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Subject summary: 

 

The objective of this thesis will be the study of the elasticity of neuronal cells (PC12, motor neurons, etc.) as a function 

of multiple external stimuli (functionalized substrate, electric field, etc.). Acoustic measurements will be made using 

imaging approaches resolved in time and space. 

 

 

Developed topic 

                                           
Following trauma or pathology, neurons use environmental factors (biological, chemical, physical) to guide growth 

cones to appropriate targets, where they re-form synaptic connections. The identification of new strategies allowing to  

guiding this growth is therefore fundamental to restoring the functions o f the nervous system and those in the context of 

an aging world population. 

 

Despite the intensive research efforts of international teams to clarify how we can stimulate, accelerate, guide and 

finally achieve full recovery after serious trauma to the peripheral nerve or spinal cord, this goal remains largely 

unattainable. After nerve damage, especially in the elderly, regeneration is often incomplete, painful and limited by the 

low rate of nerve regrowth, even in the case of peripheral nerves. Today, guided axonal regeneration over long distances 

remains a real challenge. 

Among the possible approaches, bioelectric stimulation on the regeneration process arouses great interest. Indeed, the 

involvement of endogenous electric currents in the healing and regeneration of tissues has been demonstrated (1), on the 

other hand it has been demonstrated that the application of electric fields can stimulate and direct the growth of axons. 

However, the response of neurons to an exogenous electric field is still barely studied and often poorly understood (2). 

The elastic response of the cell but also of its substrate playing a crucial role in these differentiation mechanisms, we 

propose to develop experimental devices allowing the generation of local electric fields couple d with quantitative 

mechanical studies. 
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Thus, we plan to use an imaging method using very high frequency volume acoustic waves. For about ten years, 

picosecond acoustics, initially invented to tackle problems in solid state physics (3), have been develop ed in the field of 

elastic characterization of biological objects (4). Indeed, the generation of longitudinal acoustic waves, by thermoelastic 

effect, in layers of biocompatible materials such as titanium using femtosecond laser makes it possible to probe a large 

number of relevant properties in the case of a single biological cell. The reflection coefficient of a wave at the cell-

transducer interface is directly linked to the impedance mismatch and therefore to the elasticity of the cell. On the other 

hand, it has been demonstrated (5), that the frequency content of the reflected echoes allows to address the cell 

adhesion. The internal inhomogeneities of the cells, generally optically transparent, can be probed by studying the 

stimulated Brillouin response, the frequency of this signature then being linked to the optical index product by speed of 

sound. The dynamic viscosity can be simultaneously measured by the lifetime of this oscillation (6). The all-optical 

aspect of this acoustic imaging method is crucial compared to other conventional approaches implementing near field 

AFM type approaches (7), for at least two reasons. Indeed, the probe cell interaction is difficult to quantify and can 

mask subtle phenomena, on the other hand, a contactless approach is favorable in the case of living cells requiring the 

implementation of an often complex physiological environment (8) . 

We have already validated this methodology on PC12 neuron model cells (6), by obtaining maps of bulk modulus and 

dynamic viscosity at the micrometer level. In particular, we can identify elastic in homogeneities between the nucleus, 

the cytoskeleton, and the membrane. 

 

First, we will study NM1 motoneurons from the mouse after fixation on a conventional Ti / Si substrate, in order to 

have a reference elasticity and adhesion value in the absence of electrical stimuli. As with PC12, similar measurements 

will also be made in an aqueous medium. 

 

The development of an enclosure for applying electric fields and suitable for the generation and detec tion of acoustic 

waves by these pump probe methods is being validated. The approach which is currently being validated consists in 

using the electrodes, as a source of electric field but also as acoustic transducers.  
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