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Abstract

Rhenium and ruthenium complexes of the type [ReVOCl2(PPh3)L] and [RuIICl2(DMSO)2L], where L are 5-nitrofurylsemicarbazone deriva-
tives, were prepared in an effort to obtain new anti-trypanosomal agents combining the recognized biological activity of these metals and the
trypanocidal activity of the free ligands. Rhenium complexes resulted unstable in aqueous solution not allowing their use as potential drugs. On
the other hand, complexation to ruthenium of the bioactive ligands lead to the lack of antiprotozoa activity even though free radical production
and redox cycling induction were detected when the compounds were incubated in presence of Trypanosoma cruzi cells. The lack of anti-
trypanosomal activity of ruthenium complexes could be explained on the basis of their high protein binding capacity and their high hydrophilicity.
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1. Introduction

Chagas’ disease or American trypanosomiasis is an impor-
tant health problem that affects around twenty million people
in Central and South America. 2–3 Million individuals develop
the typical symptoms of this disease that results in 50 000
yearly deaths [1,2]. The causative agent of this disease is the
haemoflagellate protozoan Trypanosoma cruzi (T. cruzi), which
is transmitted to humans and other mammals, in rural areas, by
reduviid bugs such as Rhodnius prolixus and Triatoma infes-
tans [3]. Current pharmacological treatment has been based on
benznidazole (a nitroimidazole derivative) and nifurtimox (a
nitrofuran derivative, Nfx, Fig. 1), compounds that cause sig-
nificant side effects and show poor clinical efficacy [4–6].
These two drugs are effective against the circulating form of
ino@fq.edu.uy (D. Gambino),
cetto).
the parasite (trypomastigote) during the acute phase of the dis-
ease, but not during the chronic stage. Therefore, there is an
urgent need for the development of effective agents acting at
key targets in T. cruzi.

The last decades have seen a growing interest in transition
metal complexes as potential antineoplastic agents [7]. Some
promising results have been obtained with derivatives of differ-
ent metals, like Pt, Ti, Rh, Au and Ru. In particular, several
ruthenium complexes have exhibited good to excellent anti-
tumor activity in some tumor screens and Ru(II) complexes
containing imidazole ligands have shown antimetastatic activ-
ity against some murine tumor models [8]. DNA has been
recognized as the main target for Ru drugs although it has
been claimed that DNA-independent mechanisms are also
responsible for their anti-tumor activity. On the other hand, a
good correlation between antitumor and trypanostatic proper-
ties of several metal-based drugs has been observed. This is
probably attributable to biochemical similarities between
tumor cells and pathogenic trypanosomes in terms of metabo-
lism and lack of protecting enzymes like catalases and perox-
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Fig. 1.
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idases [9,10]. In this sense, the synthesis of metal complexes
with ligands bearing activity could be a promising approach
towards the development of new agents against protozoa. Pre-
vious work has shown that some metal complexes of certain
anti-trypanosomal drugs (imidazole and thiazole derivatives)
resulted to be more active than the corresponding free ligands
[11–15]. In addition, this approach has also been successfully
used in the development of new agents against other protozoa
such as P. falciparum [16] and E. histolytica [17–19].

Several types of organic compounds have been described as
anti-T. cruzi agents. As part of our current research program, 5-
nitrofuryl derivatives have been synthesized and biologically
evaluated as antichagasic agents. Among them semicarbazone
and thiosemicarbazone derivatives have shown good anti
T. cruzi activity [20–25].

In our previous studies, we have incorporated the 5-
nitrofuryl pharmacophore and a potentially active metal (Re
Fig. 2
or Ru) in the same molecule, in order to obtain complexes
with a potential dual mechanism of cytotoxic action (deriva-
tives 5-9, Fig. 1 and Fig. 2) [26,27].

In this work, a new ruthenium complex 10 with the N4-butyl
derivative of 3-(5-nitrofuryl)acroleine semicarbazone as ligand
(4) has been synthesized and fully characterized. In addition,
the ability of both series of Re and Ru complexes to inhibit
T. cruzi growth was tested (Fig. 2). Biological behavior, includ-
ing intra-parasite free radical production, parasitic respiration
inhibition, complexes’ stability and protein-binding capacity,
was also investigated.

2. Chemistry

The semicarbazone moiety, having suitable donor atoms,
allowed us to include the Re or Ru atom and the 5-nitrofuryl
pharmacophore in the same molecule. Semicarbazones 1-4 [20,
28] (Fig. 2) resulted interesting tools for the development of
the desired compounds, due to their different electronic and
lipophilic properties that could lead to different biological
responses. As previously reported, rhenium complexes 5 and
6 were obtained by reaction of one equivalent of the precursor
[ReVOCl3(PPh3)2] [29] with two equivalents of 1 or 2 in etha-
nol (for derivatives 5) or methanol (for derivative 6) under
reflux, through a ligand substitution reaction where one PPh3
molecule and a Cl atom act as leaving groups [26]. Ruthenium
complexes 7-9 were obtained by reaction of one equivalent of
the precursor [RuIICl2(DMSO)4] [30] with two equivalents of
1, 2, or 3 in ethanol (for derivatives 7 and 8) or toluene (for
derivative 9) under reflux, through a ligand substitution reac-
tion where two DMSO molecules act as leaving groups [27].
Complexes were identified by microanalysis (C, H, N, S),
FAB-MS, IR and electronic spectroscopies, 1H NMR, 13C
NMR and HETCOR experiments. In addition, crystal and
molecular structure of derivatives 5, 7 and 9 were determined
.
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by X-ray diffraction methods [26,27]. In this work, a new
ruthenium complex (10) with 4 as ligand was obtained by a
similar procedure and fully characterized. New ruthenium deri-
vative 10 was prepared in good yields and high purity. Elemen-
tal analyses and FAB-MS results are in accordance to the pro-
posed formulae. Significant vibration bands of the ligand and
the metal complex, useful for determining the ligand’s mode of
coordination, could be tentatively assigned. After coordination,
the n(CO) and the n(C=N) bands of the semicarbazone free
ligand, at 1670 cm−1 and 1578 cm−1 respectively, shift to
lower frequencies (1640 cm−1 and 1519 cm−1, respectively).
These modifications are consistent with bidentate coordination
of the semicarbazone ligand through the carbonylic oxygen and
the azomethynic nitrogen. The n(NH) band at ca. 3120 -
3150 cm−1 is present in the complex, indicating that, in the
solid state, the ligand remains protonated. In addition, the n
(SO) band, observed at 1108 cm−1, confirms the presence of
sulfur-bonded DMSO in the Ru coordination sphere [26,27].
The NMR experiments show narrow signals, typical for Ru
(II) diamagnetic complexes. HETCOR experiments allowed
to assign all signals of the free ligands and the investigated
complexes 1H NMR integrations and signal multiplicities are
also in agreement with the proposed formula. The new com-
plex shows similar 1H and 13C chemical shifts to the pre-
viously reported ruthenium nitrofurylsemicarbazone complexes
[26,27].

3. Pharmacology

3.1Anti-protozoal Activity

The trypanocidal activity of all complexes was tested in
vitro against T. cruzi, Tulahuen 2 strain, as previously
described [31]. The compounds were incorporated into the
medium at different concentrations. Percentage of growth inhi-
bition (PGI) was evaluated in comparison to the control (no
Table 1
In vitro anti-T. cruzi behaviour

Ligands
Compd. PGI (%) a,b (doses, μM) Compd.

Assay in axenic medium 1 78 (5) 5
96 (15)
100 (25)

2 50 (5) 6
90 (15)
100 (25)

3 25 (5)
– –
–

4 84 (5)
100 (15) –
100 (25)

Nfx
50 (5) –
100 (25)

Assay in buffer solution 1 74 (15) –
100 (25)

Nfx 20 (15) –
a PGI: percentage of growth inhibition.
b The results are the mean values of three different experiments with a SD less th
drug added to the medium) at day 5. Nfx was used as the refer-
ence trypanocidal drug (Table 1).

In order to study the effect, on the observed activity, of
complex-protein interaction in the culture medium, trypanoci-
dal activity of the ruthenium complex 7 in the absence of cul-
ture medium was studied. The parasites were incubated during
5 h in buffer solution and in the presence of different concen-
trations of selected compound. After that 5 h incubation, cells
were harvested and then were grown in BHI-Tryptose, comple-
mented with 5% fetal bovine serum medium and the PGI were
determined at day 5 (Table 1).

3.2. Stability of the Complexes in Aqueous Medium

The stability of rhenium complexes 5 and 6 was followed at
10−4 M in 1% DMSO, 100 mM phosphate buffer, pH=7.4 at
28 °C using electronic spectroscopy in the visible region.
Release of the ligands 1 and 2 was detected immediately after
dissolution of the complexes. The absence of bands in the visi-
ble region of the electronic spectra (except those of the ligands)
suggests the oxidation of the complexes to ReO4

- in such con-
ditions, with the concomitant release of the semicarbazone
ligand.

The stability of ruthenium complexes 7-10 was followed for
48 h, at 10−4 M in 0.5% DMSO, 100 mM phosphate buffer,
pH=7.4 at 28 °C using electronic spectroscopy in the visible
region and conductivity measurements. The spectroscopic stu-
dies showed the displacement of the absorption maximum of
the complexes, at around 450 nm, to lower wavelengths and
the presence of an isosbestic point (Fig. 3a). These results sug-
gest a very slow single chloride substitution process by water. In
addition, conductivity measurements showed that the number of
ions in solution increased with time indicating that the hydroly-
tic process, as expected, lead to charged species (Fig. 3b). Only
after three days, a partial release of the free ligands was detected
through the appearance of the corresponding band at c.a.
Rhenium complexes Ruthenium complexes
PGI (%) a,b (doses, μM) Compd. PGI (%) a,b (doses, μM)
65 (5) 7 0 (5)
80 (15) 11 (15)
92 (25) –
64 (5) 8 20 (5)
78 (15) 44 (15)
89 (25) 71 (25)

9 0 (5)
– 0 (15)

0 (25)
10 45 (5)

– 63 (15)
–

– – –
–

– 7 43 (15)
82 (25)

– – –

an 10% in all cases.



Fig. 3. a) Electronic spectra of compound 7 10−4 M at different times, intervals = 5 h, in 100 mM phosphate buffer:DMSO (99.5:0.5). b) Molar conductivity of
compound 7 at different times in water:DMSO (99.5:0.5).
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370 nm in the electronic spectra. So, a simultaneous but much
slower decomposition process is also taking place.

3.3. Electrochemical Studies

Electrochemical behavior of the ligands and the correspond-
ing ruthenium complexes was studied. Cyclic voltammetric
experiments were performed, in organic medium, in order to
determine the peak potentials of the nitro moiety. Ligands 1-4
and complexes 7-10 showed similar electrochemical behavior
in the reduction process.

When the potential was scanned in a negative direction, at
all scan rates investigated, a peak near 0.9 V corresponding to
the reduction of the nitro group was observed (Fig. 4). Table 2
lists the values of the voltammetric peaks corresponding to the
nitro moiety.

3.4. Partition Coefficient Determination

The partition coefficients (POW) were determined for the
ligands and the corresponding ruthenium complexes using
electronic spectroscopy in the visible region, n-octanol as non-
polar phase and physiological serum as polar one (Table 2)
Fig. 4. Cyclic voltammograms at 25 °C of 10−3 M solu
[33]. A drastic decrease of the measured lipophilicity is
observed as a consequence of the coordination to ruthenium.
Only, derivative 10 showed a POW value adequate for a poten-
tial drug [34].

3.5. Interaction with albumin

The interaction of ruthenium complexes 7-10 with bovine
serum albumin (BSA) as a model protein was investigated. Com-
plexes were incubated at 37 °C with BSA for different time per-
iods and using different metal to protein molar ratios. After ultra-
filtration, the amount of non-bound ruthenium complexes was
quantified by electronic spectroscopy. The percentage of bound
complex to BSA was followed with time as shown in Table 2.
Clearly, compound 10 presented a different behavior in compar-
ison to complexes 7-9. Interaction of compound 10 with BSA
seem to be faster than the ones observed for derivatives 7-9
(i.e. 50% vs. 10% after 2 h of exposure, respectively, for a 2:1
complex:BSA ratio). However, after 96 h incubation the percen-
tage of BSA-bound to complexes 7-9 reached the maximum
100%, while remained 50% for derivative 10.

It is important to note that the visible spectrum of metal
complexes changed in the presence of BSA. In all cases, a
tions of 7-10 in DMSO/0.1M (TBA)PF6 at 2.0 V/s.



Table 2
Physicochemical characterization of developed compounds

Ligands Complexes
Comp. E1/2

a POW Compd. E1/2
a POW Binding to BSA

Percentage of complex bound to BSA (%) c Time (h)
1 –0.87 1.93 b 7 –0.99 0.07 b 50 24

100 96
2 –0.85 9.33 b 8 –0.89 0.13 b 50 24

100 96
3 –0.87 2.25 b 9 –0.97 0.32 b 50 24

100 96
4 –0.86 29.0 10 –0.92 5.80 50 2

50 96
a Versus saturated calomel electrode; scan rate: 2.0 V/s.
b Reference [32].
c Molar ratio complexes:BSA = 2:1. BSA: bovine serum albumin.
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clear displacement of the complexes absorption bands to higher
wavelengths (c.a. 10-20 nm shift) after BSA interaction was
observed. These results not only confirm the interaction of
these complexes with the protein but also suggest a change in
the ruthenium coordination sphere and thus a covalent interac-
tion between the protein and the metal.

On the other hand, the interaction of ruthenium complex 7
with BSA did not induce fragmentation of the protein as con-
firmed by gel electrophoresis. Different protein:complex ratios
were incubated at 37 °C for 24 hs and then run on 10% SDS-
PAGE. No protein bands were detected with lower molecular
weight than BSA.

3.6. Confirmation of Mechanism of Action

According to our design, the developed ruthenium com-
plexes would act by a dual mechanism: intra-parasitic free radi-
cal production due to the ligand and DNA interaction due to
the metal. Previously, we had demonstrated that these com-
pounds were able to bind to DNA [32]. Herein, we studied,
using ESR spectroscopy and biochemical methods, the ability
of the compounds to produce free radicals into the parasite.

3.6.1. ESR Studies
Incubation of derivative 7 with the epimastigote form of

T. cruzi in the presence of 5,5-dimethyl-1-pirroline-N-oxide
(DMPO) as spin trapping agent allowed to detect free radicals
generated by bio-reduction promoted by the parasite (Fig. 5)
[35]. The observed pattern of the ESR signals were consistent
with the trapping of both the hydroxyl radical and the nitrohe-
Fig. 5. *ESR spectrum obtained after 5 min incubation of T. cruzi–epimastigote and
adduct, (#): DMPO-7 free radical adduct.
terocycle radical from 7 (DMPO-OH spin adduct
aN = aH = 14.78 G, (*); DMPO-7 free radical spin adduct
aN = 15.21 G, aH = 23.48 G, (#)). These hyperfine constants
are in agreement with the splitting constants of other DMPO-
OH adducts reported and nitrogen-centered radical trapping by
DMPO [36,37].

3.6.2. Oxygen uptake
The effect of ruthenium complex 7 on T. cruzi respiration

was studied measuring the oxygen consumption by the parasite
at different concentrations of the compound [38]. In order to
better evaluate redox cycling, mitochondrial respiration was
inhibited with 30 μM sodium cyanide. The results are gathered
in Fig. 6. Compound 7 produced a dose-dependent increase of
oxygen consumption that is better observed after the inhibition
of mitochondrial respiration by cyanide. Similar results had
been previously described for the free ligand 1 [38].

4. Discussion

Rhenium complexes, 5 and 6, decomposed almost immedi-
ately in 1% DMSO aqueous solution (phosphate buffer,
pH=7.4). These results are consistent with the fact that
observed trypanocidal activities are those corresponding to
the free ligands (Table 1).

All ruthenium complexes, 7-10, had shown excellent DNA
binding properties [32]. Moreover, oxygen uptake and ESR
experiments demonstrate that these complexes, similarly to
Nfx, could be involved in redox cycling processes generating
oxidative stress in the parasite. However, these derivatives were
derivative 7, see Experimental Section for experimental details. (*): DMPO-OH.



Fig. 6. Left: Effect of compound 7 (300 μM) on the parasitic oxygen consumption. The rate of parasitic oxygen consumption changed when compound 7 was added
(arrow). Right: Effect of compound 7 upon oxygen uptake T. cruzi (see Experimental Section for experimental details).
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poor or non trypanocidal agents in the assayed conditions. At
5 μM, complexes 7-9 showed poor in vitro anti-T. cruzi activity
even though the free ligands 1-3 resulted active (Table 1).
Complex 10, although active at 5 μM (PGI 45%), resulted
less active than the corresponding ligand 4 (PGI 84%).

The physicochemical properties of the complexes could be
indicative of the reasons for the previously described biological
behaviour. On one hand, spectroscopic and conductimetric sta-
bility studies, under the assayed conditions showed that com-
plexes 7-10 suffer a very slow hydrolytic process (substitution
of chlorine by water in the coordination sphere) and an even
slower decomposition process resulting in bioactive ligand
release. However, the assayed concentrations in these stability
studies were 102-103 higher (10−3, 10−4 M) than the complexes
concentration in the biological assays (10−6 M). So, in the
bioassay conditions, the decomposition process should be
even slower and thus no effect on the measured activity should
be expected.

On the other hand, the redox behavior of all derivatives (7-
10) is adequate [39] for an anti-T. cruzi activity. The reduction
potential for the nitro moiety slightly changed when the ligand
was coordinated to ruthenium, shifting – 0.04 to – 0.12 V. This
moderate change could not be responsible for the great change
in the biological response between ligands and complexes.

Two factors were identified as potential contributors to the
low anti-T. cruzi activity observed of the complexes. One is the
poor lipophilicity of the complexes 7-9 (Table 2). When the
ligands 1-3, with POW values ranging between 1.93 and 9.33,
coordinate to ruthenium, the corresponding POW decreased
drastically (0.07 to 0.32). As it is well known, the lipophilicity
of a drug plays a significant role in numerous biological
responses [33]. These complexes resulted 10 to 100 times
more hydrophilic than the parent ligands, and thus its transport
through the cell membrane could be compromised. Otherwise,
complex 10 presented an adequate POW (5.80) that is in agree-
ment with the better biological behavior of this complex. Sec-
ond, the complexes ability to bind proteins could be playing an
important role in the poor displayed activity. This is clearly
stated by the fact that even though compound 7 showed no
activity in the regular anti-T. cruzi in vitro assay, when the
experiment was performed in the absence of proteins (no cul-
ture media) the compound displayed an acceptable level of
T. cruzi cytotoxicity (see Table 1). In the performed BSA inter-
action studies, it was clear that complexes 7-9 bind to the pro-
tein in a different manner than does derivative 10 (Table 2).
For the former, binding to protein was slow but complete
after long incubation periods (four days). For derivative 10,
binding to BSA was fast but only 50% of complex bound,
indicating less binding sites in BSA for this complex. These
observations are in agreement with the biological behavior of
the complexes 7-10 in the anti-T. cruzi assays. But, moreover,
they are also in accordance to the previously reported lack of
antitumor activity of these ruthenium complexes in spite of
their high DNA interaction levels [32]. Strong interaction of
other Ru(III) complexes with serum proteins have been
reported [40] and the protein-bound complex exhibited higher
antitumoral activity. Binding to proteins can result in dramatic
change of the protein structure leading to protein disfunction
that could be part of the cytotoxic effect. But also, binding to
proteins might result into modifications or even loss of biolo-
gical activity of the metal complex. This work confirms that Ru
complexes 7-10 strongly interact with BSA yielding signifi-
cantly less active trypanocidal compounds.

5. Conclusions

The results presented above indicate that the developed
ruthenium complexes could be a good starting point for further
chemical modification in order to improve the anti-T. cruzi
activity of the selected ligands.

The information obtained in this work provides a guide to
design more lipophilic ruthenium complexes with this family
of ligands, which could show the desired activity maintaining
or improving the oxidative stress properties and the DNA bind-
ing levels. Synthetic attempts in this direction are currently in
progress.
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6. Experimental protocols

6.1. Chemistry

Reagents and compound 1 were commercially available
research-grade chemicals and were used without further purifi-
cation. Ligands 2-4, [ReVOCl3(PPh3)2], [Ru(II)Cl2(DMSO)4]
and complexes 5-9 were prepared as previously reported [20,
26–30]. For the organic procedures the solvents were dried and
distilled prior to use, and the reactions were carried out in a
nitrogen atmosphere. Elemental analyses were performed on a
Carlo Erba EA 1108 CHNS-O analyzer. Infrared spectra were
recorded on a Perkin Elmer 1310 or a Bomen MB 102 appa-
ratus in the range 4000-400 cm−1, using potassium bromide
tablets. Routine FAB+ spectra of the metal complexes have
been measured with a TSQ spectrometer (Finnigan) with nitro-
benzylalcohol as matrix. The ion gun was operated at 8 kV and
100 μA (probe temperature: 30 °C). Xenon was used as pri-
mary beam gas. 1H-NMR, 13C-NMR spectra and HETCOR
experiments were recorded on a Bruker DPX-400 (at
400 MHz and 100 MHz) instrument.

6.1.1. [RuCl2(DMSO)2 4], 10
[RuIICl2(dmso)4] (100 mg, 0.21 mmol) and 4 (59 mg, 0.21

mmol) were heated under reflux in ethanol (10 mL) during 8-
10 hours, after which a solid precipitated. The solid was fil-
tered off and recrystallized from methanol. Red solid, yield
60%. Calcd. (C16H27Cl2N4O6S2Ru) (%): C 31.6, H 4.4, N
10.8, S 10.5; found C 31.9, H 4.7, N 10.9, S 10.4. m/z (EI) 610
(M+.), 573 (M+. - Cl), 530 (M+. - DMSO), 495 (M+. – DMSO -
Cl) and 452 (M+. – 2 DMSO). UV (acetone): λmáx = 465 nm
(ε = 1. 2 × 103 M−1cm−1). IR (KBr), n: 1640 (CO), 1519
(C=N), 1350 (ns NO2), and 1108 (SO) cm−1. δH(acetone-d3)
0.94 (t, 3H, CH3), 1.42 (m, 2H, CH2), 1.61 (m, 2H, CH2),
3.37 (s, 6H, DMSO-CH3), 3.38 (s, 6H, DMSO-CH3), 3.43 (q,
2H, NCH2), 7.03 (bt, 1H, NH), 7.15 (d, 1H, CH=), 7.18 (d, 1H,
H-furane), 7.49 (dd, 1H, CH=), 7.63 (d, 1H, H-furane), 9.17 (d,
1H, CH=N), and 11.05 (bs, 1H, NH). δC(acetone-d3) (HMQC,
HMBC) 13.51 (CH3), 20.04 (CH2), 32.05 (CH2), 41.00 (CH2),
45.23 (DMSO-CH3), 45.38 (DMSO-CH3), 114.00 (furan-C),
117.00 (furan-C), 119.00 (-CH=), 127.54 (-CH=), 144.00
(furan-C), 152.00 (furan-C), 153.88 (H-C=N) and 161.00
(C=O).

6.2. Biology

6.2.1. Trypanocidal in vitro test
Normal Assay. Trypanosoma cruzi epimastigotes (Tulahuen

2 strains) were grown at 28 °C in an axenic medium (BHI-
Tryptose) as previously described [20–25], complemented
with 5% fetal bovine serum. Cells from a 10-day old culture
(stationary phase) were inoculated into 50 mL of fresh culture
medium to give an initial concentration of 1×106 cells/mL. Cell
growth was followed by measuring everyday the absorbance of
the culture at 600 nm. Before inoculation, the media was added
to the indicated amount of the drug from a stock solution in
DMSO. The final concentration of DMSO in the culture
media never exceeded 0.4% and the control was run in the pre-
sence of 0.4% DMSO and in the absence of any drug. No effect
on epimastigotes growth was observed by the presence of up to
1% DMSO in the culture media. The percentage of inhibition
was calculated as follows: %={1-[(Ap-A0p)/(Ac-A0c)]}×100,
where Ap=A600 of the culture containing the drug at day 5;
A0p=A600 of the culture containing the drug just after addition
of the inocula (day 0); Ac=A600 of the culture in the absence of
any drug (control) at day 5; A0c=A600 in the absence of the
drug at day 0.

Assay without proteins. T. cruzi epimastigotes (Tulahen 2
strain) from 5 days of growth were harvested by centrifugation
(3000 rpm for 15 min), washed and resuspended in PBS-
glucose (4 mL). The centrifugation was repeated (3000 rpm
for 15 min), the supernatant discarded and the parasites re-
suspended in PBS-glucose (4 mL). The indicated amount of
the compound from a stock solution in DMSO was added
and incubated for 5 h at 28 °C. Then, cells were harvested
(3000 rpm for 15 min), supernatant discarded and the parasites
re-suspended in an axenic medium (BHI-Tryptose) comple-
mented with 5% fetal bovine serum. Afterwards, the procedure
was continued in the same way as in the normal assay
described above. The same procedure was performed for Nfx
(reference drug) and vehicle alone, DMSO as blank.
6.3. Physicochemical properties
6.3.1. Stability studies

The stability studies were performed at 10−4 M complex
concentration in a mixture of DMSO (0.5-1.0%):phosphate
buffer (pH = 7.4). The solutions were kept at 28±1 °C and
the variation of the spectrum in the range 300 – 800 nm was
followed during 96 h with a Spectronic 3000 spectrophot-
ometer. Conductimetric measurements were performed at
25 °C in 10−3 M water:DMSO (99.5:0.5) solutions using a
Conductivity Meter 4310 Jenway.
6.3.2. Cyclic voltammetry

Cyclic voltammetry was carried out in DMSO (ca 1.0 mM)
under nitrogen atmosphere at room temperature with
(TBA)PF6 (ca 0.1 mM) as supporting electrolyte, using a
Metrohm 693 VA instrument with a 694 VA Stand convertor
and a 693 VA Processor. A three electrodes cell was employed
with a mercury-dropping electrode as working electrode, a pla-
tinum wire as auxiliary electrode, and a saturated calomel elec-
trode as reference electrode.
6.3.3. POW determination

Lipophilicity tests were performed by the “shake flask”
methodology determining the partition coefficient, Pow, of the
complexes in physiological solution/n-octanol. Concentration
of Ru complexes in both phases was determined spectrophoto-
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metrically by measuring the absorbance at the λ maximum of
each complex [33].
6.3.4. Interaction with proteins

BSA (50 μM) and increased quantities of the metal com-
plexes (2:1, 1:1, 0.5:1 ratios) were incubated al 37 °C in
100 mM phosphate buffer, pH 7.4. At different times, an ali-
quot of the incubated solutions was ultrafiltrated (Centrikon
tubes, 10000 cut-off), and the amount of unbound complex
was quantified by absorbance at the complex absorption max-
ima. The percentage of complex bound to BSA was deter-
mined by comparing the total amount of incubated complex
with the unbound complex quantified after ultrafiltration.

The potential proteolitic activity of the metal complex was
investigated incubating BSA and compound 7 at different
molar ratios (1:0.1, 1:0.5 and 1:1) at 37 °C for 16 h. Protein
hydrolysis was assayed on SDS-PAGE (10%) visualizing the
proteic bands by Coomasie blue.
6.3.5. ESR experiments

NADPH, EDTA, DMPO and DMF were obtained from
Sigma. Epimastigotes of T. cruzi (Brener strain) (7 mg pro-
tein/mL), NADPH (1 mM), EDTA (1 mM), DMPO
(100 mM) in phosphate buffer pH 7.4 were incubated with
the complexes (1 mM) dissolved in DMF. In all cases,
NADPH was added immediately before the ESR spectrum
was recorded. ESR spectra were recorded at 28 °C in the X
band (9.68 GHz) using a Bruker ECS 106 spectrometer with
a rectangular cavity and 50 kHz field modulation.
3.5.2. Oxygen uptake

Tulahuen strain T. cruzi epimastigotes were harvested by
500 × g centrifugation, followed by washing and re-
suspension in 0.05 M sodium phosphate buffer, pH 7.4, con-
taining 0.107 M sodium chloride. Respiration measurements
were carried out polarographically with a Clark N° 5331 elec-
trode (Yellow Springs Instruments) in a 53 YSI model (Simp-
son Electric Co). The chamber volume was 2 mL and the tem-
perature was 28 °C. The amount of parasite used was
equivalent to 2 mg of protein. Parasite mass-drug ratio used
in the oxygen uptake experiments was maintained as in the
growth inhibition assays. Values are expressed as mean ± SD
for three independent experiments.
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