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Abstract

Cycloheximide influences synaptic reorganization resulting from pilocarpine-induced status epilepticus (SE). To investigate the possible
behavioral consequences of this effect, we subjected animals to pilocarpine-induced SE either in the absence (Pilo group) or presence of
cycloheximide (Chx group). Animals were further divided regarding the occurrence of spontaneous recurrent seizures (SRS). Two months
after SE induction animals were exposed to different behavioral tests. Age-matched naive animals were used as controls. All epileptic groups
showed a significantly diminished freezing time in contextual and tone fear conditioning, performed poorly in the Morris water maze and
present less seconds in immobility position as compared to controls. Only Pilo animals explored more extensively the open arms of the
elevated plus maze and showed increased in horizontal exploratory activity in the open field as compared to controls. With the exception of
Pilo animals without recorded SRS, all other groups had extensive tissue shrinkage in central nucleus of the amygdala as compared to
controls. Cycloheximide-treated animals differed from Pilo animals in the extent of hilar loss and supragranular mossy fiber sprouting as well
as tissue shrinkage in the dorsal hippocampus. Despite the histological differences seen in the dorsal hippocampus between experimental
groups, no differences were encountered in the cognitive tests used to evaluate dorsal hippocampal function. The encountered histological
differences between Chx and Pilo animals, however, might underlie the different emotional responses between the two groups.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction axonal sprouting, neurite extension, synaptogenesis and

even neurogenesis [46]. Plasticity plays an important role

“Neuroplasticity” subsumes diverse processes of vital
importance by which the brain perceives, adapts to and
responds to a variety of internal and external stimuli. The
manifestations of neuroplasticity in the adult central
nervous system have been characterized as including
alterations of dendritic function, synaptic remodeling,
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in response to injury. Lesions of the entorhino-hippo-
campal pathway induce intact neurons to sprout collateral
branches so that they can occupy the denuded synaptic
targets in the molecular layer of the dentate gyrus
[12,46].

Histological analysis in human or experimentally-
induced animal models of temporal lobe epilepsy (TLE)
has revealed pathological alterations in the hippocampus
[23,44,55], a region that is thought to be involved in
cognition, and hence such anatomical alterations are
assumed to cause cognitive deterioration [63]. In one of
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the most studied model of TLE, when animals are given
pilocarpine, a muscarinic cholinergic agonist, they present
status epilepticus (SE), and after an average latent period
of 2—3 weeks, they show spontaneous recurrent epileptic
seizures (SRS) [45,62]. The brain damage induced by SE
may be considered an equivalent of the initial precipitating
injury event, such as a prolonged febrile convulsion,
which is commonly found in patients with TLE [23.44].
Mossy fiber sprouting (MFS) has been described in
human mesial temporal sclerosis [4,26,62] as well as in
several animal models of temporal lobe epilepsy [9,45].
MFS involves the formation of new asymmetrical synaptic
contacts between mossy fiber terminals and dendrites of
granule cells and inhibitory interneurons in the inner
molecular layer [8,29,49]. The precise mechanisms and
functional consequences of seizure-induced MFS remain
to be defined. Ultrastructural and -electrophysiological
studies of MFS into the inner molecular layer suggest
that this synaptic reorganization may result in recurrent
excitatory circuits and subsequent hippocampal hyper-
excitability [7,64]. A recent study, however, has suggested
that hilar cell loss rather than other plastic consequences
of status epilepticus (SE), such as MFS, is responsible for
the altered function of this tissue [68]. We have shown
that the administration of cycloheximide, prior to the
induction of SE prevents the subsequent MFS without
affecting epileptogenesis [41-43]. The data from these
studies suggest that the MFS is neither necessary, nor
sufficient, for seizures generation in temporal lobe
epilepsy.

It has been suggested that the MFS seen in epileptic
tissue might be an adaptive phenomenon that develops
after brain injury [56,59]. Accordingly, if this hypothesis
is correct, MFS could potentially diminish the cognitive
deficits seen in patients with temporal lobe epilepsy. An
alternative suggestion is that the abnormal circuit
remodeling characterized by MFS might cause additional
hippocampal malfunction, thus leading to further cogni-
tive deficits [28,63]. To investigate the possible func-
tional consequence of MFS at cognitive aspects, we
sought to study this issue by using the reported ability
of cycloheximide to block MFS [41-43] that would
otherwise ensue after pilocarpine-induced SE. The
choice of the pilocarpine model of TLE was based
namely by the fact that MFS in this model is amongst
the most exuberant found in animal models of TLE
[41,42].

2. Materials and methods

This study was conducted under protocols approved by
the Animal Care and Use Ethics Committee at Universidade
Federal de Sao Paulo and in accordance with the Guide for
Care and Use of Laboratory Animals adopted by the
National Institutes of Health.

2.1. Animals and drug treatment

Male Wistar EPM-1 rats (200-250 g) were kept on a
standard light/dark cycle (12/12 h) with lights on at 07:00
AM, with free access to rat chow pellets (Nuvilab) and tap
water. Seizures were induced by i.p. injections of pilocar-
pine (320 mg/kg, Merck, Quimitra, Brazil). Scopolamine
methyl bromide (1 mg/kg, i.p., Sigma) was administered 20
min prior to pilocarpine to reduce its peripheral effects. In
addition, one group of animals also received cycloheximide
(1 mg/kg, s.c., Sigma) injection 30 min prior to pilocarpine.
Immediately after the pilocarpine injection, animals were
placed in a cage with paper-covered sawdust in order to
avoid choking on sawdust during SE. All animals received a
single dose of thionembutal, (Thiopental ®, Cristalia, Sdo
Paulo, Brazil), at a dose 25 mg/kg, i.p., 90 min after SE
onset to reduce the otherwise high mortality rate in this
period and thereafter were monitored for excessive upper
airway secretion and aspirated when necessary.

On the following 2—3 days after SE onset, animals were
fed with a mixture of sweetened milk and Gatorade at least
three times/day. During this period, fruit slices were placed
on the floor of the cage. This care taking protocol
dramatically improves survival rate to up to 70% of the
injected animals. The three groups of animals used here
were comprised of: Chx, received all of the drugs at the
times and doses above described; Pilo, similarly injected
with the same drugs except for cycloheximide; and naive
age-matched rats, used as the control group. After
approximately 60 days following SE induction animals
were then subjected to behavioral testing. Each animal was
exposed to all of the different tests in the same sequence as
presented bellow. A total of 18 animals for the Pilo, 16 for
the Chx and 13 for controls were used in the current
experiments.

2.2. Recording of spontaneous recurrent seizures

The occurrence of spontaneous recurrent seizures was
videotaped in two distinct moments. The first was during 60
days period prior to the behavioral procedures, where the
animals were videotaped 3 days/week, for 6 h per day. The
second was during the three h immediately prior each
behavioral test. In addition, the occurrence of spontaneous
recurrent seizures was also noted during the performance of
behavioral tests. Analysis of the occurrence of spontaneous
recurrent seizures, allowed the animals of the group Pilo to
be divided in the following groups: Spilo (animals of group
Pilo in which spontaneous recurrent seizures were detected;
N = 11) and Npilo (animals of group Pilo in which
spontaneous recurrent seizures were not detected; N = 7).
As in the Pilo group, the Chx group was divided in the
following groups: Schx (animals of group Chx in which
spontaneous recurrent seizures were detected; N = 12) and
Nchx (animals of group Chx in which spontaneous recurrent
seizures were not detected; N = 4).
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2.3. Behavioral procedures

2.3.1. Elevated plus maze

The elevated plus maze was utilized to evaluate anxiety-
related behaviors. The apparatus was made of wood and
consisted of two opposite open arms, 50 x 10 cm
(surrounded by 1 cm high Plexiglas), and two enclosed
arms, 50 x 10 x 40 cm, elevated to a height of 50 cm above
the floor. The junction area of the four arms (central
platform) measured 10 x 10 cm. Each animal was placed on
the center platform of the maze facing the enclosed arm and
during 5 min were recorded the number of entries and the
time of permanence in the open and closed arms. With these
parameters, it was possible to calculate the total number of
entries and the percentage of entries and of time spent in the
open arms in relation to both open and enclosed arms [52].

2.3.2. Open field

The open field was utilized to measure exploratory
activity. The apparatus consists of an arena of white wood
(150 cm diameter) enclosed by stainless steel walls and
divided in 19 squares by black lines. The open field was
placed inside a light- and sound-attenuated room. Each
animal was placed in the center of the arena, and during 5
min was observed the number of squares crossed (with four
paws), and rearing [3].

2.3.3. Spatial reference memory in the MWM

The apparatus consisted of a circular pool, 200 cm
diameter by 60 cm height, filled with water to a depth of 28
cm. A movable platform, 10 cm? and 26 cm high (2 cm below
the water surface), was placed in one of four imaginary
quadrants in the pool. The position of the platform was the
same in all sessions of acquisition phase. The platform was
made invisible by painting the interior of the pool and the
platform black. The temperature of the water was maintained
at 26—28 °C. Several cues were taped in the room, so as to
provide discriminative visual cues [47]. Each animal was
given 56 trials: four trials per day on 14 consecutive days
(acquisition phase). A trial was initiated by lowering the rat
into the water by its tail while facing the wall along the side of
the pool at a predetermined position, either at north, west, east
or south side of the tank. Each trial was started at a different
quadrant. The trial was finished when the rat found the
platform or when 2 min had lapsed. If the rat succeeded in
finding the platform within 120 s, the latency was recorded
and it was allowed to remain on the platform for 30 s. If the rat
failed to find the platform within 120 s, it was manually
conduced to the platform and there maintained for 30 s. At the
end of each trial, animals were dried and kept warm in a
heated box for 6 min before the next trial. During the trial, the
rat was monitored in the platform with a chromo track video
tracking system (Ethovision, Noldus technology, Amster-
dam, The Netherlands). After the acquisition phase, in the
next day, a probe trial (retention phase) was performed. The
platform was removed from the tank and the time spent in the

quadrant of the platform was registered for 60 s. The software
package (Ethovision) was used to acquire the following
parameters in each trial: time to finding the platform, velocity
performed and distance traveled (acquisition phase), as well
as, time spent in the platform quadrant in the retention phase.

2.3.4. Contextual and tone fear conditioning [53]

2.3.4.1. Conditioning parameters. The conditioning pro-
cedure was performed in a passive avoidance apparatus (Ugo
Basile), during Day 1. The rat was confined individually in the
black compartment of the apparatus. Two minutes later, the
conditioned stimulus, 5 s long, sounded, and in the last second,
a foot-shock of 1 mA and 1 s, (unconditioned stimulus) was
delivered, which finished together with the 70 dB tone
(conditioned stimulus). The tone foot-shock pairing was
repeated five times, 30 s apart. Thirty seconds after the last
foot-shock, the animal was removed from the apparatus [19].

2.3.4.2. Contextual fear conditioning. The test was carried
in Day 2. The animal was individually placed in the black
compartment of the avoidance apparatus, with the sliding
door closed, where it remained for 5 min. Unconditioned and
conditioned stimuli were not delivered. The freezing time in
each minute, during the total 5 min was registered [19].

2.3.4.3. Tone fear conditioning. The test was carried in
Day 3. Each animal was individually placed in the
cylindrical chamber (new context), where it remained for
8 min. The chamber had previously been placed in another
room, to avoid spatial cues. The conditioned stimulus was
presented 5 times at 30-s intervals, beginning at the end of
the third minute. The freezing time was measured, minute-
by-minute, during the first 3 min (before the tone) and
during the final 5 min (during and after tone) [19].

2.3.5. Despair swim

The despair swim test was utilized to evaluate mood
depression-related behavior. The rats were individually
forced to swim inside vertical Plexiglas cylinders containing
15 cm of water maintained at 25 °C. After 15 min in the
water, they were removed and allowed to dry for 15 min in a
heated container before being returned to their home cages.
They were replaced in the cylinders 24 h later and the total
duration of immobility was measured during a 5 min test. A
rat was judged to be immobile whenever it remained
passively floating in the water in a slightly hunched but
upright position, its head just above the surface [54].

2.4. Histological studies

2.4.1. Neo-Timm staining

At the end of the behavioral tasks, the animals were
perfused and processed for routine Nissl and Neo-Timm
staining as previously described [45]. Rats were deeply
anesthetized with thionembutal and sequentially perfused
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through the heart with (1) 25 mL of Millonig’s buffer; (2) 50
mL of sodium sulfide fixative 0.1% in Millonig’s buffer; (3)
100 mL of glutaraldehyde 3%; (4) 200 mL of sodium
sulfide fixative 0.1% in Millonig’s buffer. Their brains were
removed and immersed in 30% sucrose overnight. Frozen
40 pm coronal sections were then processed for neo-Timm
staining. Adjacent slices were processed for Cresil staining.
The processing solutions consisted of 240 mL of 50% gum
arabic with 10.25 g of citric acid, 9.45 g sodium citrate in 30
mL of bi-distilled water, 3.73 g hydroquinone in 60 mL of
bi-distilled water. The slices were maintained in the
processing solutions for 40—50 min, washed in distilled
water twice for 5 min, dehydrated through alcohol to xylene,
and coverslipped with Canada balsam. The intensity of
sprouting in the inner molecular layer was evaluated by a
subjective graduation score [64], which varies from zero (no
staining in the inner molecular layer) to three (intense
staining in the inner molecular layer), by two observers
blind to the experimental condition of each animal. Scores
attributed to each animal represent the mean of the values
given by the two observers.

2.4.2. Area measurement

The area measurement was assessed in Nissl-stained
slices, for the dorsal hippocampus (Paxinos plate 30 [51]),
ventral hippocampus (Paxinos plate 42), and some nuclei of
the amygdala (Paxinos plate 28). The software package
NIH-Image 1.62 was utilized to calculated the selected area.
The data were obtained in pixels® and then converted into
pum?>. The result attributed to each animal represents the
mean value (left and right hemispheres of three adjacent
sections).

2.4.3. Count of hilar cells

The cells were counted in Nissl-stained slices, in the
hilus region at mid levels of the dorsal hippocampus
(corresponding to Paxinos plate 30), at a selected area of
250 pixels’ (1500 um?). The results attributed to each
animal represent the mean value (left and right hemispheres
of three adjacent sections).

2.5. Statistical analysis

The data obtained with the elevated plus maze, despair
swim, open field, the retention phase of the MWM, the
number of spontaneous recurrent seizures, area and the
number of hilar neurons were analyzed by a two-way
ANOVA followed by the Tukey post hoc test. For the data
obtained in the acquisition phase of the MWM, contextual
fear conditioning and tone fear conditioning we used a two-
way ANOVA for repeated measures followed by Tukey post
hoc test. MFS score was compared by the non-parametric
test Kruskal—Wallis test followed by the Mann—Whitney U
test when necessary. Pearson correlation was utilized to
evaluate potential associations between different measures.
Significance was set at P < 0.05.

3. Results
3.1. Spontaneous recurrent seizures

Spontaneous seizures were seen in a similar 61% of the
animals of the Pilo group and 75% of the animals in the Chx
group. Spilo and Schx did not differ from each other with
regard to the frequency of spontaneous recurrent seizures.

3.2. MWM

In the MWM test, all groups of Pilo and Chx animals
demonstrated a significantly worse performance as compared
to controls, without differing from each other (Figs. 1 and 2).
In the acquisition phase (Fig. 1), the two-way ANOVA for
repeated measures revealed significant differences in the
average escape latencies, in relation to group factor (F4.42) =
39.65; P < 0.01) and session factor (F(j3546) = 28.43; P <
0.01). An interaction between factors was not detected
(F(s2,546) = 1.19; P = 0.18). Tukey test a posteriori revealed
that the control group differed from all experimental groups
(P < 0.01). All studied groups showed a decrease in the
average escape latencies over the sessions. In the control
group this diminution was detected early in session 2 (P <
0.01). In all of the experimental groups, however, it was seen
starting only after session 4 (P < 0.05). We found no
differences between the four experimental groups and controls
in regard to swimming velocity (F(4 42)=2.25; P =0.08) (data
not shown). As shown in Fig. 2, during the retention phase of
MWM the control group stayed longer in the quadrant in
which the platform had been placed in the acquisition phase,
when compared to experimental groups (F(442) = 18.84; P <
0.01). Here again we did not find differences between any of
the four experimental groups (Spilo, Npilo, Schx, Nchx).

3.3. Contextual fear conditioning

Fig. 3 shows the freezing curve over the 5 min duration of
the contextual fear conditioning. Two-way ANOVA for
repeated measures detected a difference in the group factor
(F4,42)=15.64; P <0.01), but not in the time factor (F 4,165y =
1.64; P = 0.17). An interaction was not seen between these
factors (F16,168) = 1.46; P = 0.12). Tukey test a posteriori
revealed that the control group differed from experimental
groups (P < 0.01), and these did not differ from each other.

3.4. Tone fear conditioning

The data obtained in the tone fear conditioning is shown
in Fig. 4. A two-way ANOVA for repeated measures
detected differences in the group factor (F(442) = 21.07;
P <0.01) and time factor (¥ 7,294y = 8.39; P < 0.01). Tukey
test a posteriori revealed that the control group differed from
experimental groups (group factor) (P < 0.01). An inter-
action was seen (F'(2294) = 3.12; P < 0.01) and a post hoc
comparison showed that only within the control group, the
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Fig. 1. Performance of Spilo (N = 11), Npilo (N = 07), Schx (N = 12), Nchx (N = 04) and Control (N = 13) groups during acquisition of the spatial reference
memory in the Morris water maze test. Each point represents the mean latency of the four trials performed in each day and was expressed as mean + SEM of the
group. Despite the fact that all groups acquired the information, all experimental groups performed significantly worse than controls (P < 0.01).

freezing time in min 4, 5 and 6 (i.e., the period in which the
conditioned stimulus was presented) differed from that of
minutes 1, 2, 3 (P < 0.01) (i.e., the period prior to
conditioned stimulus presentation) as well as from minute
8 (P <0.01) (period after conditioned stimulus presentation).

3.5. Elevated plus maze

Fig. 5 shows the data obtained in the elevated plus maze.
Npilo animals spent more time in the open arms (F4.42) =
2.79; P <0.05) when compared to the control group. Indeed,
both Spilo and Npilo animals entered more times in the open
arms when compared to the control group (F'(4 42y =3.77; P <
0.05, P < 0.01, respectively). However, we did not find
differences between the groups in relation to total entries in
all arms of the maze (F(2 44y = 0.99; P = 0.43). Chx groups
did not differ from controls, Pilo groups or from each other.

3.6. Open field

In the open field paradigm, both Spilo and Npilo
animals showed an increase in the horizontal exploration
(Faa42 = 4.76; P < 0.05, P < 0.01, respectively) when
compared to the control group (See Fig. 6A). In addition,
the Schx and Nchx animals did not differ from the other
groups. In relation to the rearing performance, Npilo and
Nchx presented a lesser number of rearing when
compared to the control group (Fu 42 = 2.98; P < 0.05)
(See Fig. 6B).

3.7. Despair swim
The data obtained in the despair swim paradigm is shown

in Fig. 7. In all of the experimental groups, a diminution of
the time spent in immobility position was encountered when

60 I
S 50
E x
5 40 I
3 * *
d *
E 301
5 [
o
Q20 1
£
)
E 104

0

Control Spilo Npilo Schx Nchx

Fig. 2. Memory recall of the acquired information in the Morris water maze. Data expressed as mean + SEM. Both experimental groups spent less time in the
quadrant in which the platform was located during the acquisition phase, when compared to controls. *Two-way ANOVA followed by Tukey post hoc. P <

0.01 in relation to Control group.
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Fig. 3. Performance of Spilo (N = 11), Npilo (N = 07), Schx (N = 12), Nchx (N = 04) and Control (N = 13) groups during 5 min of contextual fear conditioning.
Each point represents the time in freezing, and was expressed as mean + SEM. The freezing response in both epileptic animals was impaired (P < 0.01).

compared to the Control group (F'(442) = 13.43; P <0.05 for
Npilo group; P < 0.01 for Spilo, Schx and Nchx group).

3.8. Histological results

With regard to MFS, the Schx group presented a
significantly smaller score as compared to the Spilo group
(U=20;Z=2.83; P<0.01) but still significantly higher than
the Control group (U=9.5;Z=3.73; P <0.01). As extensively
shown by various groups, the Spilo group had significantly
higher scores when compared to the Control group (U=0; Z =
4.14; P <0.01) (See Table 1 and Fig. 8). Comparisons between
Spilo and Npilo groups or between Schx and Nchx group did
not reveal any significant differences.

The number of hilar cells (4 42) = 48.37; P < 0.01) was
significantly less in the Spilo and Npilo groups as compared
to all of the other groups, and significantly less in the Schx
and Nchx groups as compared to the control group (See
Table 1 and Fig. 8).

Tissue shrinkage (see Table 1 and Fig. 8) was greater in
the dorsal hippocampal area in the Spilo and Npilo groups
as compared to Control, Schx and Nchx (F4 42 = 6.86;
P < 0.01) groups. However, we did not detect differences
between any of the groups for the ventral hippocampus
(Faa2 = 1.68; P 0.07), lateral amygdaloid nucleus
(Faa2 = 2.58; P = 0.68) and basolateral amygdaloid
nucleus (F4 42 = 2.66; P = 0.07). In contrast Spilo, Schx
and NChx (but not Npilo animals) all differed from
Controls for the central amygdaloid nucleus (F442) =
6.10; P < 0.05 for Schx and Nchx; P < 0.01 for Spilo).

4. Discussion

In all cognitive tasks (contextual and tone fear condition-
ing, as well as in spatial reference memory version of the
MWM) and in despair swim (emotional aspects), the
performance of all Pilo and Chx groups was impaired as

60 -

50 A
0
@ 40 —— Control
N -=— Spilo
£ 301 ~o- Npilo
£ -e— Schx
é 20 1 —o— Nchx

10 A

0

Minute

Fig. 4. Performance of Spilo (N = 11), Npilo (N = 07), Schx (N = 12), Nchx (N = 04) and Control (N = 13) groups in the tone fear conditioning before, during
and after tone presentation. The period from 1 to 3 min corresponds to freezing responses before tone presentation, and the period from 6 to 8 min corresponds
to freezing responses after tone presentation. The tone was presented 5 times at 30-s intervals, beginning at the end of the 3rd minute. Data were expressed as
mean = SEM. The freezing response in both epileptic groups was impaired during the tone presentation period (P < 0.01).
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Fig. 5. The figure represent the performance of Spilo (N = 11), Npilo (N = 07), Schx (N = 12), Nchx (N = 04) and Control (N = 13) groups in the elevated plus
maze. Data were expressed as mean = SEM. Spilo and Npilo entered more frequently and spent significantly more time in the open arms when compared to

controls (*P < 0.05; **P < 0.01).

compared to controls, with no difference from each other.
However, Pilo animals showed a diminished emotional
arousal in the elevated plus maze test and presented an
augmented horizontal exploratory activity in the open-field
test. At the histological level, only Pilo animals presented
significant tissue shrinkage at dorsal hippocampus. In
addition Pilo animals showed significantly greater supra-
granular mossy fiber sprouting and hilar cells loss as
180 1
160 4
140 A *
120 A
100 4
80 A T
60 -
40 A
20 A1

0

Squares crossed

compared to Chx animals and controls. For both Spilo and
Schx groups a significant tissue shrinkage at central
amygdaloid nucleus was found. In summary, the observed
histological differences between Chx and Pilo groups resulted
in different emotional but not cognitive performances.

There is extensive evidence indicating the influence of
seizures in emotional aspects in both patients [16,20,31] and
animal models of epilepsy [15,60,61]. In patients, emotional

A

ek

Control Spilo

12 4

o

Rearing
@

Npilo Schx Nehx

Control Spilo

Npilo Schx Nchx

Fig. 6. The figures represent the performance of Spilo (N = 11), Npilo (N = 07), Schx (N = 12), Nchx (N = 04) and Control (N = 13) groups in the 5 min of
open field test. The data were expressed as mean + SEM. (A) Number of squares crossed. (B) Number of rearing performed (*P < 0.05; **P < 0.01).
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Fig. 7. Data depicting the time spent in immobile position during the despair swim test, expressed as mean = SEM. Spilo (N = 11), Npilo (N = 07), Schx (N =
12), Nchx (N = 04) spent less time in immobility when compared to controls (N = 13) (*P < 0.05; **P < 0.01).

disturbances might be affected by the occurrence of para-
doxal normalization [2,38,48]. This term, introduced by
Landolt, relates to a phenomenon whereby the incidence of
psychiatric events increases the smaller the frequency of
seizures in the preceding period and vice-versa [39]. Our
current findings of more evident changes in the elevated
plus maze and horizontal locomotor activity in the open
field (indicative of emotional aspects) in the Npilo as
compared to the Spilo animals might suggest some sort of a
similar forced normalization in these animals. Thus, for
animals of the Pilo group, our data are supportive of a role
for spontaneous seizures in setting the emotional back-
ground of the animals, being the less frequent the sponta-
neous seizures, the greatest the difference form the control
performance in behavioral test evaluating emotional aspects.

With regard to cognitive aspects, it has been suggested that
neural injury rather than seizures is the central factor related
to cognitive impairment in temporal lobe epilepsy
[24,25,27,37,40]. Klove and Matthews showed that epilepsy
patients with hippocampal sclerosis had a worse performance
in several tests of verbal and visual memory when compared
to epilepsy patients without hippocampal sclerosis [37]. Letty
and colleagues, in an elegant work, submitted animals to two

Table 1

animals models of temporal lobe epilepsy: kainate adminis-
tration (to promote epilepsy with intense neural injury) and
kindling in the amygdala (to promote epilepsy with no neural
injury). A comparison between the groups showed that the
kainate animals performed more poorly in a reference
memory version of the eight radial arms test when compared
to kindling rats [40]. In the other hand, several works have
demonstrated that the incidence of spontaneous recurrent
seizures plays an important role in the cognitive deficits seen
in both epileptic patients and rodent models of temporal lobe
epilepsy [6,11,22]. Our current results while not favoring the
hypothesis of seizure frequency as the leading factor
influencing behavior outcome (S groups were similar to N
groups), also did not show any conclusive evidence for the
alternative lesion-based explanation.

In the spatial reference memory version of the MWM, the
performance of both experimental groups was impaired. This
version of the MWM has been proposed as a hippocampus-
dependent performance [13,17,47]. In the pilocarpine model
of temporal lobe epilepsy, cognitive deficits in the MWM
have been extensively demonstrated [25,57,67]. Ikegaya and
co-workers verified that MFS in the dentate gyrus of animals
with epilepsy negatively correlated with cognitive perform-

Scores of mossy fiber sprouting, number of hilar cells and average area of dorsal hippocampus, ventral hippocampus, lateral amygdaloid nucleus, basolateral
amygdaloid nucleus and central amygdaloid nucleus obtained in Pilo, Chx and controls animals

MES Hilar cells dHpc vHpc LAmg BlAmg CeAmg
Control (N = 13) 0 [0-0] 142 £0.9 890 + 28 867 + 36 148 £ 1.0 704 £ 4.7 40.6 £2.5
Spilo (N = 11) 2.5 [2.5-3]" 3.5 £ 0.4 T4T £ 22 779 + 23 123 +£09 60.6 = 6.8 24.3 + 1.5%*
Npilo (N = 07) 1.5 [1-2.5]* 2.7 £ 0.5% 771 + 38* 753 +27 12.6 £ 1.1 55.0 £4.9 339+55
Schx (N = 12) 1 [0.8—1.5]+* 6.8 £ 0.6%* 888 + 18 823 + 35 120 £2.2 51.0+59 28.0 + 4.0*
Nchx (N = 04) 2 [0.5-3]* 7.3 +0.5% 870 + 40 858 £ 13 11.3+44 47.0+11.4 26.0 + 4.4*

The data of average area (um> x 10°) and hilar cells (number of cells in 100.000 pm?) were expressed as mean + SEM. The mossy fiber sprouting was
expressed as median with range in parentheses.

P <0.05.

® P <0.01 in relation to Schx group.

¢ P < 0.05 in relation to Spilo group. MFS = mossy fiber sprouting, dHpc = dorsal hippocampus area, vHpc = ventral hippocampus area, Lamg = lateral
amygdaloid nucleus area; BIAmg = basolateral amygdaloid nucleus area; CeAmg = central amygdaloid nucleus area.

* P <0.05.

* P <0.01 in relation to controls.
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Fig. 8. Nissl- and neo-Timm-stained sections of the dorsal hippocampus of groups: Control (A—C), Spilo (D—F), Schx (G-I), Npilo (J—L), Nchx (M—0).
In D—E and J-K, note the strongly diminished number of hilar cells in the Spilo and Npilo groups as compared to a less extensive hilar cell loss in the
Schx and Nchx groups (G—H and M—N). Neo-Timm staining revealed abundant MFS in the Pilo groups (F, L) and a less intense MFS in the Chx groups
(I, O). Scale bar = 250 pm (left and right columns) and 100 pm (middle column).

ance in the inhibitory avoidance and Y-maze, but not in the
MWM. Indeed, in the MWM, the animals in which MFS had
been blocked showed similar cognitive impairment as
compared to animals with strong MFS [28] thus in agree-
ment with our own current findings for the MWM.

It has been reported that dorsal, but not ventral hippo-
campus lesion, promotes a deficit in the reference memory
version of the MWM [5]. Although in the Chx-treated
animals no tissue shrinkage in the dorsal hippocampus was
seen, these animals presented a diminished number of hilar

cells (even though not as intense as that seen in Pilo animals).
Our current findings in the MWM are a clear reflection of
damage to the dorsal hippocampus. Thus, it is possible that
MES does not contribute to restore the functional capacities
as measured by the MWM, thus in agreement with previous
findings by Ikegaya and colleagues [28].

In the contextual and tone fear conditioning, the expe-
rimental groups showed cognitive impairment in both tests.
However, it cannot be ruled out that the slight decrease in
the freezing time seen in the Pilo animals, a good indicative
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of cognitive impairment, might be due to other factors not
related to cognitive aspects (e.g., the increase in the
locomotor activity and diminished anxiety arousal in these
animals).

It is consensus that the amygdala plays a crucial role in
the fear responses to tone and contextual aspects of
conditioning [21,30,53], whereas hippocampal lesions
impair only contextual fear conditioning [35,36,53]. In a
recent review, Paré and colleagues showed that both lateral
and central amygdaloid nucleus play a crucial role in
conditioning fear [50]. Thus, the diminished freezing time
encountered in Pilo and Chx groups in both tone and
contextual aspects of conditioning can be attributed to a
similar neural loss in the central amygdaloid nucleus, given
that only in this nucleus did we find significant tissue
shrinkage.

The relationship between anxiety, fear and epilepsy was
recognized in antiquity. Today, it is accepted that anxiety
disorders represent a frequent and clinically important
comorbid condition in epilepsy patients [65]. The data
obtained in the present work suggest that the Pilo animals
are hyporeactive to stressful conditions. These, but not the
Chx animals, showed lesser levels of anxiety in the
elevated plus maze test when compared to the control
group. The increased number of squares crossed observed
for the Pilo animals during the open field test corroborated
these findings. The hyporeactivity of Pilo animals
currently reported is in agreement with the finding by
Szyndler and colleagues reporting a similar hyporeactivity
in epileptic animals subjected to pentylenetetrazole kin-
dling [60] and lithium-pilocarpine status epilepticus [61].
Thus, we hypothesize that the combined effects of the
distinct neuronal injury and synaptic reorganization
between Pilo animals and Chx animals might underlie
this effect.

The hippocampus and amygdala, brain structures
affected in temporal lobe epilepsy, play a crucial role in
emotional responses. Several works have established
associations between the hippocampus and anxiety behav-
iors [5,14]. In the current work, the histological differences
seen in the dorsal hippocampus are sufficient to explain the
behavioral findings obtained in the elevated plus maze.
Given that Pilo but not Chx animals presented significant
tissue shrinkage in the dorsal hippocampus, an anxyolitic-
like effect in these animals is not surprising. Our data
corroborate several findings in the literature. Degroot and
Treit described in rats that cholinergic stimulation of the
dorsal and ventral hippocampus increases the exploratory
activity in the open arms of the elevated plus maze [14].
Lesion studies by Bannerman and co-workers in either
dorsal or ventral hippocampus produced anxyolitic effects in
the elevated plus maze [5].

To the same extent as the hippocampus, the amygdala is
particularly important in the genesis of anxiety. Several
works have indicated a participation of the amygdala in the
behavioral phenomena measured by the elevated plus maze

[1,18,33,58]. However, lesion studies of the amygdaloid
complex did not modify the performance of animals in this
model [13,36]. Because in the present work both Pilo and
Chx groups presented similar histological changes in the
amygdaloid nuclei, but only in the Pilo animals, we detected
a diminished anxiety, we suggest that the lower levels of
anxiety seen in these animals might be attributed mainly to
neural injury in the dorsal hippocampus.

In regard to the results obtained in the despair swim test,
the lack of differences between Pilo and Chx groups in this
paradigm can be attributed to two main factors: (i) similar
intensity level of neural injury in the nuclei of the amygdala,
known as an important structure for the performance of this
test [10,34]; (i1) the cognitive aspects involved in this test
[32,66]. Because both Pilo and Chx groups showed a
cognitive impairment, the poor performance of these animals
in the despair swim test can be explained by a lack of an
association between the aversive stimulus (forced swim)
presented in the first session and the exposure to the same
situation in the second session of the test.

Overall, for the Chx as compared to Pilo animals, the
similar degree of damage to the amygdala as opposed to a
less extensive damage in dorsal hippocampus could be
expected to result (but did not) in a better performance of
the former group of animals as compared to the later in
hippocampus-dependent tests. In fact, with regard to
elevated plus maze, the Chx but not the Pilo group
performed similarly to controls. However, we did not find
significant differences between experimental groups in any
of the cognitive tests mediated by dorsal hippocampus
(spatial reference and contextual memory). Spilo animals
had more intense hilar cell loss and tissue shrinkage in the
dorsal hippocampus than Schx animals. If these histological
features were to have a functional consequence, this should
have resulted in worst performance by Spilo animals in
cognitive tests. This, however, was not the case. A possible
speculative hypothesis is that the presence of MFS in the
Spilo animals (as opposed to its diminished presence in
Schx animals) might have had a positive effect over the
cognitive performance, thus counterbalancing the greater
hilar cell loss and dorsal hippocampal sclerosis of Spilo
animals. The current data, however, does not allow any firm
conclusion on this matter.

To summarize, the administration of cycloheximide in
the pilocarpine model of epilepsy, minimized the occur-
rence of MFS, hilar cell loss and hippocampal sclerosis.
Despite this diminished lesion and regardless of differences
in MFS or spontaneous seizures, Chx animals did not
experience any significant preservation of cognitive per-
formance as compared to Pilo animals. In contrast, the
relative preservation of the dorsal hippocampus reported
for Chx-treated rats might constitute the basis for the
observed differences in emotional tests. Our data thus
emphasize the importance of hippocampal sclerosis for the
impairment of emotional performance in the pilocarpine
model of epilepsy.
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