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Saturday, April 25 

12:30 – 15:30 Registration  
12:30 – 15:30  Management Committee Meeting  (Meeting venue – hotel Sofitel Warsaw 

Victoria – mezzanine) 
15:30 up Welcome Silvio Aime, Renata Mikolajczak 

Annual meeting 
 
 
  Saturday, April 25 

 
OPTICAL IMAGING 
 
Chairmen: Jean-Claude Bünzli, Loïc Charbonniėre 

 

15:30-16:00 Invited lecture  
 
Polymetallic Luminescent Lanthanide Dendrimer Complexes for Biologic 
Imaging in Cells and Small Animals  
 

Stephane Petoud, University of Pittsburg and CNRS Orléans 

O1 

16:00-16:25 Optical Molecular Imaging for the Gastrointestinal Malignancies 
 

Costas Pitris, Andreani Odysseos 

O2 

16:25-16:45 Heterometallic complexes for imaging applications 
 

Stephen Faulkner 

O3 

16:45-17:05 Lab-on-a-Chip Immunocytochemical Detection of Cancer  Biomarkers with Time 
Resolved Luminescence 
 

Bo Song, Venkataragavalu Sivagnanam, Caroline D. B. Vandevyver, Ilkka Hemmilä,  
Hans-Anton Lehr, Martin A. M. Gijs and Jean-Claude G. Bünzli 

O4 

17:05-17:30 Short poster presentations WG1  

17:30-18:30 CONCERT + coffee break  

 Free time  
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09:00-10:50 Sunday, April 26  

 
MAGNETIC RESONANCE IMAGING AND NANOSIZED PROBES FOR MOLECULAR 
IMAGING  
 
Chairmen: Eva Jakab Toth, Mauro Botta  

 

9:00-9:20 A thermosensitive liposome-entrapped DOTA-ENPBA for diagnosis and therapy 
of tumors  

Kristina Djanashvili, G. A. Koning, J. A. Peters 

O5 

9:20-9:40 Hybrid lanthanide oxide nanoparticles combining imaging and therapy 
 

O. Tillement, S. Roux, C. Billotey, M. Janier, P. Perriat, C. Louis  

O6 

9:40-10:00 In vivo visualization of macrophagic uptake and intracellular fate  
of paramagnetically labeled liposomes.  

Daniela Delli Castelli, Enzo Terreno, Evelina Cittadino, Francesco Mainini and Silvio Aime  

O7 

10:00-10:20 Synthesis and characterization of iron oxide nanoparticles for cellular imaging. 
 

Jean-Luc Bridot, Ph. Leclere, S. Laurent, Y. Gossuin, C. Piérart, A. Roch, 
L. Vander Elst, R. Lazaronni, R.N. Muller. 

O8 

10:20-10:50 Somatostatin targeted liposomes for MRI/SPECT dual imaging probes 

 
Diane S. Abou, Daniel T. Schühle, Joop A. Peters, Hubert T. Wolterbeek 

O9 

10:50-11:20  Coffee break + poster viewing  

11:20-13:10 Sunday, April 26  
 
NUCLEAR IMAGING PROBES AND TARGETING PROBES 
 
Chairmen: Frank Roesch, Penelope Bouziotis 

 

11:20-11:40 Exendin-4 derivatives labeled with radiometals: A “from bench-to-bed” approach 
 

Helmut R. Maecke  et al, Radiological Chemistry, University Hospital Basel

O10 

11:40-11:55 Direct labelling with 68Ga under anhydrous conditions: N.c.a. 68Ga(acac)3 
 

Patrick J. Riss, Frederic Zoller, Franz-Peter Montforts, Frank Rösch 

O11 

11:55-12:10 Syntheses and preliminary application of 68Ga-schiff base derivatives for in vivo 
imaging of the p-Glycoprotein status in tumours  
 

Marco Fellner, W. Dillenburg, O. Thews, F. Renz, F. Rösch 

O12 

12:10-12:25 Design and performance of a 5 mCi 44Ti/44Sc radionuclide generator 
 

N. Loktionova, D.V. Filosofov, Marek Pruszyński, F. Rösch 

O13 

12:25-12:40 Labelling and stability of tri- and tetraaza macrocyclic complexes of 44Sc  
 

Agnieszka Majkowska, M. Pruszynski, N. Loktionova, P. Riss, F. Rösch, A.Bilewicz 

O14 

12:40-12:55 Method for reactor production of 47Sc by neutron irradiation of Ti targets  
 

Dariusz Pawlak, Józef L. Parus, Renata Mikolajczak  

O15 
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12:55-13.10 PrP9: A novel 68Ga chelator suitable for preparation of multimeric bioconjugates  
 

Johannes Notni, P. Hermann, J. Havlíčková, V. Kubiček, J. Kotek,  
Jan Plutnar, I. Lukeš,N. Loktionova, P. Riß, F. Rösch 

O16 

13:05-14:15 Lunch   

14:15-15:50 Sunday, April 26   
 
NUCLEAR IMAGING PROBES AND TARGETING PROBES  (cont) 
 
Chairmen: Helmut Maecke, Alicja Hubalewska-Dydejczyk  

 

14:15-14:35 The choice of buffer for the labeling and clinical application of gallium-68-
DOTATOC 
 

Matthias Bauwens, Rufael Chekol, B. Vanbilloen, G. Bormans, A. Verbruggen

O17 

14:35-14:50 Dosimetric consideration of free Ge-68 as a potential breakthrough from a Ge-
68/Ga-68 generator 

Mark Konijnenberg and Wouter A P Breeman

O18 

14:50-15:05 Performance data of a GMP-produced SnO2-based 68Ge/68Ga generator 
 

Wouter A.P. Breeman, Erik H de Blois, HoSze Chan, Eric P Krenning

O19 

15:05-15:20 Practical Aspects of Waste Streams from Ga-68 PET Chemistry 
  

Erik H de Blois, Wouter A P Breeman, HoSze Chan, Eric P Krenning

O20 

15:20-15:35 A Novel Tetraazamacrocycle Bearing a Thiol Pendant Arm for Labeling Biomolecules 
with Radiolanthanides 
 

Sara Lacerda, M. Paula Campello, Fernanda Marques,  
Lurdes Gano, Vojtěch Kubíček, Petra Fousková, Eva Toth and Isabel Santos 

O21 

15:35-15:50 In vitro and in vivo characterization of a new SST DOTA analogue  
 

Chiara Manfredi, M. Fani, A. Di Cianni, M.L. Tamma, P.A. Erba,  
M. Ginanneschi,U. Mazzi, J.C. Reubi, H.R. Maecke,G. Mariani 

O22 

15:50-16:20 Coffee break + poster viewing  
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16:20-18:00 Sunday, April 26   

 
MRI Contrast Agents 
 
Chairmen: Robert Muller, Luce Vander Elst 

 

16:20-16:50 AAZTA derivatives as bifunctional chelators for the synthesis of optimized imaging 
probes 

Lorenzo Tei, Giuseppe Gugliotta, Mauro Botta  

O23 

16:50-17:20 Pyridine-Based Lanthanide Complexes: Towards Bimodal Agents Operating as Near 
Infra-Red Luminescent and MRI Reporters 

L. Pellegatti, J. Zhang, B. Drahos, S. Villette, F. Suzenet, S. Petoud, Éva Tóth 

O24 

17:20-17:40 Gold Nanoparticles as MRI Contrast Agents 

Loïck Moriggi, Cédric Mayer, Lothar Helm 

O25 

17:40-18:00 Calix[4]arene Based Model Compunds Towards Enhanced MRI Contrast Agents 

Daniel Schühle, Diane S. Abou, Bert T. Wolterbeek, Joop A. Peters 

O26 

 

19:00 

 

Dinner 

 

 
 
09:00-10:30 Monday, April 27 

 
 

9: 00-10:00 Round table “D38 Action: what has been done, what will be done till the end of 
the Action and beyond”  

Coordinators: Eva Jakab Toth, Silvio Aime 

 

10:00-10:30 Monday, April 27 
 
MAGNETIC RESONANCE IMAGING AND NANOSIZED PROBES FOR MOLECULAR 
IMAGING (cont) 
 
Chairmen: Eva Jakab Toth, Isabel Santos  

 

10:00-10:15  1H NMR relaxivity of aqueous suspensions of titanium dioxide nanoparticles 
coated with a gadolinium(III) chelate of a DOTA-monoamide with a 
phenylphosphonate pendant arm 

Ivan Řehoř

O27 

10:15-10:30 Kinetic Inertness of the DTPA derivative complexes of Gd(III) near to 
physiological conditions 

Zsolt Baranyai, Zsolt Baranyai, Ernő Brücher, Zoltán Pálinkás, Fulvio Uggeri

O28 

10:30-11:00 Coffee and Posters viewing  
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11:00-12:50 Monday, April 27 
RESPONSIVE PROBES  

Chairmen: Silvio Aime, Renata Mikolajczak 

 

11:00-11:20  Mixed f-d coordination complexes as dual visible and near infrared (NIR) 
emitting probes for targeting DNA  

Aline M. Nonat, Thorrfinnur Gunnlaugsson

O29 

11:20-11:40 Gd-DO3A-Ser-Derived Bioresponsive Contrast Agents 
 

Kirti Dhingra

O30 

11:40-12:00 Polynuclear lanthanide complexes: a road for response enhancement 
 

Josef Hamacek 

O31 

12:00-12:20  Responsive MRI nanoprobes: some examples 
 

Enzo Terreno, Sara Figueiredo, Alberto Sanino, Elena Torres, Silvio Aime

O32 

12:20-12:50 

 

Short poster presentations WG6  

12:50-14:00 Lunch  

14:00-14:15  Workshop Closing  

 
 

 POSTERS  

P1 Bioconjugated Lanthanide Helicates. Synthesis, Bioaffinity Assays, and Cellular 
Imaging.  

Vanesa Fernández-Moreira, Bo Song, Anne-Sophie Chauvin,  
Caroline D. B. Vandevyver, Jean-Claude G. Bünzli 

P2 New synthetic strategies for the design of highly luminescent lanthanide markers 

Matthieu Starck, Pascal Kadjane, Raymond Ziessel and Loïc Charbonnière 
P3 DOTA-∆-Ala: synthesis and preliminary relaxometric characterization  

 
M.F. Ferreira, A.F. Martins, J.A. Martins, P.M. Ferreira, E. Toth, F.G.C. Geraldes 

P4 DOTA-∆-Ala-Lipoamide: a new bifunctional ligand for the preparation of 
functionalized gold nanoparticles for MRI 
 

M.F. Ferreira, J.A. Martins, P.M. Ferreira, C.F.G.C. Geraldes 
P5 Synthesis and relaxation properties of the conformation switching complex 

[Mes{Gd(DO3A)(H2O)2}3]  

Pascal Miéville, Hugues Jaccard, Raphaël Tripier, Lothar Helm 
P6 Novel bifunctional agents based on the AAZTA structural motif 

Giuseppe Gugliotta, Mauro Botta, Giovanni B. Giovenzana, Lorenzo Tei 
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P7 Relaxometric and Photophysical Characterization of Lanthanide Complexes as Optical  
and MRI Probes  

C. S. Bonnet, A. F. Kapkoumi Kaongou, V. Kubicek, C. Shade, F. Suzenet, S. Petoud, E. Toth 
P8 Studies of Ga(III) and Ln(III) complexes of the novel tris-hydroxypyridinone ligand 

NTP(PrHP)3 as potential nuclear and MRI molecular imaging agents  
 

A.F. Martins, A.C. Mendonça, S.M. Marques, P. di Bernardo, M. Tomasi, S. Chaves, M.I.M. 
Prata, A.C. Santos, É. Tóth, S. Petoud, C.F.G.C. Geraldes and M.A. Santos 

P9 Evaluation of Ln(III) containing nanoparticles as potential MRI contrast  agents: 
the cases of metal organic frameworks (MOFs) and lanthanide vanadates. 
 

G. Pereira, J. Peters, L. Silva, F. Paz, J. Rocha and C. Geraldes 
P10 Study of the Interaction of La(III) Chelates with Potential Molecular Imaging Target 

Proteins using the High Resolution Saturation Transfer Difference (STD) NMR 
Technique 
 

J.C. Teixeira, J.A. Martins, J.P. André, J. Cañana, J. Jiménez-Barbero, C.F.G.C. Geraldes 
P11 Thermodynamic stability and kinetic inertness of Ln(III) complexes formed with 

diethylenetriaminepentaacetamide (DTPA-5Am) ligand 
 

Gyula  Tircsó, E. Tircsóné Benyó, Zs. Baranyai, A. K Barker, A. D. Sherry, E. Brücher 
P12 Towards targeted MRI contrast agents: Lanthanide(III) complexes with DO3A 

derivatives containing a phenylboronic acid function  
 

Carlos Platas-Iglesias, Martín Regueiro Figueroa, David Esteban-Gómez,  
Andrés de Blas, Teresa Rodríguez-Blas 

P13 Lanthanide complexes encapsulated in silica nano-particles 
 

Daniel Imbert, Marinella Mazzanti, Olivier Raccurt 
P14 On the feasibility of tumour and arteriosclerosis imaging using 68Ga-imaging agents 

derived from macrocyclic tetrapyrroles 
 

Frederic Zoller, Patrick Johannes Riss, Franz Peter Montsforts, Frank Rösch 
P15 68Ga-labelling and in vivo studies of new phosphonate-structures (BPAMD, BPAPD and 

BPPED) for bone tumour imaging  
 

M. Fellner, N. Loktionova, P. Riss, O. Thews, I. Lukes, C.F.G.C. Geraldes, F. 
P16 DO2A-cross-linked sulfonylurea derivatives for the visualisation of the pancreatic β-cell 

mass in vivo with PET 
M. Zimny, C. Burchardt, P. Riss, F. Rösch 

P17 New chelates for Zr-89 complexation 
 

M.Polosak, A.Bilewicz 
P18 Comparative in vitro investigation of DOTA-Bombesin analog labeled with 90Y, 177Lu, 

68Ga and 44Sc in PC3 cells 
 

Eftychia Koumarianou, R. Mikolajczak, F. Roesch, N.S. Loktionova,  
D. Pawlak, C. Zikos, P.Bouziotis and S.C. Archimandritis 

P19 Development of bevacizumab-conjugated ferromagnetic nanoparticles for 
angiogenesis detection 

Eleni Gourni, D. Stamopoulos, D. Benaki and P. Bouziotis 
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P20 A Ga(III) and In(III) Complexes Anchored to DOTA-like Chelators  

 
Raquel Garcia, Petra Fousková, Lurdes Gano, António Paulo, Eva Toth and Isabel Santos  

P21 On the way to use scandium complexes as probe for PET and 
radiopharmaceutics 
 

S. Huclier, Julie Champion, A. Sabatie, J. Kotek, J. Plutnar, J. Havlíčková and P. Hermann 

P22 New NOTA-based gallium chelates with relevance for positron emission 
tomography  
 

A. de Sá, P.M.T. Ferreira, M.I.M. Prata, C.F.G.C. Geraldes, , J.P. André 

P23 New amphiphilic DOTA-based pro-chelators with relevance for positron  
emission tomography  
 

A. Fontes, P.M.T. Ferreira, M.I.M. Prata, C.F.G.C. Geraldes, J.P.  André 

P24 Relaxometric studies of hybrid nanoparticles as potential contrast agents for 
MRI and photoluminescence imaging applications in cell tracking 
 

Sonia Pinho, Carlos F.G.C. Geraldes, Giovannia Pereira, Pierre Voisin, João Rocha,  
Luis Carlos, Marie-Hélène Delville 

P25 An universal kit for 68Ga-labelling of DOTATATE? 
 

Renata Mikolajczak, Dariusz Pawlak, Norbert Szaluś, Mirosław Dziuk  

P26 Bimodal intracellular contrast agents based on  a sugar moiety for targeting 
beta-galactosidase 

Aneta Brud, R. Mishra, K. Ugurbil, T. Ziegler and J. Engelmann 

P27 Design, Synthesis and Relaxivity Behaviour of mRNA Targeting Contrast Agents 
 

Rajendra Joshi, W. Su., R. Mishra, J. Engelmann 

P28 Thermodynamic and kinetic study of copper(II) complex with monophosphorus 
acid DOTA derivatives  
 

Přemysl Lubal, Ivona Svobodová, Josef Pasulka, Petr Hermann 

P29 Thermodynamic and kinetic studies of lanthanide(III) complexes with 
mono(pyridine-N-oxide) analog of DOTA 
 

Petr Hermann, Přemysl Lubal, Jakub Vaněk, Miloš Polášek 

P30 1H and 71Ga NMR and theoretical study of the complexation of Ga3+ by N-2-
hydroxyethylpiperazine-N’-2-ethanesulfonic acid (HEPES buffer) 
 

M.I.M. Prata,  A.F. Martins, S.P.J. Rodrigues, C.F.G.C. Geraldes 

P31 Two potent bombesin receptor radioantagonists for targeted imaging and 
therapy of GRPr positive tumors 
 

Rosalba Mansi, Wang X, Tamma M, Cescato R, Reubi J. C, Maecke H.R. 

P32 New building blocks for the synthesis of molecular contrast agents 
 

C. Bernhard, P. Desogere, F. Boschetti, C. Goze, Y. Rousselin, F. Denat 
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P33 Relaxometric, Thermodynamic and Kinetic Studies of Lanthanide(III) Complexes 

of DO3A-based Propylphosphonates  
 

Ilgar Mamedov, Petr Táborský, Přemysl Lubal, Sophie Laurent, Luce Vander Elst,  
Hermann A. Mayer, Nikos K. Logothetis, Goran Angelovski  

P34 Emissive europium complexes, responding to pCO2 in cellulo 
 

Gai-lai Law, David Parker, David G. Smith and James Walton 

P35 Novel terpyridine based tripodal ligand and its supramolecular self-assembly  
Eu(III) complex that gives rise to gel formation in a MeOH/H2O mixture 
 

Cidália M. G. dos Santos and Thorfinnur Gunnlaugsson 

P36 Sensing and imaging of biological important molecules using functional 
lanthanide luminescent gold nanoparticles 
 

Laura Truman, Steve Comby and Thorfinnur Gunnlaugsson

 
 
 

 



Cost Chemistry D38. Metal-Based Systems for Molecular Imaging Applications 
Annual Workshop, 25-27th April 2008, Warsaw, Poland 

9 
 

O1. 

Polymetallic Luminescent Lanthanide Dendrimer Complexes for Biologic Imaging in Cells 
and Small Animals 

 
Prof. Stephane Petoud, University of Pittsburg and CNRS Orléans 

 

O2. 

Optical Molecular Imaging for the Gastrointestinal Malignancies 

 
Costas Pitrisa,b, Andreani Odysseos b 

aUniversity of Cyprus, Department. of Electrical & Computer Engineering, 75 Kallipoleos St, Nicosia 1678, Cyprus 
b EPOS-Iasis Research and Development Ltd, 5 Karyatidon Street, Suite 202, 2028 Nicosia, Cyprus  

 
Optical imaging techniques in medicine offer high spatial and temporal resolution as well as unique spectroscopic 
information utilizing non-ionizing radiation. In contrast to other non-ionizing molecular imaging modalities (ultrasound, 
MRI), Optical Molecular Imaging delineates molecular processes and images molecules in picomolar concentrations 
with high specificity and high signal-to-noise ration (SNR). It utilizes contrast agents consisting of three parts: (i) a 
probe with molecular-specific recognition of the target, conjugated to (ii) a bio-photonic label (fluorescent or 
luminescent), in (iii) a bioavailability-optimized formulation.  Developing and introducing the appropriate enabling 
optical probes for a well-defined pathophysiological condition may, therefore, provide an unprecedented tool for the 
testing and validation of theories and translating results and knowledge into preclinical and clinical applications.  
 
Our group is evaluating the validity of optical methodologies in diverse patho-physiological situations, such as 
inflammation, angiogenesis and malignant transformation. Under investigation are a series of non-peptidic active 
fluorescent probes recognising Tyrosine Kinase Receptors (TKR) and COX-2 with concomitant therapeutic properties. 
In order to achieve detection of TKRs and decipher their role in inflammation and malignant transformation a new 
theranostics approach has been undertaken. This approach involves the combination of NIR fluorescence with TKR 
inhibitory properties in the same active molecular probe and results in (a) better solubility, (b) optimized bioavailability, 
(c) improved optical properties and (d) essential anti-inflammatory and anticancer potential.  Preclinical studies 
involving real-time detection and localization of the fluorescent signal with a customized miniature endoscope are 
undertaken in a suitable animal model of transgenic mice.   
 
Progress toward a molecular characterization of epithelial malignancies should yield important benefits, including (i) 
detecting cancer earlier based on molecular characterization, (ii) predicting the risk of precancerous lesions progression, 
(iii) detecting margins in the operating room in real time, (iv) selecting molecular therapy rationally and (v) monitoring 
response to therapy in real time at the molecular level. Thus the results will lead to better diagnosis and treatment for 
people at high risk. They are also a major step towards the goal of introducing the first “designer” biopharmaceutical 
which will selectively bind very early cancer and illuminate its presence for effective diagnosis. 
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O3. 

Heterometallic complexes for imaging applications 

 
Stephen Faulkner 

Chemistry Research Laboratory, University of Oxford, Mansfield Road, Oxford OX1 3TA 
 
Kinetically stable complexes of the lanthanides and transition elements form ideal building blocks for the 
synthesis of more complicated architectures. In particular, derivatives of DOTA and DO3A can be linked 
together to form heterometallic arrays with the potential for use as single molecule bimodal imaging agents.  
This presentation will describe a number of different routes to the preparation of heterometallic arrays: these 
include the formation of covalent bonds between stable complexes (e.g. in 1 and 2), the formation of 
coordination complexes where transition metal components are appended to a lanthanide containing core 
(e.g. 3), and the use of orthogonal protecting groups to allow the formation of quasi-symmetrical 
heterometallic complexes (e.g. 4). The spectroscopic properties of these and other complexes will also be 
discussed.  
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O4. 

Lab-on-chip Immunocyto- and Immunohistochemical Detection of Cancer Biomarkers with 
Time-resolved Luminescence 

 
Bo Song, Venkataragavalu Sivagnanam, Caroline D. B. Vandevyver, Ilkka Hemmilä, Hans-Anton Lehr, Martin A. M. 

Gijs and Jean-Claude G. Bünzli 
Laboratory of Lanthanide Supramolecular Chemistry, École Polytechnique Fédérale de Lausanne, BCH 1404, 1015 

Lausanne, Switzerland 
e-mail: bo.song@epfl.ch 

 
This work represents a major quite innovative effort in integrating the benefits of time-resolved lanthanide 
luminescent probes with microfluidics technology, leading to largely faster analyses of cancerous cells and 
tissues, as well as to improved sensitivity over organic markers. Microfluidic technology offers many 
opportunities in immunoassay: decreasing reagent volumes correlate with shorter analysis times and lower 
cost.[1] But the autofluorescence of the polymer used in microfluidic devices may compromise on-chip 
fluorescence detection. This limitation can be overcome by replacing organic fluorescent labels with 
lanthanide luminescent bioprobes which possess long excited-state lifetimes allowing time-resolved (TR) 
detection and, as a consequence, very low detection limits.[2] 
The new methodology, for which a proof of concept is given in this communication, can reliably detect the 
5D10 antigen (Ag) as biomarker of MCF-7 cancer cells, as well as estrogen receptors (ER) and human 
epidermal growth factor receptors 2 (Her2/neu) on breast cancer tissue sections. This approach takes 
advantage of time-resolved luminescent imaging of individual tumour cells and features high sensitivity, fast 
analysis times (< 20 min) and low reagent consumption (μl volumes). 
References 

1. P. S. Dittrich, K. Tachikawa, A. Manz, Anal. Chem. 2006, 78, 3887-3907. 
2. J.-C. G. Bünzli, Chem. Lett. 2009, 38, 104-109.  

mailto:bo.song@epfl.ch


Cost Chemistry D38. Metal-Based Systems for Molecular Imaging Applications 
Annual Workshop, 25-27th April 2008, Warsaw, Poland 

12 
 

10 20 30 40 50 60
0

20

40

60

80

100

R
el

ea
se

 o
f t

ar
ge

tin
g 

ag
en

t (
%

)

Temperature °C

 

 

B

CellCell

HO O

O

HO

OH
N

O

O
COO

OH

N N

N N 

O O

O

O

O

O

O

N
H

HN

Ln 3+

H2O 

O5.  

A thermosensitive liposome-entrapped DOTA-ENPBA for diagnosis and therapy of tumors  
 

K. Djanashvilia, G. A. Koningb, J. A. Petersa 

aBiocatalysis and Organic Chemistry, Department of Biotechnology, Delft University of Technology, Julianalaan 136, 
2628 BL Delft, The Netherlands 

bLaboratory Experimental Surgical Oncology, Department of Surgical Oncology, Erasmus MC, PO Box 2040,  3000  
CA Rotterdam, The Netherlands 

K.Djanashvili@TUDelft.nl 
 

Phenylboronate-containing complexes are suitable for the tumor recognition based on the covalent reversible 
binding with over-expressed sialic acid on the surface of cancerous cells.  
 
In this study we report on the exploitation of thermo-sensitive liposomes as carriers of the developed 
targeting agents. The lipid formulation of the liposomes was carefully tuned to obtain a gel-to-liquid 
transitional temperature of 41–42 ºC, which is suitable for mild hyperthermia. Intravital fluorescence 
microscopy was applied to prove the principle of the application of the designed liposomes for drug delivery 
in vivo. Therefore, calcein/rhodamine containing liposomes were prepared and injected into a nude mouse 
with a human BLM tumor implanted under a dorsal skin chamber. The arrival of the liposomes and the 
release of the contents after the temperature in the chamber was increased were monitored simultaneously. 
The results demonstrate not only a rapid accumulation of the designed liposomes at the tumor site, but also 
an efficient release of calcein. Furthermore, efficient encapsulation and temperature-triggered release of the 
targeting agent from the optimized liposomes was found.   
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reference:  
K. Djanashvili, G. A. Koning, A. J. G. M. van der Meer, H. Th. Wolterbeek, J. A. Peters. Phenylboronate 
160Tb complexes for molecular recognition of glycoproteins expressed on tumor cells. Contrast Med. Mol. 
Imaging. 2007, 2, 35. 
 

mailto:K.Djanashvili@TUDelft.nl
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O6. 

Lanthanide Hybrid NanoParticles for diagnosis and therapy in oncology 

 
O. Tillement1, S. Roux1, N. Charvet2, C. Louis2, C. Billotey3, M. Janier 3, P. Perriat4 

1 LPCML, UMR 5620, Université de Lyon (tillement@pcml.univ-lyon1.fr) 
2 Nano-H SAS (www.nano-h.com) 

3 CREATIS-Animage, UMR 5515, Université de Lyon (marc.janier@univ-lyon1.fr) 
4MATEIS, UMR 5510, INSA de Lyon (Pascal.Perriat@insa-lyon.fr ) 

 
Lanthanide Hybrid NanoParticles (LHNP) are constituted of sub 10 nm core of lanthanide oxide, coated by a 
polysiloxane Shell.  
 
For a couple of decades, greater and greater connections have been made between nanotechnology, biology 
and medicine. Initially based on noble metals and semi-conductors, they now become more and more 
sophisticated with an increased possibility of highly sensitive detection, specific targeting, drug delivery 
triggering and combination on both diagnosis and therapy. In all cases, the nanometric size is a crucial 
parameter to confer to particles key properties as stealthiness or high colloidal stability with respect to the 
environment and of the external medium. 
 
This conference will show how the development of nano-hybrids based on lanthanide oxides may consist of 
an interesting strategy to elaborate always more efficient probes in the domains of biological detection and 
imaging. These Multifunctional nanoparticles appear therefore very attractive since they are doubly 
luminescent, efficient as contrast agents for MRI and able to be functionalized by biotargeting groups. 
LHNP present also direct or indirect therapeutic properties : e.g. radio-sensibilising with increase of gamma 
or X-radiotherapy effect or neutron capture therapy with gadolinium HNP and brachytherapy with holmium, 
or lutetium. 
 
The conference will show how in this context the development of a new kind of nano-hybrids based on rare-
earth oxides opens a promising way in the field of both biology and medicine. 

mailto:tillement@pcml.univ-lyon1.fr
http://www.nano-h.com/
mailto:marc.janier@univ-lyon1.fr
mailto:Pascal.Perriat@insa-lyon.fr
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O7. 

In vivo visualization of macrophagic uptake and intracellular fate of paramagnetically labeled 
liposomes. 

 
D.Delli Castelli, E.Terreno, E. Cittadino, F.Mainini and S.Aime 

Department of Chemistry IFM and Molecular Imaging Center, University of Torino, Italy 
 

Nanovesicles are supramolecular aggregates characterized by a bilayered membrane made of  naturally 
occurring (e.g. phospholipids in liposomes) or synthetic (block copolymers or detergents in polymersomes 
and niosomes, respectively) amphiphiles. The main peculiarity of such systems is their ability to be loaded 
with molecules endowed with different physico-chemical characteristics that can be efficiently included in 
the aqueous or incorporated into the hydrophobic portion of the membrane. As far as their use in MRI is 
concerned, such vesicles (mostly liposomes) suitably loaded with paramagnetic or superparamagnetic agents 
have been successfully used in many in vivo applications including passive and active tumor targeting, 
detection of atherosclerotic plaques, lymph nodes, inflammation sites, visualization of myocardium infarcted 
areas as well as imaging tool for the visualization of drug-delivery and as smart responsive probes.[1] Despite 
their large use, there is still a lack of detailed information about the interaction between the nanovesicles and 
cells in tumor environment and their intracellular fate after the cellular uptake. The great versatility of these 
nanovesicles can be exploited for developing MR multicontrast probes in which different contrast modalities 
(T1, T2, and CEST) can be detected at the same time. Given the good complementarity among such contrast 
mechanisms, a kinetic MR multicontrast analysis of paramagnetically loaded vesicles, either in cellulo or in 
vivo on a tumor animal model, can be useful for getting more insight about the cellular uptake and the 
intracellular fate localization of the vesicle.  
The plot reported below displays an example of the temporal evolution of T1, T2 and CEST contrast observed 
after intratumoral injection of  stealth liposomes encapsulating Gd-HPDO3A (simultaneously acting as T1 
and T2 agent) or Tm-DOTMA (monitored as CEST 
agent). 

The differences in the kinetic behaviors may be 
interpreted in terms of a fast cellular uptake of the 
nanoprobe and their entrapment into endosomes. The 
endosomal confinement is detrimental for T1 and 
CEST contrasts that are particularly sensitive to 
the presence of additional biological barriers 
between the paramagnetic agent and cytoplasm and 
extracellular compartments whose water content 
determines the detected water signal. Then, the release 
of the vesicle content, first inside the endosomes and 
then, possibly, to cytosol, determines a late-
enhancement of T1 contrast, whereas the CEST contrast disappears following the vesicle degradation. The T2 
contrast, dominated by magnetic susceptibility effects that are less dependent on the intracellular 
compartmentalization of the intact probe, is almost constant in the few hours after injection and starts to 
decrease following the vesicle degradation. Ex-vivo fluorescence confocal microscopy and FACS analises 
revealed an extensive co-localization between the nanoprobes and tumor associated macrophages.       

References 
[1] D. Delli Castelli, E. Gianolio, S. Geninatti Crich, E. Terreno, Coord. Chem. Rev., 2008, 2424-2443 and 
references therein.  
[2] B.M. Discher, Y-Y Won, D.S. Ege, J.C-M Lee, F.S. Bates, D.E. Discher, D.A. Hammer, Science, 1999, 
284, 1143-1146.  
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O8. 
Synthesis and characterization of iron oxide nanoparticles for cellular imaging. 

 
J.-L. Bridot1, Ph. Leclère2, S. Laurent1, Y. Gossuin3, C. Piérart1, A. Roch1, L. Vander Elst1, 

R. Lazzaroni2, R. Muller1. 
1 Dept. of General, Organic and Biomedical Chemistry, NMR and Molecular Imaging Lab., University of Mons – 

BELGIUM 
2 Laboratory for Chemistry of Novel Materials, University of Mons,  BELGIUM 

3 Dept. of Biological Physics, University of Mons,  BELGIUM 
 
Iron oxide nanoparticles have unique characteristics for medical applications. Each of these applications 
requires a specific type of particle with well defined structural, magnetic, and chemical properties. For 
example, magnetic particles used for cellular tagging must be stable in physiological media. However, iron 
oxide particles present an iso-electrical point at neutral pH. The surface of the particles was thus modified by 
3-Aminopropyltriethoxysilane in order to coat the particles by positive charges at physiological pH. These 
particles were stable in water thanks to the repulsive stabilization, but macroscopic aggregates were observed 
in saline media because of steric repulsion. The nanoparticles were therefore modified by PEO in order to 
increase their stability in saline media. Iron oxide nanoparticles of about 10 nm were synthesized using the 
polyol route. Magnetometry, relaxometry, transmission electron microscopy and atomic force microscopy 
were used for the characterization of the produced compounds. 



Cost Chemistry D38. Metal-Based Systems for Molecular Imaging Applications 
Annual Workshop, 25-27th April 2008, Warsaw, Poland 

16 
 

O9.  

SOMATOSTATIN TARGETED LIPOSOMES FOR MRI / SPECT DUAL IMAGING 
PROBES 

 
Diane S. Abou,1 Daniel T. Schühle,2 Dr Joop A. Peters,2 Prof. Hubert T. Wolterbeek1 

1Radiation and Isotopes for Health, Department of Radiation, Radioisotopes and Reactor TUDelft; Mekelweg 15, 2629 
JB Delft, the Netherlands 

2Biocatalysis and Organic Chemistry, Department of Biotechnology, TUDelft; Julianalaan 136, 2628 BL Delft, the 
Netherlands 

E-mail: D.S.Abou@tudelft.nl. 
 
MRI (Magnetic Resonance Imaging) and SPECT (Single Photon Emission Computarized Tomography) are 
two well-known imaging techniques widely used in the medical diagnosis of cancer. Combining both 
techniques in a tumor-targeting nanocarrier such as a liposome could benefit from the advantages of both 
imaging systems.  
The goal of this project is to develop liposomes (Fig.1) carrying Octreotide on their surface, formulated with 
Gd complexes within the membrane and enclosing radionuclides such as 99mTc in their cavity.  

To prepare such a particle, a multidisciplinary approach is investigated, 
involving: 

 The coupling of Octreotide to PEGylated liposomes 
 An exploration towards new paramagnetic liposomes formulated with a 
Gd-DOTA calixaren derivative 

 The formulation and the stability study of 99mTc-liposomes combining Gd 
contrast agents. 

 
The coupling efficiency of the peptide was defined using HPLC and LC-
MS. The paramagnetic liposomes were characterized using relaxivity 
measurements with NMRD profile*, DSC and Cryo-TEM. The 
formulation of 99mTc-liposomes and the stability of the radioactive 
liposomes were followed using a gel permeation chromatography gamma 
detected.  
 

Octreotide was attached to liposomes with a coupling efficiency of 35% and tested on tumor cells.  
The Gd-DOTA calixaren particles, despite some morphologic irregularity of the vesicles, were characterized 
with a relatively high r1 relaxivity. 
Finally, the inclusion of 99mTc in liposomes containing Gd complexes was successfully performed with a 
high labeling efficiency of 98%.  
 
Techniques to couple octreotide to liposomes have been developed. Incorporation of Gd-DOTA calixaren 
derivative in liposomes results in a promising efficient MRI contrast agent, whereas the SPECT contrast 
agent 99mTc can conveniently be included into liposome cavities.  
 
*Aknowledgements to Prof. R. Muller; Prof.L. Vander Elst; Dr S. Laurent from the Université de Mons-
Hainaut, Belgium for their collaboration in this project. 
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Fig1: Octreotide (green circles) 
liposome formulated with Gd 
contrast agent (blue circles) and 
loaded with 99mTc (yellow 
circles). 
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O10. 

Exendin-4 derivatives labeled with radiometals: A “from bench-to-bed” approach 
 

Helmut R. Maecke  et al, Radiological Chemistry, University Hospital Basel 
 

O11. 

Direct labelling with 68Ga under anhydrous conditions: N.c.a. 68Ga(acac)3 

 
Patrick J. Riss1, Frederic Zoller1, Franz-Peter Montforts2, Frank Rösch1 

1 Institute of Nuclear Chemistry, University of Mainz, D-55126 Mainz, Germany 
2 Institute of Organic Chemistry, University of Bremen, D-28359 Bremen, Germany 

 
The present report is concerned with a convenient method for 68Ga-labelling under anhydrous conditions 
using solid-phase derived gallium-68-acetylacetonate (68Ga(acac)3) in a microwave-enhanced radiosynthesis. 
Commercial 68Ge/68Ga-radionuclide generators utilizing TiO2 to adsorb 68Ge(IV) (Obninsk-generators) were 
used. The initial aqueous generator eluate was transferred online onto a cationic exchange resin to 
quantitatively absorb 68Ga. From this resin, 68Ga was eluted with different acetone–based, non-aqueous 
solvent systems providing n.c.a. 68Ga(acac)3 as labelling agent. More than 95% of the initially eluted 68Ga 
was eluted form the cationic exchange resin with 600 µl of a 98% acetone / 2% acetylacetone mixture. 
Water-insoluble macrocyclic polypyrrole derivatives were chosen as model compounds for a proof-of-
principle for the labeling of lipophilic compounds with 68Ga. Labeling of two different porphyrin derivatives, 
meso-tetraphenyl-porphyrin (Tpp) and (3-(1-hydroxyheptyl)deuteroporphyrin dimethylester (HHDPD), was 
performed in chloroform in a focused microwave synthesis system. These compounds were labelled in yields 
of >90% within 5 minutes using diverse co-ligands. Radiochemical purities of >95% were achieved 
following solid-phase extraction.  
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O12.  

Syntheses and preliminary application of 68Ga Schiff base derivatives for  

in vivo imaging of the p-Glycoprotein status in tumours 

 
M. Fellner1, W. Dillenburg2, O. Thews2, F. Renz3, F. Rösch1 

1Nuclear Institute, Johannes Gutenberg University of Mainz, D-55128 Mainz, Germany; 2Institute of Physiology and 
Pathophysiology, University Medicine Mainz, D-55128 Mainz, Germany; 3Institute of Inorganic Chemistry, Leibniz 

University of Hannover, D-30167 Hannover, Germany 
 
Objectives 
Cells of the human body contain very effective transport mechanisms to transport xenobiotics actively out of 
the cell. Thereby the intracellular concentration of drugs is lowered and a multidrug resistant phenotype 
results. The most important of these ABC-transporters is p-glycoprotein (pGP), which transports neutral and 
cationic structures under ATP-consumption. In many tumours pGP is over expressed. In order to identify 
multidrug resistant tumours in advance, a PET-tracer would be helpful which should fulfil two features: (1) it 
should enter the cell easily (by passive diffusion) and (2) the tracer should be a substrate of the pGP and this 
transport should be inhibitable by pGP-inhibitors such as e.g. verapamil. Using the 68Ge/68Ga generator, 
novel 68Ga-based Schiff base ligands provide interesting molecules accomplishing both requirements. 
Methods 
Based on a published ligand [1] six derivatives including the reference compound were synthesized in high 
yields. Labelling of these ligands was performed by usage of the 68Ge/68Ga generator which provides the 
positron emitter Gallium-68 (T½ = 68 min) in 400 µL of an acetone/HCl mixture [2]. 68Ga labelling is 
performed in 400 µL 0.12 M Na-HEPES buffer by adding the 68Ga fraction.  
Through variation of reaction time, temperature and different amounts of the complex ligands, optimum 
reaction parameters for complex formation were tested. Analyses of radiochemical yield are carried out by 
TLC. Cell studies on rat prostate carcinoma cells in presence or absence of verapamil where performed for 
all ligands. The most interesting ligand MFL6.MZ was used for first in vivo and ex vivo studies concerning 
uptake in solid growing rat tumours. 
Results 
Labelling proceeds at temperatures between 25 and 75°C within 2 to 10 min in a total volume of 800 µL. 
Ligands are used in nanomole amounts only and the radiochemical yields are 50 to 95%. Cell essays showed 
that beside one ligand, which probably was trapped in the cell membrane, all others were transported by 
pGP. However, the uptake into the cell by non-ionic diffusion varied broadly between the ligands. The ligand 
MFL6.MZ was the most promising compound. Under normal conditions, 25% of the activity was taken up 
into the cell. When inhibiting the pGP-mediated efflux, this amount increased to 35%. Compared to the 
literature ligand (4.6 % respectively 8.2 %) this 68Ga complex was selected for in vivo studies on a µ-PET. 
Imaging 68Ga-MFL6.MZ revealed a 3-fold higher accumulation in tumours compared to the reference tissue 
(testicles), whereas the literature compound [1] is only slightly enriched in the tumour. 
Conclusions 
Six Schiff base ligands were synthesized and labelled with 68Ga in fast and high yielding complex formation. 
Tumour cell studies showed uptake in cells and transport processes of the complexes by pGP for six ligands. 
68Ga-MFL6.MZ was chosen for µ-PET imaging on tumour bearing rats demonstrating a high uptake in 
tumour compared to the literature compound. Further studies will involve blocking pGP in vivo and raising 
transport activity of pGP. With 68Ga-MFL6.MZ it appears to be possible to identify patients with multidrug-
resistant tumours pre-therapeutically in order to select adequate treatment regimes. 
References 
[1] Sharma et al, J Nucl Med 46: 354-364 • [2] Zhernosekov et al, J Nucl Med 48: 1741-1748 
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Design and performance of a 5 mCi 44Ti/44Sc radionuclide generator 
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2 Institute of Nuclear Chemistry and Technology, Warszawa, Poland 
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OBJECTIVES 
The 44Ti/44Sc generator provides cyclotron-independent access to 44Sc, a positron emitter. Both the 44Ti 
production and 44Ti/44Sc generator design represents challenges for radiochemistry. The aim of this work was 
to design and performance of a 44Ti/44Sc radionuclide generator for medical application. 
METHODS 
The 5 mCi of 44Ti was produced in via natSc(p,2n)44Ti reaction. Separation of nca 44Ti from “cold” scandium 
target was carried out using ion exchange chromatography on cationic and anionic AG-50W×8 and AG1×8 
resins in HCl medium. Next, conditions for efficient separation of 44Sc from 44Ti were determined in terms of 
distributions coefficients of both radionuclides on the AG1×8 resin depending on the composition of 
HCl/H2C2O4 mixtures. The pilot generator was performed together with further post-elution processing to 
obtain pure 44Sc in the state ready for medical application. 
RESULTS 
The 5 mCi of 44Ti was separated from 1.5 g irradiated scandium target on ion exchange resins and transferred 
to final solution of H2C2O4. The solution was transferred onto an anion exchange column (Bio-Rad AG 1×8, 
200-400 mesh, V=0.55 mL) with 44Ti being adsorbed quantitatively. Based on the distribution coefficients 
studies the best eluate for separation of both radionuclides was found. The 44Sc was eluted from generator by 
20 mL mixture of 0.005M H2C2O4/0.07M HCl. Two different modes of elution were tested: “direct” and 
“reverse”. In case of long-term stability of 44Ti/44Sc generator, the “direct” elution was not adequate. The 
“reverse” mode provided very high retention of 44Ti on the generator’s column, what guaranteed low 
breakthrough of the mother nuclide. 
The 44Sc eluate from generator was too diluted and too acidic for use in direct labeling procedures. 
Therefore, to reduce the volume of the 44Sc eluate, a 3-valves cartridge with 53 mg of cationic resin Bio-Rad 
AG 50W×8 was connected with the generator on-line. Recently, the eluate passes through the cartridge and 
44Sc is adsorbed on the cationic resin, from which it can be eluted by 3 mL of 0.25 M ammonium acetate, 
pH=4.0. This solution is ready for labelling with peptides and other biomolecules. Finally, the cartridge is 
reconditioned by washing with 1 mL of 4 M HCl and 1 mL of water. 
CONLUSIONS 
About 99.6% of the 44Ti was recovered from the “cold” scandium target. Based on that radionuclide the 
44Ti/44Sc generator was built up. The generator works in the “reverse” mode and the 44Sc is eluted by 20 ml 
of 0.005M H2C2O4/0.07M HCl mixture and further on-line post-processed on the small cationic cartridge. In 
the final point, around 160 MBq of 44Sc is obtained daily in 3 mL 0.25 M ammonium acetate buffer 
(pH=4.0). This solution is useful for labeling of biomolecules, e.g. DOTATOC – optimization of reaction 
conditions was performed together with checking the influence of microwave heating on the yield of 
reaction. 
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Labelling and stability of tri- and tetraaza macrocyclic complexes of 44Sc  
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Introduction 
44Sc (t1/2=3.92h), is an ideal β+ emitter for PET diagnosis. It can be produced by 44Ca(p,n)44Sc nuclear 
reaction in small cyclotrons or as a daughter of long lived 44Ti (t1/2=60,4y) from 44Ti/44Sc generator.   
The goal of our work was to find the best ligands for attaching scandium radionuclides with biomolecules. 
Due to formation of thermodynamically stable and kinetically inert complexes the macrocyclic ligands were 
choosen: 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA), 1,4,7-triazacyclononane-1,4,7 
triacetic acid (NOTA), 1,4,7-triazacyclodecane-1,4,7 triacetic acid, (10 ane) 1,4,8-triazacycloundecane 
triacetic 1,4,8 acid (11 ane) and 1,5,9-triazacyclododecane 1,5,9 triacetic acid (11 ane).  
Experimental 
DOTA was obtained from Macrocyclic Company, the other ligands were synthesized by reaction of triaza 
rings with bromoacetic acid. For reasons of availability we used in part of our experiments the 46Sc 
(T1/2=83.8 d) - carrier added nuclide instead of 44Sc. Stability constants of scandium complexes were 
determined using HPLC method.  
The charges of Sc complexes were determined by paper electrophoresis. The kinetics of Sc-DOTA and Sc-
NOTA complexes were measured at pH=6.0. Complex formation was determined by instant thin layer 
chromatography method using ITLC-SG strips developed with the mobile phase: H2O/NH3 (25/1). 
Results and Discussion 
Sc3+ forms more stable complexes with DOTA ligand than Lu3+. Also complexes of Sc with DOTA (logKSc-

DOTA= 27.5) are stronger by a few orders of magnitude than complexes with NOTA (logKSc-NOTA=17.6) and 
10 ane (logKSc-10ane=14.8) ligands. The radiochemical yield of labeling (5.5 nmol of Sc3+ and 55 nmol of 
ligands)   for Sc-DOTA is about 99% and it is much higher than for the Sc-NOTA complex (80%). 
The formation of the Sc-NOTA complex is faster than for Sc-DOTA complex. After 10 minutes the 
equilibrium for Sc-NOTA was reached, while for Sc-DOTA 30 minutes is needed for attaining equilibrium.  
Sc-DOTA and Sc-NOTA complexes exhibit high stability in human serum at 370C. After 120 hours of 
incubation in the serum more than 97% of Sc-DOTA remains in solution. In 0,01M PBS buffer Sc-DOTA is 
stable but in the case of Sc-NOTA, Sc-10 ane, Sc-11ane and Sc-12 ane complexes phosphates exchange 
ligands in first coordination sphere.  
It was found by HPLC method that Sc(DOTA) complex is more hydrophilic than Lu(DOTA) and 
Sc(NOTA), suggesting different coordination spheres in this complexes.  
The lipophilicity studies of 46Sc labelled octreotide indicate that 46Sc-DOTATE has identical lipophilicity as 
177Lu-DOTA-TOC, while 68Ga is more hydrophilic. 
Conclusion 
The presented results show that DOTA complexes of 44Sc radionuclide are perspective precursors for PET 
radiopharmaceuticals. 
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O15. 

Method for reactor production of 47Sc by neutron irradiation of Ti targets 
 

D. Pawlak, L. Parus, R. Mikolajczak  
Radioisotope Centre POLATOM, Otwock, POLAND. 

 
The scandium-47 is a β emitter of moderate radiation energies (max. 439 and 600 keV) with a 3.35 d half 
life. In addition, 47Sc emits γ-rays of 159 keV suitable for imaging. Hence, its use may be considered in 
radiotherapy. 
The carrier-free 47Sc can be produced in a nuclear reactor in 2 ways, either from 47Ti by (n,p) reaction or 
from 46Ca by (n,γ) and consecutive β decay of 47Ca. Several methods of Sc separation from Ti have been 
described, including solvent extraction, ion exchange or extraction chromatography [1]. In this paper we are 
presenting the preliminary separation results of microgram quantities of Sc from gram quantities of Ti using 
the commercially available ion exchange resin DGA (N,N,N’,N’-tetra-n-octyldiglycolamide ) resin 
(EiChrom Corp), assuming similar behavior of  Sc and Y. So far, the weight distribution factors for Ti were 
measured on DGA resin [2] while there are no data for Sc.  
First the determination of the resin capacity factor (k’) for Sc was performed as described by Horwitz et al 
[3]. Then experimental separation of Sc from excess of Ti was carried out with 46Sc as a tracer. The solution 
containing Ti (20 mg/ml) in  3.5 M HNO3 was spiked with 10 MBq 46Sc (S.A. of about 2 GBq/mg Sc).  The 
solution was loaded on 0.3 g DGA column bed weight. The flow rates ranging from 1.0 to 5.0 ml/min were 
used.  46Sc was eluted from the column with 0.05 M HCl and content of  46Sc was determined by gamma 
spectrometry. 
The shape of curve  presenting k’ versus HNO3 concentration for Sc is very similar to that for Y. The 
maximal k’ value for Sc is around 4x105 at 3.5 M HNO3 and for Y it is around 1.5x105 at  3 M HNO3. The 
proposed method permitted relatively fast (in the process lasting about 5 h) separation of microgram 
quantities of Sc from about 5 g TiO2. The total yield of separation was about 80% (73-85%). The 46Sc break-
through from the column during loading of the Ti/Sc mixture did not exceed detection limit for 46Sc (around 
1 kBq/fraction) for the flow between 1.0 and 2.5 ml/min. With the flow increased to 5.0 ml/min a significant 
increase in the Sc radioactivity detected was observed (10 kBq/fraction). The 46Sc was recovered from the 
column in about 20 ml 0.05M HCl. 
The ion exchange DGA resin seems to be a promising bed for separation of Sc from Ti. The preliminary 
results obtained using mixed Ti and 46Sc need to be verified using in nuclear reactor irradiated targets. 
References 
1. Kolsky K.L., Joshi V., Mausner L. F., Srivastava S.C.: Radiochemical Purifcation of No-carrieradded 
Scandium-47 for Radioimmunotherapy. Appl Radiat Isot. 49 (1998) 1541 
2. http://www.eichrom.com 
3. E.P.Horwitz, D.R. McAlister, A.H. Bond, R.E. Barrans, J.M. Williamson: A process for the separation of 
177Lu from neutron irradiated 176Yb targets. Appl Radiat Isot 63 (2005) 23 
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PrP9: A novel 68Ga chelator suitable for preparation of multimeric bioconjugates 
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Positron Emission Tomograpy (PET) using 68Ga (a β+ emitter with T½=68 min) is a rapidly 
growing section of nuclear imaging. This is because 68Ga is a comparaply cheap generator 
isotope, which means that its use is not limited to the availability of a cyclotrone. Due to the 
ionic nature of Ga3+, preparation of 68Ga radiopharmaceuticals is done exclusively using 
conjugates of chelators and targeting vectors while the radiolabelling (that is, 68Ga3+ 

complexation) is done as the last step. 
 
Because of commercial availability of suitable synthetic buiding blocks, DOTA derived 
conjugates are currently governing the field, despite the fact that this chelator is not ideally 
suited for Ga3+. We thus focused on development of an improved chelator system that 
combines some properties we deem important for application in nuclear imaging: (i) High 
stability of Ga3+ complexes; (ii) Fast complex formation for rapid 68Ga labelling; (iii) High 
selectivity for Ga3+; (vi) Facile conjugability; (v) Long shelf life; (vi) Synthetic accessibility. 

 
As result, we present the novel ligand structure PrP9. The molecule can be synthesized with 
excellent yields in gram scale, starting from inexpensive stock chemicals, in a quick and 
convenient way. At ambient conditions, no signs for decomposition were observed. Highly 
stable complexes with Ga3+ are formed rapidly and with high selectivity. Conjugation to 
biomolecules by carboxamide formation, employing standard peptide coupling techniques, 
requires no protection of the chelating phospinate moieties. Post-conjugation deprotection is 
thus rendered obsolete. For both the free chelator and the conjugates, radiolabelling in 68Ga 
containing solutions under common conditions (14 nmol precursor, 60 °C, pH=3) occurs 
instantly (i.e., in less than 1 min). Moreover, due to the highly acidic nature of phosphinic acid 
moieties, labelling is also possible at pH=1, although requiring a longer reaction time (ca. 10 
min). 
 
We thus conclude that this molecule has great potential of boosting 68Ga-PET. 
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The novel chelator PrP9 and X-ray molecular structure of its Ga3+ complex. 
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O17. 

The choice of buffer for the labeling and clinical application of gallium-68-DOTATOC 

 
Matthias Bauwens, Rufael Chekol, B. Vanbilloen, G. Bormans, A. Verbruggen 

Laboratory of Radiopharmacy, University of Leuven, Belgium 
 
Where available and possible, 68Ga-DOTATOC has become the radiopharmaceutical of choice for diagnosis 
and treatment follow-up of neuro-endocrine tumours by PET. Compared to indium-111 or technetium-99m 
labelled somatostatin analogs it provides a superior sensitivity and higher quality images of excellent 
resolution. 

Manufacture of 68Ga-DOTATOC is done on site via a so-called magistral preparation and involves heating of 
a small amount of DOTATOC (30-50 µg) with a 68Ga3+ solution (obtained via elution of a 68Ge/68Ga 
generator, often followed by a prepurification of the eluate to remove traces of 68Ge) at a pH 3.5-5. 
Depending on the labelling efficiency of the procedure applied, a final purification step using small-column 
solid phase extraction can be added to remove residual 68Ga3+ ions. In view of the increasing use and 
importance of this radiopharmaceutical, the European Phararmacopoeia Commission has recently published 
a draft monograph on 68Ga-edotreotide injection (the international nonproprietary name (INN) of this 
compound), which is still open for comments (Pharmeuropa 2009; 21.1:68-71). However, 68Ga-DOTATOC 
has not yet been approved as an official radiopharmaceutical which implies that its use is fully under the 
responsibility of the medical doctor (with respect to the medical act) and the qualified person or hospital 
(radio)pharmacist (with respect to the pharmaceutical quality).    

The use of an appropriate buffer during the radiolabelling step is essential in order to maximize the labelling 
yield and avoid formation of colloidal 68Ga(OH)3. Such buffer should be non-toxic, able to buffer in the pH 
region 3.5-5, not interfere with gallium ions (e.g. precipitation of gallium phosphate) and preferentially have 
a weak metal complexing capacity to avoid formation of colloidal gallium. In literature, mainly two buffer 
systems have been proposed for this purpose, i.e. the use of an acetate buffer and the use of Hepes (4-(2-
hydroxyethyl)piperazine-1-ethanesulfonic acid).  

Despite the widespread use of Hepes in 68Ga-DOTATOC preparations in many centers, its use in magistral 
preparations is not yet permitted for different reasons: (a) it is not recognised as a substance for 
pharmaceutical use; (b) it is not described in any pharmacopoeia nor in ‘Martindale, the extra Pharmacopoeia 
(the frequently updated reference handbook of pharmaceutical compounds) resulting in the non-availability 
of approved purity limits; (c) no toxicological data are available with respect to the use of Hepes for 
intravenous injections; (d) Hepes is not present in any approved drug, except for an 111In-oxinate preparation 
for cell labelling, where Hepes should be removed before administration of the radiolabelled cells to the 
patient. For this reason the Pharmeuropa draft monograph explicitely states that Hepes may not be present  in 
68Ga-edotreotide injections. Preparations containing Hepes may only be administered to humans on the 
condition of approval by an Ethical committee, which requires the availability of full toxicological data on 
this compound.  

We have tested different potential buffers for the preparation of  68Ga-DOTATOC and found that acetate 
buffer is the best choice, in accordance with all higher mentioned requirements. The results will be 
discussed. The preparation has been optimized in terms of quantity of the precursor and the pH and has been 
implemented in an automated production system. This system has proven to be reliable and yields 
reproducibly high yields of high quality ‘pharmaceutical grade’ 68Ga-DOTATOC.    
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O18. 

Dosimetric consideration of free 68Ge as a potential breakthrough from a 68Ge/ 68Ga generator 

 
Mark W Konijnenberg1) and Wouter A P Breeman2) 

Covidien, Westerduinweg 3, 1755 ZG Petten, The Netherlands 
Erasmus MC, ‘s Gravendijkwal 230, 3015 CE Rotterdam, The Netherlands 

 
Recent years have shown a strong increase within Europe in the use of 68Ge / 68Ga generators for in vivo PET 
imaging. Generally 68Ge will be present in a small activity admixture in the 68Ga eluate by some 
breakthrough of the generator. Dosimetric consequences of small activities of 68Ge in patients have not been 
well determined and form therefore a subject for speculative discussions.  
Objective: Evaluation of the existing biodistribution models for ionic 68Ge with the 68Ga decay product 
released during its uptake included. Estimates for the effective dose from 68Ge and its daughter 68Ga are 
calculated using the latest dosimetry models. 
Methods: The biodistribution of ionic 68Ge is described in ICRP30 (1982), but does not include the 
distribution of  68Ga that is formed during its uptake in the body. For ionic 68Ga there is a good description of 
the biodistribution as gallium-citrate in ICRP53  (1987). Both radionuclide biodistributions have been 
combined by using a pharmacokinetic compartment model. The radioactivity uptake kinetics in each organ 
was simulated and residence times were calculated by integration. The dosimetry code Olinda was used to 
calculate the organ dosimetry and the effective dose. 
Results: Germanium leaves the blood circulation with a half-life of 6h. The urinary to fecal clearance 
pathway ratio is 1:1. The tissue clearance half life for both germanium and gallium is 34 h. The effective 
dose per injected activity is 0.034 mSv/MBq (0.016 mSv/MBq by 68Ge and 0.018 mSv/MBq by 68Ga). The 
highest dose is in the colon with 0.15mGy/MBq. Based on data of the currently available generators, 
breakthrough is at a level of ≤ 0.01 %, expressed as % of Bq 68Ge per Bq 68Ga. Suppose an administration of 
100 MBq of a 68Ga-labeled compound, and 0.01 % breakthrough this will imply 10 kBq 68Ge. This 
breakthrough will cause an additional effective dose of 0.34 μSv, which is negligible in comparison to the 
effective dose from 68Ga: 32 mSv (when injected as gallium-citrate).  
Discussion and Conclusions: Small amounts of 68Ge activity present in 68Ga elutions by breakthrough of the 
generator do not form a problem for the patient’s dosimetry. The effective dose from 68Ge including the 68Ga 
formed during its body uptake is 0.034 mSv/MBq.  
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O19. 

Performance data of a GMP-produced SnO2-based 68Ge/68Ga generator 

 
Wouter A P Breeman, Erik H de Blois, HoSze Chan, Eric P Krenning 

Erasmus MC, ‘s Gravendijkwal 230, 3015 CE Rotterdam, The Netherlands 
  
68Ge-68Ga generators provide easy access to PET radiopharmaceuticals. Recently a SnO2-based generator 
became commercially available, and can be eluted with 0.6M HCl. Fractionated elution or ion exchange of 
the whole eluate are described [1-3]. Radiolabeling of DOTA-peptides with 68Ga are performed at pH 3.5-4 
[1-3], however, the generator is eluted with 0.6M HCl, thus additions to control pH are required, which may 
contain potential competitors for 68Ga3+ for the incorporation in DOTA-peptides.  
[1] Meyer G-J, et al., EJNMMI, 31 (2004) 1097-1104,  
[2] Breeman WAP, et al., EJNMMI, 32 (2005) 478-485,  
[3] Zhernosekov KP, et al., JNM, 48 (2007) 1741-1748. 
Objective: Purification and concentration of the eluate by anion and cation exchange are described for SnO2-
based generators [1,3]. This study was to investigate these techniques for the new SnO2-based generators 
(iThemba, Somerset West, South-Africa). In addition the maximal achievable specific activity (SA) of 
DOTA-peptides was investigated. 
Methods: Either, 80% of the total eluted activity was collected in 1.5 mL by fractionated elution, or total 
elution volume of 6 mL. For application on anionic resin (e.g. AG1-X8 BioRad) the [Cl-] was increased to 
5M to form the anionic chloro complex [GaCl4]- and for cationic resin (e.g. AG50W-X8 BioRad) the [Cl-] 
was reduced to 0.1M. 68Ga activity was directly determined and 68Ge after ≥24h [2]. pH of the effluents from 
ion exchange columns were adjusted to 3.5-4 with 1M HEPES. Labelling DOTA-peptides were performed as 
described earlier [1-3]. DOTA-tate and DOTATOC were used as models. Incorporation of 68Ga in DOTA-
peptides were determined by ITLC-SG [2], RCP (radiochemical purity of the main peak) by C18 RP-HPLC 
[2]. 
Results: In the effluents of both purification techniques 68Ge was lowered by a factor of >20, results in <0.1 
kBq 68Ge per 100 MBq 68Ga, ratio is 10-6. SA of 0.3 GBq per nmol DOTA-peptides at > 98% incorporation 
were achieved and confirmed by RCP. 
Conclusions: High SA of 68Ga-DOTA-peptides are achievable after purification and concentration of eluate 
by anion or cation exchange. This also opens possibilities for studies with DOTA-peptides with 
pharmacological side effects.  
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O20. 

Practical aspects of waste streams from 68Ga PET chemistry 

 
Erik de Blois, Wouter A P Breeman, HoSze Chan, Eric P Krenning 

Department of Nuclear Medicine, Erasmus MC, Rotterdam, The Netherlands 
 
Objectives: PET scintigraphy with 68Ga labeled analogs is of increasing interest in Nuclear Medicine and 
performed at >40 centers in Europe. 68Ge breakthrough from SnO2- or TiO2-based 68Ge generator varies 
between 0.01-0.001 % (% activity of 68Ge over 68Ga; t½ 68Ge: 288 d). European Directive 96/29/EURATOM 
holds for all countries in the EU states [68Ge] may not exceed the clearance level of 10 Bq per g. National 
legislation within the EU may vary per country, but may only be more strict. Moreover, Dutch legislation 
does not allow to store radioactive waste with half-lives of more than 100 d at local institutes for more than 2 
yrs. It is obligatory to store this waste in a special external waste facility. In addition, in this facility waste is 
preferably compressed, presence of liquids is therefore limited to < 1%. Therefore, our aims were to quantify 
68Ge in our waste and  to concentrate and transform 68Ge-containing liquid waste to solid waste. In short: 
68Geliq ⇒ 68Gesolid.  
Methods: Several concentration techniques (Molecular Sieves (4A & 5A), cation and anion exchange) from 
the eluates of the generator and left-overs of labelings were evaluated, including acetone and ethanol. 
Inclusion of 68Ge by sedimentation after the addition and homogenization of variable amounts of TiO2 (325 
mesh), pH range 3 – 10, and investigated time-dependently. From 1 till  24 h mixing, the samples were 
centrifuged at 350 G, supernatant decanted and [68Ge] determined. Parallel experiments were performed with 
Fe2O3 (500 mesh), pH range 1-10.  
Results: Efficient methods for transforming liquid in solid waste were the addition to the solution of 1 g 
TiO2 per 250 mL, pH range 8 -10 and subsequent centrifugation. Fe2O3 also lowers [68Ge] below intended10 
Bq per g, whereas TiO2 reaches this level asymptotically. Preferred procedure was with Fe2O3, which 
eliminated ≥90% of the 68Ge per treatment, e.g. [68Ge] from >10 kBq per mL to <10 Bq per mL in <6 
treatments. During 5 yrs of daily practice with 4 TiO2- and 4 SnO2-based 68Ge generators (0.4 to 2 GBq per 
generator) the total amount of 68Ge was 160 MBq in 48 L and could be concentrated to 160 MBq in <5 kg 
solid waste.  
Conclusions: 68Ge containing liquid waste from 68Ga PET chemistry can be concentrated and solidified. 
Developments of robotics are ongoing. 
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O21.  

A Novel Tetraazamacrocycle Bearing a Thiol Pendant Arm for Labeling Biomolecules with 
Radiolanthanides 

 
Sara Lacerda, M. Paula Campello, Fernanda Marques, Lurdes Gano, Vojtěch Kubíček, Petra Fousková, Eva Toth and 

Isabel Santos 
1 Departamento de Química, Instituto Tecnológico e Nuclear, Estrada Nacional 10, 2686-953 Sacavém, Portugal; 2 

Centre de Biophysique Moléculaire, CNRS, Rue Charles Sadron 45071 Orléans Cedex 2, France 
 

Macrocyclic chelators, namely DOTA, are widely used for labeling biomolecules with radiolanthanides for 
targeted radionuclide therapy. Structural features such as the nature of donor atoms of the macrocycle play a 
significant role on the chemical and biological behaviour of their radiolanthanide complexes [1,2]. Taking 
into account these features and our interest on finding bifunctional chelators for conjugation to biomolecules 
[3], we synthesized the novel 10-(2-sulfanylethyl)-1,4,7,10-tetraazacyclododecane-1,4,7-triacetic acid 
(H4DO3ASH). This novel dota–like ligand bearing a thiol pendant arm was characterized by multinuclear 
NMR spectroscopy (1H, 13C), 2D-NMR techniques and mass spectrometry. The protonation constants of 
H4DO3ASH were determined by potentiometry at 25ºC in 0.1M KCl ionic strength and the protonation 
sequence was assigned based on 1H and 13C-NMR titrations. The stability constants of the DO3ASH 
complexes with Ce3+, Sm3+ and Ho3+ have been determined by potentiometry and UV-Vis spectroscopy. UV-
Vis spectrophotometric data on Ce3+-DO3ASH and relaxivity measurements on the Gd3+-DO3ASH complex 
suggest that the thiol group, even in its deprotonated form, does not coordinate to the metal. 153Sm/166Ho-
do3aSH complexes were prepared in high yield and show good in vitro stability, being 153Sm-do3aSH the 
more stable one. In vivo studies have been performed for 153Sm-DO3ASH complex, and its biological profile 
and in vivo stability compared to that of 153Sm-DO3A in the same animal model. The biodistribution profile 
presents a similar trend with a rapid total excretion from the whole animal body, mainly via the urinary 
pathway. These studies reveal that DO3ASH is suitable for conjugation to biomolecules via the thiol group, 
without compromising the stability and kinetic inertness of the 153Sm-conjugate.   
Aknowledgement: S. Lacerda thanks FCT for the PhD grant (SFRH/BD/19168/2004).COST D38 is also 
acknowledged. 
References: 
[1] Liu S, Edwards DS. Bioconj. Chem. 12, 7-34 (2001). [2] Marques F, Gano L, Campello MP, Lacerda S, 
Santos I, Lima LMP, Costa J, Antunes P Delgado R. J Inorg Biochem 100, 270-280 (2006). [3] Lacerda S, 
Campello MP, Santos IC, Santos I, Delgado R. Polyhedron 26, 3763-3773 (2007); Marques F, Gano L, 
Campello MP, Lacerda S, Santos I. Radiochim Acta 95, 335-341 (2007). 
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O22.  

In vivo and in vitro characterization of a new SST DOTA-analogue 

 
C. Manfredi*, M. Fani#, A. Di Cianni†, M.L. Tamma#, P.A. Erba*, M. Ginanneschi†, U. Mazzi , J.C. Reubi‡, H.R. 

Maecke#,G. Mariani*. 
*Division of Nuclear Medicine, University of Pisa; #Division of Radiological Chemistry, Department of Radiology, 

Basel; †Laboratory of Peptides & Proteins, Chemistry & Biology, University of Florence; ‡Institute of Pathology, 
University of Berne; Dept. of Pharmaceutical Sciences, University of Padoa. 

 
Introduction: interest in SST-analogue based treatment is increasing, largely because of the success of the in 
vivo targeting of SSTRs in neuroendocrine and neuroendocrine-like tumours. Uptake of radiolabeled SST-
analogs by tumor cells is based on receptor mediated internalization. The main factor limiting therapeutic 
efficacy of such SST-analogs is their selectivity for particular SSTRs. To overcome these limitations, new 
analogs with different spectra of receptor selectivity have been developed. Current research efforts aim at 
developing new SST-radiopharmaceuticals with biospecific activity and at exploring the potential of 
radiometals to be chelated to a receptor-specific molecule retaining the biospecificity and the high affinity 
for the target as well as the general biological properties of the native molecule. Aim of this study was to 
evaluate binding proprieties and the biodistribution profile of new SST-analogue recently prepared through a 
ring-closing metathesis of the on-resin linear octapeptide carrying two allyl glycines in the place of the 
corresponding cysteine residues. This molecule keeps the same sequence of octreotide, the standard SST-
analogue in clinical practice, but does not contain the disulphide bridge. 
Materials and methods: Among the DOTA-SST analogues synthesized DOTA-Peptide 1 was selected 
based on affinity profile. The 177Lu-DOTA-peptide1 was tested both in vitro, on a cell line expressing human 
SSTR2 (HEK293-SSTR2) and in vivo in tumor xenografts-bearing nude mice. 
Results: Quality control demonstrated highly pure 177Lu-DOTA-peptide 1 (98-100% radiochemical purity). 
The compound appeared to be stable in human serum. Six days after the incubation few metabolites (<10%) 
were observed. No more than 10% of radioactivity was found in the protein fraction (pellet) at the first time 

points of the study (1, 2, 4 hours) while a slide increase was observed up to 6 days when <15% of 
radioactivity was found in the protein fraction. The uptake of 177Lu-DOTA-peptide1 evaluated on HEK-
SSTR2cells, demonstrated a time-dependent uptake in cells with a high specific internalization rate after 4 
hours of incubation (Table 1). These experiments were done using 177Lu-DOTATOC as reference. 
Externalization results showed a time dependent pattern: cells retained more than 50% of 177Lu-DOTA-
peptide 1 after four hours of incubation.Pharmacokinetic studies were performed in nude mice bearing HEK-
SSTR2 tumor. Results (%ID/g) showed high radioligand accumulation in the tumors at 1 and 4 hours post 
injection (22.69±5.36 and 23.69±1.74 %ID/g respectively). When the receptors were blocked by co-injection 
of an excess of the same cold peptide, tumor uptake was found to be about 80% less compared to the 4-hour 
time point and this also holds for the other sst-positive organs. The other organs demonstrated a very low 
uptake except for the stomach and the pancreas compatible with normal SSTRs expression with the 
exception of the kidneys because of the radiopharmaceutical clearance. At the 24 hours time point a good 
clearance was observed for all non-tumor and non-specific tissues, the only exception being the kidney, 
where the uptake remained high (6.69±0.70%ID/g). Conclusion: A new DOTA-based peptide for diagnostic 
and therapeutic applications was characterized pharmacologically: DOTA-peptide 1. From these preliminary 
results it seems that 177Lu-DOTA-peptide 1 is a promising new SST-based radioligand for the diagnosis and 
PRRT of specifically expressing SSTR2-tumors. 
 

Time points (min) Total Non specific % specific internalisation of added dose 
%Retained in cells/totally 

internalized 
0 0 0 0 100,00±0,00 

30 8,49±1,24 0,17±0,03 8,33±1,25 81,42±0,78 
60 15,52±3,83 0,21±0,02 15,32±3,84 73,9±1,46 
120 27,41±4,48 0,26±0,04 27,16±4,50 63,89±1,97 
240 38,95±3,28 0,32±0,04 38,63±3,26 55,40±2,07 

1440 58,69±3,17 1,10±0,2 57,68±3,00 N.A. 
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O23.  

AAZTA derivatives as bifunctional chelators for the synthesis of optimized imaging probes 

 
Lorenzo Tei,  Giuseppe Gugliotta, Mauro Botta 

Dipartimento di Scienze dell’Ambiente e della Vita, Università del Piemonte Orientale “Amedeo Avogadro”, Viale T. 
Michel 11, 15121, Alessandria, Italy 
E-mail: lorenzo.tei@mfn.unipmn.it 

 

The Gd(III) complex with the heptadentate ligand AAZTA (acido 6-ammino-6-metilperidro-1,4-
diazepinotetraacetico) shows excellent properties in terms of stability and relaxivity.1 Thus, modification of 
the AAZTA scaffold with an appropriate functional group that would not compromise the favourable 
physico-chemical properties of the parent complex is a matter of great importance. The AAZTA derivative 
containing a hydroxyl functional group was synthesised and used as building block for the development of a 
new class of multimeric, high relaxivity MRI contrast agents. We synthesised a series of dimeric, trimeric 
and hexameric ligands and the corresponding Gd(III) complexes. These multimeric systems present 
molecular weights comprised in the interval of ca 1200-4200 and are characterized by relaxivity values (per 
Gd) ranging from 12 to 24 mM-1 s-1 (298 K). In addition, the multimers present high relaxivity (efficiency) at 
the high magnetic field strengths utilized in the new generation of MRI scanners. 
 

 
The [Gd(AAZTA)]- unit as a building block for  multimeric systems  

 

1) Aime, S.; Calabi, L.; Cavallotti, C.; Gianolio, E.; Giovenzana, G. B.; Losi, P.; Maiocchi, A.; Palmisano, 
G.; Sisti, M. Inorg. Chem. 2004, 43, 7588; Baranyai, Z.; Uggeri, F.; Giovenzana, G. B.; Benyei, A.;  
Brucher, E.; Aime S. Chem. Eur. J. 2009, 15, 1696.  

http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&doc=3&db_id=&SID=U1A6m7N81L2baHkecGL&name=Aime%20S&ut=000225364600011&pos=1
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&doc=3&db_id=&SID=U1A6m7N81L2baHkecGL&name=Calabi%20L&ut=000225364600011&pos=2
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&doc=3&db_id=&SID=U1A6m7N81L2baHkecGL&name=Cavallotti%20C&ut=000225364600011&pos=3
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&doc=3&db_id=&SID=U1A6m7N81L2baHkecGL&name=Gianolio%20E&ut=000225364600011&pos=4
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&doc=3&db_id=&SID=U1A6m7N81L2baHkecGL&name=Giovenzana%20GB&ut=000225364600011&pos=5
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&doc=3&db_id=&SID=U1A6m7N81L2baHkecGL&name=Losi%20P&ut=000225364600011&pos=6
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&doc=3&db_id=&SID=U1A6m7N81L2baHkecGL&name=Maiocchi%20A&ut=000225364600011&pos=7
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&doc=3&db_id=&SID=U1A6m7N81L2baHkecGL&name=Palmisano%20G&ut=000225364600011&pos=8
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&doc=3&db_id=&SID=U1A6m7N81L2baHkecGL&name=Palmisano%20G&ut=000225364600011&pos=8
http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&doc=3&db_id=&SID=U1A6m7N81L2baHkecGL&name=Sisti%20M&ut=000225364600011&pos=9
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Pyridine-Based Lanthanide Complexes: Towards Bimodal Agents Operating as Near Infrared 
Luminescent and MRI Reporters 

 
L. Pellegatti,a,b J. Zhang,c B. Drahos,a S. Villette,a F. Suzenet,b S. Petoud,a É. Tótha 

Centre de Biophysique Moléculaire, CNRS, Orléans, France 
b Institut de Chimie Organique et Analytique, Université d’Orléans, Orléans, France 

c Dept. of Chemistry, The University of Pittsburgh, USA 
 
Among the state-of-the-art bioimaging modalities, some are characterized by high resolution but low 
sensitivity (magnetic resonance imaging, MRI), others by high sensitivity but low resolution (optical 
imaging). Luminescent/MRI bimodal imaging offers the advantage of coupling the high sensitivity of 
luminescence with the high resolution of MRI. Lanthanide complexes are well suited for the design of 
bimodal imaging probes: they combine optimized magnetic and optical properties, while the similar 
chemical reactivities allow facile substitution of one Ln3+ by another. 
We report prototypes of a versatile scaffold for Ln3+ complexation where MRI and luminescence 
requirements are both satisfied using the same ligand. Through the appropriate choice of a pyridine-based 
backbone, the ligands ensure (i) high MRI efficacy when complexed to Gd3+, due to bishydration of the 
chelate, (ii) efficient sensitization of a NIR emitting Ln3+ when complexed to Nd3+. They also fulfil the 
requirements of thermodynamic stability and kinetic inertness, prerequisite for biological applications of 
metal complexes. We demonstrate for the first time that the presence of two H2O bound to the Ln3+, 
beneficial for MRI applications of the Gd3+ analogue, is not an absolute limitation for the development of 
NIR luminescent probes.1 

 

 

1. L. Pellegatti, J. Zhang, B. Drahos, S. Villette, F. Suzenet, G. Guillaumet, S. Petoud and É. Tóth, Chem. 
Commun. 2008, 6591 – 6593. 
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O25.  

Gold Nanoparticles as MRI Contrast Agents 
 

Loïck Moriggia), Cédric Mayerb), Lothar Helm a) 
a) Institute of Chemical Sciences and Engineering, Ecole polytechnique Fédérale de Lausanne, EPFL-BCH, CH-1015 

Lausanne (Switzerland) 
b) Institut Lavoisier de Versailles, UMR 8180 CNRS Université de Versailles St-Quentin F-78035 Versailles (France) 

 
Colloidal and functionalized nanoparticles are presently under intensive study to create useful tools for 

molecular diagnosis, therapy and biotechnology. Several papers reported interesting behavior for 
nanoparticles as for example a longer vascular half-life than for small molecular agents, suggesting a real 
potential as contrast agents for medical imaging. Gold nanoparticles are easily functionalized by thiol 
derivatives, opening multimodal perspectives. As MRI contrast agent, nanoparticles coated with Gd3+ 
chelates present the advantage of offering a rigid core to the contrast agents, minimizing internal degrees of 
freedom. Another interesting aspect is the high electron density of these objects, promising gold 
nanoparticles as agent for X-ray spectroscopy. 

We developed small, water-dispersible, 
stable DTTA thiol capped gold nanoparticles 
(DtNP) complexed with gadolinium and yttrium 
(Ln) rare earth ions. Characterizations using 
STEM with EDX analysis, TEM images and 
dynamic light scattering (DLS) technique indicate 
a particle size distribution from 2-15 nm, coated 
by Ln-Dt complexes on the surface. NMRD 
profiles of Gd-DtNP systems at 25°C show very 
high relaxivities and present a broad relaxivity 
humps indicating a large particle size with slow 
rotational motion. The modified Florence 
approach fits perfectly well the experimental 
points of the NMRD profile, indicating that if 
there is interaction between gadolinium(III) ions 
on the surface of the gold core, that would 
certainly induce a small change in the relaxation 
paramagnetic enhancement of water protons. A 
good fit of experimental relaxivities with the 
applied theoretical model shows that the particles are very rigid. The fitted parameters of the electronic 
relaxation are finally in good coherence with what was expected from the Ru-based metallostar values. 

 
Gold nanoparticle functionalized with 
chelating units binding Gd(III) 
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Calix[4]arene Based Model Compounds Towards Enhanced MRI Contrast Agents 
 

Daniel T. Schühle, Diane S. Abou, Bert T. Wolterbeek, Joop A. Peters 
Biocatalysis and Organic Chemistry, Delft University of Technology, Julianalaan 136, 2628 BL Delft, The Netherlands 
 
The use of molecular building blocks can open many opportunities in the development of novel contrast 
agents - the key advantage being the possibility to attach different functionalities to one molecule to yield a 
defined, polyfunctional compound without the need of a long synthetic procedure.  
In this lecture, we present the application of calix[4]arene based molecular scaffolds. This class of 
compounds was chosen not only because of its easy accessibility but also because of its high rigidity. Due to 
this as well as its self-aggregation in water and its binding to human serum albumin, 1 shows good T1-
relaxivity over a broad range of magnetic field. 
  

 
 
Further studies show that the replacement of the chelating DOTA-monoamides by pyridine-N-oxide 
analogues leads to enhanced water exchange kinetics and different aggregation behavior. The maximum 
observed molecular relaxivity of such a conjugate in a solution containing albumin is 164 s-1mmol-1 (41 s-

1mmol-1 per mmol Gd).  
The introduction of functional groups at the lower rim opens a way to control the performance of the contrast 
agent in vivo. For example, a calix[4]arene with two C18-chains attached to the lower rim can be included 
into the bilayers of liposomes and bicelles. These supramolecular aggregates have good relaxivities and can 
be used for cancer imaging.  
Targeting groups can be attached to a bifunctional derivative of 1 bearing one or four amino groups at the 
lower rim by e.g. amide bond formation or reaction with isothiocyanates. With compounds of this type, 
multivalent targeting as well as high relaxivity per targeted receptor can be achieved.  
Reference:  
Schühle, D.T.; Schatz, J.; Laurent, S.; Vander Elst, L.; Muller, R.N.; Stuart M.C.A.; Peters, J.A., Chem. Eur. 
J., 2009, 15, 3290. 
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O27. 
1H NMR relaxivity of aqueous suspensions of titanium dioxide nanoparticles coated with a 
gadolinium(III) chelate of a DOTA-monoamide with a phenylphosphonate pendant arm 

 
Ivan Řehoř 

Charles University, Prague, Czech Republic 
 
The project deals with a new T1 nanoparticle contrast agent (CA) for MRI. The CA consists of two main 
parts - diamagnetic core (TiO2 nanoparticle) and Gd(III) chelates grafted on its surface. The presence of the 
nanoparticle core is responsible for significant increase of r1 milimolar relaxivity due to the slowing down 
the rotation of the complex in solution. It also changes the biodistribution characteristics of the CA. The 
structure of the chelate is derived from DOTA by functionalisation of one of its pendant arms with 
phenylphosphonate group. Strong chemisorbtion of the phosphonate onto the TiO2 surface results in the full 
surface coverage. The rigidity of phenylphosphonate group increases the performance of contrast agent by 
reducing the local thumbling of the chelate. 
The complexation and MRI properties of Gd chelate were studied and exhibit analogy to the complexes of 
DOTA. The millimolar relaxivity (r1) of the Gd(III) complex significantly increases upon adsorption on the 
TiO2 nanoparticles. Colloidal solutions of CA do not show a sufficient stability and, thus, they were 
stabilized by addition of biocompatible polymer (Polyvinylalcohol, Dextrane). The stabilized solutions of the 
CA were applied for MRI visualization of rat pancreatic isletsc (PI).  The labeled islets were detected on MR 
images as hyperintense area and therefore our CA seems to be promising material for cellular MRI. 
 
 

 



Kinetic inertness of the DTPA derivative complexes of Gd3+ near to physiological 

conditions 
Zsolt Baranyai, Ernő Brücher, Zoltán Pálinkás 

Department of Inorganic and Analytical Chemistry, University of Debrecen, Debrecen H-4010, Hungary 
 

 In recent times there are some concerns about the possible in vivo dissociation of the DTPA 
derivative complexes of Gd3+, used as contrast enhancing agent in MRI. The extent of dissociation 
can be more significant in the case of dialised patients, when the elimination half-time of the 
contrast agent form the body is about 20-30 times higher than for “normal” patients. It is asuumed 
that the dissociation of the Gd3+ complexes is the result mainly of the transmetallation reactions 
with endogenous metals like Zn2+ and Cu2+. The amount of Gd3+ released in the body strongly 
depends on the rates of the transmetallation reactions (1.), which we have recently studied: 

 

GdL   +   M2+     ML   +   Gd3+                                             (1.) 

 

where L = DTPA, BOPTA and DTPA-BMA and M2+ = Zn2+ and Cu2+. The species distribution 
calculations made for the blood plasma shows that Cu2+ forms complexes mainly with amino-acids, 
like His, while for Zn2+ the citrate is the most important ligand. The rates of the transmetallation 
reactions (1.) with Zn2+ have been studied in the presence of Zn2+ and citrate excess, while the 
reactions with Cu2+ were investigated in the presence of citrate and His, when the complex GdL 
was present in excess.  

 The transmetallation reactions (1.) of Gd(DTPA) and Gd(BOPTA) with Zn2+-citrate are 
slower in the pH range 6 – 8 than those with free Zn2+. The behaviour of Gd(DTPA-BMA) is 
different because its transmetallation reactions with Zn2+-citrate are faster than with Zn2+. The 
presence of bovine serum albumine (1 mM) has practically no effect on the rates of 
transmetallation reactions.  

 The rates of the metal exchange reactions (1.) of Gd(DTPA) and Gd(BOPTA) with Cu2+-
citrate are significantly lower than those with Cu2+, but the presence of His results in an increase in 
the reaction rates. The rates of the transmetallation reactions of Gd(DTPA-BMA) with Cu2+-citrate 
and free Cu2+ are  about the same, so these reactions are much faster than the reactions of 
Gd(DTPA) and Gd(BOPTA). However, the presence of His has no effect on the rates of reactions 
of Gd(DTPA-BMA).  

 The results of the kinetic studies indicate that in the presence of the endogenous citrate and 
His the rates of transmetallation reactions of Gd(DTPA-BMA) are faster while the reactions of 
Gd(DTPA) and Gd(BOPTA) are slower.   
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O29.  

Mixed f-d coordination complexes as dual visible and near infrared (NIR) emitting probes for 
targeting DNA 

 
Aline Nonat, Thorrfinnur Gunnlaugsson 

School of Chemistry, Centre for Synthesis and Chemical Biology, Trinity College Dublin, Dublin 2, Ireland 

The recognition and sensing of ions and (bio) molecules, such as DNA, is of great current interest.1 The use 
of NIR emitting lanthanides such as Nd(III) and Yb(III), is particularly attractive for probing biological 
interactions, as biological tissues are transparent in this spectral range. Furthermore, the excited states of 
these lanthanides can be sensitised outside the range of biological absorption using visible absorbing organic 
antennae and therefore offer the potential for improved detection limits for bioassays. Attention has recently 
turned to the use of d-block transition-metal complexes as sensitisers. However, only few such f-d 
complexes, based on Pd-porphyrins and Pt-hairpins, have been used for targeting DNA.3 

We have recently reported the synthesis and photophysical analysis of both Nd(III)- and Yb(III)-cyclen 
appended phen based complexes, which we used to form mixed f-d complexes with [Ru(bpy)2]2+.3 While 
these f-d complexes gave rise to both Yb(III) and Nd(III) centered NIR emission, upon excitation of the 
Ru(II) 3MLCT  band, neither the metal-to-ligand charge transfer MLCT, nor the NIR emissions were 
modulated in the presence of DNA.  
A new family of mixed f-d cyclen-Ru(II)(phen)3  (phen = 1,10-phenanthroline) complexes were synthesised 
as dual visible and NIR emitting DNA probes/sensors by replacing the ancillary Ru(II) moiety with the 
stronger DNA binding complex [Ru(phen)2]2+. In this case, the 3MLCT transition for the ligand bound to 
Ru(II) can be perturbed upon binding to nucleic acids, providing a sensitive spectroscopic probe to monitor 
the interaction with  DNA. Indeed, significant changes were observed in both the Ru(II) visible and the 
Yb(III) centered NIR emission, which was switched off, upon binding to DNA at pH 7.4. In contrast, no 
changes were seen in the 
Nd(III) emission of the 
analogous f-d conjugate. 
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O30. 

Gd-DO3A-Ser-Derived Bioresponsive Contrast Agents 

 
Kirti Dhingra 

Max Planck Institute for Biological Cybernetics, Dept. of Physiology of Cognitive Processes, Tuebingen, Germany 
 
A novel precursor tris-tert-Bu-(Z)-Ser-DO3A was synthesized and its potential application in molecular 
imaging was explored. The precursor contains orthogonally protected amino and carboxylate groups which 
can be selectively deprotected in order to couple different responsive moieties such as, mAb, Biotin, CPP, 
PNA etc. Using this strategy, a variety of contrast agents can be developed. The focus of the talk will be on 
the development of potential neuroanatomical tracer and the targeted marker synthesized from the described 
precursor.  
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O31. 

Polynuclear lanthanide complexes: a road for response enhancement 

 
Josef Hamacek  

Department of Inorganic, Analytical and Applied Chemistry; University of Geneva, 30 quai E. Ansermet, 1211 Geneva 
 
An improvement of luminescent and paramagnetic properties of lanthanide complexes for imaging purposes 
is still the subject of extensive studies. We are interested in a controlled preparation of discrete polymetallic 
arrays, which would provide an enhancement of signals by adding up contributions from all cations within 
the supramolecular complex. First, we present the design of three-dimensional tetrametallic helicates, where 
lanthanide cations adopt a tetrahedral arrangement.[1] The second part deals with trinuclear triangular 
complexes.[2] The preparation, characterisation and properties will be discussed for both systems. 
References 
[1] J. Hamacek, G. Bernardinelli, Y. Filinchuk, Eur. J. Inorg. Chem. 2008, 3419-3422. 
[2] S. Zebret, N. Dupont, G. Bernardinelli and J. Hamacek, Chem. Eur. J. 2009, 15, 3355. 
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O32.  

Responsive MRI Nanoprobes: some examples 
 

Enzo Terreno, Sara Figueiredo, Alberto Sanino, Elena Torres, Silvio Aime 
Department of Chemistry IFM and Molecular Imaging Center, University of Torino, Via P. Giuria 7, 10125 -Torino – 

Italy. 
 

The advent of Molecular Imaging has prompted the development of highly-sensitive MR imaging probes 
aimed at detecting alterations occurring at cellular and sub-cellular level. One of the most used strategies for 
achieving this goal is the design of nano-sized probes in which an extremely high number of imaging probes 
may reach the biological target. 
Among the nanosystems, liposomes are under intense scrutiny primarily because they have several 
advantageous including high biocompatibility, easiness to functionalize the external surface, accumulation in 
body regions with altered vascular permeability, ability to act as multicontrast MRI agents and probes for 
multi-imaging modality, possibility to develop theragnostic probes. 
An important field of research within molecular imaging applications of MRI is focused on the development 
of highly sensitive probes whose contrasting properties are made sensitive to  physico-chemical variables 
that are biomarkers of specific pathologies, being altered in the early stage of a disease (e.g. pH, enzymatic 
activity, concentration of ions and metabolites,…) or that can be very important as non invasive tools to 
improve therapeutic protocols (e.g. temperature). In this contribution, some examples concerning 
paramagnetic liposome-based agents whose MRI properties are sensitive on specific variables that 
characterize the local microenvironment of the probe will be presented and discussed. 



Bioconjugated Lanthanide Helicates. Synthesis, Bioaffinity Assays, and Cellular Imaging 

Vanesa Fernández-Moreira, Bo Song, Anne-Sophie Chauvin, Caroline D. B. Vandevyver,  

Jean-Claude G. Bünzli. 

Luminescent lanthanide bioprobes (LLB) are generating a great interest as a therapeutic and 

diagnostic tool in the medical field.1 Their long lifetimes, long excitation wavelengths and line-

shape emission, among others features, allow to overcome problems intrinsic to commercial 

available organic fluorophores such as autofluorescence or photobleaching. Moreover, the 

development of LLBs open the door to using new available technologies such as time-resolved 

detection and multi-photon excitation. 

Herein we present 1) a highly thermodynamically and kinetically stable bioconjugated lanthanide 

helicate2 LB1 (Scheme), designed to bind a biotinylated antibody and 2) a biotinylated antibody, 

biotin-5D10 mAb, directed against the breast cancer cell line MCF-7. Comparative in vitro 

binding studies such as ELISA and immunofluorescence assays, as well as time-resolved 

luminescence microscopy (Figure), reveal on one hand the advantages of the proposed 

bioconjugated lanthanide helicate over a commercially available fluorophore, streptavidin-FICT 

and, on the other hand, the selectivity of biotin-5D10 for the cell line MCF-7. 

 

 

 

 

 

 

 

 

                                                           
1 J.-C. G. Bünzli, Chem. Lett., 2009, 38, 104. 
2 J.-C. G. Bünzli, A.-S. Chauvin, C. D. B. Vandevyver, S. Comby, Ann. N.Y. Acad. Sci., 2008, 1130, 97. 
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LC2COOH 
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Figure. Time-resolved 
image of MCF-7 cells 
incubated with biotin-
5D10 and LB1. 

Scheme. A) Chemical structure of LC2COOH, B) Synthesis of the 
bioconjugated lanthanide helicate, LB1 

A) 
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P2.  

New synthetic strategies for the design of highly luminescent lanthanide markers. 

 
Matthieu Starck,a Pascal Kadjane,a Raymond Ziessela and Loïc Charbonnièrea,b 

a Laboratoire de Chimie Organique et Spectroscopies Avancées, UMR 7515 CNRS and  
b Laboratoire d’ingénierie Moléculaire Analytique, UMR 7178 CNRS, ECPM, 25, rue Becquerel, 67087 Strasbourg 

Cedex 02, France. E-mail : l.charbonn@chimie.u-strasbg.fr 
 

Luminescent lanthanide complexes and labels offer numerous advantages over fluorescent organic 
compounds or other luminescent coordination complexes.1 They display line-like emission bands, large 
Stokes shifts, generally very long luminescence lifetimes and emit over the visible and near infrared 
domains, depending on the used lanthanide.  

For this class of complexes, a bright luminescence can only be achieved by taking advantage of the 
antenna effect, allowing for indirect population of the lanthanide centered excited states through ligand 
excitation. The choice of the ligand acting as antenna must be guided by the matching of the intermediate 
ligand centered excited states with that of the targeted emitting lanthanide cation. This generally requires the 
synthesis of the proper ligand for each specific lanthanide. Furthermore, an efficient luminescence can only 
be obtained by an optimal protection of the cation from solvent molecules including water. Finally, a 
targeted use of luminescent lanthanide complexes will also require the synthetic input of a specific function 
to integrate the complex into a functional molecular device, e.g. a grafting function, for labeling applications, 
or a recognition site, for sensing and detection. Up to now, the fulfillment of all these requirements is 
achieved by a specific synthetic design of the ligand fitted to the selected lanthanide cation. 

We here propose alternative synthetic approaches in which the ligand design offers diverging 
pathways providing first an efficient complexation site, which can then be functionalized at will to tune the 
required electronic properties and/or to introduce specific functions (SF). Using this new methodology, a 
broad scope of highly luminescent lanthanide complexes with visible and Near InfraRed (NIR) emission can 
be obtained, for various applications such as luminescence microscopy, time-resolved fluoroimmunoassays 
or formation of luminescent gels. 
 The methodology was applied to the well known bis-pyrazolyl-pyridyl2 and terpyridyl frameworks3 
and extended to the new bisindazolylpyridyl one (Scheme). 
 
 
 
 
 
 
 
 
 The synthetic approach will be described and applied to specific functions (SF) dedicated to the 
development of lanthanide markers for luminescent applications such as microscopy and immunoassays. 
 
1/ Bünzli, J.-C. G.; Piguet, C. Chem. Rev. 2005, 34, 1048. 2/ Kadjane, P. ; Starck, M. ; Camerel, F. ; Hill, D.; 
Hildebrandt, N.; Ziessel, R.; Charbonnière, L. Inorg. Chem. 2009, ASAP (doi 10.1021/ic9001169). 3/ 
Kadjane, P.; Platas-Iglesias, C.; Ziessel, R.; Charbonnière, L. to be published in Dalton Trans. 2009. 
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P3. 

DOTA-Δ-Ala: synthesis and preliminary relaxometric characterization 

 
M.F. Ferreira1, A.F. Martins2, J.A. Martins1, P.M. Ferreira1, E. Toth3, F.G.C. Geraldes2 

1Centro de Química, Campus de Gualtar, Universidade do Minho, 4710-057 Braga, Portugal 
2Departamento de Bioquímica e Centro de Neurociências e Biologia Celular, Universidade de Coimbra, P.O. Box 

3126, 3001-401 Coimbra, Portugal 
3Centre de Biophysique  Moléculaire CNRS, Rue Charles Sadron, 45071 Orléans Cedex 2 France 

 
The synthesis of functionalised poly(azacarboxylate) metal chelators, ready for coupling to organic 
fragments or biomolecules for purposes of targeting or optimisation of the physico-chemical properties of its 
metal complexes  is an activity area of research.  
The synthesis of DOTA conjugates requires differentiating one of the acetate arms, through orthogonal 
protection schemes, followed by coupling to molecular fragments through amide bond chemistry. The 
replacement of a good coordinating carboxylate group by a less coordinating amide group decreases the 
overall thermodynamic and kinetic stability of the Gd(III)-DOTAmonoamide chelates. Furthermore, the 
reduction of the overall charge of the Gd(III)-DOTAmonoamide complexes decreases de water exchange 
rate (kex) compared to its Gd(III)-DOTA complexes. The introduction of functional reactive groups on the 
DOTA skeleton or on the acetate arms solves these problems  at the expense of extra synthetic labour.  
In this communication we report the synthesis of a novel metal chelator - DOTA-Δ-Ala, bearing a α-
aminopropionate arm for coupling to organic moieties or (bio)macromolecules.   
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The synthetic pathway for the preparation of the DOTA-Δ-Ala metal chelator will be presented and 
discussed. Preliminary results on the relaxometric characterization of the Gd(III)-DOTA-Δ-Ala complex will 
be also presented and discussed.   
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P4.  

DOTA-Δ-Ala-Lipoamide: a new bifunctional ligand for the preparation of functionalized gold 
nanoparticles for MRI 

 
M.F. Ferreira1, J.A. Martins1, P.M. Ferreira1, C.F.G.C. Geraldes2 

1Centro de Química, Campus de Gualtar, Universidade do Minho, 4710-057 Braga, Portugal 
2Departamento de Bioquímica e Centro de Neurociências e Biologia Celular, Universidade de Coimbra, P.O. Box 

3126, 3001-401 Coimbra, Portugal 
 
Magnetic Resonance Imaging (MRI) has revolutionized the imaging diagnostics since its introduction in the 
early 1980’s. The continuous development and optimization of Contrast Agents (CA´s), over the years, 
played a fundamental role in this success story. None the less, the full potential of MRI still is to be realized. 
The use of nanotechnology is an emerging strategy to improve the capacities of CA’s. Gold nanoparticles 
(AuNP’s) are promising platforms for the development of molecular imaging and therapeutic agents. 
AuNP’s are stable in physiologic conditions and biocompatible, providing a high density surface clustering 
of reports and targeting vectors. The use of bifunctional ω-thiols for stabilizing and functionalize gold 
nanoparticles is well established due to the stability of the Au-S bond and to the amenable synthesis of 
bifunctional thiols.  
We have reported before (COST D38 meeting, Sacavem, Portugal, 2008) the synthesis of the bifunctional ω-
thiol-derivatized metal chelator DOTA-Lipoamide (1) (Figure1).  
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Figure 1- Bifunctional ω-thiol-derivatized metal chelators for stabilization of gold nanoparticles. 

 
In this communication we disclose the synthetic pathway for the construction of a new bifunctional ω-thiol-
derivatized metal chelator- DOTA-Δ-Ala-Lipoamide (2). 
The methodology used for the preparation of gold nanoparticles with both ligands will be presented and 
discussed. Preliminary results on the characterization of both types of the nanoparticles will be also 
presented. 
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P5. 

Synthesis and relaxation properties of the conformation-switching complex 
[Mes{Gd(DO3A)(H2O)2}3] 

 
Pascal Miéville1, Hugues Jaccard1, Raphaël Tripier2, Lothar Helm1 

1Laboratoire de Chimie Inorganique et Bioinorganique, Ecole Polytechnique Fédérale de Lausanne, ISIC, BCH, 1015 
Lausanne, Switzerland 

2Laboratoire de Chimie, Electrochimie Moléculaires et Chimie Analytique, 
UMR cnrs 6521, Université de Bretagne Occidentale, 6 avenue Victor Le Gorgeu – CS 93837, 29238 Brest Cedex 3, 

France 
 
The gadolinium complex [Mes{Gd(DO3A)(H2O)2}3] (figure 1) is a system containing three Gd-DO3A 
complexes grafted on the three methyl positions of a mesitylene (1,3,5-trimethylbenzene). This compound 
was designed as a MRI contrast agent, in line with a project dealing with different other small molecules 
containing several Gd(III) complexes around a central core. 
According to relaxation measurements and ICP-MS, the standard complexation method, with GdCl3 at pH 
5.8, leads to an undesired compound with only two Gd(III) ions, and only one water molecule in the inner 
sphere of the formed complexes. A new complexation strategy, involving precomplexation with Mg2+ at 
higher pH followed by a transmetallation, has to be performed to allow the complete complexation and to 
obtain the desired Tris-Gd compound.  
This work presents the complexation methods used, the relaxation measurements, the relaxivity properties of 
the complexes and the evidences of the formation of the two different compounds. Furthermore, we suggest 
a possible conformation of the unexpected Bis-Gd complex, formed at acidic pH and showing a capping 
mechanism.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 : [Mes{Gd(DO3A)(H2O)2}3] 
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P6. 

Novel bifunctional agents based on the AAZTA structural motif 

 
Giuseppe Gugliotta,a Mauro Botta,a Giovanni B. Giovenzana,b Lorenzo Teia 

aDipartimento di Scienze dell’Ambiente e della Vita –DiSAV, Università del Piemonte Orientale, Viale T. Michel 11, 
15121, Alessandria, Italy; b DiSCAFF & DFB Center, Università degli Studi del Piemonte Orientale “A.Avogadro”, 

Via Bovio 6, 28100 Novara, Italy 
E-mail: giuseppe.gugliotta@mfn.unipmn.it 

 

The recently reported Gd-complex based on the polyaminocarboxylate ligand AAZTA (6-amino-6-
methylperhydro-1,4-diazepinetetraacetic acid) is endowed with optimal physico-chemical properties for its 
use as MRI contrast agent. It is characterized by high thermodynamic stability and kinetic inertness towards 
transmetallation reactions with endogenous cations1 and shows favourable magnetic properties associated 
with the presence of two inner-sphere water molecules (q=2) characterized by a relatively fast water 
exchange rate (�M=90 ns) and a remarkable relaxivity value of 7.1 mM-1s-1 at 20 MHz and 298 K.2 The 
preparation of a derivative containing an appropriate functional group that would allow the conjugation of 
this compound to a specific biological vector not compromising the favourable physico-chemical properties 
of the parent complex would have widespread utility for the synthesis of Magnetic Resonance - Molecular 
Imaging probes. Novel bifunctional AAZTA-like agents with hydroxyl, carboxyl and chloro functional 
groups were prepared. Preliminary 1H and 17O relaxometric data on the corresponding GdIII complexes 
confirm the optimal magnetic properties making them very good candidates for conjugation to biomolecules 
for molecular imaging applications. An example of conjugation to a bile acid derivative is also reported. 
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1) Baranyai, Z.; Uggeri, F.; Giovenzana, G. B.; Benyei, A.;  Brucher, E.; Aime S. Chem. Eur. J. 2009, 15, 
1696.  

2) Aime, S.; Calabi, L.; Cavallotti, C.; Gianolio, E.; Giovenzana, G. B.; Losi, P.; Maiocchi, A.; Palmisano, 
G.; Sisti, M. Inorg. Chem. 2004, 43, 7588. 
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Bimodal imaging is a strategy to couple the high sensitivity of one imaging modality (optical imaging) 

with the high resolution of another technique, Magnetic Resonance Imaging (MRI). Lanthanide complexes 
are particularly well adapted for bimodal design, since they have fundamentally different magnetic and 
optical properties, while being chemically similar. 
Recently, it has been demonstrated that pyridine-based lanthanide complexes were promising candidates for 
the development of bimodal MRI/optical imaging probes1. 

Here we report on the synthesis and properties of a new amphiphilic derivative of this pyridine based 
complex, which is capable of self organization by forming micelles (figure 1), giving rise to high relaxivity. 
The critical micellar concentration (CMC) is determined by transversal relaxation time measurements. The 
hydration number of the corresponding Eu3+ complex is measured by luminescence lifetime measurements 
and the exchange rate of the water molecule is determined by 17O  NMR relaxation studies on the Gd3+ 
complex. The relaxation properties above and under the CMC are discussed. 
 

 
Figure 1 : Schematic representation of the micellar structure of the LnL complex formed in aqueous solution. 

 
1 L. Pellegatti, J. Zhang, B. Drahos, S. Villette, F. Suzenet, G. Guillaumet, S. Petoud, E. Toth, Chem. 
Commun., 2008, 6591. 

N

O

-OOC

-OOC

-OOC

-OOC

Ln3+Ln3+
N

O

-OOC

-OOC

-OOC

-OOC

Ln3+Ln3+
N

O

-OOC

-OOC

-OOC

-OOC

Ln3+Ln3+
N

O

-OOC

-OOC

-OOC

-OOC

Ln3+Ln3+



Cost Chemistry D38. Metal-Based Systems for Molecular Imaging Applications 
Annual Workshop, 25-27th April 2008, Warsaw, Poland 

46 
 

P8.  
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NTP(PrHP)3 as Potential Nuclear and MRI Molecular Imaging Agents 
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A considerable research effort has been made in the development of new chelating agents for 
diagnostic imaging techniques, such as SPECT, PET and MRI. Herein, the chelating capacity of a new 
hexadentate compound, NTP(PrHP)3 (Fig.), resulting from the attachment of three 3-hydroxy-4-pyridinone 
(3,4-HP) units into a nitrilotripropionic acid anchoring skeleton, was studied.[1] Gd(III) complexes of related 
tripodal pyridinone ligands display a high relaxivity due to q = 2 and a near-optimal water exchange rate.[2] 

The acid-base properties of the ligand were studied by 
potentiometric and spectrophotometric (1H NMR and UV-Vis) 
techniques, giving the ligand protonation constants and protonation 
sequence. Complexation studies in the presence of Ga(III) and Ln(III) 
ions were also performed by potentiometry and the stability constants of 
the complexes were determined. The ligand shows high affinity for 
Ga(III) forming very stable six-coordinate 1:1 complexes (logKGaL = 
33.00, pGa = 27.2), through the oxygen atoms of the 3,4-HP units, 
without involvement of the apical nitrogen atom of the skeleton. This 
complex predominates at pH > 5, but at lower pH protonated species 
(GaH5L, GaH3L, GaHL) are present. In vivo biodistribution and gamma 
imaging studies of the radio-complex 67Ga3+-NTP(PrHP)3 in Wistar rats 
showed fast kidney excretion, with no accumulation after 24h of injection. This very rapid clearance from 
most organs is in agreement with the in vivo expected kinetic inertness and some hydrophilic character of the 
complex.  
 The stability constants of the 1:1 Ln3+-NTP(PrHP)3 complexes (Ln = La, Pr, Gd, Er and Lu) MHnL 
(n = 1-5) were obtained by potentiometric titrations (eg. logKGdHL = 27.10). Relaxometric (1H NMRD and 
17O relaxation times) studies were performed for the Gd3+-NTP(PrHP)3 complex at pH = 6, where the N-
monoprotonated species GdLH predominates. The relaxometric behavior is typical of a complex with two 
hydration waters (q = 2). This was confirmed by luminescence studies of the Eu/Tb complex analogues. 
Proton relaxometric transmetalation studies showed high kinetic stability of this complex in the presence of 
equimolar ZnCl2.  
 The studies performed on the Ga(III) and Ln(III) complexes of NTP(PrHP)3 point towards their 
potential use as imaging agents in diagnostic techniques (PET, SPECT and MRI).[3,4] 
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Magnetic Resonance Imaging is considered one of the most powerful non-invasive diagnostic 

techniques developed [1]. The ideal targeted MRI contrast agent should allow the detection of molecular 
events at the nanomolar concentration range and the use of nanoparticulate CAs allows the efficient delivery 
of reporters consisting of a high payload (tens, hundreds or even thousands) of paramagnetic ions to each 
target site [2].  Magnetic nanoparticles have a wide range of applications as CAs, as their pharmacokinetics 
depends on the particle size [3]. Intravenous administration is only possible for particle sizes below the μm.  
Here, we present the relaxivity studies of a new hybrid material [4], which consists of a series of layered Ln3+ 
networks formulated as [Ln(H2cmp)(H2O)] (H2cmp= (carboxymethyl)iminodi(methylphosphonic acid); Ln = 
La3+, Pr3+, Nd3+, Sm3+, Eu3+, Gd3+, Tb3+, Dy3+, Ho3+ and Er3+). They are constructed from a single Ln3+ centre 
in a highly distorted dodecahedral coordination environment with one coordinated water molecule in the first 
sphere [10].  The water 1H longitudinal (r1) and transverse (r2) relaxivities were obtained for aqueous 
suspensions of these materials with different lanthanide ions. The values of r1 are very small and remain 
almost constant varying only slightly with effective magnetic moment (μeff) of the lanthanide ions. r2 are 
larger and seem to be proportional to the of μeff 2. Upon increase of τCP (the time interval between two 
consecutive refocusing pulses in the train of 180o pulses applied in a CPMG pulse sequence), the value of R2 
initially increases and then saturates at higher τCP at a value that is lower than R2p* (about 3 to 5 times lower). 
It probably can be explained by the static dephasing regime (SDR) theory, in which the diffusion effect is 
taking into account and where the condition τD>Δω(rp)-1 hold (τD = rp

2/D, where D is the diffusion 
coefficient, rp is the radius of the particle and Δω(rp) is the Larmor frequency shift at the particle’s surface) 
[5]. 
 [1] Caravan, P.; Ellison, J. J.; McMurry, T. J.; Lauffer, R. B. Chem.Rev., 99(1999), 2293. 
[2] Strijkers, G. J.; Mulder, W. J.; van Heeswijk, R. B.; Frederik, P. M.; Bomans, P.; Magusin, P. C.; 
Nicolay, K. MAGMA, 18 (2005), 186. 
[3] Weissleder, R.; Reimer, P. Eur.Radiology 1993, V3, 198-212. 
[4] Silva, L.C; Lima, S.; Ananias, D; Silva, P.; Mafra, L.; Carlos, L.D; Pillinger, M.; Valente, A.A.; Paz, 
F.A.A.; Rocha, J. J.Mater.Chem, 2008, submitted. 
[5] Weisskoff, R. M.; Zuo, C. S.; Boxerman, J. L.; Rosen, B. R. Magn.Reson.Med., 31 (1994), 601. 
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 The study of ligand-receptor interactions using high resolution NMR techniques became much easier 
and with wider applications with the development of the Saturation Transfer Difference (STD) technique [1]. 
With such a protocol it is possible not only to rapidly determine if there is an interaction between a relatively 
small compound and a protein but also to screen out the ligand interaction specificity at atomic level, a 
characterization  known as group epitope mapping (GEM). Our aim in this work is to prove the interaction 
between Gd3+-based glycoconjugate complexes, to be used as potential MRI contrast agents, with a soluble 
target protein and to characterize the ligand-protein binding interactions at an atomic level. We screened the 
interactions between the La3+ and Lu3+ complexes of a group of DOTA-glyconjugates, namely DOTAGal, 
DOTALac, DOTA(Lac)2, with the 120kDa lectin Ricinus communis agglutinin (RCA120), used as a model for 
the asyaloglycoprotein receptor (ASGP-R)[2]. 1H NMR STD titrations allowed the association constants of 
the chelates to the protein to be obtained. The % STD values obtained for the different chelate protons were 
used together with the molecular docking program AUTODOCK 4 [3] to model the details of the chelate-
protein interactions at the atomic level. Our results were consistent with the expectations based on previous 
literature [2]. They prove that LnDOTA-glyconjugates efficiently bind RCA120 mainly through the galactosyl 
residue. Some interactions occur between the hydrophobic linker arms of the chelates and hydrophobic 
patches at the surface of  RCA120.  
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The majority of contrast agents (CAs) used currently in magnetic resonance imaging (MRI) are gadolinium 
complexes of polyamino-polycarboxylate type ligands.  These complexes shorten the relaxation time of bulk 
water protons in tissue by utilizing water molecules that are weakly coordinated to the paramagnetic metal 
ion and exchange rapidly with those of the bulk water molecules.  In a sharp contrast to this avenue the 
chemical exchange saturation transfer (CEST) CAs were proposed recently that require the presence of 
slowly exchanging proton pools shifted far enough form the bulk/solvent water peak.  For this purpose 
complexes of paramagnetic Ln(III) ions formed with DOTA-tetraamides are the best choice, due to their 
favorable proton exchange rates (both the exchange of amide and water protons are suitable to generate the 
CEST effect).  According to a recent report however, it is also possible to generate a CEST effect with the 
use lanthanide(III) complexes of DTPA–pentaamide or TTHA–pentaamide and –hexaamides.  Although 
these complexes display very promising features for CEST applications there are no information about the 
thermodynamic stability and kinetic inertness of these complexes.  Hence in this work we decided to gain 
information about the thermodynamic stability constants of the complexes formed between some 
endogenous metal ions (Ca2+, Cu2+ and Zn2+), lathanide(III) ions and the DTPA–pentaamide ligand.  The 
stability constants obtained by pH–potentiometry are turned out to be several orders of magnitude lower than 
those (the stability of the complexes formed with Ln(III) ions are in the range of 7.46-8.63) of the complexes 
formed with DTPA–BMA or DTPA–BMEA (the Gd(III) complexes of these ligands were linked with 
Nephrogenic Systemic Fibrosis (NSF)).  The kinetic inertness of Gd(DTPA-5Am) have been characterized 
by the rates of the exchange reactions occurring between the complex and Eu3+ or Cu2+.  The rates of reaction 
with Eu3+ are independent of the Eu3+ concentration and increase linearly with increasing acid concentration, 
indicating the rate determining role of the proton assisted dissociation of the complex. The rates of reaction 
with Cu2+ increase with rising metal ion concentration, which shows that the exchange can take place with 
the direct attack of the metal ion on the complex, via the formation of a dinuclear intermediate. When 
comparing the data obtained from kinetic studies with the data obtained for DTPA and its mono-, bis- and 
tris-amide derivatives it is strait forward, that the DTPA-pentaamide ligand is less suitable for medicinal use 
because of its rather low kinetic inertness. 
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Most of the currently available contrast agents for magnetic resonance imaging are small Gd(III) 

complexes with poliaminocarboxylate ligands such as DTPA and DOTA. However, these MRI contrast 
agents distribute in a non-specific way over the extracellular space. Thus, there is currently great interest in 
the development of more specific contrast agents that could accumulate in the target tissue, or to report on 
their biological environment through molecular recognition mechanisms. A specific MRI contrast agent 
could take advantage of these molecular recognition processes to respond to functional groups occurring at 
higher concentration in the diseased tissue. 

Boronic acids are a promising class of recognition moieties for the synthesis of artificial receptors and 
sensors for saccharides. The use of boronic acids for this purpose is based on their ability for the formation 
of reversible covalent complexes with 1,2- and 1,3- diol units in saccharides. In the present contribution we 
report the synthesis of two novel ligands based on a DO3A platform that contains a phenylboronic acid 
function attached to a nitrogen atom of the macrocycle (Chart 1). These ligands were derivatized to form 
several charge neutral lanthanide complexes (Ln = La, Eu, Gd or Tb). Preliminary studies indicate that these 
complexes bind to saccharides in aqueous solution. 
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This project is based on the preparation of hybrid silicate nanoparticles including molecular fluorophores for 
the development of fluorescent tags for material (luminescent materials, fluorescent tracers, counterfeiting, 
sensors of ground pollutant agents…) and in vitro, in vivo biological (biophotonics or phototherapy…) 
labeling and imaging. The approach to the development of lanthanide based tags is based on the 
incorporation of lanthanide compounds in materials capable of silica nanoparticles which allow protection of 
the chelate, improvement of the luminescence efficiency and easy vectorisation and furthermore can provide 
a route to multimodal tags. 

 
 

Here we focus on the sol-gel processes using 
micro-emulsions. These processes imply the 
incorporation of the lanthanide chelates in silica 
particles of nanometric size with a random 
distribution. Sizes from 50 to 70 nm are obtained 
and the synthetic methods allow to promote the 
incorporation of the lanthanide chelates in silica 
by adequate choices of surfactant and co-
surfactant. Interesting results have allowed us to 
validate the synthetic methods involving sol-gel 
processing with silica precursors. The TEM 
images show porous particles with homogeneous 
sizes. The photophysical studies have confirmed 
that the complexes are incorporated and produce 
good luminescence quantum yields (suspension in 
water) and that the lanthanides ions are not 

released in the media. Moreover we have shown dual emission in various emission ranges. The TbIII- and 
EuIII containing nanoparticles display good luminescence quantum yields and a sizeable near-IR 
luminescence emission is observed for the YbIII and NdIII complexes. 
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Cancer and atherosclerosis are highly relevant diseases and in the main focus of biomedical research. In this 
context, porphyrin derivatives are established biomolecules both in photodynamic therapy (PDT) and optical 
imaging1. The accumulation in tumor tissue2 and also in atheromatous plaques via LDL endocytosis3 are 
crucial physiological characteristics of these lipophilic compounds. Generator-derived gallium-68 is of high 
importance for position emission tomography (PET). The complexation of this trivalent radiometal within 
tetrapyrrol ligangs and their biological evaluation are reported. 
68Ge/68Ga-radionuclide generators were used for 68Ga-production. Purification and transformulation of the 
aqueous eluat was processed using a cationic exchange resin eluted with different eluent systems4, 5. 68Ga-
labelling of porphyrin derivatives was performed in chloroform using n.c.a. 68Ga(acac)3 as synthon in a 
focused microwave synthesis system5. Incubation in human plasma and DTPA-solution were performed to 
verify tracer stability via radio-TLC. Plasma protein binding to human serum albumin (HSA) and low 
density lipoprotein (LDL) were evaluated via size exclusion-HPLC. A µPET-experiment was realized using 
a tumor-bearing rat. Plasma incubation and DTPA-challenge confirm stability of the tracer over 2 hours. Due 
to their lipophilicity, 68Ga-labelled prophyrins shows a LDL binding up to 50% and over 90% to HSA. A 
preliminary µPET-study illustrates accumulation of the tracer in the tumor tissue. The in vitro evaluations of 
these novel molecular imaging probes prove the potential for relevant medical application. Further 
investigation using PET are in progress.   
 
1. Pandey, S. K.; Gryshuk, A. L.; Sajjad, M.; Zheng, X.; Chen, Y.; Abouzeid, M. M.; Morgan, J.; 

Charamisinau, I.; Nabi, H. A.; Oseroff, A.; Pandey, R. K., Multimodality agents for tumor imaging (PET, 
fluorescence) and photodynamic therapy. A possible "see and treat" approach. J Med Chem 2005, 48, (20), 
6286-95. 

2. Juzeniene, A.; Peng, Q.; Moan, J., Milestones in the development of photodynamic therapy and 
fluorescence diagnosis. Photochem Photobiol Sci 2007, 6, (12), 1234-45. 

3. Nakajima, S.; Takemura, T.; Sakata, I., Tumor-localizing activity of porphyrin and its affinity to LDL, 
transferrin. Cancer Lett 1995, 92, (1), 113-8. 

4. Zhernosekov, K. P.; Filosofov, D. V.; Baum, R. P.; Aschoff, P.; Bihl, H.; Razbash, A. A.; Jahn, M.; 
Jennewein, M.; Rosch, F., Processing of generator-produced 68Ga for medical application. J Nucl Med 
2007, 48, (10), 1741-8. 
5. Zoller, F.; Riss, P.; Montsforts, F.; Rösch, F., Efficient radiosynthesis of lipophilic 68Ga-porphyrin 
complexes for multimodal molecular imaging Bioconj Chem 2009, submitted. 
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Objectives 
As 99mTc-phosphonates are well established tracers for the diagnoses of bone metastases using SPECT, 
analogue attempts for PET using the 68Ge/68Ga generator based 68Ga tracers would be potentially useful. 
Therefore molecules containing phosphonate structure and being adequate complexing agents for Ga3+ could 
be considered as interesting vectors. EDTMP, different triazacyclononane- (n=1-3 phosphonates) and 
DOTA-derivatives (tetraphosphonate) as well as new bisphosphonate structures were investigated.  
Methods 
Germanium-68 provides the positron emitter Gallium-68 as an easily available and inexpensive source of a 
PET nuclide. With the published concentration and purification method by Zhernosekov et al. [1] 68Ga is 
obtained in 400 µL acetone/HCl mixture. The first series of phosphonates (EDTMP, DOTP [2], NOTA-
derivatives [3] and DO3AP-ABn [4]) were labelled in 400 µL 0.12 M Na-HEPES buffer by adding the 68Ga 
fraction. Through variation of reaction time, temperature, pH and different amounts of the ligands, optimum 
reaction parameters for complex formation were tested. Analyses of radiochemical yield were carried out by 
TLC on cellulose. Binding studies on synthetic apatite were applied to simulate the binding of the 68Ga-
phosphonates to bone structures. A second generation of bisphosphonates (BPAMD, BPAPD and BPPED) 
[5] was labelled, assayed concerning binding to apatite and investigated in vivo as well. 
Results 
Labelling proceeds at temperatures between 25 and 75°C within 2 to 10 min in a total volume of 800 µL. 
Ligands are used in nanomole amounts only and the radiochemical yields are 50 to 95%. Strong and fast 
binding was observed for DOTP & EDTMP. Within the series of 68Ga-triazacyclononanes with n=1-3 
phosphonates, an increasing binding to apatite was observed. 
The radiochemical yield of 68Ga-DOTP was only 50%. In vivo experiments showed a relatively low stability 
of 68Ga-EDTMP. The novel bisphosphonates showed also high binding to apatite and furthermore high 
stability in vivo in rats. Only nanomole amounts of these ligands are necessary for bone imaging. (Fig: 15 
MBq 68Ga-BPAMD 75-90min p.i.) 
Conclusions 
Syntheses of 68Ga complexes are performed within 20 min 
after elution of the generator. Evaluations with synthetic 
apatite show high binding in a short time for 68Ga-EDTMP and 
the 68Ga-DOTP as well as the three new DOTA-derivatives 
BPAMD, BPAPD and BPPED. Preliminary µ-PET imaging on 
rats demonstrated bone uptake in vivo for 68Ga-EDTMP and 
68Ga-DOTP. Due to the low stability of Ga-EDTMP and the 
low labelling yield of 68Ga-DOTP the new ligands BPAMD, 
BPAPD and BPPED seem to be of more interest. µ-PET 
imaging of 68Ga-BPAMD showed significant uptake in bone 
and high in vivo stability. 
 
References 
[1] Zhernosekov et al, J Nucl Med 48: 1741-8 • [2] Sherry et al, Inorg Chem 35: 4604–12 • [3] Geraldes et 
al, Magn Reson Med 9: 94–104 • [4] Rudovsky et al, Org Biomol Chem 3: 112–7 • [5] Vitha et al, Langmuir 
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Objectives 
Diabetes mellitus is a continuously increasing public health problem. A non invasive method for the 
visualization of the pancreatic β-cell mass would be very helpful for the treatment of diabetes mellitus type 1 
patients. For this reason 11C- and 18F-labelled radiotracers of the hypoglycaemic drugs nateglinide, 
repaglinide and glibenclamide (Fig. 1) have been developed. The major drawback of these compounds was 
the very high liver uptake, which made the visualization of the β-cell mass impossible. The combination with 
a macrocyclic chelator affords the labelling with 68Ga and should increase the hydrophilicity and reduce liver 
uptake. 
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Figure 1: Structural formulas of nateglinid, repaglinide and glibenclamide 
 

Methods 
Nateglinide, repaglinide and glibenclamide were modified introducing an iodinated propyl-spacer to attach 
one or two biomolecules, respectively, to the macrocyclic chelator DO2A. The modified biomolecules and 
DO2A were synthesized using literature known routes. 
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Figure 2: Attachment of the modified nateglinide-, repaglinide- and glibenclamide derivatives to DO2A 
 
Results and conclusion 
New nateglinde- and repaglinide-DO2A-conjugates as 68Ga-labelling precursors have been synthesized 
successfully. With this synthetic strategy is was not possible to attach the modified glibenclamide derivative 
to DO2A. Systematic 68Ga-labelling and the determination of the SUR1-affinities and the insulin release of 
the novel derivatives are in progress. 
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New chelators for 89Zr complexation 
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The aim of our work is to find suitable acyclic low molecular weight chelators for effective binding of 89Zr 
to biomolecules. For the studies we have chosen following acyclic ligands: diethylenetriaminepentaacetic 
acid (DTPA), N,N-bis(2-hydroxybenzyl)ethylenediamine-N,N-diacetic acid (HBED), more acidic 
octadentatate ligand with hydroxypirydinones groups LICAM and for comparison desferrioxamine (DFO) 
ligand. 

   In performed studies 89Zr was bounded to biomolecules using desferrioxamine ligand. This ligand is 
rather large (M=560.7 g/mol), relatively expensive and forms hexadentate complexes with Zr4+ (Zr4+ in 
complexes usually exhibits CN=8). 

   For reasons of availability of  89Zr part of the studies were performed using longer lived 88Zr and 181Hf 
(Zr4+ and Hf4+ are nearly identical cations). 88Zr (t1/2=83,4d) was obtained in 89Y(p,2n)88Zr nuclear reaction 
and 181Hf by neutron irradiation of natural Hf target in nuclear reactor. The results were re-enact during 
COST STSM with real 89Zr in Dresden-Rossendorf PET-Centrum. 89Zr was obtained in  89Y(p,n)89Zr nuclear 
reaction in 18/9 MeV CYCLONE.  

   The complexes of 89Zr and 181Hf were synthesized in aqueous solutions at pH=4 in various metal to 
ligand ratio. Complexes formation after: 30min., 1h, 3h, 5h and 24h was determined by instant thin layer 
chromatography method using ITLC-SG strips developed with the mobile phase:  n-
ButOH/CH3COOH/H2O(2:1:1) or MeOH/CH3COONH4(1:1). Labelling yields were determined by 
measuring the radioactivity using a thin layer linear analyzer. In both solvents uncomplexed Zr4+

 and Hf4+
 

remained at the start of the TLC-plates while complexes migrate to the front.  
      The results show that complexation  of 89Zr and 181Hf with DTPA and HBED is fast and very effective. 

In the case of 89Zr complexation with DTPA 100% of labelling was achieved in 30 min, even with 1:2 molar 
ratio. Complexation of 89Zr and 181Hf with DFO was much lower, especially in the case of carrier free 89Zr. 
The preliminary results of our studies indicate that both DTPA and HBED ligands could be used instead of 
DFO as chelators for 89Zr radioisotope.     
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Comparative in vitro investigation of DOTA-Bombesin analog labelled with 90Y, 177Lu, 68Ga 
and 44Sc in PC-3 cells 
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Previous studies on the labeling of bombesin derivative, DOTA-BN[2-14]NH2 (DOTA-
QRLGNQWAVGHLM-NH2) with 90Y and 177Lu and in vitro and in vivo characteristics of these radiolabelled 
analogues revealed significant differences between the 90Y and 177Lu labeled DOTA-BN[2-14]NH2 in terms 
of their internalization/efflux rate and binding affinity to Human Prostate Cancer cell line, PC3, known to 
express GRP receptors. Assuming these differences are metal-mediated, the study was extended to compare 
in vitro the same model molecule when labeled with Ga and Sc. 
The 68Ga and 44Sc were eluted from semi-automated generators of 68Ge/68Ga and 44Ti/44Sc respectively 
provided at the Institute of Nuclear Chemistry, University of Mainz. The 68Ga and 44Sc labeling conditions 
were investigated in relation to the final specific activity of the radiolabelled peptide. ITLC SG and solid 
phase extraction on mini columns were involved in QC. Cold complexes natSc-DOTA-BN[2-14]NH2 and 
natGa-DOTA-BN[2-14]NH2 where synthesized and characterized by HPLC and MS analysis to confirm their 
suitability for binding affinity assays. In vitro assays were carried out according to standard protocols. [125I-
Tyr4]-Bombesin(2-14) (Perkin-Elmer) was used as competitor in binding affinity assays  
The specific activity achieved for 68Ga-DOTA-BN[2-14]NH2 was 7.5 GBq 68Ga/μmol DOTA-BN[2-14]NH2 
when incubated at 950C for 10-15 min (labeling yield >95%). The internalization of 68Ga-DOTA-BN[2-
14]NH2 as compared to that obtained for the 90Y and 177Lu respective analogues showed lower internalization 
rate but similar percentage of internalization at the end of incubation. 68Ga-DOTA-BN[2-14]NH2 was 
externalized faster than 90Y-DOTA-BN[2-14]NH2 and 177Lu-DOTA-BN[2-14]NH2. The labelling protocol 
for 44Sc-DOTA-BN[2-14]NH2 as well as the in vitro binding affinity studies of the cold complexes of Ga and 
Sc are in progress.  
This paper was supported by COST-STSM-D38-3604 
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Introduction: The development of radioimmunoconjugates as diagnostic tools is an exciting area of 
research, which can lead to the acquisition of important data on tumor localization. Bevacizumab (Avastin®, 
Roche) is a humanized monoclonal antibody which binds all VEGF-A isoforms. In recent studies it has been 
shown that radiolabeled bevacizumab accumulates in VEGF-expressing tumors with high specificity. Our 
efforts are focused on targeting VEGF-A with bevacizumab-conjugated ferromagnetic nanoparticles (FNs), 
thus leading to a highly-specific targeted contrast agent for MRI applications. 
Materials and Methods: An iron oxide compound, namely magnetite Fe3O4 was employed as the FN 
constituent mainly due to its almost ideal biocompatibility. DMSA was used as the conjugation moiety for 
the targeting ligand. DMSA forms a stable coating on the FNs, and its remaining free thiol groups are used 
for the attachment of the target-specific antibody, i.e. bevacizumab. The DMSA-FNs were then conjugated 
to bevacizumab, which was adequately modified by use of either sulfo-SMCC or 2-mercaptoethanol. 
Conjugation between the FNs and the targeting antibody was proven by means of UV-vis spectrophotometry 
in the supernatant samples that were collected when the formed conjugates were trapped by means of an 
external magnet. The binding efficiency of bevacizumab-FNs was also investigated in the breast cancer cell 
line MDA MB231 which has been stably transfected with the VEGF-165 isoform (M165). M165 
overexpresses the cell-associated 165 isoform of VEGF. 
Results: UV-vis data for the supernatant of the Fe3O4-bevacizumab conjugates showed no indication of the 
characteristic absorption of the antibody at 280 nm, indicating the absence of bevacizumab in the 
supernatant. Immunostaining test with FITC-goat anti-human IgG revealed practically no green fluorescence 
activity from cells treated with a control conjugate, but bright green fluorescence from cells treated with the 
FN-bevacizumab conjugate.  
Conclusions: In this study we have proven the feasibility of conjugating bevacizumab to ferromagnetic 
nanoparticles. The results suggest that FNs-bevacizumab possess high binding affinity and good specificity 
to the transfected cell line M165, which overexpresses the VEGF-165 isoform. The preliminary results of the 
present study warrant the need for further in vitro and in vivo investigation into the MR properties of this 
targeting agent.  



Cost Chemistry D38. Metal-Based Systems for Molecular Imaging Applications 
Annual Workshop, 25-27th April 2008, Warsaw, Poland 

58 
 

P20.  

Ga(III) and In(III) Complexes Anchored to Dota-like Chelators 

 
Raquel Garcia1, Petra Fousková2, Lurdes Gano1, António Paulo1, Eva Toth2 and Isabel Santos1 

1 Departamento de Química, Instituto Tecnológico e Nuclear, Estrada Nacional 10, 2686-953 Sacavém, Portugal; 2 
Centre de Biophysique Moléculaire, CNRS, Rue Charles Sadron 45071 Orléans Cedex 2, France 

 
The Epidermal Growth Factor Receptors-Tyrosine Kinase (EGFR-TK) belongs to the ErbB family of 
receptor tyrosine kinases, which is overexpressed in many solid tumours. The finding of radioactive probes 
for in vivo imaging of EGFR expression should allow the selection of patients to anti-EGFR therapeutic 
approaches. In recent years, radiolabelled quinazoline derivatives emerged as a promising class of 
radiotracers for molecular imaging of EGFR overexpressing tumors [1]. In this field, our research group has 
investigated several quinazoline derivatives labelled with 123/125I or with 99mTc, and more recently our studies 
have also been extended to other SPECT radionuclides such as 67Ga and 111In [2,3]. In this presentation, the 
synthesis, characterization and biological evaluation of Ga(III) and In(III) complexes anchored by two 
tetraazamacrocycles bearing quinazoline moieties(L1 and L2) (Fig. 1) will be described. The novel 
bifunctional chelators, as well as the respective Ga and In complexes, have been fully characterized by 
multinuclear NMR spectroscopy, HPLC, ESI/MS, and by X-ray diffraction analysis in the case of InL1 (Fig. 
2). Potentiometric studies have shown that GaL1 exhibits a remarkably high thermodynamic stability 

constant. In the case of gallium, the radioactive congeners 67GaL (L 
=L1, L2) have also been prepared in high yield and high 
radiochemical purity. Stability studies in human serum blood and in 
the presence of excess of DTPA have indicated a high in vitro stability 
for these 67Ga complexes. Biodistribution studies and cell uptake 
experiments 
performed 

for 67GaL (L =L1, L2). have shown that both 
complexes present a high in vivo stability in mice, 
but display a very low cell uptake in A431 
cervical carcinoma cells.  
Aknowledgement:  
Raquel Garcia thank FCT for Post-Doc grant 
(SFRH/BPD/19732/2004). This work has been 
partially supported by the FCT 
(POCTI/QUI/57632/2004) and by COST Action D38. 
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A new nuclear medical imaging technique based on the measurement of the emitter location in the three 

dimensions with a few cubic mm spatial resolution using β+/γ emitters is being developed by our institute [1]. 
Such measurement could be realized thanks to radionuclides that emit a γ-ray quasi-simultaneously with the 
β+ decay among which the most interesting candidate is 44Sc. In addition, 47Sc is of a potential interest for the 
β– targeted radionuclide therapy [2]. Such applications strictly demand that the metal radionuclide remain 
intimately associated to the targeting agent to minimize the toxicity that could result from dissociation and 
subsequent delivery of radiation to a normal, non targeted, body tissues. Owing to their structural features, 
tetraazamacrocyclic ligands form metal complexes with the required properties for these applications; some 
of them form very stable complexes (logKML > 20) [3]. The aim of this study focused on Sc3+ is i) to report 
the stability constant of Sc3+ complexes with DOTA, DTPA, NOTA and TETA and ii) to determine the 
number and the stoichiometry of the complexed species. Finally, herein, the behavior of the Sc-ligands in 
vitro under conditions similar to biological fluids was studied. Experimental data obtained will be discussed 
and compared with those already available in the literature. 

The protonation constants logKn determined in the present study are in a quite good agreement with 
those obtained in literature [3]. We have tried to determine the stability constants with various techniques 
(combination of potentiometry and NMR vs. Schubert’s method) but the results are hardly comparable 
(logKML ranging from 20 to 30). There are two main problems in determining stability constants of this type 
of complexes. (i) In case of high stability constants, their values often depend on methodology. This is 
obvious when reviewing the literature on other ions (e.g. Pb(II), Bi(III)). (ii) The other major problem is 
connected with a slow formation of the complexes. Finally, potentiometry/45Sc-NMR combination gave a 
reasonable picture of speciation in these systems. Complexes of all ligands considered are formed in highly 
acidic solutions with stability (logKML) increasing in order NOTA (19.57) < DTPA (27.94) < DOTA (28.89). 
Formation of complexes under the condition used is much faster than that with lanthanide(III) ions. Based on 
the results, the optimal ligand may be chosen for conjugation to a peptide/protein for an evaluation of its in 
vivo properties. 
 
[1] C. Grignon, J. Barbet, M. Bardies, T. Carlier, J. F. Chatal, O. Couturier, J. P. Cussoneau, A. Faivre-
Chauvet, L. Ferrer, S. Girault, T. Haruyama, P. Le Ray, L. Luquin, S. Lupone, V. Metivier, E. Morteau, N. 
Servageant and D. Thers, Nucl. Instrum. Methods Phys. Res. Sect. A: Accelerat., Spectrom., Detect. Assoc. 
Equip., 571, 142–145 (2007). 
[2] L. F. Mausner, K. L. Kolsky, V. Joshi and S. C. Srivastava, Appl. Radiat. Isot., 49, 285–?? (1998). 
[3] R. Delgado, J. Costa, K. P. Guerra and L. M. P. Lima, Pure Appl. Chem., 77, 569–579 (2005).  

http://www.sciencedirect.com/science/journal/01689002
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Abstract 
There are two gallium isotopes with application in Nuclear Medicine, 67Ga (t1/2 = 3,25 days) and 68Ga (t1/2 = 
68 min) for gamma-scintigraphy and Positron Emission Tomography (PET), respectively.1 NOTA-based 
ligands (NOTA = 1,4,7-triazacyclononane-N,N’,N’’-triacetic acid) are appropriate for the preparation of 
Ga(III) complexes for medical purposes. Their chelates are thermodynamically stable (i. e., logK 
([Ga(NOTA)) = 30,98)2, avoiding transmetalation of the metal ion with transferrin (logK1 ([Ga(Transf.)) = 
20,3, logK2 = 19,3)3. RGD-based peptides are known to bind to integrin αvβ3, a receptor present in metastatic 
tumour cells4. 
We synthesised and characterized new NOTA-based bifunctional ligands: NOTAC6 (1,4,7-
triazacyclononane-N-hexanoic-N’,N’’-diacetic acid) and NOTAC8 (1,4,7-triazacyclononane-N-octanoic-
N’,N’’-diacetic acid) (figure 1 left). 1H NMR titrations allowed the acid-base characterization of the ligands. 
A multinuclear (1H, 27Al, 71Ga) NMR study gave information on the dynamics and structure of their Al(III) 
and Ga(III) chelates in solution. The in vivo behaviour of the 67Ga-labeled chelates was investigated by 
gamma-imaging and biodistribution studies with Wistar rats. The peptide-conjugates NOTAC6-Gly-Arg-
Gly-Asp-Gly (NOTAC6-GDGRG) and NOTAC8-Gly-Arg-Gly-Asp-Gly (NOTAC8-GDGRG) (figure 1 
right) have been also synthesised and further studies are in process.  
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Figure 1 – NOTA-based chelators for Ga(III) 
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Abstract 
DOTA (DOTA=1,4,7,10-tetraazacyclododecane-N,N’,N’’; N’’’-tetraacetic acid) forms very stable chelates 
with a variety of metal ions. In particular the positron emitters 64Cu(II) and 68Ga(III) are useful in positron 
emission tomography (PET). Many research groups have tried to functionalize this chelator in order to 
address the chelates to specific organs or tumors, using peptides[1] or antibodies[2] as targeting moieties. 
We synthesized three DOTA-based pro-chelators: DOTAC6 (1,4,7,10-tetraazacyclododecane-N-hexanoic-
N’,N’’,N’’’-triacetic acid), DOTAC8 (1,4,7,10-tetraazacyclododecane-N-octanoic-N’,N’’,N’’’-triacetic acid) 
and DOTAC16 (1,4,7,10-tetraazacyclododecane-N-hexadecanoic-N’,N’’,N’’’-triacetic acid) which can form 
micelles in solution due the presence of an alkyl chain in their structure. This micellezation capability has the 
advantage that they can address organs with Kupffer cells, such as the liver and spleen[3]. Biodistribution of 
67Ga-labelled DOTAC16 and scintigraphic studies have been performed on Wistar rats. 
We coupled the previous ligands to an RGD-derivate (GRGDG) obtaining peptide conjugates. RGD-based 
peptides are known to bind to integrin αvβ3, a receptor present in metastatic tumour cells[4]. Further studies 
are in progress. 
 
 

 
 

Figure 2 – DOTA-based chelators and peptide conjugates for Ga(III) 
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One of the most powerful non-invasive diagnostic tools used in medicine now-a-days is MRI (Magnetic 
Resonance Imaging). Paramagnetic chelates containing a lanthanide ion, namely gadolinium (III) are 
generally used as contrast agents (CAs). 
Molecular complex types of CAs which are used for in vivo MRI measurements have a full body 
distribution, decreasing their concentration within the vicinity of a targeted site. This requires the injection of 
very high amounts of CA. Our goal is to synthesize new MRI contrast agents containing inorganic 
nanoparticles able to complex lanthanide chelates. This has the following advantages: (i) locally increases 
the CA concentration, (ii) significantly increases the degree of contrast in T1, as shown by preliminary tests 
[1] and (iii) affords bifunctional nanoparticles (contrast and optical) [2]. 
Our aim is to combine in the same particle, contrast, optical and targeting agents, in order to have a strong 
potential of specific recognition of certain tissues or organs. Tissue specificity will improve the clinical 
diagnosis and decrease the CA amounts used, because of the increase in the concentration of the contrast 
agent close to the target. The chemical nature of the nanoparticles we are looking at is multiple: silica SiO2, 
γ-Fe2O3@SiO2 core-shell particles and silica shell. Lanthanide chelates (for their paramagnetism or 
photoluminescence properties) are grafted on these particles and we study their properties especially in the 
interactions between the iron oxide T2 and Ln T1 contrast agent effects. The size of these NPs is also 
important and therefore relaxometric studies of the γ-Fe2O3@SiO2 core-shell NPs were preformed as a 
function of size. The final aim of this study is to also graft targeting groups and introduce these nanoparticles 
in living cells and follow their behaviour. 
 
[1] Voisin, Pierre; Ribot, Emeline Julie; Miraux, Sylvain; Bouzier-Sore, Anne-Karine; Lahitte, Jean-
Francois; Bouchaud, Veronique; Mornet, Stephane; Thiaudiere, Eric; Franconi, Jean-Michel; Raison, Lydia; 
Labrugere, Christine; Delville, Marie-Helene. Bioconjugate Chemistry 18(4) (2007), 1053-1063. 
[2] Yu, Shi-Yong; Zhang, Hong-Jie; Yu, Jiang-Bo; Wang, Cheng; Sun, Li-Ning; Shi, Wei-Dong. Langmuir 
23 (2007), 7836-7840. 
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In recent years the interest in  68Ga labeled agents useful in diagnostic procedures in PET is increasing rapidly 
followed by the increasing number of 68Ga/68Ge generators users. Currently, two generator types are 
available commercially: (1) TiO2 based and eluted with 0.1 M HCl and (2) SnO2 based, eluted with 0.6 M 
HCl. Previous studies on the 68Ga labeling of DOTA-chelated peptides revealed that labeling pH at the level 
of 3.5 – 4.0 has a critical influence on labeling yield. Hence, optimization of labeling procedures is required 
in order to reduce time necessary for efficient radiopharmaceutical preparation, involving automation of the 
process [1-5]. The preparation of peptide in a dry kit form would be a step towards that as well, however the 
same approach of dry kit preparation as it is in case 177Lu labeled kits is not applicable due to the variety in 
eluate HCl concentration. 
The SnO2 based generator (iThembaLABS) was eluted according to the instructions provided by supplier. 
For labelling of 100 μg DOTATATE (piChem, Austria) dissolved in 100μl of saline the suitable quantity of  
1,25 M AcONa was added to provide the final pH of about 3.7. In method variation, the same quantity of 
peptide was freeze dried. In both cases incubation was carried out at 100oC for 15 min using heating oven. 
Final product was purified using SepPak C-18 columns.  
The 68Ge/68Ga generator performed as declared by its manufacturer. Generally, the labelling yields in the 
range 80 to 91% were obtained (calculated as percent of 68Ga-DOTATATE fraction radioactivity related to 
the radioactivity of eluate used for synthesis, time corrected). The radiochemical purity before purification 
was in the range of 90 – 98%, after SepPak purification >99%.  
The labelling yields > 80% are satisfactory. However, the pH of labeling is critical and not easy to maintain 
when the fixed kit composition is used. The proposed, simplified procedure for 68Ga labeling of 
DOTATATE is easy and rapid (20-25 min). The eluate concentration step might be an advantage in planning 
the universal kit composition for both currently available generator systems. It is known that higher labeling 
yields are obtained when the total reaction volume is not more than 3-4 ml, however in case of insufficient 
68Ga eluate radioactivity, the whole elution volume can be used with no need  for pre-concentration. The 
labeling procedure has been validated in the hospital radiopharmacy. 
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Molecular-genetic imaging is a rapidly growing field aimed at providing vital information about the 
distribution and level of gene expression in the living specimens over time. The common approaches to 
evaluate the efficiency of genetic manipulation in vivo usually involve the visualization of products formed 
by the expression of a reporter gene introduced together with the therapeutic gene of interest. Such reporter 
genes encode proteins, cell surface receptors or enzymes, which can be detected directly (fluorescent 
proteins (e.g. GFP)) or via interactions with compatible imaging probes. Although MRI has proved its 
excellent diagnostic capability as a routinely used tool in clinical practice, still a diminutive progress has 
been made in development of MR reporter genes and corresponding contrast agents [1]. Thus, highly specific 
and sensitive probes are required in order to achieve noninvasive imaging of gene expression in vivo by the 
means of MR imaging. The intracellular localization of many molecular targets inspired us to design a 
contrast agent which should accumulate inside the targeted cell by a specific interaction with a cytoplasmic 
constituent. Our model probe is based on a sugar moiety serving as enzymatically cleavable linker between 
transport part and MR probe targeting the intracellular enzyme beta-galactosidase. This enzyme is expressed 
by bacterial LacZ gene, a frequently used reporter gene. Bimodal contrast agents containing gadolinium 
chelator DOTA and fluorescent part (FITC) for combined MR/optical imaging were synthesized. The 
cellular uptake and subcellular localization of the obtained probe were evaluated by fluorescence 
spectroscopy and microscopy in a transgenic rat glioma cell line C6/LacZ (containing target: β-
galactosidase) and compared with the parent C6 cells (without target). The cell studies showed that 
synthesized CA could enter efficiently into the cells in a concentration dependent manner from 5 to 20 µM 
without inducing significant toxicity. Concentration and time dependency of uptake were investigated. The 
ability of synthesized CA agents to increase intracellular relaxation rates of water protons was confirmed by 
in vitro MR cell studies. MR images of labeled cells showed significant contrast enhancement as compared 
to control cells.  
 
[1] A. A. Gilad, P. T. Winnard Jr, P.C. M. van Zijl, J. W. M. Bulte, NMR Biomed., 2007; 20: 275–290. 
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Introduction: Magnetic Resonance Imaging (MRI) is one of the most important diagnostic tools available in 
medicine. The specificity and sensitivity of MRI can be further enhanced by the introduction of contrast 
agents (CAs). As many clinically valuable targets reside inside the cell membrane, the development of 
efficient intracellular targeted MR contrast agent is required. Potential intracellular targets would be DNA, 
mRNA or protein/enzymes. The prerequisite for the intracellular targeting is not only the efficient delivery of 
probes inside the cell but also the colocalization with the target. 
The objective of the present study is to design and synthesize efficient intracellular MR contrast agents [1] 
which include three functional domains (i) Gd based MR reporter part (ii) antisense PNA to target mRNA 
(iii) cell penetrating peptide (CPP) or cholesterol as the delivery agent. The antisense PNA can hybridize 
uniquely to the complementary mRNA and provides cell specific targeting for cells containing the mRNA. 
Thus, the expression of the corresponding gene can be visualized non invasively by in vivo MR imaging. 
Methods: The conjugates were synthesized by continuous solid phase synthesis. Cellular uptake was 
confirmed by fluorescence microscopy, spectroscopy and MRI of labeled cells. 
Results: CPP conjugated mRNA targeting CAs were taken up efficiently into cells by an exclusively 
endosomal mechanism. A subtoxic labeling concentration at low micromolar range was sufficient to enhance 
significant MR imaging contrast. Cell free binding assays proved a specific interaction with a synthetic 
target. However, because of the vesicular entrapment, it can be expected that there would be a lack of 
specific interaction between CA and mRNA located in the cytosol. In order to overcome this problem, 
cholesterol conjugated CAs are designed and synthesized [2]. The idea behind cholesterol coupling was from 
the already published report [3] where covalent conjugates of cholesterol and siRNAs were facilitating 
cellular import and were able to silence protein expression effectively. Initial results have shown that these 
agents were delivered more efficiently than CPP conjugated CAs. Unfortunately, they were also entrapped in 
vesicles. Both types of CA were able to enhance contrast in labeled target containing as well as non-targeted 
parent cells. However, there was not efficient colocalization and specific interaction of CA and target mRNA 
achievable to be exploited for MR imaging purposes. 
Conclusion: CPP or lipid coupled CAs are internalized efficiently into cells. However, vesicular entrapment 
prevented sufficient specific interaction between CA and mRNA. Further modifications are required to 
achieve the release from endosomes or a direct uptake into the cytosol. 
References: 
[1] W. Su et al., Contrast media and molecular imaging, 2(2007) 42 
[2] R. Joshi et al., Peptides 2008, Proceedings of the 30 th European Peptide Symposium Helsinki, 2008, In 
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[3] C. Wolfrum et al., Nature biotechnology, 25(2007) 1149 
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Complexes of copper radioisotopes (64/67Cu) to be utilized in nuclear medicine should exhibit a high 
thermodynamic stability and a kinetic inertness under physiological conditions. Thus, it is necessary to know 
thermodynamic and kinetic properties (dissociation rate constants for an estimation of kinetic inertness) of 
Cu(II) complexes in order to find the best macrocyclic bifunctional ligands for possible in vivo applications 
of their complexes.  
 

Here, thermodynamic and kinetic properties of Cu(II) complexes with macrocyclic ligands having acetic 
and/or phosphorus acid pendant 
arms (Figure) were studied.[1] The 
thermodynamic stability of Cu(II) 
complexes is changed in the order 
H3do3a < H4dota < H4do3apABn < 
H5do3apPrA < H5do3ap. The 
empirical rate law kd,obs = 

k0+kH×[H+] representing solvolytic and acid-assisted pathways for dissociation of the complexes (t = 25–60 
°C, I = 5.0 M (Na,H)X, X = ClO4 or NO3) shows that the complexes can be divided into two groups 
according to their kinetic behaviour. The Cu(II) complexes in the first class (H3do3a, H4dota) demonstrate a 
slightly higher kinetic inertness than the complexes in the second group (H5do3ap,  H5do3apPrA, H5do3apABn). 
LFER analysis of activation parameters proves that the reaction mechanism is generally the same for 
complexes of all ligands and is independent on the inert electrolyte. Both rate constants representing 
solvolytic and acid-assisted pathways roughly correlate with basicity of the ligands [1]. Nitrate anion of the 
inert electrolyte accelerates dissociation of the complexes in comparison with non-coordinating perchlorate 
anion due to changing activation parameters of both reaction pathways. This effect is suppressed with ligand 
having a hydrophobic pendant arm (H5do3apABn). So, introduction of phosphorus acid pendant arms has an 
impact on the kinetic inertness of the Cu(II) complex.  
This work was done in the framework of EU COST D38 program. We thanks to AS CR (KAN 201110651), 
GA CR (203/09/1056) and the Ministry of Education of the Czech Republic (grants ME09065 and 
MSM0021620857) for support.  
 
[1] M. Főrsterová, I. Svobodová, P. Lubal, P. Táborský, J. Plutnar, J. Havlíčková, J. Kotek, P. Hermann and I 
Lukeš I., Dalton Trans., 2007, 535–549.  
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Ln(III) complexes of H4dota and its derivatives are utilized in many areas of medicine (e.g. complexes of 
metal radioisotopes as 90Y, 153Sm, 166Ho, 177Lu in nuclear medicine, Gd(III) complexes as MRI contrast 
agents, Eu(III) or Tb(III) complexes as luminescent probes).  

In this contribution, the thermodynamic 
and kinetic properties of Y(III) and 
Ln(III) complexes (Ln = Ce, Eu, Gd, 
Yb) of the mono(pyridine-N-oxide) 
H4dota derivative [1–3] were studied 
by molecular absorption and emission 
spectroscopies (in UV/VIS region, 
luminescence, TRFS). The mechanisms 
of complex formation (pH = 5.0–6.0, t 

= 25 °C, I = 0.1 M KCl) and acid-assisted complex dissociation (t = 25–70 °C, I = 3.0 M (Na,H)ClO4) were 
proposed. In the study of formation of the Ln(III) complex, the reactive species was determined as HL2– and 
the rate increases with decreasing ionic radius of the metal ions and it follows a trend along the Ln(III) series 
(6.30×105 (Ce) – 2.74×106 (Yb) M–1s–1). The same trend was observed for complex dissociation while LFER 
analysis of activation parameters proves that the reaction mechanism is the same for all studied metal(III) 
complexes. The results will be compared with data obtained for complexes of H5do3ap with Ce(III) and 
Gd(III) [4], Eu(III) [5] and Y(III) [6] ions and the corresponding complexes of H4dota. 
This work was done in the framework of EU COST D38 program. We thanks to AS CR (KAN 201110651), 
GA CR (203/09/1056) and the Ministry of Education of the Czech Republic (grants ME09065 and 
MSM0021620857) for support. 
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5. P. Táborský, I. Svobodová, P. Lubal, Z. Hnatejko, S. Lis, P. Hermann, Polyhedron 2007, 26, 4119. 
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In radiochemistry and radiopharmacy there are numerous examples where the radiolabelling yield and the 
radiochemical purity of the final solution strongly depend on the pH at which the radiolabelling occurs. For 
that reason, the presence of buffers are of paramount importance in the radiolabelling procedure. While many 
different buffering agents are available, systems involving trace metals require buffers that do not chelate 
them [1]. The positron emitting radioisotope [68Ga] (β+, t1/2 68 min) is an important isotope for positron 
emission tomography (PET), while [67Ga] (γ, t1/2 3.35 days) is still a useful tracer in scintigraphy [2]. Many 
published works point out the better performance of 67/68Ga labelling in HEPES (N-2-
hydroxyethylpiperazine-N’-2-ethanesulfonic acid) when compared with the same labelling in acetate or other 
buffers [3]. However, no studies of complexation by HEPES buffer and other hydrogen buffers have so far 
been made for Ga(III). In aqueous solution, the free hydrated Ga3+ ion is stable only under acidic conditions. 
In the pH range of 3–7 it can hydrolyse to insoluble trihydroxide if its concentration exceeds nanomolar 
levels. Nevertheless this precipitation can be avoided in the presence of stabilizing agents. In this work we 
report the NMR studies performed to elucidate the possible role of HEPES buffer in the 68/67Ga radiolabelling 
as a stabilizing agent. To have further insight about the structures and the stability of Ga3+ complexes with 
HEPES we also made some theoretical calculations of this system. 
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Bombesin receptors mediate different physiological responses and are involved in cancerogenesis. 
Experimental findings indicate that bombesin-like peptides may act as autocrine growth factors on SCLC 
and other cancer types. GRPr antagonists have been found to inhibit bombesin stimulated mitogenesis. Thus, 
there has been a considerable interest in the design of GRPr antagonists and in the development of 
radiolabeled peptides for imaging (PET, SPECT) and targeted radionuclide therapy. Several classes of 
bombesin antagonists have been explored by the modification of the C-terminal residues of naturally 
amidated bombesin agonist. In this study we report two radiolabeled bombesin antagonists, RM5 (a 
bombesin statine analog) and RM27 (a bombesin pseudopeptide analog) having the same N-terminal 
modification. 
The peptides RM5 and RM27 were synthesized on solid phase using Fmoc chemistry; the spacer Fmoc-
dPEG4-OH and the DOTA(tBu)3 were coupled using a standard procedure. Both peptides were labeled with 
111In and evaluated in vitro (internalization and binding affinity assays) on PC-3 cell line. The antagonist 
properties were confirmed by immunofluorescence-internalization assays. Biodistribution studies were 
performed in tumor-bearing nude mice subcutaneously transplanted with PC-3 cell. 
Both peptide conjugates showed good binding affinity in the low nmolar range. The immunofluorescence 
assays confirmed the strong antagonist properties of the conjugates. 111In-RM27 showed higher receptor 
surface-bound activity with respect to 111In-RM5 and higher internalization rate. 111In-RM27 showed a 
different pharmacokinetic in respect to 111In-RM5. We observed higher uptake in target tissues such as 
pancreas at 4h (39.4±11.4 %IA/g for 111In-RM27 compared to 0.52±0.05 %IA/g for 111In-RM5) and 24h 
(0.6±0.3%IA/g vs. 0.01±0.01 %IA/g), whereas the radiopeptides have similar tumor uptake (10.3±2.2 
%IA/g; 8.63±1.13 %IA/g at 4h). The higher pancreas uptake of the radiolabeled bombesin pseudopetide 
antagonist may be due to its higher metabolic stability. The SPECT/CT scintigraphic studies of [111In]-RM5 
in the animal model confirm the high and specific tumor uptake.  
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Macrocyclic polyamines have known growing interest owing to their versatile coordination 
properties which allow their use in many fields, especially in medical imaging. Bifunctional chelating agents,  
bearing a functional groups for the coordination of the guest and an other one to anchor the complex to the 
biological vectors, are good candidates for labelling biomolecules.1  
 Recently, we described powerful and general routes for the synthesis of a wide range of N-
functionalised macrocycles, derived from cyclen and 13aneN4,2-3 which enable us to access to a wide range 
of new BFCs by introduction of different functional groups reactive towards primary amines, such as 
carboxylic acid or isothiocyanate functions (GF). Morever, the introduction of an alkyne function will allow 
the preparation of a novel family of bifunctional agents allowing chemoselective attachment to 
functionalized biomolecules or to modified amino acids  using « click chemistry ».4  

These synthetic strategies were used for the synthesis of new BFCs starting from a C-functionalised 
macrocycle derived from 13aneN4 recently developed in the laboratory, using bisaminal intermediates.3 The 
functionalisation of the carbon skeleton is particulary advantageous since it retains the four secondary 
amines free for metal coordination.   
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Development of the responsive probes is one of the most exciting topics in the contrast agent 
research. Design of the pH sensitive probes, for example, can be an important issue in the early 
cancer diagnostic and formation of pH maps.[1] This can be reached by introduction of different 
functional groups such as phosphonates at the fourth nitrogen of the DO3A molecule. [2] Two 
DO3A-based ligands and their Gd3+ and Eu3+ complexes containing ethyl-protected and 
unprotected propylphosphonates in the side chain were investigated. Proton relaxometric in vitro 
studies at 20 MHz and 60 MHz and 37 °C of the Gd3+ complex containing free acid exhibited 
relative changes of up to 56% in r1 relaxivity when the pH of the medium was changed from 4 to 
7. This change is explained by the increase in the number of coordinated water molecules from 1 
to 2. Temperature dependent relaxivity and NMRD profiles of Gd3+ complexes showed a slightly 
increased rotational correlation time, which is characteristic of phosphonate-containing 
compounds. Thermodynamic and kinetic studies of the Gd3+ and Eu3+ complexes were performed 
by means of potentiometry and luminescence spectroscopy. The results indicate that the 
thermodynamic stability and kinetic inertness of these complexes are sufficient for their in vivo 
application. 
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Luminescent lanthanide complexes show great promise as probes of cellular structure and function, as they 
have information-rich informative emission profiles.1 The study of the sensitised emission of lanthanide(III) 
ions can provide much information on the speciation and symmetry of the metal ion.  Of particular interest is 
the reversible binding of anions to the lanthanide centre, resulting in an observable change in the emission 
spectrum.  Through ratiometric analysis, determination of anion concentration can be acheived.2 
 

A series of europium complexes of varying structure and charge have been synthesised and their emission 
profiles and cellular behaviour assessed. Notably, the ability to report the concentration of bicarbonate in 
solution has been assessed. Upon binding of bicarbonate by displacement of labile solvent donor molecules, 
an increase in the intensity of the ΔJ = 2 band relative to isoemissive points in the ΔJ = 1 and ΔJ = 4 bands 
was observed.  This effect was particularly prominent upon displacement of hard donors in the axial position 
by the more polarisable bicarbonate anion. By measuring the ratio of these two emissive bands, calibration 
curves were plotted leading to the calculation of binding constants and determination of bicarbonate 
concentration in unknown solutions.  
 

Sensitisation of the lanthanide emission utilising azaxanthone and azathioxanthone moieties obviates the 
need for laser excitation, therefore allowing in cellulo studies to be performed.  Depending upon the structure 
of the europium complex and the nature of the sensitiser linker group both mitochondrial (Figure 1) and 
lysosomal localisation was observed in Chinese Hamster Ovary cells. Further studies on a family of 
complexes which tend to localise in the mitochondria have exhibited a pCO2 dependent luminescence. 
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Self-assembly has emerged as a new approach in chemical synthesis, nanotechnology, polymer science, 
materials science and engineering.1 Novel architectures based on self-assembly from structurally defined 
building blocks are at the centre of supramolecular chemistry.2 Self-assembly has been employed in a wide 
variety of novel supramolecular architectures including boxes, cages, catenanes, dendrimers, grids, helicates 
and rotaxanes among others.3 Trivalent lanthanide ions possess relatively high charge densities and have 
strong electrostatic nature in their bonding as well as high coordination numbers, this offers the opportunity 
to self-assemble sizeable coordinating units around the metal centre.4,5 

A novel terpyridine (terpy) based tripodal ligand has been designed with the aim to “encapsulate” 
lanthanide ions. Analysis of the ground state, the emission from the singlet and the Eu(III) excited states, 
upon titration with both Eu(NO3)3 and EuCl3 in MeOH, clearly shows the interaction of Eu(III) with the 
ligand terpy moieties, indicating the formation of a 1:1 stoichiometric self-assembly in solution. In both 
cases, the Eu(III) emission was “switched on” upon excitation of the terpy antennae. Furthermore, this ligand 
showed ability to gel in a MeOH/H2O mixture.. 
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Gold nanoparticles (AuNPs) have attracted much attention in the development of novel devices, due 
to their biocompatibility, unique size- and shape-dependence and optoelectronic properties.[1] Furthermore, 
it is well-known that AuNPs can be surface modified to achieve the introduction of a variety of recognition 
moieties, functional groups, etc. To the best of our knowledge, the combination of the Ln unique 
luminescent properties and AuNPs for luminescent sensing of biological substrates and cellular imaging, has 
not been much explored to date.[2] The purpose of this project is to address these shortcomings and develop 
novel luminescent Ln-based AuNPs for diagnostic applications.  

In order to enable the incorporation of Ln-based cyclen complexes onto the surface of AuNPs and 
the formation of functional hybrid nanomaterials, a library of 
functionalised alkyl thiol cyclen-based ligands have been 
synthesized, such as 1 and 2. Ligand 1 contains three quinoline 
acetamide arms enabling sensitization of LnIII  ions. Preliminary 
work performed on the EuIII  complex (1·Eu) showed that 1·Eu is 
stable at physiological pH, while showing relatively strong 
lanthanide-centred luminescence. The metal centre being 
unsaturated, variation in the Ln-centred emission can be used to sense a wide range of anions, such as 
carboxylates or phosphates and is currently under investigation.  Similar measurements are planned once 
1·Eu will be incorporated onto the surface of AuNPs before going on with larger biomolecular structures 
such as protein.  

Contrary to 1, ligand 2 does not possess any antenna, the switching on of the Ln luminescence being 
then achieved through the formation of a ternary complex with naphthoyltrifluoroacetylacetonate (nta). Such 
complexes have been successfully incorporated onto AuNPs and the resulting AuNP-1·Eu-nta exhibited 
good response towards flavin monophosphate, the displacement of the antenna resulting in a significant 
quenching of the EuIII  emission.[3] The AuNP-1·Eu-nta system has finally been tested for the sensing of 
larger biomolecules such as bovine serum albumin (BSA). In presence of the protein, quenching of the EuIII  
luminescence occurs as for flavin, with however no evidence for the antenna displacement. These initial 
results open up the avenue for developing highly versatile Ln-AuNP-based sensors for targeting single 
molecules, as well as more challenging targets such as larger biomolecular structures where the Ln emission 
is modulated upon recognition and binding of such targets. 
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