
A functionalized heterobimetallic 99mTc/Re complex as a potential bimodal imaging probe:  

synthesis, photophysical properties, cytotoxicity and cellular imaging investigations 

 

Alison François,1,2 Céline Auzanneau,3 Valérie Le Morvan,3 Chantal Galaup,1,2 Hannah S. Godfrey,1,2 

Louise Marty,1,2 Alexandre Boulay,1,2 Marine Artigau,1,2 Béatrice Mestre-Voegtlé,1,2 Nadine Leygue,1,2 

Claude Picard,1,2 Yvon Coulais,4 Jacques Robert,3 and Eric Benoist1,2 

 
1 CNRS ; Laboratoire de Synthèse et Physico-Chimie de Molécules d’Intérêt Biologique, SPCMIB, UMR 5068, 118, route de 

Narbonne, F-31062 Toulouse cedex 9, France, 
2 Université de Toulouse ; UPS ; Laboratoire de Synthèse et Physico-Chimie de Molécules d’Intérêt Biologique, SPCMIB, 

UMR 5068, 118, route de Narbonne, F-31062 Toulouse cedex 9, France, 
3 INSERM U916, Université Bordeaux Segalen, Institut Bergonié, 229, cours de l’Argonne, 33076 Bordeaux, France, 

4 Laboratoire "Traceurs et traitement de l’image", Faculté de Médecine de Purpan, EA 3033, 133, route de Narbonne, 31062 
Toulouse cedex 9, France. 

 

 
 

Electronic Supporting Information 
 
 

 
I. Selected spectra 

 
II. Stability assays 

 
III. Cytotoxicity studies  

 
IV. Confocal microscopic study  

 
 
 

                                                           
Corresponding author: Tel : +33 561 55 64 80 ; e-mail : benoist@chimie.ups-tlse.fr  

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2013

mailto:benoist@chimie.ups-tlse.fr


I. Selected spectra 

 

1H NMR spectrum of 5 (D2O, 300 MHz) 
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 1H NMR spectrum of 7 (CD3CN, 500 MHz) 
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13C-JMOD NMR spectrum of 5 (D2O, 125 MHz) 
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13C-JMOD NMR spectrum of 7 (CD3CN, 125 MHz) 
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Mass Spectrum of 5 (ESI+ mode) 
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High Resolution Mass Spectrum of 5 (ESI+ mode) 
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Mass Spectrum of 7 (ESI+ mode). 
In the window: experimental MS zoom (up), [M+H]+ (middle) and [M+Na]+ (bottom) theoretical isotopic signatures 
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High Resolution Mass Spectrum of 7 (ESI+ mode) 
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Analytical Chromatograms of 5 (top) and 7 (bottom) after HPLC purification 
(Column: Acquity BEH UPLC C18 column, 1.7 µm 2.1x50 mm, 0.3 mL/min,  

Solvent (A/B): 0.1% TFA in water / 0.1% TFA in CH3CN, Gradient: from A:B 90:10 to 0:100 in 4.5 min, λ=239 nm) 
 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2013



II. Stability assays 

 

Procedure 

Radiocomplex 99mTc/Re (8) stability vs. Histidine 

The histidine challenge experiment was performed on purified radiocomplex 8 using a large excess of 

histidine (1:20 molar ratio). In a vial containing 100 µL of freshly prepared histidine solution (Histidine 

monohydrate monohydrochlorate PROLABO; 4.77 10-3 M in water), 20 µL of purified 99mTc/Re 

complex 8 (1.2 10-3 M) were added. The mixture was stirred at 37°C from 1 to 6h. After this 

incubation time, 100 µL CH3CN were added, the mixture was centrifuged 5 min at 300 rpm. The 

supernatant was then analyzed by HPLC, under the previous conditions. 

 

Results 

Table 1. Stability of complexes 7 and 8 in buffer solution, and against ligand exchange with histidine  

 Complex 7a  Complex 8a 

Conditions 0.5 h 2 h 6 h  0.5 h 2 h 6 h 

Aqueousb >99% >99% >99%  >99% >99% >99% 

Histidinec n.d. n.d. n.d.  99% 95% 88% 

a: Percent of complex remaining at the indicated time, b: Tris buffer, pH 7.4 at ambient temperature; 

c: ligand exchange with an excess of histidine at 37oC, n.d.: not determined 
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III. Cytotoxicity studies  

 

Material and methods: 

Human lung alveolar (A549), human breast (MCF7) and human colon (HT29) adenocarcinoma 

cells were obtained from the Developmental Therapeutics Branch of the National Cancer 

Institute, Bethesda, MD (USA). Cells were grown with RPMI-1640 GlutaMax medium, 10% fetal 

bovine serum (GIBCO, Grand Island, USA), at 37°C and 5% CO2 in flasks purchased from Nunc 

(Denmark). Cell passaging was performed twice a week. Adherent cells cultures were washed 

once with phosphate-buffer saline (PBS, 10x, pH 7.2, GIBCO) and harvested by stripping of flasks 

with trypsin (0.25% Trypsin-EDTA, 1X, Phenol Red, GIBCO) after 5 minutes incubation period at 

37°C. Cells were counted on Countess Automatic Cells Counter, using trypan blue, before being 

plated into a 96-well plate (800 MCF7 or HT29 cells / 1,000 A549 cells per well). 24 h later, the 

medium was removed and replaced by 200 µL dilutions of 7 in RPMI, 1% DMSO.1 After a 72 h 

incubation time, the number of surviving cells was estimated by MTT (3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyl tetrazolium bromide) assay2: after removing the medium, MTT reagent (200 µL 

per well, 0.5 mg/mL in RPMI) was added. After 4h, it was removed and DMSO was added (150 µL 

per well) to dissolve formazan crystals. Absorbance of the purple solutions was evaluated on a 

microplate spectrophotometer (Bio-Tek Instruments; measurements at 570 and 630 nm). Wells 

treated with solvent only were used as a control, with 100% viability. Absorbance of treated 

wells was compared to this control value, to estimate cell viability. All experiments were 

performed in triplicate. 

 

 

 

 

 

 

 

 

                                                           
1 (a) K.K.W. Lo, M.W. Louie, K.S. Sze, J.S.Y. Lau, Inorg. Chem., 2008, 47, 602-611, (b) M.W. LouieT.T.H. Fong, 
K.K.W. Lo, Inorg. Chem., 2011, 50, 9465-9471. 
2 T. Mosmann, J. Immunol. Methods, 1983, 65, 55-63. 
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Cytotoxicity studies of Paclitaxel, Cisplatin and complex 7 on A549, MCF7 and HT29 cells 

(standard deviation between three replicates) 
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Figure 1. Cytotoxicity positive assay with Paclitaxel (nanomolar IC50) 
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Figure 2. Cytotoxicity positive assay with Cisplatin (micromolar IC50) 
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Figure 3. Cytotoxicity studies of complex 7 (micromolar IC50) 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2013



IV. Confocal microscopic study  
 

 

Material and methods 

5,000 cells of A549 were plated onto 96-black well plates and incubated at 37°C, 5% CO2 for 24 h, in 200 µL RPMI medium. After this incubation time, the 

medium was removed and replaced by 200 µL solutions of 7 (0, 50, 100 and 200 µM) in RPMI + 1% DMSO medium. The compound was incubated 72h and 

then removed. Cells were washed twice with PBS and viewed, still in PBS, under a Zeiss LSM 510 confocal microscope (Carl Zeiss AG, Oberkochen, Germany) 

with LSM Image Browser software, equipped with a diode laser, amongst others. Fluorescence was observed at room temperature with a 25x objective, 

with an excitation at 405 nm, using the DAPI configuration (emission in blue area; Dye (emission): DAPI; laser (excitation): 405 nm at 25 mW). Wells without 

compound 7 were used as a control, to ensure that no background fluorescence was recorded. 
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Confocal microscopic study of A549 cells after treatment with complex 7 : dose-response relationship 

(various dose concentrations, ex = 405 nm, 72h incubation time) 

 

 
 

Confocal microscopic image of A549 cells without incubation of complex 7 
and two washes with PBS, as a reference. 

 
 
Confocal microscopic image of A549 after a 72h-incubation time with 5 10-

5 M complex 7 and two washes with PBS. 
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Confocal microscopic image of A549 after a 72h-incubation time with 1 10-4 M 

complex 7 and two washes with PBS. 

 

Confocal microscopy image of A549 after a 72h-incubation time with 1.5 

10-4 M complex 7 and two washes with PBS. 
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Confocal microscopy image of A549 after a 72h-incubation time with 2 10-4 M complex 7 and two washes with PBS. 
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