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Abstract

A model of acute severe spinal cord injury in rats

using a vascular clip

Advised by Professor Taekyun Shin

Dohyun Kim

Department of Veterinary Medicine

Graduate School, Cheju National University, Jeju 690-756, Korea

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] 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.

Key word: spinal cord injury, rat, vascular clip



A}

O~ 2=
T

J

3]

1996). 2

A==

o

29§14}

Q2 3}ltH(Basso

-

T

4]

[

Al

=K

'
Tor

il

==
i%e)

Ll

—_
fite)

—_
fite)

=
.~OL
o)

o
olo
e

]

<)

A

=

transection
)

(Tarlov, 1954), Z1&]aL 7]+

1
S (Rivlin & Tator, 1978)°c] <& A lt}. o]

)
pal

cl

weight drop model(Basso

models(Basso

™

file}
B

N

o] ®wt}

R

&t7] o= Al kol

=
=

B

1

i

S

5% BARA ol g¥7] ¢
77k A H of of

[}

=]

__].‘l

- A

k)
=k

s

s

7} ¥H S Basso, Beattie, Bresnahan (BBB)2] Al Apgho] Aj¢

el

2)

"o

JJo

New York

daert. L} o

1996).

A==

o] AFoAx &85 Jrh(Basso &

e}
T

University 8 £©]

o]



4

ol

N

o

o
s
T
"

o

—

Nd

S
=

microvascular clip(Storeling, Wood Dale, Illinois, USA)

¥}  Tator(1978)2]

(Sprague-Dawley, 150-200g, female)(th

iy

.

F Rivlin

S
pul

o] &

=82)

A (n

T AA

=
=

2ol A
1#-%}F vascular clip(10-15g)

ko3
T

71
) = (n=10)=>

l

=EA

]

2=
T

K

A A &Rt

=
=

Aol Al 3-4vt] A

ol A5

BR
file)
o=
ol

T
«

~
file)

554 37}

2.

H

Bresnahan(1996) 2]

ol
=

Basso, Beattie

ofpy

= As

uhH], 1-8%HA|



jukes
1o
e
offt
oX,
Jo
-
Yo
i
o\
1
02
)—A
e
[\
)—A
i
X
rlr
i
~
>
e
\; f
ui
Au)
1o
el
offt
9&
i

SHSAIS FEY b8, Bkt w2 WEAd aela s 91X 9k A
2] 9] 91X o] we} Qo AFE 21 7bA] FESFY] H7 st Basso 5 1996).
Ao 57|52 1x0.66me] Fol=Z B3zl HolEf A 49 ##A7} 1
B Be 2xm o FA9s RWA Hrbetglt. % 194 BBB score’} 0
21 A=S FAoE PFIA I8 Ars 2Pz ZASAY FEF
A+ wd S 149 2194 He F A SAATH
3. 23 Ad

ZHAAAE 8 AETE e T 1,4, 7, 14, 2194 A=F 77} 5u)
24 A2 Sham LwS FE F 444 SutE]E S AAA HFE A
Aok AAE HAes @id FAES d8) -70C=2 ¥s 2astdr x4

AAbE A e xaddd 1AL 5 s ¥of dES e ddS
A
=

of

AF# ¢l hematoxylin—eosin 4 A<

i

F9(T8-9)¢F 4(C3-4) & 8(1L2-3)5s AMAsATh

4. AFZA 35 94
H g AME avidin-biotin complex elite kit (Vector, Birlingham, CA)=
ZA4AL gAs AARZ F HikE =45 H7FEE methanol
o HAste] WA peroxidases A ASATE 1 F H|5o]4 WARESS
W23 7] €8] normal blocking serum< WHSA|Zth ZZY WolwAx H
SAMEE FQs5HY] $8te]  rabbit  anti-glial  fibrillary  acidic

protein(GFAP)(1:800)(Dake, Copenhagen, Denmark) % ED1 (1:800)& A 29



A Az BoF w3 A7l & biotinylated anti-rabbit IgG T+ biotinylated
anti-mouse IgGE 2204 45% Tt HFS- AT o]o] A avidin peroxidase
conjugate® 4537 Ao A Hb-g A FH oW 7} T A Ato]o = PBSE 57t 3
3 FE3] MAeEY. WY whgo] EW xZ& 3, 3-diaminobenzidine
tetrahydrochroride(DAB) &¢fell I4t3} =227} 0.009% 5 Al 314 € 8- <f ol A
WA AT eS8 UE 24 S hematoxylin £HoE thxAMES L
ethanol, xylene®] & Y Fwsl RAHS AXNST Fdste] F3Hdn] 74 s}kl A

B

5. Apoptosis #Z
ApopTag Kit (ONCOR)E A}&3}e] TdT-mediated dUTP-Dig nick
end labeling(TUNEL)¥F-&-S 2 Al 819 tH(Palumbo, 1994). Itet3 & o A

getAd & A AT F proteinase K (20ug/ml)= A 2] 3tal equilibration buffer

i

HAslo] Ao 583 ¥gAZT I F terminal deoxynucleotidyl
transferase (TDT) ¥} digoxigenin-dUTPS TDT buffere} =g ste] 435}
3l plastic cover slipg 9ol 37°CE A8 A wet chambertoll 4] 1A]3F

HE2- At} o]o] stop/wash buffer® H¥F3-2 AR A|F 1L anti-digoxigenin

o

-peroxidase® HA3sto] wWHSAIHTE  3,3"-diaminobenzidine .2 A gt
hematoxylin® & thxgAsly G434 A & Bsta dngdo=w

kgl

e



1. 2 =

1. A%554 H7}

S F oohil A w09 12 JEhl: 52 gaoR 55
2 2AgAT £ duF dUrE3/82 T An: FE ¥ U4

BBB score 7} 0 22 4yelyt =54 15 He A$E Joy F= EX

=7F w2 A YeERgth(fig 1). BBB score 091 A% #% 71HEd 35514
R Az FAHE 5= dvEut s 55 viHe =7t BBB

score 1 91 A%+ 38 £27F dA-3 w7 el tH(Table 3).



18 T
16
14
12 T
10

——BBBO
—=—BBB 1

BBB scores

o N O
T

0 1 2 3 4 7 10 14 21
days post injury

Fig. 1. Behavioral changes of rats with clip compression injury.
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Fig. 2. Histological findings in the spinal cord of sham-operated rats(A,B) and
SCI rats at day 1(CD), 4EF), 7(GH), 14(1,]) and 21(K,L) post operation. The
sham operations caused no injury to the spinal cord(AB). At day 1(C,D),
mechanical damage including petechial hemorrhage, extensive necrosis, increased
extracellular space were visualized. At day 4(EJF), phagocytes increased in
number at the injury lesion. At day 7(G,H), phagocytes and glial cell increased
throughout the white and grey matter. At day 14(1,J), there were increased small
round cyst and irregular shaped spaces in white matter and  increase of
phagocytes and glial cells in grey matter. At day 21(K,L), there were shrinkage
of spinal cord, decreased volume of grey matter, distinguished of white and grey
matter. A-L were stained with hematoxylin—eosin. Scale bar for A, C, E, G, I,

K= 500pm; scale bar for B, D, F, H, J, L= 50um.
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Fig. 3. Immunostaining of ED1 in the spinal cord with sham and spinal cord
injury at day 1 and day 4 post-injury. A: There was few EDI1 positive cells in
the spinal cord with sham operation. B: Some EDI1 positive macrophages appeared
in the lesions at day 1 after SCI. C: A large number of inflammatory cells were
immunostained with EDI1, suggesting that many macrophages are found within
SCI lesions. A-C were stained with ED 1 using ABC kit. A-C: counterstained

with hematoxylin. Scale bar = 30um.
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Fig. 4. GFAP immunohistochemical staining in the spinal cord with sham and
day 4 post operation. There were increased astrocytic response in the spinal cord
4 days post injury. Note poor astrocytic response at sham group. A and B were
immunostained with rabbit anti-GFAP using ABC kit. A and B: counterstained

with hematoxylin. Scale bar = 30um.
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Table 1. Survival rate with clip compression injury.

BBB score Group(Total n=82) Percent(%)
Grade 0 63 77%
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, 22% 1, 2% 28, 44%
(Total n=63)
Grade 1 1, 12% 0 3, 38% 4, 50%
(Total n=8)

Table 3. BBB score recovery of alive rats with clip compression injury

at day 21 post operation.

BBB score Under Grade 7 Above Grade 8
Grade 0 (Total n=28) 20/28, 71% &/28, 29%
Grade 1 (Total n=4) 0 4/4, 100%
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Table 4. Histological characteristics of rat spinal cord with

vascular clip compression injury.

Day post operation Under Grade 7 (No recovery Above Grade 8 (recovery
Y post op group) group)
petechial hemorrhase. petechial hemorrhase.
1 extensive necrosis. increased extensive necrosis. increased
extracel lular space extracel lular space
4 increased phasocvte in injury increased phasgocvte in injury
lesion lesion
Phagocvte and glial cell Phagocvte and glial cell
7 increased thoushout the white increased thoushout the white
and grey matter and grey matter
increased small round cvst increased small round cvst
and irresular shaped spaces and irresular shaped spaces
14 in white matter that in white matter that
phagocyte and glial cells in phagocyte and glial cells in
grey matter grey matter
shrinkage of spinal cord. shrinkase of spinal cord.
21 decreased volume of grev decreased volume of grev
matter. distinguished of matter. distinsuished of
white and grey matter white and grey matter
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Table 5. Immunohistochemical detection of macrophages and astrocytes

in epicenter of clip compression injury in rats.

staining 1day® 4days® 7days® 14days® 21days®
macrophage ED1* +° +++ -+ ++ ++
Glia cell** Anti-GFAP + +++ ++
apoptosis TUNELS +++(255) +++(270) +(40)

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

* The intensity of immunoreactive cells is expressed as negative (0), weak(l+),
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; ++ +,>=200 cells

* ED1-positive inflammatory cells are macrophages/activated microglia.

** (lial cells imply all unidentified non-neuronal cells in the parenchyma, which may
include GFAP(+) astrocyte, oligodendrocytes and, inactivated microglia

3. APOPTOSIS # &
=5 apoptosisE ¥ A3} 1Ax (25571/2 )L} 49 A (27071

/A )] TUNEL-positive cells2 T2 249 wlalzhy g2 A4 2

A mATS Uh BRRYa(fg 5), £ F A4 HE de= H59
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Figure 5. TUNEL reaction in the spinal cord at day 1 and 4 postinjury. Some
cells in the white matter were positive for TUNEL at day 1 postinjury(A)

and day 4 postinjury(B). A and B, counterstained with hematoxylin. scale bar =

30um
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