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ABSTRACT

Five newly synthetized fac-Re(I) tricarbonyl compounds were explored as prospective
antitrypanosomal agents. The biological activity of the whole series was evaluated preliminarily against the
epimastigote form of Trypanosoma cruzi. All compounds showed activity against epimastigotes with ICsg
values in the low micromolar range. The most active compound [fac-Re(I)(CO)s3(tmp)(CTZ)](PFs), with
CTZ = clotrimazole and tmp = 3,4,7,8-tetramethyl-1,10-phenantroline, showed good selectivity towards
the parasites and thus was selected to carry out further metallomic studies. For this task, a newly
bioanalytical method based on microwave plasma atomic emission spectrometry (MP-AES) was developed
and validated. The accuracy of the method was ensured by testing a certified reference material. Results of
rhenium elemental analysis by MP-AES agreed with the proposed formula of the studied compounds,
contributing to the overall validation of the method, which was then applied to evaluate the percentage of
rhenium uptaken by the parasites and the association of the compounds with parasite biomacromolecules.
Metallomics results showed low total rhenium percentage uptaken by parasites (~1.2%) and preferential
accumulation in the soluble proteins fraction (~82.8%). Thus, the method based on MP-AES turned out to
be an economical and green alternative for metallomics studies involving potential thenium metallodrugs.
Moreover, a comparison against rhenium determination by electrothermal atomic absorption spectrometry

(ET-AAS) was included.
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1. Introduction

Parasitic diseases produced by trypanosomatid protozoa, like American
Trypanosomiasis (Chagas disease), constitute an overwhelming health issue in poor
regions, particularly in Latin America. Chagas disease is considered by the World Health
Organization (WHO) as a neglected tropical disease, which is endemic in Latin America,
but has also spread in recent decades to non-endemic regions owing to the migration of
unaware infected people that transmit the disease through blood transfusions, organ
transplants and from mother to fetus. Its etiological agent is the homoflagellated
protozoan parasite Trypanosoma cruzi, that is transmitted to mammalian host mainly by
blood-sucking triatomine infected bugs. The current chemotherapy is based on two old
drugs, Nifurtimox and Benznidazole, that show several therapeutic disadvantages such as
severe toxic effects and poor efficacy in the chronic phase of the disease. In this regard,
more efficient and non-toxic drugs are urgently needed [1-7].

In this framework, our research group has contributed to demonstrating that the
strategy of hybridization in a single molecule, of bioactive moieties "metal ion or
organometallic core + bioactive organic ligand", leads in many cases to antiparasitic
metal-based compounds bearing improved biological properties. In particular, we have
expanded our research on the effect of metal coordination of bioactive ligands by
including the fac-Re(I) tricarbonyl organometallic core, since fac-{Re(CO)s}"
compounds have been described in the last years as a new class of promising
antiproliferative compounds [8-9]. Although rhenium compounds have been poorly
explored as antitrypanosomal agents, our group counts with previous experience with

promising fac-Re(I) tricarbonyl complexes with salicylaldehyde semicarbazone and



56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

thiosemicarbazone ligands [10-11]. Currently, we propose to explore the potentiality as
prospective antitrypanosomal agents of new fac-Re(I) tricarbonyl compounds that include
in the same molecule two ligands bearing antiparasitic activity: a bidentate 1,10-
phenanthroline derivative and a monodentate azole, namely, clotrimazole [12-13]. At a
first stage, the biological activity of the whole series of rhenium compounds was
evaluated against the epimastigote form of Trypanosoma cruzi. In addition, to study the
metallomics of the most active compound of the series in Trypanosoma cruzi, the
percentage of rhenium uptaken by the parasite and the preferred association of the
compound with parasite biomacromolecules were also determined. For this task, a newly
bioanalytical method based on microwave plasma atomic emission spectrometry (MP-
AES) was developed and applied.

In general terms, trace inorganic elements can be determined in many matrixes using
several methods consisting of microwave-assisted digestion with mineral acids and
subsequent measurement using atomic spectrometry techniques. The trend in analytical
chemistry is to avoid drastic treatments and to look for efficient extraction procedures
under mild conditions, in accordance with green analytical chemistry principles [14]. In
the case of rhenium, it can be determined by flame atomic absorption (FAAS) in a nitrous
oxide-acetylene flame with a characteristic concentration of around 14 mg L™ at 346.0
nm. However, due to its extremely high melting point of 3186 °C and its boiling point of
around 5900 °C, it cannot be practically determined by electrothermal atomic absorption
spectrometry (ET-AAS) since an adequate vapor pressure cannot be attained at the
prevailing temperatures [15]. Recently, MP-AES has reemerged with several
improvements, and it can be considered as a strategy for the determination of highly
refractory elements such as rhenium. This technique employs the concept of “running on

air” with a nitrogen plasma that operates at around 5000 K, which results in cost savings
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and the removal of expensive and flammable gases from the laboratory [16-17]. This high
plasma temperature provides a higher sample matrix tolerance, lower detection limits and
an expanded working concentration range, when compared to FAAS. However, it is not
the first choice for trace elements determination since detection limits are not as low as
those achieved with other techniques such as ET-AAS or inductively coupled plasma —
mass spectrometry (ICP-MS) [18-20]. However, in this work it was demonstrated for the
first time that MP-AES can be used as a tool to perform rhenium elemental analysis as
well as to probe the fate of potential rhenium-based drugs for metallomic studies with
excellent performance. MP-AES technique had not been used for metallomic studies in
the past, hence, this study assumes importance also from the technique's point of view.
Moreover, an attempt to perform rhenium determination by ET-AAS according to the
only publication found on the scientific literature [21], was also discussed and compared.
The results obtained in this work provide new knowledge and deeper insights to the field

of bioanalytical chemistry applied to medicinal inorganic chemistry.

2. Materials and methods
2.1.  Reagents

Calibration curves were prepared by serial dilution of a rhenium 1000 mg L'
solution prepared from ammonium perrhenate (NHsReO4) (Sigma Aldrich, St. Louis,
MO, USA) in 0.01 mol L™ nitric acid (HNOs3) prepared from concentrated HNO3 (Merck,
Darmstadt, Germany).

A NIST 1643e (Gaithersburg, MD, USA) standard reference material (SRM),
consisting of trace elements in water, was used for trueness and precision evaluation of

the analytical method.
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Ultrapure water of 18.2 MQcm resistivity was obtained from a Millipore Direct Q3
UV water purification system (Bedford, MA, USA). All glassware was soaked overnight
in 1.4 mol L' HNO; and then rinsed exhaustively with ultrapure water for

decontamination.

2.2.  Studied rhenium compounds

A new series of five [fac-Re(I)(CO)3(NN)(CTZ)](PFs) recently synthetized
compounds was used, where CTZ is clotrimazole and NN are bidentate 1,10-
phenanthroline derivatives, namely: 1,10-phenantroline (phen); 5-amino-1,10-
phenantroline (aminophen); 4,4’ -dimethyl bipyridine (dmb); 3,4,7,8-tetramethyl-1,10-

phenantroline (tmp) and 2,2 -bipyridine (bipy) (Fig. 1).

M
OC 'r”"fm; ..ﬂ‘-"“““N P Fﬁ
..... |
or:/ \CTZ
CO

[fac-Re(CO);(NN)(CTZ)](PFg)

Fig. 1. General structure of the new Re(I) tricarbonyls. CTZ is clotrimazole and NN

are five different bidentate 1,10-phenanthroline derivatives.

2.3.  Total digestion of rhenium compounds for elemental analysis of the metal
A microwave-assisted acid digestion of rhenium compounds was carried out using a
CEM Mars 6 microwave digestor (Matthews, NC, USA) provided with 12 Easy Prep

Plus® vessels. For sample preparation 5.0 mg of sample were accurately weighted into
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each vessel and 10.0 mL of 3.5 mol L"! HNO; were added. The program consisted of a
15-minute ramp time until 200 °C and then holding for 10 min, with power varying
between 400 and 1800 W, and a maximum pressure of 3.4 MPa. The obtained solutions
were used for analytical determinations after an appropriate dilution with ultrapure water.

Samples were run in triplicate. Reagent blanks were also run.

2.4.  Rhenium uptake by parasites

The rhenium compound, [fac-Re(I)(CO)3(tmp)(CTZ)], uptake percentage was
performed as previously described [7]. Briefly, epimastigotes of CL Brener strain in a
density of 3 x 10° parasites mL™!' were cultured in brain-heart infusion (BHI) medium at
28°C and incubated with concentrations of the rhenium compound corresponding to 1 x
and 10 x ICso previously determined on epimastigotes of 7rypanosoma cruzi (3.43 pmol
L' and 34.3 umol L respectively). Parasites were collected at 4 h and 24 h after
incubation with the most active compound. Each sample (3 x 10° parasites) was
centrifuged at 1000 g for 10 min. The supernatant containing uncaptured compound was
separated from the pellet of parasites. The parasites in the pellet fraction were washed
with 1 x phosphate buffered saline (PBS) and resuspended in 500 uL of 0.1 mol L' HNO;
and subjected to ultrasonication for 5 min in a Cole Parmer 8893 (Vernon Hills, IL, USA)
ultrasonic bath at 47-kHz for optimum solubilization. The supernatant was appropriately
diluted with 0.1 mol L' HNOs. Both fractions (pellet and supernatant) were analyzed by
MP-AES. The uptake percentage of rhenium in the parasites was determined according
to the following equation: % entry = P/(P + S), where “P” corresponds to total pg of
rhenium in the parasites (pellet), “S” corresponds to ug of rhenium in the supernatant and

“P + S” is total ug of the metal incorporated in the experiment (supernatant + pellet).
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Three independent experiments were performed for each concentration at each analyzed

time point.

2.5.  Rhenium association with parasite biomacromolecules

Rhenium association with different biomacromolecules (DNA, RNA, soluble
proteins, and insoluble fraction) was studied for [fac-Re(I)(CO)3(tmp)(CTZ)](PF¢) as
previously described [7]. Insoluble fraction mainly contained insoluble proteins and
membrane lipids among other insoluble molecules. Mid exponential phase parasites were
incubated with 1 x and 10 x ICso (3.43 pmol L' and 34.3 umol L respectively). After 4
h of incubation, biomacromolecules were isolated for further analysis. For DNA isolation,
2 x 10 parasites were collected using Monarch Genomic DNA Purification Kit provided
by New England Biolabs (Ipswich, MA, USA). For protein isolation, 2 x 10° parasites
were resuspended in 1 mL of parasite lysis buffer containing Tris-HCI 10 mmol L' pH
7.5, EDTA 1 mmol L', CHAPS 1%, glycerol 10%, Triton 0.5%, and Complete™
Protease Inhibitor Cocktail provided by Roche (Manheim, Germany). After stirring on
ice for 30 min, the lysate was centrifugated at 20,000 g for 1 h at 4 °C. The soluble proteins
were isolated from the supernatant and the insoluble ones from the pellet, which were
resuspended in 200 pL of PBS. Total RNA was isolated using Trizol™ reagent provided
by Life Technologies (Gaithersburg, MD, USA) starting from 2 x 10° parasites. All
fractions were diluted to 500 pL with 0.1 mol L' HNO3 and subjected to ultrasonication
for 5 min in the ultrasonic bath at 47 kHz for optimum solubilization. Three independent
experiments were performed for each fraction at each concentration.

Samples were analyzed by MP-AES. Associated percentages were calculated as

(I3

follows: [pg of rhenium in fraction x/total pg of rhenium] % 100, where “x” was a given
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biomacromolecule fraction, and “total pug of rhenium” was the sum of rhenium in RNA

fraction + DNA fraction + soluble protein fraction + insoluble fraction.

2.6.  Rhenium analytical determinations

Total rthenium determinations were performed by MP-AES using an Agilent 4210
spectrometer (Santa Clara, CA, USA) equipped with an inert One Neb nebulizer with a
double-pass glass cyclonic spray chamber system, and a standard torch. The spectrometer
used an online nitrogen generator Agilent 4107 (Santa Clara, CA, USA), which takes in
air from the environment through a Diirr Technik KK70 TA-200K compressor
(Bietigheim-Bissingen, Germany). The plasma gas flow was fixed at 20 L min™! and the
auxiliary gas flow at 1.5 L min™!. The following operational settings were applied: uptake
time of 70 s, plasma stabilization time with sample aspiration of 15 s, read time of 3 s (in
triplicate), wash time of 20 s, wavelength 346.046 nm, viewing position -20, nebulizer
flow 0.8 L min™!. Automatic background correction was used.

For comparison reasons, total rhenium determinations were also performed by
electrothermal atomic absorption spectrometry (ET-AAS) using a Thermo Scientific iCE
3500 spectrometer (Cambridge, United Kingdom) equipped with auto-sampler and
employing Zeeman correction. The spectrometer was connected to a transversely heated
graphite tube furnace module from Thermo Fisher Scientific (Cambridge, United
Kingdom). A rhenium hollow cathode lamp from Green Scientific (Beaconsfield,
Australia) was used. The analytical line employed was 346.0 nm and the signal used for
quantification was integrated absorbance (peak-area). Omega platform pyrolytically
coated graphite tubes from Thermo Scientific (Cambridge, United Kingdom) were used.

Argon 99.998% of purity provided by Linde (Montevideo, Uruguay) was used as purge
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and protective gas. The graphite furnace heating program used is shown in Table 1. No

matrix modifier was used.

Table 1. Temperature program for the determination of rhenium by ET-AAS.

Stage Temperature (°C) Ramp rate (°C s')  Hold time (s) ’A}rlig?;lllfll?;v
Drying 100 10 40 0.2
Pyrolysis 1500 150 20 0.2
Atomization 2800 0 3 -
Cleaning 2850 0 3 0.2

3. Results and discussion
3.1. MP-AES analytical method validation

The analytical method was validated for rhenium based on the Eurachem guide
recommendations [22]. Validation was performed using direct calibration, at five
concentration levels, in the range presented in Table 2.

Linearity was verified in a suitable range for this application, up to 2.0 mg L™!, using
the lack-of-fit test [23]. For all calibration functions, the determination coefficient value
(R?) was greater than 0.999. The resulting calibration curve is shown in Fig. 2, being the

equation as follows: Intensity = (8672.3 = 104.0)*Concentration (mg L") + (101.9 + 1.5)

21000
18000 -
4
4
15000 - Vg

12000 4 Vi

Intensity
\
\

9000 - r's
6000 - s

3000 - ,'

0 ; ; ; ;
0,00 0,50 1,00 1,50 2,00 2,50

Rhenium concentration (mg L?)

Fig. 2. Calibration curve for rhenium determination.
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For trueness evaluation, a student's #-test was performed to compare the obtained
values with the certified values of the SRM. All experimental ¢-values were below the
theoretical ¢ (0.05, 5) of 2.57 indicating that, at the 95% confidence level, the
concentrations did not differ significantly from the informed value [23]. Average
recovery was 98%. Precision estimated as repeatability and expressed as percent relative
standard deviation (%RSD) for the analysis of the SRM (n = 6) was better than 5%. These
results for precision were adequate, considering that the analytical determinations were
performed at trace levels. So, the accuracy of the method was ensured [22].

To estimate the limits of detection and quantification (LOD and LOQ), the criteria
established by the Eurachem guide was used, namely, 3s and 10s, being “s” the standard
deviation of the blank [22]. These limits are summarized in Table 2, which proved to be
suitable for the objectives of this work, being the LOQ at least five times below the lower
value obtained in the samples, enough to be able to quantify rhenium with an adequate
confidence level. It should be noted that this LOQ obtained by MP-AES is slightly lower
than that reported by Koide et al. [21] using ET-AAS.

In sum, this method can be considered as a reliable alternative to perform rhenium
metallomic studies. Furthermore, the MP-AES technique pose several advantages over
other widely used atomic spectrometry techniques. For instance, with MP-AES, the use

of expensive gases such as high-purity argon and acetylene can be avoided.

Table 2. Main analytical figures of merit obtained after rhenium validation by MP-AES.

LOD LOQ Linearit Precision Trueness
Parameter (mg L) (mg L) (m L‘lgl (%RSD;  (%Recovery;
(3s;n=10) (10s; n=10) g n=6) * n=6) *

Re 0.005 0.015 0.015-2.0 4.5 98.0

*SRM: NIST 1643e.

10
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3.2. Comparison with ET-AAS analytical method

The optimization of pyrolysis and atomization temperatures was carried out in an
exhaustive way, by performing the corresponding pyrolysis-atomization curves from
1000 to 3000 °C at 200 °C intervals. Once the optimum temperature ranges were found,
the fine adjustment was made by using 50 °C intervals, obtaining the heating program
presented in Table 1. As reported by Koide ef al. [21] strongly broadened peaks and a
sensitivity highly dependent on the atomization temperature were observed in this work.
Temperatures below 2800 °C did not result in complete atomization. Also, to avoid
memory effects several heat-out cycles at 2850 °C were necessary to obtain base-line
readings which was very unfavorable for the lifetime of the graphite tubes, which are
quite expensive laboratory supplies. All these drawbacks, led to a low precision of the
method, which turned out to be 25% expressed as %RSD. Under these conditions, an
instrumental LOD of 0.027 mg L' was attained, employing the 3s criteria as
recommended by Eurachem guide, in accordance with that obtained by Koide et al. [21]
of 0.020 mg L', All the disadvantages presented during rhenium determination by ET-

AAS promoted the development and validation of the MP-AES method.

3.3. Elemental analysis of rhenium compounds

The sample preparation procedure for rhenium compounds using dilute HNO; acid
resulted very efficient with the advantage of reducing the use of dangerous residues and
lowering costs. The solution obtained after microwave-assisted digestion was limpid and
no further procedures were required, except for the dilution with ultrapure water prior to
instrumental analysis by MP-AES.

Rhenium elemental analysis results agree with the proposed formula for the five new

[fac-Re(I)(CO)3;(NN)(CTZ)](PFs) complexes as shown in Table 3, being the percentage

11
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recoveries between the experimental and the theoretical value in the range 97 — 101 %.
These results contribute to the overall validation of the newly developed method based

on MP-AES, demonstrating good selectivity towards rhenium in real samples.

Table 3. Elemental analysis of rhenium on studied compounds.

Theoretical Experimental %Recovery

Compound 9% Re % Re
[fac-Re(1)(CO)3(phen)(CTZ)](PFs¢) 19.8 19.5 99
[fac-Re(I)(CO)3(aminophen)(CTZ)](PFs) 19.5 19.0 97
[fac-Re(1)(CO)3(dmb)(CTZ)](PFs) 19.7 19.3 98
[fac-Re(I)(CO)3(bipy)(CTZ)](PFs) 20.3 20.5 101
[fac-Re(1)(CO)3(tmp)(CTZ)](PFe) 18.7 18.3 98

3.4. Rhenium uptake of the most active compound on Trypanosoma cruzi

The five new [fac-Re(I)(CO)3;(NN)(CTZ)](PFs) complexes were previously evaluated
in vitro for their anti-Trypanosoma cruzi activities against epimastigotes of CL Brener
strain. To determine the ICso value (50% growth inhibitory concentration) a method
adapted by our research group was employed [7]. The newly synthesized compounds
showed ICso values in the low micromolar range (3.43—10.2 umol L), the same order as
those of the reference drug Nifurtimox (2.86 upmol L), being [fac-
Re(I)(CO)3(tmp)(CTZ)](PFs) the most active compound.

Thus, for metallomics studies, epimastigotes were incubated with the most promising
compound, [fac-Re(I)(CO)3(tmp)(CTZ)](PFs), for 4 and 24 h at concentrations of 1 x and
10 x the ICso value (3.43 pmol L!). Rhenium uptaken by the parasites or strongly bound
(not removable by washing), and rhenium remaining in the culture medium, were
determined by MP-AES to estimate the amount of compound into epimastigote form of
the parasites. The average amount of rhenium determined for three independent

experiments is shown in Table 4. To evaluate the accuracy of this assay, the

12
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corresponding mass balance was calculated to verify that the mass of thenium in the pellet
+ the mass of rhenium in the culture, was statistically equivalent to the total mass of
rhenium used for incubation. A Student’s #-test (p < 0.05) was performed for this task,
showing experimental ¢ values below the theoretical ones. Thus, it was concluded that the
sum of experimental masses obtained by MP-AES were statistically equal to the
theoretical masses used for incubation.

As presented in Table 4 the metal incorporation percentages do not change
significantly between 4 and 24 h. The uptake percentages are quite low when compared
with those previously reported in epimastigotes for promising vanadium compounds
synthesized by our research group [24-25]. This differential uptake could arise from the

different chemical nature of the compounds and the different metallic center.

Table 4. Calculated percentages of rhenium uptaken by the parasites after 4 h and 24 h
incubation with 1 x and 10 X the calculated ICso value for [fac-

Re(1)(CO)s3(tmp)(CTZ)](PFe) on epimastigotes of Trypanosoma cruzi.

. %Entry = SD
Compound concentration (LM) At 24t
1 x ICso 1.24+0.03 1.16 £ 0.04
10 x ICso 1.28 +0.03 1.25+0.02

%Entry corresponds to % of rhenium uptaken by the parasite (pellet) relative to the total rhenium
in the parasite culture. The average of three independent experiments and standard deviation (SD)

are presented for each point.

3.5. Rhenium distribution in the parasite of the most active compound on Trypanosoma
cruzi
Rhenium association with biomacromolecules was studied in order to evaluate the
subcellular distribution of the compound [fac-Re(I)(CO)s3(tmp)(CTZ)](PFs) inside the
parasites. For this task, epimastigotes from Trypanosoma cruzi were incubated for 4 h

with the chosen compound. Afterwards, different biomacromolecules (DNA, RNA, and
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proteins) were isolated, being total rhenium associated with each fraction determined by
MP-AES. Results are shown in Table 5.

A similar pattern of rhenium distribution was observed in epimastigotes after 4 h of
treatment with 1 x and 10 x the ICso value (3.43 pmol L) previously determined on cell-
derived epimastigotes. As a matter of fact, no statistically significative differences were
found between incubation with different compound concentrations according to by a one-
way analysis of variance (ANOVA) followed by Student’s #-test (p < 0.05).

As can be observed in Table 5, less than 1% was found associated to nucleic acids
fractions (DNA and RNA) at both concentration levels. A preferential association to the
soluble proteins fraction was observed with an average value of 82.8%. Similar
preferential association with soluble proteins was previously reported by our research

group for heteroleptic oxidovanadium(V) complexes [7, 24-25].

Table 5. Calculated percentage of rhenium associated with the different isolated
biomacromolecules after 4 h of treatment with 1 x and 10 x the calculated ICso value of

[fac-Re(I)(CO)3(tmp)(CTZ)](PFs) on epimastigotes of Trypanosoma cruzi.

Compound %Association + SD
concentration (uM) SP IF ADN ARN
1 x ICso 82.1+£0.8 163+0.7 0.85+0.05 0.76+0.07
10 x ICso 83.5+0.3 150+£0.2 0.81+0.03 0.69+0.06

%Association corresponds to % of rhenium associated with the fraction relative to the total
rhenium uptaken by the parasite. The average of three independent experiments and standard
deviation (SD) are presented for each fraction: DNA, RNA, soluble proteins (SP) and insoluble
fraction (IF).

4. Conclusions
The validated analytical method based on MP-AES technique, which was used in this

study for rhenium determination, can be considered as a reliable, economical, and green
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alternative for metallomic studies, constituting an efficient strategy for bioanalytical
evaluation of bioactive rhenium compounds.

The use of this method allowed to get relevant biological parameters for the rhenium
agent [fac-Re(I)(CO)3(tmp)(CTZ)](PFs). Metallomics studies of this most promising
compound, performed on the epimastigote form Trypanosoma cruzi, showed a low uptake
of rhenium by the parasites and a preferential accumulation in the soluble proteins
fraction. A negligible localization of the compound in the DNA and RNA fractions, which
allows to discard these biomolecules as the main targets.

This work highlights once again the importance of providing validated methods
before its application to the performance of different sort of bioanalysis, such as
metallomics studies, to obtain accurate results. Also, the incorporation of MP-AES
technique is worth to mention, considering all the many advantages previously
enumerated. In sum, the work promotes the key role of bioanalytical chemistry in
supporting medicinal inorganic chemistry in the development of newly metallic drugs and

in the study of their mechanism of action.
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Captions to tables

Table 1. Temperature program for the determination of rhenium by ET-AAS.

Table 2. Main analytical figures of merit obtained after rhenium validation by MP-AES.
Table 3. Elemental analysis of rhenium on studied compounds.

Table 4. Calculated percentages of rhenium uptaken by the parasites after 4h and 24 h
incubation with 1 x and 10 X the calculated ICso value for [fac-
Re(1)(CO)s3(tmp)(CTZ)](PFe) on epimastigotes of Trypanosoma cruzi.

Table 5. Calculated percentage of rhenium associated with the different isolated
biomacromolecules after 4 h of treatment with 1 % and 10 x the calculated ICso value of

[fac-Re(I)(CO)3(tmp)(CTZ)](PFs) on epimastigotes of Trypanosoma cruzi.

Captions to figures

Fig. 1. General structure of the new Re(I) tricarbonyls. CTZ is clotrimazole and NN are

five different bidentate 1,10-phenanthroline derivatives.

Fig. 2. Calibration curve for rhenium determination.
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