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Damage after Acute Spinal Cord Injury
Takeshi MANABE

Numerous factors are involved in the spread of secondary damage in the spinal cord after
traumatic injury, including ischemia, edema, increased excitatory amino acids, inflammatory
response, NO, and oxidative damage to the tissue from reactive oxygen species. Activated
macrophages and microglia can produce neurotoxic cytokines, such as IL-1B, TNF-o, and
inducible NO synthase and thus may contribute to the spread of damage to levels of the rostral and
caudal cord after spinal cord injury (SCI). We hypothesized that attenuation of an inflammatory
response and reduction of NO from macrophages/microglia suppresses the spread of secondary
damage in the spinal cord.

In this study, a laminectomy was performed in male Sprague-Dawley rats (380~420 g) atthe
T7 level under general anesthesia, and the spinal cord was injured using a weight drop technique
(30 g weight, 10 mm height). We divided the rats into two groups. The IL-10 group was
administered IL-10 (2 xg/ml) and the control group was given saline (1ml) from the
femoral vein at 30 minutes after SCI. This study examined the morphology of microglia, the rostral
-caudal distribution of macrophages/microglia, serous NO; and NO; (NOx), and behavior
using a modified Tarlov’s score at 24 and 72 h after SCL

Macrophages/microglia were visualized with antibodies against OX-42 and ED1. OX-42
staining revealed activated microglia with blunt processes, called the ameboid type. At 24 h after
SCI, activated microglia were observed in all level in the control group. Though activated
microglia were observed at 2 mm rostral and caudal to the lesion, OX-42 staining revealed
microglia with the resting morphology, with numerous fine processes, called ramified type at 4 mm
and 6 mm rostral and caudal to the lesion in the IL-10 group. At 72 h after SCI, the majority of OX
-42 positive cells at 2 mm from the lesion showed the phagocytic morphology, and at 4 mm and 6
mm from the lesion showed the activated morphology in the control group. The activated microglia
and the round phagocytic cells were observed at 2 mm from the lesion, and the resting microglia
were observed at 4 mm and 6 mm from the lesion in the IL-10 group. From these results, activation
of microglia was suppressed by administration of IL-10. Numerous cells with the phagocytic
morphology were present at 72 h in both groups. These cells tended to locate within gray matter
and dorsal white matter near the lesion and were limited to the necrotic area of dorsal white matter
at levels distant to the lesion. The total number of ED1-positive cells gradually declined through 6
mm rostral and caudal to the lesion, particularly in the IL-10 group. Furthermore, ED1-positive
cells with a phagocytic morphology stained antigen iNOS. Plasma NOx levels increased at 30
minutes after injury and gradually decreased. So there were no significant differences at 30 minutes
and 24 h after injury. However significant difference in plasma NOx levels was observed between
the control group and IL-10 group at 72 h after injury. The behavior score significantly improved
at 72 h in both groups, as compared with the score at 24 h. However there were no significant
differences at 72 h in either group.

Suppression of the activation of macrophages/microglia broke the vicious circle of an acute
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inflammatory response, and it is thought that this may play some role in controlling the spread of
secondary damage. (Accepted on October 14, 2003) Kawasaki Igakkaishi 29 (3) . 203219, 2003
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Fig. 1. Schema for the spread of secondary damage. The histological changes
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HEFHOMBENLL (H-E ff)

Fig. 2. Histopathological findings at 24h after SCI in the
lesion.
The tissue was severely disrupted and observed multiple
hemorrhages,edema, necrosis and spheroids (arrow) in
the spinal cord.
(H-E staining x 200)

SUFBREICBYT B IL-100 " RAHEHIHNIC

B9 505 207
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Fig. 3. Histopathological findings at 24h after SCI in the control group.
a ; 2 mm rostral b ; 2mm caudal ¢ ; 4 mm rostral d ; 4 mm caudal e ; 6 mm rostral f ; 6 mm caudal to the lesion. (H-E
staining X 40)
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Fig. 4. Histopathological findings at 24h after SCI in the IL-10 group.
a ; 2mm rostral b ; 2 mm caudal ¢ ; 4 mm rostral d ;4 mm caudal e ; 6 mm rostral f ; 6 mm caudal to the lesion. (H-E

staining x 40)

Table 1. Number of rats in which necrotic regions of the
spinal cord were observed at 24h after SCI
Rostral/Caudal Spinal Cord Level (mm)
Group
6R 4R 2R 2C 4C 6C
Control 1/8 4/8 8/8 8/8 /8 3/8
IL-10 0/8 058 8/8 8/8 2/8% 0/8

2R : 2 mm rostral ; 2C : 2 mm caudal ; 4R ! 4 mm rostral ,
4C : 4 mm caudal ; 6R : 6 mm rostral ; 6C . 6 mm caudal
* Significantly different from the control group, p<0.05

HEIZFEIR TH o 72, BFERIRN I IZ SREM
FaIZEAE T 52 DA T, BROBICIE T HRIC
HBF L IKEE OB R SRERIL O 22708
w7 (Fig. 5). S5 IZIKEEDRIfERIC
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LCTw/., L2 L IL-10# Tz RMA 4 mm 58T
A\ 2 BEAE AR % FED 7225, BEM 4 mm 5 TIE

Fig. 5. Hlstopathologlcal flndmgs at 72h after SCI in the
lesion.

The necrotic tissue was widely spread in the spinal cord.
Infiltration of inflammatory cells was observed not in the
necrotic tissue but around the necrotic tissue. (H-E
staining x 200)

8 Bl 2 B LB RALRRIZ RS SN o 72,
v ho— VEOEEM 6 mm Z8TIX 8 Bk 5 5
ISR REROEI A 388, JBH 6 mm EBTIZ LA

BBV IEICHLBEFAE L T\ iza8, IL-108
WZEERM 6 mm ETIZEPIIIZEE CTho 72

(Fig. 6, 7, Table 2). Dl Fi2X Y IL-1004%5-
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Fig. 6. Histopathological findings at 72h after SCI in the control group.
a; 2 mm roatral b ; 2 mm caudal ¢ ; 4 mm rostral d ; 4 mm caudal e ; 6 mm rostral f ; 6 mm caudal to the lesion. (H-E
staining X 40)

Fig. 7. Histopathological findings at 72h after SCI in the IL-10 group.
a; 2 mm rostral b ; 2 mm caudal ¢ ; 4 mm rostral d ; 4 mm caudal e ; 6 mm rostral f ; 6 mm caudal to the lesion. (H-E
staining % 40)
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Table 2. Number of rats in which necrotic regions of the
spinal cord were observed at 72h after SCI

Rostral/Caudal Spinal Cord Level (mm)
Group
6R 4R 2R 2C 4C 6C
Control 5/8 8/8 8/8 8/8 8/8 8/8
IL-10 0/8* 2/8%* 8/8 8/8 8/8 0/8%*

2R ! 2 mm rostral ; 2C ! 2 mm caudal ; 4R : 4 mm rostral ;
4C : 4 mm caudal ; 6R : 6 mm rostral ; 6C: 6 mm caudal

* Significantly different from the control group, p<0.05
** Significantly different from the control group, p<<0.01

&) BB ORI S LB I & R
Shiz.
0. ~427uz") 7 OREBENKRET

PL OX-428iikiZ, #FIEAL F 713G R <~ A
raryN)T/vo7a7 7 —IBLOFFROH
HC3b ZHEEERKRT LY. vxfrur)7
i, E¥ TSRS 2 MV EiEE A
A gL # (ramified type) T&H 5 A%, KR
TTi%E@*&Wﬁﬁﬂ747D7UT
(ameboid type) ICTEREZ B L X &, S HILHE
REAATARBIIER LA 707 Tk~

; L
Fig. 8. OX-42 staining in the area of anterior horn at 24h after SCI in the control group.

a ; 2 mm rostral b ; 2 mm caudal ¢ ; 4 mm rostral d ; 4 mm caudal e ; 6 mm rostral f ; 6 mm caudal to the lesion. The
activated microglia (arrowhead) with blunt processes were observed in all level. (original magnification ; X 400)
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Flg 9. OX-42 staining in the area of anterior horn at 24h after SCI in the IL-10 group.
;2 mm rostral b ; 2 mm caudal ¢ ; 4 mm rostral d ; 4 mm caudal e ; 6 mm rostral f ; 6 mm caudal to the lesion. The
activated microglia (arrowhead) were observed at 2 mm rostral/caudal to the lesion. However, OX-42 staining revealed
microglia with the resting morphology (arrow) with numerous fine processes at 4 mm and 6 mm rostral/caudal to the

lesion. (original magnification ; x 400)
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6mm rostral 4mmrostral 2mm rostral 2mm caudal 4mm caudal 6mm caudal

Fig. 10. The % of resting microglia in the anterior horn at 24h after injury in

control and IL-10 group in each level. Values in figures are mean *

eight animals. **p<<0.01
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TdH o7 (Fig. 11, 12). FHEHT A4 O H -1
<A zaz) 7HERERFT S LEA 4 mm
(v bruo— VE; 18.5+4.3%, IL-10%



212 N BE 2 &R (5529% %5375 2003)

Fig. 11. OX-42 staining in the area of anterior horn at 72h after SCI in the control group.
a ; 2mm rostral b ; 2 mm caudal ¢ ; 4 mm rostral d ; 4 mm caudal e ; 6 mm rostral f ; 6 mm caudal to the lesion. The
majority of OX-42% cells at 2 mm from the lesion showed the phagocytic morphology, and showed the activated
morphology (arrowhead) at4 mm and 6 mm rostral/caudal to the lesion. (original magnification ; x 400)

Fig. 12. 0OX-42 staining in the area of anterior horn at 72h after SCI in the IL-10 group.

a; 2mm rostral b ; 2 mm caudal ¢ ; 4 mm rostral d ; 4 mm caudal e ; 6 mm rostral f ; 6 mm caudal to the lesion. The
activated microglia (arrowhead) and round phagocytic cells could be seen at 2 mm from the lesion. Furthermore, the
majority of OX-42" cells revealed the resting type (arrow) at 4 mm and 6 mm from the lesion. (original magnification ;
X 400)
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Fig. 13. The % of resting microglia in the anterior horn at 72h after injury in
control and IL-10 group in each level. Values in figures are mean = SD of
eight animals. **p<0.01

Fig. 14. Immunohistochemical staining for ED1 at 72h after injury.
a , 2 mmcaudal to the lesion
b ; 4 mm caudal to the lesion (ariginal magnification ; X 200)
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6mm rostral 4ym rostral 2pm rostral 2y caudal 4pp caudal  6py caudal

Fig. 15. Distribution of cell counts of ED1* macrophages/microglia at 72h
after injury in control group. ED1* cells with a phagocytic morphologh
were counted within 2, 4, and 6 mm rostral or 2, 4, and 6 mm caudal to the
lesion. The date are expressed as FD1™ cells in dorsal white matter
(D.W.M.) or in gray matter (G.M). Values in figures are mean * standard
deviations (SD) of eight animals. *p<0.05 ** p<0.01
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