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Abstract

Intrauterine inflammation is known to be a risk factor for the
development of periventricular leukomalacia (PVL) and cere-
bral palsy. In recent years, activated microglial cells have
been implicated in the pathogenesis of PVL and in the devel-
opment of white matter injury. Clinical studies have shown
the increased presence of activated microglial cells diffusely
throughout the white matter in brains of patients with PVL.
In vitro studies have reported that activated microglial cells
induce oligodendrocyte damage and white matter injury by
release of inflammatory cytokines, reactive nitrogen and ox-
ygen species and the production of excitotoxic metabolites.
PK11195 [1-(2-chlorophenyl)-N-methyl-N-(1-methylpropyl)-
3-isoquinoline carboxamide] is a ligand that is selective for
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the 18-kDa translocator protein expressed on the outer mi-
tochondrial membrane of activated microglia and macro-
phages. When labeled with carbon-11, ['"C]PK11195 can ef-
fectively be used as a ligand in positron emission tomogra-
phy (PET) studies for the detection of activated microglial
cells in various neuroinflammatory and neurodegenerative
conditions. In this study, we hypothesized that the magni-
tude of ['"C]-(R)-PK11195 uptake in the newborn rabbit brain,
as measured using a small-animal PET scanner, would match
the severity of motor deficits resulting from intrauterine in-
flammation-induced perinatal brain injury. Pregnant New
Zealand white rabbits were intrauterinely injected with en-
dotoxin or saline at 28 days of gestation. Kits were born
spontaneously at 31 days and underwent neurobehavioral
testing and PET imaging following intravenous injection
of the tracer ['"C]-(R)-PK11195 on the day of birth. The neu-
robehavioral scores were compared with the change in
[""CIPK11195 uptake over the time of scanning, for each of the
kits. Upon analysis using receiver operating characteristic
curves, an optimal combined sensitivity and specificity for
detecting abnormal neurobehavioral scores suggestive of
cerebral palsy in the neonatal rabbit was noted for a positive
change in ['"C]PK11195 uptake in the brain over time on PET
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imaging (sensitivity of 100% and area under the curve of
>0.82 for all parameters tested). The strongest agreements
were noted between a positive uptake slope — indicating in-
creased [""CJPK11195 uptake over time - and worsening
scores for measures of locomotion (indicated by hindlimb
movement, forelimb movement, circular motion and straight-
line motion; Cohen’s k >0.75 for each) and feeding (indicated
by ability to suck and swallow and turn the head during feed-
ing; Cohen’s k >0.85 for each). This was also associated with
increased numbers of activated microglia (mean ratio = SD
of activated to total microglia: 0.96 * 0.16 in the endotoxin
group vs. 0.13 * 0.08 in controls; p < 0.001) in the internal
capsule and corona radiata. Our findings indicate that the
magnitude of ['"C]JPK11195 binding measured in vivo by PET
imaging matches the severity of motor deficits in the neona-
tal rabbit. Molecular imaging of ongoing neuroinflamma-
tion in the neonatal period may be helpful as a screening
biomarker for detecting patients at risk of developing cere-
bral palsy due to a perinatal insult.

Copyright © 2011 S. Karger AG, Basel

Introduction

Inflammation is a characteristic feature of many de-
generative disorders of the brain and is accompanied by
the presence of activated microglial cells [1]. Maternal
intrauterine infection or chorioamnionitis leads to a fe-
tal systemic inflammatory response mediated by cyto-
kines, which may result in the activation of microglial
cells and injury to the developing brain [2-4]. Intrauter-
ine inflammation has been recognized as one of the
causes of perinatal brain injury leading to periventricu-
lar leukomalacia (PVL), resulting in lifelong disabilities
such as cerebral palsy and cognitive impairment in the
infant [5]. Recent evidence has shown that activated mi-
croglia may trigger white matter injury in the perinatal
period [6-9].

Microglia, the resident macrophage cells of the brain,
predominantly serve an immune surveillance function
[10]. In the developing brain, amoeboid microglia are
present in the white matter tracts from the late second
trimester onward, decreasing in density in the postnatal
period [11]. These microglial cells migrate to the cortex,
where they are found in their ‘quiescent’ stage during
adulthood. During development, activated microglia as-
sume a supportive role in myelinogenesis and axonogen-
esis by stimulating the synthesis of myelin basic protein
and the induction of laminin, an extracellular matrix
molecule that enhances neurite outgrowth [12, 13]. How-
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ever, the presence of activated microglia in the white mat-
ter tracts during development may also increase the vul-
nerability of the fetal brain to diverse brain insults.
Microglial cells, when activated by proinflammatory
cytokines, release oxidative and nitrosative products, and
excitotoxic metabolites that can damage surrounding oli-
godendrocytes [14, 15]. Reactive microglia are associated
with demyelinating and degenerative disorders such as
multiple sclerosis and Alzheimer’s disease [16, 17]. In-
creased expression of protein nitration and lipid peroxi-
dation in premyelinating oligodendrocytes, accompa-
nied by the presence of activated microglia, was noted in
autopsy brain tissues of patients with PVL [18]. The close
association of activated microglial cells with oligoden-
drocyte death in PVL necessitates the early detection of
inflammatory processes in the fetal brain.

Activated microglia have upregulation of the 18-kDa
translocator protein (TSPO; also known as peripheral
benzodiazepine receptor) expression in their outer mito-
chondrial membrane [19-21]. Although the function of
TSPO has not been defined clearly, it has been implicated
in the regulation of cell death [22], mitochondrial respira-
tion [23], cell growth and proliferation [24], steroidogen-
esis [25], and chemotaxis and cellular immunity [26, 27].
Isoquinoline ligands such as PK11195 [1-(2-chlorophe-
nyl)-N-methyl-N-(1-methylpropyl)-3-isoquinoline ~car-
boxamide] bind TSPO [28] that are expressed on activat-
edmicroglial cells. Whenlabeled with carbon-11,PK11195
can be effectively used as a ligand in positron emission
tomography (PET) studies, indicating the presence of ac-
tivated microglia in acute inflammatory and neurode-
generative disorders [17, 21, 29-35]. Detection of activated
microglial cells in vivo can provide valuable information
regarding the extent of injury sustained in the perinatal
period. The aim of this study was to evaluate the sensitiv-
ity, specificity and agreement between the measurement
of ['C]-(R)-PK11195 uptake in the brain and the severity
of motor deficits determined by a behavioral rating para-
digm previously described in our neonatal rabbit model
of brain injury, induced by maternal intrauterine endo-
toxin administration.

Materials and Methods

Animal Model

All procedures were approved by the institutional animal care
and use committee. New Zealand white rabbits with timed preg-
nancies (CoVance Research Products Inc., Kalamazoo, Mich.,
USA) underwent laparotomy on gestation day 28 (term pregnan-
cy: 31-32 days) and were injected with 1 ml of saline solution (con-
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Fig. 1. a Coregistration of MR and PET
images in representative newborn rabbit
brain. PET (upper row) and MR images
(lower row) along with the coregistered
images (middle row) are shown for a rep-
resentative endotoxin kit. The red solid
circle indicates the region of interest (ROI)
on the transverse planes (left column), and
the red lines on the sagittal planes (right
column) indicate the 3D ROI of the brain
that was evaluated for [!'C]PK11195 up-
take, which includes the cerebrum and
midbrain. Middle column: Coronal planes.

>20 pCi/cm?3

trol saline group: n = 5) or 1 ml of saline containing 20 pg/kg of
lipopolysaccharide (endotoxin group: n = 6; Escherichia coli sero-
type O127:B8; Sigma Aldrich, St. Louis, Mo., USA) along the
length of the uterus between the fetuses, as previously described
[8, 36]. A third group comprised animals that had no surgical in-
tervention (control-no intervention: n = 3). All kits were born
spontaneously on gestation day 31, and the litter size ranged from
8 to 12. One to 2 kits from each litter were randomly picked
to undergo neurobehavioral testing and PET imaging with
['!C]PK11195 to determine the presence of neuroinflammation
(the total number of kits imaged were 6 for control saline, 4 for
control-no intervention, and 8 for endotoxin).

Neurobehavioral Scoring

Neurobehavioral testing and scoring was done, as previously
described by Derrick et al. [37], before PET/MR imaging on the
day of birth (n = 6 kits in the control saline group; n = 4 kits in the
control-no intervention group; n = 8 kits in the endotoxin group).
Briefly, the kits were videotaped for 5 min and scored on a scale
of 0 (worst) to 3 (best) by 2 blinded observers for (1) posture (abil-
ity to maintain prone posture), (2) righting reflex (ability to right
itself from supine to prone position for 10 attempts), (3) activity
and locomotion on a flat surface (assessed by grading the quality,
intensity and duration of spontaneous movement of the head as
well as front and back legs), (4) ability to move in a straight line
and in circles, (5) coordination of sucking and swallowing as-
sessed by artificially feeding the rabbit kits with formula from a
syringe with a dropper, and (6) ability to move the head during
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feeding. The tone on passive flexion and extension was assessed
using the scoring based on the Ashworth scale, on which 0 indi-
cated no increase in tone, and 4 indicated the limb was rigid in
flexion or extension [37].

PET Imaging

PET scans were performed using a microPET R4 tomograph
(Siemens Preclinical Solutions) followed by MRI for anatomic
coregistration, as previously described [36]. In short, 3 fixed
spheres attached to a head holder filled with fluid that was vis-
ible both on PET (radioactivity) and MR (water) images were
used for coregistration of the two modalities. Following anes-
thesia with 0.1-0.2% isoflurane, the rabbit kits were positioned
on the head holder and placed on the microPET bed as previ-
ously described [36]. The kits were injected intravenously with
10-20 MBq of [''C]PK11195 (half-life: 20 min), and a 60-min list
mode data acquisition in 3D mode was initiated. The list mode
data were subsequently rebinned into discrete time frames (6 X
10 min), and attenuation-corrected sinograms reconstructed us-
ing the ordered subset expectation-maximization iterative algo-
rithm, yielding an isotropic image resolution of about 2 mm full
width at half maximum. Subsequently, each animal underwent
MRI for coregistration with the PET images, as previously de-
scribed [36].

The images were processed using the AMIDE software (A
Medical Image Data Examiner, version 0.9.2). The MR and mi-
croPET image volumes were coregistered by manually matching
the position of the 3 fiducial markers in both data sets (fig. 1a).
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Fig. 1. b Representative PET images of [!!C]PK11195 uptake over
time in newborn rabbit brain. A decrease in ['!C]PK11195 uptake
in the brain is seen over the time of scanning (60 min) for control-
no intervention (upper row) and control saline kits (middle row).
In the endotoxin kits (lower row), an increase in tracer uptake is
seen over time, indicating specific binding of the tracer to acti-
vated microglia in the brain of kits born to dams that were in-
jected endotoxin in utero. The images are binned into 6 frames
of 10 min each for analysis. The red dashed circle indicates
the ROI involving the whole brain. ¢ Representative slopes of

After coregistration, a 3D region of interest involving the whole
brain (cerebrum and midbrain up to the brain stem) was defined
in the MR image volumes and copied to the dynamic PET image
sequences, yielding dynamic time-activity curves for the control
and endotoxin groups. In order to avoid errors due to partial vol-
ume effects, only the region of the cerebrum and midbrain was
included in the analysis, as previously described by our group
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["'C]PK11195 uptake in the brain by PET imaging. The standard
uptake value of ['C]JPK11195 activity in the brain of the kits in
b is shown here. A decrease in [''C]PK11195 uptake, resulting in
anegative slope, is noted over the time period of scanning for both
control groups, while an increase in uptake demonstrated by a
positive slope is noted in the endotoxin kit (right), indicating spe-
cific binding of the tracer to activated microglia in the neonatal
rabbit brain. Left: Control-no intervention group. Middle: Con-
trol saline group.

[36]. The activity was standardized between animals by dividing
the mean tracer concentration (in megabecquerels per cubic cen-
timeter) at each time point by the injected activity (in megabec-
querels) per weight (in grams) and expressed as standardized up-
take values (SUV). The slope of the SUV curves derived from the
whole acquisition period (0-60 min) was then used as a measure
of microglial activation in the brain. Thus, a positive uptake slope
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indicates specific binding of the tracer to the TSPO on activated
microglia, while a negative uptake slope indicates initial accumu-
lation of the tracer in tissue, followed by washout due to weak
nonspecific binding.

Immunohistochemistry

Following PET imaging, the newborn rabbit kits were eutha-
nized, perfused with 4% paraformaldehyde and cryoprotected.
Microglial staining was done as previously described, using bio-
tinylated Lycopersicon esculentum tomato lectin (1:100; Vector
Laboratories, Burlingame, Calif., USA) followed by Vectastain
ABCKkitand color developed using 3,3-diaminobenzidine as per-
oxidase substrate (Vector Laboratories) [8, 36]. Microglial count-
ing was done on 5 sections 180 pwm apart, from the beginning of
the lateral ventricle to the dorsal hippocampus (n = 5 kits from
the endotoxin group; n = 5 Kits from the control saline group).
Six nonoverlapping fields across the corona radiata and internal
capsule from both sides of the brain were captured using a Leica
DM 2500 microscope equipped with a QImaging Retiga 2000R
camera with a X40 objective. Images were analyzed using Image-
Pro Plus software, and microglia were counted in each region in
a blinded manner. Data are expressed as the ratio of activated
microglia (defined as cells with rounded or amoeboid morphol-
ogy and retracted processes) to total microglia (ramified +
rounded morphology) in each region. In addition, to demon-
strate the presence of activated microglia, the microglial marker
CD11b was assessed in endotoxin and control sections by stain-
ing with mouse monoclonal primary antibody (CDI11b; 1:75;
AbD Serotec, Raleigh, N.C., USA) and Alexa Fluor 488 goat anti-
mouse (1:450; Invitrogen, Carlsbad, Calif., USA) as secondary
antibody. Sections were stained with Alexa Fluor CD11b (green
fluorescence), followed by tomato lectin tagged with Texas Red
(red fluorescence; 1:100; Vector Laboratories), for detection of
colocalization on microglia with 4’,6-diamidino-2-phenylindole
(ProLong Gold antifade reagent with DAPI; Invitrogen) for nu-
clear staining.

Statistical Analyses

Prior to all analyses, the distribution of variables was exam-
ined, and all data were checked for accuracy and for outliers. For
the receiver operating characteristic (ROC) analysis, all control
and endotoxin kits were included (total: n = 18 kits). Initially, we
assessed the relationship between the individual neurobehavioral
scores and the uptake slope, using an ROC analysis. The neurobe-
havioral scores were assumed to represent the gold standard in the
ROC analysis, with scores of 2 and above representing normal
posture, locomotion, circular motion, straight-line movement,
head movement, duration of activity, ability to suck and swallow
and head turning during feeding. For hindlimb and forelimb
tone, a score of 2 and below was assumed to represent normal
tone, with values above 2 taken as hypertonia. Based on the ROC
analysis, a cutoff point for the uptake slope was chosen (separat-
ing abnormal from normal uptake slope values), and Cohen’s k
was calculated to assess the agreement between the dichotomized
uptake slope values (normal, abnormal) and the dichotomized
neurobehavioral scores. A k value of 1.0 indicates perfect agree-
ment between a particular measure and the gold standard, and
positive values of k indicate positive agreement between the mea-
sures. The strength of agreement (k) is defined as: poor (<0.20),
fair (0.21-0.40), moderate (0.41-0.60), substantial (0.61-0.80) and
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almost perfect (0.81-1.00) based on Landis and Koch [38]. The
ratio of activated to total microglia was compared between the
groups by using t tests. The data are reported as means * SD for
each of the groups.

Results

PET Imaging and Neurobehavioral Score

An increase in tracer activity over time was seen in the
PET images and was expressed as a positive uptake slope
of the SUV in the endotoxin kits (n = 8), while in the con-
trol kits (n = 10), a decrease in activity over time and
a negative uptake slope were observed (fig. 1b, c). ROC
analysis of the relationship between neurobehavioral
scores and the uptake slope yielded a slope value of 0 as
the best cutoff point, for which the accuracy was greatest.
A positive uptake slope (indicating a steady increase in
the amount of tracer bound to activated microglia) was
associated with a worsening of neurobehavioral scores
(fig. 2). Sensitivity and specificity pairs for the chosen cut-
off value for the uptake slope (0) as well as the area under
the curve for the various neurobehavioral parameters
evaluated are shown in table 1. A substantial to almost
perfect agreement between uptake slopes and neurologi-
cal scores was seen for hindlimb and forelimb movement
(k = 0.71), straight-line motion (0.71), circular motion
(0.98), ability to suck and swallow (0.82), and head turn
during feeding (0.97). A moderate k value was obtained
for posture (k = 0.47), forelimb and hindlimb tone (0.59),
head movement (0.59) and duration of continuous activ-
ity in 1 min (0.47). The parameter that showed the lowest
agreement was righting reflex (k = 0.35). Although this
was associated with a high sensitivity and area under the
curve (table 1), it had the lowest specificity, indicating a
higher rate of false positives.

Increased Activation of Microglial Cells in Endotoxin

in the Corona Radiata and Internal Capsule

A robust increase in the number of microglia, along
with a change in morphology, was observed in the internal
capsule and corona radiata of endotoxin kits (fig. 3a, b).
The activated microglial cells exhibited a change in mor-
phology from ramified to amoeboid or round shape with
retracted processes and enlarged somas, as previously de-
scribed [8, 36]. The percent ratio of activated microglia
(identified as amoeboid and rounded cells) to the total mi-
croglia counted (ramified + rounded) was significantly in-
creased in the endotoxin kits when compared with the
control saline kits (means * SD of the ratio of activated
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Table 1. ROC values for each of the neurobehavioral parameters evaluated in newborn rabbit kits on day 1 of life
Area under p Sensitivity Specificity Agreement p
the curve % %
Posture 0.91 0.015 100 71.4 0.53 0.011
Righting reflex 0.82 0.086 100 66.7 0.40 0.034
Forelimb tone 0.92 0.007 100 76.9 0.65 0.003
Hindlimb tone 0.89 0.012 100 76.9 0.65 0.003
Head movement 0.83 0.034 100 76.9 0.65 0.003
Hindlimb movement 0.92 0.005 100 83.3 0.77 0.001
Forelimb movement 0.92 0.005 100 83.3 0.77 0.001
Circular motion 1.00 <0.001 100 100 1.00 <0.001
Straight-line motion 0.92 0.005 100 83.3 0.77 0.001
Duration of activity for 1 min 0.86 0.034 100 71.4 0.53 0.011
Sucking and swallowing 0.92 0.007 100 90 0.87 <0.001
Head turn during feeding 1.00 0.001 100 100 1.00 <0.001
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Fig. 3. a Schematic representation of the
distribution of activated microglia in the
newborn rabbit following intrauterine en-
dotoxin administration. The image repre-
sents a coronal section of a newborn rabbit
brain under low magnification. The distri-
bution of activated microglia in the endo-
toxin-treated Kkits is indicated schemati-
cally by black dots in the corpus callosum,
corona radiata and angle of the ventricle.
At this level, microglia are found along the
border of the ventricles, and in the corpus
callosum, corona radiata and internal cap-
sule. b Microglial staining in neonatal rab-
bits on day 1 of life. Slides were stained for
microglia using Lycopersicon esculentum
(tomato lectin). An intense increase in
numbers of microglia and a change in
morphology of the microglia to a more
rounded and amoeboid form is noted in
the corpus callosum, around the lateral
ventricles and in the corona radiata in
endotoxin kits when compared with con-
trols. Left: Corpus callosum. Right: Angle
of ventricle. Upper row: Control. Lower
row: Endotoxin. Scale bar = 100 pm. In-
sets High-magnification image of the mi-
croglia, demonstrating the ramified mor-
phology in controls (upper inset) and a
more rounded and amoeboid/bushy mor-
phology in the endotoxin kits (lower in-
set). Scale bar = 10 wm. ¢ CD11b expression
in the neonatal rabbit brain on day 1 of life.
Representative sections from control (left)
and endotoxin kits (right). Increased ex-
pression of CD11b in the periventricular
region of endotoxin kits is shown when
compared with the control saline kits on
day 1 of life. Microglia labeled with tomato
lectin (red fluorescence) colocalized with
CD11b (green fluorescence) predominant-
ly in the endotoxin kits and demonstrated
a more rounded morphology (arrows,
right), while microglial cells in the control
kits were mostly ramified (arrows, left)
and did not stain for CD11b. Scale bars =
20 pm.
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to total microglia: 0.13 * 0.08 in control saline kits vs. 0.96

* 0.16 in endotoxin kits; p < 0.001). The presence of mi-
croglial activation in the endotoxin kits was confirmed by
increased staining for the microglial B-integrin marker
CD11b, which has been shown to be overexpressed by ac-
tivated microglia in neuroinflammatory diseases [39, 40].
Most of the lectin-stained cells in the endotoxin kits had
an amoeboid and rounded morphology and were strong-
ly positive for CD11b staining. In contrast, the microglial
cells in the control kits had a ramified morphology and
demonstrated minimal staining for CD11b (fig. 3¢).

Discussion

We have previously shown that intrauterine endotoxin
administration near term results in motor deficits sugges-
tive of cerebral palsy in neonatal rabbits [8]. We have also
shown that microglial activation in the neonatal brain in-
duced by maternal endotoxin administration can be de-
tected in vivo by PET imaging [36]. In this study, we have
demonstrated that increased uptake of [''C]PK11195 in-
dicated by a positive slope (>0.0) shows good agreement
with decreased neurobehavioral scores and hypertonia in
newborn kits. This was associated with an increase in the
number of activated microglia in the corona radiata and
internal capsule of the newborn brain upon immunohis-
tochemistry, in kits exposed to maternal intrauterine en-
dotoxin administration. Activated microglial cells may
induce oligodendrocyte and neuronal injury by releasing
oxidative and nitrosative products [18], by excitotoxic me-
tabolites such as glutamate and quinolinic acid [14, 41, 42],
and by producing a variety of proinflammatory cyto-
kines, many of which are cytotoxic [43].

Microglia, the resident macrophage system of the
brain, can ameliorate central nervous system repair or
exacerbate an injury depending on the signals in the mi-
croenvironment. The dual role of microglia in the pres-
ence of brain injury has previously been shown [44]. The
neurotoxic and proinflammatory effects of microglia
through the production of reactive oxygen species via
NADPH oxidase, cytokines (interleukin-1B3, interleu-
kin-6, tumor necrosis factor-a) and matrix metallopep-
tidase 9 may play a crucial role in neuronal and oligoden-
drocyte injury and in increasing blood-brain barrier per-
meability, thereby potentiating the injury. Microglia are
known to produce various neurotrophic factors such as
neurotrophins and growth factors (fibroblast growth fac-
tor, transforming growth factor-3;), which are involved
in neuronal survival and brain tissue repair in cases of
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brain injury [45-48]. The differential effects of microglia
in response to an injury may be explained in terms of
their phenotypic and functional heterogeneity. Thus, the
predominant effect of a proinflammatory over an anti-
inflammatory phenotype may be the impairment of the
central nervous system repair mechanism by augmenting
secondary damage [44, 49].

In this model, the increase in activated microglia is
seen in association with maternal endotoxin administra-
tion. The high density of microglia normally present in
the white matter tracts of rabbits at around 28 days’ ges-
tational age makes the surrounding oligodendrocytes
vulnerable to the neurotoxic effects of activated microg-
lia. Though it is still not clear whether the presence of ac-
tivated microglia is the cause or the effect, its detection
can be used as a reliable biomarker for brain injury in the
perinatal period. In vivo detection of TSPO overexpres-
sion, which is constitutively expressed in very low levels
in the normal healthy brain, has been used as a sensitive
marker to visualize and measure microglial cell activation
associated with various neuroinflammatory disorders
[19-21]. In the presence of brain injury, the activation of
microglial cells is typically localized to the site of the in-
jured neuron, with extension along the anterograde or ret-
rograde axonal pathway. This characteristic response
helps to accurately localize the site and distribution of in-
jury when imaging activated microglia, providing infor-
mation about the temporal and spatial progression of var-
ious neuroinflammatory disorders. TSPO expression ap-
pears to be a more sensitive indicator of brain injury since
an increase can be detected even before histological
changes such as neuronal apoptosis or loss are noted [50].

Our study shows a strong agreement between the ex-
tent of [''C]PK11195 uptake in the brain and the degree of
motor impairment, indicating that this can be a sensitive
biomarker for the presence of brain injury resulting in
motor deficits. This is similar to previous studies that have
shown that the extent of TSPO expression in the brain ap-
pears to be directly related to the extent of injury on his-
tology, with a large increase noted in the case of frank
neuronal loss and smaller increases noted with just the
loss of neuronal terminals [50, 51]. One of the limitations
of this study is that the PET imaging and neurobehavior-
al analysis was done at the same time. Ongoing studies
evaluating the neurobehavioral function of the rabbits at
adulthood would be helpful in further determining
whether this imaging technique can be used as a predictor
for determining long-term neurological outcome.

Detection of activated microglial cells in vivo can po-
tentially provide valuable information about the degree
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of injury sustained in the perinatal period. Neonates
born to mothers with chorioamnionitis, either diag-
nosed clinically or by placental histopathology, can be
screened by PET imaging with [''C]-(R)-PK11195 for the
presence of activated microglial cells as an indicator of
neuroinflammation and possible predictor of the devel-
opment of brain injury secondary to intrauterine infec-
tion. Though high radiation exposure in the neonatal pe-
riod is a matter of concern with regard to the radiation
dose, [''C]-(R)-PK11195 scans in neonates could be ac-
complished using effective doses that are not much high-
er than the average annual background radiation expo-
sure, which is around 3.6 mSv per person in the USA [52,
53]. The typical effective dose used in a PET scan is
5 mSv, which is less than in a clinical CT scan. A single
clinical CT scan of the head typically results in a radia-
tion exposure to about 30 mSv of the brain in a neonate,
with doses as high as 90 mSv, depending on the number
of scans/studies required [54]. With these dose exposures
(30-90 mSv) in the newborn period, the lifetime attrib-
utable risk of radiation-associated cancer is around
0.04-0.06% [54]. This risk decreases substantially with a
decrease in the dose used. Given the very serious, debili-
tating consequences of the development of cerebral palsy
from perinatal brain injury, PET scanning for early de-
tection of neuroinflammation in the neonate may poten-
tially have a high benefit-to-risk ratio.
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