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Although periventricularwhitematter injury is a leading cause ofmajor neurologic disability
in premature infants, the relationship between myelination deficiency and long-term
cognitive dysfunction is not well understood. The purpose of this study was to investigate
oligodendrocytesmyelination and long-term spatial cognitive function in ratswith perinatal
hypoxia-ischemia (HI). Postnatal day 3 (P3) rats were subjected to right carotid artery ligation
followed by 2.5 h of hypoxia (6% oxygen). Brain injury during the early and late phases was
evaluated by immunostaining at P6 (72 h after the injury) and P47. Spatial cognitive function
was evaluated at P42 using the Morris Water Maze test followed by histologic evaluation. HI
caused an increase in pre-oligodendrocytes, astrocytes, andmicroglia in the ipsilateralwhite
matter 72 h after the insult compared to contralateral regions and sham-operated controls
(both p<0.05). There were significant decreases in myelin basic protein (MBP)and 2′,3′-cyclic
nucleotide 3′-phosphodiesterase (CNPase)-labeled oligodendrocytes with glial fibrillary
acidic protein (GFAP)-labeled glial scarring in the ipsilateral periventricular white matter at
P47 compared to contralateral regions and sham-operated controls (all p<0.05). The ratswith
HI had spatial learning deficits in navigation trials (longer escape latency and swimming
distance) and memory dysfunction in probe trials (fewer number of platform crossings and
percentage of time in the target quadrant) compared with sham-operated controls (p<0.05).
In this neonatal rat model of HI, myelination deficiency induced by activated astrocytes and
microglia during the early phase with subsequent glial scarring was associated with long-
term spatial learning and memory dysfunction.

© 2009 Elsevier B.V. All rights reserved.
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1. Introduction

Although the mortality of premature infants with gestation
less than 32 weeks has decreased significantly over the last
two decades, the incidence of periventricular white matter
injury (PWMI) remains very high in survivors (Volpe, 2001).
These survivors have a high incidence of long-term neurologic
.
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disabilities, including cerebral palsy (5%–15%) and cognitive
disabilities (30%–50%) (Marlow et al., 2005; Taylor et al., 2004).
Pathogenic mechanisms of PWMI include immature penetrat-
ing vasculature, deficiency of cerebrovascular autoregulation,
and vulnerability of late oligodendrocyte progenitors (preOLs)
(Back and Volpe, 1997; Back et al., 2002). PreOLs, which are the
progenitors ofmyelinating cells, are targetsofhypoxic-ischemic
.
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(HI) insults during the perinatal period. The loss of myelination
and/or dysmyelination of OLs is a key feature of PWMI in
premature infants. To date, numerous studies have focused on
the role of neurons in cognitive function after perinatal HI
insults (Ten et al., 2003); however, the role of myelin has not
been equally investigated.

The period of greatest susceptibility for PWMI is between 23
and 32 weeks gestation. The definition of PWMI has changed
through the years, initially described as severe focal cystic
lesions but now including focal or diffuse noncystic lesions
(Back, 2006). In an established model of moderate brain injury
using postnatal 3 day (P3) rat pups, the age at which the
development of OLs in the neonatal rat brain is similar to that of
premature human infants between 23 and 32 weeks gestation
(Craig et al., 2003), we investigated the relationship between
dysmyelination and long-term cognitive function of rats after
neonatal HI. Our hypothesis was that myelination deficiency,
inducedbymechanisms inboth theearly (72hafter insult, or P6)
and late phases (44 days after insult, or P47) after the HI insults,
is associated with long-term cognitive impairment.
2. Results

2.1. Expression of preOLs, astrocytes, and microglia in the
early phase (72 h) after HI

O4 antibody specific for sulfatides on preOL cell membranes
was used to label preOLs. An abundance of O4+ preOLs was
detected in the cingulum, subcortical whitematter, and corpus
callosumof the rat brain 72 h afterHI insult. Thenumber ofO4+

preOLs was significantly higher in the ipsilateral white matter
than in the corresponding contralateral regions and sham-
operated controls (35±5 cells/hpf vs. 21±1 cells/hpf and 15±1
cells/hpf, respectively; p<0.05; Figs. 1A–C).

Glial fibrillary acidic protein (GFAP) immunostaining was
performed on P6 to evaluate astrogliosis. HI insult induced
astrogliosis, characterized by glial hypertrophy and hyperpla-
sia. Reactive astrogliosis was most evident in the subcortical
white matter, especially the cingulum and corpus callosum of
the ipsilateral whitematter, andwas quantitative greater than
that in the corresponding contralateral regions and sham-
operated controls (83±7 cells/hpf vs. 40±4 cells/hpf and 32±2
cells/hpf, respectively; p<0.01; Figs. 1D–F).

CD68 immunostainingwas performed to evaluate activated
microglia–macrophages. HIwas associatedwith a significantly
increased number of CD68+ microglia in the ipsilateral white
matter compared with the contralateral side and sham-
operated control group (56±4 cells/hpf vs.35±6 cells/hpf and
23±3 cells/hpf, respectively; p<0.05; Figs. 1G–I). In control rat
brains, amoeboid microglia were identified in the susceptible
periventricular region; resting-statemicrogliawere detected in
other regions with similar distribution patterns of astrocytes.

2.2. Expression of OLs, glial scar, microglia, and neurons
in the late phase (44 days) after HI

To further evaluate the long-term recovery of preOLs after HI
insult,we assessedmyelin expressionwithmyelin basicprotein
(MBP) immunostaining in the brain of P47 rats. The brains of the
Please cite this article as: Huang, Z., et al., Long-term cognitive
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sham-operated control group had a normal myelination
pattern.WeakMBP immunostainingwas found in the ipsilateral
subcortical white matter and corpus callusom but not in the
contralateral regions of HI rats (Figs. 2A–C). A significant
decrease in the MBP-immunostained area was observed in the
ipsilateral white matter of P47 rats after HI; there was no such
decrease noted in the HI contralateral regions and sham-
operated controls (2.5±0.2 mm2 vs. 3.8±0.2 mm2 and 4.0
±0.3 mm2, respectively; p<0.05). Furthermore, in the white
matter theprojection fiberswerehypomyelinatedbyHI, twisted
(Fig. 2D), and decreased connection in the neocortex (Fig. 2A);
this phenomenonwas not found on theHI contralateral regions
and control group (Figs. 2B, E andC, F). Therewere also less 2′,3′-
cyclic nucleotide 3′-phosphodiesterase (CNPase)-positive cells
(stained soma of OLs) in the ipsilateral white matter compared
to corresponding HI contralateral regions and sham-operated
controls (14±2 cells/hpf vs. 25±2 cells/hpf and 31±3 cells/hpf of
the contralateral region and sham-operated controls, respec-
tively; p<0.05; Figs. 2G–I). These findings suggest that both the
myelin and soma of OLs were decreased 44 days after HI injury.

GFAP is a marker for glial scarring (Di Giovanni et al., 2005;
Zhu et al., 2007b), a process which is deleterious to normal
myelination (Fawcett and Asher, 1999). In the ipsilateral white
matter of P47 rats, GFAP-labeled glial scarringwas greater in HI
sites than in the contralateral region and sham-operated
controls (47±6 cells/hpf vs. 26±2 cells/hpf and 23±3 cells/hpf,
respectively; all p<0.05; Figs. 2J–L). However, the expression of
CD68+ microglia was not significantly elevated in the ipsi-
lateral white matter, contralateral region, or sham-operated
controls and nearly all of themicroglia cells were in the resting
state (data not shown).

Nissl and NeuN staining was used to identify neurons and
assess neuronal damage (Fan et al., 2008b; Ten et al., 2003).
Because the CA1 region of the hippocampus plays a key role in
spatial cognitive function, the expression of neurons from three
separate fields in this region was selected for Nissl and NeuN
staining. As expected, HI reduced the number of neurons in the
ipsilateral CA1 region compared with the contralateral part
and control group (80.7±2.6 cells/hpf vs. 97.0±3.7 cells/hpf and
99.0±2.4cells/hpf, respectively; p<0.05; Figs. 3A–C). Nissl staining
data were confirmed by NeuN immunostaining, which detects
the nuclei of neurons with slight cytoplasmic staining. As
expected, the number of NeuN-positive cells in the ipsilateral
CA1 region was decreased compared with the contralateral
region and control group (81.2±4.4 cells/hpf vs.97.6±3.5 cells/
hpf and 98.4±3.7 cells/hpf, respectively; p<0.05; Figs. 3D–F).

2.3. Histologic analysis on P47

The cerebral hemisphere of P47 rats in the sham-operated
control group showed histologic integrity with cresyl violet
staining (Figs. 4A and D). However, the corpus callosum was
thinner and brain atrophy with and without partial tissue loss
was observed in the ipsilateral hemisphere (Figs. 4B, C, E, and F).
Compared to contralateral and sham-operated controls, there
were significant reductions in the ipsilateral corpus callosum
area ([R:L]AREA: 0.75±0.04 vs.1.01±0.01 of HI rats and sham-
operated controls, respectively; p<0.05; Fig. 4G.) and the volume
of the HI-insulted hemisphere ([R:L]AREA: 0.81±0.05 vs.0.96±0.01
of the sham-operated controls; p<0.05; Fig. 4H).
impairment and myelination deficiency in a rat model of
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Fig. 1 – Representative photomicrographs of O4, GFAP, and CD68 immunostaining and cell counting at 72 h after HI. The number
of O4-, GFAP-, and CD68-positive cells significantly increased in the ipsilateral whitematter (A, D, and G, respectively) but not in
the corresponding contralateral region (B, E, and H, respectively) or the control group (C, F, and I, respectively). (J–K) Cell
counting. Scale bar=50 μm (A–C and G–I) and 500 μm (D–F). (*p<0.05, **p<0.01).
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2.4. Morris water maze test at P42 to P46

In Morris Water Maze navigation trials, the HI group had a
significantly longer escape latency (p<0.05) and swimming
distance (p<0.05) than sham-operated control rats from the 1st
day to the 4th day of testing (P42–P45; Figs. 5A and B). In water
maze probe trials on P46, the HI rats had fewer platform
crossings (p=0.01) and a lower percentage of time in the target
quadrant (p<0.05) compared with the sham-operated controls
(Figs. 5C andD). However, therewasno significant difference in
Please cite this article as: Huang, Z., et al., Long-term cognitive
perinatal hypoxic-ischemic brain injury, Brain Res. (2009), doi:10
swimming speed between the HI and sham-operated control
groups (210±16 mm/s vs. 225±16 mm/s, respectively; p=0.50).
3. Discussion

Our data suggest that HI impairs the preOLs myelination
process and contributes to astrogliosis andmicrogliosis during
the early phase (72 h after insult) and glial scarring in the late
phase (44 days after insult). These findings may be one of the
impairment and myelination deficiency in a rat model of
.1016/j.brainres.2009.09.006
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Fig. 2 – Representative photomicrographs of MBP, CNPase, and GFAP immunostaining and cell counting at P47. HI insults
results in myelination deficiency involving twisted projection fibers and a reduction of OLs in the ipsilateral hemisphere
(A, D, andG, respectively); these changeswere not observed at corresponding levels in the contralateral hemisphere (B, E, andH,
respectively) or control group (C, F, and I, respectively). GFAP-labeled glial scarringwas sustained in the ipsilateral whitematter
compared with the contralateral white matter and control group (J, K, and L, respectively). (M–O) Cell counting. Scale
bar=500 μm (A–C) and 50 μm (D–O) (*p<0.05).
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Fig. 3 – Representative photomicrographs of Nissl and NeuN staining and cell counting in the CA1 region of P47 rat brains. HI
reduced the number of Nissl-stained neuronal cells in the CA1 region of the ipsilateral hippocampus (A) compared with the
corresponding contralateral region and control group (B and C, respectively). NeuN staining showed similar results in the CA1
region of the ipsilateral hippocampus (D) comparedwith the contralateral part and control group (E, F). (G–H) Cell counting. Scale
bar=50 μm. (*p<0.05).
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cellular mechanisms of long-term cognitive dysfunction,
including spatial learning and memory deficits in rats with
perinatal HI.

HI injury in the full-term brain is characterized by
significant neocortical and subcortical neuronal cell damage
(Zhu et al., 2007a). However, HI injury in the premature brain is
characterized by selective white matter damage and myelina-
tion deficiency with relative cortical sparing (Cai et al., 2001;
Follett et al., 2000). Myelin abnormalities and deficiencies are
known to play important roles in cognitive dysfunction in
neurologic diseases such as schizophrenia (Dwork et al., 2007)
and multiple sclerosis (Dineen et al., 2009) and are found in
irradiated rat brains (Akiyama et al., 2001). While it is known
that HI impairs neurologic function and early motor behavior
(Lin et al., 2005), the relationship between myelination and
later cognitive outcome in themodel of perinatal HI is not well
Please cite this article as: Huang, Z., et al., Long-term cognitive
perinatal hypoxic-ischemic brain injury, Brain Res. (2009), doi:10
understood, despite it being one of the most important
sequelae of extreme prematurity.

The Morris water maze is a standard research tool for
assessment of spatial learning andmemory is associated with
hippocampal cognitive function (Vorhees andWilliams, 2006).
It has also been used to assess cognition associated with other
brain regions involved in spatial cognitive functions (D'Hooge
and De Deyn, 2001; Ohta et al., 1997). Our findings from the
neonatal rat model of HI showed that HI resulted in spatial
learning and memory deficits in P42–P46 rats, corresponding
to the age of young adults in humans, similar to that which is
observed in school-aged children with perinatal PWMI (Taylor
et al., 2004).

Our MBP staining results showed OL myelination defi-
ciency in HI rats, consistent with published reports (Liu et al.,
2002). Myelin is responsible not only for protection and
impairment and myelination deficiency in a rat model of
.1016/j.brainres.2009.09.006
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Fig. 4 – Representative photomicrographs of brain injury and ratio calculation in P47 rats. There were no histologic changes in
the control group (A, D) and HI-inducedmoderate injurywith (B, E) or without partial tissue loss (C, F) in the cresyl violet-stained
brain. HI induced a decrease in the ratio of (R:L)AREA of the corpus callosum and hemisphere (G and H, separately).The right
hemisphere was nicked with a razor blade for identification. (*p<0.05).
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insulation of axons but also for production of supportive
neurotrophic factors. Thus, loss ofmyelinwill have an adverse
effect on axonal function and neuronal survival (Lin et al.,
2004). Interestingly, recent studies suggest that myelin may
also play an important role in learning and memory function
(Fields, 2008a,b; Miki et al., 2009), likely due to its involvement
in information processing and conduction velocity regulation.
Axonal conduction velocity is regulated by both its diameter
and the thickness of the myelin sheath. Thus, myelin sheath
abnormalities will adversely influence conduction velocity
(Fields, 2008b). Furthermore,myelination deficiencywill result
in insufficient interconnections of cortical regions involved in
information processing. For example, cognitive decline in
multiple sclerosis patients has been associated with myelina-
tion deficiency and shortened connections between the white
and greymatter (Dineen et al., 2009; Kujala et al., 1997). Even if
myelin is repaired by endogenous mechanisms, its genes and
microstructuremay be permanently altered (Skoff et al., 2001),
Please cite this article as: Huang, Z., et al., Long-term cognitive
perinatal hypoxic-ischemic brain injury, Brain Res. (2009), doi:10
resulting in diffuse dysfunctional axonal wrapping and
inadequate axonal connections. Interestingly, we observed
similar findings in our model of perinatal HI injury (Fig. 2D).

In this study, HI resulted in a significant increase of O4+

preOLs in white matter ipsilateral to the injury 72 h after HI. It
is known that HI injury to preOLs occurs via acute caspase-
independent and delayed caspase-dependent degeneration
mechanisms (Segovia et al., 2008); it is likely that this also
would result in long-term myelination deficiencies. HI-
mediated preOL cellular death occurs via the excitotoxic and
oxidative damage during the acute phase of HI injury (Back,
2006), associated with microglia and astrocyte reactivity. In
the early phase of the current study (72 h after HI), we found
increases in CD68-labeled microglia and GFAP-labeled astro-
cytes, both which serve as sources of reactive oxygen and
nitrogen species and pro-inflammatory cytokines, such as
TNF-α and IL-6 (Cai et al., 2006). This microglia and astrocyte-
mediated inflammatory response caused preOLs injury during
impairment and myelination deficiency in a rat model of
.1016/j.brainres.2009.09.006

http://dx.doi.org/10.1016/j.brainres.2009.09.006


Fig. 5 – Cognitive function was evaluated by the Morris water maze test on P42. In the navigation trial, a reduction in learning
ability wasmanifested in the HI group as a prolonged escape latency (A) and swimming distance (B) compared with the control
group, although improvement did occurwith learning. In the space probe trial, a reduction inmemory abilitywasmanifested in
the HI by fewer platform site crossovers (C) and a lower percentage of time spent in the target quadrant (D). (*p<0.05).
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the early phase, associated with an increase of degenerated
preOLs. During the late phase of endogenous recovery (44 days
after HI), the number of reactive microglia and astrocytes
subsequently declined but the GFAP-labeled glial scar per-
sisted in the lesion sites. Glial scarring is associated with
arrest of the normal maturation of preOLs and the subsequent
generation of myelin. Our MBP and CNPase immunostaining
findings confirmed these results. Although partial astrocyte
activity could confer neuroprotection by scavenging reactive
oxygen species and assist with reconstruction from brain
injury (Sizonenko et al., 2008), excessive astrocyte activity can
have deleterious consequences, including the formation of a
glial scar. A glial scar may act as a physical barrier blocking
growth factor transmission, resulting in preOL myelination
deficiencies and neuronal signaling impairment. Further-
more, glial scarring can influence the cell cycle time of preOLs,
inhibit preOLs recruited to lesion sites, and decrease its
differentiation into mature OLs by secreting multiple inhibi-
tory factors, such as hyaluronic acid (Segovia et al., 2008). The
physical barrier of a glial scar may also prevent axons from
attaining their full length and arrest new OLs from making
axonal contact, both of which will affect normal myelination
process and axonal-glial communications (Franklin and
Ffrench-Constant, 2008).

In the human brain, myelination is initiated in the third
trimester of gestation, a time period during which many
preterm infants are in the care of a neonatal intensive care unit
and at particularly high risk for PWMI because of preOLs
Please cite this article as: Huang, Z., et al., Long-term cognitive
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predominance. Although myelination processes continue
through childhood into adolescence and early adulthood, it is
associatedwith apredominanceofOLs (Backet al., 2001; Fields,
2005). It is increasingly being recognized thatmyelinationmay
play an important role in cognitive development; our results
are consistent with this hypothesis. Rhesus monkeys or rats
fed in enriched environments to encourage an increase in size
and number of myelinated axons in the corpus callosum are
noted to have improved cognitive function (Juraska and
Kopcik, 1988; Sanchez et al., 1998); conversely, our results
showed that adecrease in the callosumcorpusvolumeandOLs
populationmay involve cognitive dysfunction in a perinatal HI
rat model. Interestingly, Miki et al. (2009) showed a correlation
between myelination deficiency and spatial cognitive dys-
function in ischemic white matter mode using adult mice. In
summation, these results suggest that myelination deficiency
may be associated with cognitive decline.

It has been well known that gray matter injuries are
associated with PWMI in premature infants and contribute to
cognitive deficits (Inder et al., 2005; Pierson et al., 2007). In
particular, the CA1 neurons in the hippocampus are known to
play an important role in cognitive function. Furthermore, the
fimbria-fornix fibers which are myelinated by the OLs from
subventricular zone (Menn et al., 2006) are an important
pathway of hippocampocortical connections involved in
spatial cognition (D'Hooge and De Deyn, 2001). We detected
reductions in the number of CA1 hippocampal neurons in the
ipsilateral PWMI hemisphere of P47 rat brains after perinatal
impairment and myelination deficiency in a rat model of
.1016/j.brainres.2009.09.006
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HI. Another study recently reported similar findings of chronic
myelination deficiency in the fimbria-fornix in a similarmodel
induced by HI (Stone et al., 2008).

In conclusion, results from our perinatal HI rat model
suggest that oligodendrocyte myelination deficiency may be
involved in long-term spatial cognitive impairment. Astro-
gliosis and microgliosis in the early phase within 72 h of the
injury and glial scarring in late phase 44 days after the injury
may contribute to this phenomenon.
4. Experimental procedures

4.1. Animal protocols

This study was approved by the Animal Ethics Committee of
Fudan University. The perinatal rat model of HI was
performed as previously described (Back et al., 2002; Sheldon
et al., 1996; Vannucci et al., 1999), with minor modifications.
Briefly, after P3 Sprague–Dawley rats were anesthetized with
ether, the right common carotid artery was cut between
double ligatures. The total time of surgery never exceeded 5
min and any pups with bleeding or respiratory failure were
excluded. After surgery, the pups were allowed to recover for
1–1.5 h. The rat pups were then placed in a humidified
container maintained at 37 °C. HI was induced by perfusing
the container with humidified 6% oxygen in nitrogen gas
mixture for 2.5 h. After hypoxic exposure, the pups were
returned to their biological dams until they were euthanized
per protocol. This resulted in moderate brain injury in the
current study. Sham-operated rat pups were randomly chosen
from the same litters of HI rats and had neither common
carotid artery ligation nor a period of hypoxia.

4.2. Immunostaining

The rats were euthanized with 50mg/ml phenobarbital at 72 h
after HI (n=6/group) and at P47 (n=8/group). The animals were
transcardiacally perfused with PBS followed by 4% para-
formaldehyde in 0.1 M phosphate buffer (pH 7.4). The brains
were removed and immersed sequentially in 20% sucrose
solution (in 4% paraformaldehyde) then 30% sucrose solution
in 0.1 M phosphate buffer (pH 7.4) until they sank. Coronal
sections (30 μm) were cut on a freezing microtome and stored
in cryoprotectant solution at −20 °C.

Immunohistochemical studies were performed as previous-
ly described (Chen and Sun, 2007; Sheldon et al., 1996). Briefly,
free-floating sections were washed with PBS three times and
then incubated with 0.3% H2O2 for 30 min. The sections were
blocked with 0.3% goat serum and incubated overnight at 4 °C
with the following primary antibodies: mouse anti-MBP (1:800,
SMI-94R; Covance, Berkley, CA, USA), GFAP (1:200, Ab-6;
Neomarkers, Fremont, CA, USA), CD68 (1:500, Serotec-
MCA341A; Kidlington, Oxford, UK), O4 (1:200, MAB345; Chemi-
con, International, CA, USA), CNPase (1:500, ab24566; Abcam,
Cambridge,UK), andNeuN (1:500,MAB377; Chemicon, CA,USA).
After rinsing, sectionswere incubatedwith goat anti-mouse IgG
(1:200, BA-9200; Vector, Burlingame, CA, USA) or goat anti-
mouse IgM (for O4, 1:200, M31515; Invitrogen, Camarillo, CA,
USA) for 1 h and then incubatedwith anABC kit (1:200, PK-6102;
Please cite this article as: Huang, Z., et al., Long-term cognitive
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Vector, Burlingame, CA,USA) for 1h. The immunoreactivitywas
visualized with 0.05% diaminobenzidine chromogen. MBP
immunostaining was evaluated at the bregma level in P47 rat
brains as previously described (Fan et al., 2008a). Briefly, the
imagewas captured by a charge-coupled device camera and the
area of the corpus callosum, cingulum, and subcortical white
matter was outlined with Image J software (public domain,
National Institutes of Health, http://rsbweb.nih.gov/ij/).

4.3. Histologic evaluation

For histologic evaluations on P47, 30 μm sections (1.60 to-
4.80 mm from the bregma) of rats brain (n=15 for HI and n=12
for sham-operated control groups) were mounted on slides
360 μm apart. The sections were stained with cresyl violet
(Nissl; Sigma-Aldrich, St. Louis, MO, USA). Sections were
rinsed briefly in PBS, dried overnight, and baked for 60 min
at 37 °C. Sections were then rehydrated in decreasing con-
centrations of ethanol (100%, 95%, and 70%), stained with 3%
cresyl violet solution for 3 min, dehydrated with increasing
concentrations of ethanol (70%, 95%, and 100%), and cleared
with xylene. The outlines of the corpus callosum and
hemisphere were traced and the areas were measured by
Image J software. The (R:L)AREA of the corpus callosum and
hemisphere was calculated as the ratio of the ipsilateral area
to the contralateral area or corresponding ipsilateral area to
corresponding contralateral area in the HI group or control
group, respectively. The sections at the level of the hippo-
campus (approximately −3.6 mm to the bregma) were selected
for analysis of neuronal damage in the CA1 region.

4.4. Morris water maze test

The modified Morris water maze test was performed as
previously described (Vorhees and Williams, 2006) on P42–P46
(n=23 for HI and n=24 for sham-operated control groups). For
the navigation trial, four trials were performed daily for four
consecutivedays (14:00–16:00) for each rat. Thepoolwasdivided
into four quadrants. A trial consisted of placing a rat into the
water facing thewall of thepool at oneof four starting positions,
excluding the quadrant containing the platform. The platform
was located ina constant position in themiddleof thequadrant.
During each block of four trials, each ratwas placed in a random
sequence of four starting positions. In each trial, the escape
latency was recorded with a cutoff time of 120 s. If the animal
located and climbed onto the platform within 120 s, a 15 s rest
period occurred before the next trial. If the animal did not find
the platformwithin 120 s, it was placed on the platform directly
andallowed to rest for 15 s. The space probe trialwas carriedout
at 14:00–16:00 on the5th day (at P46). Theplatformwas removed
and both the number of platform crossings and the percentage
of time spent in the target quadrant were recorded over a 30 s
period. At the end of each trial, the rats were euthanized for
immunostaining and determination of the (R: L) AREA ratios of
the corpus callosum and hemisphere.

4.5. Data analysis

Because PWMI predominantly occurs in the periventricular
area and subcortical white matter, sequential two sections of
impairment and myelination deficiency in a rat model of
.1016/j.brainres.2009.09.006
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these regions( approximately 1.2–0.6 mm to the bregma were
analyzed at 400× magnification. The number of positive cells
was counted at three consecutive high power fields (hpf; one
view field=0.12 mm2) containing the cingulum and corpus
callosum selectively, as previously described (Cai et al., 2006).
The sections were evaluated by an examiner blinded to the
treatment and themean value of cell countingwas used in one
brain.

Data are presented as the mean±S.E.M. Statistical compar-
isons of differences in O4-, CD68-, GFAP-, MBP-, CNPase-,
NeuN-, andNissl-positive cells were performed using one-way
ANOVA followed by Student- Newman-Keuls test. A Student's
t-test was performed to determine the differences in the
number of platform crossings and percentage of time spent in
the target quadrant. The Mann-Whitney U nonparametric test
was performed to compare the (R:L)AREA ratios of the corpus
callosum and cerebral hemispheres. A p value<0.05 was
considered statistically significant.
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