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Cell Death in Acute Spinal Cord Injury
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Jin-Yang Joo, M.D., Kyung-Hee Lee, ML.S.,** Je-Kyung Seong, PhD.**
Department of Neurosurgery, ** Medical Research Center, Yonsei University, College of Medicine,
Seoul, Korea

injury. To explain these phenomena, the concept of the secondary injury has evolved and numerous pathophy—
siological mechanisms have postulated. These, however, have mainly focused only on the cell necrosis. The
aim of present study is to verify whether apoptosis plays a role in the animal model of secondary injury of spinal cord.

Materials and Methods(J Adult male Sprague—Dawley rats were laminectomized and spinal cord injury was induced
using NYU spinal impactor at T9 segment. The animals were sacrificed periodically and tissue specimen was
obtained at the injury segment, adjacent segments, and remote segments to observe the secondary injury ultimately
for the observation of the spatial and temporal distribution and the related cells for the appearance of apoptosis, if
present.

Results[] In the spatial distribution of apoptosis, the apoptotic cells were located at gray matter of spinal cord and
the number of apoptotic cells were significantly higher in adjacent segments than in the injured segment. In the
temporal distribution of apoptosis, the number of apoptotic cells were maximal at 4 hours after injury and decreased
subsequently. No apoptotic cells were found at remote segments which implies that there were no influence of
apoptosis on transneuronal degeneration.

Conclusion[] These results suggest that the lesioned area of spinal cord expanded over time in acute spinal cord
injury and apoptosis contributed to the spinal cord neuronal and glial cell loss. In conclusion, apoptosis is thought to
have an important role in secondary injury of acute spinal cord injury.

O bjective[] In acute spinal cord injury, biomechanical and pathological changes in the cord may worsen after

KEY WORDS[ Acute spinal cord injury:- Secondary injury- Cell death- Necrosis- Apoptosis.
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Table 1. Spinal cord injury parameter

(2 000 00030, 70

0000o0O0(Te)000 000 00 000 0000,
000 0 00000 000 0000 0000 O 000
0000, 00000 000 000 00000.000 0

Time post-injury Height(mm) Velocity(m/sec) Compression rate(dD/dT)*
Immediate (nO 10) 20.766+ 3.693 0.539+ 0.043 41.400+ 4.502
4 hours (nO 10) 23.875+ 1.264 0.550+ 0.034 42.619+ 5.861
1 day (nO 10) 22.655+ 2.941 0.535+ 0.016 42.000+ 6.307
3 days (nO 10) 24.948+ 0.379 0.564+ 0.021 43.200+ 5.574
7 days (nO 10) 23.321+ 2.645 0.553+ 0.019 44,200+ 4.417
14 days (nO 10) 25.247+ 0.618 0.564+ 0.028 42.700+ 5.229
Total (nO 60) 23.387+ 2.861 0.551+ 0.028 42.700+ 5.128

*Rates obtained dropping the maximum cord compression depth by the compression fime(m/sec).

Fig. 1. Hematoxylin and eosin stain of the spinal cord immediately after spinal cord injury(x 40). A0 Injured segment(T9). The
most striking feature of the sections is the hemorrhage in the central gray matter. Petechial hemorrhage of varing size is
distributed around the central canal. The gray matter architecture is altered with cell debris and hemorrhage. BO
Adjacent segments(T10). The petechial hemorrhage is also seen here but with small size. The gray matter cytoar-
chitecture is preserved.

. .3 Ue
3 i A Rt f e

Fig. 2. Hematoxylin and eosin stain of the spinal cord seven days after spinal cord injury(x 40). A0 Injured segment(T9). The
pathology had progressed to severe inflammation, necrosis, edema, and vessel breakdown. The central architecture is
barely maintained and only the periphery of the spinal cord is preserved. The myelin sheaths of the white matter are
dilated. BO Adjacent segments(T10). There are also same kind of reaction but the degree is slight.
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Fig. 3. Hematoxylin and eosin stain of the spinal cord 14 days after spinal cord injury(x 40). AO Injured segment(T?9). Cystic
degeneration is observed in central gray matter. The cavitation, which is lined predominantly by loose glial tissue, is
multiloculated and extended to adjacent segment. Macrophages and inflammatory cells are infiltrated and gliosis
was developed. BO Adjacent segments(T10). There are also same kind of cavitation.

J Korean Neurosurg Soc/Volume 28/December, 1999

| Fig. 4. TUNEL Stain of the spinal cord. AO Injured segment(1

day post-injury, x 400). The labeled cells typically are
exhibiting shrinkage of both cytoplasm and nucleus
and stained with dark brown color. The staining of the
nucleus is very intense. B0 Adjacent segment(4 hours
post-injury, x 400). The labeled cells(neuron and glial
cell) are located at gray matter in cross sections of
spinal cord. BO Remote segment(4 hours post-injury,
x 400). There is no labeled cells.
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Fig. 5. Temporal and spatial distribution of apoptotic cells
after spinal cord injury in rat model. No apoptotic cells
are found immediately after injury. Tunel stain(see
Materials and Methods) is used to detect the apop-
totic cells of spinal cord tissue at the indicated times
after spinal cord injury. The number of apoptoftic cell
is significantly higher in T8 and T10 than in T9 from
Turkey's multiple comparison test(p<0.050 nO 10 ani-
mals per group).
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Fig. 6. Electron micrograph of apoptosis. AO Early apoptosis. The nuclear and cytoplsmic membrane are shrunken and in-
folded. Aggregation of chromatin into dense and coarse mass is seen but cytoplasmic organelles and membranes are
structurely intact. BO Progressed apoptosis. The shrinkage of cytoplasm and the convolution of nuclear membrane are
further progressed and the chromatin pattern is more condensed.
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