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Effect of intrauterine inflammation on fetal
cerebral hemodynamics and white-matter injury
in chronically instrumented fetal sheep

Masatoshi Saito, MD; Tadashi Matsuda, MD; Kazuhiko Okuyama, MD; Yoshiyasu Kobayashi, PhD;
Ryuta Kitanishi, MD; Takushi Hanita, MD; Kunihiro Okamura, MD

OBJECTIVE: The purpose of this study was fo analyze the effects of
intrautering inflammation on cerebral hemodynamics and white-matter
injury in premature fetal sheep.

STUDY DESIGN: Fetuses were given an intravenous infusion of gran-
ulocyte colony-stimulating factor and an intraamniotic infusion of en-
dotoxin; the fetuses were then assigned randomly to an acute hemor-
rhage group, an exchange transfusion group, or a control group.
During each insult, the cerebral hemodynamics were assessed with
near-infrared spectroscopy. Finally, the fetuses were processed for
neuropathologic analysis and compared statistically.

RESULTS: Necrotizing funisitis and choricamnionitis were induced in
all the fetuses. A significant decrease in the blood oxygen content and

an increase in the brain total hemoglobin level were observed after the
endotoxin infusion. Soon after hemodynamic insult, the fetuses in both
the acute hemorrhage and the exchange transfusion groups showed an
abrupt decrease in the total brain hemoglobin level; 4 of the 5 fetuses
in each treatment group, but none of the fetuses in the control group,
exhibited periventricular leukomalacia.

CONCLUSION: Hemorrhagic hypotension or anemic hypoxemia might
induce a sudden cessation of fetal brain-sparing effects through pro-
gressive inflammatory hypoxemia, which results in focal white-maiter
injuries.

Key words: cerebral white-matter injury, chorioamnionitis, fetal
sheep, funisitis, periventricular leukomalacia

Cite this article as: Saito M, Matsuda T, Okuyama K, et al. Effect of intrauterine inflammation on fetal cerebral hemodynamics and white-matter injury in
chronically instrumented fetal sheep. Am J Obstet Gynecol 2009;200:663.e1-663.e11.

C erebral white-matter injuries (WMIs),
such as periventricular leukomala-
cia (PVL), are a major cause oflong-term
neurologic disabilities in premature in-
fants and are associated closely with the
subsequent development of cerebral
palsy and cognitive deficits later in child-
hood.'” Although the pathogenesis of
WMIs and possible measures for the pre-
vention of these injuries have not yet
been clarified fully, recent clinical and
experimental studies have shown that in

utero damage to immature oligodendro-
cytes as a result of infectious inflamma-
tion, such as chorioamnionitis or funisi-
tis, is a key prenatal factor that
contributes to the development of
WMIs.*”

These aforementioned investigations
suggest that the in utero release of neu-
rotoxic factors (such as inflammatory
cytokines) from regions of inflammation
appears to exert direct effects that dam-
age the vulnerable oligodendrocyte sys-
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tem, which results in diffuse myelination
disturbance (diffuse WMI) in premature
fetuses. On the other hand, because ex-
panded placental vasculitis might dis-
turb the villous gas exchange, advanced
intrauterine inflammation might also
cause ischemic hypoxia in deep white
matter, which results in focal necrotic le-
sions (focal WMI [ie, PVL]). Thus, septic
inflammatory responses might affect ce-
rebral blood flow and systemic hemody-
namics; however, only a few reports have
championed this viewpoint.®!

The aim of the present study was to
analyze the effects of intrauterine in-
flammation on cerebral hemodynamics
and focal WMI in chronically instru-
mented fetal sheep. In previous stud-
we experimentally induced
antenatal PVL using hemorrhagic hypo-
tension (but not hypoxia) in chronically
instrumented fetal sheep and clarified
the characteristics of fetal cerebral he-
modynamics during the induction of
PVL using a continuous, noninvasive
near-infrared spectroscopy (NIRS) tech-
nique. Additionally, we developed an an-
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Changés in the PMNL counts of fetal abdominal aortic blood over time
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All fetuses (n = 15) were intravenously infused with 40 g of G-CSF daily from days 105-109 of
gestation and were infused with 20 mg of endotoxin into the amniotic cavity once on day 107 of
gestation. The numbers within the open arrows indicate the timing of the G-CSF infusion. At 24
hours after the endotoxin infusion on day 108 of gestation, the hemodynamic insults were performed
in each of the 3 groups; the removed blood was then returned to the fetuses in the hemorrhage and
gxchange transfusion groups at 24 hours after the insults on day 109 of gestation. All data are
expressed as the mean + SEM. The asterisk indicates P < .05 (Dunnett test), compared with the

value on day 105 of gestation.

Saito. Inflammation and cerebral white-matter injury. Am J Obstet Gynecol 2009.

imal model of necrotizing funisitis and
chorioamnionitis (severe in utero in-
flammations of the umbilical cord and
fetal membrane, respectively) using the
intravenous administration of granulo-
cyte colony-stimulating factor (G-CSF)
and the intraamniotic administration of
endotoxin in premature fetal sheep.'*!>
By combining these previously devel-
oped inflammatory and hemodynamic
models in the present study, we at-
tempted to examine experimentally
whether preexisting intrauterine inflam-
mation exacerbated fetal brain damage
that is induced by hemodynamic insults.

Of note, the major purpose of the in-
flammatory model described earlier was
to reproduce only the fetal side of the
in utero inflammatory reactions, with-
out inducing preterm labor. The G-CSF
pretreatment was considered to be
reasonable because premature infants
with chorioamnionitis reportedly have
significantly higher G-CSF levels in their
umbilical cord blood than premature in-

fants without chorioamnionitis.'* More-
over, the results of previous experiments
suggested that the dose of endotoxin that
was administered intraamniotically in
the present inflammatory model was too
weak to induce WMIs.”® Therefore, to
exacerbate the in utero inflammation in
the present study, we intravenously ad-
ministered G-CSF in addition to admin-
istering endotoxin into the amniotic
cavity."*

MATERIALS AND METHODS
Animal preparation

This study was approved by the Animal
Care and Use Committee of Tohoku
University Graduate School of Medicine,
Sendai, Japan (No. 15-128) and was per-
formed between November 2004 and
March 2006. The preparations and pro-
tocol that were used in the present exper-
iment were largely the same as those used
in our previous studies.'"'*"!° Briefly, a
total of 15 Suffolk ewes with timed preg-
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nancies underwent surgery on days 102-
103 of gestation. The ewes were intu-
bated, ventilated, and anesthetized with
1.5-2% isoflurane during all the proce-
dures. After a laparotomy and hysterot-
omy, 3 electrodes were fixed to the fetal
chest wall, and polyvinyl catheters were
inserted into the fetal superior vena cava,
inferior vena cava, distal abdominal
aorta, and amniotic cavity. NIRS op-
todes were applied directly to the fetal
skull symmetrically on each side of the
central suture."' All electrodes, cathe-
ters, and optodes were exteriorized
through a small incision in the flank of
each ewe. After surgery, the ewes were
unrestrained and housed in individual
cages, with free access to water and food
throughout the study period. A recovery
period of at least 2 days was allowed be-
fore the experiments were started. Dur-
ing this period, the recovery of the fetal
physiologic parameters to their baseline
values was confirmed and, antibiotics
were administered additionally to the
mother, fetus, and amniotic cavity based
on the results of Gram stain tests with the
use of amniotic fluid smears.

Physiologic parameter measurements
Fetal heart rate and arterial and amniotic
pressure were monitored continuously
with a polygraph and were recorded ona
personal computer throughout the
study. All fetal arterial pressure values
were corrected for the amniotic fluid
pressure. The total leukocyte counts
(Celltac MEK-5254; Nihon Kohden Co,
Tokyo, Japan), hemoglobin levels, oxy-
gen content (OSM3 hemoximeter; Radi-
ometer Medical, A/S, Copenhagen, Den-
mark), pH, base excess, Pco, and Po,
levels, and lactate level (Blood Gas Sys-
tem 860; Bayer Medical Co, Sudbury,
United Kingdom) were measured in
blood samples (0.5 mL) that were taken
from the fetal abdominal aorta every 12
hours throughout the experiment. Poly-
morphonuclear leukocytes (PMNL)
were identified with differential staining
(May-Giemsa) and were counted micro-
scopically in relation to the total leuko-
cyte count. The blood gas data were cor-
rected with the use of the maternal rectal
temperature,
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NIRS

NIRS of the brain was performed with a
hemoximeter (OM-100A; Shimazu,
Kyoto, Japan).'" The fetal skull was illu-
minated with a halogen light with the use
of a NIRS optode; the light that was
transmitted through the cranial bone
and the cerebral tissue was then mea-
sured by another optode. Attenuation
measurements for 4 wavelengths (700,
730, 750, and 805 nm) were transformed
into relative changes in chromophore
concentrations at 1-second intervals, ac-
cording to a previously described algo-
rithm'7; this procedure rendered the rel-
ative changes in oxyhemoglobin (oxy-
Hb), deoxyhemoglobin (deoxy-Hb),
and total hemoglobin (oxy-Hb + deoxy-
Hb) concentrations. All NIRS parame-
ters were expressed as a percentile
change from the baseline value (averaged
from the values that were recorded for 3
hours before the endotoxin infusion)
and were stored on a personal computer.

Estimation of fetoplacental

blood volume

At least 48 hours after the operation on
days 104-105 of gestation, an isovolumic
exchange transfusion was performed for
each fetus with 20 mL of heparinized
fresh plasma from another fetal sheep.
The hematocrit values were measured
before and after the exchange transfu-
sion. The actual fetoplacental blood vol-
ume was calculated with the following
formula: V = v/ln (hematocrit before
transfusion/hematocrit after transfu-
sion), where V represents the fetoplacen-
tal blood volume and v represents the
volume of exchanged blood.''"* Two
hours after the exchange transfusion, the
erythrocytes that had been separated
from the removed blood were returned
to the fetus over a 5-hour period.

Experimental protocol

After the fetoplacental blood volume had
been estimated, the fetuses (n = 15) were
infused with 40 ug of G-CSF (Neutrogin;
Chugai Co Ltd, Tokyo, Japan) solublized
in 2 mL of saline solution that was ad-
ministered into the inferior vena cava
daily from days 105-109 of gestation to
increase the PMNL counts in the circu-
lating blood (Figure 1)."* In addition, the

Ghanges in physiologic parameters over time
for 24 hours after endotoxin infusion
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A, Heart rates, B, pH, C, Po,, D, oxygen content (closed circles) and lactate level (open squares),
and E, hemoglobin level of fetal abdominal aortic blood; F, oxy-Hb, deoxy-Hb, and total hemoglobin
levels in fetal cerebral tissue, as measured with NIRS (closed squares, oxy-Hb; open squares,
deoxy-Hb; closed circles, total hemoglobin). The numbers within the open arrows indicate the timing
of the G-CSF infusion. All data are expressed as the mean = SEM. The asterisks indicate P < .05

(Dunnett test), compared with the values just before endotoxin infusion.
Saito. Inflammation and cerebral white-matter injury. Am ] Obstet Gynecol 2009.
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6hanges in physiologic parameters over time
for 24 hours after endotoxin infusion (continued)
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fetuses were injected intraamniotically
with 20 mg of endotoxin (Escherichia coli
055:B5 endotoxin; Sigma Chemical Co,
St Louis, MO) solublized in 5 mL of sa-
line solution once on day 107 of gesta-
tion to activate the PMNLs and to induce

inflammation around the amniotic cav-
ity (Figure 1).'8

Twenty-four hours after the endo-
toxin infusion on day 108 of gestation,
the fetuses were divided randomly into 3
groups {n = 5 each): a hemorrhage
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group, an exchange transfusion group,
and a control group. The following ex-
periments were then conducted.'** To
induce systemic fetal hypotension in
the hemorrhage group, approximately
35-40% of the fetoplacental blood vol-
ume was withdrawn at a constant rate
from the inferior vena cava catheter over
a period of 20 minutes; 24 hours after
removal, the blood was returned to the
fetuses over a period of 5 hours (Figure
1). In the exchange transfusion group, an
exchange transfusion of approximately
35-40% of the fetoplacental blood vol-
ume was performed with heparinized
fresh plasma to create a level of anemia
that was equivalent to that in the hemor-
rhage group without inducing hypoten-
sion; the erythrocytes that were sepa-
rated from the removed fetal blood were
adjusted to the same volume as the ex-
change volume with the use of sodium
chloride solution and then were re-
turned to the fetuses over a period of 5
hours beginning 24 hours after the ex-
change transfusion (Figure 1). In the
control group, no hemodynamic insult
was performed.

The fetal heart rate, mean blood pres-
sure, and NIRS parameters at each time
point represent the averages of data that
were obtained every 5 minutes. To ob-
tain the PMNL counts, hemoglobin and
lactate levels, oxygen content, and blood
gas data, an abdominal aortic blood sam-
ple (0.5 mL) was taken just before the
endotoxin infusion at 4, 8, 12, and 24
hours after the endotoxin infusion, just
before the hemodynamic insults, and at
20 and 60 minutesand 2,4, 6,12, 18, and
24 hours after the hemodynamic insults.
The values of the PMNL counts for every
12 hours from days 105-109 of gestation
were added to evaluate changes over
time throughout the study period. After
each sampling, an equivalent volume of
heparinized and stored maternal blood
was infused into the fetus through the
venous catheter.

Histopathologic examination

Six days after the endotoxin infusion, ce-
sarean sections were performed, and the
fetuses were weighed. The fetal mem-
brane, umbilical cord, and placentomas
were placed in 10% formalin solution for
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dompérison of basic fetal characteristics

Group
Exchange

Hemorrhage, transfusion,
Variable (n = 5) {n=05) Gontrol, (n = 5)
Fetoplacental blood volume (mL) 250 = 33 201 = 16 231 + 11
Withdrawn blood volume (%) 38512 38406
Brain weight (g) 321 +17 333+1.0 31.2+05
Bodyweight {kg) 1.94 +0.12 1.92 = 0.11 2.04 £0.13
Brain/bodyweight ratio (%) 1.66 = 0.05 1.75 = 0.08 1.56 = 0.12

All variables are expressed as the mean = SEM. The body and brain weights were measured 6 days after the hemodynamic

insult.

Saito. Inflammation and cerebral white-matter injury. Am ] Obstet Gynecol 2009.

fixation. Under anesthesia, the fetal
brains were perfused with 10% neutral-
ized buffered formalin for fixation, re-
moved, and weighed. The cerebral hemi-
spheres were cut into 4 standardized
coronal sections at the level of the frontal
lobe, the anterior basal ganglia, the ma-
millary bodies, and the occipital lobe.
Multiple additional sections of the cere-
bellum, midbrain, pons, and medulla
oblongata were also obtained. After each
section was observed macroscopically, a

histopathologic evaluation was per-
formed with 4-um sections that were
stained with hematoxylin and eosin.
With the criteria proposed by Banker
and Larroche,' PVL was defined as the
presence of scattered round neuroaxonal
swelling and focal coagulation necrosis
with infiltration by microglia/macro-
phages that is localized within the deep
white matter around the lateral ventri-
cles. The existence and degree of PVL
were evaluated by scoring the existence

Comparison of values of physiologic factors
just before the hemodynamic insults

Group
Exchange

Hemorrhage, transfusion,
Variable (n = 5) (n=15) Control, (n = 5)
PMNL count {10%/uL) 26+ 1.0 1504 1104
Fetal heart rate (beat/min) 203+ 8 210+ 9 208 + 2
Mean blood pressure (mm Hg) 39.2+16 394 +17 411+18
pH 7.36 = 0.01 7.37 = 0.00 7.38 = 0.01
Pco,, (torr) 56.1 =19 56.6 + 04 56.2 = 1.0
Po, (torr) 16.7 £ 0.8 18317 16.7 £ 0.4
Hemoglobin level (g/dL) 10.7 = 0.7 96+ 05 101+ 0.4
Oxygen content (mmol/L) 2.6+ 03 25+ 03 2.3 =01
Lactate (mmol/L) 4322 21205 22+0.2
Total hemoglobin (%) 11.3+28 9.7 + 39 7327
Oxy-Hb (%) 2105 1909 0608
Deoxy-Hb (%) 92+ 24 7.8+ 3.1 6.7+ 2.2

Deoxy-Hb, deoxyhemoglobin; Oxy-Hb; oxyhemoglobin; PMNL, polymorphonuclear leukocyles
All variables are expressed as the mean + SEM.
Saito. Inflammation and cerebral white-matter injury. Am ] Obstet Gynecol 2009.

of PVL (0 = PVL negative; 1 = PVL pos-
itive) and by counting the number of ne-
crotic foci (> 500 wm in diameter)
within the periventricular white matter,
respectively. Necrotizing funisitis was de-
fined by the criteria of Navarro and
Blanc.'®?® The same observer (Y.K.)
made all the histopathologic assessments
in a blinded fashion.

Statistical analysis

All values were expressed as the mean *
SEM. The Dunnett test was performed to
test for significant changes in the physi-
ologic parameters from the baseline val-
ues during the 24 hours after the endo-
toxin infusion. For the next 24-hour
period, a repeated-measures analysis of
variance was performed to compare the
changes in the physiologic parameters
over time between the control group and
the hemorrhage or exchange transfusion
group; if significant changes were sug-
gested over time, the Dunnett test was
performed to test for significant changes
from the values just before the hemody-
namic insults in each group. Differences
in continuous variables among the 3
groups were assessed with the 2-way
Kruskal-Wallis test; if a significant differ-
ence was suggested, the Scheffe test was
performed for multiple comparisons
among the groups. Differences between
2 groups were assessed with the Wil-
coxon signed-rank test for continuous
variables. All probability values were
2-tailed, and a probability value of < .05
was considered significant.

REsULTS

Continuous monitoring of all parame-
ters showed that all 15 fetuses were in
good condition, with no occasions when
the mean arterial pressure was < 35 mm
Hg or the heart rate was < 100 beats/min
during any 3-minute period in the study,
except for immediately after the hemo-
dynamicinsults. A fetal pH of < 7.25and
a PO, of < 12 mm Hg did not occur at
any time during the experiments. No in-
trauterine infections or signs of prema-
ture labor episodes occurred. All fetuses
were available for physiologic and neu-
ropathologic assessment.
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comp;rison of neuropathologic findings in WMI

Group
Exchange

Hemorrhage, transfusion,
Variable (n=5) (n = 5) Control, (n = 5)
PVL (n)®® 4 4 0
PVL score®*® 0.8 = 0.2¢ 0.8 +0.2¢ 0.0 x0.0
PVL foci® 30+1.8 3014 0.0+0.0
Subcortical multifocal WMI (n)° 1 2 0

PVL, periventricular feukomalacia; WM/, white-matter injury.

a3 p < 05, comparing the values among the 3 groups (Kruskal-Wallls test); ® Number of positive fetuses; ° Expressed as the
mean + SEM; P < .05, compared with the values of the control group (Scheffe test).
Saito. Inflammation and cerebral white-matter injury. Am J Obstet Gynecol 2009.

G-CSF and endotoxin administration
Figure 1 shows the changes in the blood
PMNL counts during G-CSF adminis-
tration. Significant increases in the blood
PMNL counts, compared with the base-
line value (0.4 + 0.8 X 10%/ulL), were
found on day 107 (5.6 = 1.1 X 10*/uL),
day 108 (4.9 * 1.1 X 10°/uL), and day
109 (13.7 % 2.8 X 10*/uL) of gestation
(P < .05), whereas the blood PMNL
count transiently decreased for 24 hours
after the endotoxin infusion.

Significant changes in the heart rate,
pH, Po,, oxygen content, and lactate and
hemoglobin levels were observed over
time during the 24-hour period after en-
dotoxin infusion (P < .05), but no
changes were seen in any of the other pa-
rameters, including the mean blood
pressure, Pco,, and base excess in the fe-
tal abdominal aorta. The fetal heart rates
significantly increased from 9-12 hours
after the endotoxin infusion, compared
with the baseline value (Figure 2, A).
Blood pH decreased significantly, but
transiently, at 4 hours after the endo-
toxin infusion (Figure 2, B). The blood
Po, and oxygen contents gradually de-
creased and then showed a significant
decrease at 12 hours onward after the en-
dotoxin infusion (Figure 2, C and D).
The increases in the lactate level peaked
at 12 hours after endotoxin infusion
(Figure 2, D). The hemoglobin levels
gradually increased and then signifi-
cantly increased at 24 hours after the en-
dotoxin infusion (Figure 2, E).

Figure 2, F shows the changes in the
NIRS parameters for 24 hours after the
endotoxin infusion. Significant changes
over time were found with regard to the
levels of deoxy-Hb and total hemoglo-
bin, but not for oxy-Hb. Significant in-
creases in both the total hemoglobin and
deoxy-Hb levels, compared with the
baseline values, were observed simulta-
neously from 9 hours onward after the
endotoxin infusion and then continued
for 15 hours (P < .05). However, the
oxy-Hb levels showed no apparent
changes, compared with the baseline
value, during the same time period.

Hemodynamic insults

Table 1 shows the results of the statistical
analysis of the basic fetal characteristics
of the hemorrhage, exchange transfu-
sion, and control groups. No significant
differences among the 3 groups were
found with regard to the estimated feto-
placental blood volume, brain and body-
weight, or brain/bodyweight ratio, and
no significant difference in the actual
withdrawn blood volume (%) was noted
between the hemorrhage and exchange
transfusion groups. The values of the
physiologic measures just before the he-
modynamic insults are summarized and
compared among the 3 groups in Table
2. No differences in the PMNL counts,
fetal heat rate, mean blood pressure, pH,
Pco,, Po,, hemoglobin level, oxygen
content, lactate level, or NIRS parame-
ters were observed among the 3 groups
before the insults.
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The parameters showed significant
changes, compared with those in the
control group, over the course of the he-
modynamic insults and were identical in
the hemorrhage and exchange transfu-
sion groups (mean blood pressure [P <
.01], blood hemoglobin level [P < .01]
and oxygen content [P < .01] in the fetal
abdominal aorta and total hemoglobin
level [P < .01], oxy-Hb [P < .01}, and
deoxy-Hb [P < .01] in the fetal cerebral
tissue.)

The mean blood pressure in the hem-
orrhage group decreased sharply during
blood withdrawal, decreased signifi-
cantly from 10-20 minutes after the start
of the insult (P < .05), and then rapidly
recovered within 30 minutes, whereas
the mean blood pressure in the exchange
transfusion group gradually increased
and then recovered within the same pe-
riod (Figure 3, A). The blood hemoglo-
bin level dropped significantly from 6
hours onward after the insult in the hem-
orrhage group (P < .05) and 20 minutes
onward after the insult in the exchange
transfusion group (P < .05; Figure 3, B).
Significant decreases in the oxygen con-
tent in the hemorrhage group were ob-
served at 6, 18, and 24 hours after the
insult (P < .05); those decreases in the
exchange transfusion group occurred at
20 minutes and 18 and 24 hours after the
insult (P < .05; Figure 3, C).

The changes in the NIRS parameters
in the 3 groups over the course of the
hemodynamic insults are shown in Fig-
ure 3D, E, and F. The oxy-Hb values in
the hemorrhage and exchange transfu-
sion groups slightly decreased soon after
the insult and then gradually increased
until the reinfusion of the removed
blood; significant decreases from the val-
ues just before the insult were found only
from 20 minutes to 6 hours after the in-
sult in the hemorrhage group (Figure 3,
D). The deoxy-Hb levels in the hemor-
rhage group showed a serious decrease
from 30-60 minutes after the insult and
then increased from 2 hours onward af-
ter the insult (Figure 3, E). The de-
oxy-Hb levels in the exchange transfu-
sion group also decreased soon after the
insult but did not deviate significantly
from the value just before the insult; the
only significant difference, compared
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with the control group, was observed at 4
hours after the insult. The changes in the
total hemoglobin level during the hemo-
dynamic insult were quite similar to
those for the deoxy-Hb level in each
group (Figure 3, F). In the hemorrhage
group, however, the significant reduc-
tion in the total hemoglobin level per-
sisted from 20 minutes until 4 hours after
the insult, at which time the systemic hy-
potension had already recovered (Figure
3, A). In the exchange transfusion group,
on the other hand, the total hemoglobin
levels were never less than the baseline
value at any time point and did not
change significantly from the value just
before the insult, whereas a significant
difference compared with the control
group was found only at 4 hours after the
insult. No significant difference in the
magnitude of the maximal decrease in
the total hemoglobin level between the
hemorrhage (15.2% = 2.8%) and the ex-
change transfusion group (10.4% =*
4.9%) was observed.

Histopathologic findings

In the histopathologic examination of
the umbilical cord and chorioamnion,
all 15 fetuses were diagnosed as having
necrotizing funisitis and chorioamnio-
nitis; numerous PMNLs had infiltrated
from the vascular space toward the am-
niotic cavity, had accumulated and de-
generated within the epithelial layers,
then frequently had necrotized and
peeled away, which was similar to our
previously reported results.* In the pla-
centomes, however, neither vascular
PMNL infiltration nor degenerative
changes were observed in the interdigi-
tated villi of the fetal cotyledon.

The results of the neuropathologic ex-
aminations are summarized in Table 3.
Four of the 5 fetuses in both the acute
hemorrhage and exchange transfusion
groups had PVL (Figure 4, A), but none
of the fetuses in the control group had
PVL. The PVL scores in both treatment
groups were significantly higher than
that in the control group (P < .05), al-
though no significant difference in the
number of PVL foci was observed be-
tween the acute hemorrhage (3.0 + 1.8
pieces) and the exchange transfusion
groups (3.0 *+ 1.4 pieces). In addition to

Gomparison of changes in physiologic parameters
over the course of the hemodynamic insults
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A, Mean blood pressure, B, hemoglobin level, G, lactate level, and D, oxygen content of fetal abdominal aoric
blood; E, oxy-Hb, F, deoxy-Hb, and G, total hemoglobin levels in fetal cerebral tissue, as measured with NIRS
{closed circles, hemarrhage group; closed squares, exchange transfusion group; open squares, control group).
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at each time point.
Saito. Inflammation and cerebral white-matter injury. Am J Obstet Gynecol 2009.
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PVL, multiple petechial hemorrhages in
the subcortical white matter (Figure 4, B)
were found in 1 of the 4 fetuses in the
acute hemorrhage group and in 2 of the 4
fetuses in the exchange transfusion

group. These subcortical multifocal
‘WMIs always surrounded a necrotic core
lesion adjacent to a small vessel (Figure
4, C) within or close to an area where
numerous leukocytes (which included
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PMNLs, monocytes and lymphocytes)
were observed (Figure 4, D).

COMMENT

To induce exacerbated intrauterine in-
flammation in the premature fetal sheep
that were used in this study, G-CSF first
was administered intravenously to in-
crease the circulating blood PMNL lev-
els, and then endotoxin was infused into
the amniotic cavity to activate the
PMNLs in utero.'* Consequently, all 15
fetuses exhibited both necrotizing fu-
nisitis and chorioamnionitis. The tran-
sient decrease in the blood PMNL counts
just after endotoxin infusion (Figure 1)
probably reflects the regional migration
of massive numbers of PMNLs from the
vascular space toward the amniotic cav-
ity, which was reported previously in ex-
periments on intraamniotic endotoxin
infusion in pregnant sheep.®'*'#

As expected, the data suggested that
the regional inflammatory changes in-
duced in utero caused systemic hypoxia
and hypovolemia in the premature fetal
sheep. The development of hypoxia is
supported by the decreased blood oxy-
gen content, Po,, and pH and by the in-
creased heart rate and blood lactate levels
that occurred from 4-12 hours onward
after endotoxin infusion (Figure 2, A-D).
A possible explanation for this phenom-
enon is that the expanded vasculitis in
the fetal membrane and umbilical cord
may have caused functional or reversible
changes (such as vasoconstriction or in-
terstitial edema) that disturbed the vil-
lous gas exchange in the placentomes;
however, no histopathologic changes in
the villous tissue were observed.®® The
systemic hypovolemia can be explained
by the gradual increase in blood hemo-
globin levels (Figure 2, E), because the
advanced vasculitis in utero may have in-
jured the endothelium and increased the
vascular permeability, which lead to the
progressive loss of plasma moieties from
the blood.*”

NIRS measurements of the cerebral
blood volume showed a compensatory
increase in fetal cerebral blood flow in
response to systemic changes that would
have otherwise reduced cerebral oxygen
delivery. After endotoxin infusion, the
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oxy-Hb level in the cerebral tissue was
maintained at its baseline value, even
though the blood oxygen content signif-
icantly decreased during the same peri-
od; moreover, the brain deoxy-Hb and
total hemoglobin levels significantly and
continuously increased, compared with
their baseline values (Figure 2, F). These
changes may have arisen as a result of the
increased cerebral blood flow that was
induced by a compensatory redistribu-
tion of the systemic blood flow, or the
so-called brain-sparing effect,”*> and
the cerebral hemodynamic changes that
were observed in an experiment that in-
volved the intravenous administration
of endotoxin in premature fetal sheep.”

In situations in which the brain-spar-
ing effect was maintained in the fetal
brain, 3 noticeable and interesting differ-
ences in the results for the hemodynamic
insult groups (hemorrhagic hypotension
and anemic hypoxemia) were observed,
compared with our results that had been
obtained in a previous study with the
same protocol but without intrauterine
inflammation.'® First, the reduction in
the total hemoglobin level in the fetal
brain tissues differed between our cur-
rent and previous studies (Figure 3, F),
whereas no differences in systemic
changes that were related to hemor-
rhagic hypotension or anemic hypox-
emia were observed between our 2 stud-
ies (Figure 3, A-C). Specifically, the
magnitudes of the total reduction in he-
moglobin level just after insult in the
hemorrhage (15.2% =+ 2.8%) and ex-
change transfusion (10.4% = 4.9%)
groups in the current study were signifi-
cantly greater than those in the hemor-
rhage (4.2% * 0.8%) and exchange
transfusion (3.3% * 0.5%) groupsin the
previous study, respectively (P < .05;
Wilcoxon signed-rank test), although no
remarkable difference in the change in
the total hemoglobin level was observed
between the 2 studies. To our surprise,
the discrepancy in the magnitudes of the
total reduction in hemoglobin level be-
tween the 2 studies was equal to that of
the compensatory increase in the fetal
cerebral blood flow (Table 2), which had
already been induced by the brain-spar-
ing effect.

The nedropathologic findings of WMI
) o .

e A
A, Hematoxylin and eosin-stained section of a periventricular focal cerebral white-matter injury
(W) shows focal coagulation necrosis (arrowheads) in the deep white matter around the lateral
ventricle (v), in which cavity formation (arrow) was noted. B, Macroscopic findings of fetal brain
showing WMIs in coronal sections of the cerebral hemispheres at the levels of the frontal lobe (fop)
and the anterior basal ganglia (bofform). Multifocal petechial hemorrhages were observed within the
subcortical white matter; periventricular focal coagulation necrosis was noted as small white nodules
(arrowheads) in the white matter dorsal and lateral to the external angle of the lateral ventricles. C,
Hematoxylin and eosin-stained section of a subcortical multifocal WMI shows multiple petechial
hemorrhages that always surrounded a necrotic core lesion adjacent to a small vessel (while arrows).
D, Hematoxylin and eosin-stained section of a petechial hemorrhage in which numerous lsukocytes,
which includes PMNLs, monocytes, and lymphocytes, were observed within or around the perivas-

cular necrotic region. (Original magnifications: A, X40; G, x40; D, x400.)
Saito. Inflammation and cerebral white-matter injury. Am J Obstet Gynecol 2009.

o o

Second, in the histopathologic analysis
of the fetal brain, 4 of the 5 fetuses (80%)
in the exchange transfusion group of the
current study exhibited focal WMIs (Ta-
ble 3), although the brain total hemoglo-

bin levels in this group never deterio-
rated from the baseline values
throughout the study period (Figure 3,
F) and none of the fetuses in the ex-
change transfusion group without intra-
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uterine inflammation in our previous
study exhibited PVL.'>'* Interestingly,
no significant differences in the fre-
quency or severity (number of necrotic
foci) of the focal WMIs were found be-
tween the 2 treatment groups in the
present study (Table 3).

Third, in addition to PVL, subcortical
multifocal WMIs were found in both the
hemorrhage and exchange transfusion
groups in the present study (Figure 4,
B-D). Because the hemorrhagic lesions
individually surrounded necrotic foci
that were adjacent to a small vessel, seri-
ous ischemia in the fetal brain initially
may have induced the necrotic foci, and
subsequent postischemic reperfusion
may have caused the hemorrhagic rup-
ture of the injured small vessels. This
cause of cerebral ischemia might have
been more critical than that resulting
from the PVL that was induced by hem-
orrhagic hypotension in our previous
study because subcortical white matter
generally maintains a more abundant
perfusion than the periventricular
region.

In this context, the sudden cessation of
the fetal brain-sparing effect that was in-
duced by the hemodynamic insults was
suspected strongly to be the cause of the
cerebral ischemia and the subsequent se-
rious postischemic reperfusion injuries
that frequently expanded from the
periventricular medullary arterial terri-
tory to the subcortical area and resulted
in PVL accompanied by subcortical mul-
tifocal WMIs. A few reports have studied
the limitations of the fetal brain-sparing
effect.'®* In a clinical study that ana-
lyzed Doppler velocimetry in the fetal
middle cerebral artery, Fu and Olofs-
son”* reported that fetuses with estab-
lished brain-sparing blood flow had a
limited capacity and a narrow margin for
further increases in cerebral blood flow
during superimposed acute hypoxic
stress. The data in the present study were
compatible with these previous observa-
tions and suggest the novel possibility
that additional hypotension or hypoxia
that exceeds the limit of the brain-spar-
ing capacity might collapse the compen-
satory reaction itself; moreover, such
abrupt changes in cerebral blood flow
would cause critical brain ischemia, even

if the fetus was capable of maintaining
the cerebral blood volume over its initial
baseline value.

On the other hand, the possibility of
latent diffuse WMIs cannot be excluded
in the present study. Indeed, inflamma-
tory cytokines that are released from
PMNLs in multifocal hemorrhagic le-
sions (Figure 4, D), increased, and acti-
vated in utero might stimulate microglia
and macrophages directly around the le-
sions in a paracrine manner, which leads
to the diffuse injury of premyelinating
oligodendroglia in subcortical white
matter. However, the infiltration of nu-
merous reactive microglia in the
periventricular white matter (reportedly
a prominent feature of the early stages of
diffuse WMI?>*%) and the extensive in-
filtration of activated microglia and
macrophages, the attenuation and frag-
mentation of axons, and the hypertro-
phy of reactive astrocytes in the subcor-
tical white matter (reportedly seen in
diffuse WMISs that have been induced ex-
perimentally in premature fetal sheep af-
ter exposure to intraamniotic endotoxin
for 28 days®’) were not observed in the
present study, although immunohisto-
chemical evaluations to distinguish
changes in the density and distributions
of each cell type were not performed. As
a next research step, therefore, the initial
changes that are associated with the dif-
fuse WMIs that were induced in this ex-
periment, compared with the white mat-
ter of fetuses without intrauterine
inflammation, should be clarified by im-
munohistochemical methods.

Based on these considerations, we
concluded that fetal G-CSF administra-
tion and intraamniotic endotoxin in-
duced intensive intrauterine inflamma-
tion in a premature fetal sheep model.
This intrauterine inflammation led to
systemic changes in oxygenation and he-
modynamics and triggered a compensa-
tory increase in cerebral blood flow. Sub-
sequent abrupt hypotensive or hypoxic
insults appeared to terminate this com-
pensatory increase that caused not only
periventricular focal WMIs but also sub-
cortical multifocal WMIs. Therefore, in-
trauterine inflammation so severe as to
affect fetal cerebral hemodynamics may
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be an exacerbating factor in focal
WMIs.
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1.3 U8

BEEBBEGCERICECABHAEERE (white matter
injury, BT WMI) BMERE L X 0o L § 5 2R
BEEOCEMLHFEL LTEETHLY, 22T, bhtb
NIRERWMIOABHHREAPEBRE T2 (BERAS
HhEDCRBNTHAZ EREHT DI, %7,
vy VI AEREAEELEr AR T AREEERE
#{t (periventricular leukomalacia, LLFPVL) &5
ZRFELD Y, KT, ERIRSGE (NIRS) 2HW

1 NIRS THHT L 72 BaAT M4 total Hb i BE DFERSRIZALY.

BB F AR L 2285 EOE»SEEL R
(B 405 L) SBLEEORL P EBEL (no re-flow
phenomenon), B 6 8 R ICILST MM B (O B L O
EVHECHENLL (ROEFEREEICLL) oMm). L
Ao, PVLEAERICA U2 BB MO REERZ I
[EREROBERAE LRGSO oM £
b7z, HEEI G RIS total HD IR B O E (% THER).
@ HinEE, O RHEmAE. *p<0.05 (Dunnett test) | %&
BENICBI2BMRIMEL OB #p<0.05 (Wilcoxon signed-
rank test) | BIHCREICBIT 2 2BHTOLE.

Total-Hb (%)
6

-30 0 30 60 2 3 4 5 & 12 18 24
{min) (hrs) {hrs)
hemorrhagic insult

EL EN EH EE

=R o
e SV )

T#ORMREREYFTT 52 &2 L o THREMPVLE
FERFIC B A MBI OFRBAEBZNESTHL M LL
(1) 9. 2512, FENLESWMIBEICS 2 528
ERNTT B0, eV VRFERAVITFERKEET
VaEERL (K2), BBk = —-f#ERT
(granulocyte-colony stimulating factor, LA\TF G-GSF) #%
BELCLPEZFBEMEE (polymorphonuclear
leukocytes, AT PMNL) #&E#ins €, &6 I2FEKE
{Zendotoxin Z 1 EA LTINS 2B ClERL3E 5 2
ko, REMBEFRET S L4 (EREOIKHE
KO CUHMEREREALFET L P TELY,

RO B, ERovy VBFIC L 58 HEE
RECALT, FERAKESWMIILE 2 5 58 % T
THEIETHA,

2. MR EF*

KRR EIARFEWEREERDERED D & (No.
15-128), HAGKFEZIHE B KRR 1< TFHL 16
FEI1LRDPOERISES AT TEmS N CHE
B REE 5 16591702, 18591213).

MRS IEIRIE & FEE L 7> Suffolk B b v VBT 15
BH., BUERREERT L0, FIE102-103 0
(W 147 H) CE2FRETCBE2BEL CTFEWH
L, BFOBEIMAEINR & LT KSR, EXKERICH T
—FIVEEE, EEEBICNRSHES A ML F2REEL
1%, BBIFEFERILELTEBELRY. Lig, JE
Fol3aE, WEZL S CCFERNERR T EREHE L
2. BRFBEBEROBRMEELER T2 2010, BHF
EDHICEFRENEE LR 104-106 B IZJEFIC @
HHBMEL AV KRN EH LY -9, FER
KREXFET L0, TIRI106 25 TTORIT

R RERERESFL Y ¥ —
T 980-8574 BB A THEEX BB 11

Center for Maternal and Perinatal Medicine, Tohoku University
Hospital
1-1 Seiryo-cho, Aoba-ku, Sendai, Miyagi 980-8674, Japan
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B2 G-CSFO#IRPIRE & endotoxin DEKME G2 L o THAFICEEE S N BFEMEOEH K (@ and b) 7 6 CICHEEEES

(C) DHMHREFIPTR.
KEOPMNLAHENE (v) »53EKE (af) Kidro CGEEBBELTEY, R L-SEOPMNLAIHEREMILE D L b i
(ZREN), B CEIBFSMEO/NEICHBRICERL (@andb), JECHEBEETOREENCERL TV (6). wThd
hematoxylin-cosin 4t C, HAZIFhENa | x40, b | x400, ¢ : x100.

3 RIS ARENR Mo A PMNL L OFEREIY AL,
PMNL 13 3 7K B endotoxin 12 A TB# 0 24 RN IZ—@E D
BAERLZd 0D, #4R107 B AL G-CSFIE 5-RifEIC
BB L CHEEEMFEESN. 75137 C [T

EiEsasE | TFIR. *p<0.05 (Dunnett test) | #FIR105H D
G-CSFIGRifE & DILEL.
Hemodynamic Reinfusion of
Endotoxin insults removed blood

S, ! ] 1 1 ]

) 1 @ S

R R T T

£ 15} ]

el

3

2 . * :t/

5 ° ././§“’§/l“\:”/./Y

0 . . N

105t 106t 107t 108t 108t
Days of Gestation

IZG-CSF (/4 boyve, hilgus) 40, gH%5H
FM#EL, BE107 B2 FEKREMNIZ endotoxin
(E.coli 055 : B5, Sigma Chemical Co) 20 mg ZJEA L
7= (H3) 9,

FIKIEAIC endotoxin & FEA L7224 BE 4 (4EHE 108
H) aF238 (En=5) Ko, TRENIHER
BWERLERLZ? -9, BROECIHROEEDOH
40 % % BMHIL L T2 F RN EL 8%, TR
TIIEBR MR D40 % % SEH R m 4T & A3 L
THImc e b4 ) BERKEBEZEOAZEANL, #he
NEHE 24 B2 & S BRI 2 TR L L7z, SR
BEICIEBARNIIER L 24 o 72, E/KEE endotoxin i
AR SHM»OERBMERK T $C, BIFRMAEP
Hb i OLH) % NIRS & THEBBT L7229, FkE
endotoxin{F A 6 B (HFR113H) WHFEWHEAL, i
R 10 % R V<) v BE T CEREE U TR

FRELFROREATICHE L 72,

AT AMET 12 1E Dunnett test, Kruscal-Wallis test,
Scheffe test, repeated-measures ANOVA, Wilcoxon
signed-rank test % i\, #EfEF — &3 [SPiHE
ME] TRLTp<00EFEEDY L L.

3. BAR

SEER AT P O R AT IR PMNL i O BRI 2L 2 1 3
2R L7z, PMNL#UEEKEA endotoxin VEA 14 24 B
Bicik—@BEoELEeRLZb 00, FHR107 B
I3 G-CSF IR GRIMEICLE L THEZEMAFBE S h
7z.

T EHNRAT KN FHE S Wik 72 endotoxin I AR
D 24BN, BEF UL oxygen content D IFFERIIRA
& lactate IBE O — B (K4, A), B L ORME
i deoxy-Hb % & UNIC total Hb i BE DFEBEAGIEIN (K4,
B) W b

SEE (BmE, MmsmmBE, ) BB
frEE7 -5 (BROLKE, RiLE, 4 NKE) o
RETHEWTROAELZIRDONT, BREAMNE
ERE M OEEER ST A~ 5 E (A, FHBIRE,
MFEA ASHE, A PMNLE, HbP X Ulactate i
B, oxygen content, HEH HbBE) OLETLAE
EhER P o7 (Kruscal-Wallis test) .

BB S I BBMBICB T ABBERTOF
WEIRIE & AR total Hb &R OBEENE/ICEW
THHHEHOLNERB L THELRENRED LN
(p<0.05, repeated-measures ANOVA). FEHEINREIT
BiLEE T BMRGHR 200 £ TREICBA L TE 0%
RELPICHBREELD (E5, A), ZOMICIRH
WA T AN TREOERFTEE SN, BWE
ERET O BHLER  total HbiRBEHMAFT11.3+2.8%,
REEGMBETIT £39% L Wb FEMICHEML T
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4 FEFKFEA endotoxin {F A O 24 KR 12 B3 5 J54F 1L 7 oxygen content % b (Ml lactate 18 (@), B & UMALART Hbig
& (b) ORI,
BA{F & oxygen content (a | @) Z3EKIEN endotoxinE AR 12EB 4 6 BENICHA L, lactateiBE (a : ) &
endotoxin FE AR 12 BERIC — BN L 7. BT oxy-HhiE2E (b ) KEELRRENEMEFEDO SN o /295,
deoxy-Hb (b : []) %5 UFiZtotal HhigE (b : @) itendotoxin{E AR OB SERAICHE ML, 73+ T [F
¥WHIZHERAE | TFR. *p<0.05 (Dunnett's test)  #FHR 107 B @ endotoxin % 5-Ri{E & D LR,

1 Endotoxin

b
*
G-CSF *
o i |
L * * * *
o S —
TR

0 4 8 12 i 24 0 6 12 18 24
time course (hrs) time course (hrs)

_l Endotoxin
1 ecer

£y
ey
w

(mmol/L)

—
o

1

Oxygen content and lactate
[
*1;

o

in cerebral tissue (%)
"

Relative change of Hb levels

ey
r

N
+
(524

M5 Bl sHemmiE, SRBCBIIREENROTEHHIRE (@) LEEETotal HbigE (b) ORENZEILO B
BRMEOFEHHRIE (a . @) BEAWHBEHEI0~200F CEARICRL L CEOBBERL P ICHARBE L 245, KiathmE
(a: W) Z50CHER (a: ) CRAEELEHIEERI N2 d o7, HIHEOMES P total HhiEE (b . @) FEHE
2057 ~4BEF CRAM-15228%0BAEHES N, hHnE b W) TRMERE b0 LEBRLTHEERRS
BAWHZAEHOATH > 20 BAIE-104+49%DREPFBEINL. F— 7 T_T [FHHEHEHEE] TFR, <
0.05 (Dunnett test) : 4R 108 B OEREWHIARIE & O LEL. #p < 0.05 (Scheffe test) : BMEZ4EEEIC BT 2 3EHTO
LEIB.

2]
o

1 Hemodynamic insuits
4] @-csF

1 Hemodynamic insults

N
[=)

141]
(=]

w
(=]
o

Mean biood pressure (mmHg)
-
S

Relative change of total Hb
levels in cerebral tissue (%)
=

207030 60 a6 732 15 2 1000 %60 2 4 6 7 1z 18 24
(min) time course  (73) (hrs) (min) (hrs) e course (hrs) (hrs)
W7zH, BRI TIIEMRGAR209 70 4 E T F1 BRmE, SEmnE, JEFECBITA
KIE-15.2 £ 2.8 % DA HEIE SN, ZRBIEETId i 1 SRS T 5. 0 Jo B
SMRBELHBL AR ZBRDIEHRARHOATD BMEBE  ZoGRmEE  xHEE
S HFRAIE-104 £4.9% DRI PEEINS (95, m=5) (=5 (n=5)

B) . PVL* 4 4 0
W R IR B 5 SRR R DR, 1551 ;ﬁf; %ﬁﬁgiﬁ T R0TLE B0 0000
TRCORFIBCTHL EARORAMRTRL D g mmowmmue, Anm (FHTRERE] CRLL.
CICMERERR BRI, BRIETHEERL  ragesiessy cEms x m Eosbs s Lz,
B SEMABB DD 5Nz d%, HBIME R I *p < 0.05 (Kruscal-Wallis test).
B s SHEME AL B W b o 7
B RMRRIC BT 2 MR EFIREORERY

SHECHBLCRICRLL, Rn#Eo 46 & &
DABNZENENPVLYBE I NH (K6, A), —
WM ORERILE (B>500x m) CIIWEER
KL %ERB RS, MBETIIPEHERREER
Do hol, £/, HlEEo 16 & BMEO 26512
WPVLOAL O THRETHE Y FHE LT 555N

MBREFBRREN (K6, B). £ O/HHIMET
FEORLCAMECEET AEEFEFRDOLR
(K6, C), HILEPNIILHITFRIR & BEHRIFSHE
FhTwnwi,
4. R
REERTIIIEFIC G-CSF % & LTI PMNL #0%
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6 LA Z & N TRl & N BB E O Rk REE.
a [ RREEF ISR G N PVLOMBE. MEFL VOB B W THIRE (v) S50 03RS E B 1 G EIETE L8
Bah (RH), RFEABEERAER SO o7 (KH). b SHEOBECEDONLEETHE 2 THEE T 5558/
H PR S D R IR L ~OVREIRBITE N 317 5 WHRMR. PVLI/NEABEE & L TRO N (RE). © | £5M/ N H ISR
BEoMgE. KEHEO/PRMFETIEZOF0/NNIECBEET 2 BEFBE SN (REH). vWIR D hematoxylin-eosin

et T, ILRERZFNFNA x40, B x1, C: x40.

WM, X5ICEKBERNIZendotoxinFHEALTIN
CEBICEMILESELILICLY, BEOTFENE
fETH HEEIRMORERF 5% b PR EBEEE AL FE
T5ZEHNTE/, Endotoxinik 5 HEH D 24 BER 128
Z3IN7-—@Bo Il PMNL A (H3), BEn
b UITIIEIZ BV TRE O PMNL AILE R IE A & FE K
Ellm o CTHERBELLEREZRB LD E 2
2% (WAl

RIS Z O EHCII AR A oxygen content DFREERY
WA & lactate IBEO— BN (K4, A) PSBDHR,
SR OFERSE B RBERE £ S B WREME AT
RENT, ThbbEmPIMEICAE UL A# CHlWInE
KPBBRNE T CERLTLESHCHAEORENSE
U, ZO#EL L CIERIME Co X A BEEER T
BICEE SN REISRBINLON, —F, Zok
SEHFBCIEBRZESFEIATO LI DS
§, NIRSIZ X 5 B it AT b 1A 1 o Fioh o o 48

I & o TR~ OBRERMR SR S L Tw/z, M
oxygen content {XHH & ZBA L7210 d b 5 ¢
Hirh oxy-Hb iIBEPMET L2 Widd 0 %, deoxy-Hb 7% &
iz total HbiBEFERNICAEELREMERLTEY
(4, B), ZMNidbrain-sparing effect (BF, BSE) &
SN 2 R O BB D &0 AVEM: o fol F
MzX b0 LRI NLY Y,

AT IS BSEXSFE I N TV ARIRICBWTE| Xk
SERAWERZERL-L 25, UENCHELFE
FIET COMBATER (1) ¥ LI3ER 5 BEREN
BEIS=ZmH/LNI,

E—OHBESIBERAMIC X o TE U 2RSS
total H BB IC B 2 IRPOREICH o 72, KEBRDMR
m# (-15.2+£2.8%) 25N HEMMEE (-104%
4.9%) BT AERATERORKHIE (K5, B)
TN D IERETERICBI 2B (42+08%)
%5 MIRIBEHME (3.3+205%) ORABRSE (F
1) KEBLTERBICKE ok (p<0.05 ; Wilcoxon
signed-rank test), WEERCTEED L N/ZBPIBOEILAR
ERIBWTHERRAWHICBRE SN TWABSEI L %
AL total HbIBEOBMSICIERL TR Y, KE
ERCIEHMA L DICERAN LML L TEBICBSE A
B L% o 2T REMEDTRIE S 7z,

ETOMESR, RRHNECHIELETIZBVT
INFCHRLTCPVLVFEINTD I, RERICBW
T & ALK total Hb BRI L TRBEUTICIZES
Ladozicdhrbbd (M6, B), #080%NDkHK
ARG PVLASHFE I NS L ThHD, Bk L S

—120—



2008 (FHL20) 4E 12 H

MEBOB CPVLOBEREE L ZOREICENFBO LN
Ghofol bbb (1), MERFICELBEDRIE
BEFOLCALRRICL - THFESNADDOELHERS N
A

EZOMBESIRIARERTIMBEL L FD20~40%D
FEAFR I B W CPVLICIIZ CRE THEICSEME/NE
MEFEFRDOLNLZETHS (M6, BEC). K
SHOMMBES/PLEICE L BEEZ Y EAT
Wiz Z b, BRI A U 7B i AYEE L Bh R R B
WRIMAE  FE L%, 5l &K BMLABERICX
o T/MIEEPERL THAL-orbhkv, &
b2, RETHEE—BWICHERMEEICHELT
MEEFEETH L0, RERTHFESI LfEM
RIEARSE T ESRTPVL 2 38 L BRI (e L T &
DEETDH > TREMIE .

L7z2ho T, AERTHBERAFTOLDIC L HK
MECEBETIR 2, BRAWEEEE L TREA
BSEDSEBBR SN2 L ZFDWEELMEN R S B
MEFERFFESNZERTH Y, 2OHKE, FHim
BoA b TEMOAEN S NAZHWEOHICS DO
TPVLB L UEETHE DS HE M/ MR 555 E
S boLEEIN. Fuk Olofsson it +FERET
FEIE & BT S 72 BR IR o v R M BN R ML 5 K O 9k I % 7
LT, WoltABSERMEY SN/-HBTE, &6%
BHEEERA M L AICK LI B ASRR IR % B in s & 5
BACEBRIDY, PRVEALPAELTWENS
EEREMLLZ. AEBROBRIIT ) LIBRRE L F
BLZWE»D», BSETFTHEELHZ 5 L) R1ERE)
BOEHFSEE L 2HAICRBRE I MGEET
&Y, toORERICBEISHERL CES 2B N2 FH
BENLEWIH TR TR,

PEDEZICH LW, BIF~DG-CSFEELFE
KA endotoxinEAI L o THFE I N BEDOTERL
FEDD & T, BBAEIC X 2REREE IO L TUE
YRV VEED L 72 B5 49 B I 55 8 0 38 0 SRS VARG 1 FE <o 1R
FRILABEREHIC L > CHfELR T, ZOREAE
C7-BBIIC & o CRAZBFHICHERARAEOR
KWMID A% 6T HETHEICSEEWMIAE| &k
SNATEEFEVwWEDbLbIEER L. Lizdo
T, BHFORMBERBEICEET 2 ILEOTFENRER
EIRWMIRE T 2 MEBERTO—D2EEZ DR,

5. LFEWVIC

BERBAKRERICAEL 2 WMIORELRET 28
BIEEL, ChEFHTs-0080 0 FELZERT
AICRBREFFEIERNLVRNICHLEEDLE S
Biwv, IBAE, bbb LEOERELRE 2 T,
ZOBEMERE LT [FERARETIEZ ( BERENDIK
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BRI L o TIHFICHFE S N2 BSE IZB W T WMI
FIRET ] [BEA~OBRERSGICL 5 WMIFHRIE % K
BB~ ORIBEEAT A FESIC L 5 WMIF
Fish & % #5F | [microglia/macrophage, astrocyte,
oligodendrocyte AWML O HENRE % W{ZHENT T 5
CERIoTHRETHEOUEFAMWMIZME] LT
Wh, INRPLIRESEEBICL o THREWMIICET
5% DERE 6 W EBEHEISRRT 5 2 L ¢ HifF
LTwab,
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