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Abstract Background: As the imma-
ture spinal cord was nerve growth
permissive, we examined glial reac-
tions that influence regeneration of
the spinal cord in a fetal rat spinal
cord injury model. Methods: 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 lm longitudinal sections. These
sections were stained with hematox-
ylin-eosin, anti-glial fibrillary acidic
protein antibody (GFAP) as a mar-
ker of astrocytes, and anti-comple-
ment CR3 antibody (OX-42) as a
marker of microglia. A cordotomy
model in a young adult rat was uti-
lized as a control. Results: In the
present study, collagen fibers and
scar formation were seen in the sev-
ered spinal cords of mature rats, but
scar formation was not seen in the
fetal rat cordotomy group, regard-
less of spinal continuity. In the
control group, biological activity of
GFAP-positive cells increased over
time. In the fetal rat cordotomy
model, activity elevated slightly
immediately after cordotomy, and
disappeared shortly thereafter. In
the control group, OX-42-positive
macrophage-like cells proliferated
over time. However, in the fetal rat
cordotomy model, OX-42- positive
macrophage-like cells were recog-
nized on postoperative days 3 and 7,
and then disappeared. At 5 mm

from the cordotomy site, reactive
microglia were recognized in the
white matter of control group spinal
cords, but these microglia were not
recognized in the fetal rat cordoto-
my model. Conclusions: In the pres-
ent study, collagen fibers and scar
formation were seen in the severed
spinal cords of adult rats, but scar
formation was not seen in the fetal
rat cordotomy group. Lack of
inflammation and scar formation
thus appear advantageous for
regeneration of the fetal spinal cord.
Between fetal and mature rats,
chronological changes in the immu-
nohistochemical reactions of astro-
cytes and microglia following
cordotomy were compared, and the
results confirmed many differences.
The results of the present study
suggest that the presence of acti-
vated glial cells around damaged
central nervous tissue and the quick
disappearance of these cells after
injury are important for the repair of
damaged central nervous system
tissue, and that the role of glial cells
in nerve regeneration can change
depending on the level of maturity of
glial cells or surrounding cells, site of
injury, or the state of tissue around
the injury.
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Introduction

The spinal cords of various kinds of vertebrates, such as
lampreys and newts, display regenerative properties.
However, spinal cords in mammals do not demonstrate
marked regeneration following injury. Recently, re-
search aimed at facilitating regeneration of the spinal
cord has been undertaken using peripheral nerves [6],
central neural tissue [16], neural stem cells [4], and
neurotrophic factors [22]. Furthermore, functional
recovery of the spinal cord and axonal regeneration has
been reported. This kind of research is paving the way
toward the ability to reconstruct neuronal circuits in the
spinal cord.

In the fetus, during development of the neuronal
circuitry, various guidance cues induce growth of nerve
fiber. In addition, guidance cues are involved in the re-
pair of the central nervous system following damage.
Guidance cues [13] may affect neurons directly or indi-
rectly through glial cells. Previous research has made
actual axonal regeneration of the principal objective, but
the cellular environment including glial cells has barely
been investigated.

The present study aimed to immunohistochemically
observe changes to glial cells using a spinal cord injury
model in fetal rat, and to elucidate the cellular envi-
ronment required to allow spinal cord regeneration.

Materials and methods

Study design

The current study was approved by the Animal Care
Committee of Hiroshima University School of Medicine
and conformed to NIH Guidelines for use of animals in
research (NIH publication No. 86-23). Pair of male and
female Wistar rat (15-week-old, 280–320 g) was housed
in the same cage for one night. The next morning, female
rats with a vaginal plug were considered to be in the first
day of pregnancy (n= 75). Spinal cords of one fetus
from each mother were transected using intrauterine
surgical techniques on day 19 of pregnancy. Fetuses
were delivered 3 days after intrauterine surgery (Fetal
Group).

The following items were examined: (1) pathohistol-
ogy of the spinal cord on the 3rd, 7th, 21st, and 35th
postoperative days (postnatal days 0, 4, 18, and 32); (2)
immunohistochemistry of astrocytes and microglia on
the 0, 4th, 18th, and 32nd postnatal days. As controls,
spinal cords of young adult rats were transected and
investigated pathohistologically and immunohistologi-
cally (Control Group).

Surgical procedure for intrauterine surgery
and animal care

Fetal group

Following intraperitoneal administration of 0.5 ml/kg
pentobarbital sodium (Abbott Laboratories Co., North
Chicago, III) for anesthesia, 75 pregnant Wistar rats
underwent intrauterine surgery. The rat uterus displays a
bicornuate structure, with each uterine horn containing
about six fetuses. One of the fetuses convenient for the
intrauterine procedure was chosen for the operation.
The operation was performed under an operating
microscope (Olympus OME, Olympus Optical Co.,
Tokyo, Japan), while the fetus was wrapped with gauze
soaked with 40�C saline. After laminectomy of T8-10,
the spinal cord was transected using a sharpened, 0.1-
mm-thick Feather blade (Feather S Blade, Feather
Safety Razor Co., Osaka, Japan). Complete transection
of the spinal cord was confirmed under operating
microscopy.

Fetal skin was closed using 10-0 nylon sutures, and
the fetus was returned to the uterus. The amnion and
uterus were sutured and decreased amniotic fluid was
supplemented with 37�C saline. Fetuses were delivered
on day 22 of pregnancy, and the maternal rat fostered
neonates in the same cage.

Control group

At 7-week-old, 20 males Wistar rats underwent lamin-
ectomy of T8-10 and transection of the spinal cord fol-
lowing an induction of anesthesia using intraperitoneal
administration of 0.5 ml/kg pentobarbital sodium.

Tissue processing for histology

A 18- and 32-day-old rats in the fetus group were killed
by pentobarbital overdose (50 mg/100 g bodyweight)
and perfused transcardially with Ringer solution con-
taining 1 · 105 IU/l heparin and 0.25% NaNO2, fol-
lowed by fixative (4% paraformaldehyde in 0.1 M
phosphate buffer with 5% sucrose). Spinal cords were
removed and postfixed overnight. After immersion for
2–3 days in 30% sucrose solution, spinal cords were
embedded in OCT compound (Miles No. 4583, Elkhart,
IN, USA.) and frozen in isopentane at )40�C. Sections
of 50 lm in thickness were cut in the sagittal plane.
Zero- and 4-day-old rats were put on ice for a few
minutes to enter suspended animation, then tissue pro-
cessing was performed as described.
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Immunohistochemistry

Tissue sections were air-dried, then rinsed, blocked, and
incubated overnight at 4�C with primary antibodies.
Astrocytes were identified with both rabbit anti-bovine
and monoclonal mouse ascites glial fibrillary acidic
protein (GFAP; Biomeda Co., Hayward, CA, USA).
Microglial (MG) cells were identified using monoclonal
mouse anti-rat OX-42 (CD11b) (Biosys Co., Compiegne,
France). Diaminobenzamine (DAB; DAKO Corp.,
Carpinteria, CA, USA) staining was performed by
incubating sections for 90 min with either biotinylated
goat anti-rabbit or goat anti-mouse IgG (Vector Labo-
ratories, Burlingame, CA, USA). Sections were rinsed,
incubated with 0.3% hydrogen peroxide/methanol to
quench endogenous tissue peroxidases, and incubated
with avidin and biotinylated horseradish peroxidase
(Vector Laboratories, Burlingame, CA, USA) for
30 min at room temperature. Immunostaining was
visualized with DAB and sections counterstained with
hematoxylin (Sigma, St. Louis, MO, USA). Slides were
dehydrated through alcohols and xylene and mounted in
permount (Sigma). In negative controls, normal goat
and rabbit serum were added instead of primary anti-
bodies.

Quantitative image analysis

For quantitative analysis of MG activation, several
parameters were studied using image analysis [23].
Signal intensity of each marker was evaluated using
densitometry in material derived from animals in fetus
and control groups. In addition, OX-42-immuno-
stained cells were counted. Researchers blinded to the
experimental group assignments of animals conducted
these analyses.

For densitometric evaluations, a zero value of optical
density was assigned in each section to the background,
defined as intercellular spaces within the spinal cord.
Integrated density gives the sum of ratiometric gray
values for each pixel in the selected area (100 · 100 lm).
Higher numbers indicate more intense staining and more
stained MG cell branches in the area. Single numbers
represent whole sections with means of pooled data from
the 50 areas taken, using the ·20 objective lens.

Numbers of OX-42-immunostained cells in the spinal
cord were counted using a ·16 objective lens and a
rectangular field within a 300 · 220-lm frame. Immu-
nopositive cells were counted in a total of 40 fields
sampled randomly from the spinal cord of rats, and an
equal number of fields from three control animals.
Morphological signs of MG activation include changes
of phenotype and staining intensity of individual MG
cells. Immunological score [23] was calculated based on
population and morphological signs of OX-42-positive

cells. Immunological scores were based on cell counts as
follows: scores of 0.5, 1, 1.5, 2, 3, 4 or 5 were given to
spinal cord where average numbers of immunoreactive
cells/section were 4–7, 8–12, 13–20, 21–40, 41–100, 101–
200, and >201, respectively. When, in addition to cells,
immunoreactive fibrous processes were also noted, the
scores were incremented by 0.5, 1 or 2 for small, mod-
erated or large amounts of such fibrous material.

An image analyzer comprising a Nikon FXA micro-
scope, XC-003 CCD high- sensitivity monochrome vi-
deo camera (Sony, Tokyo, Japan) with control unit, and
a Macintosh Quadra 700 (Apple Computer, CA, USA)
computer was used. Pictures were captured using a Scion
LG-3 frame grabber card. Data were evaluated using
Mac ASPECT software (Mitani Co., Fukui, Japan).

For statistical analysis, differences between fetus and
control groups in mean optical density value of OX-42
immunoreactivity and number of OX-42-immuno-
stained cells were evaluated using Kruskal–Wallis test
and Mann–Whitney test. Values of P<0.05 were con-
sidered statistically significant.

Control group

On days 3, 7, 21, and 35 after cordotomy, pathohisto-
logical, and immunohistochemical investigations of the
spinal cord were performed in adult cordotomy models
using the same methods described above for the fetal
model.

Results

Survival rates of fetal cordotomy model

Only 35 of the 75 fetal cordotomy rats were alive at
parturition, with 29 prenatal deaths and 11 stillbirths.
Natality was 46.7%. Ten of the 35 rats that were alive
at parturition had disappeared from the cage within a
week after birth. Twenty-five rats remained alive and
hence was available for postbirth study. Fifteen rats
were sacrificed at the 3rd, 7th, and 21st postoperative
days (five each), and 10 rats were sacrificed at 35st
postoperative days. Predation by the dam was sus-
pected.

Pathohistological findings of the spinal cord

Control group

On day 3 after cordotomy, necrotic tissue, infiltration of
leukocytes, and obvious edema were recognized. On day
7 after cordotomy, several intramedullary cavities were
formed as scar tissue disappeared with macrophage
infiltration. A rich network of capillary vessels was ob-
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served. On day 21 after cordotomy, the boundary be-
tween normal and degenerative tissue became clear as
glial cells grew. On postoperative day 35, substantial
amounts of scar tissue comprising collagen fibers were
formed at the cordotomy site (Fig. 1).

Fetal rat cordotomy group

On day 3 after cordotomy, edematous changes and mild
infiltration of leukocytes were seen in the severed spinal
cord. On day 7 after cordotomy, neither infiltration of
macrophages nor intramedullary cavitation were ob-
served in the injured spinal cord. Level of capillary vessel
formation was mild. On day 21 after cordotomy, neither
proliferation of glial cells nor cavitation was seen. Even
on day 35 after cordotomy, scar tissue was not found in
the severed spinal cord (Fig. 1).

Immunohistochemical findings

GFAP staining

1. Control group On day 3 after cordotomy, no GFAP-
positive cells were seen in necrotic tissue, but some
GFAP-positive cells were detected in tissue around
the severed cord. These cells were slightly thickened,

and cell processes were extended. On day 7 after
cordotomy, GFAP-positive cells were further thick-
ened, and cell processes were also thickened, ex-
tended, and arranged densely at the boundary with
the injured cord. On day 21 after cordotomy, a
boundary wall was beginning to form between the
injured cord and surrounding tissue. In this area,
numerous GFAP-positive cells were present and cell
processes were densely arranged. On day 35 after
cordotomy, the number of GFAP-positive cells was
even greater, density of cell processes was higher, and
collagen fibers (i.e., scar tissue) were present in the
severed spinal cord. The number of activated GFAP-
positive cells increased over time (Fig. 2).

2. Fetal rat cordotomy group On day 3 after cordotomy
GFAP-positive cells were seen around the severed
cord, but no hypertrophy was observed and cell
processes were not extended. On day 7 after cordot-
omy GFAP-positive cells were slightly thickened, and
cell processes were mildly thickened and extended.
On days 21 and 35 after cordotomy GFAP-positive
cells around the severed spinal cord were not thick-
ened, cell processes were not thickened or extended,
and no cellular multiplication was detected. In addi-
tion, no scar tissue had developed in the severed
spinal cord. Although some activated GFAP-positive
cells were seen soon after cordotomy, they quickly
disappeared (Fig. 3).

Fig. 1 Spinal cord at 5 weeks
after fetal surgery (a and b)
and adult surgery (c and d).
(Hematoxilin-Eosin (HE)
stain). The cut end of the
spinal cord. White matter was
wrapped around the spinal
cord. Higher magnification of
the box shown in a. Connec-
tive tissue scarring at the site
of transection was absent. The
lesion sites of the spinal cord.
Cysts occurred more frequently
in the adults than in the fetal
rats. Higher magnification of
the box shown c. In the adult
rat, there was significant con-
nective tissue scar formation.
Arrows show the lesion sites of
the spinal cord. (RO rostral,
CA caudal) (Scale bar =
1 mm, applicable to a and c)
(Scale bar = 100 lm, applica-
ble to b and d)
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OX-42 staining

1. Control group In areas 5 mm cranial and caudal to
the severed cord, chronological changes were seen in
the morphology of OX-42-positive cells in white
matter. While no clear changes were seen on days 3
and 7 after cordotomy, cell processes were extended
and enclosed surrounding damaged cells on days
21 and 35 after cordotomy (Fig. 4). Conversely, in
the severed spinal cord, semicircular OX-42-positive
cells were seen on day 3 after cordotomy, and similar
semicircular OX-42-positive cells were detected on
days 7 and 21 after cordotomy, but no semicircular
OX-42-positive cells were seen around the severed
spinal cord on day 35 after cordotomy (Fig. 5).

2. Fetal rat cordotomy group In areas 5 mm cranial and
caudal to the severed cord, OX-42-positive cells rich in
cell processes were seen, but the extension and
hypertrophy of cell processes in white matter seen
with the control group were not observed (Fig. 6). In
the severed spinal cord, semicircular OX-42-positive
cells with less cell processes were seen on days 3 and 7
after cordotomy, but no semicircular OX-42-positive
cells were seen on days 21 or 35 after cordotomy
(postnatal days 18 and 32, respectively (Fig. 7). On
day 3 after cordotomy, around the severed cord, three
types of microglia were observed: small cells with
irregular cell processes that exist; semicircular cells
without cell processes; and cells that fall somewhere
between the above two types (Fig. 8).

Quantitative assessment of OX-42 staining

a. OX-42-positive cells in areas 5 mm away from sev-
ered cord Immunological score for the control group
increased significantly over time (P< 0.01) (Fig. 9).
Immunological score for the control group was sig-
nificantly higher than that for the fetal rat cordotomy
group on days 21 and 35 after cordotomy (P< 0.01).
Compared to the fetal rat cordotomy group, immu-
nological scores increased significantly more over the
time in the control group.

b. OX-42-positive cells in the severed cord For both
control and fetal rat cordotomy groups, immuno-
logical scores decreased significantly over the time
(P<0.01) (Fig. 10). Immunological scores for the
fetal rat cordotomy group on days 3, 7, and 21 after
cordotomy were significantly lower than those for the
control group (P<0.01). Semicircular OX-42-posi-
tive cells (macrophage-like cells) disappeared much
more quickly from the fetal rat cordotomy group
when compared to the control group.

Discussion

Scar tissue formation following cordotomy

Wound healing during the fetal period lacks inflamma-
tion and scar formation. Dixon [9] investigated burn-

Fig. 2 (Control group) GFAP
immunostaining after spinal
cord transection in the severed
spinal cord. a Three days after
surgery. b Seven days after sur-
gery. c Three weeks after sur-
gery. d Five weeks after surgery.
Glial reaction was increased
from 3 days after surgery to
5 weeks after surgery. Five
weeks after surgery there was
significant glial or connective
tissue scar formation in the adult
rats (scale bar = 100 lm,
applicable to all sections)
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induced inflammation in fetal rats, and documented that
when the skin was burned after day 18 of gestation,
monocytes and polymorphonuclear leukocytes were

seen. However, when the skin was burned prior to day
17 of gestation, these inflammatory cells were not
observed. Longaker et al. [19] compared healing of skin

Fig. 3 (Fetal rat cordotomy
group) GFAP immunostaining
after spinal cord transection in
the severed spinal cord. a Three
days after surgery. b Seven days
after surgery. The glial reaction
was slightly increased. c Three
weeks after surgery. d Five
weeks after surgery. The glial
reaction was restored. There
was no significant glial or con-
nective tissue scar formation in
the offspring, whereas there was
the dense glial or connective
tissue scar in adult rats (scale
bar = 100 lm, applicable to all
sections)

Fig. 4 (Control group) OX-42
immunostaining after spinal
cord transection in areas 5 mm
cranial and caudal to the sev-
ered cord. a Three days after
surgery. b Seven days after
surgery. In the white matter
OX-42-positive cells were not
activated. c Three weeks after
surgery. d Five weeks after
surgery. In the white matter
OX-42-positive cells were acti-
vated. Fine antler-like cyto-
plasmic processes are
identifiable. These microglia
were characterized by plump
terminal knob formations con-
taining myelin debris at the
periphery of their antlers (scale
bar = 50 lm, applicable to all
sections)
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Fig. 5 (Control group) OX-42
immunostaining after spinal
cord transection in the severed
spinal cord. Small arrowheads
show OX-42-positive round
cells. a Three days after surgery.
b Seven days after surgery.
c Three weeks after surgery.
OX-42- positive round cells
were observed. d Five weeks
after surgery. OX-42-positive
round cell was not observed
(scale bar = 100lm, applicable
to all sections)

Fig. 6 (Fetal rat cordotomy
group) OX-42 immunostaining
after spinal cord transection in
areas 5 mm cranial and caudal
to the severed cord. a Three
days after surgery. b Seven days
after surgery. c Three weeks
after surgery. d Five weeks after
surgery. In the white matter
OX-42-positive cells were not
activated (scale bar = 50 lm,
applicable to all sections)
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cuts between adult sheep and fetuses on days 75, 100,
and 120 of gestation. They reported that expression of
collagen in fetuses on days 75 and 100 of gestation was

faster than that in adult sheep. While normal dermis was
formed within 2 weeks for fetuses in days 75 and 100 of
gestation, scar tissue was formed within 2 weeks for
both adult sheep and fetuses on day 120 of gestation.
This suggests maturation of the pattern of wound

Fig. 7 (Fetal rat cordotomy
group) OX-42 immunostaining
after spinal cord transection in
the severed spinal cord. Arrows
show the lesion sites of the
spinal cord. Small arrowheads
show OX-42- positive round
cells. a Three days after surgery.
b Seven days after surgery. c
Three weeks after surgery. OX-
42-positive round cells were
observed. d Five weeks after
surgery. OX-42- positive round
cell was not observed. (CR
cranial, CA caudal) (scale bar
= 200 lm, applicable to all
sections)

Fig. 8 (Fetal rat cordotomy group) OX-42 immunostaining after
spinal cord transection in the severed spinal cord. (Three days after
surgery.) Ramified-type, intermediate-type, and macrophage-like
cell. On day 3 after cordotomy, around the severed cord, three
types of microglia were observed: small cells with irregular cell
0processes that exist; semicircular cells without cell processes; and
cells that fall somewhere between the above two types (scale bar =
50 lm, applicable to all sections)

Fig. 9 Postoperative course of immunological score in areas 5 mm
cranial and caudal to the severed cord. Immunological score of
control group were significantly higher than fetal surgery group on
day 21 (*P<0.01) and on day 35 (**P<0.01) (O: Fetal rat
cordotomy group, ·: Control group)
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healing during gestation. As to fetal tissue reactions
attributable to central nerve damage, Ikuta and co-
workers [15, 20] reported no scar formation following
brain injury in fetal rats on day 16 of gestation, and
hypothesized that, in fetal rats, scar formation does not
form because the cellular structure of the central nervous
system is rough, water content is high, and macrophages
in the extracellular fluid can rapidly eliminate dead cells.
Berry et al. [3] stated that differences in the maturity of
fibroblasts play a role in scar formation. In the present
study, collagen fibers and scar formation were seen in
the severed spinal cords of control group, but scar for-
mation was not seen in the fetal rat cordotomy group.
Lack of inflammation and scar formation thus appear
advantageous for regeneration of the fetal spinal cord.

Astrocytes

Astrocytes are capable of synthesizing various cytokines,
such as NGF and IL-6, neurotrophic factors, and
growth factors and they exist between nervous tissue and
vessels to transport select compounds required by ner-
vous tissues. In general, when nervous tissue is damaged,
astrocytes are activated and proliferated to become
reactive astrocytes with large cell processes and rich
soma. These cells synthesize neurotrophic and growth
factors to play a large role in nerve repair. However, in
mature central nervous tissue, reactive astrocytes inhibit
repair by forming a glial scar at the injury site, and this
functional diversity has formed a cause of confusion [5].
Das [7] hypothesized that glial scar formation associated
with spinal injury does not reflect the ability of astro-
cytes to hinder regeneration, but rather indicates repair
failure.

Barrett et al. [1] severed the spinal cords of rat pups,
and reported that the spinal cord was not regenerated,
and that since hypertrophy and growth of the cell pro-
cesses and soma of astrocytes was mild, the lack of
reactive astrocytes had led to failed spinal cord regen-
eration. In addition, Oyanagi et al. [20] induced brain
injury using fetal rats, and documented that compared
to brain injury in adult rats, reactions of astrocytes and
level of glial scar formation were much milder.

Compared to the control group, hypertrophy and
growth of the cell processes and soma of astrocytes were
much milder in the present fetal rat cordotomy group,
and while some activated astrocytes were seen soon after
cordotomy, they quickly disappeared. Results of the
present and past studies [1, 2] seem to suggest that when
the spinal cord of fetal rats or rat pups is damaged,
astrocytes do not proliferate or become thickened, and
reactions are mild. Differences exist in the repair of
damaged spinal cord, and several factors could be in-
volved. Although astrocytes play an important role in
the repair of damaged central nervous tissue, the repair

is not solely dependent on astrocytes, and differences
between fetal rats and adult rats in other factors besides
astrocytes may contribute to differences in the repairs of
damaged central nervous tissue. Furthermore, several
subtypes of astrocyte exist, and while some subtypes
facilitate nerve regeneration, others hinder this process
[21]. Second, different subtypes of astrocytes may be
found in adult and fetal rats. Moreover, the degree of
involvement of astrocytes in nerve regeneration may
change depending on maturity or cellular environment
[24]. Third, between adult and fetal rats, the role of as-
trocytes in nerve regeneration may change over time
from facilitation to inhibition. Establishment of a
method that can identify astrocyte subtypes and ascer-
tain the function of each subtype is therefore necessi-
tated.

Microglia

Microglia are mildly stained using silver carbonate and
can be classified into three types: small cells with irreg-
ular cell processes that exist in normal central nervous
tissue (ramified microglia); semicircular cells without cell
processes that engulf damaged central nervous tissue
(ameboid microglia); and cells that fall somewhere be-
tween the above two types (intermediate microglia) [8].
In general, ramified microglia are considered static-type
microglia, while intermediate and ameboid microglia are
considered reactive microglia. In the past, the primary
role of microglia was generally accepted to comprise
engulfing damaged central nerve tissue, but major his-

Fig. 10 Postoperative course of immunological score in the severed
spinal cord. Immunological scores 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 rat
cordotomy group, ·: Control group)
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tocompatibility complex (MHC) antigens have recently
been reported to be expressed on the cell surface, sug-
gesting that microglia are involved in antigen presenta-
tion to the central nervous tissue [14]. Furthermore,
cultured microglia have been shown to synthesize cyto-
kines such as IL-1 and IL-3, and various functions of
microglia have been identified [12]. The OX-42 antibody
recognizes a portion of complement iC3b receptor
(CR3) and has been utilized widely as a specific surface
marker of microglia in the CNS. The cell surface anti-
gens on microglia in the CNS include the Fc and com-
plement type 3 receptors (CR3) that express on
microglia of class II antigen.

In the present study, marked differences in microglia
reactions were observed between control and fetal rat
cordotomy groups. In the control group, reactive micro-
glia were seen in white matter in areas 5 mm cranial and
caudal to the severed cord on days 21 and 35 after cord-
otomy, but no reactivemicroglia were detected in the fetal
rat cordotomy group. Proliferation of reactive microglia
in the white matter of mature rats is related to Wallerian
degeneration, which occurs after the spinal tract is sev-
ered, and microglia are activated to engulf or repair
damaged tissue [10, 17]. In the fetal rat cordotomy group,
the spinal cord was severed while the spinal neural circuit
was still immature. Wallerian degeneration therefore did
not occur, and as a result, reactive microglia were not
detected. In the fetal cordotomy group, semicircular OX-
42-positive cells (macrophage-like cells) were seen around
the severed cord soon after cordotomy, but these disap-
peared within a short period of time. The reason for this
might be that these macrophage-like cells quickly
engulfed and eliminated damaged tissue. We believe that
these macrophage-like cells represent a mixture of

macrophages originating frommonocytes associatedwith
tissue injury, and microglia that transformed into
macrophage-like cells due to nerve damage. Around the
severed cord, not only were ameboid microglia observed,
but also intermediate microglia with thickened cell pro-
cesses and rich soma. This suggests that microglia change
from ramified microglia to intermediate type, and then
from intermediate type to ameboid microglia [17, 25].

Like astrocytes, several subtypes of microglia exist,
and while subtypes facilitate nerve regeneration, others
hinder this process. In addition, Kreutzberg [18] studied
a severed facial nerve model and reported that when
nerve cell damage was extensive and many cells died,
microglia transform into phagocyte-like cells to elimi-
nate nerve cells. In other cases, microglia protect nerve
cells by producing cytokines. Like astrocytes, microglia
are involved in repair of damaged central nerve, and
various factors can alter their cellular functions.

Between fetal and mature rats, chronological changes
in the immunohistochemical reactions of astrocytes and
microglia following cordotomy were compared, and the
results confirmed many differences. The results of the
present study suggest that the presence of activated glial
cells around damaged central nervous tissue and the
quick disappearance of these cells after injury are
important for the repair of damaged central nervous
system tissue, and that the role of glial cells in nerve
regeneration can change depending on the level of
maturity of glial cells or surrounding cells, site of injury,
or the state of tissue around the injury. In future,
reconstruction of central nervous system tissue might be
possible if the diverse functions of glial cells can be
elucidated and the effects of various factors on these cells
can be determined.
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