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Abstract: Objective: To establish a spinal cord injury (SCI) model by ventral violence and explore its pathological
changes. Methods: We first designed and made a shape-suitable impinger. SD rats were divided into 4 groups
according to force momentum calculated by weight and height: Group A (350 g*28 cm), Group B (280 g*28 cm),
Group C (210 g*28 cm), and Group D (sham, O g*0 cm). Then the anterior border of the rat’s T11 centrum was
hit by the by impinger via a free-falling method. Locomotor functional (Basso, Beattie and Bresnahan scale-BBB
scale), GFAP expression and pathological changes, complications, and mortality were observed. Results: The BBB
scale scores were significantly different among all groups. Contusion, hematoma, and subarachnoid hemorrhage
appeared at 1-6 h after injury in group A and B. Edema was obvious and the inflammatory cell infiltrated at the time
of 6-48 h. Cicatricial contracture and porosis formed at 3-4 weeks, while group C only showed sporadic punctate
hemorrhage. GFAP expression changed by time and location dynamically compared with group D. Various complica-
tions appeared in the experimental groups. Intestinal obstruction was the main cause of death. The mortality was
significantly different among the groups (P<0.05). Conclusion: The acute ventral closing SCI model could be set
up successfully by a shape-suitable impinger. The procedure was simple and repetitive. Neural function deficiency,
pathological changes, and mortality were consistent with the injury controlled by coup momentum. Under the condi-
tion of this model, astrocytes went through an acute damage period and continued in the further hyperplasia stage.
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Introduction

In high-speed transportation and extreme
sports, the incidence of spinal cord injury (SCI)
is very high [1]. Currently, although the inci-
dence of SCI has been increasing, its pathologi-
cal mechanism was complicated and remain
unknown, and there are few previous studies
on it. However, whatever the level of violence,
most SCI incidents are caused by buckling,
axial or shear force, leading to compression
fractures, burst fractures or chance fractures,
and resulted in various kinds of SCI under a
sober state, part of these cases belonging to
acute ventral closing SCI.

Many previous studies have confirmed that
neuronal injuries, such as necrosis and apopto-
sis in secondary spinal cord and neuron injury,
have an intrinsic role on the function of locomo-

tion, sensory, and autonomic nerve system.
Therefore, neuronal research of SCI was very
important. It is also very important to under-
stand the mechanism of SCI clearly in order to
find effective treatment methods.

Currently, there are no suitable animal models
that can imitate the pathologic change of SCZI
[2]. Therefore, it is important to set up an ideal
animal model of SCI. Although various SCI mod-
els had been reported, such as crosscut injury,
oppressed injury, contusion injury, photochem-
istry injury, and ischemia-reperfusion injury
model [3], these models represent different
styles of SCI. In clinical practice, partial SCI
were caused by ventral violence while the verte-
bral canal closed but this kind of model couldn’t
be established in animals until now. Some
investigators have successively set up opening
SCI models by ventral force [4]. However, the
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Figure 1. Shape-suitable impinger. This figure shows each part of the self-de-
signed impinger and the fabricated device. A. Orbit; B. Transmissible rod; C.
Adjustable weight; D. Fabricated device. The orbit was a circular plastic cannula
with a smooth inside wall, adjustable weight is made up of a capacity bottle
and bottle plug, and a transmissible rod is made up of a piston end and shape-
suitable tip. The quality of the adjustable weight could be adjusted randomly to
precisely guarantee momentum regulation. The upside of the Orbit’s inside wall
was smooth and coincided to the adjustable weight and the inferior part of the
orbit constraint the piston end and formed the piston-like transmit structure.
The front-end of the shape-suitable tip is long and narrow and its inward arc
shape is similar to the shape of the spinal ventral side and then adjusted to
fit it, thereby reducing the aortic injury and ensuring the well-distributed forces
on both sides. These guaranteed the unity of momentum and direction of each
model.

acute ventral closing SCI
model was not reported
presently. Hence, we made
this model without opening
the vertebral canal and
adopted an instantaneous
violent manner under the
basal anesthesia and ex-
plored the neural function
deficiency and pathological
changes in order to provide
a suitable animal model
for medical research on
SCI. Considering the above-
mentioned reasons and
the complexity of neuronal
pathological changes after
SCI, Neuronal counting and
apoptosis detection are dif-
ficult to reflect neuronal
changes as a whole after
SCI. We also explored neu-
ronal pathological changes
at different sites and times
by morphological observa-
tion stained with H&E and
Nissl body to comprehend
the course of neuronal
degeneration and death
generally. To the best of our
knowledge, our model is
the first acute closing ven-
tral SCI model caused by a
shape-suitable impinger.

Materials and methods
Materials

Design of the shape-suit-
able impinger: The shape-
suitable impinger consist-
ed of an orbit, adjustable
weight transmission rod
(Figure 1). This controllable
force centrum machinery
performed the SCI model.

Experimental animals: Ni-
nety-two healthy SD adult
rats, weighting 220 g-250 g
was provided by the experi-
mental animal center of
Zhengzhou University. The
protocol of this experiment
followed the regulations of
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the ethical committee for animal research of
the Zhengzhou University.

Reagents and instruments: The reagents and
instruments included Midazolam (5 mg/am-
poule), HE kit (Bi Yun-tian biotechnology rese-
arch institute), and an Immunofluorescence
Microscope (OLYMPUS).

Midazolam was adopted as an anesthetic char-
acterized by less irritation, rapid revival, and
less influence on the breath and cardiovascular
system [5], while rapidly contributing to an infe-
rior sober state and alleviating psychological
stress and stress reaction. Midazolam effects
would create the injury condition closer to the
real situation in a clinical setting when subject-
ed to an external force. This procedure was
both ethical and clinical.

Experimental design

Establishment of the animal modeling: The rats
were divided into four groups according to force
momentum calculated by weight and height.
Experimental group: group A (350 gx28 cm),
group B (280 gx28 cm), group C (210 gx28 cm):
Control group: group D (sham, 0 gx0 cm).

The rats were restricted from food for 12 hours
to empty their stomach and water intake was
stopped 3 hours prior to the surgery. Midazolam
anesthesia was administrated by intraperito-
neal injection (0.5 mg per kg body weight). The
rats were fixed in a dorsal position and the four
limbs were stretched under the inferior sober
state. The T-10 centrum was suspended in mid-
air and then the internal organs were pushed
away by the drive rod. The tips stick to the T-11
centrum closely and attack the piston end by
the vertical falling of the force momentum. The
rats demonstrated spasmodic twitching of the
tail and both lower extremities after injury and
lost partial or complete motor function of both
lower extremities. The rats that regained con-
sciousness without dying within 48 hours were
considered to be the successfully established
model. Group D underwent sham surgery with-
out attacking the drive rod. There were 26 rats
in groups A and B and 18 rats in groups C and
D. After the surgery, each rat was placed in a
single cage and food-intake was restricted to
1/10 of the body weight. The abdomen of the
rat was gently massaged to assist defecation.
The rats were also injected with 3 ml of 10%
glucose via vena dorsalis penis 3 times a week.
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Motor function evaluation: Five rats in each
group were randomly picked for the neurologi-
cal evaluation. The motor functional test was
performed at d1, d7, d10, d14, d21, d28 post-
operatively using a double-blind method. Based
on the three independent tests, neurologic
function was recorded according to the BBB
(Basso, Beattie and Bresnahan) scale and
averaged.

Morphology and pathology: Two rats in each
group at 1 h, 6 h, 48 h, 7 d, 28 d intervals
underwent heart perfusion fixation with 4% of
paraformaldehyde and they were fixed over-
night, prepared for histology (20 um thick sec-
tions), and observed by an H&E and cresyl vio-
let stain. The specimens were divided into three
segments: 0.20 cm surrounding the main injury
region (center injury segment -CIS), 0.20-0.50
cm region at a distance from the injury region
(near injury segment -NIS), and a 0.50-0.80 cm
region from the injury region (far injury segment
-FIS).

Criteria of neuronal change: The criteria of mor-
phological change were according to those
reported in the literature [6]. The hub of the
injury segment was set as zero, we then mea-
sured the length of the spinal cord that con-
tained the degenerative neuron along the
macro axis and performed three times in each
slice and averaged the results.

Immunohistochemistry: The GFAP expression
was performed at 1 and 6 hours and 2 and 7
and 28 days after the injury by the immunohis-
tochemical SP (streptavidin-perosidase) meth-
od in group B and D. All of the procedures fol-
lowed the manufacturer’s instructions. The
sections were observed under the microscope
and 4 fields were selected under low power
(100x%) and 10 photographs were taken under
high power (400x). The images were analyzed
by Image-pro plus 6.0 software. We measured
the mean optical density (MOD) and positive
area (%) of per field respectively and applied
relative content (RC = MOD* positive area %) to
represent the positive component.

Complication and death: We excluded the per-
fused rats and observed the complications
from d2 to d28 and the death situation from d1
to d28. The complications that were observed
included urine retention, hematuria, urinary
tract infection, pulmonary infection, edema of
affected extremity, pressure sore, self-mutila-
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Table 1. Comparison of BBB score

Group 1d 7d 10d 14 d 21d 28d

A 0.93+1.44 3.53+1.99 4.66+2.38 7.3312.47 9.8712.47 11.27+2.69
B 2+3.53" 3.4+2.13" 4.20+2.62* 10.40+3.18" 13.8742.90° 13.27+2.89"
C 4.40+4.24 17.93+2.81 18.53+1.60 19.87+1.13 19.60+£1.30 19.87+1.19
D 19.87+1.36 20+£1.07 19.87+1.13 19.93+£1.10 20.47+0.64 20.60+0.74

Note: versus group A: #P>0.05, *P<0.05.

Figure 2. Gross appearance of spinal cord injury. (A) Vertebral fracture and spi-
nal cord injury shown at the same level; (B) Enlarged view of the fracture line
in picture (A), vertebral fracture line could be seen clearly (arrow); (C, D) Open
vertebral canal at 6 h after the injury, subarachnoid hemorrhage, contusion,
and hematoma could be seen clearly (arrow).

tion, mutual mutilation, and intestinal obstruc-
tion.

Statistics analysis

SPSS13.0 software was used for the statistical
analysis. All data were presented as Mean *
S.D. A chi-square test was used to analyze the
significant difference of the rate of sample
among the groups. The BBB scale scores of
all animals in the same experimental group in
the same interval were averaged and the statis-
tical analysis of these scores was performed
using repeated measures analysis of variance
(ANOVA) and a pairwise multiple post hoc com-
parison using the Bonferroni t-test. One-way
ANOVA was used to compare means in one
interval among the groups and a t-test was
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used for significant differ-
ence analysis of two means
between the groups, « (size
of test) = 0.05.

Results
Motor function

The rats in group D walked
normally. The rats in group
C returned to normal at 7 d
after the injury. The scores
of group A and B showed
an increasing tendency af-
ter SCI. They demonstrated
complete flaccid paralysis
of the hind limbs immedi-
ately after injury and rela-
tively partial recovery in
light activity during 5-7 d.
More obvious recovery pre-
sented at d14, but the rats
could not support their
whole body after 4 weeks.
Repeated measures analy-
sis of variance showed a
significant difference between each group
(P<0.05) (Table 1).

Pathological changes

Gross appearance: As shown in Figure 2, a
fracture of the centrum was found in a few sam-
ples. Contusion, hematoma, and subarachnoid
hemorrhage were observed within 6 h after
injury. Most injured lesions became swollen at
6 h and subsided after 7 days. After 3-4 weeks,
the injured region became analosis, while thin-
ning the surrounding tissue. The changes
described above were not found in group C.

Histology changes

As Figure 3 shows, the sections stained with
HE showed the following histopathological
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Figure 3. General pathological observation of spinal cord injury. A-C. 1 h to 6 h after the injury in group A and B,
hematoma, contusion, and subarachnoid hemorrhage was shown in group A, B. (HE, original magnification x100,
x200, x400); D. 6 h after injury, typical pathological change of group C (arrow): small hemorrhagic lesion. (HE,
original magnification x100); E. 1 h to 6 h after injury, the tissue space was normal and edema was not obvious.
(HE, original magnification x400); F. 6 h to 48 h after injury, the tissue space near the contusion and hematoma
expanded, indicating edema occurred obviously, with the mononuclear inflammatory cell infiltrated abundantly. (HE,
original magnification x200); G, H. 4 weeks after injury, cicatricial constriction and cavitas formed at the injury site
(asterisk), (HE, original magnification x40, x100); |. 6 h after injury, multiple contusions could be seen in the gray
matter of the cephal and caudal end of the force spot along the axis of ordinates (arrow), (HE, original magnification
x200).

changes: 1-6 h after injury: hematoma, contu-
sion, subarachnoid hemorrhage in group A and
B (Figure 3A-C), only dispersed punctate hem-
orrhage showed in Group C (Figure 3D), and no
abnormalities in group D. The tissue space was
still normal, and the interstitial edema was not
obvious (Figure 3E). 6-48 h later, the hemato-
ma and tissue space expanded, and large num-
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ber of inflammatory cells were infiltrated (Figure
3F). Enlarged tissue space was not obvious at 7
d. Cicatricial constriction and porosis formed at
3-4 week (Figure 3G, 3H). Posttraumatic hema-
toma and contusion were located mainly in a
coup position, while extensive small lesions
were found in the cephal-caudal end of the grey
matter along the long axis of the spinal cord in

Am J Transl Res 2020;12(7):3792-3802
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Figure 4. Morphological change of the degenerative neuron. (A, B) Neuron in group C. Group D was normal control;
(C-G) Within 48 h after injury in group A and B, neuronal debris and red neuron appeared to be located in the injury
segment (C, D) neuronophagia and karyopycnosis located in near injury segment (E-G), most included an irrevers-
ible injury; (H-J) ischemic neural degeneration such as neuronophagia and ghost cell, apoptotic body were found
near the injury segment at 1 week; (K-M) ischemical neuronal degeneration such as vacuole structure and homo-
geneous change were visible in the near injury segment at 4 weeks, these were mostly irreversible injuries. Around
the degenerative neuron, the GFAP expression was high; (N-P) neural apoptosis and central chromatinolysis were

found either near the injury or far from the injury section.

group A and B (Figure 3l). However, different
distributions appeared in group A and B. Group
A had lesions both in NIS and FIS, only NIS had
small contund foci while presenting hemorrhag-
ic spots in FIS.

Morphological change of the neuron

Observed by optical microscope, neuronal inju-
ry occurred in group A and B, including irrevers-
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ible injury, reversible injury (Figure 4) or com-
bined in some cases.

Expression of GFAP

The expression of GFAPat 1 hand 6 hand 2 h
and 7 h and 28 d in group B and D was deter-
mined by immunohistochemistry. The GFAP
expression presented in a pattern in group D
(Figure 5A, 5B), as seen in Table 2 and Fig-

Am J Transl Res 2020;12(7):3792-3802
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tion x200).

ures 5, 6. In group B, there was minimal GFAP
expression in the gray matter and a decreased
expression in the white matter 1 h after injury
(Figure 5C, 5D). 6 hours later, the GFAP expres-
sion increased at pia mater spinalis near the

3798

sion of GFAP in a normal spinal cord. The positive area was close to the junc-
tion of the spinal pia mater and grey matter. There was a low expression in
the gray matter, (SP, original magnification x100, x200); C, D. A decreased
GFAP expression in white matter and minimal expression in gray matter at
1 hour after the injury in group B. (SP, original magnification x400, x400).
E-H. 6 hours later, the GFAP expression appeared and enhanced in the white
matter near the injured region, pia mater spinalis, and grey matter near the
central tunnel. (SP, original magnification x100, x400, x100, x400,). |. Axial
view, positive cells of GFAP mainly located near the injured segment at 7
days. (SP, original magnification x100). J. Both white and gray matter had
higher expressions of GFAP at 28 days after injury. (SP, original magnifica-

injured region and grey matter near the central
tunnel (Figure 5E-H). The expression of GFAP
continued to increase especially in the far seg-
ment of the injured area at 48 hours after injury
and located mainly in near the injured segment

Am J Transl Res 2020;12(7):3792-3802
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Table 2. Expression of GFAP in normal spinal cord and group B

RC value
1h 6h 48 h 7d 28d
B N-W 34.87+5.56* 37.06+5.44% 43.3314.40*° 64.84+10.38%° 95.40+20.62%°
N-G 2.84+0.78% 4.49+1.28% 12.05+1.50* 24.33+5.714 51.48+5.844
F-w 35.69+5.75% 36.07+5.93* 54.78+6.85* 59.74+3.99% 68.81+8.42%
F-G 6.71+2.044 4.04+0.974 17.93+2.86" 19.05+1.444 22.62+3.55%
D W 44.37+5.26 43.231+5.88 44.59+5.18 42.12+3.89 47.87+3.00
G 12.02+3.12 13.49+4.41 12.95+2.19 11.41+1.92 12.43+2.36

Note: (1) N = near injury segment, F = far injury segment, W = white matter, G = gray matter, B = group B, D = group D. (2)
versus group D-W: *Pp<0.05, *P>0.05; versus group D-G: #P<0.05, *P>0.05; versus group B-FW: °P<0.05.

RC Value from lh to 28d
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(Figure 5J). There was a

Ao striking decline in the RC
I Value at 1 h and 6 h inter-
—heB DY vals and a distinguished
S increase in the RC Value
. at 7 d and 28 d intervals

(versus group D, P<0.05;
-8=D G

t-test) and showed a gradu-
al improvement in the RC
Value from 1 h to 28 d
(Table 2; Figure 6).

Complications and mortal-

=20

Figure 6. Comparison of the RC Value of GFAP in a normal spinal cord and group
B. The relative content value (RC value = mean optical density x positive area,
%) represented the positive component of GFAP expressionat 1 h,6 h, 2d, 7
d, and 28 d intervals after injury in group B. Compared to group D, there was
a significant decline at 1 h and 6 h and a significant increase at 7 d and 28 d
(P<0.05; paired t-test). The GFAP expression increased at 1 h and 6 h and then
increased after 6 h and was mainly located in the far injury segment at 48 h.
Furthermore, the main expression area transferred to the near injury segment
at 7 d to 28 d. There was a gradual increase tendency of the RC Value from 1 h
to 28 d. Note: N = near injury segment, F = far injury segment, W = white matter,

G = gray matter, B = group B, D = group D.

Table 3. Mortality comparison between group
Aand B

Mortalit

v X
A 16 5 11 31.25 8.00 0.018
B 16 1 15 6.25
C 16 O 16 0

Group N Dead Survival P

at 7 days and the positive expression of GFAP
developed from the local region to the hol-
region around the injured area at 7 days (Figure
51). Both white and gray matter had a higher
expression of GFAP at 28 days after injury
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30 rats underwent a path-
ological examination and
40 rats’ complications and
mortality were observed
after the operation. During
d2 and d28, 8 rats died in
group A and B and O in
group C and D. 3 rats died
from bladder rupture, intes-
tinal obstruction, hematu-
ria, and pulmonary infec-
tion respectively during
days 2-7. 3 rats died from days 8-14 post injury
because of an intestinal obstruction. 2 rats
died from day 15 to day 28 as the result of vesi-
cal rupture due to the inappropriate massaging
of the bladder. Complication and death at d2 to
d28 were shown in Table 3. There was a differ-
ence of mortality among groups in d2 to d28
(reject 2 because of human factors) (P<0.05,
Chi-square test).

Discussion

Ventral violence could case abdominal organ
injuries, which make it difficult to establish an
animal model of this injury. We found an ana-

Am J Transl Res 2020;12(7):3792-3802
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tomic space between the diaphragm and liver,
which doesn’t have important organs except for
the aorta from the view of anatomical analysis.
At the horizontal plane of this gap, while push-
ing the skin to the spinal column and avoiding
squeezing the surrounding organs, the violence
could transfer to the spinal cord through the
shape-suitable impinger (Figure 1). By using
this unique machinery, we established this
model with good repetitiveness and that is well
regulated in a simple procedure.

We also explored the neural functional cahnges
(Table 2). There was a significant difference not
only between the experimental group and the
control group but also among the experimental
groups (P<0.05). It also demonstrated that this
method could successfully cause SCI and the
regulated degree of SCI resulted in the corre-
sponding neural function deficiency. Further-
more, the primary injury of hematoma, contu-
sion, subarachnoid hemorrhage, and second-
ary changes such as inflammatory cell infiltra-
tion, edema, cicatricial contracture, and porosis
were observed in this model, indicating that it
could reflect the pathological changes of SCI
and is consistent with other reports [6]. The dis-
tinctive distribution of the lesions in group A
and B and punctuate hemorrhage found in
group C were also observed. In Table 3, the
analysis of mortality among the groups had
been continued and the mortality had a signifi-
cant difference, showing that the quality of
coup momentum could cause different mortal-
ity rates. Changes of neural function, patholo-
gy, and mortality had consistency to the coup
momentum in our experiment.

Many research studies have focused on the
decreased number of neurons in SCI at an ear-
lier time, while some scholars indicated that
there was no significant reduction of neurons
after SCI [7]. In recent years, some researchers
considered that apoptosis could occur in the
injured spinal cord [8]. Apoptosis, nowadays,
could be identified by the morphological criteria
mentioned above and the prevalent biochemi-
cal criteria. Although TUNEL and ISEL had been
applied to neuronal apoptosis research exten-
sively, as long as DNA-cracking appeared in
apoptosis, necrosis, and autolytic cell death,
the quantity of 3’-OH terminal would increase
thereafter. So, TUNEL and ISEL reflect nothing
but the possibility of apoptosis [9].

3800

Polymorphous neuronal degeneration was
found in the rat’s spinal cord after injury. 1 h to
48 h after injury, due to the spillover of cyto-
plasm, rupture and resolution of the hemocyte
and aggravation of the inflammatory reaction
occurred [10-12]. Afterwards, the ischemic
scope enlarged gradually, and most were irre-
versible injuries including cytoclasis, karyopyc-
nosis, red neuron, etc. The range of neuronal
injury did not enlarge conspicuously at 1 week
and karyopycnosis, ghost cell, and neurono-
phagia existed near the injury segment. Neural
apoptosis could be seen sporadically, the
appearance of ghost cell hint that ischemic
neuronal injury caused more aggravation at
this point in time. During 48 h to 1 week, the
range of injury did not enlarge conspicuously,
which illustrated that the degree of neural inju-
ry peaked within 48 h after injury [13]. It is sug-
gested that an inflammatory reaction could
cause a secondary injury of the spinal cord with
necrotic tissue clearing and renovation [14,
15].

Nevertheless, the range of neuronal injury
enlarged conspicuously at 4 weeks. Ischemic
changes of the end-stage, such as vacuole
structure and neural homogeneous change
existed in NIS and central chromatinolysis
existed in FIS mainly. Meanwhile, the apoptotic
body and neuron with circular chromatin dis-
tributed sporadically. Morphological changes
caused by axonal injury and ischemia existed
simultaneously at this time. What is responsi-
ble for this change? We found obvious glial
scars situated around the degenerative neu-
ron. Researchers reported that there are previ-
ous studies, which were in support of the point
that the glia scar was the key factor to conduce
the degeneration of the neuron [16, 17]. This is
also due to the fact that the space that is
passed by axons was far larger than the neuro-
nal body. The numbers of injured axons were
much more than the injured neurons in spinal
cord injury. So, the effect of axonal injury on
neuronal degeneration should not be neglect-
ed. Evidently, neuronal impairment after SCI
was caused by different pathogeny and repre-
sented at different times and regions. At one
week, ischemic change was the main patho-
logic change while sporadic apoptosis com-
bined after 1 week and gives priority to isch-
emic change, the morphology change of central
chromatinolysis caused by axonal injury appear

Am J Transl Res 2020;12(7):3792-3802
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in a later point of time and persisted for a long
period.

Once neural injury passed through the phase of
karyopycnosis, the injured neuron could not be
reversed even after removing the injury factor.
In our experiment, morphological changes of
neuronal karyopycnosis were found at 6 h after
injury and presented a chain reaction (inflam-
matory reaction, low perfusion, and ischemia
neural injury). So, the measures aimed at con-
trolling inflammatory reaction should be adopt-
ed at the first opportunity to treat secondary
neuronal injury. Methylprednisolone, for exam-
ple, had been adopted and achieved a curative
effect [18, 19].

GFAP is a typical skeleton protein uniquely
expressed in astrocyte. When ischemia occur-
red after injury, astrocyte was induced and syn-
thesized GFAP, therefore, it is a biomarker of
astrocyte. In our model, the expression of GFAP
descended sharply just 1 hour after injury, indi-
cating that there was a visible injury of astro-
cyte at that time. Approximately 6 hours after
injury, glial cell proliferation first appeared in
the white matter near the injury region and dor-
so-spinal cord under the spinal pia mater close
to the central canal. What is the reason for
this? Researchers detected Nestin expression
in adult rat’s central canal near the injury region
after injury, mainly located in the central canal
and proliferated, budded, and migrated in the
spinal cord [20], which encouraged us to con-
sider that there had been an endogenous neu-
ral stem cell (ENSC) in the spinal cord of the
adult rat. ENSC had been activated, generated,
and differentiated into astrocyte. Consequently,
the astrocyte first appeared at the region where
the stem cells exist. 7 days after the injury, the
positive expression of GFAP developed from
the local region to the hol-region around the
injury position. The RC data changed from
decrease to enhancement (compared to a nor-
mal spinal cord), which implied that under the
niche or microenvironment after injury, the
astrocyte, which proliferated from stem cells,
had persistently migrated to the damaged
region. 28 days after the injury, the percentage
of astrocyte near the injured region was much
higher than that found in a normal spinal cord.
Astrocytes gathered mostly in the lesion area
and the cell processes of these astrocytes con-
tacted each other and formed into a grid-like
structure, surrounded the injured site, and
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formed the cavity. The relic neurons displayed
an islet-like structure around the cavity.

Complications also often occurred after the
injury. Mutual mutilation could be avoided by
feeding each rat in a separate cage while
decreasing the intestinal obstruction through
diet, intravenous nutrition, and abdominal mas-
sage, thereby reducing mortality. Intestinal
obstruction was the leading cause of death
(66.67%, n = 6). After the injury, transmission
dysfunction and feces accumulated in the
intestine lead to mechanical obstruction and
further developed to strangulating intestinal
obstruction, resulting in death.

Conclusions

A shape-suitable impinger could set up an
acute ventral closed SCI model successfully in
a simple procedure. Changes in neural func-
tion, pathology, and mortality had consistency
to the coup momentum. Damage of different
degrees could be made by adjustable C.M. This
model had distinctive pathological changes, for
example, astrocytes underwent acute damage
and proliferated in the hyperplasia stage.
Neuronal degeneration after SCl was a process
consisting of multi-reason, multistage, acute
injury, and chronic injury persisting for a long
time. A rational therapy aim for neuronal degen-
eration after SCI needs to adopt corresponding
measures based on major pathological contra-
dictions at different times.
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