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Abstract
Medically-refractory seizures cause inflammation and neurodegeneration. Seizure initiation
thresholds have been linked in mice to the serine protease tissue plasminogen activator (tPA); mice
lacking tPA exhibit resistance to seizure induction, and the ensuing inflammation and
neurodegeneration are similarly suppressed. Seizure foci in humans can be examined using PET
employing 2-deoxy-2[18F]fluoro-D-glucose (18FDG) as a tracer to visualize metabolic dysfunction.
However, there currently exist no such methods in mice to correlate measures of brain activation
with behaviour. Using a novel method for small animal PET data analysis, we examine patterns
of 18FDG uptake in wild type and tPA-/- mice and find that they correlate with the severity of drug-
induced seizure initiation. Furthermore, we report unexpected activations that may underlie the tPA
modulation of seizure susceptibility. The methods described here should be applicable to other mouse
models of human neurological disease.

INTRODUCTION
Increased hippocampal excitability is commonly observed in temporal lobe epilepsy (TLE)
(Carne et al., 2004; de Lanerolle et al., 2003) and can be visualized indirectly using metabolic
imaging of 2-deoxy-2[18F]fluoro-D-glucose (18FDG) (Diehl et al., 2003; Lamusuo et al.,
2001). Small animal imaging using microPET has become an increasingly useful tool in
multiple research areas (Schiffer et al., 2005; Schiffer et al., 2006a; Sossi and Ruth, 2005).
However, existing image analysis strategies for small animal PET data are targeted toward
examining regional changes in 18FDG uptake, as we have shown for an animal model of TLE
(Mirrione et al., 2006). Here we describe a way to use statistical parametric mapping (SPM),
an advanced image analysis strategy commonly used in human imaging studies, to develop a
high-throughput and clinically relevant method to elucidate brain/behaviour relationships in
animal models of human disease.
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We have previously reported that mice deficient in tissue plasminogen activator (tPA-/-) display
a higher threshold for seizure onset using an animal model for TLE (Tsirka et al., 1995). tPA
is expressed in the central nervous system (CNS) and plays a role in neuronal plasticity (Baranes
et al., 1998; Centonze et al., 2002; Madani et al., 1999; Seeds et al., 1995; Zhuo et al., 2000)
and seizure susceptibility (Pawlak et al., 2005; Qian et al., 1993; Tsirka et al., 1995; Yepes et
al., 2002). In metrazol (PTZ)-induced seizures and kindling, tPA is transcriptionally up-
regulated in pyramidal neurons of the hippocampus and thought to contribute to structural
changes observed following activity dependent plasticity (Carroll et al., 1994; Qian et al.,
1993). The changes include physiological elongation of mossy fiber axons during late-phase
long-term potentiation (LTP) (Baranes et al., 1998; Madani et al., 1999; Zhuo et al., 2000) and
aberrant neurite outgrowth (Salles and Strickland, 2002; Wu et al., 2000; Zhang et al., 2005).
We have developed a unique method to test the relationship between seizure severity and brain
activation, and have specifically examined whether tPA-/- mice demonstrate an altered pattern
of metabolic activation.

At the core of the method is the necessity for small animal image analysis strategies to keep
up with the rapidly expanding role of imaging in animal models of human disease. Small animal
MRI, PET and CT systems are now commercially available, and there is a commensurate need
for image analysis strategies to take full advantage of these preclinical imaging systems. We
describe a high-throughput approach for neurological mouse small animal PET data analysis
that includes streamlined spatial pre-processing of imaging data in atlas space and
implementation of a voxel-based correlation analysis widely used to elucidate brain-behaviour
relationships in human functional brain imaging. The voxel-based analysis has been validated
using a traditional ROI analysis coupled to behavioural scores with a linear approach we
previously described (Mirrione et al., 2006). Our results suggest that the relationships observed
between metabolic activity and seizure severity in wild type mice do not hold in tPA-/- mice.
These results provide in vivo evidence of a discord between brain activity and behaviour in the
genetically modified animals. The integrated approach to experimental design and data analysis
can be applied to a broad spectrum of research involving genetically altered mice. We describe
tools, including a whole brain mouse ROI template in stereotaxic space (Paxinos and Franklin,
2001), implementation of methods for voxel-based analysis of mouse brain function using the
SPM software package, and high throughput procedures for experimental design using serial
studies.

MATERIALS AND METHODS
Mouse seizure model

Animal procedures were approved by the Institute for Animal Care and Use Committee
(IACUC) at Stony Brook and Brookhaven National Laboratory (BNL). Mice, aged 2-5 months,
24-34 grams, were obtained from either Taconic farms or transferred to BNL from Stony Brook
University DLAR. All animals received two PET scans, 7 days apart. For the first (baseline)
scan each animal underwent 45 min of 18FDG uptake followed by 100mg/kg of a 10% xylazine,
90% ketamine anaesthesia for a 10-min scan. Seizure severity was scored on a scale of 0-6; 0;
normal behavior; 1: immobility; 2: forelimb and/or tail extension, rigid posture; 3: repetitive
movements, head bobbing; partial body clonus 4: rearing; 5: continuous rearing and falling,
whole body clonus; 6: severe tonic-clonic seizures with loss of posture or jumping (Racine et
al., 1972; Schauwecker and Steward, 1997). To ensure objectivity, scores were assigned when
symptoms in that category were observed at least three times. Whole blood glucose was
subsequently measured using a glucometer (CVS brand). For the second scan, seizures were
induced using pilocarpine (Sigma) (280mg/kg, i.p.) (Mirrione et al., 2006; Schauwecker and
Steward, 1997). Methyl-scopolamine (Sigma) pre-treatment (2mg/kg) 15-30 min prior,
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reduces peripheral cholinergic effects of pilocarpine, and by itself does not alter 18FDG
(Supplementary Figure 3).

MicroPET data acquisition
Metabolic imaging was performed using a microPET R4 tomograph (Concorde Microsystems,
Knoxville, TN) with a transaxial resolution of 1.8mm full width at half maximum (FWHM)
using methods previously reported (Mirrione et al., 2006). MicroPET sinograms were corrected
for photon scatter (Alexoff et al., 2003), and were reconstructed using the maximum likelihood
expectation maximization (MLEM) algorithm with 20 iterations and a pixel size of 0.4 × 0.4
× 1.2 mm (Schiffer et al., 2006b).

Spatial Preprocessing & Templates
The MRI reference template (Ma et al., 2005) was given a voxel size of 2 × 2 × 2 mm. The
bounding box (a 3-dimensional space that defines the template space) encompassed the
following x, y, z dimensions and origin in mm (-82, 82; -130, 130; -102, 26), (82, 130, 102).
A volumetric ROI template was created based on the segmented MRI dataset (Ma et al.,
2005) using PMOD contour tool (http://www.pmod.com). All MLEM reconstructed μPET
images (n=50) were matched to the MRI template using PMOD Fusion Toolbox. This software
package automatically adjusts the voxel spacing, origin, and dimensions of the bounding box
to match the atlas.

Spatial normalization is more accurate if the target radioactivity distribution, or template, is
similar to each individual scan (Gispert et al., 2003). Since the difference in regional 18FDG
uptake between the baseline and experimental conditions was high (e.g. during seizures there
was much more FDG uptake in the hippocampus relative to the cortex or surrounding tissue),
condition-specific templates were generated (Supplementary Fig.1). To make the 18FDG
templates, all baseline (n=25) or treatment (n=25) images, regardless of genotype, were
coregistered to a respective image using SPM2, (http://www.fil.ion.ucl.ac.uk/spm). Parameters
included normalized mutual information cost function and trilinear reslicing. The resulting
individual images were averaged to make two mean images (baseline and pilocarpine treated).
These were aligned to each other and with the MRI reference template. The normal (baseline)
template was coregistered to the MRI atlas first and used to align the treatment-specific
template using both automated and manual registration. Both templates were spatially
smoothed with an isotropic Gaussian kernel (6 mm FWHM) to remove any subtle non-
uniformities. Individual images were realigned and coregistered using the respective 18FDG
templates. Parameters for realignment included trilinear reslice interpolation. Normalization
employed affine transformations with trilinear interpolation and preserved concentrations.

Data Analysis
The ROI template was overlaid on individual normalized image datasets and statistics were
calculated based on mean pixel value in each ROI using PMOD software. Average radiotracer
concentration in each region was normalized to the average value in the whole brain using the
following equation (1):

ROI : whole brain = ROI value
Whole Brain value (1)

Individual images were globally normalized using the image algebra function in PMOD where
image pixel was divided by the mean pixel value in the image. This yields a parametric image
for each scan on an identical scale. As part of the analysis, individual images were then averaged
to create mean images representative of changes in 18FDG uptake within each group.
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Voxel-based statistical analyses were done with SPM. The analysis design selected was ‘PET
multi-subject condition and covariate’ for the comparisons of baseline and pilocarpine-
treatment, where baseline was entered as (0) the first condition, and pilocarpine-treatment was
entered as (1) the second condition. Seizure scores (determined on a scale of 1 to 6) were
converted into a covariate centered on the baseline score of 0, therefore were entered -3 to 3.
To model the main effect of a seizure, the contrast was set at -1, 1, 0 for increases in 18FDG
uptake resulting from pilocarpine treatment. To model the parametric effect of seizure severity,
the contrast was set at 0, 0, 1, (centered around the overall mean) providing the behavioral
correlation. Model parameters included global normalization, where proportional scaling was
set at 100 and absolute threshold masking at 0.05. The mean voxel value was calculated (within
per image full mean /8 mask). Non-sphericity correction was used with replications over
subjects and correlated repeated measures were defined. Parameters were estimated and
contrast images were computed using the t statistic, which generated statistical parametric maps
of t-values. The t contrasts were defined as pilocarpine-treatment minus baseline for regions
that increased during seizures, and baseline minus pilocarpine-treatment for regions that
decreased. The statistical threshold (t or p value) was set at p<0.05, p<0.01, or p< 0.001 (non-
sphericity corrected) with an extent threshold of 100 contiguous voxels. T-value maps of
seizures were overlaid on coronal and transverse views of the MRI reference template to define
the voxels with significant change.

Statistical Analyses
All additional statistics were performed using GraphPad Prism 4.00 for Windows, GraphPad
Software (http://www.graphpad.com) or Microsoft Excel. Data from seizure scoring were
analyzed by Student’s t-test. Parameter measures (glucose, weight, dose, and uptake) were
analyzed by one-way ANOVA with group as a factor, and Barlett’s test to verify equal
variances. ROI data were analyzed using two-way ANOVA for repeated measurements with
treatment as a factor, and Bonferroni post-tests to determine significance levels among ROIs.
Significance level of correlation plots was determined by Pearson Coefficient & Regression
Analysis. All data were normally distributed.

RESULTS
Region of Interest (ROI) Template

The C57Bl/6J (wt) mouse whole brain ex vivo MRI reference template (Ma et al., 2005) was
employed for mapping regional changes in 18FDG uptake. This atlas was placed in stereotaxic
space (Paxinos and Franklin, 2001) using established methods (Schweinhardt et al., 2003)
where several known points spread uniformly around the brain were used to validate its
placement. A volumetric ROI template was created based on 20 regions segmented from the
MRI template (Ma et al., 2005). In Fig.1a, this template was overlaid on the atlas. All ROI
volumes were within the resolution of maximum likelihood-expectation maximization
(MLEM) reconstructed microPET data (5 mm3 or ~5μl (Abbey et al., 2004) at the center of
the field of view and based on a 10nsec timing window). The center coordinates and volumes
for each region are reported in Table 1. Image fitting to this ROI template required that each
condition be normalized to a unique template (Supplementary Fig1).

Validation of Longitudinal Design
The longitudinal design in this study (two PET scans, baseline and experimental, separated by
7 days) was validated for both genotypes (wt n=4, tPA-/- n=3). Correlations between structures
over whole brain ROI values were calculated by plotting the average 18FDG uptake in ROIs
for scan 1 over scan 2 (Fig.1g,h). A significant correlation was observed (wt, r2=0.94,
slope=1.15±0.04, p<0.0001; tPA-/-, r2=0.88, slope=0.83±0.049, p<0.0001). Percent
differences between average ROIs were calculated as means for determining reliability
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(Supplementary Fig.2). The values in most regions were within ±5% between the two scans,
while in smaller regions (hypothalamus and amygdala) values were >±10% (see Table 1 for
ROI volume). On average, all relevant ROIs were within an acceptably reproducible range.

Neuronal activity during seizures
On the scan day, a pre-treatment of methyl scopolamine was given to reduce peripheral
cholinergic effects. Methyl scopolamine alone did not alter 18FDG uptake (Supplementary Fig.
3). Administration of pilocarpine was used to induce seizures. After the pilocarpine injection,
animals were injected with 18FDG and videotaped during radiotracer uptake. Only mice that
survived the entire radiotracer uptake period are reported here (survival rates given below).

We determined the seizure score in wt and tPA-/- animals (Fig.2c). In the wt group, 42.9%
(6/14) of mice experienced stage 4-6 level seizures, while the tPA-/- animals showed attenuated
symptoms (none were categorized above stage 3). Three tPA-/- animals did have a single
isolated stage 4-6 level seizure, which did not generalize. There was a significant correlation
between behaviour and hippocampal 18FDG uptake in wt (r=0.59, p=0.03, r2=0.35; Fig.2d),
but not tPA-/- animals (r=0.42, p=0.18, r2=0.22; Fig.2e). However, differences were noted in
survival rate of the genotypes. An overall higher mortality rate was observed in tPA-/- mice,
as 50% pilocarpine-injected died from seizures during uptake (11/22), compared to only 21%
(3/14) wt mice, as reported (Shibley and Smith, 2002).

ROI analysis results
Individual images were skull stripped to remove extra-cranial signal, and pixel values were
normalized by dividing the image by the average whole brain pixel value. In each group,
normalized datasets were averaged to create mean images of radioactivity distributions (Fig
2a). In the transverse plane, arrows designate enhanced regional 18FDG uptake in tPA-/- mice
compared to wt. The ROI template was overlaid on individual images after spatial pre-
processing (coregistration & normalization) and the average radioactivity concentration within
each ROI and the whole brain was determined. Regional changes in 18FDG uptake compared
to the whole brain were calculated using Equation 1. The percent difference between baseline
and pilocarpine-treatment was determined for each pair of scans (Fig.2b). There was a
significant main effect for region (F[12]=35.13, p<0.001), where pilocarpine-treatment
significantly increased FDG uptake in the hippocampus (HIP), and thalamus (THA). tPA-/-

mice showed significant activations in the midbrain (MID) and cerebellum (CB), HIP, superior
and inferior colliculi (SC and IC, respectively). 18FDG uptake was significantly different
between genotypes in the olfactory bulb (OLF, p = 0.009), where wt mice showed less
activation in this region than tPA-/- animals. Both genotypes displayed pilocarpine-induced
decreases in the cortex (CTX), basal forebrain/septum (BFS), amygdala (AMY), and brain
stem (BS).

SPM method results
A voxel-based analysis was performed using SPM2 (http://www.fil.ion.ucl.ac.uk/spm) on
normalized images, where individual serial scans were compared at baseline and pilocarpine-
treatment (wt n=14 and tPA-/- n=11). This analysis takes into account repeated measures of
the paired study and reveals significant changes between conditions among the scan pairs. SPM
results revealed unique patterns in 18FDG uptake dependent on genotype. Activations are
presented as areas of increased 18FDG uptake from baseline to pilocarpine-treatment (Fig.3).
There were clusters of activation present in HIP, BFS (dashed arrow, Fig.3a), and THA (arrow,
Fig.3a; p<0.001 corrected) which appear more widespread in wt than tPA-/- mice. The
activations were consistent with behavioural data, as wt mice experienced greater seizure
severity compared to tPA-/- animals (Fig.2g). In agreement with the ROI analysis, regions such
as the OLF were less activated in the wt compared to tPA-/- animals.
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Finally, SPM provides the unique opportunity to search all of the voxels in all of the brains
and identify those voxels which vary together with behaviour. When this covariate analysis
was performed, different clusters of voxels increased with seizure severity depending on the
genotype of the animal (Fig.3c,f). For example, the relationship between hippocampal
activation and seizure severity encompassed most of the ventral hippocampus in wt animals,
but not in tPA-/- animals.

Additional factors
Additional parameters that could influence 18FDG uptake in animals included blood glucose
levels, radiotracer dose, weight of the animal, and exact uptake time, although the ratio method
used here to compare the data would cancel out effects caused by such variability. The
distribution of these parameters within treatments was determined, and statistical analysis
showed that the ROI values from each group were normally distributed and not significantly
different from each other (one-way ANOVA, parameters, genotype and treatment; see mean
±SEM in Table 1).

DISCUSSION
In this study we developed and validated a novel strategy for small animal PET data analysis,
and present a novel way to correlate brain activity and behaviour. We compare changes in
mouse brain 18FDG uptake between baseline conditions and seizures. To our knowledge, this
is the first study to streamline whole brain analysis methods using an in-house ROI template
with voxel-wise correlations of brain activity and behaviour in genetically modified mice.
Using voxel-based SPM2, we show that tPA-/- mice exhibit unique patterns of metabolic
activation compared to wt animals.

tPA modulates seizure threshold
A modulatory role for tPA in synaptic plasticity and neuronal activation during seizures has
been reported and existing methods have shown both changes in brain activity (Baranes et al.,
1998) and changes in seizure severity (Pawlak et al., 2005; Tsirka et al., 1995), but there was
no method to correlate these isolated findings in the same model. In fact, our previous data
showed that deficiency in tPA results in a higher threshold for pharmacologically-induced
epilepsy (Tsirka et al., 1995). We thus hypothesized that reduced seizure severity observed in
the absence of tPA would correlate with decreased neuronal activity measured by 18FDG. To
test this hypothesis, we devised a new method to explore these relationships in the same animal.
Using this approach, we found that seizure symptoms were weaker in tPA-/- mice and some
regions showed specific attenuation in 18FDG uptake (hippocampus, septum and thalamus,
Fig.3). In addition to regionally-specific attenuation of 18FDG uptake, SPM analysis revealed
that tPA-/- mice show increased activation in the cerebellum, olfactory bulb and areas of the
midbrain including the inferior and superior colliculi (Fig.3). Additional cerebellar activations
seen in the tPA-/- mice may be due to sudden inhibitions of motor control, previously attributed
to increases in amino acid release in the cerebellum (Smolders et al., 1997).

Pilocarpine-treated mice show alterations in electroencephalograms starting in the
hippocampus and spreading to cortical regions (Turski et al., 1984). Our data reveal
increased 18FDG uptake in the hippocampus during early, acute seizures (Fig.2, 3). Other
reports show similar regional changes in 18FDG uptake in seizure rodent models (Kornblum
et al., 2000). Pilocarpine preferentially binds muscarinic (M1) acetylcholine receptors
(Hamilton et al., 1997) which are required for the initiation, but not maintenance, of seizures
(Maslanski et al., 1994). M1 receptors are expressed in the cortex, thalamus, hippocampus and
septum and their stimulation may initiate seizures that recruit noncholinergic systems,
specifically NMDARs. tPA induces proteolytic cleavage of the NR1 subunit of the NMDAR
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which is thought to enhance NMDAR signalling (Nicole et al., 2001). This may contribute to
differences observed in tPA-/- mice in seizure behaviour and specific regional 18FDG uptake,
despite robust hippocampal activation above baselines. 18FDG could reveal increases in firing
rates caused by M1 stimulation; seizures, however, may not propagate beyond the hippocampus
because of reduced ability to activate NMDARs, which would result in behavioural differences
between the genotypes.

A significant positive correlation was observed between hippocampal 18FDG uptake and
seizure score in wild-type mice, which did not seem to hold true in tPA-/- mice. This lack of
correlation in tPA-/- animals may reflect deficiencies in hippocampal circuitry in the mutant
mice, as evident in other examples of hippocampal activity [i.e., deficiency in late phase LTP
(Frey et al., 1996; Baranes et al., 1998)], or defects in seizure spreading.

Although the septum is smaller than the resolution of microPET, SPM analysis showed
higher 18FDG uptake in wt mice correlated with seizure activity (Fig.3). Septal GABAergic
neurons project to the hippocampus and are particularly vulnerable to degeneration during
pilocarpine-induced seizures (Garrido Sanabria et al., 2006). These inhibitory neurons
normally undergo excitotoxic death during the acute seizure induction phase (perhaps resulting
in increased 18FDG uptake), and thus have the potential to modulate seizure spread
differentially in the two genotypes. However, there was a discrepancy between ROI basal
forebrain and septum and SPM results. This may have been avoided, if this particular ROI
could be further subdivided.

Potentiated GABAergic transmission in the hippocampal CA1 region of tPA-/- mice (Frey et
al., 1996) may be a signature of an overall reduced baseline excitatory drive in these mice.
Future studies may determine potential abnormalities in neurotransmitter release in tPA-/- mice
during seizures. Monitoring extracellular glutamate, aspartate and GABA concentrations in
the hippocampus after local pilocarpine infusion shows that these neurotransmitters play a role
in seizure maintenance and/or spread, not necessarily onset (Smolders et al., 1997). It is
possible that tPA-/- mice have alterations in stimulation-induced neurotransmitter release. The
data presented here suggest lack of seizure spreading mechanisms instead of reduced excitatory
potential in the absence of tPA.

Limitations of this study
During limbic seizures and the interictal period, changes in metabolic activity and cerebral
blood flow occur (Pereira de Vasconcelos et al., 2002; Tanaka et al., 1990). Therefore,
differences in neuronal activations may reflect this, although 18FDG is generally considered
more sensitive to glucose transporter occupancy and blood glucose changes than blood flow
itself (Schmidt et al., 1996). Our datasets were normalized to remove the effects of blood flow
by using ratios, not by addressing any absolute changes in 18FDG uptake between groups (or
metabolic rates of glucose).

Normalizing images by calculating the ROI to whole brain ratio reveals regional changes in
activity. This method is robust as it reduces inter-subject variability, however is limited, as
differences between groups in the absolute level of metabolic activation would be obscured
(Signorini et al., 1999). Nevertheless, pilocarpine treatment results in regional changes that are
prominent (Scorza et al., 2002). It is possible that brain 18FDG uptake is increased from seizures
to a different extent in the two genotypes which cannot be detected by normalizing each ROI
value to the mean pixel value. Lower starting glucose levels in tPA-/- mice could confound
results, since less endogenous competition for glucose transporters would increase 18FDG
uptake.
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There is increased demand for developing methods to analyze small animal PET data. Iterative
reconstruction algorithms, such as MLEM, are now routinely employed to increase resolution
to determine quantitative regional differences in the brain (Nuyts and Fessler, 2003). However,
inherent technical limitations (resolution and partial volume effects) become challenging when
studies involve neurological imaging in mice. Iterative reconstruction somewhat corrects for
partial volume effects but there remains some underestimation of activity concentrations in
regions below the resolution of the MLEM reconstructed data. Additionally, facial glands
(salivary, lacrimal and harderian) produce “spill-over” effects, even after iterative
reconstruction. While the improved resolution by iterative reconstruction allows for more
refined analysis, results from small brain regions (≤5 mm3) or those susceptible to spill-over
effects need to be interpreted with caution. All the ROIs reported here are >5 mm3. However
some regions, e.g. the inferior and superior colliculi, are subject to spill-over effects from the
hippocampus, especially when hippocampal 18FDG uptake is high (pilocarpine-treated group).

Conclusions
Here we demonstrate the successful use of 18FDG as a marker for metabolic changes associated
with seizure activity. We have demonstrated the potential for correlating behaviour and disease
symptoms with brain function in-vivo. Our data show the relationship between metabolic
activity and behaviour is not sustained in tPA-/- animals suggesting these animals have an
altered response to seizure induction. Furthermore, the methods validated here for small animal
PET data analysis can be applied to other areas of research in other mouse models of disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Templates for mouse brain data analysis and validation of longitudinal design
a) C57Bl/6J (wt) mouse MRI reference atlas(Ma et al., 2005) (left to right views, transverse,
sagital, coronal). b) Region of interest (ROI) template shown overlaid on the atlas, c) ROIs
shown filled in and color coded on transverse plane, (brown = olfactory bulb, yellow =
neocortex, red = hippocampus, purple = striatum, light blue = basal forebrain and septum, pink
= amygdale, black = hypothalamus, light green = cerebellum, dark green = midbrain, dark
purple = inferior colliculi, peach = superior colliculi, brain stem = orange). d) volumetric (3D)
display of template regions with a cut out into the brain revealing the striatum in purple,
thalamus in blue, and hippocampus in red, e) 18FDG baseline template and f) pilocarpine
treatment template. g) Ratio to whole brain ROI statistics calculated for each individual
animal’s baseline scan (scan 1) correlated with the second baseline scan (scan 2) one week
later for wt (a, r2=0.9427, slope=1.154±0.04024, p<0.0001, n=4) and, h) tPA-/- (b, r2 = 0.8848,
slope=0.8312 ±0.04930, p<0.0001, n=3) shown to be significant by a Pearson coefficient &
regression analysis with runs test for departure from linearity.
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Figure 2. Average regional 18FDG uptake before and after acute seizures
a) Individual spatially pre-processed images were skull stripped, globally normalized, and
averaged together to create a representative brain radioactivity distribution map for each group
(wt n=14, tPA-/- n=11) and shown in reference to the MRI template (top row: coronal, middle:
sagittal, and bottom: transverse views). Relative ratio to whole brain intensity patterns are
shown which demonstrate regional activations in the hippocampus and thalamus for both
genotypes following pilocarpine administration and acute seizures. Arrows display an area of
increased 18FDG uptake in tPA-/- mice following seizures which was less apparent in the wt
average image. Crosshairs are located at the hippocampus in all views. b) Percent change
in 18FDG uptake between baseline and seizure scan show significant increases in the
hippocampus and thalamus for both genotypes, while tPA-/- mice show more significant
activations in the midbrain and cerebellum when comparing baseline and post challenge scans.
The percent change in 18FDG uptake before and after seizures were significantly different
between genotypes in the olfactory bulb. (Olfactory bulb (OLF), striatum (STR), basal
forebrain and septum (BFS), cortex (CTX), hippocampus (HIP), thalamus (THA),
hypothalamus (HYP), amygdale (AMY), cerebellum (CB), brain stem (BS), superior colliculi
(SC), rest of mid brain (MID), and inferior colliculi (IC). (# = p<0.05, ## = p < 0.01, ### =
p<0.001, two-way ANOVA with repeated measures and Bonferroni post-tests comparing
baseline to pilocarpine average ROI values for each genotype, factor treatment & ROI; ** =
p<0.01 Student’s t-test comparing wt versus tPA-/- percent change for each region.). c)
Behavioural analysis comparing seizure symptoms in wild type and tPA-/- mice show a
significant difference in the distribution of seizure scores assigned to each animal based on
symptoms during 18FDG uptake (p=0.0376, two-tailed, unpaired t-test). d,e) Seizure scores
correlated with percent change in hippocampal 18FDG uptake baseline to post seizures. Note:
in b, two points overlap (seizure score 2 and two animals showed a 24% change) and in c) two
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points overlap (seizure score 2 and 39% change). Also note, behavioural data for one tPA-/-

animal were accidentally not collected, and thus are not included in this analysis (wt n=14,
tPA-/- n=10).
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Figure 3. Voxel based analysis for neuronal activation caused by seizures
MRI reference template was overlaid with activations caused by seizures in wild type-mice (a-
c) and tPA-/- mice (d-f). For wt mice, areas of increased activation compared to tPA-/- include
septum (a, dotted arrow) and thalamus (a, arrow). For tPA-/- mice, areas of unexpected
increased activation compared to wt mice include the midbrain (d, arrow head), cerebellum (e,
arrows) and olfactory bulb (e, arrow heads). Thresholds for displayed images were set at P <
0.001 for coronal and P < 0.01 for transverse views in order to effectively reveal differences
between genotypes. SPM covariate analysis to elucidate voxels where 18FDG increased as a
function of seizure severity in wt (c) and tPA-/- (f) mice. Voxels represent regions that increase
in 18FDG with seizure severity. The statistical threshold (t or p value) was set at p<0.05 with
an extent threshold of 100 contiguous voxels. T-scores are represented by the color scale shown.
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Table 2
Brain Regions Correlated with Seizure Severity

wt Brain Region Max t Avg t

Positive Hippocampus 14.77 6.44
Septum† 9.31 1.33
Thalamus 13.30 5.12
Midbrain 7.55 0.79
Olfactory Bulb 0.00 0.00
Cerebellum* 9.78 0.31

tPA-/- Brain Region Max t Avg t

Positive Hippocampus 14.58 5.91
Septum† 5.17 0.19
Thalamus 14.71 1.90
Midbrain 10.55 2.66
Olfactory Bulb 6.18 0.27
Cerebellum 12.97 0.85

Significant (p<0.001 corrected, or * p<0.002 corrected) clusters resulting from a voxel-wise correlation between brain activity and seizure severity for wt

and tPA-/- mice. Anatomical definitions of the clusters were made based on the mouse atlas (Paxinos & Franklin, 2001). Data presented include the
maximum t-value within the region (same for all significance levels) and the average t value within the region (at p<0.001) presented as an average of the
left and right hemisphere.

†
Structure below the resolution of microPET.
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