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Impulsive strain-induced axonal injury and functional analysis of cell-to-cell commu
nication in neurons
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Traumatic brain injury caused by traffic accidents, blow, falls and contact sports
, IS an important public health problem throughout societies because of a contribution of disability and d
eath. While diffuse axonal injury (DAl) is one of the most serious traumatic brain injuries, DAl is caused
by sudden inertial loading to the head associated with rapid deformation of brain tissue, resulting in th
e stretching of neural axons. In this study, the cultured rat brain neuronal cells were stretched, the bet
a-amyloid precursor protein (beta-APP) that is conveyed by axonal transport accumulates where axonal trans
port is disruEted, was stained and observed using fluorescence microscopy.
The results show that the threshold of interruption of axonal transport is strains of 15-22% at strain rat
eilof 21;27/? and the accumulation of beta-APP is a quantitative marker for traumatic axonal injury at a c
ellular level.



1,2 1
DAI
p
beta-amyloid precursor protein: -APP
B-APP
B-APP
3
PDMS polydimethylsiloxane
PC
PDMS
PDMS

® 6mm

50pm
50pm 2mmx 20
PDMS 4 0° 45° 90°
22%
27s1

B-APP

[%]/
[/s]: 10/11, 15/21, 22/27, 30/38
3 B-APP
B-APP

B-APP

90°

00
90°
1 90°

24

B-APP

10
11/s B-APP

7 22% 27 Is
B-APP
B-APP

15
22% 21 27/s



A4 oakoRIL

PDMS Chamber 5
Potentiometer
e S 2 = Contol ®0° w45 m90°
Displacement Adjusler~ g
Stretching direction g
E 15
= .
3 210 '
7
2 . .
Z
2 5 T .
Culture Micro-Tunnel = R )
VLSOpm < I ) r
Compartment «—s £ 2o 3
je——> | T 0
|_ PDMS 3mm pre 5min 30min 1h 3h 6h  24h
4mm I
i(—)
100pm 40pm 6mm  2mm 6
4
1
0° 45° 90°
0% 22% 8% 20%

24% 54% 42% 52%




B-APP

B-APP

WRBEEEOBON-HEOE &(%)

WRROBLSN-AEOEE(%)

35

30

25
20

35
30
25
20
15
10

*

* I

sham  10%,11/s 15%,21/s 22%,27/s 30%,38/s
control

strain(%), strain rate(/s) =« p<0.05

" I

sham  10%,11/s 15%,21/s 22%,27/s 30%,38/s
control

strain(%), strain rate(/s) =« p<0.05



Nakadate, H., Aomura, S. and Kakuta, A.,
An in Vitro Stretch-Injury Model for
Elongation-Controlled Neuronal Cells:
Effect of Strains Along Neurite, IFMBE
Proceedings 43, pp.756—759.

Nakadate, H., Umahashi, H., Kakuta, A.
and Aomura, S., Progression to cell death
correlates with neurite swelling induced by
stretch injury, Journal of Biomechanical
Science and Engineering, Vol.7, No.4,
pp.406—415, November 2012.

b

78 ,791 ,1090-1099 ,2012 7

Nakadate, H., Aomura, S. and Kakuta, A.,
An in Vitro Stretch-Injury Model for
Elongation-Controlled Neuronal Cells:
Effect of Strains Along Neurite, The 15th
International Conference on
BiomedicalEngineering, December, 2013
Singpore.

, 2014 3

, 2013 11

, 2013
,J022015,2013 9

, BIOtech2013

2013 5

,2013 1

2012

eY)

52
,2013 3

, 2013

,2012 10,

, 2012

Nakadate, Hiromichi

22604991

23

9

25

b

1

b



