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Fig. 1. Fetal surgery

A. Four stay sutures using 10-0 monofilament nylon.
B. Bulging of the aminion.

C. Exposure of the lamina.

D. Transected spinal cord.
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Table 1. Immunological score by Shinoda, M.et al.
When immunoreactive fibrous process were noted the
score were incremented by 0.5, 1 or 2 for small, moder-
ate or large amounts of such fibrous materials.

Numbers of cells/0.25 mm? Points

0-3 0

4-7 0.5
8-12 1

13-20 1.5
21-40 2
41-100 3
101-200 4
200< 5

Table 2. Survival rate and course of death

No. No. (%)
Survival 25 33.3
Death 50 66.7
Fetal death 29 38.7
Stillbirth 11 14.7
Debility etc. 10 13.3
Total 75 100
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C

Fig. 2. Spinal cord at 5 weeks after fetal surgery (A, B, C) and adult surgery (D). Arrows show the lesion sites of

the spinal cord.

A. Motor performance score (MPS) 8, able to walk faultlessly. Spinal cord was connected.

B. MPS 5, able to wait bearing. Spinal cord was connected partially. Very few nerve fibers traversed the lesion site.

C. MPS 2, unable to walk. The cut end of the spinal cord was separated by a space of one to two vertebral seg-
ments. White matter was wrapped around the spinal cord. Connective tissue scarring at the site of transection
was absent.

D. In the adult rat there was significant connective tissue scar formation.

(RO: rostral, CA: caudal) (Scale bar=1 mm, applicable to all sections)

4) RGHEHEILZa9FRR GFAP FEHEHIREIZ S SIClER L, Mg b nk, it
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NiEERO b N e Do 7228, YIRTERFEBRMLAR IC X GFAP Miao¥E L L b2, BREICHBEEEYS T ICETIL
MR D b, ZOREJIIEERAL, Hikz TWwiz, HHIM%35H TlX, & 512 GFAP i
BERPRRIER LT/, BHUKKZ 7 0TI, s L, MREEORMNIFEIZL-TEY, I
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Fig. 3. In the adult rats GFAP immunostaining after spinal cord transection in the vicinity of the lesion.

A. 3 days after surgery. B. 7 days after surgery. C. 3 weeks after surgery. D. 5 weeks after surgery. Glial
reaction was increased from 3 days after surgery to 5 weeks after surgery. Five weeks after surgery there was sig-
nificant glial or connective tissue scar formation in the adult rats. (Scale bar=100 x m, applicable to all sections)

Fig. 4. In the fetal rats GFAP immunostaining after spinal cord transection in the vicinity of the lesion.

A. 3 days after surgery. B. 7 days after surgery. The glial reaction was slightly increased. C. 3 weeks after
surgery. D. 5 weeks after surgery. The glial reaction was restored. There was no significant glial or connective
tissue scar formation in the offsprings, whereas there was the dense glial or connective tissue scar in the adult
rats (Fig.3). (Scale bar=100 x m, applicable to all sections)
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Fig. 5. Inthe adult rats 0OX-42 immunostaining after spinal cord transection in remote from the lesion to caudal side.
A. 3 days after surgery. B. 7 days after surgery. In the white matter OX-42 positive cells were not activated. C. 3
weeks after surgery. D. 5 weeks after surgery. In the white matter OX-42 positive cells were activated. Fine
antler like cytoplasmic processes were identifiable. These microglia were characterized by plump terminal knob for-
mations containing myelin debris at the periphery of their antlers. (Scale bar =100 x m, applicable to all sections)

Fig. 6. In the adult rats 0X-42 immunostaining after spinal cord transection in the vicinity of the lesion. Arrows
show the lesion sites of the spinal cord.

A. 3 days after surgery. B. 7 days after surgery. C. 3 weeks after surgery. 0X-42 positive round cells were
observed. D. 5 weeks after surgery. 0X-42 positive round cell was not observed. (RO: rostral, CA: caudal)
(Scale bar=200 x m, applicable to all sections)
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Fig. 7. In the fetal rats OX-42 immunostaining after spinal cord transection in remote from the lesion to caudal
side.

A. 3 days after surgery. B. 7 days after surgery. C. 3 weeks after surgery. D. 5 weeks after surgery. In the
white matter OX-42 positive cells were not activated. (Scale bar =100 x m, applicable to all sections)

Fig. 8. In the fetal rats 0X-42 immunostaining after spinal cord transection in the lesion site. Arrows show the
lesion sites of the spinal cord.

A. 3 days after surgery. B. 7 days after surgery. C. 3 weeks after surgery. 0X-42 positive round cells were
observed. D. 5 weeks after surgery. 0X-42 positive round cell was not observed. (RO: rostral, CA: caudal)
(Scale bar=200 x m, applicable to all sections)
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Fig. 9. 0X-42 immunostaining at 5 weeks after fetal surgery. Arrows show the lesion sites of the spinal cord.
A. MPS 2; 0X-42 positive cell was not observed. B. MPS 5 C. MPS 8; 0X-42 positive cell for resident microglia
were observed. D. An uninjured control preparation. OX-42 positive cells were characterized by the presence of

antler-like fine processes and slender cytoplasm similar to (B, C). (RO: rostral, CA: caudal) (Scale bar=200  m,

applicable to all sections)
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Fig. 10. Postoperative course of immunological
score at remote from the lesion site.

Immunological score of control group were signifi-
cantly higher than fetal surgery group on day 21
(*p<0.01) and on day 35 (**p<<0.01). (O: Fetal
surgery group, X: Control group)

5—
4—.
2
Qo J
Q
wa
= 3
53] j
53
5 27
=
= -
g
£ 1
L
0

35

Postoperative days

Fig. 11. Postoperative course of immunological
score at the lesion site.

Immunological score of control group were signifi-
cantly higher than fetal surgery group on day 3
(*p<0.01), on day 7 (**p<0.01) and on day 21
(***p<0.01). (O: Fetal surgery group, X: Control
group)
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Spinal Cord Injury and Regeneration in the Fetal Rats

Takeshi YAMASAKI

Department of Orthopedic Surgery, Hiroshima University School of Medicine
(Director: Prof. Yoshikazu IKUTA)

Because the immature spinal cord was nerve growth permissive, I examined glial reactions that influ-
ence regeneration of the spinal cord in a fetal rat spinal cord injury model.

Three, 7, 21, and 35 days after intrauterine surgery, offsprings were killed and the thoracic and lumbar
spinal cords were carefully removed from the spinal column and then cut into 10 » m longitudinal sections.
These sections were stained with hematoxylin-eosin, anti-glial fibrillary acidic protein antibody (GFAP) as a
marker of astrocytes, and anti-complement CR3 antibody (0X-42) as a marker of microglia.

I gathered two important points facts in my study. First, there was no significant glial reactions and
connective tissue scar formation comparable to the dense glial or connective tissue scar that constitutes a
barrier against regenerating axons in adult rats. Second, in the group with a good walking ability, the rostral
and caudal spinal cord segment were connected at white matter. In the group with non walking ability, the
spinal cord segment were separated. The reason for the difference in spinal cord conditions among sur-
vivors was still unknown. I conclude that responses and regeneration of damaged spinal cord axons differs

between fetus rats and adult rats.



