IMAGE AND PROBE THE EXTRACELLULAR SPACE OF LIVE BRAINS WITH
CARBON NANOTUBES IN PARKINSON’S DISEASE MOUSE MODEL
Chiara Paviolo1, Noémie Danné1, Federico N. Soria2, Camille Malrieux1, Brahim
Lounis1, Erwan Bezard2, and Laurent Cognet1
1
Univ. Bordeaux, LP2N - Institut d’Optique & CNRS, Talence (Bordeaux) France
2
Univ. de Bordeaux, Institut des Maladies Neurodégénératives & CNRS, UMR 5293,
33000 Bordeaux, France;
Email: laurent.cognet@u-bordeaux.fr

Keywords: carbon nanotube imaging, single molecule imaging, near-infrared microscopy,
brain imaging, HiLo microscopy
The extracellular space (ECS) is a complex network of biomolecules that constitutes a key
microenvironment for cellular communication, homeostasis, and clearance. In the brain,
signalling molecules, neuromodulators, and nutrients transit via the ECS, therefore mediating
the non-synaptic communication between cells [1]. Under pathological conditions, the ECS
volume is a key component in the spreading and/or clearance of disease-related molecules.
For example, it has been postulated that in Parkinson’s disease (PD), secreted pathological αsynuclein species can propagate their pathogenic trait to other neurons via the ECS network
[2]. Researchers are currently focused on finding new strategies to unveil the ECS features in
pathological live brains. Single wall carbon nanotubes (SWCNTs) are particularly attractive
because of their spectral imaging range and their unusual diffusion properties. Recently, we
demonstrated that SWCNTs can be used to image and probe live brains, providing highresolution maps of the ECS and quantitative information on the local viscosity [3].
Here, we extend this work by showing near infrared (NIR)
imaging of SWCNTs in live brain tissues of PD mouse model.
SWCNTs were injected in the lateral cerebroventricles and
acute brain slices were prepared 1 hour after surgery. To
correctly identify areas of SWCNT activity, we are
implementing a structured illumination technique (named
HiLo microscopy [4]) to work in parallel to SWCNT NIR
imaging. This technique is based on speckle illumination, and
relies on the acquisition of one structured and one uniform
Widefield imaging of
illumination image to obtain pictures with good optical
SWCNTs emitting at 985
sectioning. These novel tools will help us to unveil the
nm in a brain tissue of a PD fundamental characteristics of ECS modification in PD and
mouse at 20 µm depth.
open up new opportunities for future pharmacological studies.
[1] E. Syková, and C. Nicholson, “Diffusion in brain extracellular space”, Physiol. Rev. 88,
1277–1340 (2008).
[2] O. Marques, and T. F. Outeiro, “Alpha-synuclein: from secretion to dysfunction and
death”, Cell Death Dis., 3(7), e350 (2012).
[3] A. G. Godin, J. A. Varela, Z. Gao, N. Danné, J. P. Dupuis, B. Lounis, L. Groc, and L.
Cognet, “Single-nanotube tracking reveals the nanoscale organization of the extracellular
space in the live brain”, Nat. Nano. (2016).
[4] D. Lim, T. N. Ford, K. K. Chu, and J. Mertz, “Optically sectioned in vivo imaging with
speckle illumination HiLo microscopy”, J. Biomed. Opt., 16(1), 016014-016014-8 (2011).

