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Large quantities of surfactants for few nanoparticles ! 
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r1 = 18 mM−1 s −1 and r2 = 22 mM−1 s−1 at 1.4 T

N. M. Pinkerton et al. , Nanoscale 2017, 9, 1403

ca 30 nm
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Gd3+

𝑅𝑅 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑑𝑑𝑐𝑐 𝑡𝑡𝑡𝑡 𝐺𝐺𝑑𝑑3+

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑑𝑑𝑐𝑐 𝑡𝑡𝑡𝑡 𝑡𝑡𝑐𝑐𝑐 𝐴𝐴𝐴𝐴
= 3. 𝐺𝐺𝑑𝑑3+

𝐴𝐴𝐴𝐴
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Titration by inductively coupled plasma atomic emission spectrometry (ICP-AES)
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Gd3+/PEO6k-b-PAA3k HPICs
(polymer concentration 0.1%wt; [Gd3+]=1.54.10-3 mol.L-1; R=1)
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ICP-AES determination of the percentage of free Gd3+. Solution of 0.1%wt PEO6k-b-PAA3k
with R = 1, filtered with centrifugal filters after changes of pH
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Dialyzed Gd3+/PEO6k-b-PAA3k with R=1,B0= 1.7 T and T= 25°C 

Excellent relaxivity even at high 
magnetic field compared to GdDOTA
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Protocols used for in vivo experiments approved by the local animal ethics committees 
(UCBL, Lyon, France). Acquisition performed on 190 g to 240 g female wistar rats under 
gaseous anesthesia.
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Brain angiography images versus time

HPICs
at 15.2 Gd µmol/kg

(substraction of the
pre-injection image) 

GdDOTA
at 21.8 Gd µmol/kg

(substraction of the
pre-injection image)

Time after injection

C. Frangville et al. Nano Lett. 2016, 16, 4069 



Gd Hybrid Poly-Ion Complexes

23

EHC vs time curves generated from same dynamic acquisition centered on Willis 
polygone (i.e. brain angiography) and acquired in rats

HPICs at 15.2 Gd µmol/kg

GdDOTA at 54.3 Gd µmol/kg

Higher intensity and more persistent 
enhancement than GdDOTA



Conclusion

24

Mixture
of

metal ions



How to improve the stability of HPICs ?

25

Mixture
of

metal ions

: Gd3+

: ZrO2+

J.-D. Marty, C. Frangville, C. Mingotaud, D.R. Talham. FR Patent n°1560635. 2015
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First strategy :
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PEO2k-PVPA1k

Phosphonate groups
from vinyl phosphonic acid

Pr Mathias DESTARAC
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Excellent chemical 
stability !!!!

r1 = 10 mM−1 s −1 and r2 = 43 mM−1 s−1 at 7 T

Second strategy :
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