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Abstract
The goal of these experiments was to test the hypothesis that in an animal model of temporal lobe
epilepsy (TLE), magnetic resonance spectroscopic measurement of N-acetylaspartate (NAA) and
other metabolites, together with magnetic resonance imaging, provides a sensitive in vivo method
to localize and monitor the progression of neuronal cell death and gliosis. Seizures were induced in
rats by unilateral hippocampal injection of kainate. Magnetic resonance measurements were made
from 1 to 84 days using proton spectroscopic imaging (1H-MRSI), T2-weighted imaging (T2WI)
and diffusion-weighted imaging (DWI). The results were compared with findings on histological
sections. Decreased NAA and creatine levels and increased apparent diffusion coefficient of water
were found in the ipsilateral hippocampus after 14 days where neuronal loss and gliosis were
observed. In the contralateral hippocampus a significant increase of choline level was observed.
These results suggest that 1H-MRSI is a useful in vivo method for localizing neuronal loss and may
also indicate additional pathological and metabolic alterations. In addition, DWI may be a useful
method for in vivo detection of tissue alterations due to TLE.
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1. Introduction
A distinctive pathological feature of clinical temporal lobe epilepsy (TLE) is mesial temporal
sclerosis characterized by neuronal loss and gliosis, though it is unclear whether this
morphological change is a cause or a consequence of TLE [16]. These changes associated with
mesial temporal lobe sclerosis may be identified using magnetic resonance imaging (MRI),
which shows atrophy in the affected region [51] and hyperintensity in T2-weighted images
[22,26]. Proton magnetic resonance spectroscopy and spectroscopic imaging (1H-MRSI) have
also been used to identify the epileptogenic focus by detection of neuronal cell loss in unilateral
or bilateral hippocampi as indicated by reduction of N-acetylaspartate (NAA) [8,10,18,21]. To
identify the affected region, different indices based on metabolite signal intensities have been
proposed, including ratios of NAA/creatine [8] or NAA/(choline + creatine) [10,18].

Animal studies of epilepsy have been performed by administration of the seizure inducing drug
kainate. Detection of mesial temporal sclerosis by MRI has been reported in animal models,
including T2-weighted MRI and diffusion-weighted MRI in the rat [24,39,46]. These MRI
techniques mainly indicate edema in the acute stage or gliosis in the chronic stage and it is
difficult to confirm neuronal cell loss directly [15]. A reduction of NAA that correlated with
neuronal loss, has been shown in the limbic system of the rat using 1H-MRSI following
systemic injection of kainate [15]. However, this animal model results in lesions occurring
symmetrically in the limbic system [5], which makes it unsuitable for investigating unilateral
temporal lobe epilepsy where asymmetric lesions are most commonly found [2,31,48]. A focal
epilepsy animal model can be produced by unilateral injection of an epileptogenic substance
into the limbic structure, which results in a single seizure focus. Focal administration of kainate
in the corpus striatum has been used as such a model, which has been studied using
spectroscopic imaging in rats [19]. However, since the corpus striatum is in the basal ganglia,
kainate injection in this region does not provide a good model of TLE which usually arises
from limbic structures. More suitable sites for injection are the amygdala [4], hippocampus
[49] and deep prepiriform cortex [42]. Injection into the posterior hippocampus [12,13] appears
to be suitable for modeling human temporal lobe epilepsy where sclerosis occurs mainly in the
anterior hippocampus [3], since this region in the rat is homologous to the anterior hippocampus
in humans [12].

The morphological changes which occur after kainate injection are neuronal cell death followed
by gliosis [38,52] and mossy fiber reorganization [11,32,37,55]. Each of these pathological
effects may result in observable changes seen with one or more magnetic resonance techniques.
The aims of this study were to determine: (1) whether proton spectroscopic imaging (1H-
MRSI), T2-weighted imaging (T2WI) and diffusion-weighted imaging (DWI) show changes
in the acute and chronic stages following focal administration of kainate; (2) to monitor the
time course of changes in NAA, creatine and choline with 1H-MRSI and MRI observed
intensities on T2-weighted, diffusion-weighted and apparent diffusion coefficient (ADC)
images; and (3) which of these indicators is most sensitive for detection of neuronal cell loss.
These aims are accomplished by performing nuclear magnetic resonance (NMR)
measurements at intervals from 1 day to 84 days following focal administration of kainate in
the rat.

2. Materials and methods
2.1. Animal preparation

Male Sprague-Dawley rats (270–300 g) were anesthetized by inhalation of 4% isoflurane,
intubated endotracheally and ventilated using 1.8–2.0% isoflurane with a mixture of oxygen
and nitrous oxide. Atropine sulfate (0.33 mg/kg i.p). was used to reduce salivation and tracheal
secretion. A burr hole was drilled in the skull 5.8 mm posterior to and 4.8 mm lateral of the
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bregma. Seizure was induced by stereotaxic injection of 1.0 μg kainic acid (Sigma Chemical
Co., St. Louis, MO) dissolved in 0.2 μl normal saline, into the left posterior hippocampus at a
depth of 5.0 mm ventral to the brain surface [41]. The burr hole was then filled with bone
cement to avoid leakage of cerebrospinal fluid. The duration for the injection was 5 min, which
ensured good localization for the kainate administration while minimizing the time required
for anesthesia. The total time of anesthesia and surgery was about 30 min, with onset of status
epilepticus typically occurring within 60 min following kainate administration. Rats that did
not demonstrate seizure behavior were excluded from the study. In order to control for effects
of the surgery, a group of sham control animals were operated in an identical manner and they
received an injection of 0.2 μl saline. Results obtained on these animals were also compared
to a group of control animals not subjected to surgery.

T2WI, DWI and 1H-MRSI were performed on seven groups of six kainate-injected rats, at
times of 1, 3, 7, 14, 28, 56 and 84 days after injection. In addition, six unoperated rats (time
point 0) and six sham control rats at both 3 and 28 days after saline injection were also
examined, for a total of 60 rats in this study. For the NMR measurements the animals were
anesthetized in the same manner as previously described. Polyethylene catheters were placed
in a femoral artery and a femoral vein for monitoring blood gases (paCO2, paO2), pH and blood
pressure, as well as for intravenous administration of pharmacological agents. Blood samples
were obtained near the start and end of NMR measurements. Pancuronium bromide (0.33 mg/
kg) was administered every hour during anesthesia to minimize animal motion. Body
temperature was monitored using a rectal thermometer and maintained at 36°C by circulating
warm air through the bore of the magnet.

2.2. NMR methods
Experiments were performed at 7 Tesla (300 MHz proton resonance frequency) using a QUEST
4400 imaging spectrometer (Nalorac, Martinez, CA, USA). Rats were positioned in the magnet
in a prone position, with the ears used as landmarks to place the bregma in the center of the
magnet and at the center of an oval surface coil (2.5 × 3.0 cm) that was placed close to the
dorsal surface of the head. This coil was used for both radio frequency excitation and reception
in all measurements. Positioning of the animal was confirmed using T2-weighted MRI. Water
suppressed, three dimensional 1H-MRSI [17] was performed with spin echo observation at an
echo time (TE) of 272 ms and a repetition time (TR) of 1 s. B1-compensated adiabatic excitation
and refocusing pulses were used, with a 45° excitation pulse angle. Data was acquired with 16
× 16 × 20 phase encodings, a signal average of two and a field of view (FOV) of 3.5 × 3.5 ×
4.0 cm3. Data were collected as symmetrical echoes with 512 points and spectral width of 2000
Hz.

Multiplane T2WI and DWI were obtained with TE = 80 ms and TR = 1000 ms. The slice
thickness was 2 mm and slice selection was set to correspond with coronal slices of the 3-
dimensional 1H-MRSI. A 128 × 128 acquisition matrix was obtained over a 3.5 × 3.5 cm2 FOV
and was zero-filled to 256 × 256 for display. For diffusion weighting, two 10 ms gradient pulses
were applied along the long axis of the brain before and after the 180° pulse, for a diffusion
attenuation or ‘b’ value of 1590 s/mm2.

2.3. Data processing
For the 1H-MRSI data in the spectral domain, a Gaussian line broadening of 5 Hz was applied
and the data were zero-filled to 1024 points before Fourier transformation. In the spatial
domains the data were zero-filled to 32 × 32 × 20 points and mild Gaussian smoothing
(corresponding to exp−0.4 at the edges of k-space) was applied. After Fourier transformation,
the data were examined with in-house software [33] and spectroscopic images for each
metabolite were created by spectral integration over user-defined regions (e.g. from 1.9 to 2.1
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ppm for NAA). Co-registration of T2WI and 1H-MRSI data sets was confirmed by
superposition of T2WI edge information on the spectroscopic images. The T2-weighted images
were then used to identify regions of interest (ROIs), from which individual spectra were
selected for further analysis. These spectra were then analyzed with an automatic curve-fitting
procedure [60] with a Gaussian line-shape model, to obtain signal integrals for NAA, choline
containing compounds (Cho), creatine + phosphocreatine (Cr) and lactate resonances.

Single voxel spectra, corresponding to a nominal tissue volume of 2.2 × 2.2 × 2.0 mm3, were
selected from 7 ROIs: contralateral frontal cortex, bilateral amygdalae, bilateral anterior dorsal
hippocampi and bilateral posterior dorsal hippocampi (Fig. 1). Due to the placement of the
animal within the magnet, the selected slices containing the ROIs corresponded to 0, 2, 4 and
6 mm posterior to the bregma. The ROI in the posterior hippocampus was chosen to avoid the
needle tract, which may exhibit changes due to damage surrounding the path of entry;
accordingly, the selected region included part of the dentate gyrus. The ROI in anterior
hippocampus also included the dentate gyrus due to the small size of the anterior dorsal
hippocampus. The T2-weighted and diffusion-weighted image intensity values were also
recorded for the same seven ROIs.

The measured metabolite integrals and MRI intensity values were normalized for each animal
by comparison with the corresponding value obtained in the contralateral frontal cortex, where
no tissue damage is expected, to provide indices of %NAA, %Cho, %Cr, %T2WI and %DWI.
For example, %NAA in a ROI was calculated as:

(1)

where NAAROI is the NAA integral in the ROI and NAAFrontal is the NAA integral in
contralateral frontal cortex. This normalization procedure assumes that the B1 inhomogeneity
distribution over the selected ROI's is constant for all experiments. This was tested by
performing several studies of a homogeneous fluid-filled phantom, which showed no
significant differences between ipsilateral and contralateral ROI's for regions selected in the
animal studies. For the animal studies, positioning of the rat head in the mounting assembly
and placement of the surface coil was found to be quite reproducible. Moreover, the use of a
relatively large surface coil and B1 compensated excitation pulses helped to minimize any
spatial variation of signal intensity.

In addition to the above parameters, the apparent diffusion coefficient (ADC) was calculated
by the equation:

(2)

where Sn is the intensity of the diffusion-weighted image, S0 is the intensity of the T2-weighted
image and b is the diffusion gradient attenuation factor [27]. ADC values are shown in addition
to DWI since they do not include the effects of T2 weighting. ADC maps were calculated using
software developed in this laboratory [30], which reported average ADC values for ROIs
corresponding to MRSI ROIs.

2.4. Histological analysis
At the end of MR measurements, 30 rats (three from each group) were perfused transcardially
with a buffered 4% paraformaldehyde solution. The brains were removed and kept in the
paraformaldehyde solution for several weeks, before being cut into 2-mm coronal slices and
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embedded in paraffin. The location of the slices was chosen to correspond to the T2WI slices,
using the bregma as a landmark. The embedded samples were then cut into 6-μm-thick sections
which were stained with cresyl violet for assessment of neuronal loss and with hematoxylin–
eosin (H-E) for confirmation of gliosis. A blinded observer evaluated neuronal loss by using
the grading score as described by Pulsinelli [44], where grade 0 indicated normal, grade 1
indicated a few damaged neurons, grade 2 indicated many damaged neurons and grade 3
indicated extensive neuronal damage. The tissue areas used for histological evaluation were at
the same location and of approximately the same size as the ROIs used for MR analysis.

2.5. Statistical analysis
All data are presented as mean±standard error. Normality of data in each group was tested by
normal probability plotting. F-test and Bartlett's test were performed to confirm the equality
of variance. The comparison of results for each ROI between normal controls and sham controls
was done with two tailed unpaired t-test. The ANOVA test and two-tailed Dunnett's test were
applied for comparisons between the initial and later time points. Analyses comparing
physiological data at the start and end of MR acquisition were done with two-tailed unpaired
t-test to confirm stability of the animal preparation. The correlations between histological data
and data from MR measurements in each ROI were analyzed with Spearman's rank coefficient.
The level of significance was set as P<0.05 in all analyses.

3. Results
3.1. Behavior and physiological data

All kainate treated rats included in this study showed severe limbic seizures, equivalent to class
IV or V [45], for at least 3 h after awaking from anesthesia. Behavior included ‘wet dog’ shakes,
myoclonus of the facial muscles followed by head nodding, rearing, falling and rotation [4,
49]. At the 28 and 56 day time period, some rats presented recurrent seizure activity [7] for
about 1 min, which was triggered by handling before the NMR measurements.

Physiological variables at the start of measurement were as follows: maximum and minimum
blood pressures were 125±7 mmHg and 85±5 mmHg; pH of arterial blood was 7.38±0.07;
pCO2 was 32±6 mmHg; and pO2 was 141±37 mmHg. At the end of measurement, maximum
and minimum of blood pressure were 122±9 mmHg and 83±8 mmHg; pH of arterial blood was
7.36±0.05; pCO2 was 34±5 mmHg; and pO2 was 143±31 mmHg. Abnormal physiological
values were not observed and no significant changes were observed over time during the NMR
measurements.

3.2. NMR measurements
Fig. 2 shows a T2-weighted MRI, an NAA image and a diffusion-weighted image for the same
slice, obtained at 0 and 28 days following kainate injection. A small reduction in the NAA
image intensity was consistently observed in the ipsilateral posterior hippocampus at day 28.
A hypointensity of the ipsilateral hippocampus near the injection site was also observed on the
diffusion-weighted image at day 28 (data not shown.)

The mean values at each time point for %NAA, %Cr, %Cho, %T2WI, %DWI and ADC in
anterior and posterior hippocampi are plotted on Fig. 3 and Fig. 4. Significant changes
compared with pre-kainate values are indicated by an asterisk. Results for the amygdalae are
not included since no changes for any measured parameter were observed in this region.
Kainate administration was associated with progressive and significant decreases of %NAA
in the ipsilateral anterior hippocampus (significant at 84 days) and posterior hippocampus
(significant from 3 days to 84 days) and %Cr in the ipsilateral posterior hippocampus (from 7
days to 84 days), with both reaching a minimum at approximately 14 days. A significant
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increase of %Cho was found in the contralateral hippocampus, which tended to increase
steadily over the whole period of the study. In addition, the ADC of ipsilateral posterior
hippocampus increased 14 days post-injection.

The %DWI increased and ADC decreased (compared to pre-kainate values) in the ipsilateral
posterior hippocampus 1 day after injection, though the changes were not significant. %T2WI
showed no significant changes at any time points. There were also no significant differences
between the unoperated group and the sham-operated group.

3.3. Histological examination
Typical pathological features in the chronic period are shown in Fig. 5. Neuronal loss was most
obvious in the ipsilateral posterior hippocampus of kainate-treated rats, with one animal found
to have grade 1, twelve with grade 2 and eight with grade 3 damage in this region. The ipsilateral
anterior hippocampus was also affected, though to a lesser degree. In CA3 and CA4 pyramidal
cells, neuronal loss was seen even at 1 day after kainate injection, with the severity increasing
for up to 7 days. Gliosis was observed after 3 days and atrophy of the ipsilateral hippocampus
became markedly evident by 28 days. In the ipsilateral amygdala, five rats showed grade 3
neuronal loss. In all contralateral ROIs including contralateral frontal cortex, no neuronal cell
loss or gliosis were observed. In the sham control rats, a slight scar was seen at the site of the
needle tract, near the CA3 neurons of ipsilateral posterior hippocampus, but no neuronal loss
was found in any regions.

Calculation of correlation coefficients for histological grading score versus MR results showed
a strong correlation between neuronal loss and (1) %NAA in the ipsilateral anterior
hippocampus (ρ=−0.68, P=0.0002) and posterior hippocampus (ρ=−0.77, P<0.0001), (2) %Cr
in the ipsilateral posterior hippocampus (ρ=−0.726, P<0.0001), and (3) ADC in the ipsilateral
posterior hippocampus (ρ=0.769, P<0.0001.

4. Discussion
The major findings of this study were that: (1) the indices for NAA and Cr signals progressively
decreased in ipsilateral hippocampus for a period of 14 days, with no changes of these
resonances observed in contralateral regions; (2) the index for Cho increased in contralateral
posterior hippocampus; (3) ADC increased in the ipsilateral posterior hippocampus; and (4)
no significant changes were observed with T2WI.

4.1. Changes of NAA
NAA is an abundant amino acid in the mammalian central nervous system [54]. It has been
reported to be specifically localized to neuronal cells [25,50] though its role is still not fully
understood [6]. MR studies indicate that there is a good correlation between NAA signal
intensity and neuronal cell loss as a result of ischemia [20] and kainate injection [15]. Several
clinical studies of temporal lobe epilepsy [8,10,18,21] have indicated that a region of reduced
NAA corresponds to the epileptogenic focus, where mesial temporal sclerosis exists. However,
sclerosis in both temporal lobes is also observed [2,31,48], in which case lateralization of the
NAA distribution becomes impossible [10].

In the rat brain there are direct inter-hippocampal connections [1], so that a unilaterally
occurring excitation also involves the contralateral limbic structures. For example, injection
of excitotoxin in the CA3 region of the anterior dorsal hippocampus produces neuronal cell
loss in the contralateral hippocampus [7,29]. In this study, however, while five cases showed
evidence of a lesion in the ipsilateral amygdala, no changes of NAA were found in the
contralateral hippocampus, nor was any evidence of neuronal cell loss seen in this region on
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histological assessment. This result is in agreement with the report of Davenport et al. [12]
who concluded that the residual effects of anesthesia was responsible for minimizing the acute
excitatory damage in the contralateral region [28]. However, in this study the period of
anesthesia was relatively brief, being induced by inhalation of isoflurane, whereas in the study
of Davenport it was sustained for a longer period by intraperitoneal injection of sodium
pentobarbital and chloral hydrate.

An alternative explanation for the absence of contralateral lesions in this study is that the
mechanisms for inhibition of excitation were diminished in ipsilateral hippocampus due to the
effect of kainate on inhibitory neurons, such as GABAergic neurons. However, it has been
reported that the density of GABAergic neurons in the area of pyramidal cell loss did not change
in this animal model [12]. While this study does not identify the reason for absence of
contralateral hippocampal injury, the side of NAA depletion was concordant with the side of
kainate injection and this animal model is therefore useful for imitating lateralized mesial
temporal sclerosis in humans.

In this study, a good correlation between the reduction of NAA and neuronal loss was found,
with no recovery of NAA. Therefore, our results suggest progressive or delayed neuronal loss
in this rat seizure model.

4.2. Changes of creatine and choline
In studies of human temporal lobe epilepsy differing findings of Cr and Cho changes have been
reported. In two reports, an increase in ipsilateral Cr and Cho was found [10,18] which was
suggested to indicate gliosis, since these same changes are found in cultured glia [56]. However,
in another report [9,14] decreased Cr and no change of Cho in ipsilateral temporal lobe was
reported, which is concordant with our results. A possible mechanism for this finding is that
the increased Cr and Cho by gliosis was offset by the decreased signal due to neuronal loss,
resulting in little change.

The only significant change found in the contralateral hippocampus was increased Cho signal.
It is possible that this indicates gliosis in the absence of neuronal cell loss, perhaps as a result
of the surgery [36]. However, sham controls did not indicate any changes in this region, nor
was histological evidence of gliosis found. A more likely explanation for the increased Cho
signal is that this may indicate increased membrane synthesis due to mossy fiber reorganization.
The 3.2 ppm resonance observed with 1H-NMR spectroscopy reflects total choline stores,
including precursors of phosphatidylcholine, which is the main component of cell membranes
[35]. Large quantities of choline and choline-containing metabolites may be necessary for
axonal regeneration. Furthermore, lipids such as phosphatidylcholine are produced in axons
[57,58]. Sprouting of mossy fibers in the molecular layer of dentate gyrus has been described
as a morphological change occurring 2 to 3 weeks after kainate treatment [11,32,37,55], and
Davenport et al. [13] have reported that unilateral posterior hippocampal kainate injection
produced sprouting of GABAergic and mossy fiber axons not only ipsilaterally but also
contralaterally, where neuronal loss was absent. Tauck and Nadler [55] have reported that
sprouted mossy fibers formed connections between granule cells which make a functional
recurrent excitatory circuit. It is interesting to note that in a follow-up study of patients
following removal of the epileptogenic focus, a similar increase in Cho signal was found in
the contralateral hippocampus [59].

Alterations of Cr and Cho are not specific indicators of neuronal cell loss and if these resonances
were to be included in the index used in this study for localization of the epileptogenic focus,
an incorrect evaluation of the metabolite changes associated with the seizure activity may
result. By comparing relative metabolite signal intensities with those observed in a reference
region, located in the contralateral frontal cortex where no lesion was expected, this problem
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is avoided. However, this method may also be susceptible to other variables which would alter
the estimation of each metabolite, most notably signal variations due to B1 field
inhomogeneities.

4.3. T2-Weighted imaging
In this study, T2-weighted image intensity did not show any significant changes. One
explanation for this observation is that the ROI used for the %T2WI measurement was in the
hippocampus, which does not include any cerebrospinal fluid (CSF) space or major vessels.
Hyperintensities in clinical studies have been suggested to be due to either the presence of
gliotic tissue, flow artifact or increased CSF space in the atrophic lesion [23]. Therefore, it is
likely that the effect of gliosis alone may not have resulted in a sufficiently large change in
relaxation times. MRI hyperintensity also identifies regions of necrosis and edema with acute
injury after systemic injection of kainate in rats [15]. Since the model used in this study resulted
in only a small lesion directly at the site of kainate injection, the damage in the selected ROIs
may not have been sufficiently severe to produce significant changes.

4.4. Diffusion-weighted imaging
Decreased ADC has been measured in kainate lesions during the acute stage [24,39,46] and
believed to indicate diminished extracellular space caused by cytotoxic edema. Takahashi et
al. [53] found an increase in ADC with a rat stroke model in the chronic stage was related to
the presence of gliosis. In this study at 1 day post-injection, there was a trend toward increased
%DWI in the ipsilateral posterior hippocampus, followed by decreased %DWI after 1 week
post-injection, though the change only reached significance for the ADC measurements at the
28 day time point. These findings are consistent with both of the earlier findings, suggesting
that in the chronic stage of TLE, neuronal loss and gliosis result in an increase of the
extracellular space. Therefore, diffusion-weighted MRI may offer a diagnostic imaging method
for detection of mesial temporal sclerosis. Some improvement in the accuracy of ADC values
would be gained by using a multi-point measurement, potentially offering greater significance;
however, time constraints limited such a measurement in this study.

4.5. Limitations
The interpretation of 1H-MRSI data is subject to several potential limitations. Firstly, changes
of metabolite relaxation rates will alter signal intensities independently of changes in
concentration. In this study any changes of metabolite relaxation rates have not been corrected
for. For the data acquisition methods used, the results would be sensitive to changes in T2.
However, in light of previous studies [47], it is felt that significant alteration of metabolite
relaxation rates due to edema is unlikely due to the absence of significant intensity changes on
the T2-weighted images, as well as the absence of any severe tissue necrosis. Secondly, the
effect of limited sampling in MRSI results in signal contributions arising from a distributed
volume of tissue which is larger than the nominal voxel volume [34]. For well-localized
metabolite changes this effect will result in diminished image contrast, as well as inter-voxel
contamination. For example, the ROI for posterior hippocampus was chosen to avoid the actual
site of kainate injection which may have suffered tissue damage due to the injection. However,
due to the close proximity of the selected posterior hippocampus ROI to the injection site, inter-
voxel contamination may result in a greater decrease in the measured NAA signal. Thirdly, the
resonance analyzed for NAA at 2.02 ppm also includes contributions from N-acetyl-
aspartylglutamate (NAAG). However, any changes of NAAG would not be expected to
significantly alter the NAA findings because it is present in brain only at a very low
concentration. In humans the NAAG contribution has been estimated at approximately 2% of
the NAA signal w43x, and HPLC measurement in rats following systemic injection of kainate
found that the ratio of NAAG to NAA did not exceed 6% [40].
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5. Conclusions
In this study, unilateral changes of ADC and signal intensities of NAA, Cr and Cho relative to
those in an unaffected brain region, were observed with a model of temporal lobe epilepsy,
with most of the changes occurring during the first 14 days. These observations, especially
those for the chronic stage, may reflect morphological features and altered metabolism found
in clinical cases of TLE. In addition to confirming previous reports that decreased NAA is a
marker of neuronal loss, we have found increased Cho in the contralateral hippocampus,
indicating changes other than neuronal loss, such as the sprouting of aberrant mossy fibers may
occur. The increased ADC may indicate that diffusion-weighted imaging is useful in detecting
mesial temporal sclerosis.
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Fig. 1.
Coronal T2-weighted images showing the regions of interest selected for analysis (white
squares), which are: (1) right frontal cortex; (2) right amygdala; (3) left amygdala; (4) right
anterior dorsal hippocampus; (5) left anterior dorsal hippocampus; (6) right posterior dorsal
hippocampus; and (7) left posterior dorsal hippocampus.
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Fig. 2.
T2-Weighted images, spectroscopic images of NAA and diffusion weighted images on day 0
(upper row) and day 28 (lower row) at the slice including posterior hippocampi. Right side on
the figures is left side of the rat brain.
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Fig. 3.
Time course of %NAA, %Cr and %Cho values for the ipsilateral (●) and contralateral (○) sides.
Values are mean±standard error, with asterisks indicating significant changes compared with
day 0, at P-0.05. Data are shown for anterior hippocampi (a, c, e) and posterior hippocampi
(b, d, f).
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Fig. 4.
Time course of %T2WI, %DWI and ADC (10−3 mm2s) values for the ipsilateral (●) and
contralateral (○) sides. Values are mean±standard error with asterisks indicating significant
changes compared with day 0 at P-0.05. Data are shown for anterior hippocampi (a, c, e) and
posterior hippocampi (b, d, f).
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Fig. 5.
Histology example with H-E staining in the contralateral (a) and ipsilateral (b) posterior dorsal
hippocampi at 28 days after kainate injection (scale bar=300 μm). Higher magnification of the
contralateral (c) and ipsilateral CA3 (d) (scale bars=60 μm). The contralateral side (a, c) shows
normal appearance, and the ipsilateral side (b, d) shows marked loss and gliosis in the region
of CA3 and CA4.
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