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Abstract

An in vivo MRI study employing a high field (7T) magnet and a T1- and T2-weighted imaging sequence with subsequent
histopathological evaluations was undertaken to develop and evaluate MRI-based volumetric measurements in the rat. The brain structures
considered were the hippocampus, the cingulate cortex, the retrosplenial granular cortex and the ventricles. Control (n=3) and kainic acid
(KA; n=4) treated rats were scanned 10 days following the manifestation of stage four seizures. The MRI images exhibited anatomical
details (125 pm in-plane resolution) that enabled volumetric analysis with high intra-rater reliability. Volumetric analysis revealed that
KA-treated rats had significantly smaller hippocampi, and a significant increase in ventricular size. The cingulate cortex and the
retrosplenial granular cortex did not differ in volume between the two groups. The histological observations supported the MRI data
showing neuronal loss and neuronal degeneration in CA1 and CA3 of the hippocampus, which was accompanied by strong microglia
activation. These data demonstrate a reliable and valid method for the measurement of the rat hippocampus in vivo using MRI with a high
field magnet, thereby providing a useful tool for future studies of rodent models of neuro-degenerative diseases. [0 2002 Elsevier

Science BV. All rights reserved.
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1. Introduction

Volumetric estimation using structural magnetic reso-
nance imaging (MRI) is widely used in human neuro-
science research, in particular, in the study of epilepsy
[45], Alzheimer's disease [17], and schizophrenia [11,22].
Traditional anatomical methods used in anima research
are typically conducted post mortem, e.g., neuron count-
ing, spine density measurements, dendritic length measure-
ments [25,34,46]. While these methods have the advantage
of a detailed analysis with a high resolution, they exclude
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the possibility to measure the same parameter longitudinal -
ly in individual animals. Advances in the design of MRI
magnets with high field-strength and in their use for
obtaining images of the brain, as well as progress in image
analysis software has made the in vivo MRI of smaller
animal brains possible.

Indeed in vivo MRI has been used in several experimen-
tal rodent models to detect induced structural damage by
investigating changes in perfusion coefficients, tissue
relaxation parameters, lesion sizes, or ventricular volumes
[4,5,9,21,29,31,35,37,43,44]. Moreover some studies re-
ported that their results were in good agreement with
histological observations [1,6,27].

Little information exists for volumetric studies of small
animal brains using MRI even though early studies have
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aready identified and described brain structures like the
cingulate gyrus or the hippocampus on their acquired
images (e.g., Refs. [7,16,18,19,27]). One previous paper
describes a protocol to measure the hippocampus in tree
shrews [32]. However, to our knowledge no detailed
protocols (with demonstrated reliability) for volumetric
studies of the rodent hippocampus are available to date.
The present study was therefore undertaken with three
gods:. first, to develop a reliable method to measure the
volumes of the hippocampus, the cingulate cortex, the
retrosplenial granular cortex, and the ventricles using MRI
images; second, to validate these methods using a well-
characterized hippocampal lesion model, i.e., kainic acid
(KA)-induced seizures, which lead to neuronal degenera-
tion and cell death in the hippocampus [40]; and third, to
qualitatively characterize histo-pathologica changes in the
regions evauated by MRI.

2. Materials and methods
2.1. Animals

Seven out of a total of sixteen 8-week-old adult male
Sprague—Dawley rats (295.8+4.4 g mean+SE.) were
selected for this experiment. At the time of the MRI
experiment (10 days later) the weight of the rats was
351+15 g). All animas were housed in accordance with
the Animal Welfare Act [30], given free access to food (rat
chow) and water, and kept on a 12:12-h light/dark cycle.

2.2 Kainic acid (KA) treatment

The experimental rats received one i.p. injection of KA
(16 mg/kg) or placebo (saling). Thereafter, animas were
observed for 3 h for behavioral symptoms of seizure
activity. Animals achieving stage four seizures according
to the classification of Lothman and Collins [23] (e.g.,
upper and lower body clonus, salivation, wet dog shake)
were considered in this study. Once they displayed seizure
behavior, the rats received an i.p. injection of Nembutal
(ranging from 25 to 36 mg/kg) in order to stop seizure
activity. Thereafter, animals were kept in the housing
facility for 10 days. Four animals which had received KA
and three animals from the control group were selected for
this experiment. Animals were transferred to the MRI
facility of the Nathan S. Kline Ingtitute for Psychiatric
Research (Orangeburg, NY), where the MRI scans were
acquired. Thereafter they were transferred back to Roc-
kefeller University (New York, NY) for perfusion and
histological analysis.

2.3. MRl system

A 7.0-Teda 40-cm horizontal bore MR system (Magnex
Scientific, Abingdon, UK), driven by a Surrey Medica

Imaging Systems (SMIS, Guilford, UK) spectrometer was
used. The system is equipped with a rodent imaging
gradient set (10 cm 1.D. 1000 mT/m, 200 ms rise time). A
quadrature bird-cage transmit/receive radio-frequency
(RF) coil (Morris Instruments, Canada) was employed.

2.4. MRl sequence

A moderate spin-echo sequence (TR 4000 ms and TE 25
ms, four averages, 0.6-mm dlice thickness with a 0.3-mm
gap, dice interleave 2; bandwidth —25 KHz, RF pulse
with shape of five lobe sinc and BW 3 kHz optimized for
reasonable signal-to-nose ratio and contrast in the consid-
ered brain structures was employed for acquisition of T1-
and T2-weighted images. Other groups have used similar
sequences for MRI of the mouse brain and tree shrew brain
at 2.4 Teda [28,32]. The field of view (FOV) was 32X32
mm, the matrix was 256x256 resulting in an in-plane
resolution 125 pm. First a sagittal scout image was taken
to control for proper image aignment. The acquired
coronal sections used for the volumetric analyses were
taken perpendicular to a line connecting the superior end
of the olfactory bulb with the superior end of the cere-
bellum. A tota of 28 sections were taken and the approxi-
mate scan time was 70 min per anima. Total time
(shimming, scout image acquisition and actual acquisition)
in the magnet was around 120 min.

2.5. Animal preparation for the MRI scanning

Animals were first lightly anesthetized with 3% iso-
flurane in 75% NO,+25% O,, followed by an i.p.
injection of 20 mg/kg diazepam (Elkins-Sinn, Cherry Hill,
NJ). For maintenance of anesthesia during experiment,
isoflurane was reduced to 1.5% with slight correction for
body weight. Temperature was monitored throughout the
scan using a rectal probe. Body temperature was controlled
through a water containing line system, with automatic
temperature monitoring. The animal’s head was fixed in a
head holder (David Kopf Instruments, Tujunga, CA), and
limb movements were controlled by wrapping the animal
with a flexible textile, which alowed breathing but pre-
vented limb movements.

2.6. \olumetric analyses

The MRI scans were transferred to a Sun computer
station, where volumetric analysis was performed using an
in house developed image analysis program (MIDAS, Wai
Tsui, NYU unpublished).This program allows the user to
manually outline regions of interest (ROIs) and afterwards
calculate the volumes of a specific ROI. The originaly
acquired coronal images were used for the volumetric
analysis. For all ROIs the measures for both hemispheres
were combined.

The hippocampus (cornu ammonis, CA) and dentate
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gyrus (DG) was manually outlined on coronal slices from
rostral to caudal. The starting rostral slice was defined by
the CA and DG and coincided with the dorsal hippocampal
commissure approximately —2.12 mm from bregma [33].
Multiple features defined the caudal boundary: the loss of
contrast between the external capsule and the subiculum,
the absent DG and the clear separation of the two cerebral
hemispheres. This level corresponds to ca. —6.8 mm from
bregma. In all animals the hippocampus was measured on
six consecutive dlices. In addition the hippocampus was
divided into its dorsal and ventral portion. The dorsal part
ranged from ca. —2.12 to —3.8 mm from bregma, which
corresponded to three slices on the MRI, while the ventral
part ranged from ca. —4.5 to ca. —6.8 mm from bregma,
which again corresponded to three slices on the MRI. See
Fig. 1 for examples of ROIs for the dorsa and ventral
hippocampus.

The cingulate cortex (areas 1 and 2; [33]) was outlined
by starting at the intersection of corpus callosum with the
midline and following the corpus callosum and cingulum
to its most dorsolateral point. This point was then con-
nected to the most dorsal and medial intra-hemispheric
point of the cortex. Using this landmark based method the
cingulate cortex was measured on four dlices starting
rostrally at the closure of the genu of the corpus callosum
(ca. 1.6 mm from bregma) and terminating caudally at the
rostral limit of the hippocampus (ca —1.4 mm from
bregma). While providing a standardized method for
volume estimation this measure excludes rostrally a certain
amount of cingulate (area 1; see Ref. [26]). See Fig. 1 for
an example of the cingulate cortex ROI.

The retrosplenial granular cortex (rsg; area b) is the
caudal continuation of the cingulate and was measured in a
similar fashion as the cingulate gyrus. The retrosplenial
granular cortex was measured on four consecutive slices
starting rostrally at the rostral limit of the hippocampus
(approximately —2.12 mm from bregma, see above). The
caudal termination was defined as the dlice prior to the
opening of the corpus calosum, which is approximately
—5.3 mm from bregma [33]. See Fig. 1 for an example of
the retrosplenial granular cortex ROI.

2.6.1. Ventricular CSF volume

Using a threshold function with additiona manual
editing, the ventricular CSF volume (lateral ventricle, third
ventricle, and agueduct) was determined for each dlice,
which was used for volumetric analysis (10 dlices). In the
KA-treated animals this measurement might also contain a
certain amount of damaged tissue with severe gliosis,
which could result in a signal hyperintensity difficult to
distinguish from the CSF with the current MRI protocol.

2.6.2. Intracranial vault
In order to control for possible differences in global
brain volume, the entire brain was outlined on the 10

slices, which were used for cingulate or hippocampal
measurements.

2.7. Histochemistry and immunocytochemistry

2.7.1. Perfusion protocol

Rats were lethally anesthetized with Nembutal, perfused
transcardially, sequentialy with (A) 10 ml of heparinized
norma saline, (B) 60 ml of 3.75% acrolein in 2%
paraformaldehyde in 0.1 M phosphate buffer (PB) pH 7.6,
and (C) 200 ml of 2% paraformaldehyde in PB. Five-mm
thick coronal blocks of the forebrain containing the
hippocampal formation were removed and post-fixed in
2% paraformaldehyde in PB for an additional 30 min.
Sections (40 pm) were cut on a vibrating microtome and
collected into PB. Hippocampal sections were chosen from
the dorsal region corresponding to bregma —3.3 mm and
from the ventral region corresponding to bregma —5.30
mm [33]. The plane of section was selected to match as
closely as possible the plane of section in the MRI
imaging. Matched sections from saline- and KA-treated
rats were processed simultaneously and stained with Cresyl
Violet, Fluoro-Jade, OX-42 and GFAP (see below).

2.7.2. Cresyl Violet staining

A standard protocol from Carleton’s histological tech-
nique [14] was used to stain the sections with Cresyl
Violet (CV).

2.7.3. Fluoro-Jade labeling
Degenerating neurons were visualized using the pro-
cedure by Schmued et a. [38].

2.8, Antibody labeling protocol

2.81. Microglial and astrocyte markers

A longer description of the used protocol is given in a
previous publication [13]. For identification of microglia, a
monaclonal antibody OX-42 (Serotec, NC) was used that
is specific for the C3bl receptor, otherwise known as
CD11b [36]. A monaclonal antibody (Boehringer-Mann-
heim, Indianapolis, IN) against glia fibrillary acidic pro-
tein (GFAP) was used to identify astrocytes (see Ref.
[13]). All antibodies were tested for specificity by pre-
absorption with the specific protein or peptide.

2.9. Light and fluorescence microscopy

A Nikon fluorescence and light photomicroscope was
used to evaluate and photograph the control and KA-
treated rat brains. Changes in Fluoro-Jade labeling as well
as OX 42-immunoreactivity (IR) and GFAP-IR were
qualitatively recorded at the level of the dorsal and ventral
hippocampus.



0 O.T. Wolf et al. / Brain Research 934 (2002) 87-96

Fig. 1. MRI scans of a control (left side) and a KA-treated animal (right side) at the level of the cingulate cortex (approximately —0.30 mm from bregma)
(upper row); the dorsal hippocampus (approximately —3.3 mm from bregma) (middle row); the ventral hippocampus (approximately —5.3 mm from
bregma) (lower row). Examples of the ROI drawings for the cingulate cortex (cing), the retrosplenial granular cortex (rsg), the dorsal hippocampus (dhc),
and the ventral hippocampus (vhc) used for the volumetric analysis are shown on the left side of each slice. For ease of presentation the drawings are
shown as dots in order to allow a view of the underlying anatomy. For the actual analysis these dots are joined in order to create an outline of the region.
The black arrows on the slices from the KA-treated animal show the lesion induced signal hyperintensities, which reflect an increased water signal. Some
additional anatomical landmarks are indicated on the scan from the control animal (cc, corpus callosum; gcc, genu of the corpus callosum; ec, external
capsule; LV, laterd ventricle; D3V, dorsal third ventricle; Ag, agueduct; rf, rhinal fissure).

2.10. Satistics for MRI 7 days in order to assess intra-rater reliability. Reliability
was measured at the level of the total volume (n=7) and at
2.10.1. MRI volumetric reliability the level of the dlice (h=21-70 depending on the number

The same rater (OTW) outlined the ROIs of the three of slices measured for the specific region) using intraclass
control and four KA-treated animals again after a period of correlation coefficient (r;..) [39].
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2.10.2. MRI volumes

Because of the small sample sizes the nonparametric
Mann-Whitney U-test was used to compare the two
treatment groups.

3. Results
3.1. MRI-derived volumes

High intra-rater reliability was observed for the MRI-
derived volumetric assessment of the regions. This was the
case for the total volume (r>0.95) and for the determi-
nation at the dice level (r>0.93). Lowest reliability was
achieved for the ventricles. Highest reliability was
achieved for the hippocampus and the intracranial vault
(r=0.99).

The experimental and control group did not differ in
intracranial vault (Controls: 1064.7+17.3 mm?® KA:
1064.7+17.1 mm?® Z=0, P>0.10). However, KA-treated
animals had a significantly reduced hippocampal volume
(Z=2.12, P<0.05) and an increased ventricular volume
(=212, P<0.05) (Fig. 2). If the two parts of the
hippocampus were analyzed separately, the dorsal hip-
pocampus showed a trend in volume reduction by KA
(Z=1.4, P=0.15), where as the ventral hippocampus was
significantly smaller in the KA-treated animals (Z=2.12,
P<0.05). The cingulate (Z=-0.53, P>0.10) and retros-
plenial granular cortex (Z=-0.53, P>0.10) volumes were
not different between the two groups (Fig. 2).

3.2 Histological data

3.2.1. Cresyl Violet

Compared to control rats dlices from KA-treated rats
showed a decreased neurona density (large labeled cells)
in hilus of the DG, CAl1 and CA3, but an increase in
smaller labeled cells (reflecting glia cells). No changes

120 q
I Saline (n=3)
[ 1KAMm=4)

Volume in cmm

HIP DoHIP

VeHIP VENT CING RSGC

Fig. 2. MRI-derived volumes for hippocampus (HIP), dorsal hippocam-
pus (DoHIP), ventral hippocampus (VeHIP), ventricles (VENT), cingu-
late cortex (CING), retrosplenial granular cortex (RSGC). *P<0.05.

from control rats were observed in the cingulate and
retrosplenial granular cortex (data not shown).

3.2.2. Fluoro-Jade

No stained neurons were observed in any brain region in
control rats (Fig. 3A). Strong Fluoro-Jade staining (indicat-
ing degenerating neurons) was observed in the pyramidal
cell layers in CA3 and CA1 as well in the hilus of the
dentate. The ventra hippocampus was more affected,
especialy CAL (Fig. 3B—G). No evidence for degenerating
neurons was detected in the cingulate cortex and retrosple-
nial granular cortex (data not shown).

3.2.3. Microglia activation

Within the hippocampus of the control group OX-42
immunoreactivity was observed in microglia cell bodies
and in their thin processes. These small stained cells were
uniformly distributed throughout the hippocampus within
the stratum radiatum (SR), stratum oriens (SO), and the
hilus. Rare microglia cell bodies and a few processes were
seen in CA1, CA2, CA3 and the granule cell layer (GCL).
See Figs. 4 and 5. In KA-treated animals activated and
non-activated microglia cells were observed. Activated
microglia have larger cell bodies with thicker processes.
Within the hippocampus, the largest amount of activated
microglia was evident in SR, SO and pyramidal cell layers
of CA1 followed by CA3. A less pronounced immuno-
reactivity of activated microglia was present in the hilus. In
addition to the hippocampus, strong microglia activation
was seen in the rostral entorhinal area, with less evident
activation in the more caudal regions (see Fig. 5). The
distribution of non-activated microglia was similar to
controls in the cingulate cortex and retrosplenial granular
cortex (see Fig. 5).

3.24. Astroglia activation

GFAP immunoreactivity was observed in small cells
with very thin radial processes throughout the dorsal or
ventral  hippocampus. Staining was evenly distributed
within the SO, SR, the polymorphic layer of the DG, and
the pyramidal cell layer of CA1 and CA3. While labeling
revealed most of the cells to be small with thin processes,
some cells displayed very long processes extending
through the DG. Overall, there were no obvious regional
differences. In KA-treated rats, there were no apparent
differences in the GFAP-immunoreactivity staining pattern
compared to controls, indicating that no astroglia activa-
tion was apparent 10 days after KA treatment (data not
shown).

4. Discussion
4.1. Assessment of hippocampal volumes

The present study describes a volumetric method for the
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Fig. 3. Fluoro-Jade-labeled sections showing (A) sections from a control animal and (B—G) sections from a KA-treated animal. (A) A dorsal DG section of
a control animal (magnification, X10). Note the complete absence of any signal (the brightly stained degenerating neurons visible in the KA-treated
animals). (B) Dorsa DG (magnification, X10); (C) ventra DG (magnification, X10); (D); dorsa CA1 (magnification, xX20); (E) ventral CAl
(magnification, X20); (F) dorsal CA3 (magnification, X10); (G) ventral CA3 (magnification, X10). The white arrows point to examples of stained
degenerating neurons in the hilus of the dentate gyrus (B,C) and in the pyramidal cell layers of CA1 (D,E) and CA3 (F,G). Note that for al three regions
of the hippocampus there are more degenerating neurons in the ventral parts, when compared to the dorsal parts. The measurement bar equals 200 p.m for
the X 10 magnified sections and 100 wm for the X20 magnified sections (D,E). Abbreviations: IML, inner molecular layer; PoDG, polymorph layer of the
dentate gyrus; GCL, granular cell layer; SO, stratum oriens; SR, stratum radiatum.
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Fig. 4. Dorsal section showing OX 42 staining (magnification, X 10) in a control (left side) and a KA-treated animal (right side). (A,B) Dorsal DG; (C,D)
dorsal CA1; (E,F) dorsal CA3. The arrows point to activated microglia, which are rarely seen in the control sections, but occur in high densities in
KA-treated animal. The measurement bar equals 100 pm. Abbreviations: PoDG, polymorph layer of the dentate gyrus, GCL, granular cell layer; SO,
stratum oriens, stratum radiatum; SM, stratum molecularis, HF, hippocampal fissure.

measurement of the rat hippocampus and also establishes
methods for the assessment of cortical brain structures
(cingulate cortex and retrosplenial granular cortex) and
total ventricular volume. We imaged the rat brain with a

high field strength (7T) magnet and a T1- and T2-weighted
sequence, which results in a scan with sufficient ana-
tomical contrast to determine regional brain volumes. In
the current study the cortical regions were used as control
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Fig. 5. Scanned dlice of OX-42 stained sections at the level of the dorsal (upper row) and ventral (lower row) HC of a control (left side) and a KA (right
side) treated rat. Note the strong microglia activation in the dorsal and ventral HC and the complete absence of a similar activation in the neocortical

regions. The measurement bar equals 1.2 mm.

regions in order to evaluate the anatomical specificity of
the KA damage. In the past a similar approach was
employed (using the superior tempora gyrus as a control
region) in several human studies investigating the ana-
tomical correlates of cognitive decline during human aging
(e.g., Refs. [15,24]).

The measurement of the intracrania vault allowed us to
ascertain that the observed differences in hippocampal
volume are not caused by baseline differences in brain size
and/or global effects on brain volume. If differences in
total intracranial vault are observed between experimental
groups, the intracranial vault should be used as a covariate
or as the denominator in a ratio [26].

4.2, Interpretation of MRI images of kainate-damaged
hippocampus

In vivo MRI in rats treated with KA has been used
previously to assess changes in diffusion coefficients and
T2 relaxation parameters [9,21,29,35,44]. However, to the
best of our knowledge there is no previous study which
used a volumetric approach in combination with severa
qualitative histological markers of neuronal degeneration,
neuronal loss, and glia reactivity.

The MRI of KA-treated rats showed enlarged ventricles.
However, our T1- and T2-weighted sequence might
produce hyperintensity signal in adjacent areas of severe
gliosis and/or edema (see discussion below) thus partialy
confounding the measurements of ventricular CSF. Volu-
metric analysis of the MRI images demonstrate a signifi-
cant reduction in hippocampal volume of the experimental
rats 10 days following KA injection, whereas the cingulate
cortex, retrosplenial cortex, and total brain volumes of
these animals were not changed. This finding corresponds
well with the known neuropathological lesions induced by
KA treatment [23] and with our own histological observa
tions.

Fluoro-Jade evaluation of the KA-treated and control rat
brains demonstrated substantial neuronal degeneration in
the hippocampus. These results indicate that even 10 days
after the KA injection neuronal degeneration is till
ongoing. Moreover, an aready established neurona loss
could be demonstrated using Cresyl Violet stain.

The qualitative analysis of the histology section sup-
ported the observed dorsal to ventral gradient of lesion
severity, with the ventral part being more affected. This
regional pattern was most clearly detectable for Fluoro-
Jade labeled degenerating neurons. In line with this, we
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found with MRI that only the ventral hippocampus showed
a significant volume reduction, while the dorsal hippocam-
pus only tended to be reduced. However, because of the
small sample size these results have to be confirmed in a
larger study. The observation that the ventral hippocampus
is more affected by KA treatment, however, is in agree-
ment with previous histologica studies [12,23].

4.3. Glial reactions after KA treatment and ventricular
volume change

There was a marked difference between microglia and
astrocyte activation in KA treated brain tissue 10 days after
the treatment. The microglia marker OX 42 showed many
activated microglial cells in the CA1 and CA3 region. In
contrast, astroglial activation was amost totally absent.
This follows a similar pattern to that produced by tri-
methyltin lesions [13] and indicates that the astrocyte
response to KA-induced damage was not as robust as that
of microglia under the conditions and survival time used in
the present study. Strong microglia activation with little or
no astrocyte activation several days after KA injection has
been observed by some groups (e.g., Refs. [2,20] but not
others [3]. Since these reactions appear to be time- and
dose-dependent, generalization from our data to other time
points after KA injection or to other used doses cannot be
made.

The pattern of microglia activation within the hip-
pocampus corresponded with the regions of damage indi-
cated by the MRI signal hyperintensities suggesting that
these MRI changes in vivo might in part reflect a change in
microglia activation. Indeed it is well known that hy-
perintensities occurring in T2-weighted images can be
reflective of gliosis and the accompanying increase in
tissue water content (e.g., Refs. [9,10]). However, the areas
within the hippocampus where microglia activation was
apparent were much larger than the areas of MRI signal
hyperintensities. Nevertheless it might be that the signal
hyperintensity partially reflects microglia activation and its
associated water accumulation. This might explain why the
ventricular enlargement seen on MRI seemed to be less
apparent in the qualitative histological observations (e.g.,
when one compares the MRI image (Fig. 1) with the
scanned OX 42 section (Fig. 5)).

Another reason for the discrepancy between histological
and MRI derived sections could be local edema (swelling),
which also results in MRI signal hyperintensities. Indeed
edema and gliosis are two processes which often occur
simultaneously and/or in a serial pattern after neuronal
damage due to seizure or stroke [9,41,42].

Finaly the histological procedures of dehydration, fixa-
tion and mounting reduces the ventricular volumes as seen
post mortem [4,6]. Future studies could use multiple MRI
sequences in order to disentangle the contribution of
ventricular CSF versus gliotic tissue in creating the
hyperintensities observed with the current sequence.

The present study used histological samples in order to
qualitatively characterize and illustrate the KA-induced
damage. An important future step would be to validate the
method in a quantitative fashion using volumes derived
from histology in addition to stereologically derived
neuronal counts for comparison with the MRI-derived
data. This approach has been proven fruitful in our human
post mortem validation studies [8] and has been used in
several rodent studies for the measurement of ventricular
volumes and lesion sizes [1,4,6].

In conclusion, the volumetric method presented here is a
first step in providing the tools needed to conduct volu-
metric research in rodent models of neurodegenerative
diseases. Using the KA lesion model in combination with
qualitative histological analysis we have given one exam-
ple for the potential use of this method.
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