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A model of acute severe spinal cord injury in rats using a vascular clip

Do Hyun Kim, Seung Dam Heo, Ki Bum Sim*, Tae Kyun Shin

Dept. of Veterinary Medicine. College of Agriculture and Life Science. Cheju National University
Department of Neurosurgery. College of Medicine. Cheju National University*

ABSTRACT : A model of acute spinal cord injury
was established in rats using vascular clip. The
spinal cord of rats under ether anesthesia was
exposed by a partial laminectomy of the caudal
thoracic region. A compression injury was performed
for 1 minutes at the exposed site using a vascular
clip (10-15g). The wounds were closed. After
surgery. locomotor functions (Basso, Beattie and
Bresnahan (BBB)J score 0-21) was evaluated by the
criteria of BBB for 3 weeks. Five animals were
sacrificed for the immunopathological study at day
1. 4, 7. 14 and 21 post-injury. The pathological
lesions of spinal cords in SCI were largely
consistent with those of previous reports. We
postulate that a vascular clip compression injury
will be a useful model for the study of spinal cord

dysfunction in rats.
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Table 1. Survival rate with clip compression injury.

BBB score Group(Total n=82) Percent( %)
Grade 0 63 1%
Grade 1 8 10%

Above Grade 2 11 13%

Table 2. Fatality of rats with clip compression injury.

BBB score 1 Week 2 Weeks 3 Weeks Survival
Grade 0 20, 32% 14. 2% 1. 2% 23, 4%
(Total n=63)
Grade 1 1. 12% 0 338% 4 5%
(Total n=8)

Table 3. BBB score recovery of alive rats with clip
compression injury at day 21 post operation.

Above Grade §
8798, 299
4/4. 100%

BBB score Under Grade 7
Grade 0 (Total n=28) 20/28. 71%
Grade 1 (Total n=4) 0
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Fig 1. Behavioral changes of rats with clip compression
injurv. The time course of the functional
recovery of rats with clip compression injury
operation as measured by BBB open-field
locomotor score{n=82). Note the increase in
locomotor scores for the SCI group between 10
and 14 days
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Fig. 2. Histological findings in the spinal cord of sham-operated rats(A) and SCI rats at dav 1(B). 4(C).
(D). 4(E) and 21(F) post operation. The sham operations caused no injury to the spinal
cord(A). At day L1(B). mechanical damage including petechial hemorrhage. extensive necrosis.
increased extracellular space were visualized. At day 4(C). phagocytes increased in number at the
injury lesion. At day 7(D). phagocytes and glial cell increased throughout the white and grey
matter. At day 14(E). there were increased small round cyst and irregular shaped spaces in white
matter and increase of phagocvtes and glial cells in grev matter. At day 21(F). there were
shrinkage of spinal cord. decreased volume of grev matter. distinguished of white and grev matter.
A-F were stained with hematoxvlin-eosin. Scale bar = 30um.
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macrophages appeared in the lesions at day 1
after SCI. C: A large number of inflammatory

# cells were immunostained with ED]. suggesting
that many macrophages are found within
§ SCI lesions. A-C were stained with ED 1
using ABC kit. A-C: counterstained with
* 3 hematoxylin. Scale bar = 30um.
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, * , spinal cord with sham and day 4 post
* * - operation. There were increased astrocytic
- 3 * - response in the spinal cord 4 dayvs post

injury. Note poor astrocytic response at

%
: P sham group. A and B were immunostained
C with rabbit anti-GFAP using ABC kit. A
’ o — and B: counterstained with hematoxylin.

Scale bar = 30un.

Fig. 3. Immunostaining of ED1 in the spinal cord
with sham and spinal cord injury at day 1

and day {4 post-injurv. A: There was few

ED1 positive cells in the spinal cord with

sham operation. B: Some EDI1 positive zAsha LS syl YdlMe 4 AT &
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Fig. 5. TUNEL reaction in the spinal cord at day 1
and 4 post injury. Some cells in the white
matter were positive for TUNEL at day 1
postinjurv(A) and day 4 postinjurv(B). A and
B. counterstained with hematoxylin. scale bar
= 30um
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Tabte 4. Histological characteristics of rat spinal cord with vascular clip compression injury.

Day post operation Under Grade 7 (No recovery group) Above Grade 8 (Recovery group)
1 petechial hemorrhage. extensive necrosis, petechial hemorrhage. extensive necrosis.
increased extracellular space increased extracellular space
4 increased phagocyte in injury lesion increased phagocyte in injury lesion
7 Phagocyte and glial cell increased Phagocyte and glial cell increased
thoughout the white and grey matter thoughout the white and grey matter
increased small round cyst and irregular increased small round cyst and irregular
14 shaped spaces in white matter that shaped spaces in white matter that
phagocyte and glial cells in grey matter phagocyte and glial cells in grev matter
shrinkage of spinal cord, decreased volume shrinkage of spinal cord. decreased volume
21 of grey matter. distinguished of white and of grey matter. distinguished of white and
grey matter grey matter

Table 5. Immunohistochemical detection of macrophages and astrocytes in epicenter of clip compression injury in

rats.
staining lday " 4days * 7days " l4days * 21days *
macrophage EDL * + ° + 4+ - + o+ + 4+
Glia cell ** Anti-GFAP + + 4+ ++
apoptosis TUNELe + + + (255) ++ + (270) + (40)

a Five animals were examined in each group by 3 blind observer

+ The intensity of immunoreactive cells is expressed as negative (0), weak(1+). moderate (2+). very
intense(3+ ) of positive cells in the spinal cords of each group.

¢ SCI sections were analyzed using an apoptosis detection kit and immunohistochemistry using antibodies to

detect specific markers. Stained sections were scored on the number of cells per field that were positive. The

number of positive cells was defined in the average of 3 randomly chosen 400X fields: -. no positive cells: +.

50 cells per field: + +, €200 cells: + + +.2200 cells

ED1-positive inflammatory cells are macrophages/activated microglia.

Glial cells imply all unidentified non-neuronal cells in the parenchyma. which may include GFAP(+)

astrocyte, oligodendrocytes and inactivated microglia
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