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Structural changes of dorsal root ganglion neuron injured by acute mechanical pressure: an AFM ob-
servation/QUAN Xin, YE Zhengxu, WANG Yuqing, et al/Chinese Journal of Spine and Spinal Cord,
2012, 22(2): 165-169

[Abstract] Objectives: To investigate the spinal cord injury mechanism especially the nanoscale reaction of
membrane skeleton protein in spinal cord injury under mechanical pressure by using the cultured dorsal root
ganglion neuron cells in vitro and simulation of mechanical injury device. Methods: The primary culturing of
dorsal root ganglion neuron cells from new born S-D rats wsa used, and the mechanical pressure on cultured
cells wsa added by the multi—functional automatically mechanical pressure equipment (national patent of utility
model, ZL 200820030390.7). The cells were divided to 4 groups, group A, B, C and D. The group A was
tested as control group. The group B, C and D experienced 0.3mPa, 0.5mPa and 0.7mPa mechanical pressure
for 10 min respectively. The cells were fixed by formaldehyde when cultured for 8 hours, the ultra structure
of the cell membrane skeleton protein was observed by AFM (atom force microscope), with 6 different Petri
dishes of cells for each group. The nanoscale reaction of membrane skeleton protein wsa observed, the corre-
sponding data of the height of the membrane particle and roughness parameters as well as the AFM photos
were acquired. Results: The cell membrane of the control group was smooth and not apparently rough. The
0.3mPa group showed the particle height of cell membrane increased apparently compared with the control

group, the membrane surface seemed more rough, and the peak value of the histogram of the protein height
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on cell surface shifted rightly. The 0.5mPa group showed more severe changes than the 0.3mPa group. The

0.7mpa group showed the particle height of cell membrane protein decreased and became less rough, never-
theless, some porous channel occurred at the membrane. The statistical results of the peak value, the maximal
value and the width of particle height value indicated that different mechanical pressure value produced dif-
ferent membrane roughness(P<0.01). Conclusions: Different mechanical pressures produce different membrane

roughness as well as the membrane skeleton protein, which can supply basis for protection of injured cells.
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Figure 2 The primary culture of dorsal root ganglia neuron cells from new born S-D rats (inverted phase contrast

microscope x100) Figure 3 The neuron specific
staining with DAPL ( x100, purity =95%)

apparently rough (2.5%2.5wm, the same below)

membrane increased apparently compared with the control group,

immunohistochemisty staining of

B —tubulin Il and counter

Figure 4 The cell membrane of the control group was smooth and not

Figure 5 The 0.3mPa group showed that the particle height of cell

the membrane seemed more rough, the topographic

structure changed Figure 6 The 0.5mPa group displayed much more severe changes than the 0.3mPa group, the

number of the membrane particles increased Figure 7 The 0.7mPa group showed the number of membrane particles

decreases, became less rough, nevertheless, some porous channel like structure occurs at the membrane
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Figure 8 Histogram of the protein height distribution on cell surface of control group (the horizontal axis presents the
height of particles, the longitudinal axis presents the percentage of the corresponding height, the same below), most of
particle height distributed from 4-14nm Figure 9 Histogram of the protein height distribution on cell surface of
0.3mpa group, the particle height distributed from 50-250nm Figure 10 Histogram of the protein height distribution
on cell surface of 0.5mPa group, the particle height distributed from 50-400nm, seemed much more rough than 0.3mPa
group Figure 11 Histogram of the protein height distribution on cell surface of 0.7mPa group, the particle height
distributed from 60-140nm
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Table 1 The statistical results of the peak value, the maximal value and the width of

particle height value (nm,x+s ,n=6)
M 75 2 T AUAE 25 B G A 0 TR 5 JEE fe R AE
the peak value of the particle the maximal value of the particle the width of the particle
B2 (A 4
YRR (A 2H) 10.172.93 14.50+1.87 10.00<1.41
control group(group A)
4 4 . .
0.3mPa # (B 41 ) 161.00+7.297 301.67£7.717 270.177.417
0.3mPa group(group B)
a 41(C 4 . o
0.omPa 1 (C 40) 241.176.317% 436.00+11.522 423.17£5.277%
0.5mPa group(group C)
0.7mPa 41 (D 41) 94.17+4.71V29 136.1726.172% 80.67+3.5072%

0.7mPa group(group D)
.5 A 414 P<0.01;@5 B 41 ik P<0.01;3)5 C 41 4 P<0.01
@C()mpared with group A, P<0.01, @C()mpared with group B, P<0.01, @C()mpared with group C, P<0.01
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