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Quantitative evaluation of the change in action potential and axonal injury in
brain neurons exposed to impulsive strain

Nakadate, Hiromichi
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Axonal injury is caused by sudden inertial loading to the head associated

with rapid deformation of brain tissue, resulting in the stretching of neural axons. This study aims
to clarify the relation between axonal stretch and the onset of axonal injury. To examine the
influence of strain rate on the threshold for axonal injury, cultured neurons were subjected to
uniaxial stretching. Axonal injury increased significantly more than strain rate of 30 /s with more
than strain of 0.15 even though those formations did not depend on strain rates in cultures exposed
to a strain of 0.10. To examine the influence of the strain along an axon on axonal injury axonal
injury was measured at every axonal angle in the stretching direction. The axons that were parallel
to stretching direction were injured the most. We proposed an experimental model that subjected an
axon to more accurate strain for the measurement of action potential in single neuron before and
after stretching.
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Figure 1 The formation of axonal swellings
(arrows) and bulbs (arrowhead)
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The top image shows the neurons in sham control.

The bottom image shows the neurons following
stretching. The scale bar is 50 pm.
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Figure 2 The displacement histories of 0.10 strain
with 10 s-1 strain rate, 0.10 strain with 30 s-1
strain rate, 0.10 strain with 50 s-1 strain rate, 0.10
strain with 70 s-1 strain rate (A), 0.15 strain with
10 s-1 strain rate, 0.15 strain with 30 s-1 strain
rate, 0.15 strain with 50 s-1 strain rate, 0.15 strain
with 70 s-1 strain rate (B), 0.20 strain with 10 s-1
strain rate, 0.20 strain with 30 s-1 strain rate, 0.20
strain with 50 s-1 strain rate, and 0.20 strain with
70 s-1 strain rate (C).
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Figure 3 The rate of formation of axonal
swellings (A, C, and E) and axonal bulbs (B, D,
and F)

The neurons were subjected to strains of 0.10 (A
and B), 0.15 (C and D), and 0.20 (E and F).
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Figure 4 The number of swellings in the neurons
in sham control (A) and in neurons following

stretching (B)
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