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To synthesize, characterize and evaluate the antitumor potential derived from
ruthenium compounds was generated in this study, from the precursor

Synthesis, Characterization, and Evaluation
of Antitumor Potential in MCF-7 Cells of
Ruthenium-Derived Compounds. Advances
in Biological Chemistry, 10, 86-98.
https://doi.org/10.4236/abc.2020.103007

Received: May 5, 2019
Accepted: June 25, 2020
Published: June 28, 2020

Copyright © 2020 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

K[RuCly(bipy)] a route in a simple and reproducible synthesis for a novel
compound of coordinating Ru** with bipy and L-trip. The spectroscopic cha-
racterization in the middle infrared region (FTIR) shows the interactions be-
tween Ru-(L-trip), evidenced by the displacement of the carboxylate ion band
for higher energies, and also by the displacements of aliphatic amine bands,
suggesting that bidentate coordination of the L-trip ligand occurred. Analysis of
the results obtained with thermoanalytical techniques showed that the minimum
formula of the compound, [RuCL(bipy)(L-trip)]1/2H,0O. Evaluation of the anti-
tumor potential of precursor K[RuCly(bipy)] showed the toxic effects on
MCE-7 cell line, but did not show selectivity and not reached PBMC cells to
the same extent. The evaluation of the antitumor potential of the newly syn-
thesized compound, [RuCL(bipy)(L-trip)], demonstrated that the insertion of
an L-tryptophan molecule into the precursor coordination sphere made it se-
lective when compared to PBMC cells, for MCEF-7 type tumor cells.
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1. Introduction

From the studies conducted by Rosenberg and colleagues [1] [2] [3], plati-
num-based coordination compounds are among the most used drugs in the
treatment of cancer. Since studies by Rosenberg and colleagues platinum-derived
coordination compounds have been among the most widely used drugs in can-
cer treatment [4]. However, these compounds exhibit high toxicity, leading pa-
tients to present some side effects such as high nephrotoxicity, nausea, vomiting,
anorexia, ototoxicity, neurotoxicity and develop resistance to drugs [4] [5] [6].

The toxic effects caused by platinum-derived compounds have prompted sever-
al researchers to develop new drugs. Research involving ruthenium-derived com-
pounds as drugs in the treatment of malignant neoplasms has shown promise [7]
[8]. This class of compounds presents characteristics such as considerable cytotox-
icity, antimetathesis properties and low toxicity when compared to platinum de-
rived compounds.

Like iron, ruthenium is known to have the ability to bind transferrin protein. Due
to the high demand for iron, cancer cells tend to increase the numbers of transferrin
receptors on their surfaces, capturing them in greater numbers. It is believed that by
mimicking iron, a higher concentration of ruthenium is directed to cancer cells,
which would explain the lower toxicity of this class of compounds [7] [8].

Considerable cytotoxicity may be related to interactions between the metallic
center and the nitrogenous bases of DNA. The results obtained by Gallori [9],
suggest that compounds are known as NAMI (sodium trans-(dimethylsulfoxide)
(imidazole) tetrachloro ruthenate(III)) and RAP (dichloro-1,2-propylene di-
amine tetraacetate ruthenium(III)) are capable, in vitro, of interacting with DNA
causing changes in its conformation, inhibiting its recognition and cutting by re-
striction enzymes. However, these compounds only cause considerable DNA
damage at relatively high concentrations when compared to cisplatin. Some com-
pounds derived from Ru** and Ru*? with an amine, [10] N-heterocyclic [11] [12],
and alkyl sulfoxide linkers [13] also demonstrated potential activity antimetastatic.
Among the compounds with this property stands out NAMI-A [14], this com-
pound has several peculiarities such as excellent selective activity against lung
metastases from various solid tumors [14] [15] [16] and very low in vitro cyto-
toxicity in a panel of 60 strains solid tumor cells [17].

Two other ruthenium-derived compounds have been intensively studied,
cis-(dichloro)tetraamimruthenium(III) chloride and a synthesis intermediate,
cis-tetraamim(oxalate)ruthenium(III) dithionate [18]-[24].

Studies in mice transplanted with S-180 cells and treated with cis-[RuClL(NH3;),]
Cl have shown that the compound is well tolerated at therapeutic doses, pre-
senting very low toxicity to the host and extending its life span [20]. Further stu-
dies have shown that the compound is selective, exerting significant toxic activi-
ty in A-20, SK-Br-3 and S-180 strains, moderate in Jurkat cells and very low tox-
icity in PBMC cells when compared to A-20, SK-Br-3 and S-180 [23].

All of these properties cited above, prompted us to make a new ruthe-
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nium-derived compound and test its antitumor potential. Thus, in this work the
synthesis and characterization of a new ruthenium compound are reported, the
new compound was biologically tested for a preliminary evaluation of its anti-

tumor potential.

2. Experimental Section
2.1. Synthesis

Synthesis of K| RuCL(bipy)]: The entire synthesis procedure was performed as
described by James [25], with some changes.

In a flat-bottomed flask, 0.5014 g RuCl;-nH,O was solubilized in 25.0 mL of
methanol, the resulting solution was stirred at 200 rpm for 30 minutes for fur-
ther addition of 0.3047g solubilized bipy in 25.0 mL of methanol. After the addi-
tion of bipy, the system was stirred and heated to 100°C under reflux. After 2
hours, 400.0 mL of methanol and 0.3059 g of KCl were added thus ensuring the
excess counter ion K*. The system was kept under the same stirring conditions
and temperature for a further 20 hours. After 20 hours the red solution had its
temperature reduced to 60°C and was maintained until the volume was reduced
to 15 mL. The brown precipitate was separated by vacuum filtration and desic-
cated for 24 hours. Yield: 94.24%.

Purification: In a 1000.0 mL beaker, 0.7918 g of K[RuCly(bipy)] and a KCl
spatula tip in 1000.0 mL of a 36.5% - 38% HCI/1: 1 water solution were solubi-
lized. The system then remained under stirring and bathing at 100°C for 30
minutes. After 30 minutes, the system was hot filtered by gravity and the
orange-colored supernatant was placed in a 100°C bath to reduce its volume to
~30.0 mL. Slow cooling of the solution generated red, needle-shaped crystals.
Yield: 94%.

Synthesis of [ RuCh(bipy)(L-trip)]: In a 25.0 mL beaker, 0.0478 g L-trip, 0.0195
g NaHCO; and ~5.0 mL distilled water were added. The system was stirred for
30 minutes for further addition of 0.1012 g of K[RuCL(bipy)]. After 1 hour, the
system was vacuum filtered. The precipitate was dried with ether and desiccated
with silica for 24 hours. At the end of this procedure, 0.0680 g was obtained.
Yield: 55.42%.

The same procedure was repeated twice, and in one of them the system was
heated to 60°C and in the other, the synthesis time was extended by another 3

hours.

2.2. Cytotoxic Evaluation of Ruthenium Compounds.

Preparation of Ruthenium Compound Solutions: For the cytotoxic evaluation of
ruthenium compounds a 66.0 uM aqueous solution containing the complex.
Preparation of cell lines used
Tumor Cells: To evaluate the cytotoxicity of ruthenium compounds, we used
breast adenocarcinoma-type (MCF-7) ATCC (American Type Culture Collec-

tion, USA) cell lines. The strain was grown and frozen in liquid nitrogen for sto-
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rage and subsequent use. To perform the biological assays, tumor cells were cul-
tured in RPMI medium, plus HEPES, penicillin, streptomycin, sodium bicarbo-
nate, sodium pyruvate, and fetal bovine serum. Cells were cultured in cell culture
flasks and kept in an oven at 37°C at 5% CO, until cell monolayer formation.
Subsequently, the culture flasks were washed with 5 mL RPMI and subjected to
1.0 mL trypsin-EDTA, until the cells detach from the bottom of it. For trypsin
neutralization, cells were homogenized with an undefined volume of culture
medium plus 10% fetal serum. The suspension containing MCF-7 cells was then
adjusted to 2.0 x 10* cells/mL.

Healthy Cell Lines: As healthy cells, the PBMC strain was used. To obtain
these cells, blood samples were collected in tubes containing the EDTA anticoa-
gulant. Cell populations were separated by a ficoll-paque density gradient. In a
falcon tube, 3.0 mL of ficoll-paque was added followed by the slow addition of
~5.0 mL of blood, thus forming two phases. The system was centrifuged at 1500
rpm for 40 minutes at room temperature. After this time, the mononuclear cell
ring was removed and transferred to a new tube. To the tube containing the
mononuclear cell, the ring was added 3 mL of PBS and stirred for homogeniza-
tion of the system. After stirring the system was centrifuged for 10 minutes at
15,000 rpm at room temperature, the supernatant was then discarded and this
step repeated, then 1 mL PBS was added. Cells were counted in a Neubauer
camera and cell suspension adjusted to 2.0 x 10° cells/mL.

Cell incubation: For the test, the cells were seeded in Falcon tubes, with or
without ruthenium-derived compounds. The cells were incubated for 24 h in an
oven at 37°C and atmosphere containing 5% CO, (Table 1).

Cell viability assay by acridine orange staining method: At the end of the
incubation period, the falcon tubes were centrifuged at 1500 rpm for 10 minutes
and had their supernatant discarded. The pellet formed was stained with 200.0 pl
of freshly prepared acridine orange solution (concentration 14.4 mg/mL) and
allowed to stand for 1 minute for dye action. The resulting solution was resus-
pended in medium 199, after which the tubes were centrifuged and washed with
PBS a further 2 times. Stained cells were placed on microscope slides (26 x 76
mm) and, after mounting with coverslips (24 x 24 mm), were analyzed by blind
fluorescence microscopy (Nikkon Eclipse E200). The cell viability index was ob-
tained by counting. For each treatment at least 100 cells were analyzed. Green

Table 1. Volume used in pl.

Group Vol. (i)
PBMC 500.0
PBMC + Compound K[ RuCl(bipy)] 500.0 + 50.0
MCF-7 500.0
MCF-7 + Compound [ RuCh(bipy)(L-trip)] 500.0 + 50.0
MCF-7 + Compound K[ RuClL(bipy)] 500.0 + 50.0
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cells were considered alive and orange cells considered dead.

Statistical analysis: For the proper statistical treatment, the analysis of va-
riance test (ANOVA) was performed, followed by the multiple comparisons test,
Tukey test. Differences between treatments were considered significant when the

p-value was less than 0.05 (p < 0.05).

2.3. Characterization Methods

The synthesized compounds were characterized by UV-VIS and FTTRmed spec-
troscopy, and TG-DTA thermal analysis.

The measurements in the FTITRmed region were obtained in a Perkin Elmer
Fourier transform spectrophotometer, model Perkin Elmer Spectrometer 100.
Resolution of 4 cm™, in the region between 4000 - 600 cm™, using an accessory
for the technique of ATR with germanium crystal.

The measurements in the UV-VIS regions were obtained using a Varian spec-
trophotometer, model Cary 50 Scan. To perform these analyzes, a quartz cell was
used, with an optical path of 1 cm, and a scanning range at wavelengths of 200 -
800 nm.

TG-DTA thermal analyzes of the synthesized compound were performed in a
TA Instruments thermoanalyst, model SDT 2960, consisting of a horizontal
mass comparator with a maximum capacity of 20.00 mg and a sensitivity of 1 ug.
The analyzes were performed in the temperature range of 30°C to 1000°C, with a
heating rate of 10°C-min™" and a dry air atmosphere with a flow rate of 100
mL-min~'. The sample mass used was of the order of 7.00 mg in a-alumina

crucible.

3. Results and Discussion

Thermal Analysis TG-DTA Curves. The TG-DTA curves shown in Figure 1
show the thermal decomposition of the compound [RuClL(bipy)(L-trip)]-1/2H,O
to 900°C and formation of the RuO, residue with an error of 2.57% (TG =
27.20%; Calcd = 24.63%).

Table 2 shows the thermal decomposition of the compound [RuCly(bipy)
(L-trip)]-1/2H,0 in five stages accompanied by a single exothermic event.

A small mass loss is observed up to 115°C, which is attributed to hydration
water, since qualitative tests with silver nitrate showed the absence of chloride
ions, thus indicating that chlorine atoms are directly attached to the metal cen-
ter. The presence of chlorine in the coordination sphere indicates that all availa-
ble sites for links are already occupied, making it impossible to interact with the
water and the metallic center. From 115°C, it is possible to observe a marked loss
of mass accompanied by an exothermic peak, indicating the oxidative decompo-
sition of the ligands. In addition to what has already been discussed, there is a
small mass gain in the region between 500°C and 700°C. This small mass gain is
attributed to the oxidation of the metal from Ru*? to Ru*, thus justifying the

formation of the proposed residue. Studies conducted Guo-Nan [26], involving
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Figure 1. TG-DTA curves of the compound [RuCL(bipy)(L-trip)]-1/2H-O.

Table 2. Thermal decomposition steps for [RuCl(bipy)(L-trip)]-1/2H,O.

Process Steps

C 35-115 115 - 315 315-395 395 - 548 548 - 900
Am% 3.53 6.23 46.96 9.01 7.07
Event - - 378°Clexo

the compound [Ru(bipy).(L-trip)]ClO43H,0, demonstrated higher thermal sta-
bility. As reported by the authors, such a compound demonstrated stability up to
220°C with water output up to 230°C, followed by marked loss of mass up to
238°C, attributed to the L-trip ligand output. This higher thermal stability may
be related to the number of bipy coordinates to the metal, which provides a
greater number of intermolecular interactions. No mention is made of the mass
loss steps involving bipy ligands and ClO," ion as well as the residue formed.
Thermal characterization and qualitative tests with the observation of water out-
flow in the test tube, absence of precipitate in AgNO; tests, and the possible
formation of RuQ, residue, suggest stoichiometry [RuCl(bipy)(L-trip)]-1/2H,O.

FTIReq Spectroscopy. Figure 2 illustrates the FTIRyeq spectra of the com-
pounds studied. A significant difference can be observed between the spectrum
of [RuCl,(bipy)(L-trip)], its precursor K[RuCL(bipy)], and the free L-trip ligand.
The most relevant changes occur in the carboxylate ion and aliphatic amine re-
gions.

The presence of characteristic bands such as (NH;") and s(NH3*), as well as
the position of the carboxylate ion stretching vibrations in the free L-trip ligand,
may indicate whether it is in zwitterion form [27] [28]. In the spectrum in the
above spectrum these bands are observed at 3078 cm™ for 1,,(NH;*), 2073 cm™
for torsional oscillations of the group (NH;"), 1659 cm™ for s(NH;*), 1582 cm™
for ,.,s(COO") and 1410 cm™ for ,s(COO") thus confirming the zwitterion form
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Figure 2. FTIRmed spectrum of the studied compounds.

for the free ligand. The disappearance of the band at 2073 cm™, due to oscilla-
tions in group torsion (NH?'), indicates that the L-trip molecule is no longer in
zwitterion form and coordination with the metal ion may occur by group N
(NH,). The band at 1659 cm™, referring to sNH?*), seems to have shifted to
lower energies and was overlapped by the displacement of ,.,,(COO") from 1582
to 1602 cm™. This shift to lower energies is yet another indication that the de-
protonated L-trip species has coordinated with the metal. For the compound
[Cu(L-trip).], a band referring to the group s(NH,) is observed at 1626 cm™[28].
The Ru-n bond formation can be corroborated by the absence of the 1097 cm™
band present in the free ligand spectrum for the aliphatic ,(CN). The absence of
this band indicates that a displacement of the band occurred, overlapping with
other bands initially observed in the starting compound in the region of 1108
cm™'. For the compound [Cu(L-trip),] a shift from 1097 cm™ to 1107 cm™ is
observed, indicating the Ru-N bond of the aliphatic amine [28]. Further evi-
dence of Ru-N bond formation could be obtained by analyzing ..,(NH,) and
»(NH,) bands. However, this analysis becomes unfeasible, since a wide band,
characteristic of the presence of water, is observed in the region of 3373 to 3231
cm™.

The data obtained with FTIRy.4 corroborate those obtained in the TG-DTA

analysis, thus confirming the presence of water in the compound. For Mn*,

DOI: 10.4236/abc.2020.103007

92 Advances in Biological Chemistry


https://doi.org/10.4236/abc.2020.103007

M. F. Tarso et al.

Ni*2, Cu* and Zn*? compounds with L-trip, these bands are present between
3344 and 3270 cm™ [29]. It is noted that the presence of water in the compound
masks the indole (NH) band which can be observed at 3401 cm™ in the free li-
gand. The decrease in intensity followed by overlap indicates that indole partici-
pates in intramolecular interactions. Despite the presence of water, it is still
possible to observe the ,(CH) at 3073 cm™. According to the literature, the car-
boxylate ion is very versatile and can coordinate in many ways [30].

For single-coordinated coordination, two behaviors are foreseen involving
1s(COO7) at 1582 cm™ and (COO™) at 1410 cm™. Due to the generation of an
M-O bond, where M is a transition metal, the symmetry in the carboxylate ion is
broken and the expected higher energy displacement of ,.,(COO~) by 1582 cm™!
and a lower energy displacement of ,(COO~) by 1410 cm™ [28] [30]. These
shifts increase the distance between the frequencies relative to ,(COO~) com-
pared to the free binder in the form of sodium or potassium salt [30]. In the
spectrum of the new compound, it is possible to observe a shift of the ,,,(COO~)
band from 1582 cm™ to 1602 cm™. This displacement, for higher energies, cor-
roborates the expected for ,,,(COO~). However, it seems that ,,(COO™) at 1410
cm™ had a slight displacement to the region of 1419 cm™, overlapping with the
band at 1421 cm™, initially observed in the starting compound, diverging than
expected [28] [30]. Despite the unexpected behavior of ,,(COO™) at 1410 cm™,
the carboxylate ion is unlikely to be chelated or bridged to the metal [30]. In ad-
dition to indicative of Ru-N bond formation, obtained in FTIR,.q analysis, qua-
litative tests on silver nitrate test tube and absence of precipitate confirm the
presence of two chlorine atoms in the coordination sphere. The presence of
these two chlorine atoms in the coordinating sphere makes it impossible for any
type of carboxylate ion to bind other than the monodentate form. Even though
s(COO") has not shifted to lower energies, it is possible to observe an increase in
the distance between frequencies relative to ,{(COQO~) compared to the free bind-
er in salt form. For the new compound, synthesized in this paper, the distance
between the frequencies referring to ,(COO~) is 183 cm™. This result coincides
with that expected for a monodentate carboxylate ion coordination [30]. In ad-
dition to what has already been discussed, it is possible in the spectrum of the
new compound to observe bands that were not originally present in the spec-
trum of the precursor compound. These bands refer to indole ,(CN) at 1342
cm™ and ,(CH,) at 878 and 801 cm™. In the free ligand are observed, respective-
ly, in 1355, 858, 849, and 803 cm™. It is possible to notice small displacements
that may be related to intramolecular interactions. This type of interaction is
observed for the compound. [Ru(bipy).(L-trip)]CIO, [26].

Amino acids can coordinate with transition metals in two ways, monodentate
or bidentate, with the most frequent bidentate form being [31] [32]. Analysis of
the above spectra gives strong evidence of the formation of the Ru-O and Ru-N
bond with lymphatic amine nitrogen. FTTRn.a analysis allows us to evaluate that
the L-trip molecule coordinates in a bidentate manner to the metallic center.
This type of coordination fits well with that described for ruthenium L-trip

DOI: 10.4236/abc.2020.103007

93 Advances in Biological Chemistry


https://doi.org/10.4236/abc.2020.103007

M. F. Tarso et al.

compounds, [26] [32] covers [28] [33], platinum [34] [35], palladium [35],
among others.

Cytotoxic evaluation of ruthenium compounds: The acridine orange stain-
ing assay allowed the distinction between living and dead cells in each of the ex-
perimental groups, thus allowing to evaluate if the tested compounds presented
toxicity to the PBMC and MCEF-7 cells. The degeneration processes, as well as
their probable mechanisms, will be evaluated in further tests.

The data obtained by analysis of variance (ANOVA) followed by the multiple
comparisons test (Tukey) give us results with 95% reliability. Thus, it is possible
to state that there are no significant differences in cell death between the
PBMC/MCE-7 groups, showing us that the rate of dead cells was similar in both
strains. (Figure 3):

By analyzing the graph it are possible to notice that there is no significant
difference between the PBMC/PBMC + K[RuClL(bipy)] and PBMC/PBMC +
[RuCl,(bipy)(L-trip)] groups, which shows us that, statistically, the tested stimuli
have no toxic effects on the healthy cells used. However, when analyzing the
MCEF-7/MCF-7 + K[RuCly(bipy)] and MCF-7/MCEF-7 + [RuCly(bipy)(L-trip)]
groups, it is possible to observe an increase in cell death in both cases. These da-
ta demonstrate that both tested stimuli have toxic effects on the tumor cells of
the MCF-7 type.

Very interesting data is obtained when comparing the PBMC + K[RuCl(bipy)]/
MCE-7 + K[RuCly(bipy)] and PBMC + [RuCly(bipy)(L-trip)]/MCF-7 + [RuCl,
(bipy)(L-trip)] groups. When evaluating the graph, it is verified that there is no
significant difference in the PBMC + [RuCly(bipy)(L-trip)]/MCF-7 + [RuClL(bipy)
(L-trip)] group, but when evaluating the PMC + K[RuCly(bipy)]/MCE-7 + K[RuCl,
(bipy)] group, there is a significant increase in cell death.

These latter comparisons suggest that the insertion of the L-trip molecule into
the K[RuCli(bipy)] complex significantly increased compound selectivity by

MCE-7 tumor cells. Increased selectivity by tumor cells is as expected for expected
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Figure 3. Comparison of cell deaths in %.
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ruthenium-derived compounds [7] [8]. Some ruthenium-derived compounds
show some selectivity for tumor cells as compared to PBMC cells. This is the
case of the cis-[RuCl,(NH;)4]Cl compound which has relevant toxicity for A-20,
SK-Br-3, and S-180 strains, moderate in Jurkat cells and very low toxicity in
PBMC cells when compared to strains. A-20, SK-Br-3, and S-180 [23].

4. Conclusion

From the precursor K[RuCly(bipy)] a simple and reproducible synthesis route
for a new Ru™ coordination compound with bipy and L-trip was generated in
the present work. Due to the thermal instability of the new compound, it was not
possible to develop a purification process for it. Spectroscopic characterization gives
us strong indications of Ru-(L-trip) interaction. The displacement of the carbox-
ylate ion band at higher energies in FTIRne and the absence of aliphatic amine
bands indicate bidentate coordination of the L-trip ligand to the ruthenium metal.
With studies in thermoanalytical techniques, it is possible to suggest the minimum
formula of the compound, [RuCl(bipy)(L-trip)]-1/2H,0. The new compound was
thermally unstable, qualitative test tube testing and heat synthesis synthesize
thermal instability below 100°C with the release of an odor similar to that gener-
ated by L-trip burning. The evaluation of the antitumor potential of precursor
K[RuCly(bipy)] showed that it has considerable toxic effects on the MCF-7 cell line,
but it did not show selectivity and not reached PBMC cells in the same proportion.
Evaluation of the antitumor potential of [RuCly(bipy)(L-trip)]-1/2H,0O showed se-
lectivity for MCF-7 cells as compared to PBMC cells.
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