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Decrease of ARC protein expression in
the striatum after tone fear conditioning

Reducédo proteica de ARC no estriado apds o
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del condicionamiento del miedo al tono
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Resumo

Introducgdo. O envolvimento do sistema estriatal na aprendizagem S-R é geralmente baseado
na plasticidade neural relacionada aos genes de expressao imediata (IEGs). Estudos anteriores
também mostraram que o estriado dorsal desempenha um papel no condicionamento de medo
do som (TFC). Objetivos. Dado que a expressao de IEGs no estriado dorsal esta relacionada
com a aprendizagem S-R, analisamos os eventos moleculares iniciais de consolidagdo no
estriado medindo os niveis protéicos de EGR1, C-Fos e Arc, 30 e 90 minutos apds o treino de
TFC. Além disso, para minimizar uma possivel interferéncia do hipocampo dorsal, a
transmissdo glutamatérgica foi interrompida durante o treino de condicionamento de medo
usando a injecdo de antagonista do receptor NMDA AP5 no hipocampo. Método. Ratos Wistar
receberam AP5 ou injegdo de solugdo salina no hipocampo cinco minutos antes de serem
submetidos ao condicionamento de medo de som (pareamento som e choque) ou apenas o
som. Resultados. Os animais que receberam pareamento som e choque nas patas
apresentaram diminuicdo da proteina ARC 30 minutos apds o treino quando comparados aos
grupos controles. O grupo tratado com AP5, exposto a condicdo apenas de som, apresentou
uma diminuicdo na proteina EGR 90 minutos apos o treino quando comparada a solugdo salina
e som. Ndo foram observadas diferengas nos niveis de proteina FOS. Conclusdes. Nossos
resultados sugerem que é possivel que alguma interagdo entre estriado e hipocampo na
experiéncia de processamento do som e que niveis reduzidos de ARC possam estar
relacionados as caracteristicas associativas desta tarefa pavloviana.

Unitermos. Memoéria; condicionamento de medo ao som; estriado; genes de expressao
imediata

Abstract

Introduction. The involvement of the striatal system in S-R learning is usually based on
neural plasticity related to immediate early-genes (IEGs). Previous studies also have shown
that the dorsal striatum plays a role in tone fear conditioning (TFC). Objectives. Given that
IEg expression in dorsal striatum supports S-R learning we analyzed early molecular
consolidation events in the striatum by measuring the protein levels of the EGR1, C-Fos, and
Arc in the striatum 30 and 90 minutes after the TFC training. Additionally, to minimize a dorsal
hippocampal possible interference, glutamatergic transmission was disrupted during fear
conditioning training using the NMDA receptor antagonist AP5 injection into hippocampus.



Method. Wistar rats received AP5 or saline injection in the hippocampus five minutes before
undergoing tone fear conditioning (tone and foot-shock pairings) or tone only. Results.
Animals that received tone and footshock pairings presented a decrease in ARC protein 30
minutes after training when compared to the tone groups. AP5 treated group exposed to tone
only condition presented a decrease in EGR protein 90 minutes after training when compared
to the saline and tone. No differences were observed in FOS protein levels. Conclusions. Our
results suggest that it is possible that some interaction between striatum and hippocampus in
processing tone experience and that reduced levels of ARC could be related to the associative
features of this pavlovian task.

Keywords. Memory; tone fear conditioning; striatum; immediate-early genes

Resumen

Introduccidn. La participacion del sistema estriatal en el aprendizaje S-R se basa generalmente
en la plasticidad neuronal relacionada con los genes de expression inmediata (IEG). Estudios
anteriores también han demostrado que el cuerpo estriado dorsal cumple un papel en el
condicionamiento del miedo al sonido (TFC). Objetivo. Dado que la expresién de IEG en el
estriado dorsal estd relacionada con el aprendizaje S-R, analizamos los eventos moleculares
iniciales de consolidacidon en el cuerpo estriado midiendo los niveles de proteina de EGR1, C-
Fos y Arc, 30 y 90 minutos después del entrenamiento de TFC. Ademas, para minimizar la
posible interferencia del hipocampo dorsal, la transmisién glutamatérgica se interrumpid
durante el entrenamiento de acondicionamiento del miedo utilizando la inyeccién de
antagonista del receptor NMDA AP5 en el hipocampo. Método. Las ratas Wistar recibieron AP5
0 una inyeccion de solucidn salina en el hipocampo cinco minutos antes de ser sometidas a un
condicionamiento de miedo al sonido (emparejamiento de sonido y choque) o simplemente al
sonido. Resultados. Los animales que recibieron sonido de emparejamiento y choque en las
patas mostraron una disminucién en la proteina ARC 30 minutos después del entrenamiento
en comparacién con los grupos de control. El grupo tratado con AP5, expuesto solo a la
condicion de sonido, mostré una disminucidon en la proteina EGR 90 minutos después del
entrenamiento en comparacién con la solucidn salina y el sonido. No se observaron diferencias
en los niveles de proteina FOS. Conclusiones. Nuestros resultados sugieren que es posible
que alguna interaccidn entre el cuerpo estriado y el hipocampo en la experiencia del
procesamiento del sonido y que los niveles reducidos de ARC puedan estar relacionados con
las caracteristicas asociativas de esta tarea pavloviana.

Palabras clave. Memoria; condicionamiento del miedo al sonido; estriado; genes de
expresion inmediata
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INTRODUCTION

There is extensive evidence of the involvement of the
striatal system in learning and memory processes, mainly in
the acquisition of habits!™®. These studies showed that
response and cue learning are usually associated with the
striatum. Damaging this structure in rats impairs learning in

mazes that require a response solution'#. It also impairs
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learning in the cue version of the water maze task, but not
in the hidden platform spatial version3. These data suggest
that the hippocampus and the dorsal striatum are parts of
systems that differ in the type of memory they mediate.
These striatal dependent tasks involve stimulus-response (S-
R) learning.

The involvement of the striatal system in S-R learning
is usually based on neural plasticity related to immediate
early-genes (IEGs), including IEG mRNA or protein products
as C-Fos, EGR1 (Early growth response protein 1, also known
as ZIF268, zinc finger protein 268) and ARC (Activity-
regulated cytoskeletal associated protein)>8. During memory
acquisition and consolidation, intracellular molecular
downstream events result in IEG induction, leading to the
gene expression and protein synthesis required for memory
formation. Several stimuli can induce the IEGs, such as
neurotransmitters, peptides, and growth factors; their
expression indicates a role in memory processing and
behavior®.

The idea that the striatal system is also important in the
fear conditioning paradigm, a form of CS-US associative
learning, in addition to its already well-established role in S-
R learning, has become stronger?1%-12, This learning involves
pairing an aversive stimulus (such as an electric shock - US)
with a neutral stimulus (such as a tone - CS). After a stimuli
association, the tone acquires the capacity to elicit behavioral
and physiological fear responsesi®!l, However, the

conditioned responses involve autonomic (e.g., heart rate
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and respiratory frequency) and somatomotor responses such
as freezing, defined as complete absence of movement,
except for that required for respiration!3. Freezing time is
used as an index of learning in classical conditioning
paradigm, and previous studies in our laboratory showed
that bilateral lesion of the dorsal striatum (DS) decreases the
freezing response to a conditioned tone without interfering
with the context fear conditioning (CFC)° and that the
indirect amygdala striatum pathway is mediating this
learning!!. Moreover, medial striatum receives projections
from auditory inputs. Later, other studies have corroborated
the involvement of the striatum in tone fear conditioning?2.

Given that IEG expression in dorsal striatum supports
S-R learning we analyzed early molecular consolidation
events in the striatum by measuring the protein levels of the
EGR1, Fos, and Arc in the striatum after the TFC training.

In humans, a negative reaction to a sound, in which
individuals experience intense emotional experiences and
autonomic arousal when they are confronted with specific
sounds can be consider misophonia, a condition that has
been associated some psychological disorders, including
anxiety and obsessive-compulsive disorders!*. Some studies
suggest that misophonia is associated with altered brain
activity in the auditory cortex and corticostriatal areas!®:16,
Although this condition has not yet been observed directly in
animal models, the study of tone fear conditioning could

contribute to clarify our understanding of this pathology and

Rev Neurocienc 2021;29:1-22,



can provide directions for future research into the

mechanisms of misophonia.

METHOD
Subjects

Three-month-old male Wistar rats, weighing 300-400g,
were bred and raised in animal facility of CEDEME (Centro de
Desenvolvimento de Modelos Experimentais, from
Universidade Federal de Sao Paulo - UNIFESP). The animals
were housed in groups of five in standard polypropylene
cages. The room was maintained at 23+2°C with a 12hr
light-dark cycle (lights on at 7a.m.). All procedures and
experiments were conducted in the light phase. Rat chow and
tap water were provided ad Ilibitum. Methods and
experiments were approved by the local Animal Care and Use
Committee (#0926/08), following international rules for

animal use and care.

Apparatus

The conditioning chamber consists of a black acrylic
box, measuring 22x24x35cm, with a transparent acrylic lid.
The floor is made of parallel metallic rods, each 0.4cm in
diameter, 1.2cm apart, and connected to a scrambler electric
shock generator (AVS Projetos). For the tone conditioning
test, a white cylindrical chamber (diameter 35cm, height
60cm) covered with a transparent acrylic lid was used. The

two apparatus were cleaned with different substances and
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kept in different rooms. A tone (60dB) was produced using a
buzzer, placed outside the two apparatuses. Tone alone
generates no alterations on rat behavior, just a subtle startle

response first time it is presented.

Procedures

Conditioning Training. Training consists of place the animals
individually in the conditioning chamber, where they
remained for two min before any tone or tone-shock pairing
was delivered. After this period, five tone or tone-footshock
pairings were given. The tone (CS) sounded for 5 seconds
(60dB) and during the last second a foot shock (US; 0.6mA/1
s) was delivered ending together with the tone. The interval
between pairings was 30 seconds. These procedures were
performed just as described previously in Ferreira et al
studiest®ii,

After the pairings, the rats remained in the conditioning
chamber for an additional minute and were then returned to
their home cages. The control group animals, the SOUND
group, were put in the conditioning chamber and exposed
only to buzzer tone (no footshock was delivered, 60dB
sound). For Experiment 1 animals were euthanized 30
(Experiment 1A) or 90min (Experiment 1B) after training.

For Experiment 2 animals were submitted to the test of
CFC and TFC

CFC test: The contextual fear conditioning test was

performed 24 hours after training on day 2. The animals were
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again placed in the conditioning chamber, but neither the
footshock nor the tone was delivered. Freezing time was
measured continuously for 5 minutes by an experienced
observer. The mean time per minute spent in freezing during
the 5 min was used as a measure of contextual conditioning.
Freezing was defined as complete immobility, including

vibrissae movements and sniffing.

TFC test: The tone fear conditioning test was performed 48
hours after training on day 3. The same animals were placed
in the cylindrical chamber (a new environmental context)
test for 6 minutes. At the end of the third minute, the tone
(60dB) alone was presented five times (without footshock at
30-seconds intervals). The freezing time was recorded
during the first three minutes (before tone) and during the
final three minutes (after/during tone). The mean time per
minute spent in freezing after tone was used as a measure
of tone conditioning, and before the tone as a measure of

possible sensitization.

Surgery and drug administration

To minimize dorsal hippocampal interference in the
striatum based learning, for half of the animals, the dorsal
hippocampus glutamatergic system was disrupted before
training with AP5, an NMDA antagonist receptor. Thus,
events occurring in the striatum during/after fear
conditioning would not be under basal hippocampal

influence. The other half of animals received saline.
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Rats were anesthetized i.p. with 10mg/kg of xylazine
and 90mg/kg of ketamine and placed in a stereotaxic frame.
Stereotaxic guide-cannula was attached with the bregma and
lambda used as reference points, on the same horizontal
plane. An incision was made along the midline of the scalp,
holes were drilled in the skull, and the cannula were placed
bilaterally in the dorsal hippocampus. Stereotaxic
coordinates were 3.5mm posterior, 2.5mm lateral from
bregma, and 3.3mm ventral from skull surface!’. The tips of
the infusion cannula protruded 1.0mm beyond the guide
cannula. The guide cannula was fixed to the skull by dental
cement and micro screws, and a dummy cannula inserted
into each guide cannula. Rats receive a pentabiotic (i.m.;
Fort Dodge Animal Health®) and Sodium Diclofenac (i.p.
Ariston®) after the surgery, and they were allowed to
recover for seven days. From the third day post-surgery, the
animals were separately manipulated for five minutes per
day; then, the dummy cannula was replaced with a new one
each day. After the surgery, the animals were individually
housed in polypropylene plastic cages to prevent cannulae
damage.

An NMDA receptor antagonist (d-AP5, Tocris®), was
dissolved in 0.9% saline (vehicle) and kept frozen until use.
The dose used was 2.5ug/pl and the total volume infused
was 2l at a rate of 0.4pl/min for five minutes. The drug was
kept at room temperature on the day of the experiment. The
control animals received 2pl of saline each side.

Solutions were injected bilaterally through
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microinjection needle (30 gauges), extended 1mm beyond
the tip of the guide cannula. Each microinjection needle was
attached to a 10pl Hamilton microsyringe through
polyethylene tubing (PE-10). Infusions were controlled by an
infusion pump (Model Bi2000 - Insight Equipment ®, Sao
Paulo, Brazil), programmed to deliver the solution at a
constant speed of 0.4ul per min. Rats were allowed to move
freely during the drug administration, and after the
microinjection, the needle was kept in place for two
additional minutes to allow drug diffusion. The behavioral

training began five minutes after this procedure.

Euthanasia and Histology.

After the behavioral test of Experiment 2, the rats were
euthanized by a lethal dose of chloral hydrate, their brains
were removed, frozen at -80°C and sliced in coronal sections
of 40um in a cryostat. The sections were stained with cresyl
violet and examined in a light microscope to determine the

localization of the cannula track.

Western Blot Analysis

Striatum was homogenized in a lysis buffer (1% Triton
X-100; 0.5% sodium deoxicholate; 100mM Tris-HCI, pH 8.3;
150mM NaCl; 10mM EDTA; 0.1% SDS; 10% glycerol;
protease cocktail inhibitor (Sigma)). The homogenate was
incubated at room temperature for 10min and then
centrifuged for 5min at 4°C, 7000XG. Supernatant was

collected, total protein content was determined by Lowry
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method and kept frozen at -80°C until utilization. Normalized
pool protein samples (20ug for FOS and EGR1, 40ug for ARC)
were loaded onto 10% SDS-Polyacrylamide gels using an
electrophoresis running buffer (25mM Tris, 192 mM glycine,
0,1% SDS, pH 8.6). Gels were equilibrated with transfer
buffer (25 mM Tris, 192 mM glycina, 20% methanol) before
the protein was transferred to Nitrocelullose membranes.
After transfer, the membranes were incubated in blocking
solution (BSA 2%, diluted in TBS-T) for one hour at room
temperature and then incubated with primary antibody
overnight at 4°C, under constant movement. The following
primary antibodies were diluted in blocking solution: FOS
(1:1000, Abcam), EGR1 (1:1000, Abcam), ARC (1:1000,
Abcam), B-actin (1:10000, Invitrogen). After the primary
antibody incubation period, the membranes were washed
three times for 5 minutes in TBS-T, before being incubated
for 45 minutes in secondary antibody at room temperature
(goat anti-rabbit 1:10000, Alexa 680 conjugated,
Invitrogen; goat anti-mouse 1:10000, Alexa 680 conjugated,
Invitrogen). Membranes were then washed five times for 5
minutes in TBS-T before scanning using an infrared image
system Odyssey (Li-Cor Biosciences). After image
digitalization, band densities were quantified using Odyssey
software (Li-Cor Biosciences). Each group pool was loaded
and ran 3-4 times. Expression fold changes were calculated

using B-actin ratio.
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Statistical Analysis

Western blot data were first normalized with
endogenous controls and then two-way ANOVA was applied,
with TREATMENT (APV and saline -SAL) and GROUP (SOUND
and PAIRED) as main factors. When applied, the analysis was
followed by the Tukey post hoc test. For all tests, the level of
significance was set at p<0.05.

Behavioral data were analyzed by two-way ANOVA with
TREATMENT (APV and saline - SAL) and SESSION (training
and test days) as main factors. TFC behavioral data were
analyzed by two-way ANOVA with TREATMENT (APV and
saline - SAL) and INTRASESSION (before and after tone) as

main factors.

RESULTS

Experiment 1A. IEGs expression in the striatum after
30 minutes of Fear Conditioning Training
In the analysis performed in the striatum by western

blot, no protein levels alterations were observed for EGR1
(Figure @AY ANOVA revealed no differences for TREATMENT
(F(1,16y=0.64; p=0.44), GROUP (F(1,16=0.15; p=0.70) or the
interaction TREATMENT X GROUP (F(1,16y=0.02; p=0.89). For
ARC protein levels (Figure 1B), there was no difference for
TREATMENT (F(1,12)=0.25; p=0.63), but there was a
significant difference for GROUP (F(1,12)=5.01; p=0.045).
PAIRED animals showed reduced levels of ARC when
compared to SOUND animals. No TREATMENT X GROUP
interaction was detected (F(1,12)=1.54; p=0.24). For FOS
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protein expression (Fig-), there were no differences for
TREATMENT (F(1,12)=2.82; p=0.12), GROUP (F(,12)=2.19;
p=0.16) or the interaction TREATMENT x GROUP
(F(1,12)=0.44; p=0.52).

Experiment 1B. IEGs expression in the striatum after
90 min of Fear Conditioning Training
In Experiment 1B, the rats underwent the same

experimental design described above, except that the
structures were collected 90 minutes after TFC training.

In the analysis performed in the striatum by western
blot, a reduced expression of EGR1 was observed (Figure
1D). TREATMENT x GROUP interaction (F(,16)=8.35;
p=0.010) was significant. Post-hoc analysis showed that the
SOUND-APS5 group presented a reduced expression of EGR1
protein compared to the SOUND-SAL group (p=0.001).
Interestingly, no reduced expression was observed in the
PAIRED-AP5 group when compared to the PAIRED-SAL.
There were no differences for TREATMENT (F(1,16)=0.62;
p=0.44) and GROUP (F(1,16)=0.86; p=0.37) effects. For ARC
protein levels, no differences for TREATMENT (F(1,12)=0.55;
p=0.47), GROUP (F(1,12)=0.54; p=0.48) or the interaction
TREATMENT x GROUP (F(1,12)=0.14; p=0.72) were detected
(Fig. .). Also no differences in protein expression of FOS
were observed in the striatum (Fig. 1F), for TREATMENT
(F(1,12)=0.06; p=0.80), GROUP (F(1,12)=0.44; p=0.52) or the
interaction TREATMENT x GROUP (F(1,12)=0.43; p=0.53) were
detected.
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Protein Expression (EGR1/Actin)

Protein Expression (EGR1/Actin)

Figure 1. Protein expression of IEGs in the striatum 30minutes (A, B, and C) and 90
minutes (D, E, and F) after training. In panel B. There is a decreased expression of
ARC on PAIRED group when compared do SOUND group. In panel D. We also
observed a decreased expression of EGR1 protein level in the SOUND-AP5 group No
other differences were detected. n in parenthesis represents the total number of pool

replications. All graphs show mean + SE. (* =

SAL AP5 SAL AP5
SND SND PAIR PAIR

— — —

EGR1

B-actin e —— — —

OSAL(5)
mAP5 (5)

SOUND
SOUND

PAIRED
PAIRED

SAL AP5 SAL AP5
SND SND PAIR PAIR

T — — —

EGR1

B-actin |— S — —

OsAL(5)
mAP5 (5)

SOUND PAIRED

Experiment 2.

administration on CFC and TFC

The guide

p<0.05).
B SAL AP5 SAL AP5 C
SAL AP5 SAL AP5
SND SND PAIR PAR
o W T | SND SND PAIR PAIR
ARC | %= _._:- FOs = - - —
B-actin -‘b— Bactn oy Gl G WP
g2 =
Q I OSAL(4) B 16
g wAPS (4) < D SALE
16+ w mAPS (4)
< * € 12
4 @ g
£ s 2
X o
] ]
w
£ g4 £ 044
: i
CRYE i
SOUND PAIRED 0.0
SOUND PAIRED
E SAL AP5 SAL AP5 F SAL AP5 SAL AP5
SND SND PAIR PAIR SND SND PAIR PAIR
L e
arc | e Fos | - s -
B-actin | ilh-d-S — B-actin --- -
- i
E~1.2 5
_ S 15- SAL{4
< O SAL(4) < " iAPsL&i
g mAPS (4) w
< 09+ g 121
c c
2 .g 09
ﬂ 06 g
% & 0.6 -
w w
c 0.3 c
E § 034
2 2
o 0.0 + o 0.0
SOUND PAIRED SOUND PAIRED
Effects of intrahippocampal APS5
cannulae placement in the dorsal

hippocampus is represented in Figure 2. The black circle

represents the area where the cannulae tips were placed in

each hemisphere. The tip of the cannulae reached the CA1l

region of the dorsal hippocampus. The AP5 hippocampal

administration impairs only CFC sparing TFC (Figure 3). The

rats that received AP5 showed less freezing time in the CFC
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test when compared with saline-injected animals. Effects of
TREATMENT  (F(1,24y=50.30; p<0,0001),  SESSION
(F(1,24y=85.71; p<0,0001), and TREATMENT-SESSION
interaction (F(1,249=35,95; p<0,0001) were significant
(Figure 3A). TFC were conducted 24hs after the CFC. After
three minutes, the same training tone was emitted. As Figure
3B shows, AP5 administration did not alter freezing time in
TREATMENT (F(1,24)=2.95; p=0.10). We observed a higher
freezing expression after tone in all animals
(INTRASSESSION (F(2,48)=128.13; p<0.0001). No
TREATMENT-INTRASESSION interaction was observed
(F2,48y=1,42; p=0.25).

Figure 2. Coronal schematic illustration of intrahippocampal administration of AP5.
The black circles represent the general location of the tips of guide cannulae. Adapted
from?7.
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Figure 3. Intrahippocampal AP5 administration on rats before training of CFC and TFC
on freezing behavior. A. Freezing time before training and test in CFC * p<0.05 as
compared to saline. B. Freezing time before training and test TFC.
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DISCUSSION

The main results of the present study are: 1) animals
that received tone and footshock pairings presented a
decrease in ARC protein 30 minutes after training when
compared to the tone groups. 2) AP5 treated group exposed
to tone only condition presented a decrease in EGR protein
90 minutes after training when compared to the respective
control group, but spared TFC conditioned freezing response.

The present study showed that 30min after the training
of TFC there was a reduction on the Arc protein expression
in the striatum. The effect direction was the opposite of
expected by the hypothesis generated in this study. If the
involvement of the striatum in TFC was like the one observed
in S-R tasks>® we expected an increased expression of IEGs.
Although the result was unexpected, the two PAIRED groups
exhibited this similar profile, reinforcing the idea that some

aspect of the TFC training led to a decrease of ARC protein
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expression when compared to animals that were exposed to
the training environment and the tones. One of this groups
had the hippocampal glutamatergic systems disrupted
through AP5 administration. This was done to minimize any
possible dorsal hippocampal interference on striatal IEGs
expression, as there is evidence of cooperative and
competitive mechanism between the hippocampus and
dorsal striatum. For instance, the overexpression of cAMP
response element-binding protein (CREB) in the dorsolateral
striatum improves long-term memory in CFC!8, Blocking the
hippocampal NMDA transmission do not interfere with the
conditioned response on TFC but interfered with contextual
fear conditioned response, what replicate others from
literature!®2°, Because the decrease of ARC occurred in
PAIRED groups regardless of the administration of AP5 or
saline administration, the observed effect in both groups
seems to be a consequence of the training procedures and
not the hippocampus manipulation.

Given that it has been shown that the striatum is
involved in TFC!%-12 the decreased expression of ARC after a
CS-US associative learning shows that tone fear conditioning
induces a different profile of genes expression in the striatum
from the ones observed in the literature, where increased
expression of IEGs has been observed, most of them using
appetitive tasks®’. To our knowledge, this is the first study
to have observed decreased IEG expression in the striatum
after TFC. Thus, is possible that Pavlovian and instrumental

conditioning differ in the way the striatum mobilizes IEG
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expression. In an S-R learning task in a plus maze, an
increase in c-fos in the dorsal striatum was observed.
However, this same study did not find differences in Zif-268
(i.e. EGR1) expression’. Other work observed an increased
ARC protein levels in the striatum after a discrimination task
in @ plus maze®. The subregions of dorsal striatum also take
part in drug-seeking neural plasticity of behavior. In cocaine
self-administration protocols, ARC expression is decreased in
dorsal medial striatum (DMS) but not in dorsal lateral
striatum (DLS) in addiction-vulnerable animals?!?2, In these
studies, gene and protein expressions were evaluated after
an extensive behavioral protocol (self-administration
training, progressive ratio, extinction, and finally, cue
induced-reinstatement of lever pressing). Despite the typical
instrumental learning used for an extended period of this
task acquisition, these animals were exposed to a CS-US
classical conditioning protocol, in which a sound signalized
the cocaine availability. After that, long extinction training
was conducted, and IEGs were analyzed 24 hours after the
test of cue induced-reinstatement of lever press in a protocol
very similar to test a CS-US association (typical pavlovian
conditioning). Specifically, the rats that showed more
associative features related to drug-seeking (addiction-
vulnerable animals) showed reduced ARC protein levels. In
this circumstance, our results are similar to these works,
showing decreased IEGS expression in animals submitted to
a CS-US association. Again, the apparent divergence

between results in the literature and those of our study in
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respect of IEG expression in the striatum can be explained
by the type of task that was used (instrumental x pavlovian).
Additionally, appetitive, and aversive tasks seem to activate
independent pathways within the striatum?3, which can lead
to distinct pattern expressions. However, it was observed the
increase of ARC in ventral, but not in dorsal striatum after
inhibitory avoidance task, a complex paradigm that require
both instrumental and pavlovian learning?*. It is important to
note that we did not investigate striatum subregions (the
dorsal and ventral striatum). It is well-known that the ventral
striatum is associated with the hippocampus and has a role
in CFC. Our results show a decrease of ARC expression in the
PAIRED groups even when analyzing the entire striatum,
suggesting that alterations on ARC expressions are involved
in memory consolidation of TFC also this region.

Besides the ARC protein differential expression, the
striatum is critical for S-R learning!™, but it does not seem
to be critical for TFC for the acquisition of the association
between CS and US, once lesions in the striatum after
training did not alter heart rate pattern?°. In the same way,
lesions in the striatum impaired the acquisition of
conditioned eyelid response in classical conditioning, but no
effect was observed in the heart rate conditioned response?®.
However, the striatum has a critical role when the
conditioning is evaluated by the conditioned somatomotor
responsel?®!l, Thus, we speculate that the organization of the
somatic-response aspect at the conditioned response can be

related to a decreased expression of IEGs in the striatum.
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In experiment 1B we observed no EGR1 alteration when
comparing GROUPS, but we show a decreased EGR levels
90min after the animals received TONE-APS5. Taken together,
these results suggest that hippocampal NMDA activity, which
is important for contextual learning!®?%, can still have some
influence on the acquisition/consolidation of fear conditioning
and even affect striatal function. In addition, it has been
proposed that hippocampus and striatum may potentially
interact and that, depending on the learning situation, this
interaction may be cooperative or competitive with each

other during learning?’:?8,

CONCLUSION

Overall, we observed that after short periods of TFC
training, there is a reduction in IEGs. Our results also suggest
that it is possible that some interaction between striatum and
hippocampus in processing tone experience and that reduced
levels of ARC could be related to the associative features of

this pavlovian task.
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