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To the reader

Thank you for your interest in our research! Reading through a 
presentation without explanations can be difficult. I thus added  
text to render it more enjoyable.

Jean-Luc Boulland



Presentation plan

I- Quick recapitulation:
- neurons
- spinal cord injury

II- Neonatal mice recover after spinal cord injury
- description of the lesion 
- spontaneous functional recovery
- nerve terminal sprouting
- plasticity of vestibulospinal tract
- plasticity of the locomotor central pattern generator
- plasticity of the serotonin network



Neuron, axon and terminal

Drawing from Santiago Ramón y Cajal, considered the father of modern neuroscience 

A neuron is a cell of the nervous 
system that is specialized in 
conducting and transmitting signals to 
another neuron or to a target outside 
the nervous system such as a muscle 
cell.

A neuron receives information on its 
dendrites and cell body, processes it 
and sends it further through its axon.

At the tip of the axon, a roundish 
structure called axon terminal releases 
a neurotransmitter (chemical 
messenger) to pass the information to 
the target cell.  
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The spinal cord is well protected by the vertebral column, but... 

Image from the web 



Spinal cord injury

MRI showing a fracture causing a spinal cord injury

Images from the web 



Normal spinal cord

Drawing from Thuret et al. Nature Reviews Neuroscience 7, 628–643 

In the normal spinal cord, neurons from 
the brain extend axons to carry 
descending motor commands to the 
motoneurons that control muscles. 
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Normal spinal cord

Drawing from Thuret et al. Nature Reviews Neuroscience 7, 628–643 

In the normal spinal cord, neurons from 
the brain extend axons to carry 
descending motor commands to the 
motoneurons that control muscles. 

muscle
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Similarly, neurons from sensory organs 
have axons travelling to and along the 
spinal cord to inform the spinal cord 
and the brain. 

axon



Injured spinal cord
Spinal cord injury interrupts this flow 
of commands and information by 
damaging the axons.

Drawing from Thuret et al. Nature Reviews Neuroscience 7, 628–643 



Injured spinal cord
Spinal cord injury interrupts this flow 
of commands and information by 
damaging the axons.

A scar tissue is generated to protect 
the nervous system, but is also blocks 
axon regrowth.

Drawing from Thuret et al. Nature Reviews Neuroscience 7, 628–643 



Injured spinal cord
Spinal cord injury interrupts this flow 
of commands and information by 
damaging the axons.

A scar tissue is generated to protect 
the nervous system, but is also blocks 
axon regrowth.

Plasticity of the network can allow the 
establishment of new circuits to 
contour the injury area and to partially 
restore the function.

Drawing from Thuret et al. Nature Reviews Neuroscience 7, 628–643 



Neonatal mouse model 

Few years ago we established a clip-driven neonatal mouse model for 
spinal cord injury to study plasticity in response to the injury.



Neonatal mouse model 

Formation of cavity 
fews days after spinal 
cord injury

Few years ago we established a clip-driven neonatal mouse model for 
spinal cord injury to study plasticity in response to the injury.



Neonatal mouse model 

Formation of cavity 
fews days after spinal 
cord injury

Reduced number of 
nerve cells (neurons)
=> cell death

Few years ago we established a clip-driven neonatal mouse model for 
spinal cord injury to study plasticity in response to the injury.



Neonatal mouse model 

Formation of cavity 
fews days after spinal 
cord injury

Reduced number of axons (part 
of the neuron that carries 
information)

Reduced number of 
nerve cells (neurons)
=> cell death

Few years ago we established a clip-driven neonatal mouse model for 
spinal cord injury to study plasticity in response to the injury.



Rapid recovery 

Tracking of limb movement during a test where the mouse is suspended to 
"walk in the air". 

Un-injured mouse Complete loss of 
hindlimb movement, 
while the forelimb is 
not affected 
because the injury is 
midthoracic

Spontaneous recovery of 
hindlimb function 
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Rapid recovery 

Tracking of limb movement during a test where the mouse is suspended to 
"walk in the air". 

Un-injured mouse Spontaneous recovery of 
hindlimb function 

Complete loss of 
hindlimb movement, 
while the forelimb is 
not affected 
because the injury is 
midthoracic

Severe injury followed by spontaneous functional recovery => adaptive plasticity 



Nerve terminal sprouting
Green structure = nerve terminal (structure that releases the 
neurotransmitter to transmit a signal from one neuron to another)

 = motoneurons that activate muscles 



Nerve terminal sprouting
Green structure = nerve terminal (structure that releases the 
neurotransmitter to transmit a signal from one neuron to another)

 = motoneurons that activate muscles 

Reduced number of nerve terminals after injury, because axons 
are damaged.



Nerve terminal sprouting
Green structure = nerve terminal (structure that releases the 
neurotransmitter to transmit a signal from one neuron to another)

 = motoneurons that activate muscles 

Normalisation of number of terminals within few days

Reduced number of nerve terminals after injury, because axons 
are damaged.

=> sprouting of terminals from residual/other circuits: adaptive plasticity 



Plasticity of the 
vestibulospinal tract

• In this experiment the spinal cord was dissected and 
kept alive for a few hours in a recording chamber

• The vestibular nerve was stimulated with an electrode
• The activity of lumbar motoneurons in response to the 

stimuation was recorded

Note that lumbar motoneurons are organised in 2 
columns (important for the next slide):

- MMC: medial motor column
- LMC: lateral motor column

injury

LMC

MMC



Plasticity of the 
vestibulospinal tract

In un-injured neonatal spinal 
cord, a stimulation of the 
vestibular nerve does not 
activate motoneurons of the 
LMC.

injury

LMC

MMC

This trace represents the activity in motoneurons of 
the medial motor column (MMC)

The grey square represents the 
stimulation duration



Plasticity of the 
vestibulospinal tract

In un-injured neonatal spinal 
cord, a stimulation of the 
vestibular nerve does not 
activate motoneurons of the 
LMC.

injury

LMC

MMC

This trace represents the activity in motoneurons of 
the medial motor column (MMC)

The grey square represents the 
stimulation duration

In injured neonatal spinal cord 
dissected few days after injury, the 
stimulation of the vestibular nerve 
activates motoneurons of LMC.
=> adaptive plasticity



Figure from Hans Hultborn, 2003

Plasticity of the 
locomotor CPG

• The neuronal circuit that activates  
and coordinates muscles during 
locomotion does not belong to the 
brain but to the lumbar spinal cord. 

• This circuit is called locomotor 
central pattern generator (CPG).

• A cat with a complete cut of the 
spinal cord can walk on a treadmill 
thanks to the activation of the CPG. 



Plasticity of the 
locomotor CPG

This model of the CPG 
circuitry illustrates it's 
complexity

Zhong et al., 2012 J. Physiol.



• Fictive locomotion is a pattern of 
nerve activity that can be recorded 
from the lumbar nerve roots of a 
dissected spinal cord and that 
mimics the pattern of activity during 
real locomotion.

• Fictive locomotion is characterized 
by rhythmic and coordinated bursts 
of activity as shown on the left.

• The bursts can be synchronized or 
alternating. 

1 burst 

synchronized bursts 

synchronized bursts 

alternating bursts 

Plasticity of the 
locomotor CPG



In this experiment, the spinal cord of 
neonatal mice was injured in the area of 
the CPG that produces rhythm and the 
activity in the nerve roots was recorded 
while triggering fictive locomotion at 1, 2 
and 3 days after injury.

Results of this experiment on the next 
slide

Plasticity of the 
locomotor CPG



3 days after injury, fictive locomotion was restored although fewer neurons 
could contribute to this network because of cell death resulting from the injury.
=> adaptive plasticity

Plasticity of the 
locomotor CPG



NMDA, DA

NMDA, DA, 5-HT

Plasticity of the serotonin 
neurons

• Fictive locomotion is usually triggered 
by application of neurochemicals that 
stimulate neurons: NMDA, DA and 
serotonin.

• In normal spinal cord, rhythmic and 
coordinated activity can be obtained 
without serotonin.

• In injured spinal cords, rhythmic and 
coordinated bursts of activity cannot 
be obtained without serotonin. 

Addition of 
serotonin



Plasticity of the serotonin 
neurons

The green labelling shows serotonin axons/terminals in:

Normal mouse
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Plasticity of the serotonin 
neurons

The green labelling shows serotonin axons/terminals in:

Normal mouse

Mouse after 
recovery from  

spinal cord injury

After neonatal spinal cord injury, there is a gradual increase in the number 
of serotonin axons/terminals (budding, branching from residual axons).
=> adaptive plasticity



Summary

• After spinal cord injury, neonatal mice gradually recover 
despite cell death and interrupted axons.

• The recovery is driven by adaptive plasticity through re-
organisations of the motor network.
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