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ABSTRACT

Herein syntheses and characterization of the complexes [Pt(PG)(PPhs);] (1) and [Ru(PG)(dppm),] (2),
where PG (propyl gallate)=propyl 3,4,5-trihydroxybenzoate, PPhs = triphenylphosphine and
dppm = 1,1-bis(diphenylphosphino) methane, are described. The structure of the complex
[Pt(PG)(PPhs),] was elucidated by X-ray diffraction. The cytotoxicity of the complexes against four tumor
cell lines, lung carcinoma (A549), breast carcinoma (MCF-7), hepatocellular carcinoma (HepG2), glioblas-
toma (U251MG), and a normal fibroblast (CCD-1059Sk) were evaluated. The selectivity index values
showed that complex (2) is more potent and selective than the free propyl gallate molecule and complex
(1). Furthermore, complex (2) is a slightly higher active against the tumor cells MCF-7 and HepG2 than
the cisplatin. In addition, BSA-binding experiments and antioxidant activity of the complexes were eval-
uated. The interactions of the complexes with the BSA showed negative AH and AS values, leading to van
der Waals force or hydrogen bond formation between the complexes and the biomolecule. Furthermore,
the negative AG values reveal that the interaction process of complex/BSA is spontaneous. It was
observed that the [Pt(PG)(PPhs);] complex has an inhibitory effect against free radicals, whereas
[Ru(PG)(dppm),] was not active. Circular dichroism showed that the free ligand and the complexes are

unable to modify the DNA secondary structure of this biomolecule.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Cancer is a leading cause of death worldwide, accounting for
8.2 million deaths in 2014. Lung, liver, stomach, colorectal and
breast cancers cause many cancer deaths each year [1]. Studying
and developing effective drugs for cancer treatment with non-
genotoxic effects is extremely important, considering that different
types of new mutations and genetic abnormalities are critical in
promoting tumor resistance to current therapies [2-6].

Metal complexes have been fundamental in the development of
modern chemotherapy. Since the discovery of the antitumor prop-
erties of cisplatin, many studies have focused on obtaining com-
plexes with other metals, which could have advantages
compared to platinum compounds, such as changes in the affinity
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of the binder for the metal and substitution kinetics, changes in
their oxidation state, use in photodynamic therapy and with low
or no toxic effect [3,4].

Thus, growing interest in metallotherapeutic drugs has moti-
vated new designs for anticancer metal compounds, and various
results on this subject have been published and many of them
are reported in recent articles or reviews [7-10]. In fact, the aim
of this kind of research is to design and develop novel antitumoral
drugs with better efficiency, lower toxicity and less undesirable
side effects than the current drugs that are on the market [8,9].
Taking this into account, it is crucial to conduct research on new
active compounds with antitumor properties.

Propyl gallate presents antitumor, antimicrobial, antiviral, as
well as a potent antioxidant activity, acting as a sequester of
reactive oxygen species [11]. This molecule or its derivatives also
present in vitro and in vivo activity against various tumor cell lines,
including cell lines of leukemia, melanoma, lung and breast
cancer [12-14]. Additionally, arylspiroborate salts derived from
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pyrogallol, gallic acid and propyl gallate were described as having a
cytotoxic effect on renal cell carcinoma [15,16]. Also, the synergis-
tic interaction of PG/Cu(Il) demonstrate DNA strand break induc-
tion and enhanced cytotoxicity of propyl gallate [17].

For this study, the propyl gallate (Fig. 1) was isolated from
Caesalpinia var. peltophodoires and was used here for the coordina-
tion with metallic ions of platinum and ruthenium, aiming to
obtain complexes with good antitumor activities.

The chemical reactivity of the propyl gallate molecule with pre-
cursors such as [PtCly(PPhs);] and [RuCly(dppm),] enabled us to
synthesize complexes with formulae [Pt(PG)(PPhs),] (1) and
[Ru(PG)(dppm);] (2), where PG =propyl gallate, PPhs = triph-
enylphospine and dppm = 1,1-bis(diphenylphosphino)methane.
Therefore, this study describes the synthesis, characterization,
anticancer activities, BSA-binding, circular dichroism and oxidant
activity of novel gallate complexes.

2. Experimental
2.1. Materials for synthesis

Solvents were purified by standard methods. All chemicals used
were of reagent grade or comparable purity. RuCls-3H,0,
[PtCly(PPhs3),] and the ligands 1,1-bis(diphenylphosphino)
methane, triphenylphosphine and triethylamine (EtsN), were used
as received from Aldrich. The propyl gallate was obtained from
crude extract of roots of Caesalpinia pluviosa var. peltophoroides
after being treated with 20.0 g of ethyl acetate fraction, under
chromatography. From those, the ones numbered from 1 to 10
(420 mg) were purified by using silica and Sephadex and 31.0 mg
of a white crystal presenting melting temperature around 146 °C
was found. The final product was subsequently confirmed by
NMR 'H, 3C and DEPT experiments (see Supplementary material,
Figs. S1-S3).

2.2. Instrumentation

Elemental analyses were performed in a Fisons EA 1108 model
(Thermo Scientific). The IR spectra of the powder complexes were
recorded using Csl pellets in the 4000-200cm~! region in a
Bomen-Michelson FT MB-102 instrument. The UV-Vis spectra of
the complex were recorded in CH,Cl; solution, in a Hewlett Pack-
ard diode array - 8452A. Cyclic voltammetry (CV) experiments of
the complexes, in solution, were promoted in an electrochemical
analyzer BAS model 100B. These experiments were carried out at
room temperature in CH,Cl, containing 0.10 mol L~! Bu,N*ClOz
(TBAP) (FlukaPurum) as a support electrolyte, using a one-com-
partment cell with both working and auxiliary electrodes, which
were stationary Pt foils, while the reference electrode was Ag/AgCl,

0
A O\/\CH3

HO OH

OH

Fig. 1. Structure of the propyl gallate molecule.

0.10 M TBAP in CH,Cl,. Under these conditions, the ferrocene is
oxidized at 0.43 V (Fc*[Fc). All NMR experiments were run on BRU-
KER, DRX400 MHz equipment, in a BBO 5 mm probe, at 298 K and
TMS for internal reference. CH,Cl, was used as solvent for 3'P{'H}
NMR. Conductivity measurements of acetone solutions
(1.0 mmol L) of the complexes were carried out using a Meter
Lab CDM2300 conductivity meter with a cell of constant
0.089 cm™.

2.3. X-ray crystallography

Yellow single crystals of complex 1 were grown by slow evapo-
ration of a dichloromethane/methanol solution. X-ray diffraction
experiments were carried out using a suitable crystal mounted
on glass fiber and positioned on the goniometer head. Intensity
data were measured with the crystal at room temperature on an
Enraf-Nonius Kappa-CCD diffractometer with graphite monochro-
mated Mo Ko radiation (4 = 0.71073 A). The cell refinements were
performed using the Collect and Scalepack software [18] and the
final cell parameters were obtained from all reflections. Data
reduction was carried out using the Denzo-SMN and Scalepack
software [19]. The structures were solved by the Direct method
using sHeLxs-2013 and refined using the software [20]. A caussiaN
method was used for the absorption corrections [20]. Non-hydro-
gen atoms were refined anisotropically (excepted to the disordered
C91A and C92A atoms) and hydrogen atoms were fixed at calcu-
lated positions and refined using a riding mode. The constrained
positions and fixed isotropic thermal parameters for C-H hydrogen
atoms were the bond lengths of 0.93, 0.97 and 0.96 A for C3,-H
(aromatic rings) and C;"p—H (methylene and methyl groups), respec-
tively, considering Ujso(H)=1.2 Ueg(C) and Ujso(H) = 1.5U¢(C) for
methyl hydrogens. The O-H hydrogen atoms of hydroxyl groups
were the bond lengths of 0.82 A with Uso(H) = 1.5Ueq(0). Positional
disorder was observed in the C91A-C92A atoms of the propyl chain
of the gallate ligand to conformer A, which can be reliably mod-
eled. In this case, the disorder was refined over two site occupancy
factors (SOF) with 0.4:0.6 of occupancy for C91A:C92A on the pro-
pyl chain. Tables were generated by WinGX [21] and the structure
representations by ORTEP-3 [22] and mercury [23]. The main crystal
data collections and structure refinement parameters for (1) are
summarized in Table 1.

2.4. Synthesis

2.4.1. [Pt(PG)(PPhs),]. (1)

Complex 1 was prepared by adding 0.027 g (1.2 x 10~* mol) of
propyl gallate in 20 mL of methanol previously degassed, with the
same equivalent of triethylamine (Et;N) and then 0.084¢g
(1.1 x 10~* mol) of the precursor cis-[PtCly(PPhs),] [24] was added.
The reaction mixture was refluxed and stirred for about 24 h under
argon atmosphere. The final yellow solution was concentrated to
ca. 2 mL and 10 mL of water was added in order to obtain a yellow
precipitate. The solid was filtered off, well rinsed with water and
diethyl ether and dried in vacuum. Yield: 68.2 mg (67%). Anal. Calc.
for C46H4005P,Pt-2H,0: exp. (calc) C 57.48 (57.20); H 4.97 (4.59).
3Ip("H} NMR: ¢ (ppm) 10.8 (d) and 7.7 (d), %J,p = 32.2 Hz. UV-Vis
(CH5Cl,): 4 nm (g/L mol~'ecm™') 238 and 303 (shoulder), 332
(3.2 x 10) and molar conductivity, in acetone, 1.90 S cm? mol~'.

2.4.2. [Ru(PG)(dppm)-] (2)

Complex 2 was prepared by adding 0.055 g (2.5 x 10~ mol) of
propyl gallate in 10 mL of CH,Cl,, with the same equivalent of EtsN
and then, 0.100g of the precursor cis-[RuCly(dppm),] [25]
(1.6 x 107> mol) were added. The reaction mixture was stirred
for 24 h under argon atmosphere. The final dark green solution
was concentrated to ca. 2 mL and 10 mL of diethyl ether was added
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Crystal size (mm)
Theta range for data collection
Index ranges

Table 1

Crystal data and structure refinement for complex [Pt(PG),(PPhs),].
Empirical formula C46H4005P,Pt4
Formula weight 929.80
T (K) 293(2)
7 (A) 0.71073
Crystal system triclinic
Space group P1
Unit cell dimensions
a(A) 11.135
b (A) 13.639
c(A) 27.953(1)
o (°) 102.532(1)
() 93.363(1)
y () 97.700(2)
V (A3) 4089.8(2)
z,7 4,2
Dcaic (mg/m3) 1510
Absorption coefficient (mm™!) 3.554
F(000) 1856

0.354 x 0.150 x 0.064
3.006-25.705°
-12<h<13,-16 <k <16,

—33<1<33
Reflections collected 35956
Independent reflections 15229 [Rine = 0.136]
Completeness to theta = 25.242°  98.6%
Refinement method Full-matrix least-squares on F?
Data/restraints/parameters 15229/0/972

Goodness-of-fit (GOF) on F? 0.991

Final R indices [I > 2sigma(l)] Ry =0.0480, wR; = 0.0966
R indices (all data) R; =0.0954, wR, =0.1158
Largest diff. peak and hole (e A=) 1.081 and —1.081

in order to obtain a green precipitate. The solid was filtered off,
well rinsed with diethyl ether and dried in vacuum. Yield:
0.103 g (83%). Anal. Calc. for CgoHs405P4Ru: exp. (calc) C 66.01
(66.72); H 4.97 (5.04). 3'P{'H} NMR: ¢ (ppm) 10.0 (t) and —18.9
(t), Ypp=39.6Hz. UV-Vis (CHxCly): 2/nm (g/M~'Lcm™') 246
(1.9 x 10%), 280 (2.9 x 10%) and molar conductivity, in acetone,
3.12Scm? mol .

2.5. Biological experiments

2.5.1. Cell lines and treatment schedule

Cell lines derived from human cancer were used in this study:
A549 (lung carcinoma), MCF-7 (breast carcinoma), HepG2 (hepato-
cellular carcinoma), fibroblast (CCD-1059Sk) and U251MG
(glioblastoma). The cell cultures were maintained in DMEM (Dul-
becco’s Modified Eagle’s Medium, Sigma, CA, USA) supplemented
with 10% fetal bovine serum (Vitrocell, Campinas, Brazil). Cells
were grown in a 37 °C humidified incubator containing 5% CO,.
Complexes were solubilized in DMSO immediately before use
and an amount of DMSO in the culture medium did not exceed
0.5% (v/v). Cells were seeded into 96-wells plate and after attach-
ment (24 h), the cultures were treated with different compounds
for 48 h.

2.5.2. Cell viability analysis

Cell viability was measured by MTS (3-(4,5-dimethylthiazol-
2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetra-
zolium) assay using CellTiter 96® Aqueous Non-Radiative Cell
Proliferation assay (Promega) according to the manufacturer’s
instructions. The MTS tetrazolium compound is bioreduced by
metabolically active cells into a colored formazan product which
absorbs light at 490 nm. The viable cell rate is directly proportional
to the amount of formazan produced by dehydrogenase enzymes.
Experiments were conducted in triplicate wells and repeated
twice. Data are presented as the mean + standard deviation (SD).

The ICsg value was determined from non-linear regression using
GraphPad Prism® (GraphPad Software, Inc., San Diego, CA, USA).

2.6. BSA fluorescence

Fluorescence spectroscopy is an effective method to explore the
interactions between small molecules and BSA. The fluorescence of
BSA comes from its tryptophan, tyrosine and phenylalanine resi-
dues; the latter two contributing to its fluorescence to only a minor
extent [26]. The protein interaction was examined in 96-well
plates used for fluorescence assays. BSA (~2.5 uM) was prepared
by dissolving the protein in Tris-HCI and the complexes were dis-
solved in sterile DMSO. For fluorescence measurements, the BSA
concentration in buffer Tris—-HCI was kept constant in all samples,
while the complex concentration was increased from 100 to
0.78 uM, and quenching of the emission intensity of the BSA’s tryp-
tophan residues at 344 nm (excitation wavelength 295 nm) was
monitored at different temperatures (295 and 310 K).

2.7. Circular dichroism experiments

CD spectra were recorded on a spectropolarimeter JASCO J720
between 600 and 200nm in a continuous scanning mode
(200 nm/min). The final data are expressed in molar ellipticity
(millidegrees). All of the CD spectra were generated and repre-
sented averages of three scans. Stock solutions (2.0 mM) of each
complex were freshly prepared in DMSO prior to use. An appropri-
ate volume of each solution was added to the samples of a freshly
prepared solution of CT-DNA (100 uM) in a Tris-HCI buffer to
achieve molar ratios ranging from 0.03 to 0.50 drug/DNA. The sam-
ples were incubated at 37 °C for 18 h.

2.8. Free radical scavenging activity by 1-diphenyl-2-picrylhydrazyl
(DPPH) assay

The antioxidant activity of the novel complexes was determined
by their ability to scavenge the stable radical DPPH'. The measure-
ment of the DPPH radical scavenging activity was performed
according to the methodology described by Brand-Williams et al.
[27]. The samples were reacted with DPPH in a methanol solution
(0.04 mg/mL) and for absorption measurements, the DPPH concen-
tration was kept constant, while the compound concentration was
increased from 1.56 to 200 uM. The experiments were performed
in triplicate in an opaque 96-well microplate. Furthermore,
180 uL of DPPH solution and 10 pL of the compound dissolved in
DMSO was added to each well and the control contained 180 pL
of DPPH and 10 pL of DMSO. For the sake of comparison, gallic acid
(GA) was used as a standard solution as GA has demonstrated to be
a strong antioxidant activity in many studies [28]. When DPPH
reacts with an antioxidant compound, which can donate hydrogen,
itis reduced. The changes in color (from deep violet to light yellow)
were read at 520 nm at different times (3, 9, 20 and 30 min) at
25 °C using a Synergy H1 Multi-Mode Reader (BioTek). The scav-
enging activity percentage (AA%) was determined: [(Ao — A;)/
Ao] x 100, where A; is the absorbance in the presence of the tested
compound and Aq is the absorbance in the absence of the tested
compound. The antioxidant activity was expressed by the ICsq
value (concentration of test compound that inhibits the formation
of free radicals by 50%), which was calculated from the regression
curves where: x-axis was the log concentration of the tested com-
pound (in uM) and the y-axis was the percentage of inhibition of
the tested compounds.
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3. Results and discussion

The reaction of propyl gallate with the precursors
cis-[RuCly(dppm);] and cis-[PtCly(PPhs), resulted in products 1
and 2, respectively, by chlorido exchange. In both complexes
obtained, the propyl gallate molecule acts as a bidentate and dian-
ionic species, coordinating with the ruthenium and platinum
atoms through its ortho oxygens (01, O2 - Fig. 2). Similar behavior
was observed for the gallate group when it was coordinated to Fe
(1), Fe(Il) and Cu(II) ions [29,30].

The elemental analyses data agree well with the proposed for-
mulations for the obtained complexes. The molar conductance val-
ues, measured in acetone at room temperature are 1.9 and
3.2Scm?mol~! for the platinum and ruthenium complexes,
respectively, revealing no electrolytic nature of these complexes.

The 3'P{'H} NMR experiment showed two doublets for com-
pound 1 and two triplet resonance signals for compound 2, indicat-
ing the presence of two non-equivalent phosphorus atoms in both
complexes. For compound 1, 3'P-'9Pt coupling was observed
with J=3120.23 and 3485.81 Hz (see Supplementary material,
Figs. S4-S5) for the two chemical distinct phosphorus atoms.

Cyclic voltammetry experiment for 2 was carried out in CH,Cl,
solutions. A quasi-reversible process was observed at 1.31V,
respectively, corresponding to a one-electron Ru"/Ru redox pro-
cess. As expected, the E;;, values found for the new complexes
were considerably more anodic than those observed for the precur-
sor, cis-[RuCl,(dppm);] (0.89 V), indicating a more stabilized ruthe-
nium center in the new complex, showing that the chlorido is a
better donor atom than the oxygen atom from the galate ligand
(see Supplementary material, Fig. S6).

The electronic spectra of compounds 1 and 2 showed bands in
the UV region, assigned as intra-ligand transitions by means of
comparison with the free ligands (dppm, PPhs and PG). One band
observed in the visible region results from a metal-to-ligand
charge transfer transition, probably involving both the PG and
the phosphine ligands (see Supplementary material, Figs. S7-S8).

IR spectra of the free propyl gallate ligand in KBr displayed
bands located at 3499 cm~! and 3468 cm™!, typical of the phenol
group, and at 1688 cm~! which is characteristic of stretching vC=0
[29]. Aromatic stretching (1614 cm™!) can be assigned to vCsp?-H
and v 1538 cm™! to the phenyl group. Asymmetric deformation
in the plane (6 H Csp?) was observed at § 1466 cm™! and at
1405 cm™!. At 1301 cm ™! and 1248 cm ™!, stretches were observed
regarding vC—O0—C vibration, which are characteristic for propyl
galate [31-33]. Three bands, at 866, 744 and 644 cm™!, are origi-
nated from the angular ring deformation and angular deflections
of C—H fragment [30,32] (Table 2).

After coordination of the ligand with the metals, the bands
around 3468 cm™!, which were assigned to hydroxyl groups,

P, S—p
SO e
Pt il

[P(PG)(PPh3),] (1) [Ru(PG)(dppm),] (2)

Fig. 2. Proposed structures for propyl gallate complexes.

Table 2

Main bands (cm™') in the IR spectra of the PG and of complexes (1) and (2).
Band assignmentassigment Propyl galate (1) (2)
vOH—Ph 3499; 3468 3481 -
vC=0 1688 1669 1704
vC—0—C 1301; 1248 1438; 1364 1431; 1393
Pt—0 - 524 -
Pt—P - 641 -
Ru—0 - - 578

decreased in both complexes. The characteristic bands of the
carbonyl group vC=0 (1688 cm~!) and vC—O0—C (1301 and
1248 cm™') are present in the same region, without significant
change, showing that the coordination did not occur by the car-
boxylate group [30,31]. Finally, new bands of medium intensities,
located below 500 cm™' are present in the spectra of the com-
plexes, which may be related to metal-ligand vibrations [31-33],
(see Supplementary material, Fig. S9-S10).

3.1. Single-crystal X-ray diffraction results

Single-crystal X-ray diffraction measurements of complex 1
showed that it crystallizes into the space group P1 triclinic with
two conformers of complex 1 by asymmetric unity (Fig. 3). The
main difference between conformers is the orientation of propyl
chain of the gallate ligand. In conformer A, which presents a disor-
der in the propyl group (C91A and C92A atoms), an anti-orientation
of the propyl chain and the free hydroxyl (O3A-H3A) of gallate
ligand can be observed. The torsion angle 7,4 [C4A-C5A-C7A-
O5A] confirms this orientation to the propyl chain (7,4 =169.0
(9)°). Conformer B presents a syn-orientation between the propyl
chain and free hydroxyl (O3B-H3B), respectively, and the torsion
angle 115 [C4B-C5B-C7B-05B] settles this conformation (7,5 = —2
(1))

Conformational freedom of the propyl chain of the gallate
ligand is an important factor that influences the crystal packing
of complex 1. A stereographic view along (100) the plane shows
the formation of columns of the conformers, which change in par-
allel (see Supplementary material, Fig. S11). Conformers A form
columns (columns A) in which the gallate ligands are oriented
pointing in the same direction of crystallographic b-axe, mean-
while columns of conformers B (columns B) line up the gallate
ligands into the crystallographic c-axe. In detail, columns A are
made up of two antiparallel layers in the [001] direction of con-
formers A related by the inversion center. In the middle of the lay-
ers, there is a formation of cavities whose voids have calculated
volumes [34] approximately of 128 A3, which is related to the dis-
position of the disordered propyl chains of conformers A which are
not linked by strong supramolecular interactions. Columns B
appear as the result of stacking pairs of conformers B, which
extend by translational operation along the crystallographic a-axis
and these pairs of conformers B are related by the inversion center.
Stacking conformer B molecules causes the molecules to be closer
and they do not present any disorder. These pairs are united by
C—H. - .1 interactions, which are responsible for the crystal net-
work stabilization [35]. Moreover, non-classic hydrogen bonds of
C—H- - -0 type are largely responsible by the linkage between con-
formers of complex 1 and, therefore the assembly between the col-
umns. C24A-H24A.-.03B (distance of 2.416(5)A and angle of
139.81(71)° with C24A. - -03B separation of 3.183(11) A. Symmetry
code: x, y, z) and C34B-H34B.--04A (distance of 2.658(9)A and
angle of 159.11(75)° with C34B.--04A separation of 3.542(15) A.
Symmetry code: 1 — x, —y, 1 — z) are the most important. The first
one occurs between the free hydroxyl of the gallate ligand of con-
formers A and one of carbon atoms in para-position of tri-phenyl
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Fig. 3. ORTEP view of asymmetry unity of complex 1 with the thermal ellipsoids at the 50% probability level (Up). Overlay of molecular structures (down) for conformers A
(yellow) and conformers B (blue). The torsion angle t; [C4-C5-C7-05] for both conformers is highlighted. The disorder of the propyl chain (C91A and C92A atoms) for

conformers A is too highlighted by the dashed circle. (Color online.)

Table 3

ICso and selectivity indexes values (M) obtained for the propyl gallate and for complexes (1) and (2).
Tumor cell lines PG 1 2 Cisplatin IS1 1S2
U251MG 228.9+27.3 >500 17.1+0.2 9.6+0.8 1.8 8.1
A549 320.1+223 >500 36.5+0.9 21.5+0.6 0.8 3.6
MCF-7 236.4+253 >500 8.5+4.2 76.8+4.8 3.5 1.0
HepG2 438.8+21.4 >500 11.6+5.3 385+1.5 2.6 2.0
CCD-1059Sk NT NT 30.1+£3.8 77.7+82 - -

NT: not tested.
IS = I1C50CCD-1029SKk/ICs (cell lines) IS1 = [Ru(GP)(dppm),] and IS2 = cisplatin.

phosphine ligand of conformers B. The second one occurs between
the carbonyl oxygen of the ester group of gallate ligand on con-
former A and other para-carbon atom of triphenylphosphine ligand
on conformer B, respectively.

3.2. Biological experiments

Cytotoxic potential of propyl gallate complexes 1 and 2 were
evaluated against several tumor cell lines derived from human
cancers. The results showed that complex 2 is more active when
compared to the free propyl gallate (Table 3). Cytotoxic activity
of 2 on MCF-7 and on HepG2 is better than cisplatin, a powerful

cytotoxic compound widely used in chemotherapy and used in this
study as the positive control. These findings are very important
considering that the mortality rate of hepatocellular carcinoma
(HCC) and breast cancer are still high. HCC represents the second
and most common cause of death from cancer worldwide [36]
and breast cancer is responsible for about 37,000 deaths each year
among women in Latin America [37].

3.2.1. BSA-binding experiments

Albumin is the most abundant protein in plasma, thus its inter-
action with propyl galate and complexes 1-2 was evaluated. These
compounds bind to this protein and may lead to a reduction or
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Fig. 4. Fluorescence quenching spectra of BSA with different concentrations of complex (A) Propyl gallate, (B) [Pt(PG)(PPhs),] (C) [Ru(PG)(dppm),], with the excitation
wavelength at 280 nm at 310 K in trizma buffer pH 7.4.

Table 4

Stern-Volmer quenching constant (K, L mol '), biomolecular quenching rate constant (Kg, L mol~'s™'), binding constant (K, M~'), the number of binding sites (n), AG
(kJ-mol~1), AH (kJ-mol~!) and AS (J-mol~! K) values for the complex-BSA system at different temperatures.

Temp. Ko (10%) Kq (107) Ky (10%) N AG AH AS

1 208 2.46+0.10 4.00£0.17 3.20+0.03 1.00 £ 0.25 ~31.40 ~77.85 ~261.30
310 240+£0.16 3.85+0.27 10.80 £ 0.60 1.50+0.16 ~41.70

2 208 5.80+0.15 9.35+0.25 0.30 £ 0.02 0.93 +0.07 ~25.50 ~159.10 ~533.73
310 5.00+0.13 8.00 £0.20 3.60£0.15 1.17 £0.04 ~33.00

PG 208 2.32£0.20 3.75+0.03 0.20£0.03 0.98+0.11 ~24.40 ~119.80 ~402.05
310 1.70£0.12 2.75 £ 0.02 1.30 + 0.08 2.35+0.16 ~54.20

enhancement of their biological properties because it presents the
ability to transport drugs and nutrients through the organism [38].
The interaction of the novel complexes and propyl gallate with BSA
was studied by fluorescence quenching experiments. Quenching
can occur by different mechanisms, usually classified as either
dynamic or static quenching, which can be distinguished by their
differing dependence on temperature and viscosity, or preferably
by lifetime measurements [39]. Higher temperatures result in fas-
ter diffusion and hence a larger degree of collisional quenching.
Higher temperatures also result in the dissociation of weakly
bound complexes and hence lead to less static quenching. As
shown in Fig. 4, the BSA showed strong fluorescence emission,
while the complexes displayed almost no intrinsic fluorescence
under the experimental conditions used for the measurements.

The experiments were carried out in triplicate and analyzed
using the classical Stern-Volmer equation: Fo/F =1+ K.7,[Q] =1
+Ks[Q], where Fy and F are the fluorescence intensities in the
absence and presence of the quencher, respectively, [Q] is the
quencher concentration and K, Stern—-Volmer quenching constant,
which can be written as Kq = Ksy/t, where Ky is the biomolecular
quenching rate constant and 7, is the average lifetime of the fluo-
rophore in the absence of the quencher (6.2 x 107%s) [40].

These results show that Ksy for complexes were inversely
related to the increase in temperature, indicating that the probable
quenching mechanism reaction is initiated by compound forma-
tion rather than by static collision. This confirms that the values
of Ky in Table 4 were in the range of 3.85x 10'2-9.35 x
102 mol L~! for all reactions of compounds-BSA, which are far
higher than 2.0 x 10'°mol-L"!, the maximum possible value for
dynamic quenching [41]. Consequently, the probable fluorescence

quenching mechanism operating on compounds-BSA binding
reactions should follow a static quenching process.

The binding constant (K,) and number of complexes bound to
BSA (n) were determined by plotting the double log graph of the
fluorescence data using: log [(Fo — F)/F] =log K+ nlog[Q]. The
number of binding sites between BSA and galato complexes is
approximately equal to 1, indicating that there is only one binding
site in the BSA for each complex. Furthermore, the interaction con-
stant (K,) for all complexes is between 0.30 x 10° and
10.80 x 10° M~!, which is the same range reported for Ru [38],
Ni [39] and Zn [42] complexes, showing hydrophobic interactions
with BSA.

In order to identify the type of interaction force acts between
the complexes and BSA, thermodynamic parameters, such as free
energy changes (AG), enthalpy changes (AH) and entropy changes
(AS) of the interactions were calculated from the following equa-
tions: In  (K3/K;)=[(1/T;) — (1/T2)]AH/[R and AG=-RT
LnK = AH — TAS, K; and K, are the binding constants at tempera-
tures T; and T,, respectively, and R is the gas constant. From the
thermodynamic standpoint, AH > 0 and AS > 0 imply a hydropho-
bic interaction; AH <0 and AS <0 reflects van der Waals force or
hydrogen bond formation; and AH < 0 and AS > 0 suggests an elec-
trostatic force.

As observed in Table 4, the negative AH and AS values for
compounds 1, 2 and free PG reveal the predominance of van der
Waals force or hydrogen bond formation of these compounds
with BSA. This behavior is similar to those reported for cis-bis
(N-benzoyl-N’,N’-dibenzylthioureido)platinum(ll) complex and
BSA [43]. Furthermore, the negative AG values reveal that the
interaction process is spontaneous.
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3.2.2. Determination of free radical scavenging activity through DPPH
assay

The percentage radical scavenging activity by the different com-
plexes was determined against DPPH. As expected, the complex
containing the PG coordinated showed antioxidant activity, as well
as the free PG and the free GA. Regression equations to derive the
ICsg values (concentration of compounds required to scavenge 50%
DPPH free radicals) show that the reduction of DPPH decreases
over time (Tables 5, 6 and Fig. 5), and in the range studied concen-
tration (0-200 uM), it was observed that only [Pt(PG)(PPhs),] com-
plex has an inhibitory effect against free radicals, whereas [Ru(PG)
(dppm),] was not active (ICsq > 200 pM).

To evaluate the percentage of consumption by DPPH concentra-
tion after 30 min, it can be observed (see Table 6) that the gallic
acid and propyl gallate present a majority consumption of species
(~90%) in the concentration 200 uM, whereas for [Pt(PG)(PPhs);]
at the same concentration only 70% of the species was consumed.
With the decrease of the concentration of the compound, it was
observed that the consumption of the free radical DPPH is more
efficient for the free PG than for the complexes containing this
ligand, corresponding to the same behavior observed for the ICsg.
Interestingly, the antioxidant activity presented by [Pt(PG)
(PPhs);] is better than that one shown by the conventional antiox-
idant obtained from the diet, ascorbic acid (ICso = 39 uM), which is
considered extremely important in the elimination of free radicals
and commonly used as antioxidant food additives [44].

3.2.3. Circular dichroism experiments

Circular dichroism (CD) technique is very sensitive for diagnos-
ing changes in the secondary structure of DNA resulting from DNA
interactions with small molecules. A typical CD spectrum of CT
DNA shows a maximum at 275 nm, because of the base stacking,
and a minimum at 248 nm, which is attributed to the right-handed
helicity of the molecule, characteristic of its B conformation. Fig. 6
shows the spectra of both complexes evaluated with CT-DNA solu-
tions at different ratios, as well as the CD spectrum of DNA alone.

220
Table 5
ICso values (uM) to scavenge DPPH free radicals depending on the time.
t (min) GA PG Pt
3 10.18 £0.37 13.21+0.88 25.84+1.13
9 9.71+0.36 12.65+0.55 24.93 £0.88
20 9.11+0.35 12.00 £ 0.15 24.36 £ 0.26
30 8.82+0.27 11.40+0.26 23.54+0.16
Table 6
Percentage of consumption by DPPH concentration after 30 min of incubation.
uM AG PG Pt
200 90.86 + 0.07 87.85+0.25 73.64 +0.07
100 89.96 +0.61 88.61+1.45 71.42+0.25
50 90.11 +0.07 87.05+0.12 64.90 + 1.00
25 88.96 +0.18 82.48 +1.20 39.11+0.45
12.50 68.70 + 1.95 54.95 +2.02 21.56 +0.20
6.25 43.45 £ 1.62 34.01 £0.80 10.17 £ 0.90
3.12 27.34+1.40 22.27 +1.45 3.54+0.80
1.56 22.37+2.42 17.16+£1.90 447 £0.25
0 r : . )
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Fig. 5. (a) Absorption spectrum of DPPH with different concentrations of complex
[Pt(PG)(PPh3),] after 30 min of incubation (b) graphic of ICsq values found for
scavenge DPPH free radicals depending on the time.

Both complexes did not produce significant changes in the eliptic-
ity values for both bands, indicating that the free ligand and
respective complexes cannot modify the DNA secondary structure,
different behavior than reported for cisplatin and other platinum
complexes [45].

4. Conclusions

Two novel propyl galate complexes of platinum and ruthenium
were synthesized and characterized by a combination of NMR, UV-
Vis, IR techniques. Moreover, the [Pt(PG)(PPhs),] complex was

DNA -
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Fig. 6.

Circular dichroism (CD) spectra of CT DNA incubated 18 h with propyl gallate, Pt and Ru-propyl gallate complexes at different [complex]/[DNA] ratios at 37 °C.
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characterized by X-ray diffraction technique. The evaluation of
antitumor activity of the complexes demonstrated that the
[Ru(PG)(dppm),] complex is more potent than the free propyl
gallate and the cisplatin, against the MCF-7 (breast carcinoma)
and HepG2 (hepatocellular carcinoma) tumor cells. The thermody-
namic parameters of the complex/BSA binding indicate a sponta-
neous interaction between these two species and the presence of
van der Waals force or hydrogen bond formation between them.
Consequently, the probable fluorescence quenching mechanism
operating on the propyl gallate compounds-BSA binding reactions
can be a static quenching process. It was observed that only [Pt(PG)
(PPhs),] complex has an inhibitory effect against free radicals,
whereas the [Ru(PG)(dppm),] complex is not active.
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Appendix A. Supplementary data

CCDC 1420349 contains the supplementary crystallographic
data for (1). These data can be obtained free of charge via http://
dx.doi.org/10.1016/j.poly.2017.03.055, or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ,
UK; fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.poly.2017.03.055.
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