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Abstract

A patent ductus arteriosus (PDA) alters pulmonary mechanics and regional blood flow in the preterm
infant. Its significance with respect to brain injury and brain development are unclear. We evaluated
the effects of surgical ductal ligation on the preterm baboon brain. Baboons were delivered at 125
days of gestation (dg, term ~185dg) and ventilated for 14 days (n=12). The PDA was ligated 6 days
after delivery (n=7) or left untreated (n=5). Animals were euthanized at 139dg and brains compared
histologically with gestational control fetuses (n=7) at 140dg. Brain and body weights were reduced
(p<0.05) in both groups of ventilated preterm animals, however, the brain to body weight ratio was
increased (p<0.01) in ligated but not unligated newborns compared to gestational controls. No overt
lesions were observed in either premature newborn group. Astrocyte density in the neocortex and
hippocampus were greatest in the unligated newborns (p<0.01). Myelination and oligodendrocytes
were reduced (p<0.05) in both premature newborn groups. The brain growth and development index
was reduced and the damage index was increased in prematurely delivered baboons. Surgical ligation
of the PDA does not increase the incidence of brain injury and may be beneficial if the PDA is
contributing to persistent pulmonary and hemodynamic instability.

Keywords
non-human primate; prematurity; cerebral injury; positive pressure ventilation; brain development

Hemodynamic symptoms from a patent ductus arteriosus (PDA) are present in 55-70% of
infants delivered below 1000g or prior to 28 weeks of gestation with the PDA resulting in
increased pulmonary blood flow and redistribution of flow to other organs (1). However, the
impact of the PDA on the brain remains uncertain. Current therapy for PDA includes medical
therapy with indomethacin or ibuprofen and/or surgical ligation. There has been considerable
debate about the benefits and risks of surgical ligation for PDA on subsequent
neurodevelopmental outcome. Surgery in the neonatal period is associated with a systemic

Corresponding author: Michelle Loeliger,PhD Department of Anatomy and Cell Biology University of Melbourne 3010, Victoria,
Australia Phone: 613 8344 5793 Fax: 613 9347 5219 email: E-mail: m.loeliger@unimelb.edu.au.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Loeliger et al.

METHODS

Page 2

inflammatory response; in addition the use of sedative and/or anesthetic drugs may adversely
impact the immature brain (2). An increased incidence of neurosensory impairment has been
observed among infants who underwent ductal ligation (3). On the other hand in a single centre
study where infants received prophylactic Indocin and no infant was exposed to patency of the
ductus arteriosus for more than 5-7 days, ductal ligation was not associated with abnormal
neurodevelopmental outcome (4). No experimental studies have been done to try to answer the
impact of ligating a PDA on the developing brain.

The premature baboon, delivered at 125 days of gestation (dg; term ~ 185d), has a similar
neonatal course to the premature human delivered between 26-27 weeks of gestation: they both
develop respiratory distress and fail to close their PDA after birth (5). In addition, despite
antenatal glucocorticoids, surfactant treatment, total parenteral nutrition, low tidal volume
ventilation, and low supplemental oxygen administration during the first 2 weeks after delivery,
premature baboons develop a similar pattern of both lung and brain injury as premature human
infants (6-8). We hypothesize that surgical ligation of the ductus arteriosus will not increase
the risk of delayed brain growth or injury in the premature baboon. In the present study, our
aim was to compare the neuropathological consequences of premature birth with or without
ductal ligation on the growth and development of the brain.

All animal studies were performed at the Southwest Foundation for Biomedical Research in

San Antonio, TX. All animal husbandry, animal handling, and procedures were reviewed and
approved to conform to American Association for Accreditation of Laboratory Animal Care

(AAALAC) guidelines.

Delivery and Instrumentation

Pregnant baboon dams (Papio papio) with timed gestations underwent elective hysterotomy
under general anesthesia. Study animals were delivered at 125+2 (dg). The dams did not receive
antenatal glucocorticoids. At birth, animals were weighed, sedated, intubated and treated with
4ml/kg surfactant (Survanta, courtesy Ross Laboratories, Columbus, OH) prior to the initiation
of ventilatory support.

Ventilatory Management

Newborn baboons were mechanically ventilated for 14d as described previously (9). A
complete description of the details of the surgical procedures and animal care (including
ventilator management, target goals for PaO,, PaCO», tidal volume, and nutritional, fluid,
transfusion, antibiotic and blood pressure management) has been previously described (9).
Animals were randomized before delivery to either undergo surgical ductal ligation on day 6
of life (ligated, n=7), or receive no intervention (unligated, n=5). Animals in the unligated
group did not receive anesthesia or sham surgery since our intention was to mimic the clinical
care of human newborns. None of the unligated animals closed their ductus spontaneously.
Fetal gestational control animals (n=7) were delivered at 140dg and euthanized immediately
with sodium pentobarbitone.

Physiological data

Pa0,, PaCO,, pH, FiO,, systolic, diastolic and mean arterial blood pressure (BP), and heart
rate were monitored continuously throughout the experimental period. Oxygenation Index
(Ol=mean airway pressure (cmH,0) x i0, x 100/Pa0,) and Ventilation Index (VI=peak
inspiratory pressure x ventilator rate x PaCO,/1000) were also calculated. We also examined
the relationship between a newborn baboon's physiological instability and measurements of
brain growth and injury (see below). To do this we calculated the “interval flux” of
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physiological variables as a surrogate measure of the physiological instability. We first
determined the maximum and minimum values of each variable during a time interval (6 hourly
time periods for the first 48 hours and daily periods thereafter), the interval flux was the
difference between these values during the specified time period. For each animal we then: 1)
identified the maximum flux; and 2) calculated the mean of the interval fluxes over the entire
experimental time period. Other findings relating to the clinical course, cardiovascular
performance, and proinflammatory cytokines of the two newborn groups have been published
elsewhere (9).

Histological Analysis

Brains were weighed, immersed in 10% buffered formalin and sectioned into 5mm coronal
blocks (10-12 blocks per animal) (6). Blocks from the right hemisphere of each brain were
processed to paraffin and 10 (8um) sections collected from the rostral surface. A section from
each block was stained with hematoxylin and eosin (H&E) and assessed for gross morphologic
changes, including the presence of hemorrhages, lesions or infarcts, neuronal death, axonal
injury, gliosis and perivascular cuffing. Masson's trichrome was used to assess for collagen
deposition; Van Gieson's stain for elastic fibers, reticulin for reticulated fibers; Perls stain to
visualize hemosiderin deposition.

Immunohistochemistry for rabbit anti cow-glial fibrillary acid protein (GFAP, 1:500, Sigma,
St Louis, MO, USA) was used to identify astrocytes; rabbit anti-ionized calcium-binding
adapter molecule 1 (Ibal, 1:100, Wako Chemicals, Osaka, Japan) to identify microglia/
macrophages; mouse anti-human Ki67 clone MIB-1 (1:100; DakoCytomation, Glostrup,
Denmark) to identify proliferating cells; and mouse anti-chicken myelin basic protein (MBP,
1:100; Chemicon, USA) to assess the extent of myelination, as previously described (6).

All analyses were performed on all brains in the study. Qualitative and quantitative
measurements were made on coded slides blinded to the observer.

Qualitative analysis—Sections were scored for hemorrhages (present-1; absent-0) or overt
injury such as infarcts, cystic white matter lesions or neuronal death. Ibal-immunoreactive
(IR) sections were assessed for the presence of reactive microglial/macrophage cells in the
grey and white matter.

Quantitative analysis—All quantitative measurements were made for sections from each
block using an image analysis system (Image Pro v4.1, Media Cybernetics, Maryland, USA).
Measurements of cell numbers were expressed as cells/mm?; all values were calculated as
mean of means for each group.

Volumetric measurements: Cross-sectional areas of regions in the right forebrain were
assessed in H&E-stained sections using a digitizing tablet (Sigma Scan Pro 4, Media
Cybernetics, California, USA); volumes of the white matter, neocortex, deep grey matter (basal
ganglia, thalamus and hippocampus) and ventricles were then estimated using the Cavalieri
principle (10).

Area of subventricular zone (SVZ): The area of the SVZ was assessed (x30) at 3 levels in
the parietal/temporal region in H&E-stained sections. The high density of cells in this region
of the SVZ compared to the adjacent striatum and white matter allowed for clear delineation
of the region (11).

Surface folding index: The surface folding index (SFI), which gives an estimation of the
expansion of the surface area relative to volume, was determined (6).
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Percentage of white matter occupied by blood vessels: Point counting (12) was used to
determine the density of blood vessel profiles in deep and subcortical white matter (x660) as
an indicator of changes such as vasodilation or vasculogenesis. Assessment was performed in
GFAP-IR sections as blood vessel profiles are clearly delineated (13).

Areal density of astrocytes: GFAP-IR cells were counted (x660) in randomly selected areas
(0.02mm2) in each of the deep and subcortical white matter regions; the cerebral neocortex
(three sites in blocks from frontal/temporal, parietal/temporal and occipital lobes in layers 5
and 6); the hippocampus (stratum radiatum in the CAL region).

Areal density of oligodendrocytes: MBP-IR oligodendrocytes were counted (x300) in two
randomly selected areas (0.42mm?) in both the deep and subcortical white matter from the
parietal/temporal lobe.

Ki67-1R cell density in the SVZ and in the subgranular zone (SGZ) in the hippocampus:
To assess cell proliferation, counts were made of Ki67-IR cells in lengths of the SVZ in the
anteromedial striatal neuroepithelium and subventricular zone by 2 observers. Three regions
(0.02mm?2) were randomly sampled 40pum from the ependymal surface (x660) in two sections
for each animal (6 measurements/animal). Counts were also made in 3 randomly selected
regions (0.02mm?) in the SGZ of the dentate gyrus (3 measurements/animal; x660).

Apoptotic cell counts: Apoptotic figures (14) were counted in stratum radiatum in CA1 region
in the hippocampus and in layers 5 and 6 of the neocortex in 5 sites (0.09mm?) in 2 sections
per animal and expressed as apoptotic figures/mm?2,

Semi-Quantitative analysis

Myelination—In gestational control brains myelination as evidenced by (MBP-IR) was most
advanced in the internal capsule with fibers extending into the subcortical white matter towards
the subplate region; this was given a score of 3. The extent of myelination in the prematurely
delivered groups was scored against this standard in the parietal/temporal region (0-no
myelination; 1-a few myelinated fibers; 2-bundles of myelinated fibers; 3-similar extent of
myelination to controls).

Perivascular cuffing in the subcortical white matter—The extent of perivascular
cuffing was scored as: 0-not observed; 1-occasionally observed; 2-moderate degree; 3-
considerable number of vessels with cuffing.

GFAP-IR radial glial fibers—Sections from the frontal/temporal, parietal/temporal and
occipital regions were scored for the presence of GFAP-IR radial glial fibers on a scale of 0-3
(0-not observed; 1-occasionally observed; 2-moderate degree; 3-considerable number of fibers
observed).

Growth and Development and Brain Damage Indices

Growth and development and brain damage indices were constructed as previously described
(15). We acknowledge that in constructing both of the above indices we have given equal
weighting to all variables. At this stage of gestation it is difficult to predict which variables of
development might be the most relevant predictors of long lasting deficits.

Statistical Analysis

Linear regression analysis was carried out to determine if there was a correlation between: a)
physiological variables (maximum and mean fluxes for pH, PaO,, PaCO,, FiO,, Ol, VI and
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blood pressure and mean Qp/Qs and cardiac output) and brain growth and development or
brain damage indices; b) physiological variables and quantitative variables (volumetric
measurements, oligodendrocyte and astrocyte densities); ¢) volumetric measurements (white
matter volume) and brain growth and development indices; and d) volumetric measurements
(white matter volume) and quantitative variables (oligodendrocytes and astrocyte densities); a
probability of p<0.05 was considered to be significant.

The statistical significance of differences between prematurely-delivered and control groups
were tested using a one-way ANOVA with post-hoc analysis (Tukey's test) for histological
variables. T-tests were used to compare between ligated and unligated groups for comparison
of maximum and mean flux results and one-way ANOVAs were used for comparison of all
other physiological variables; a probability of p<0.05 was considered to be significant. Results
are expressed as mean £ SEM (weights and areas) and mean of means = SEM (histological
variables).

Prematurely Delivered Newborn Group Characteristics and Physiology

There were no differences between the 2 newborn groups (unligated and ligated) in any of the
measured physiological variables (PaO,, PaCO,, pH, FiO,, Qp/Qs, VI, Ol, diastolic, systolic
and mean BP) (Table 1) nor in birth weight (unligated, 394+20g vs ligated, 376+16g), sex (M/
F: unligated, 3/2 vs ligated, 5/2) or gestational age (unligated, 131.2+0.2 days vs ligated, 131.0
+0.0 days) prior to the time of planned ductal ligation (day 6); all newborns had a patent ductus
on day 6. During the post-ligation period (days 7-14), unligated animals continued to have a
moderate left-to-right PDA shunt. The diastolic systemic blood pressure was lower, and VI
and Qp/Qs were higher in unligated compared to ligated animals (p<0.05; Table 1). Ligated
animals had a reduced Ol following ligation on day 6 (p<0.03), no other differences were
observed between the pre- and post-ligation period for ligated animals. There were no
differences between the two groups in base deficit, serum bicarbonate or need for dopamine/
dobutamine administration during the 14d treatment course (9). The maximum fluxes in pH
(unligated, 0.37+0.3 vs ligated, 0.26+0.03), PaO, (unligated, 81.6+5.4mmHg vs ligated, 60.3
+8.3mmHg) and PaCO», (unligated, 58.4+6.8mmHg vs ligated, 32.9+3.4mmHg) and the mean
flux in PaCO, (unligated, 17.4+1.8mmHg vs ligated, 13.7+1.6mmHg) and FiO, (unligated,
0.09+0.01% vs ligated, 0.06+0.01%) were higher in unligated compared to ligated animals
over the 14d study period (p<0.05).

Brain Growth and Development (Table 2)

Brain and body weights—Weights were reduced in both groups of prematurely delivered
newborns, at the time of necropsy, compared to age-matched gestational controls (p<0.001).
The brain to body weight ratio was higher in ligated newborns compared to gestational control
animals (p<0.01), indicative of some brain sparing in this group.

Volumetric Measurements—The total volume of the forebrain (right; p<0.001), as well
as the white matter (p<0.001), neocortical (p<0.05) and deep grey matter (p<0.05) volumes,
were reduced in both premature newborn groups compared to gestational controls. There was
no difference (p>0.05) between the groups in the ratios of white matter, neocortical or deep
grey matter volumes to the total forebrain volume or in the ratio of white matter/neocortex.
The area of the SVZ (gestational control, 1.97+0.18mm?; unligated, 1.59+0.08mm?; ligated,
2.26+0.19mm?2) and the area of the SVZ expressed as a percentage of the total cross-sectional
area (gestational control, 0.45+0.06%; unligated, 0.47+0.06%; ligated, 0.6+0.05%) were not
different (p>0.05) between groups. There was no difference between ligated and unligated
groups in any of the variables listed in Table 2.
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Surface Folding Index—Compared to gestational controls, the overall SFI of the forebrain
was reduced in unligated newborns (p<0.05).

Growth and Development Index—The index was decreased (p<0.001) for both unligated
(16.0£2.8) and ligated newborns (24.7£3.2) animals compared to gestational controls (44.6
+2.5); there was no difference (p>0.05) between unligated and ligated animals (Figure 1).

Qualitative Assessment—There was no evidence of infarction or intraventricular or
parenchymal hemorrhages in any animal. In one ligated animal, meningeal cell proliferation
was evident in the sub-arachnoid space; this was associated with a proliferation of small
capillaries with a hyalinised subendothelial matrix. Extravasated intact red cells were seen
adjacent to this region; the presence of fresh red cells with no adjacent cellular reaction is
difficult to interpret.

Ramified (resting) Ibal-IR microglia/macrophages were observed throughout the grey and
white matter; activated Ibal-IR cells were observed infrequently and the incidence was similar
in both newborn groups compared to gestational controls.

Quantitative Assessment (Table 3)

Areal density of astrocytes: There was no difference between groups (p>0.05) in either the
deep or subcortical white matter. In the cerebral neocortex, there was an increase (p<0.05) in
the overall density in unligated (Figure 2B) compared to ligated (Figure 2C) and gestational
control animals (Figure 2A). On a regional basis (data not shown) there was an increase in
astrocytes in the frontal/temporal (p<0.05) and the occipital (p<0.05) regions in unligated
compared to ligated and control animals. The density within the stratum radiatum of the
hippocampus was increased in both unligated (p<0.001; Figure 2E) and ligated (p<0.01; Figure
2F) animals compared to controls (Figure 2D) and in unligated compared to ligated animals
(p<0.01).

Areal density of oligodendrocytes: The overall density in both the deep and subcortical
white matter in the parietal/temporal lobe was reduced (p<0.05) in unligated (Figure 2H, K)
and ligated (Figure 2I, L) animals compared to gestational controls (Figure 2G, J). There was
no difference between prematurely delivered animals in either region (p=0.5).

Percentage of white matter occupied by blood vessels: There was no difference
between groups (p>0.05) in either the subcortical (gestational control, 1.4+0.2%; unligated,
1.7+0.3%; ligated, 2.0+0.3%) or deep white matter (gestational control, 1.2+0.1%; unligated,
1.8+0.2%; ligated, 1.9+0.5%) regions indicating that neither regimen resulted in
vasculogenesis or vasodilatation at least as seen at postmortem.

Ki67-IR cell counts: There was no difference (p>0.05) in the number of cells in the SVZ
(gestational control, 329+97cells/mm?; unligated, 655+87cells/mm?; ligated, 457+68cells/
mm?2) or in the SGZ of the dentate gyrus of the hippocampus (gestational control, 207+52cells/
mm?; unligated, 180+39cells/mm?; ligated, 144+25cells/mm?2) between groups.

Apoptotic cell counts in the hippocampus and cerebral neocortex—There was no
difference (p>0.05) between any of the groups in either the dentate region of the hippocampus
(gestational control, 1.6+0.7cells/mm?; unligated, 3.0+1.2cells/mm?; ligated, 1.9+0.5cells/
mm?2) or the neocortex (gestational control, 2.0+0.2cells/mm?; unligated, 1.8+0.9 cells/mm?;
ligated, 1.4+0.5cells/mm3).
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Semi-Quantitative Assessment (Table 3)

Myelination—In gestational control brains MBP-IR axons were present in the thalamus and
posterior limb of the internal capsule; there was also some staining in the alveus of the
hippocampus and white matter of the pre- and post-central gyri. Scoring revealed a reduction
(p<0.01) in the extent of myelination in both unligated and ligated animals compared to
controls.

Radial Glia—Intensely GFAP-IR radial glial fibers were present at the ventricular surface
projecting into the deep white matter in all control animals. There was no difference (p>0.05)
in the occurrence of GFAP-IR radial glial between the newborn groups.

Perivascular cuffing—There was no difference (p>0.05) between groups in the incidence
of cuffing in the deep white matter.

Brain Damage Index: The variables comprising the brain damage index are contained in Table
3. There was an increase in the brain damage index for both unligated (p<0.001) and ligated
(p<0.001) animals compared to controls. However, there was no difference (p=0.4) between
unligated and ligated newborns.

Correlations between brain growth, brain injury and physiological variables Indices vs
Structural variables: Across all of the animals there were positive correlations between the
following: the growth and development index and white matter volume (r?=0.78; p<0.0001);
the SFI and brain weight (r2=0.23; p<0.004); the SFI and white matter volume (r2=0.44;
p<0.002); white matter volume and the areal density of MBP-IR oligodendrocytes in the deep
(r?=0.38; p<0.005) and subcortical white matter (r2=0.23; p<0.04). These correlations confirm
the expected increase in SFI, white matter volume, and oligodendrocyte development with
increasing brain weight.

There were negative correlations between the following: brain weight and the brain damage
index (r2=0.50; p<0.0008); white matter volume and the brain damage index (r?=0.75;
p<0.0001); the areal density of MBP-IR oligodendrocytes in the deep white matter and the
brain damage index (r2=0.27; p<0.02); white matter volume and the areal density of astrocytes
in the deep (r?=0.23; p<0.04), and subcortical white matter (r2=0.22; p<0.04). These
correlations indicate that: 1) as brain weight, white matter volume and oligodendrocyte density
decrease the brain damage index increases; 2) as astrocyte density increases, the volume of
white matter decreases.

Physiological vs structural variables: There were no significant correlations between
physiological variables and indices of growth and development. On the other hand, there were
significant correlations between the fluxes in FiO, and PaCO, and the extent of injury. There
were positive correlations between the brain damage index and the mean (r2=0.33; p<0.05;
Figure 3) and maximum fluxes (r?=0.50; p<0.01) in FiO,; the areal density of neocortical
astrocytes and the maximum flux in PaCO, (r2=0.41; p<0.03). There were negative correlations
between: the areal density of MBP-IR oligodendrocytes in the deep white matter and the
maximum flux in FiO, (r?=0.50; p<0.01). There was no correlation between both average Qp/
Qs or cardiac output and any histological variable.

DISCUSSION

This study confirms our previous reports (15,16) that premature delivery and critical illness
are associated with significant neuropathological alterations in the brains of newborn baboons;
importantly these changes occur in the absence of chorioamnionitis.
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Growth and development—The brain growth and development index was lower in both
groups of newborn animals compared with gestational controls confirming our previous
observations that brain growth is slowed in this model of premature birth (15,16). There was
no difference between the ligated and unligated animals in any of our measurements of brain
volume (the small number of animals used in our study may have limited the interpretation of
some of the results). However, we did find that eliminating a persistent, moderate size PDA
shunt might have some protective effect on brain growth. We base this on the findings that: 1)
there was a small but significant increase in the brain to body weight ratio in ligated compared
to gestational control animals; and 2) the surface folding index (a measure of gyrification) was
reduced in unligated animals with a persistent PDA but not in ligated animals. Gyrification is
thought to reflect the development of cerebral and subcortical connectivity (17).

Our study demonstrates alterations in cerebral white and grey matter in both groups of newborn
animals. The reduction in oligodendrocyte cell numbers could have resulted from their marked
susceptibility to oxidative and/or nitrosative stress at this developmental stage (18,19). The
concomitant reduction in myelination might be related either to a direct effect on
oligodendrocytes or to a reduction in axon numbers and/or a reduction in axonal diameter and
hence to thinner myelin sheaths.

There was a greater increase in the density of astrocytes in the neocortex and hippocampus in
unligated compared to ligated animals. While this was not reflected in a significant difference
in the overall brain damage index between prematurely delivered groups the mean score was
lower in the unligated group. It is possible that a difference was not found due to the composite
construction of the score and to the small sample size (Type Il error).

Despite attempts to maintain respiratory stability, hypoxic episodes occur in the baboon
newborns as they do in the preterm human newborn. In general, the animals that had better
ventilatory control and required less manipulation of FiO, (lower fluxes), had lower brain
indices. Although ductal ligation does not always produce a significant improvement in clinical
status (9,20), in the present study, both pulmonary status (as evidenced by V1) and blood
pressure control improved after ligation. It is possible that these factors combined to improve
cerebral blood flow and oxygen delivery to the brain resulting in less gliosis and a tendency
for better brain growth in the ligated animals. Reactive astrocytes produce IGF-1 (21) and FGF
(22) to support neuronal survival and to assist in repair mechanisms but they also produce
cytokines and reactive oxygen species which could exacerbate injury via oxidative and
inflammatory pathways (23). There was no overt indication of inflammation as evidenced by
an increase in activated microglia in the brain, although it is possible that the peak of such a
response will have occurred prior to the end of the experiment.

Our findings in the premature baboon help to explain the apparent differences between previous
clinical studies that examined the relationship between PDA, surgical ligation and
neurodevelopmental outcome (3,4). Chorne et al. reported that when ligation was performed,
after a brief exposure to a symptomatic PDA, there was no relationship between ligation and
neurodevelopmental abnormality (4). On the other hand, Kabra et al. observed that when infants
were ligated after allowing the symptomatic PDA to persist for varying lengths of time, the
risk for neurosensory impairment was increased (3). Human preterm infants will almost
uniformly receive indomethacin prior to surgical ligation. Indomethacin exposure might be an
important variable and should be acknowledged when considering the translation of these study
findings to human infants. Our study was designed to examine the specific effects of ductus
ligation on brain development and injury.
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We conclude from our study that closing the PDA, even by ligation, does not necessarily lead
to brain injury; it may even be of some benefit to the brain if the PDA is contributing to
persistent pulmonary and hemodynamic instability. Similar conclusions have also been made
regarding other organ systems (24).
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The growth and development index scores were decreased (T, p<0.001) in both unligated and

ligated groups compared to gestational controls but there was no difference between

prematurely delivered groups.
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Figure 2.

A-C: GFAP-IR in the neocortex; Astrocyte density was increased in unligated (B) compared
to ligated (C) and control animals (A). D-F: GFAP-IR in the hippocampus; Astrocyte density
within the stratum radiatum of the hippocampus was increased in unligated (E, p<0.001) and
ligated (F, p<0.05) compared to control animals (D) and in unligated animals (p<0.01)
compared to ligated animals; arrows indicating astrocytes. G-L: There was a reduction (p<0.05)
in the density of myelin basic protein-immunoreactive (MBP-IR) oligodendrocytes in
unligated (H, K) and ligated (I, L) animals compared to controls (G, J); arrows indicate MBP-
IR oligodendrocytes. A-C=70um; D-1=1.7mm; J-L=160um.
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Figure 3.

Regression analysis included both groups of prematurely delivered animals (unligated and
ligated). A positive correlation was observed between the mean flux in FiO5 and the brain
damage index score (r?=0.33; p<0.05).
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Physiological data
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Pre-ligation period (days 1-6)

Post-ligation period (days 7-14)

ligated unligated ligated unligated
Qp/Qs 1.600.10 1.80+0.24 1.01+0.01 2.27+0.12™"
Oxygenation Index 6.00+0.14 6.21+0.16 3,7410_14T 5.53+0.18
Ventilation Index 41.56+1.90 43.53+1.6 28.62+0.70 48.57t1.90*
Diastolic BP (mmHg) 28.82+0.50 28.10+0.70 32.32+0.42 26.19+0.50"
Mean BP (mm Hg) 35.30+0.50 37.10+0.80 42.04+0.45 39.13+0.48

ANOVA for repeated measures, Day 7-14, Values are mean + sem.

BP, blood pressure
*

p<0.03
*

*
p<0.007 vs ligated (days 7-14)

7‘p<0.03 vs ligated (days 1-6).
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Body and brain weights and cerebral volumetric measurements
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Parameter

Control (n=7)

Unligated (n=5)

Ligated (n=7)

Body weight at necropsy (g)

Total brain weight (after fixation; g)
Brain/body weight, ratio

Volume of right forebrain (mm?®)
White matter Volume (mm?)
Neocortical Volume (mm®)

Deep grey matter (basal gangglia, thalamus,
hippocampal) Volume (mm?®)

White matter/Total Volume (%)
Neocortex/Total Volume (%)

Deep grey matter/Total volume (%)
White matter/Neocortex, ratio

Surface Folding Index (SFI)

543.0+14.4
60.0+1.6
0.11+0.01
20,177x777
9,136+300
8,858+425
2,037+193

45.5+0.9
43.9+0.7
10.1+0.7
1.04+0.04
43.9+2.2

343.8+4.17
30.8:0.9"
0.12+0.01
14,606:802"
64263131
6,550+668 "
1,441+104”

45.5+0.8
43.5+0.6
10.5+0.8
1.02+0.09
*
37.4x11

339.3+18.77
4504267
*%*
0.13+0.01
15,360+490
6,962+300"
6,744+218"
1,442455"

45.3+0.7
43.9+0.7
9.4+0.4
1.03+0.03
39.9+0.9

Values are mean + SEM. All volume measurements were made on the right hemisphere only

*
p<0.05 vs control

Fk

p<0.01 vs control

7Lp<0.001 Vs control.
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Brain damage index

Table 3
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Parameter

Control (n=7)

Unligated (n=5)

Ligated (n=7)

Astrocytes in deep WM (cells/mm?)
Astrocytes in subcortical WM (cells/mm?)
Astrocytes in neocortex (cells/mm?)
Astrocytes in hippocampus (cells/mm?)

MBP-IR oligodendrocytes in the deep WM (cells/
mm?)

MBP-IR oligodendrocytes in the subcortical WM
(cells/mm?)

Extent of Myelination
GFAP-IR radial glial fibres
Perivascular Cuffing

Brain damage index

402423
378428
131426
241+14

106+11

42+7

2.4+0.2

1.4+0.2

0.4+0.3
49.945.9

45322
40722
24343174
5583618

Kk
4846

*
1245

*k
1.5+0.2
2.2+0.3
0.6+0.4

109.8+7.61

484+30
430+29
126+13
*k
375%19
*
52+13

*
20+4

Kk
1.5+0.3
1.9+0.3
1.4+0.5

99.1+9.57

Values are mean + SEM. WM, white matter.
*
p<0.05 vs control
**
p<0.01 vs control
#
p<0.001 vs control

$p<0.05 'S

§p<0.01 vs Ligated.
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