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In contrast to what was previously believed, there is increasing evidence that the cerebellum
is involved in emotional and cognitive behaviour. Preclinical and clinical research points
towards arole of the cerebellum in impulsivity and panic. Deep brain stimulation (DBS) of
the dorsolateral periaqueductal gray (dIPAG) in rats has proved to elicit escape behaviour
directly, but can also be used for conditioning of context-dependant fear responses.
We used this model to study the activation in the deep cerebellar nuclei (DCbN) after
conditioned fear. For this purpose, we performed c-Fos immunohistochemistry in the
DCbN. We found no statistically significant difference in c-Fos expression in the DCbN
between the subgroups in this animal model. We hypothesize that the lack of a significant
difference in activation of the DCbN may be related to fear consolidation which takes
place after dIPAG stimulation, after which retrieval of behaviour, whether adequate or
inadequate, does not lead to a different activation of the DCbN. On the other hand the
effect of conditioned fear may be smaller than the effect of panic behaviour elicited by
DBS, requiring a larger study population.
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1. Introduction

The cerebellum has been regarded for decades to be a neuro-
anatomical structure solely involved in the control of motor
coordination (Fine et al., 2002; Manto, 2008; Glickstein et
al., 2009; Pearce, 2009). However, there is now more than
enough evidence that the cerebellum also plays a promi-
nent role in cognitive and behavioural processes (Leiner et
al., 1986; Leiner et al., 1993; Schmahmann and Sherman,
1998). The evolutionary newer regions of the cerebellum
project to the prefrontal cortex (areas 9 and 46) and the in-
ferior parietal lobe area 7 through the ventrolateral and other
thalamic nuclei including the mediodorsal thalamic nucleus
and the reticular nucleus (Yamamoto et al., 1992; Middleton
and Strick, 2000; Middleton and Strick, 2001; Cavdar et al.,
2002; Allen et al., 2005; Cantalupo and Hopkins, 2010). The
cerebellum also receives a wide range of input from structu-
res involved in cognition and affect (Snider and Maiti, 1976;
Brodal, 1978; Brodal et al., 1991; Schmahmann and Pand-
ya, 1991; Schmahmann and Pandya, 1993; Dietrichs et al.,
1994; Sacchetti et al., 2005; Turner et al., 2007). These struc-

tures form the so called cerebrocerebellar circuit for cogni-
tion and emotion (Schmahmann, 1996; Allen et al., 2005).
Behavioural disturbances resulting from isolated damage to
the cerebellum comprise a constellation of symptoms which
has been called the cerebellar cognitive affective syndrome
(CCAS) (Schmahmann and Sherman, 1998; Marien et al.,
2001; Baillieux et al., 2010). These include impairment in
executive functions, difficulties with spatial cognition, me-
mory deficiencies, personality changes with disinhibited and
inappropriate behaviour, language deficits, and mutism (Pau-
lesu et al., 1993; Schmahmann and Sherman, 1998; Baillieux
et al., 2008; de Ribaupierre et al., 2008; Wells et al., 2008;
Schmahmann, 2010).

In our previous research we have shown that, in a rat mo-
del, impulsivity induced by deep brain stimulation (DBS) of
the mediodorsal thalamic nucleus (MD) is associated with
deactivation of the deep cerebellar nuclei (DCbN) (Moers-
Hornikx et al., 2009). In rats in which DBS of the dorsolate-
ral periaqueductal grey (dIPAG) induces panic-like behaviour
we have shown the same association (Moers-Hornikx et al.,
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2011). In contrast rats stimulated in the subthalamic nucleus
(STN), known to result in a decrease in impulsivity, show
increased activation in the DCbN (Desbonnet et al., 2004,
Moers-Hornikx et al., 2011). We hypothesize that the cere-
bellum plays a role in the selection of relevant information on
which a behavioural response is based, thereby coordinating
an appropriate response to a stimulus. Deactivation of the ce-
rebellar nuclei may then lead to inappropriate behaviour.

Aside from arole in acute panic, it has been shown that the
cerebellum plays a significant role in fear consolidation and
fear memory, and therefore also in conditioned fear (Sacchet-
ti et al., 2005; Sacchetti et al., 2009). Lim et al. showed that
the dIPAG stimulated rat is not only a good model for acute
induced fear- and panic like behaviour, but can also be used
for conditioning context dependent fear responses (Lim et al.,
2010). In the same study this panic behaviour was also shown
to be moderated on a behavioural level by escitalopram, with
other research stating that similar antidepressants can reduce
fos immunoreactivity in the periaqueductal grey (Lino-de-
Oliveira et al., 2006; Lim et al., 2010). In the present study we
performed DBS of the dIPAG in rats to induce conditioned
fear. These rats were treated chronically with escitalopram or
buspiron. We then determined the activation of the DCbN as
measured by the amount of c-Fos immunoreactivity two ho-
urs after a conditioned fear response. As we have previously
shown that panic behaviour induced by dIPAG stimulation is
accompanied by a decrease of c-Fos expression in the DCbN,
we now expected to find a decreased c-Fos expression in the
animals showing a conditioned fear response compared to the
animals that don’t show this conditioned fear response (Lim
et al., 2010; Moers-Hornikx et al., 2011).

2. Materials and methods

Subjects

Male albino Wistar rats (N=40,12 weeks old, bred and housed
at the Central Animal Facility of Maastricht University, the
Netherlands). Animals were housed individually in standard
cages on sawdust bedding in an air ventilated room (tempera-
ture approximately 20°C) under a 12/12-h reversed light/dark
cycle. Standard laboratory chow (Hopefarms, Woerden, the
Netherlands) and water were available ad libitum. At the time
of surgery the average body weight of the rats was 300-350 g.
The present study was approved by the Animal Experiments
and Ethics Committee of Maastricht University.

Experimental groups

Rats were randomly assigned to one of the following six ex-
perimental groups: A. dIPAG stimulation and treatment with
saline (n=7); B. dIPAG stimulation and treatment with bus-
pirone (n=7); C. dIPAG stimulation and treatment with es-
citalopram (n=7); D. dIPAG sham surgery and saline treat-
ment (n=6); E. dIPAG sham surgery and buspirone treatment
(n=6); and F. dIPAG sham surgery and escitalopram treatment
(n=7).

Surgical procedures

A description of the surgical procedure has been previously
reported (Temel et al., 2007; Lim, Blokland et al., 2008; Tan
et al., 2010). Rats were anesthetized using ketamine (90mg/
kg) and xylazine (10 mg/kg) injected subcutaneously (s.c.).
By means of a stereotactic apparatus (Stoelting, Wood Dale,

USA; model 51653) burr holes were made in the skull thro-
ugh which a gold-plated electrode with inner platinum- iri-
dium combination was implanted (Technomed, Beek, the
Netherlands) at the level of the right dIPAG (coordinates
from Bregma: anteroposterior,-7.6 mm; mediolateral,+0.7
mm; and ventral, -4.8 mm; approached with a coronal angle
of 10°; Paxinos and Watson, 1998). The electrodes were fi-
xed in position using dental cement (Heraeus Kulzer, Hanau,
Germany). After surgery the rats were injected with Temgesic
(0.1 mg/kg, s.c.) for analgesia and allowed to recover for a
period of two weeks.

Deep brain stimulation

Stimulation was performed at a frequency of 50 Hz and pulse
width of 0.1 ms based on previous experience (Lim et al.,
2010). The amplitude was gradually increased until escape
behaviour was observed. Stimulation at each amplitude was
performed during 15 s followed by a stimulation-off period of
45 s. Two consecutive positive responses of escape reaction
were required to determine the escape threshold. The mean
amplitude neccesary to elicit an escape response was 60 LLA.
Animals which required stimulation intensities above 100 pA,
suggesting incorrect positioning of the electrode, were dis-
carded from analysis. A World Precision Instruments (WPI)
digital stimulator (DS8000, WPI, Berlin, Germany) and a sti-
mulus isolator (DLS100, WPI, Berlin, Germany) were used
to deliver the stimuli. After the threshold determination ses-
sion, all rats were given a recovery period of two weeks. The
sham animals were similarly connected to the stimulator but
no current was delivered to the dIPAG.

Drug administration

Escitalopram oxalate (H. Lundbeck A/S, Copenhagen, Den-
mark) and buspirone hydrochloride (TOCRIS, Cookson Inc.,
Missouri,USA) were dissolved in saline 0.9% NaCl, as desc-
ribed previously (Lim et al., 2010). Habituation to the injec-
tion procedure was obtained by injection of 1 ml saline three
times on alternating days one week before the actual experi-
mental testing. The animals received 21 daily injections of
either escitalopram (ESCIT, s.c., 10mg/ml, 1ml/kg), buspi-
ron (BUSP, s.c., 3mg/ml, 1ml/kg), or saline (SAL, 1ml/kg),
respectively. Chronic treatment was chosen as the maximal
effect of these drugs is expected in the chronic phase (Burg-
hardt et al., 2004; Assie et al., 2006; Bondi et al., 2008; Lim
etal., 2008; Sato et al., 2008; Lim et al., 2010). The final drug
administration was performed 60 min (ESCIT, SAL) or 120
min (BUSP) before the test in the open-field.

Behavioural testing

Rats were tested in an open field (OF). Details of this test
were published previously by Lim et al (Lim et al., 2010).
The OF consisted of a clear Plexiglas box (square: 100 cm
x 100 cm, and height: 40 cm) with open top and dark floor
(Lim et al., 2008). All open-field testing was conducted in the
same room in a dimly lit condition. On the day of stimulation
in the open-field, rats were placed in the open-field arena and
connected with the external stimulator through externalized
leads followed after 1 minute by electrical stimulation with
parameters based on the previously determined escape thres-
hold. Once the escape reaction was evoked, the cable con-
nected to the rat was detached and the animal was left in the
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open-field for approximately 30 s. The electrical stimulation
to elicit an escape reaction was always carried out between
20:00 and 22:00 h.

Twelve hours after the induced escape behaviour (betwe-
en 08:00 and 10:00 h) animals were placed in the OF again
during which the behaviour of each rat was recorded using
an automated system consisting of a camera connected to a
computer with the Ethovision tracking software (Ethovisi-
on, Noldus Information Technology, Wageningen, the Net-
herlands). The Ethovision software automatically calculated
and analyzed temporospatial data of the animal relative to the
OF including locomotion/ distance moved, velocity and time
spent in the corner of the open field, each parameter on a per
2 minutes basis. A trial was stopped after 5 minutes and the
rat was removed from the arena. Fear or freezing behaviour
was defined by a decreased locomotion (immobility) and inc-
reased duration of time spent in the corner of the OF. Escape
behaviour was characterized by rigorous and aimless running
within the OF arena.

Histological processing

Two hours after the final testing of the rats in the OF they
were placed under generalized anaesthesia with Nembutal
(75 mg/kg) and transcardially perfused with Tyrode (0.1 M)
and a fixative solution which consists of paraformaldehyde,
picric acid and glutaraldehyde in phosphate buffer (pH 7.6).
After two hours of post fixation the brains were cryoprotected
by overnight sucrose and then quickly frozen with CO, and
stored at -80°C. One series of brainstem sections per animal
was stained with standard hematoxylin-eosin (Merck, Darm-
stadt, Germany) to examine the localization of the electrode
tips.

The cerebelli were cut serially on a cryostat (MICROM,
Walldorf, Germany) into 10 um frontal sections which were
collected on gelatin-coated slides and then stored at -30°C.
We used a previously published protocol for c-Fos immuno-
histochemistry with minor modifications (Moers-Hornikx et
al., 2011). In short, we used a primary rabbit polyclonal IgG
antibody against c-Fos (diluted 1:300, Santa Cruz Biotech-
nology Inc., Santa Cruz, CA, USA) for incubation at room
temperature for two days on a constant shaker. Subsequently
sections were incubated with the secondary antibody (diluted
1:400, biotinylated donkey anti- rabbit biotin; Jackson Im-
munoresearch laboratories Inc., Westgrove, USA) overnight.
This was followed by incubation for 2 hours with an avidin-
biotin-peroxidase complex (diluted 1:800, Elite ABC-Kkit,
Vectastatin; Vector, Burlingame, USA). To visualize the im-
mune complex of horseradish peroxide (HRP) reaction pro-
duct, the sections were incubated with 3,3’-diaminobenzidine
tetrahydrochloride (DAB)/nickel chloride (NiCl,) solution.
Finally sections were dehydrated and cover slipped with Per-
tex (HistolabProducts, Goteborg, Sweden).

A Nissl stain was conducted on a parallel series of 10
um sections to facilitate delineation of the boundaries of the
DCDN. This parallel series was first air-dried for 30 minutes
and subsequently exposed to a buffer solution (40 mL 136.08
g/mol sodium acetate with 9.6 ml glacial acetic acid in a 1000
ml distilled water solution (milli-q)), followed by a 2% triton
x-100 solution of 2.5 ml with 150 ml absolute alcohol and 50
ml distilled water, then the previously described buffer solu-
tion again, and finally, a Cresyl violet solution (0.1g/1000ml

distilled water). Finally sections were rinsed with the buffer
solution, dehydrated, and cover slipped with Pertex (HiSto-
labProducts, Goteborg, Sweden).

Quantative evaluation of c-Fos immunoreactive cells
Systematic cell counts of c-Fos immunoreactive (c-Fos-ir)
cells were performed in the DCbN as previously described
(Moers-Hornikx et al., 2011). Photography of both the c-Fos
and parallel Nissl stained sections was performed at a 4X
magnification on an Olympus AX70 bright-field microscope
with an Olympus DP70 camera (analySIS; Imaging System,
Miinster, Germany). The bregma levels of the DCbN ranged
from -10.52 to -11.80 mm, which was verified with the Paxi-
nos and Watson Atlas of 1998 (Watson, 1998).

In the c-Fos stained sections the delineation of the DCbN
was difficult due to a weak background staining. As menti-
oned above, a parallel series of sections was stained with a
Nissl-staining to aid in delineation. Using Image J (version
1.43), a digital substraction of the DCbN as delineated in
the Nissl stained sections were projected on the c-Fos stai-
ned slides thereby giving a more accurate delineation of the
cerebellar nuclei. Minor deviations in this technique due to
slight difference in bregma level were corrected for manu-
ally. Artefacts in the sections were excluded from analysis
to ensure accuracy of measurements. A cell was defined as
being c-Fos-immunoreactive (c-Fos-ir) if it had a 65% higher
density than the corresponding background grey value of the
DCDN. The number of c-Fos-ir cells per mm?* was calculated
for each nucleus.

Statistical analysis

Since we were primarily interested in the effect of conditi-
oned fear on c-Fos expression in the DCbN, the treatment
groups were pooled according to whether they did or did not
show escape behaviour in the final test in the OF. The data of
the c-Fos counts were analysed using the Mann-Whitney test
for non-parametric data (Monte Carlo method) since the gro-
up sizes were relatively small and non-normally distributed.
The significance level was set at p<0.05. Furthermore we per-
formed a Kruskall-Wallis test to analyse differences between
stimulated and sham stimulated groups. Post hoc analysis to
follow up significant findings from the Kruskal-Wallis test
was performed using the Mann-Whitney test with a one-tailed
procedure. The level of significance for the Kruskal-Wallis
test was set at p<0.05, and for the post-hoc Mann-Whitney
tests it was set at p<0.0167. Output is provided as the number
of c-Fos ir cells per square millimeter with 2 standard error of
the mean values (S.E.M).

Any outliers identified in the c-Fos data on a per rat per
nucleus basis were corrected for by transforming the data into
the maximal 2SD+/- the mean. Rats were excluded if their
total average values exceeded the 2SD+/- the mean for the
total of the groups of rats. Finally 12 rats showing freezing
behaviour and 24 rats showing no freezing behaviour were
included for statsitical analysis.

To determine the amount of agreement concerning the
semi-quantitative method of cell counting between RJH and
VMH an intraclass correlation coefficient (ICC) was deter-
mined on previously stained c-Fos DCbN. This was done
using the Statistical Package for the Social Sciences software
(SPSS, version 17.0.2, 11th march 2009) in a two- way- mi-
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xed model of the exact type.

3. Results

Electrode localization

The histological evaluation of the electrode localization was
previously described by Lim et al. (Lim et al., 2010). The
electrode tip was correctly placed in the dIPAG in six animals
per group for the sham-saline, sham-buspirone, stimulation-
saline and stimulation-escitalopram groups and seven ani-
mals for the stimulation-buspirone and sham-escitalopram
group (Lim et al., 2010).

Behavioural results

Results of behavioural testing were published previously by
Lim et al (Lim et al., 2010). In summary electrical stimulation
of the dIPAG evoked escape behaviour which was followed
by decreased locomotion or a freezing response when ani-
mals were placed back in the OF 12 hours later; a behavioural
pattern indicative of conditioned fear.

Escitalopram reduced the time in the corner squares of
the OF in the stimulated animals but not in the sham animals
(F(2.33)=10.12, p<0.01). Stimulation decreased the mean ve-
locity of movements F(1.33)=16.57, P<0.01) while escitalop-
ram corrected for this in the stimulated animals but not the
sham animals.

Quantification of c-Fos-ir cells

There were no significant differences between the left and
right DCbN, therefore the results from the left and right he-
mispheres were pooled for further analysis. There were no
significant differences in c-Fos expression in the DCbN bet-
ween rats that showed conditioned fear in the final OF session
and those that did not. Furthermore there were no significant
differences in c-Fos expression in the DCbN between the tre-
atment groups. (Fig. 1-3).

A few cells displayed a hyperintense cytoplasma. These
were not considered to be the ‘classically’ stained c-Fos ir
cells as often described in the literature and therefore not inc-
luded in the data analysis.

Intraclass correlation coefficient

The intraclass correlation coefficient was determined based
on the total c-Fos ir cells/mm? counted by RJH in comparison
to VMH for all the DCbN in a previous experiment. The ICC
for the total of the DCDbN yielded a correlation of 0.795 (sing-
le value; 0.886 for average), which is a substantial to high
level of agreement on the Landis & Koch scale.

4. Discussion
In the present study we analysed changes in activation in the
deep cerebellar nuclei after a conditioned fear response 12
hours after dIPAG-stimulation. We expected a decrease in
activation in the animals which show this conditioned fear
response in comparison to sham stimulated animals. In the
animals treated with escitalopram which do not show a con-
ditioned fear response after dIPAG stimulation we expected
a normalisation of the deactivation of the DCbN. We were
however not able to show a difference in activation in the
DCDbN.

The amygdala and the hippocampal complex are impor-
tant structures in fear memory (Sacchetti et al., 2005). There

il

Fig. 1. Representative low-power photomicrograph of a 10 um-
thick coronal section of the right cerebellar hemisphere
at approximately bregma level -11.70 mm (in transition
from -11.60 mm to -11.80 mm) showing c-Fos-ir cells in
the DCbN. The DCbN are delineated by the black lines.
The black arrows point towards a c-Fos positive cell. Ab-
breviations: 4V=fourth ventricle; Ctx=cerebellar cortex;
DN=dentate nucleus; FN=fastigial nucleus; IN=interposite
nucleus; Lat=lateral aspect of cerebellar hemisphere;
Mid=midline; Pc=choroid plexus; Wm= white matter

c-Fos ir cells/ mm?
c-Fos ir cells/ mm?

Fig. 2a. Fastigial nuclei Fig.2b. Interposite nuclei

Legend fig. 2
BDBS Saline
0DBS Busprone
0DBS Escitalopram

@Sham Saline

c-Fos ir cells/ mm?

@Sham Buspirane

0 Sham Escitalopram

Fig.2c. Dentate nuclei

Fig. 2. C-Fos expression in the deep cerebellar nuclei. Data are pre-
sented as mean plus S.E.M. showing six treatment groups:
animals stimulated in the dorsolateral periaqueductal gray
(dIPAG) and treated with respectively saline, buspiron or
escitalopram, followed by animals with sham dIPAG stim-
ulation again treated with respectively saline, buspiron or
escitalopram. Data are presented for the fastigial nucleus
of the cerebellum (FN; Fig. 2a), the interposite nucleus
(IN; Fig. 2b) and the dentate nucleus (DN; Fig. 2c). Note
the higher density of c-Fos-ir cells in the dIPAG-buspiron
group and in the sham-dIPAG-escitalopram group which is
consistently present in all nuclei, however, without reaching
significance.

is also evidence for a substantial role of the cerebellum in the
process of fear consolidation and retrieval. A key structure
is the Purkinje cell (PC). Pairing of an unconditioned stimu-
lus and a conditioning stimulus leads to long term depression
(LTD) of the parallel fibre synapses with the PC’s. This decre-
ases the firing rate of the PC’s, which allows the conditioned
stimulus to be passed on to the DCbN (Sacchetti et al., 2005;
Sacchetti et al., 2009). Fear conditioning is important for
survival, therefore fear memory is rapidly acquired and long
lasting (Sacchetti et al., 2005). In classical Pavlovian conditi-
oning several training sessions are usually necessary to elicit
a conditioned fear response. In our study a short stimulation
of the dIPAG in the open field (OF) is enough to elicit a con-
ditioned fear response when rats are placed in the same OF
arena 12 hours later (Lim et al., 2010). Possibly this strong
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Fig. 3. C-Fos expression in the deep cerebellar nuclei. Data are
presented as mean plus S.E.M. showing the pooled treat-
ment groups: animals showing freezing behaviour 12 hours
after dorsolateral periaqueductal grey (dIPAG) stimulation
and animals that don’t show this freezing behaviour. Data
are presented for the dentate nucleus (DN), the interposite
nucleus (IN) and the fastigial nucleus (FN).

stimulus already causes synaptical changes in the cerebellum.
One could then hypothesize that in the rats with a conditioned
fear response, retrieval of this conditioned behaviour does not
cause a different activation than retrieval of normal behaviour
in the non-conditioned rats or in the rats where the consoli-
dation of this fear memory has been inhibited by treatment
with escitalopram. This may account for our not finding any
difference in activation in the DCbN between the different
groups.

A different explanation is related to the stimuli themsel-
ves. In a previous study we found a decreased activation in
the DCbN directly after panic behaviour caused by dIPAG-
stimulation (Moers-Hornikx et al., 2011). In the present study
the delay between stimulation and sacrifice was 14 hours, in
contrast to two hours in the previous study. Therefore we did
not expect to see an effect of stimulation since the maximal
expression of c-Fos takes place two to four hours after a sti-
mulus (Smith et al., 1992). Electrical stimulation is a very
strong stimulus. Possibly the conditioned fear is a weaker
stimulus, as a result of which group sizes may not have been
adequate to disclose a significant effect. This may furthermo-
re account for the low and variable signal intensity seen in the
sections. The variability in signal intensity was not seen in the
cerebellar cortical granule cell layer, therefore it could not be
attributed to mere staining quality. There was no significant
lateralization across the different treatment groups. This co-
uld be related to the suboptimal expression. It is also likely
that the effects of dIPAG-stimulation are not confined to just
one of the cerebellar hemispheres but have a more generali-
zed effect (as claimed in the DBS background effect theory),
since many structures in the cerebrocerebellar loop are (at le-
ast partially) bilaterally interconnected (Allen et al., 2005).

Although not significant, there is a substantial increase
in the amount of c¢-Fos ir/mm? in the DBS dIPAG- buspiro-
ne group compared to the sham-buspirone group (from 50
cells/mm? in the sham buspirone group to 124 cells/mm? in
the dIPAG- buspirone group) and a decrease in the amount
of c-Fos ir/mm? in the dIPAG-escitalopram group compa-
red to the sham-escitalopram group (from 68 cells/mm? in
the sham-escitalopram group to 51 cells/mm? in the dIPAG-
escitalopram group) (Fig. 2). These changes did not show a

correlation with the measured behavioural parameters: free-
zing and escape behaviour increased in the dIPAG stimulated
group as a whole and this effect was normalised only by esci-
talopram in the stimulated group. A possible explanation co-
uld be that there is a mild combined permissive effect of DBS
with buspirone treatment on c-Fos expression without any
significant change in the measured behavioural parameters.
No evidence was found in literature to back up this hypothe-
sis.

In some of the sections we identified hyperintense cytop-
lasma in the absence of any nuclear staining with c-Fos. This
was independent of the intensity of the staining. Some of
these cells showed almost isointensity with adjacent c-Fos
stained nuclei. This could be due to Fos-like immunoreacti-
vity (Fos-LI) as has previously been described (Duan et al.,
1999). Possibly there is an influence of deep brain stimu-
lation induced electrochemical changes, altering electrical
charges or even inducing cellular alterations considering the
trafficking of proteins from diverse intracellular departments.
These sparsely distributed cells were seen in only a few sec-
tions of the dIPAG stimulated group with escitalopram and
sham with saline and escitalopram. Therefore there was no
relation with the treatment group, which pleads against an
influence of DBS. The number of these cells was too small to
perform statistical analysis on. However, a vue microscopy
did show that these cells were more often to be found in the
lateral regions of the DCbN. This interesting finding could
point towards several things. It could indicate that these cells
are of a different subset of neurons or that the functional state
of these neurons has changed (i.e. different metabolism or
a pre-apoptotic state). The exact nature of this phenomenon
remains a topic of discussion.

5. Conclusion

In this study we found no significant change in activation of
the DCbN in rats that showed a conditioned fear response
induced by dIPAG stimulation 12 hours before testing. We
hypothesize that the lack of a significant difference in activa-
tion of the DCbN may be related to fear consolidation which
takes place after dIPAG stimulation, after which retrieval of
behaviour, whether adequate or inadequate, does not lead to
a different activation of the DCbN. In our previous research
we found deactivation of the DCbN associated with panic be-
haviour induced by dIPAG-stimulation. The conditioned fear
response may have caused smaller changes in cerebellar acti-
vation which were not disclosed due to small group sizes.
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