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Summary
Purpose—Mossy fiber sprouting (MFS) is a frequent finding following status epilepticus (SE).
The present study aimed to test the feasibility of using manganese-enhanced magnetic resonance
imaging (MEMRI) to detect MFS in the chronic phase of the well-established pilocarpine (Pilo)
rat model of temporal lobe epilepsy (TLE).

Methods—To modulate MFS, cycloheximide (CHX), a protein synthesis inhibitor, was co-
administered with Pilo in a sub-group of animals. In vivo MEMRI was performed 3 months after
induction of SE and compared to the neo-Timm histological labeling of zinc mossy fiber terminals
in the dentate gyrus (DG).

Key findings—Chronically epileptic rats displaying MFS as detected by neo-Timm histology
had a hyperintense MEMRI signal in the DG, while chronically epileptic animals that did not
display MFS had minimal MEMRI signal enhancement compared to non-epileptic control
animals. A strong correlation (r = 0.81, P<0.001) was found between MEMRI signal enhancement
and MFS.

Significance—This study shows that MEMRI is an attractive non-invasive method to detect
mossy fiber sprouting in vivo and can be used as an evaluation tool in testing therapeutic
approaches to manage chronic epilepsy.
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1. Introduction
Chronic epilepsy is associated with structural and functional brain abnormalities. Two
common histological findings in temporal lobe epilepsy (TLE) are hippocampal sclerosis
and axonal reorganization (Babb, et al. 1991, Babb, et al. 1992, Buckmaster, et al. 1997,
Mello, et al. 1993, Tauck, et al. 1985). The most frequent reorganization following
epileptogenesis is mossy fiber sprouting (MFS) in the dentate gyrus (DG), which is present
in both humans and animal models (Babb, et al. 1991, Cronin, et al. 1988, Sutula, et al.
1989, Tauck & Nadler 1985). Mossy fibers are dentate granule cell axons that project to
CA3 hippocampal pyramidal cells (Amaral, et al. 2007). It has been proposed that the
severity of MFS correlates with the severity of TLE and with the frequency of spontaneous
recurrent seizures (Chang, et al. 2003).

In the pilocarpine (Pilo) model of TLE, as well as in other experimental models, status
epilepticus (SE) causes massive neuronal death in the CA3 and hilus regions (Buckmaster &
Dudek 1997, Shin, et al. 1994, Tauck & Nadler 1985). This results not only in the local loss
of synapses but also leads to the formation of new synaptic connections (sprouting) between
mossy fibers and the dendritic trees of granule cells. This recurrent innervation leads to the
formation of abnormal neuronal circuits that have been associated with enhanced
hippocampal excitability (Shin & McNamara 1994). However, there is disagreement as to
the significance of such circuits (Longo, et al. 2002, Williams, et al. 2002) in the generation
of spontaneous seizures. Apart from some conflicting data (Toyoda, et al. 2005, Williams, et
al. 2002), it has been clearly demonstrated that co-administration of cycloheximide (CHX), a
protein synthesis inhibitor, with Pilo does not interfere with SE induction and is able to
prevent subsequent MFS in the chronic phase of this TLE model (Longo, et al. 1997, Longo,
et al. 1998).

Because hippocampal morphological changes in epilepsy are progressive, it would be useful
to develop tools to investigate time-resolved alterations, such as MFS, over the course of
untreated seizures. In animal models, in vivo analysis of the hippocampus using MRI has
been usually limited to morphological studies (Bouilleret, et al. 2000, Briellmann, et al.
1999, Briellmann, et al. 2007, Cook, et al. 1992, Niessen, et al. 2005, Parker, et al. 2003,
Van Paesschen, et al. 1995, Wolf, et al. 2002), and detailed studies of changes in
hippocampal circuitry using in vivo MRI are still in the early stages.

Administration of the divalent manganese ion (Mn2+) has been shown to be an effective
method to enhance MRI contrast in vivo (Silva, et al. 2004). Using the manganese-enhanced
MRI (MEMRI) technique, previous studies showed an association of the hyperintense
MEMRI signal of the DG with MFS in the kainate model of TLE (Immonen, et al. 2008,
Nairismägi, et al. 2005). In the present study, we hypothesized that MEMRI could be used to
evaluate different levels of MFS in vivo in chronic epileptic animals. We tested this
hypothesis by comparing the MEMRI signal in the DG during the chronic phase of the Pilo
model of TLE. After co-treatment with CHX, two groups of epileptic animals were
observed, those with and without MFS.

2. Methods
2.1. Animal model

The Ethical Committee of the Universidade Federal de São Paulo approved all experiments
(Experimental Protocol 0750/07). Adult male Wistar rats (250–300 g) were housed in
groups of five and kept on a standard light/dark cycle (12/12 h) with lights on at 7:00 AM
and with ad libitum access to food and water. Seizures were induced by i.p. injections of
pilocarpine hydrochloride (Pilo, 320 mg/kg, Vegeflora). Scopolamine methyl bromide (M-
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sc, 1 mg/kg, i.p., Sigma) was administered 30 minutes prior to Pilo to reduce its peripheral
effects. One subgroup of animals also received a single dose of cycloheximide (CHX, 1 mg/
kg, i.p., Sigma) 30 minutes prior to Pilo. To reduce the mortality rate, all animals received a
single dose of thionembutal (25 mg/kg, i.p., Cristalia) 90 minutes after the onset of status
epilepticus (SE). Three groups of animals were used. The CHX–Pilo group (n=30) received
all of the above-mentioned drugs. The Pilo group (n=25) was injected with all of the drugs
except CHX. The control group (n=5) received saline instead of the drugs. The behavioral
data analysis was performed by video monitoring the animals for 12 hours daily, from SE
induction until MRI acquisition day (for 3 months). The number of spontaneous recurrent
seizures (SRS) per animal is based on recordings of the previous 6 weeks (Monday-Friday;
4 hours/day; total of 120 hours) before MRI. Seizures were scored according to Racin’s
scale (Racine 1972). The study design is shown in Figure 1.

2.2. MRI experiments
The MRI acquisitions and subsequent histological analyses were performed in all control
animals (n=5) and in a random subset of animals from the CHX-Pilo (n=5) and Pilo groups
(n=5). Three months after SE, MnCl2 (60 mg/kg, i.p.) was administered to these 15 animals
(Figure 1). The injected solution consisted of 100 mM MnCl2-4H2O (Sigma-Aldrich) in 400
mM bicine buffer (Silva, et al. 2004). The pH was adjusted to 7.4 using 1 M NaOH.
Animals were scanned 24 hours after the injections. MRIs were obtained in a 2 Tesla/30 cm
superconducting magnet (Oxford Instruments 85310HR) interfaced to a Bruker Avance
AVIII console (Bruker-Biospin, Inc., Billerica, MA, USA) running Paravision 5.0. A
crossed saddle radiofrequency coil (Papoti 2006) was used as a head probe in animals
anesthetized with ketamine/xylazine (95/12 mg/kg, i.p.). A T1-weighted 3D FLASH
sequence (TR = 200 ms, TE = 5.8 ms, flip angle = 90°, 4 averages, 40 minutes/animal) was
acquired. A volume of 40 × 40 × 11.2 mm3 was covered with 192 × 192 × 16 points,
producing a spatial resolution of 208 × 208 × 700 μm3. A T2-weighted (TR = 4000 ms, TE
= 67.1 ms, 8 averages, 17 minutes/animal) RARE sequence was used with the same spatial
resolution immediately after the T1-weighted image to determine the hippocampal volume.
All images were acquired 3 months after induction of SE (Figure 1).

2.3. MRI data analysis
All MRI data were analyzed using the Paravision 5.1 software. One author (JMM), blinded
to the group’s identity, manually outlined the region of interest (ROI) representing the DG.
This was drawn from a single coronal section of the 3D T1-weighted volume located 3.6 mm
caudal to the bregma (Paxinos, et al. 1998), with anatomic boundaries defined as illustrated
in Figure 2. At this rostro-caudal level, the hippocampus extends 7 mm from midline to
lateral. The ventral border is formed by the lateral ventricle and its cerebrospinal fluid. The
dorsal border is formed by the hippocampal fissure. The cut line inside the DG was drawn
connecting the inferior and superior tips of the molecular layer. Confirmation of the
accuracy of the ROI contour for each animal was achieved by superimposing the
corresponding Nissl histological DG map of each compatible section over the MRI on the
computer screen. Based on the atlas, the area corresponding to the DG was between 1.5 –
4.5 mm from the midline and 2.8 – 3.8 mm below the cortical surface in the MRI (Figure 2).
The relative MEMRI signal enhancement in the DG was calculated as the ratio of the mean
signal intensity in the ROI to the mean signal intensity of the adjacent corpus callosum.
MEMRI hyperintensity was considered when a relative increase in signal intensity was
observed when compared to controls, as previously described (Immonen, et al. 2008). Based
on analysis of the MEMRI, the intensity results varied from 0.945 (control animals) to 1.170
(animals that exhibited MEMRI hyperintensity).
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The hippocampal volume was assessed from six regularly separated coronal sections of the
T2-weighted images from 2.12 – 4.16 mm (rostral portion) and from 4.8 – 6.04 mm (caudal
portion) caudal to bregma (Paxinos & Watson 1998), multiplied by slice thickness. The
volume of 40 × 40 × 11.2 m3 was covered with 192 × 192 × 16 points, producing a spatial
resolution of 208 × 208 × 700 μm3.

2.4. Histology
2.4.1. Fixation and tissue processing—After imaging, the rats were deeply
anesthetized with chloral hydrate and sequentially perfused through the heart with the
following: (1) 25 mL of Millonig’s buffer; (2) 50 mL of 0.1% sodium sulfide fixative in
Millonig’s buffer; (3) 100 mL of 3% glutaraldehyde; and (4) 200 mL of 0.1% sodium
sulfide fixative in Millonig’s buffer. The brains were removed from the skull and immersed
in 30% sucrose overnight.

Brains were cut on a cryostat (40-μm thick sections). One of three consecutive coronal
sections was mounted onto gelatin-coated slides and processed for neo-Timm staining
(Mello, et al. 1993) to detect abnormal growth of granule cell axons (mossy fiber sprouting)
(Sloviter 1982). The solutions for this procedure consisted of 240 mL of 50% gum arabic
with 10.25 g of citric acid, 9.45 g of sodium citrate in 30 mL of ddH2O, 3.73 g of
hydroquinone in 60 mL of ddH2O and a 2 mL solution of 0.51 g of silver nitrate in 3 mL of
ddH2O. The batches were processed with a developing time of 45 minutes. The slides were
washed twice in distilled water for 5 min each, dehydrated through a sequence of alcohol
and xylene and coverslipped with Canada balsam.

The intensity of sprouting in the supragranular layer and hilus was evaluated by
quantitatively measuring gray scale values using the NIH Image J software
(http://rsbweb.nih.gov/ij/index.html). The gray scale values for the supragranular layer and
the hilus were compared to the adjacent corpus callosum (baseline value). Prior to further
processing, the original Bruker files were converted to Analyze 7.5 format. The 3D datasets
from both the Pilo and CHX-Pilo groups were registered to the Control images using the
automatic algorithm of MIPAV (Center for Information Technology, NIH, Bethesda, MD,
USA). Subsequently, all images were normalized based on the signal intensity of the rat
head muscles, and their dynamic range was expanded to cover the full range. Color images
from all three groups were generated to highlight the signal intensity differences in the
hippocampus region.

The intensity of sprouting was referred to as the neo-Timm densitometry and varied from
10.7 (no staining in the supragranular layer) to 118 (intense staining in the supragranular
layer). Sections were assessed across three different levels (rostral, medium and caudal) of
the hippocampus bilaterally, corresponding to levels 2.8, 3.8 and 4.8 mm caudal to the
bregma (Paxinos & Watson 1998) to exclude any possible rostro-caudal variability.

Scores were used for MRI and histology analyses to put emphasis on the results. The scores
for the supragranular area varying from “−” to “+++” are summarized in Table 1. Threshold
levels for the MEMRI signal intensity and neo-Timm densitometry were defined as the
value of the average + 2 SEM from the controls.

2.5. Statistical analysis
The behavioral data related to SE induction, latency to SE, latency to first observed
spontaneous seizure, number of spontaneous seizures per animal, and total number of
spontaneous seizures were analyzed using Fisher’s exact test. The MEMRI signal,
hippocampal volumetry and neo-Timm densitometry data are presented as the mean ± SEM.
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Data were analyzed using a one-way ANOVA followed by the Tukey-Kramer post-hoc test
with the statistical significance set to P<0.05 for each analysis. Pearson’s correlation
coefficient (r) was derived to investigate the relationship between MEMRI hyperintensity
and neo-Timm densitometry.

3. Results
Sixty percent of animals from both the Pilo (15/25) and CHX-Pilo (18/30) groups developed
status epilepticus within latencies of 30 ± 7 and 47 ± 7 min, respectively. The latency to the
first observed spontaneous seizure was shorter for CHX-Pilo group (8±3 days) compared to
the Pilo group (32 ± 13 days; P=0.005). Spontaneous recurrent seizures (SRS) were
recorded in 7 animals from the Pilo group and 8 animals from the CHX-Pilo group. Both
groups had a similar number of SRS/animal in 120 hours (1.7 ± 2.2 for Pilo group; 1.6 ± 1.5
for CHX-Pilo group) and total number of observed seizures (12 SRS for Pilo group or 0.1
seizures/hour; 13 SRS for CHX-Pilo group or 0.1 seizures/hour). Representative MEMRI
(AC) and neo-Timm staining micrographs (D–F) of the DG from the three groups, CHX-
Pilo MFS-negative, Control and Pilo MFS-positive animals, respectively, are shown in
Figure 3. Pilo-treated animals had a higher DG MEMRI hyperintensity (1.113 ± 0.012) than
Controls (0.992 ± 0.003) or animals receiving CHX-Pilo (1.030 ± 0.033, P<0.05). Similarly,
neo-Timm densitometry analysis showed that the Pilo-treated group had more MFS in the
dentate supragranular layer (65.34 ± 5.52) than the CHX-Pilo (40.91 ± 6.10) and Control
(21.72 ± 1.76, P<0.05) groups (Figure 3). No differences were detected in the hilar neo-
Timm staining in any groups (Pilo: 115.45 ± 6.70; CHX-Pilo: 123.78 ± 9.90; Control:
107.79 ± 11.14; P>0.05, NS).

The rostral hippocampal volume was lower in both experimental groups than in the controls
(Pilo: 17.57 ± 0.72 mm3; CHX-Pilo: 17.74 ± 0.78 mm3, Control: 20.85 ± 0.31 mm3,
P<0.05). However, this difference was not maintained when the total hippocampal volume
was analyzed (Pilo: 68.54 ± 2.44 mm3; CHX-Pilo: 68.45 ± 2.28 mm3, Control: 76.05 ± 3.72
mm3).

As shown in Table 2, one animal in the Pilo group (named Pilo-5) showed a low level of
MFS or MEMRI hyperintensity. In addition, while 2 of the animals in the CHX-Pilo group
did not show signs of MFS, the other 3 presented some mossy fiber sprouting. On this basis,
epileptic animals (from both Pilo and CHX-Pilo groups) were distributed into two groups,
MFS-positive or MFS-negative, according to the presence or absence of MFS (Table 2).
Animals in which the neo-Timm density was two standard deviations above the control
average were considered as MFS-positive. Figure 4 shows that MFS-positive animals (85.32
± 8.2) also exhibited MEMRI hyperintensity (1.11 ± 0.01; Figure 4A and B and Table 2),
which was significantly different from control and MFS-negative groups (P<0.05). Epileptic
animals that did not have MFS (21.33 ± 3.3) had a relatively low MEMRI signal (0.97 ±
0.06; Figure 4A and B), which was similar to control levels (MFS 21.72 ± 1.76; MEMRI
intensity 1.00 ± 0.003). Interestingly, the one-way ANOVA analysis demonstrated that
epileptic animals that had intense MFS also had a reduction in the hippocampal MRI volume
(MFS-positive: 65.72 ±0.85; MFS-negative: 71.12 ±1.92; control: 76.05 ±3.72; P<0.05).
The dispersion graph in Figure 4C considers data from all of the animals and demonstrates a
strong correlation between MFS and MEMRI hyperintensity (r = 0.81, P<0.001). When the
MEMRI signal intensity was compared to the MFS densitometry in the same single rostro-
caudal level (3.6 mm caudal from the bregma), a similar correlation value (r = 0.78,
P<0.001) was obtained.
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4. Discussion
The present study, using the pilocarpine model of chronic temporal lobe epilepsy, was
designed to understand the effect of mossy fiber sprouting on MEMRI signal intensity in the
dentate gyrus. MFS was modulated using cycloheximide treatment. The results show that
chronically epileptic MFS-positive rats, as detected by neo-Timm histology, also had a
hyperintense MEMRI signal in the DG. However, chronically epileptic animals that did not
display MFS had a minimal MEMRI signal in the same brain region. These findings led us
to conclude that MEMRI is a suitable tool for the study of MFS in chronically epileptic
animals.

The pilocarpine model replicates several phenomenological features of human TLE and can
be used as an experimental system to study the basic mechanisms of epileptogenesis (Ben-
Ari 1985, Buckmaster & Dudek 1997, Turski, et al. 1989). Neuronal loss in several
hippocampal subfields and reorganization of mossy fibers into the molecular layer of the
fascia dentata were observed in the TLE model in our experiments and in previous studies
(Mello et al. 1993; Furtado et al., 2002, Santhakumar et al., 2005, Jiao and Nadler, 2007).
These observations are similar to the changes seen in hippocampi from patients with
hippocampal sclerosis (Babb, et al. 1991, Mello, et al. 1993, Sutula, et al. 1989, Tauck &
Nadler 1985).

Until now, the assessment of aberrant mossy fiber sprouting in an experimental model of
TLE has only been reported in resected tissue (Danscher 1981), which restricts longitudinal
studies. In animal models and in humans, a common histological technique to evaluate MFS
is neo-Timm’s staining (Babb, et al. 1991, Babb, et al. 1992, Buckmaster & Dudek 1997,
Claiborne, et al. 1989, Cronin & Dudek 1988, Leite, et al. 1991, Longo & Mello 1998,
Mello, et al. 1993, Nairismägi, et al. 2005, Sloviter 1982, Sutula, et al. 1989, Tauck &
Nadler 1985). In the present report, we found a strong positive correlation between MFS
detected with MEMRI and neo-Timm densitometry.

Our findings are in agreement with previous studies using the systemic kainic acid model
that showed MEMRI hyperintensity in animals with MFS in the hippocampal DG
(Immonen, et al. 2008, Nairismägi, et al. 2005). These authors suggested that MEMRI
would be more suitable to detect mossy fiber sprouting than neurodegeneration, gliosis or
seizure-activity in the epileptic hippocampus of rats. Corroborating this suggestion, our
results show a strong correlation (r = 0.81) between MFS and MEMRI hyperintensity in
animals systemically injected with MnCl2, a finding that was previously observed only after
entorhinal cortex manganese injections (Nairismägi, et al. 2005). Thus, this study proposes
that systemic administration of MnCl2 is a less invasive strategy to study the progression of
histopathological findings in animal models of TLE. The advantage of using systemic
manganese instead of intracerebral injection is to avoid possible susceptibility artifacts
produced by the needle path close to the region of interest; “in loco” injections are used for
T1 FLASH 3D gradient recalled echo-based sequence. In addition, our results replicate the
previous findings that CHX treatment does not interfere with the induction of spontaneous
recurrent seizures (SRS) but can prevent the development of MFS (Longo & Mello 1997).
Epileptic rats in which MFS was suppressed by CHX were similar in MEMRI hyperintensity
in the DG compared to non-epileptic controls. The mechanisms by which cycloheximide
acts to reduce or even prevent mossy fiber sprouting could be related to the reduction of
hilar neuron loss, as reported previously (Bengzon, et al. 1997, Covolan, et al. 2000,
Schreiber, et al. 1993).

It is important to note that the MEMRI hyperintensities reported here were obtained from a
large ROI that includes most regions of the DG, including the hilus and the supragranular
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layer. Therefore, in addition to the supragranular layer, the hilus also contributes to the
MEMRI signal. However, when neo-Timm densitometry was performed separately for each
DG area, no differences in the hilus were identified between epileptic animals (with or
without MFS) and their controls. In contrast, as shown in Fig. 3D-F, neo-Timm
densitometry revealed significant differences in the supragranular layer between groups.
These findings imply that the strong correlation between neo-Timm densitometry and
MEMRI hyperintensity is specific to the supragranular region and indicative of MFS.

The specific mechanisms for the correlation between MEMRI hyperintensity produced by
MnCl2 in epileptic animals and MFS remain to be established. However, several hypotheses
may be considered based on electrophysiological and cellular findings. The first is related to
the intracellular concentration of manganese. The increased contrast provided in vivo by
Mn2 + is proportional to the ionic concentration entering excitable cells through voltage-
gated calcium channels (Silva, et al. 2004), making the signal changes strongly dependent
on the local density and/or activity of the cells. Thus, a possible explanation for the
accumulation of Mn2+ in mossy fibers of epileptic animals could be due to the
hyperexcitability induced by the cellular influx of Ca2+ in the epileptic condition. However,
previous studies have shown that dentate granule cells become less excitable with mossy
fiber sprouting progression (Harvey, et al. 2005); thus, the excitability of the dentate gyrus
cannot be considered the key factor in manganese ion accumulation. A second possibility
relates to the fact that as a divalent cation, Mn2+ can compete with and replace Zn2+

(Alvestad, et al. 2007), an abundant neuromodulator in mossy fiber synaptic buttons
(Frederickson, et al. 1983). An increased concentration of Zn2+ associated with MFS could
lead to increased Mn2+ and thus the increased MEMRI signal. Further research is needed to
investigate this possibility.

5. Conclusion
Our results corroborate and reinforce the idea that MEMRI hyperintensity observed in
chronic epileptic rats reflects MFS in the supragranular layer. In addition to the strong
correlation between the MEMRI signal and the presence of MFS, we demonstrated that
animals with suppressed MFS following CHX administration had no increased MEMRI
signal in the DG. In summary, systemic injection of MnCl2 and subsequent MEMRI appears
to be a promising technique for in vivo studies of MFS.
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Figure 1.
Temporal diagram depicting the groups, treatments and procedures used in the present
study. The animals were divided into three groups: (1) CHX–Pilo animals received
cycloheximide (CHX), methyl-scolpolamine (M-sc), Pilo (pilocarpine) and Thio
(thionembutal) at the times and doses described above; (2) Pilo animals were similarly
injected with the same drugs except for CHX; and (3) control animals received saline
instead of all of the drugs, except Thio. Three months after these initial procedures, all
animals received a single systemic dose of MnCl2 solution (60 mg/kg, i.p.) 24 hours prior to
MRI acquisition and perfusion.
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Figure 2.
The manually drawn ROIs in the T1-weighted image delimit the dentate gyrus area. The
right panels indicate the rostro-caudal level of the hippocampal area under MRI (upper right)
and histological analysis (lower right) at 3.6 mm caudal from the bregma (rat brain atlas of
Paxinos, et al. 1998). Scale bars: 1 cm (MEMRI); 50 μm (neo-Timm).
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Figure 3.
T1-weighted MEMRI (A–C) and photomicrographs (D–F) representative of CHX-treated
MFS-negative (left panel), Control (middle panel) and Pilo-treated MFS-positive (right
panel) animals, respectively. The dentate gyrus region from MEMRI (A–C) was
enlarged and converted from the gray scale into a colored scale. The Pilo animal showed
MFS in the supragranular layer (s, black arrowheads) and MEMRI hyperintensity in DG,
while the CHX and Control animals did not. MRI data from the three groups were
normalized to the muscle signal intensity to minimize possible signal differences. Scale bars
= 50μm.
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Figure 4.
Results based on the presence or absence of mossy fiber sprouting (MFS) three months after
status epilepticus (SE). MEMRI signal intensity (A) and neo-Timm densitometry (B) for
control, MFS-positive and MFS-negative rats. Statistical significance was evaluated using a
one-way ANOVA followed by the Tukey-Kramer post-hoc test. Differences were
identified between MFS-positive and MFS-negative animals (#P<0.05) and MFS-
positive and control animals (*P<0.05). Error bars = 1 SEM. Neo-Timm densitometry and
MEMRI signal intensity are strongly correlated (Pearson’s correlation coefficient r=0.81,
P<0.001) in the dispersion graph (C).
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Table 1

Scores for MEMRI intensity and neo-Timm densitometry.

Score MEMRI intensity Neo-Timm densitometry

− Threshold 10.7–29.4 (No staining)

+ 10% increase 29.4 – 49.0

++ 10–15% increase 49.1 – 73.5

+++ > 15% increase > 73.5
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Table 2

Results based on scores for MEMRI intesnsity and neo-Timm densitometry for each animal used in the study.
The scores vary from “−” (lower signal) to “+++” (higher signal).

Animal MEMRI signal Neo-Timm densitometry Groups

CHX-Pilo 1 + + MFS+

CHX-Pilo 2 − − MFS−

CHX-Pilo 3 − − MFS−

CHX-Pilo 4 ++ + MFS+

CHX-Pilo 5 ++ ++ MFS+

Pilo-1 + ++ MFS+

Pilo-2 +++ +++ MFS+

Pilo-3 ++ ++ MFS+

Pilo-4 + + MFS+

Pilo-5 + − MFS−

Control-1 − − control

Control-2 − − control

Control-3 − − control

Control-4 − − control

Control-5 − − control

Gray areas indicate animals (except those from Control group) without mossy fiber sprouting (MFS).
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