4)

where D is the particle size of the crystal, K is a con-
stant, which is 0.94 for Cu grid, λ is the X-ray wave-
length (1.5406 A), θ is the Bragg diffraction angle;
and β is the FWHM. The complex has a crystallite
size of 33 nm, suggesting that the complexes are in
a nanocrystalline phase.

The surface of the Pt(II) complex was examined
using SEM [83–85]. SEM is a simple method that in-
dicates the structure of the surface of the prepared
complex. SEM analyses the surface of the complex
showing small to medium sized particles that tend
to agglomerate in different ways compared to the
starting materials. The SEM image of the complex
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Table 2. 1H NMR chemical shifts (δ/ppm) of the free ligands and Pt(II) complex

L1 L2 Pt(II) complex

OH - 9.7 (m,5H) -

COOH 9.2 (s,1H) - -

HC=N 7.7 (s,1H) - 7.5 (s,1H)

Ar.CH 6.5–7.4 (m,5H) - 6.9–7.4 (m,5H)

Furan CH 6.5–7.4 (m,3H) - 6.9–7.4 (m,3H)

8-Qring CH - 6.7–8.9 (m,6H) 9.0–9.5 (m,6H)

CH 3.8 (t,1H) - 4.9 (t,1H)

CH2 2.7 (m,2H) - 3.1–3.4 (m,2H)

Table 3. 13C NMR chemical shifts (δ/ppm) of
the free ligands and Pt(II) complex

L1 L2 Pt(II) complex

C1 152 150 160 and 152

C2 126 122 130 and 125

C3 114 136 117 and 140

C4 150 118 153 and 121

C5 181 127 185 and 128

C6 53 122 56 and 115

C7 176 153 180 and 158

C8 34 139 38 and 145

C9 138 127 142 and 131

C10 132 136

C11 134 138

C12 130 133

C13 134 138

C14 132 136

(Figure 5) shows that Pt(II) particles are spherical in
size. The Pt(II) particles are quite visible through-
out the complex as the presence of small grains in
the nanometer range. In addition, EDX [83–85] was
used for the elemental analysis on different sizes of
nanoparticles from the complex (Figure 6). The re-
sults obtained by EDX indicated that there were plat-
inum, carbon, oxygen, and nitrogen peaks and each
metal ion for the formed Schiff base complex was dis-
tributed homogeneously.

TG-DTA values of the complex are given in Ta-
ble 5. Three decomposition steps are obtained in
the temperature range of 25–900 ◦C. The first de-

Figure 4. XRD patterns of the Pt(II) complex.

Figure 5. SEM image of the Pt(II) complex.

composition in the range of 25–200 ◦C corresponds
to the loss of 0.4%, which in turn corresponds to
the loss of possible water molecules. The second
decomposition in the range of 200–500 ◦C is the
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Table 4. XRD analysis data of the Pt(II) complex

Strongest
peak no

2θ (deg) d (Å) I/II FWHM
(deg)

Intensity
(counts)

Integrated
Intensity
(counts)

9 12.5206 7.06402 88 0.25070 150 2138

22 24.8819 3.57558 84 0.25730 143 2045

27 28.1212 3.17064 100 0.56050 171 4491

38 40.4385 2.22879 38 0.23710 65 870

45 46.3102 1.95895 43 0.31550 74 1433

51 66.7250 1.40071 3 0.17000 14 166

Table 5. Thermal analysis data of the Pt(II) complex

Compound Steps Tb-Tc (◦C) Weight loss (%) Assignments

Pt(II) complex 1st 25–200 0.4 Possible water molecule

2nd 200–500 46.6 Organic Component

3rd 500–900 53.4 PtO

Figure 6. EDX analysis of the Pt(II) complex.

decomposition of the organic component (46.6%).
The temperature range 500–1000 ◦C leads to the
formation of platinum oxide (PtO, 53.4%) as a
residue. These results indicate that the complex
has good compatibility with the proposed struc-
ture. As a result of thermal analysis, qualitative
conclusions can be made about the stability of the
complex.

3.1. Solution study

The most commonly used method for determining
the stability of a Pt(II) complex in a physiological

medium is a time-based electronic spectrum study
of the complex in a reference physiological buffer
(50 mM phosphate, 4 mM NaCl, pH 7.4) [86–91]. The
complex is poorly soluble in water, but its solubil-
ity is quite high in organic solvents such as CHCl3,
CH3OH, and DMF. Therefore, the stability of the Pt(II)
complex dissolved in a minimum amount of CH3OH,
followed by phosphate buffered saline (PBS), giving
a final concentration of the complex 10−3 M at room
temperature was evaluated using a UV–Visible spec-
trophotometer. In Figure 7, the observed transitions
in the range of 300–450 nm, attributed to ligand to
metal charge transfer bands, are stable over 18 hours.
This result showed that the Pt(II) complex is stable
when dissolved in a reference physiological buffer.

3.2. Determination of the optimum conditions

In order to evaluate the wavelength for the reactions,
various solutions with pH values ranging from 1 to
10 of the molar composition (L1+L2) with Pt(II) were
arranged in the mole ratio of 1:1:1 (L1 + L2 + Pt2+)
and the spectra were obtained at room temperature.
The complex produced an absorption band at λ =
416 nm. Since the absorbance became stable at pH
values above 7 (Figure 8), the wavelength value λ =
416 nm and the pH value of 7 were chosen [92–94].
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Figure 7. UV–Visible spectrum of the Pt(II)
complex in physiological buffer at t = 0 (a) and
t = 18 hours (b).

Figure 8. The effect of pH on absorbance.

3.3. Composition of the Pt(II) complex

The perpetual change method of mole ratio [95]
and Job’s method of continuous variations [96,97]
were used for examination of the composition of
the complex during the reaction. For the perpet-
ual change method of mole ratio, various methano-
lic solutions were prepared at total concentrations
of 2 × 10−3 M, under the general procedure, in-
cluding L1 + L2 in the presence of Pt(II). The ab-
sorbances were recorded at 416 nm and the per-
petual change graph (Figure 9) was plotted against
[Pt2+]/[L1 + L2] after necessary absorbance adjust-
ment. The perpetual change demonstrated one max-
imum for [Pt2+]/[L1 + L2] = 1. For the Job’s method,
various solutions were prepared at total concentra-
tions of 1×10−3 M under the general procedure, in-
cluding (L1 + L2) and Pt(II). The absorbances were
recorded at 416 nm and the perpetual change graph
(Figure 10) was plotted against [Pt2+]/([Pt2+]+ [L1 +

Figure 9. Determination of mole ratio.

Figure 10. The composition of the Pt(II) com-
plex.

L2]). Job’s method of continuous variations produced
one maximum for the complex and is [Pt2+]/([Pt2+]+
[L1 + L2]) ∼ 0.5. According to Figures 9 and 10, one
molecule of L1 and one molecule of L2 react with one
Pt(II) ion.

3.4. Antimicrobial activity results

Antimicrobial properties of 8-hydroxyquinoline (L2)
were reported in previous studies, L2 was determined
to be a very strong antimicrobial agent against gram
positive S. aureus and fungal C. albicans [29–32]. In
this study, the antimicrobial activities of L1 and the
Pt(II) complex were evaluated by the micro-broth di-
lution method and MIC values were calculated. The
antimicrobial activities of the L1 and Pt(II) complex
were examined against bacterial and fungal strains.
The results are recorded in Figure 11 and Table 6. Pre-
vious studies about the antimicrobial activity of var-
ious Pt(II) complexes indicate a broad spectrum of
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antibacterial and antifungal activity. Compared with
antimicrobial activity data from previously reported
literature [98–100], the Pt(II) complex have signifi-
cant activity against S. aureus, L. monocytogenes, and
C. albicans strains in our study. According to our an-
timicrobial activity results, while the obtained com-
plex was effective against S. aureus, L. monocyto-
genes, and C. albicans at 6.25 µg/mL concentrations,
L1 showed moderate antibacterial activity against
S. aureus, L. monocytogenes, and C. albicans at 12.5,
12.5, and 6.25 µg/mL concentrations, respectively.
As a result of antimicrobial experiments, the syn-
thesized complex shows increased activity compared
with L1 and L2. The high activity of the Pt(II) com-
plex may be due to the effect of Pt+2 ion on the nor-
mal cell membrane. The higher antibacterial activity
of Pt(II) than L1 and L2 can be explained by chelation
of L1 and L2 with Pt+2 since metal chelates display
both polar and non-polar properties [101,102]. These
properties make them suitable for permeation into
cells. The polarity of the metal ion is reduced due to
partial sharing of the positive charge of the metal ion
with the donor groups, such as nitrogen and oxygen
on L1 and L2. Chelation enhances the penetration of
complex into lipid membranes by increasing the de-
localization ofπ-electrons over the entire chelate ring
[103,104]. It also increases the lipophilic nature of the
central metal ions, leading to liposolubility through
the lipid layer of cell membranes. The lipophilicity,
which controls the rate of entry of molecules into the
cell, is modified by coordination. Therefore, the ob-
tained Pt(II) complex can become more active than
the free L1 and L2 [105] and may be preferable to
other inorganic complexes of platinum(II) due to its
high effectiveness in preventing infection.

3.5. Cytotoxicity results

The coordination complexes of Pt(II) show interest-
ing cytotoxic and antitumor properties [106–112].
Previously, many studies reported the cytotoxic prop-
erties of (L2) 8-hydroxyquinoline [113,114]. Hence, in
our study, the cytotoxic activities of L1 and the Pt(II)
complex were determined for MEF cells and Du145
cancer cells by an MTT assay. The results are pre-
sented in Figures 12 and 13. The IC50 values within
the nanomolar range (50% inhibition) were evalu-
ated from the dose response curves. The IC50 values
of L1 and Pt(II) complex for MEF were calculated as

Figure 11. The viability (%) values for L1 (a)
and the Pt(II) complex (b) at different con-
centrations (200–6.25 µg/mL) for E. coli,
Salmonella thyphimirium, Staphylococcus
aureus, Listeria monocytogenes, Bacillus cereus,
and Candida albicans (n = 4) ± S.E.

>1000 µM and >1000 µM. For the Du145, the IC50

values of L1 and Pt(II) were determined as 77 µM
and 41 µM, respectively. According to the analysis re-
sults, no death was observed in MEF cells at any con-
centration, whereas L1 was effective on Du145 can-
cer cells at 100, 200, 400, and 800 µM concentrations.
The complex showed significant effect on Du145 can-
cer cells at 50, 100, 200, 400, and 800 µM concentra-
tions over 24 h compared with their respective con-
trol groups after 24 h. These results indicate that the
presence of L1 and L2 coordinated with a Pt(II) cen-
ter leads to activation of cytotoxic properties. As a re-
sult of the analysis, the cytotoxic activity of the Pt(II)
complex is more active than L1 and L2. In a previous
study, A. A. Yadav et al. [115] investigated molecular
mechanisms of the biological activity of the elesclo-
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Table 6. Antimicrobial activity data for the L1 and Pt(II) complex

Name of bacteria/fungus İnhibition %
L1 (Complex)

Antibiotic MIC (µg/mL)
L1 (Complex)

E. coli 4.9889 (8.8757) Ampicillin 6.25 (6.25)

S. typhimurium 9.6174 (19.6877) Ampicillin 6.25 (6.25)

S. aureus 50.9212 (63.7653) Ampicillin 12.5 (6.25)

L. monocytogenes 47.6417 (59.3048) Ampicillin 12.5 (6.25)

B. cereus 10.5767 (15.3787) Ampicillin 6.25 (6.25)

C. albicans 53.6662 (67.8547) Amphotericin B 6.25 (6.25)

Figure 12. The viability (%) values of L1 (a)
and the Pt(II) complex (b) at different concen-
trations (25–800 µM) for MEF. Values are pre-
sented as the means (n = 6) ± S.E for 24 h.

mol and its complexes with Cu(II), Ni(II), and Pt(II).
In their study, for the mechanism of biological activ-
ity of metal–elesclomol complex, they proposed that
the metal(II) was selectively transported to the mito-
chondria and enzymatic or non-enzymatic reduction
of the metal(II) deposited in the mitochondria would

Figure 13. The viability (%) values of L1 (a) and
the Pt(II) complex (b) at different concentra-
tions (25–800 µM) for Du145. Values are pre-
sented as the means (n = 6) ± S.E for 24 h.

yield metal. They also proposed that after reduction
and dissociation of the complex, the elesclomol was
effluxed from the cell and continued to shuttle more
metal(II) into the cell [116]. The same result may be
suggested for the mechanism of the cytotoxicity ac-
tivity of our Pt(II) complex.
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3.6. Antioxidant activity results

Free radicals, which are included in the process of
lipid peroxidation, are considered to play a major
role in medicine. A compound with radical reducing
power may serve as a potential antioxidant. Antiox-
idants are free radical scavengers that may prevent,
protect, or reduce the extension of oxidative dam-
age. The DPPH (2,2-diphenyl-1-picrylhydrazyl) test
[117–121] is commonly used to evaluate the ability
of compounds to act as free radical scavengers or
hydrogen donors, and to assess antioxidant activity.
The DPPH assay is performed quickly and easily with
the UV–Visible spectrophotometer, which explains
the widespread use in antioxidant studies. DPPH is
a stable nitrogen radical, which does not resemble
transient peroxyl radicals in lipid peroxidation. Many
antioxidants that react quickly with peroxyl radicals
may react slowly with DPPH or be ineffective on
DPPH due to steric hindrance. The effect of antiox-
idants on DPPH radical scavenging is due to the hy-
drogen donating ability or radical scavenging activity
of the samples [122]. A freshly prepared DPPH solu-
tion exhibits a dark purple color with maximum ab-
sorption at 517 nm because of the DPPH free radi-
cal. This purple color usually disappears when it re-
acts with an antioxidant that can donate electrons to
the DPPH radical and DPPH converts to a stable yel-
low compound (DPPH–H) [102,117]. Therefore, an-
tioxidant molecules can quench DPPH free radicals,
leading to a decrease in absorbance at 517 nm. The
scavenging reaction between DPPH and an antioxi-
dant (H–D) is shown below,

(DPPH)+ (H−D) → DPPH−H+ (D)

(Purple) (Yellow)

Stronger antioxidants can reduce absorbance
rapidly. The IC50 value, defined as the concentration
of the sample causing the DPPH concentration to be
reduced by 50%, is calculated from the linear regres-
sion of the concentration graphs of the compounds
tested against the mean percentage of antioxidant
activity [123,124]. The lower the IC50 value, the higher
the antioxidant activity of the tested samples. The
antioxidant activities of L1, L2, and the Pt(II) complex
were assessed using the DPPH radical scavenging
method at different concentrations. For compari-
son, butylated hydroxytoluene (BHT) was used as a

Figure 14. Percent antioxidant activity of the
free ligands and Pt(II) complex (n = 2) ± S.E.

Table 7. IC50 (µM) values of antioxidant activ-
ity of the free ligands and Pt(II) complex

Compound IC50 (µM)

L1 3.2

L2 3.6

Pt(II) complex 2.3

standard. The antioxidant results of L1, L2 and the
Pt(II) complex are presented in Figure 14 and Table 7.
The IC50 values of L1, L2 and the Pt(II) complex were
calculated as 3.2, 3.6, and 2.3 µM, respectively. The
antioxidant activity was significantly increased as a
result of the electron withdrawing effect of the Pt2+

ion, which facilitates hydrogen release to reduce the
DPPH radical [125]. The complex also showed sig-
nificant free radical scavenging when tested against
DPPH. As a result, the antioxidant activity of L1 and
L2 were determined to be enhanced on complexation
with the Pt2+ ion. Compared to previously reported
antioxidant data, the synthesized Pt(II) complex
showed significant antioxidant activity. As a result,
the obtained Pt complex as an antioxidant can in-
hibit the oxidation of lipids or other molecules by
preventing the oxidative chain reactions at low con-
centrations. Thus, it can prevent the damage done
to the body’s cells by oxygen [102,126]. In addition,
it can protect the human body against the damages
of reactive oxygen species produced during normal
cellular functions in the body and involved in the
etiopathogenesis of many chronic diseases [127].
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4. Conclusion

In this work, we studied the synthesis and spectral
analysis of a Pt(II) complex of a Schiff base (L1) de-
rived from L-phenylalanine and furfuraldehyde in
the presence 8-hydroxyquinoline (L2). According to
physico-chemical, spectrophotometric, and thermal
analysis results, small shifts in spectral analysis are
observed in the Pt(II) complex and the reaction of
L1 and L2 in the presence of Pt(II) is a complex re-
action. One molecule of L1 and one molecule of L2

react with one molecule of Pt(II) ion. The complex is
active against some of the chosen bacterial and fun-
gal strains. According to the test results, the antimi-
crobial activities of the complex increase compared
to the antimicrobial activities of the free ligands. L1

and the Pt(II) complex show strong cell-growth in-
hibition against Du145 cancer cells with MTT assay
implying that they induce apoptosis in these can-
cer cells. Whereas L1 is effective on Du145 cancer
cells at 100, 200, 400, and 800 µM concentrations,
the complex shows significant effect on Du145 can-
cer cells at 50, 100, 200, 400, and 800 µM concen-
trations over 24 h compared to the respective con-
trol groups after 24 h. The free ligands and Pt(II)
complex also have significant antioxidant activity.
Accordingly, the antioxidant activity results show that
the complex is effective at preventing the formation
of the DPPH radical. This activity is explained with
chelation theory. Furthermore, the IC50 values ob-
served in cytotoxicity and antioxidant activities indi-
cate that the synthesized complex exhibits differen-
tial and selective properties.
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