






 



















Figura 1. Esquema general del funcionamiento del eje hipotalámico-

hipofisario-adrenal. ACTH: Hormona adrenocorticotropa; AVP: arginina-

vasopresina; CRF: factor liberador de corticotropina; PVN: núcleo para-

ventricular del hipotálamo. 







































































































































ABSTRACT 
EXPOSURE TO A SINGLE SESSION OF FOOTSHOCKS INDUCES LONG-LASTING IN-

HIBITION OF ACTIVITY IN UNKNOWN ENVIRONMENTS that markedly differ 

from the shock context. Interestingly, these effects are not necessarily associ 

ated to an enhanced anxiety and interpretation of this hypoactivity remains 

unclear. In the present experiment we further studied this phenomenon in 

male Sprague–Dawley rats.  

In a first experiment, a session of three shocks resulted in hypoactivity during 

exposure, 6–12 days later, to three different unknown environments. This 

altered behaviour was not accompanied by a greater hypothalamic–pituitary–

adrenal (HPA) activation, although greater HPA activation paralleling higher 

levels of freezing was observed in the shock context.  

In a second experiment we used a single shock and two procedures, one with 

pre-exposure to the context before the shock and another with immediate 

shock that did not induce contextual fear conditioning. Hypoactivity and a 

certain level of generalization of fear (freezing) to the unknown environments 

only appeared in the group that developed fear conditioning, but no evidence 

for enhanced anxiety in the elevated plus-maze was found in any group.  

The results suggest that if animals are able to associate an aversive experience 

with a distinct unknown environment, they would display more cautious 

behaviour in any unknown environment and such strategy persists despite 

repeated experience with different environments. This long-lasting cautious 

behaviour was not associated to greater HPA response to the unknown envi-

ronment that was however observed in the shock context. The present find-

ings raised some concerns about interpretation of long-lasting behavioural 

changes caused by brief stressors. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INTRODUCTION 
ALTHOUGH PHYSIOLOGICAL AND BEHAVIOURAL CONSEQUENCES OF ACUTE 

AND CHRONIC EXPOSURE TO STRESS have been extensively studied for decades, 

most reports focused on its short-term (the first 48 h post-stress) conse-

quences. However, in the 1990s, several papers appeared that renewed the 

interest for the long-term effects of a single exposure to stress. Koolhaas et al. 

(1990) found that a single session of social-defeat induced in rats long-lasting 

behavioural changes reminiscent of enhanced anxiety and depression-like 

behaviour. Later on, Tilders’ lab reported that a single exposure of rats to 

electric footshocks reduced activity in unknown environment even 4 weeks 

after the initial exposure to shocks (Van Dijken, Mos, van der Heyden, & 

Tilders, 1992; Van Dijken, Van der Heyden, Mos, & Tilders, 1992; Van 

Dijken et al., 1993).  
Since then, an important number of papers have reported long-lasting ef-

fects of a single session of stress on anxiety-like behaviour, hypothalamic–

pituitary–adrenal (HPA) activity and brain responsiveness to further stress 

challenges (see Armario, Escorihuela, & Nadal, 2008). This growing interest is 

in great part related to the development of putative animal models of post-

traumatic stress disorders (PTSD). Acute and chronic exposure to traumatic 

events can result in long-lasting psychopathological consequences in a per-

cent of particularly susceptible people. PTSD is characterized by strong 

memory of the aversive event that is very resistant to extinction, emotional 

numbing and a deficit in declarative memory (Blechert, Michael, Vriends, 

Margraf, & Wilhelm, 2007; McNally & Westbrook, 2006; Yehuda & Ledoux, 

2007). These patients also showed physiological hyper-reactivity to stressors 

even if they are not related to the traumatic situation and, in some cases, al-

terations in the HPA axis, although results are controversial (De Kloet et al., 

2006; Yehuda & LeDoux, 2007). 

Most of the papers reporting long-lasting behavioural effects have used as 

stressors footshocks or exposure to predators or predator odours (see Armar-

io et al. 2008 for a review). Exposure to predators or predator odours could be 

considered ethologically relevant stressors representing a risk of death. We 

and others have found that a single exposure to a cat or some cat odours re-

sulted in long-lasting (up to several weeks) increases in anxiety-like behaviour 

as evaluated by the time spent in the open arms of the elevated plus-maze, 



EPM (i.e. Adamec, Shallow, & Budgell, 1997; Cohen, Friedberg, Michael, 

Kotler, & Zeev, 1996; Cohen, Kaplan, & Kotler, 1999; Muñoz-Abellán, Ande-

ro, Nadal, & Armario, 2008; Muñoz-Abellán, Armario, & Nadal, 2010) and 

the amplitude of the acoustic startle response, ASR (i.e. Adamec, Blundell, & 

Burton, 2003; Cohen et al., 2004). However, in studying the effects of cat ex-

posure, Adamec’s lab have repeatedly found that, in contrast to the results 

with the EPM and the ASR, the behaviour of animals in another unknown 

environment such as the hole-board is usually not altered (i.e. Adamec et al., 

1997; Adamec et al., 2003). In contrast, Tilders and collaborators observed 

that exposure to a single and brief session of moderated intensity shock (for 

instance, 10 shocks, 1 mA, 6 s of duration) resulted in long-lasting (days–

weeks) reduction of the activity of the animals in open-fields and an exacer-

bated immobility response to sudden noise off when the tests were carried 

out under background noise (Van Dijken, Mos, et al., 1992; Van Dijken, Van 

der Heyden, et al., 1992; Van Dijken et al., 1993). This long-lasting hypoactiv-

ity in open-fields was maintained even if the animals were repeatedly exposed 

to the same apparatus (Van Dijken, Van der Heyden, et al., 1992). 

Although these results were interpreted in terms of enhanced anxiety (Van 

Dijken, Mos, et al., 1992), classical anxiolytics only partially blocked this hy-

poactivity (Van Dijken, Tilders, Olivier, & Mos, 1992). Other labs have also 

found long-lasting hypoactivity in open-fields with a single shock session 

(Van den Berg, Lamberts, Wolterink, Wiegant, & Van Ree, 1998) accompa-

nied by increased the latency to emerge from a protected box to an open 

space (the so-called defensive withdrawal behaviour) (Bruijnzeel, Stam, & 

Wiegant, 2001a, 2001b), supporting a shock-induced increase in anxiety. 

However, again, these effects have been found to be rather insensitive to an-

xiolytics and CRF antagonists administered prior to testing (Bruijnzeel et al., 

2001a). In addition, changes in anxiety-like behaviour are not always detected 

(Pijlman & Van Ree, 2002). In fact, previous exposure to shock has been 

found to reduce rather than increase the ASR, concomitantly with the devel-

opment of hypoactivity in open-fields (Pijlman, Herremans, van de Kieft, 

Kruse, & van Ree, 2003). Therefore, there is no strong evidence that long-

lasting changes in activity in unknown environment elicited by a brief session 

of shock are mainly due to changes in anxiety. 

Results from other labs also give support to the dissociation between activity 

and anxiety. After exposure to shocks, animals display defensive behaviour, 



mainly characterized by immobility and freezing in the context previously 

paired with shock when shock is not present (i.e. Rau & Fanselow, 2009). 

Exposure of mice to shocks in a particular context results in the development 

of freezing in the context where the shock was previously administered and in 

partial generalization of freezing to other different contexts (Radulovic, 

Kammermeier, & Spiess, 1998). However, such generalization requires the 

acquisition of fear to the original shock context (contextual fear condition-

ing), in that generalization was not observed when animals received the shock 

immediately after being put into the shock chamber, a procedure that avoids 

the development of contextual fear conditioning (Radulovic et al., 1998). In-

terestingly, upon exposure to the EPM, the group of mice who acquired con-

textual fear conditioning showed an increase in the time spent in the open 

arms accompanied by a reduced number of total entries and entries in both 

arms (Radulovic et al., 1998). In the latter case, hypoactivity was associated 

with an increase in time spent in the open arms and therefore it is unlikely 

that behaviour was actually reflecting anxiety. Other experiments in mice 

with a single shock exposure have also demonstrated hypoactivity in novel 

environments with no evidence for enhanced anxiety (Kamprath & Wotjak, 

2004). 

If exposure to shocks is not inducing an increase in trait-anxiety, is there any alternative 
explanation for long-lasting shock-induced hypoactivity? It can be hypothesized that 
when the animals experienced shocks in an unknown environment and established a 
contextual fear conditioning they would have learned that any unknown environment 
may be potentially dangerous. Thus, previous experience with shocks could result in a 
change in the behavioural strategy of the animals (more cautious behaviour) when 
again exposed to unknown environments, not necessarily related to a strong level of 
fear/anxiety. If this hypothesis is true, one can expect that hypoactivity in unknown en-
vironments would not be associated to an enhanced response of physiological systems 
that are sensitive to levels of fear. In this regard, plasma levels of HPA hormones have 
been found to be sensitive to the intensity of stressors (see Armario (2006) for a review) 
and, more specifically, reflect contextual fear conditioning caused by shocks (Merino, 
Cordero, & Sandi, 2000; Van de Kar, Piechowski, Rittenhouse, & Gray, 1991) and predator 
odours (Muñoz-Abellán, Daviu, Rabasa, Nadal, & Armario, 2009). Therefore, the purpos-
es of the present work were to demonstrate that:  

(i) a brief session of shocks is able to induce long-lasting hypoactivity in unknown en-
vironments markedly different from the shock chamber; 

(ii) this hypoactivity is dependent on the development of contextual fear conditioning; 
and 

(iii) hypoactivity in unknown environments did not reflect high levels of anxiety and 
would not be associated to an enhanced HPA response. 

AIMS 



Materials and methods 

Animals  

We used forty-two 60 days old male Sprague–Dawley rats with the same 

characteristics as previously  

Stress procedures 

Shocked rats were put into individual clear plexiglas boxes (19.7 x 11.8 x 20.0 

cm) with a metal removable grid floor of 15 stainless steel rods, 0.4 cm diame-

ter and spaced 0.9 cm centre to centre connected to a shocker that delivered 

scrambled AC current (Cibertec, Madrid, Spain). The animals were trans-

ported individually to the room in a black plastic cage (25 x 20 x 12 cm). The 

shock chambers were placed in a room with white walls and illuminated by a 

fluorescent white light (295 lux). The cage-mates were always tested simulta-

neously in the same stress room and under the same stress conditions. 

Experimental design 

Experiment 1 

After the last day of handling, rats were randomly assigned to two groups: (a) control, 
(b) shock (n = 8 rats each). To be shocked animals were allowed to explore the chamber 
for 3 min and then received three shocks (1.5 mA, 3 s of duration, ITI 60 s) and after the 
last shock, animals remained for 1 min in the chamber. Control group was placed in the 
chamber for the same time without receiving shock. Six and seven days after shock, an-
imals were exposed to a rectangular open field (ROF) and to a circular open field (COF), 
respectively; 12 days after shock they were exposed to a conditioned place preference 
box (CPP).  

All the unknown environments procedures lasted 15 min and blood samples were taken 
immediately after the end of all the tests. A black curtain surrounded all tests and a red 
bulb was placed above the centre of the apparatus.  

All the behavioural tests were placed in a different room from the one used in the shock 
session. The experimenter and the box (white plastic box with litter 29 x 27 x 14 cm) 
used to transport the rats from the vivarium to the room where the unknown environ-
ments were placed were also changed. Next day, 13 days post-stress, all animals were 
re-exposed to the context paired with the shock (shock chamber without receiving 
shock) for 15 min and blood samples were taken immediately after context exposure. 
One day later, animals were sampled under basal conditions to study resting levels. 

design 



In experiment 1 (Figure 1) we demonstrated that three shocks were able to 

induce behavioural and endocrine contextual fear conditioning as well as 

hypoactivity to unknown environments not paired with shock exposure. 

Thus, in experiment 2 (Figure 2) we wanted to determine whether the hypoac-

tivity in unknown environments was developed when using a procedure not 

able to induce either contextual fear conditioning (immediate shock, Fan-

selow, 1990) or long-lasting electrophysiological hippocampal potentiation 

(Sacchetti et al., 2001).  

In addition, we wanted to study whether the hypoactivity was related to the 

development of anxiety-like behaviour (in the EPM). Finally we also evaluat-

ed the possible generalization of freezing to a context similar to the shock 

chamber (a plexiglas cylinder). 

 

Experiment 2 

After the last day of handling, rats were randomly assigned to three groups: (a) control 
(n = 10), (b) immediate shock (1 shock group) (n = 9) and (c) shock with 3 min pre-
exposure (3 min + 1 shock group) (n = 7). Shocked animals received only one shock (1.5 
mA, 3 s of duration), being the difference that the 1shock group was immediately 
shocked (did not have pre-exposure to the context); whereas the standard 3 min + 1 
shock group was allowed to explore the chamber 3 min before the shock. The control 
group was exposed to the chamber the same time without receiving shock. Six, seven 
and eight days after shock all animals were exposed to a ROF, an EPM and a cylinder on 
consecutive days.  

The procedures lasted 15 min and blood samples were taken after the end of the test. A 
black curtain surrounded all tests and a red bulb was placed above the centre of the ap-
paratus.  

All behavioural tests were placed in a different room from those used in the stress ses-
sion. The researcher and the box used to move the rats were also changed. The next day, 
9 days post-stress, all animals were re-exposed to the context (shock chamber without 
receiving shock) for 15 min and blood samples were taken immediately after context ex-
posure. One day later, animals were sampled under basal conditions to study resting 
levels. 

design 
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Unknown environments 

Five different unknown environments were used (ROF, COF, CPP, EPM and 

a cylinder). They were always cleaned carefully between animals with a tap 

water solution containing ethanol (5% v/v). All the behavioural tests were 

illuminated by red bulbs placed 150 cm above the centre of the apparatus (0.2 

lux). 

The ROF was a grey rectangular plastic cage (56 x 36.5 x 31 cm). The COF 

was a white wooden circular arena (80 cm diameter x 34 cm high) with a 

black floor. The CPP apparatus consisted of a rectangular cage with two 

compartments (each 36.5 x 42 x 34.5 cm), having distinct visual and tactile 

cues. One compartment had wooden stripped black and white walls with the 

floor wood made, black and smooth. The other compartment had wooden 

white walls with black dots and the floor was glass-made, white and rough. A 

clear plexiglas cylinder (20 cm diameter x 30 cm high) was also used as a 

unknown environment. The animal was always placed into the different ap-

paratuses facing the wall. 

The EPM, adapted from Pellow and File (1986) consisted of four white 

wooden arms (formica) at right angles to each other, connected to a central 

square (10 cm2) to form the shape of a plus sign and elevated 50 cm above the 

floor. Each arm was 46 cm long and 10 cm wide. Two of the opposite arms 

had high walls (enclosed arms, 43 cm high), whereas the other two were the 

open arms that had a 0.7 cm ridge to provide an additional grip. The rat was 

placed facing a closed arm and the subject was considered to be in a given 

arm when all paws were inside. 

The cage-mates were tested simultaneously in the same room in two different 

apparatuses, except in the EPM where the two cagemates were tested simul-

taneously in separate adjacent rooms. 

Behavioural analysis 

In the shock chamber and the cylinder, behaviour was videotaped from the 

front by means of a camera situated 50 cm away from the apparatus. An ex-

perimenter blind to the treatment measured freezing behaviour by means of a 

stop watch.  

Freezing involved the absence of all movement, except for respiratory-related 

movements, while the animal was in the stereotyped crouching posture 



(Blanchard & Blanchard, 1969). Freezing is readily distinguished from resting 

by the crouching posture and by the fact that rats never lie down when they 

are freezing. Although freezing occurred most often in a characteristic sitting 

posture it was also possible to occur in a rearing posture. 

In all the other cases, behaviour was videotaped from the top by means of a 

camera situated 150 cm above the centre of the apparatus. In all cases a Sony 

SSC-M388 CE, BW video camera was used. A digital video recorder (JVC 

VR-716) sampled the position of the rat (8.3 samples/s) and it was used to 

transfer the videos to a computer for subsequent manual analysis (EPM) or 

video tracking analysis using the centre of gravity of the animal (Smart ver-

sion 2.5.19, Panlab, S.L.U, Barcelona, Spain).  

A blind experimenter to the treatment measured from tracks, as a measure of 

hypoactivity, the distance travelled in the ROF, the COF and the CPP. In the 

EPM, time spent in open and closed arms, latency to the first open arm entry 

and numbers of entries in each type of arm were measured by a stop watch. 

Biochemical assays 

Plasma ACTH was determined by double-antibody radio-immunoassay 

(RIA) as previously described (Márquez, Nadal, & Armario, 2004). Briefly, 

the RIA used 125I-ACTH (PerkinElmer Life Science, Boston) as the tracer, 

rat synthetic ACTH 1-39 (Sigma, Barcelona, Spain) as the standard and an 

antibody raised against rat ACTH (rb 7) kindly provided by Dr. W.C. Enge-

land (Department of Surgery, University of Minnesota, Minneapolis, USA). 

All samples were processed in the same assay to avoid inter-assay variability. 

The intra-assay coefficient of variation was of 6% and the sensitivity was of 25 

pg/ml. 

Statistical analysis 

Data were analyzed by the Statistical Program for Social Sciences (SPSS), ver-

sion 15. In experiment 1, ACTH response to the different tests was studied by 

separate Student’s t-test (GROUP: control and shock groups.  

In experiment 2, to analyze behavioural and hormonal data in one single-

point, a generalized linear model (GENLIN) was applied (McCulloch & 

Searle, 2001) with one between-subject factor (GROUP: control, 1 shock and 



3 min + 1 shock groups) followed if needed by sequential Bonferroni post hoc 

tests (Holm, 1979).  

In both experiments, a generalized estimating equations model (GEE) was 

used to analyze repeated-measures data (Hardin & Hilbe, 2003), with one or 

two within-subject factors (BLOCK: three periods of 5 min, and TEST: the 

different unknown environments) and one between-subject factor (GROUP, 

with two or three levels in function of the experiment). If a statistical signifi-

cant interaction was found, additional pairwise comparisons were made. In 

experiment 2, post hoc analyses were made by means of sequential Bonferro-

ni tests.  

As a method of estimation, the maximum likelihood (ML) was used in all 

cases. Normality distribution and identity as a link function was always used. 

The significance of the effects was determined by the Wald chi-square statis-

tic. Goodness of fit values (Akaike’s information criterion, AIC, for GENLIN 

and Quasi Likelihood under independence model criterion, QIC, for GEE) 

were used to compare different models.  

The generalized linear model is a more flexible statistical tool than the stand-

ard general lineal model (GLM) because several types of distribution and 

different covariance structures of the repeated-measures data could be cho-

sen. 

Results 

Experiment 1 

Distance travelled in the different unknown environments is represented in 

Figure 3. Statistical analysis showed that group, test and block factors were all 

statistically significant [Wald χ2 (1) = 4.99, p < 0.05; Wald χ2 (2) = 55.78, p < 

0.001; Wald χ2 (2) = 92.10, p < 0.001 respectively], as were the interactions 

group x block [Wald χ2 (2) = 14.32, p < 0.001] and test x block [Wald χ2 (4) 

=56.71, p < 0.001].  

All the other interactions were not statistically significant. The decomposition 

of the interaction group x block revealed that regardless of the unknown en-

vironment, the hypoactivity produced by the previous exposure to the shock 

was only statistically significant at the beginning of the test (first block: 

group effect p < 0.01). 

 



 

 

 

 

 

During the re-exposure to the shock chamber (Figure 4), the statistical analysis 

indicated that the previous shock treatment increased freezing behaviour across 

the three blocks of 5 min of exposure [group: Wald χ2 (1) = 55.12, p < 0.001; 

block: NS; group x block: Wald χ2 (2) = 23.49, p < 0.001; after the decomposi-

tion of the interaction the group effect was p < 0.001 in all blocks]. Thus, 

from a behavioural point of view, a contextual fear conditioning was devel-

oped. 

Regarding ACTH response, the t-test for each environment showed (Figure 5) that 

previously exposure to the shock increased the hormonal response to the 

shock chamber [t (14) = 4.12, p = 0.001], but not the other unknown envi-

ronments (ROF, COF and CPP). In all cases, the ACTH response to the tests 

was higher than basal levels (p < 0.001 in all cases). These data revealed that 

the previous exposure to the shock only increased ACTH levels in response to 

the environment previously associated with the shock but not in response to 

other environments.  

 

Figure 3. Total distance travelled during 15 min (divided into 5 min time blocks) of 

exposure to the rectangular open field (ROF), the circular open field (COF) and the con-

ditioned place preference apparatus (CPP) in control (n = 8) and in shocked (n = 8) rats. 

The latter were previously exposed, 6–12 days before, to three shocks (3 min of habitua-

tion to the shock chamber, 1.5 mA, 3 s, ITI 60 s).  

**p < 0.01 vs. control group after decomposition of group x block interaction, regardless of 

test. Means and S.E.M. are shown. 



 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Percent time spent freezing in the shock 
chamber in control (n = 8) and in shocked (n = 8) 

rats, 13 days before.  

***p < 0.001 vs. control grou<p after decompo- 

sition of group x block interaction. Means and 

S.E.M. are shown. 

Figure 5. Plasma ACTH levels after 15 min of exposure to different environments 
the rectangular open field (ROF), the circular open field (COF), the conditioned 

place preference apparatus (CPP) and the shock chamber in control (n = 8) and in 

shocked (n = 8) rats, 6–12 days before. The ROF, the COF and the CPP environ-

ments were not previously paired with shock exposure. 

***p < 0.001 vs. control group. The dotted line indicated resting levels obtained in a 

different day. Means and S.E.M. are shown. 



Thus, according to behavioural results, a conditioned increase in ACTH lev-

els was found after shock chamber exposure. Plasma corticosterone levels 

were also measured and the results were very similar to those of ACTH (data 

not shown). 

Experiment 2 

Analysis of the distance travelled in the ROF (Figure 6) showed that group and 

block factors were statistically significant [Wald χ2 (2) = 7.70, p < 0.05; Wald 

χ2 (2) = 38.33, p < 0.001 respectively], as was the interaction group x block 

[Wald χ2 (4) = 40.17, p < 0.001].  The decomposition of the interaction group 

x bloc revealed that the 3 min + 1 shock group in comparison to the other two 

groups showed hypoactivity in the unknown environment at the beginning 

of the test (first block, p < 0.001 in both comparisons). 

 
 
 
 
 
 
 

Figure 6. Total distance travelled during 15 min (divided into 5 min time blocks) of 

exposure to the rectangular open field (ROF) in control rats (n = 10), in 1 shock rats 

(n = 9) and in 3 min + 1 shock rats. (n = 7) The shock groups were exposed 6 days 

before to 1 shock (1.5 mA, 3 s) immediately after entering the shock chamber (1 

shock  group)  or  after  3 min  of  habituation  to  the  chamber  (3 min + 1  shock).  

***p < 0.001 vs. control group, +++p < 0.001 vs. 1 shock group. 

Means and S.E.M. are shown. 



Figure 7 showed the behavioural EPM data. The statistical analysis showed that the 

group factor was not statistically significant for open arm entries and time 

spent in open arms, being the block factor the only statistically significant 

[Wald χ2 (2) = 25.55, p < 0.001; Wald χ2 (2) = 30.37, p < 0.001 respectively].  

However, for closed arms entries, group and block factors were all statistically 

significant [Wald χ2 (2) = 6.51, p < 0.05; Wald χ2 (2) = 11.85, p < 0.01 respec-

tively], as was the interaction group x block [Wald χ2 (4) = 16.14, p < 0.01]. 

The decomposition of the interaction revealed that only the 3 min + 1 shock 

group in comparison to the control group showed a significant hypoactivity 

in the two first blocks of the test (see Figure 7 for significance). 

Freezing behaviour inside the cylinder is represented in Figure 8. Group and block 

factors were all statistically significant [Wald χ2 (2) = 11.92, p < 0.01; Wald χ2 

(2) = 93.77, p < 0.001 respectively], whereas the interaction group x block was 

not. Contrast analysis showed that the 3 min + 1 shock group showed more 

freezing in the unknown environment than the control group (p < 0.01).  

During the re-exposure to the shock chamber, the statistical analysis of freez-

ing behaviour (Figure 8) indicated that the group factor was statistically 

significant [Wald χ2 (2) = 12.40, p < 0.01], but not block and group x block. 

Contrast analysis showed that the 3 min + 1 shock group had in all the ses-

sion more freezing than the other two groups [p < 0.001 in both cases]. 

 



 

 

 

 

 

 

 

 

 

 

Figure 7. Representative behavioural measures during 15 min (divided in-

to 5 min time blocks) in the elevated plus-maze, assessing open arms en-

tries, time in open arms and closed arms entries in control rats (n = 10), in 

1 shock rats (n = 9) and in 3 min + 1 shock rats (n = 7). The shock groups 

were exposed 7 days before to 1 shock (1.5 mA, 3 s) immediately after en-

tering the shock chamber (1 shock group) or after 3 min of habituation to 

the chamber (3 min + 1 shock). 

**p < 0.01 and p < 0.001 vs. control group, +p < 0.05 vs. 1 shock group. 

Means and S.E.M. are shown. 



 

 

 

 

 

 

 

 

 

 

 

Figure 8. Percent time spent freezing in a cylinder and in the shock chamber dur-

ing 15 min (divided into 5 min time blocks) in control rats (n = 10), in 

1shock rats (n = 9) and in 3 min + 1 shock rats (n = 7). The shock groups 

were exposed 7–9 days before to 1 shock (1.5 mA, 3 s) immediately after 

entering the shock chamber (1 shock group) or after 3 min of habituation 

to the chamber (3 min + 1 shock). The cylinder was not previously paired 

with shock. 

**p < 0.01 and ***p < 0.001 vs. control group, +++p < 0.001 vs. 1 shock 

group. Means and S.E.M. are shown. 



Regarding the ACTH response to the test (Figure 9), the statistical analysis showed 

that the group factor was statistically significant only in the shock chamber 

(Wald χ2 (1) = 19.74, p < 0.001, contrast analysis: 3 min + 1 shock showed 

more ACTH than the other two groups, p < 0.001 in both cases). In all cases, 

the ACTH response to the tests was higher than basal levels (p < 0.001 in all 

cases).  

Thus, previous exposure to the shock only enhanced ACTH response to the 

environment previously associated with the shock and not to other environ-

ments (ROF, EPM and cylinder). 

 

 

 

 

 

 

 

Figure 9. Plasma ACTH levels after 15 min of exposure to different environ-
ments the rectangular open field (ROF), the elevated plus-maze (EPM), the cyl-

inder and the shock chamber in control rats (n = 10), in 1 shock rats (n = 9) 

and in 3 min + 1 shock rats (n = 7). The shock groups were exposed 6–9 days 

before to 1 shock (1.5 mA, 3 s) immediately after entering the shock chamber (1 

shock group) or after 3 min of habituation to the chamber (3 min + 1 shock). 

The ROF, the EPM and the cylinder were not previously paired with shock ex-

posure. 

***p < 0.001 vs control group, +++p < 0.001 vs 1 shock group. The dotted line in-

dicated resting levels. Means and S.E.M. are shown. 



Discussion 

The present results confirmed some previous reports in those animals ex-

posed to a relatively brief session of shock developed long-lasting (6–12 days) 

hypoactivity upon exposure to unknown environments. More importantly, 

such hypoactivity did not extinguish during successive exposures to different 

unknown environments and was not accompanied by enhanced HPA re-

sponsiveness, which did appropriately reflect fear of the shock environment. 

Finally, hypoactivity in unknown environments is dependent on the devel-

opment of foreground (unsignaled) contextual fear conditioning suggesting 

some kind of learned generalization that unknown environments are poten-

tially dangerous. 

In accordance with previous reports by Tilders’ group and other labs (Van 

den Berg et al., 1998; Van Dijken, Mos, et al., 1992; Van Dijken, Van der 

Heyden, et al., 1992; Van Dijken et al., 1993), a single session of three shocks 

was sufficient to induce a long-lasting hypoactivity in unknown environ-

ments. Such hypoactivity was maintained when the same animals were ex-

posed on different days to different unknown environments: a ROF, a COF 

and a CPP apparatus. Interestingly, despite the fact that the effects of shock 

were only observed during the first 5 min of exposure to each unknown envi-

ronment, this pattern was maintained in response to each of the three envi-

ronments. This suggests that within session extinction did not further affect 

the response to other different unknown environments. In order to know if 

hypoactivity was related to an enhanced emotional response of shock-

exposed rats to the unknown environments we measured ACTH response 

after each 15 min session. Activation of the HPA axis has been consistently 

found to reflect the intensity of emotional stressors (see for a review Armario, 

2006) and fear conditioning (Merino et al., 2000; Muñoz-Abellán et al., 2009; 

Van de Kar et al., 1991). ACTH responses to the unknown environments did 

not differ in shock-exposed as compared to control rats. In contrast, in the 

former animals, a greater HPA response to the shock context was observed 

that paralleled the enhanced fear (freezing). These results suggest that hypo-

activity in unknown environments is not linked to a marked increase in fear. 

In a second experiment we found that a single shock given 3 min after expo-

sure of the rats to the shock chamber was enough to induce foreground con-

textual fear conditioning as evaluated by the levels of freezing to the context 9 



days later. In contrast, those rats receiving the shock immediately after expo-

sure to the apparatus did not acquire this one-trial contextual fear condition-

ing, as assessed by freezing. Rats preexposed to the context developed hypo-

activity in unknown environments, whereas those immediately shocked did 

not. 

Therefore, our results indicate that even a single shock is able to induce long-lasting hy-
poactivity in unknown environments and, collectively, they confirmed previous results 
by Radulovic et al. (1998) in that shock-induced hypoactivity in unknown environments 
is linked to the proper development of contextual fear conditioning.  

We extended those findings in two important aspects: first, we demonstrated 

that the effects were very long-lasting; and second, we studied the concomi-

tant physiological response (HPA axis) to the shock chamber and the un-

known environments to have an additional measure of fear. A higher ACTH 

response to the shock context was observed in the standard group (allowed to 

explore the context before the shock), whereas such enhanced response was 

not found in the immediately shocked group, thus paralleling freezing results. 

Why animals previously exposed to a single or a brief session of shock devel-

op hypoactivity upon exposure to unknown environments? Kamprath and 

Wotjak (2004) have demonstrated in mice that a single shock exposure can 

induce a generalized potentiation of the response to sensorial stimuli (sensiti-

zation) that resulted in increased fear responsiveness to aversive stimuli. 

However, in our conditions, non-specific shock-induced fear sensitization is 

unlikely so far as hypoactivity was linked to development of contextual fear 

conditioning. A second possibility is that animals exposed to an unknown 

environment where they have an aversive experience under conditions that 

allow them to associate the aversive experience with such environment could 

learn that any unknown environment may be potentially dangerous. Conse-

quently, in these situations, animals would adopt a more cautious behaviour. 

The finding that EPM behaviour was not altered is in accordance with a pre-

vious report (Radulovic et al., 1998) and argues against the possibility that 

shock exposure would had resulted in an increase in the type of anxiety that 

can be detected with this test. The apparent paradox that the group of 

shocked rats that developed contextual fear conditioning showed reduced 

number of entries in the closed arms of the EPM can be explained by avoid-

ance of the closed arms that resemble more the reduced space of the shock 

chamber than the open arms. 



In any case, the impact of shock experience would not be so intense to gener-

ate an important level of fear and this could explain the normal HPA activa-

tion observed in shock as compared to control rats in the unknown environ-

ments. Since the possibility remained that freezing was not observed in the 

unknown environments because the markedly different size of these envi-

ronments as compared to the shock chamber, animals were also tested in a 

reduced size enclosure (a clear plexiglas cylinder). We found higher levels of 

freezing in the group preexposed to the context indicating that some kind of 

generalization was developed, in agreement with previous data using high 

intensity shocks (Baldi, Lorenzini, & Bucherelli, 2004). Nevertheless, levels of 

freezing in the cylinder were much lower than those in the shock chamber.  

Thus, a single shock may itself induce a weak generalization of fear to different un-
known environments if they could associate shock exposure to a particular context, but 
this generalization was not enough to induce activation of the HPA axis after cylinder 
exposure as did the shock context. 

The hypothesis that hypoactivity is the result of a low level of fear in the un-

known environments is compatible with the results reported by Laxmi, Stork, 

and Pape (2003), in mice. The authors found, using auditory cued fear condi-

tioning, that exposure to the conditioned stimulus elicited only hypoactivity 

but not freezing when shock intensity was low (0.2 mA), whereas with higher 

shock intensity (i.e. 0.4 mA) freezing predominated. That is, low levels of fear 

may result in hypoactivity and higher levels of fear in freezing. 

Taken together, our data and those of other authors suggest that exposure to 

a single or a few footshocks appears to have several different long-lasting 

consequences: first, development of contextual fear conditioning; second, 

generalization of fear to other unrelated environments; and third, non-

specific sensitization. Such effects are not however enough to induce long-

lasting changes in trait-anxiety, although this assertion did not preclude that 

longer-lasting sessions of shock could be able to induce more dramatic be-

havioural changes reflected in an enhanced anxiety, particularly if vulnerable 

animals are used. In addition, the present results add important data to the 

interpretation of long-lasting effects of brief session of shocks by ruling out a 

non-specific sensitization of the HPA responsiveness to stressors and demon-

strating that generalization of fear to unknown environments, if any, was not 

of enough intensity to be reflected in a greater HPA activation than that ob-

served in shock-naive rats. On the basis of our results we would like to intro-



duce some caution to the interpretation of these changes as a reflection of the 

traumatic nature of a single shock, which bears implications for the develop-

ment of appropriate animal models of PTSD. 

In conclusion, even a single shock can induce long-lasting changes in behaviour of ani-
mals during exposure to unknown environments (hypoactivity) that appears to be de-
pendent on the development of contextual fear conditioning. Hypoactivity could be in-
terpreted as reflecting a weak generalization of fear to any unknown environment that 
is not enough to cause activation of the HPA axis as it does the exposure to the shock 
context. The development of contextual fear conditioning and hypoactivity to unknown 
environments is not accompanied by an increase in anxiety-like behaviour as measured 
by the EPM, suggesting that shock exposure did not enhanced generalized anxiety. 
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abstract 

EXPOSURE OF ANIMALS TO FOOTSHOCKS (FS) IN ABSENCE OF ANY SPECIFIC 

CUE RESULTS IN THE DEVELOPMENT OF FEAR TO THE COMPARTMENT where 

shocks were given (contextual fear conditioning), and this is usually evaluat-

ed by time spent freezing.  

However, the extent to which contextual fear conditioning always develops 

when animals are exposed to other stressors is not known. In the present 

work we firstly demonstrated, using freezing, that exposure of adult rats to a 

single session of FS resulted in short-term and long-term contextual fear 

conditioning (freezing) that was paralleled by increased hypothalamic-

pituitary-adrenal (HPA) activation.  

In contrast, using a similar design, no HPA or behavioral evidence for such 

conditioning was found after exposure to immobilization on boards (IMO), 

despite this stressor being of similar severity as FS on the basis of standard 

physiological measures of stress, including HPA activation.  

In a final experiment we directly compared the exposure to the two stressors 

in the same type of context and tested for the development of conditioning 

to the context and to a specific cue for IMO (the board). We observed the 

expected high levels of freezing and the conditioned HPA activation after FS, 

but not after IMO, regardless of the presence of the board during testing.  

Therefore, it can be concluded that development of fear conditioning to con-

text or particular cues, as evaluated by either behavioral or endocrine 

measures, appears to be dependent on the nature of the aversive stimuli, 

likely to be related to biologically preparedness to establish specific associa-

tions. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INTRODUCTION 

WHEN RATS OR MICE ARE EXPOSED TO AN AVERSIVE STIMULUS SUCH AS FOOT-

SHOCKS (FS) IN A SPECIFIC COMPARTMENT, the animals develop fear to the 

place where shocks were given and this has been termed contextual fear con-

ditioning. If additional cues that predict shocks are given (tone or light), the 

animals also develop cue-fear conditioning, but still maintain a certain level 

of contextual fear conditioning (i.e., Maren et al., 1994). By classical (pavlovi-

an) conditioning, pairing of an initially neutral stimulus (a particular envi-

ronment or specific cues) with an aversive (unconditioned stimulus, US) 

resulted in the development of a conditioned response (CR) to the mere 

presentation of the previously neutral stimulus (conditioned stimuli, CS).  

Cue and contextual fear conditioning has been for decades the typical par-

adigm for the study of factors and neurobiological mechanisms involved 

in aversive learning processes. Cue and context fear conditioning can devel-

op, under appropriate conditions, even after a single shock (i.e., Fanselow, 

1980; Rudy, 1993), thus demonstrating a strong biological predisposition to 

this type of learning. Ample evidence has been obtained for a critical role of 

stress-induced glucocorticoid release in the development of emotional 

memory and shock-induced fear conditioning (Sandi and Pinelo-Nava, 

2007). More specifically, it appears that activation of glucocorticoid receptors 

(GR) in the basolateral nucleus of the amygdala is critical for β-adrenergic 

receptors in this area to potentiate emotional memory (de Quervain et al., 

2009). 

FS-induced fear conditioning is usually evaluated by time spent freezing after 

exposure to the CS. However, there is evidence that exposure to the CS can 

also elicit, depending on the experimental conditions, other types of behav-

iours, including avoidance, hypo-activity, risk assessment, suppression of 

ongoing operant behaviour or fear-potentiated startle response (i.e., Davis, 

1990; Radulovic et al., 1998; Antoniadis and McDonald, 1999; Laxmi et al., 

2003). In addition to behaviour, physiological parameters such as plasma 

levels of hypothalamic-pituitary-adrenal (HPA) hormones can also be useful 

as makers of fear conditioning (see Armario et al., 2012 for review).  In addi-

tion to their paramount importance in the study of emotional learning, pro-

cedures involving FS are also widely used in animal models for psychopathol-

ogy, on the assumption that excessive response to shocks and corresponding 



enduring memory about the situation can give us some clues about the bases 

for the development of pathological anxiety, including posttraumatic stress 

disorder (PTSD) (Rau et al., 2005). In fact, it has been observed that under 

certain conditions, exposure to FS also resulted in long-lasting alterations of 

behaviour in novel environments. More specifically, shock-exposed animals 

develop hypoactivity in environments not previously associated to shock (i.e., 

van Dijken et al., 1992a, b; Van den Berg et al., 1998), although this is difficult 

to interpret in terms of enhanced anxiety-like behaviour (Radulovic et al., 

1998; Kamprath and Wotjak, 2004; Daviu et al., 2010). Interestingly, hypo-

activity in novel environments appears to be associated to the development of 

shock-induced contextual fear conditioning (Radulovic et al., 1998; Daviu et 

al., 2010), suggesting some kind of generalization of fear/anxiety to environ-

ments completely unrelated to that in which the animals received the shocks. 

In recent years, another stress paradigm, exposure to cat odour, has been 

developed that also results in contextual/cue (a cloth or piece impregnated 

with the odour) fear conditioning. This is reflected in behavioural inhibi-

tion, immobility, and avoidance of the odour-associated cue (Dielenberg et 

al., 1999, 2001; McGregor and Dielenberg, 1999; Blanchard et al., 2001, 2003; 

Takahashi et al., 2008; Muñoz-Abellán et al., 2009), together with activation 

of the HPA axis and the sympathetic system (Dielenberg et al., 2001; Muñoz-

Abellán et al., 2009), when animals are again exposed days later to the same 

context of odour exposure. Interestingly, a single exposure of rats or mice to a 

cat (predator) or to cat’s odours is able to induce long-lasting increases in 

anxiety-like behaviour, as evaluated by the elevated-plus maze (EPM) and the 

acoustic startle response (ASR) (i.e., Adamec and Shallow, 1993; Cohen et al., 

2003; Muñoz-Abellán et al., 2008). 

The above data indicate that FS and predator odour are able to induce long-

lasting contextual fear conditioning, but also long-lasting changes in behav-

iour of animals in novel environments. In contrast, exposure to two stressors 

considered of high intensity on the basis of the physiological changes they 

elicit, immobilization on boards (IMO) or a prolonged session of inescapable 

electric tail-shocks typical of the learned helplessness paradigm (IS-LH) 

(Maier et al., 1986; Fleshner et al., 1995; Vallès et al., 2000; Márquez et al., 

2002), has been found to induce important behavioural changes for a few 

days after the stressors, but most changes apparently vanished after 1 week 

(i.e., Maier, 1984; Reinstein et al., 1984; Belda et al., 2008).  



We have hypothesized that failure to find long-lasting changes in anxiety after exposure 
to these two severe stressors may be, at least in part, related to difficulties for animals 
to establish contextual fear conditioning to these particular stressors (Armario et al., 
2008). However, to our knowledge, there is no report assessing whether or not contex-
tual fear conditioning has developed with these two stressors. In fact, considering the 
absence of studies on fear conditioning with stressors other than FS or cat odour, it is 
unclear whether or not development of contextual fear conditioning is not a general 
property of aversive stimuli but a particular property of a restricted set of stressors. 
Thus, in the present work we studied in adult male rats possible differences between 
exposure to FS or IMO in a particular environment regarding the development of contex-
tual fear conditioning. Our results indicate that contextual fear conditioning develops 
only after exposure to FS but not IMO, demonstrating that development of contextual 
fear conditioning in rats is not a universal property of all aversive stimuli that activate 
the HPA axis. 

Materials and methods 

Animals and general procedure  

Two month old male Sprague–Dawley rats with the same characteristics as 

previously reported. 

Stress procedures 

The stressors used were FS or IMO. Scramble shocks 1.5 mA, 3 s of duration 

were administered every 60 s. IMO rats were stressed by taping their four 

limbs to metal mounts attached to a board (García et al., 2000). Head move-

ments were restricted with two plastic pieces (7 × 6 cm) placed in each side of 

the head and the body was subjected to the board by means of a piece of plas-

tic cloth (10 cm wide) attached with Velcro that surrounded all the trunk. 

APPARATUSES AND BEHAVIOURAL recording 

The small shock chambers of Experiment 1 were clear Plexiglas boxes (19.7 × 

11.8 × 20.0 cm) with a metal removable grid floor of 15 stainless steel rods, 

0.4 cm diameter and spaced 0.9 cm centre to centre (Cibertec, Madrid, 

Spain). The open-fields (OF) of the Experiment 2 were gray rectangular plas-

tic (56 × 36.5 × 31 cm) boxes. The large shock chambers of Experiment 3 

were clear Plexiglas boxes (57 × 41 × 70 cm) with a metal removable grid 

floor of 44 stainless steel rods, 0.4 cm diameter, spaced 1.5 cm centre to centre 

(Panlab S.L.U, Barcelona). The apparatuses were always cleaned carefully 

between animals with tap water solution containing ethanol (5%, v/v). 

AIMS 



In Experiment 1, video cameras (Sony SSC-M388 CE, BW) were placed in 

front of the FS chamber and recorded the two cagemate animals simultane-

ously. In Experiment 2, cameras were suspended from the ceiling (1.20 m 

above the surface of the OF) and two OF were recorded simultaneously. Ac-

tivity of the animals was evaluated in 5 min blocks by video-tracking using 

the centre of gravity of the animal (Smart version 2.5.19, Panlab S.L.U, Barce-

lona). In Experiment 3, one camera was placed in front of the chamber to 

assess freezing behaviour (by a stop-watch), and another camera was sus-

pended from the ceiling to evaluate motor activity by video-tracking. The 

images were transferred to a JVC VR-716 digital video recorder. The video 

recorder sampled the position of the rat (8.3 samples/s) and was used to 

transfer the videos to a computer for subsequent analysis. An experimenter 

blind to the treatment measured activity or freezing. The latter behaviour 

involves the absence of all movement, except for respiratory-related move-

ments. 

Statistical assays 

Data were analyzed by the Statistical Program for Social Sciences (SPSS), ver-

sion 17. Behavioural and hormonal response at a single-point was analyzed 

by means of a generalized linear model (GENLIN) (McCulloch and Searle, 

2001). A generalized estimated equation model (GEE) was used to analyze 

repeated measures data (Hardin and Hilbe, 2003). The within and between-

subjects factors used are indicated in each experiment. GENLIN and GEE 

models are more flexible statistical tool than the general linear model for the 

following reasons: (1) you can choose between several types of distribution of 

your data (normal, binomial, Poisson, gamma, or inverse-Gaussian), (2) you 

can run the analysis even if you have some missing data in your repeated 

measures data, (3) you do not need homogeneity of variance. In all cases, if a 

statistical significant interaction was found, additional pair-wise comparisons 

(Bonferroni sequential adjustment) were made. As a method of estimation, 

the maximum likelihood (ML) was used. Normality distribution and identity 

as a link function was always used. The significance of the effects was deter-

mined by the Wald chi-square statistic. 

 



Experimental designs and results 

Experiment 1 

The objective of the experiment was to demonstrate that contextual fear 

conditioning immediately after the FS session may be reflected in both 

behavioural (freezing) and endocrine changes and that such conditioning 

would be maintained for days after FS. 

On day 1, all animals were initially exposed for 5 min to small shock chambers without 
receiving FS (pre-shock time 0–5). Then, treatments differed in function of the experi-
mental group (see detailed procedure in Figure 1): (1) control-home rats (n = 5) were 
additionally maintained for 30 min in the FS chamber without FS; then, they were blood 
sampled (time 35) and moved to their regular home-cages in the animal room, being 
sampled again after an additional 30 min period (time R30); (2) control-chamber rats (n 
= 8) were additionally exposed for 30 min to the FS-chamber without FS, immediately 
sampled (time 35) and returned to the FS chamber for an additional 30 min period, after 
which they were sampled again (time R30); (3) FS-home rats (n = 8) were exposed for 
25 min to 25 shocks in total (shock time 5–30), maintained for 5 min without shocks 
(post-shock time 30–35), sampled (time 35 min) and moved to their regular home-
cages at the animal room for an additional 30 min period followed by sampling (time 
R30); and (4) FS-chamber rats (n = 8) were exposed for 25 min to FS (shock time 5–30), 
maintained for 5 min without shocks, sampled (post-shock time 35) and returned to the 
FS chamber for an additional 30 min shock-free period followed by sampling (post-
shock time R30). The rationale to have “home” and “chamber” rats was to study 
whether rats that remained in the chamber after the shocks showed a slow hormonal re-
covery as a physiological measure of contextual fear conditioning. 

Behaviour was recorded in the shock chamber for all groups during the 5 min pre-shock 
period (time 0–5) and for the control-chamber and FS chamber groups at the following 
times: post-shock time 30–35, immediately after sampling (time R 0–5), and during the 
last 5 min in the FS chamber, just before the second sampling (time R 25–30). On day 8 
(retention), all rats were again exposed to the FS chamber for 5 min (without FS), to 
evaluate freezing as a measure of contextual fear conditioning. 

The statistical analysis included two between-subjects factors: (1) SHOCK (control and 
shocked) and (2) POST-SHOCK CONDITION (home and chamber). When repeated 
measures were included in the analysis, the within-subjects factors were SAMPLING TIME 
(2 levels) for endocrine data or BLOCK (3 levels) for freezing data. 

design 
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Results 

We first analyzed whether or not baseline freezing differed among the groups 

before FS (pre-shock time 0–5) and this analysis, revealed no group differ-

ences (Figure 2). Then, we analyzed whether post-shock freezing (time 30–35) 

differed in function of the experimental group. The analysis revealed, as ex-

pected, a significant effect of shock (Wald χ2 (1) = 366.65, p < 0.001), but not 

of post-shock condition, thus demonstrating that the two shocked groups 

were homogeneous (Figure 2). After that, freezing behaviour of control-

chamber and FS-chamber groups was compared over time. Statistical analysis 

revealed significant effects of shock (Wald χ2 (1) = 148.04, p < 0.001), block 

(Wald χ2 (2) = 20.47, p < 0.001) and the interaction block X time (Wald χ2 (2) 

= 19.16, p < 0.001). 

 

 

 

 

 

Figure 2. Percentage of time spent freezing for Experiment 1 on day 1 (pre-shock period 
and several post-shock periods), and day 8 (retention). Means and SEM are represented. 

The groups were as follows: control-home, not shocked during the 35 min exposure to the 

shock chamber and returned to the home-cage after that; control-chamber, not shocked 

during the 35 min in the chamber and maintained in the shock chamber for an additional 

period of 30 min (R 0–30); FS-home, shocked in the chamber and returned to their home-

cages after that; FS chamber, shocked in the chamber and maintained in the shock cham-

ber for an additional period of 30 min without shocks.  

 p < 0.001 vs. control groups. 



Further analysis demonstrated high levels of freezing in FS group as com-

pared to control group (p < 0.001), although a moderate decrease of freezing 

over time was observed in the two groups, but particularly in the FS group.  

When exposed again to the FS chamber on day 8 for retention (Figure 2), the 

analysis of freezing behaviour revealed a significant effect of shock (Wald χ2 

(1) = 120.12, p < 0.001), but not post-shock condition, reflecting that levels of 

freezing were independent of whether or not, on day 1, the animals returned 

to their home-cages immediately after shocks. 

Plasma ACTH levels on day 1 were analyzed using shock and post-shock condi-

tions as the between-subjects factors and sampling time as the within-subjects 

factor. As can be seen in Figure 3, the analysis revealed significant effects of 

shock (Wald χ2 (1) = 126.49, p < 0.001), post-shock condition (Wald χ2 (1) = 

6.52, p < 0.05), sampling time (Wald χ2 (1) = 126.95, p < 0.001) and the inter-

actions shock X sampling time (Wald χ2 (1) = 58.45, p < 0.001), post-shock 

condition X sampling time (Wald χ2 (1) = 19.00, p < 0.001), and the second 

order interaction shock X post-shock condition X sampling time(Wald χ2 (1) 

= 5.918, p < 0.05). Further analysis indicated that immediately after shocks, 

the two shocked groups showed high levels of ACTH as compared to the 

respective non-shocked groups (p < 0.001 in both cases), with no differences 

among the groups in function of the post-shock condition.  

During the post-shock period (R30), the FS-home group showed higher levels 

than the control-home group (p < 0.001) and the highest levels were observed 

in the FS-chamber group that differed significantly from control-chamber (p 

< 0.001) and from FS-home group (p < 0.01). That is, during the post-shock 

period, the FS rats that were returned to their home-cages showed higher 

levels of ACTH than control-home rats, but ACTH levels were even higher in 

those FS rats maintained in the chamber after the shocks. 

The analysis of plasma corticosterone levels on day 1 (Figure 3) revealed signifi-

cant effects of shock (Wald χ2 (1) = 178.74, p < 0.001), sampling time (Wald 

χ2 (1) = 235.62, p < 0.001) and the interactions shock X sampling time (Wald 

χ2 (1) = 76.60, p < 0.001) and post-shock condition X sampling time (Wald χ2 

(1) = 23.32, p < 0.001). The decomposition of the interactions indicated that 

immediately after shocks, the two FS groups showed high levels of corti-

costerone as compared to the non-shocked groups (p < 0.001).  



Moreover, at R30, significant effects of shock and post-shock conditions were 

found (p < 0.001 in the two cases), reflecting that animals previously exposed 

to shock showed higher corticosterone levels than non-shocked animals and 

that those maintained in the chamber showed higher levels than those that 

were returned to their home-cages. 

 

 

 

 

 

Figure 3. Plasma ACTH and corticosterone levels on day 1 for Exper-
iment 1. Means and SEM are represented. The groups were as fol-

lows: control-home, not shocked during the 35 min exposure to the 

shock chamber and returned to the home-cage after that; control-

chamber, not shocked during the 35 min in the chamber and main-

tained in the shock chamber for an additional period of 30 min (R 0–

30); FS-home, shocked in the chamber and returned to their home-

cages after that; FS-chamber, shocked in the chamber and main-

tained in the shock chamber for an additional period of 30 min with-

out shocks. Blood sampling was done in the post-shock period at 

times 35 and at R30.  

 p < 0.001 vs. control groups; ++, +++: p < 0.01 and p < 0.001 vs. 

corresponding home groups. 



In Experiment 1, both FS groups showed a much higher activation of the 

HPA axis than controls as a consequence of FS. Interestingly, although plas-

ma ACTH and corticosterone levels decreased in the two FS groups during 

the post-shock period, the FS-chamber group showed higher levels of ACTH 

than the FS-home group, demonstrating that maintenance of FS animals in 

the FS chambers not only induced freezing, but also resulted in a more sus-

tained activation of the HPA axis as compared to FS-home group. When 

animals are exposed seven days later to the FS chamber, both FS groups 

showed high levels of freezing as compared to non-shocked groups, therefore, 

the longer exposure to the context on day 1 had no effect on contextual fear 

conditioning (measured by freezing). 

Experiment 2 

The previous experiment demonstrated that rats exposed to shocks showed 

clear evidence for contextual fear conditioning. We decided to use an analo-

gous design with IMO as the stressor, although some changes were intro-

duced in the protocol considering the specific characteristics of IMO and the 

expected results (Figure 4). First, we did not include the control-home group 

due to the low hormonal response observed in Experiment 1. Second, an OF, 

much larger in size than the small shock chambers of Experiment 1, was 

chosen as the small chambers were too small to accommodate the IMO 

boards. Third, due to the larger size of the OF, which may affect the expres-

sion of fear conditioning, we measured both hypo-activity and freezing a 

putative measures of fear conditioning (i.e., Radulovic et al., 1998; Laxmi et 

al., 2003). Moreover, to further corroborate behavioural measures, we also 

evaluated HPA function as a reflection of conditioning. This was based on 

our positive results in the preceding experiments with short-term condition-

ing and results from the literature that have demonstrated that HPA activa-

tion reflects fear conditioning (Van de Kar et al., 1991; Campeau et al., 1997; 

Merino et al., 2000; Muñoz-Abellán et al., 2009; Daviu et al., 2010).  

Finally, a prolonged period of exposure to the OF during fear conditioning 

testing was chosen (15 min) because, in our hands, HPA activation consist-

ently reflects fear conditioning when exposure to the context lasted for 15 

min instead of the 5 min exposure typically used when only freezing is evalu-

ated (Muñoz-Abellán et al., 2009; Daviu et al., 2010; Armario et al., 2012). 

 



 

FFi
gu

re
 44

.. A
n 

ou
tl

in
e o

f e
xp

er
im

en
t 2

 (
se

 e
 t

h
e 

te
xt

 f
o

r 
d

et
ai

ls
) 



On day 1, all rats were initially exposed for 5 min to the OF (pre-IMO time 0–5). After 
that, the treatment differed in function of the particular experimental group (Figure 4): 
(1) control-OF (n = 10) rats were returned to their regular cages in the animal room for 
25 min (time 5–30), then sampled (time 30) and exposed again to the OF for 90 min; 
during this latter period rats were additionally sampled at 45 and 90 min (times R45 and 
R90); (2) IMO-home (n = 8) rats were immobilized for 25 min (IMO time 5–30) within 
the OF, then sampled (time 30) and returned to their regular cages in the animal room, 
being sampled again in the post-IMO period at R45 and R90; and (3) IMO-OF (n = 9) rats 
were immobilized for 25 min (time 5–30) within the OF; then, sampled (time 30) and re-
turned again to the OF for 90 min, with additional sampling in the post-IMO period at 
R45 and R90 min. Control-OF rats were not maintained in the OF during the initial 25 min 
period when the other groups were exposed to IMO because prolonged exposure to the 
OF may progressively reduce activity/exploration as a consequence of habituation, 
whereas this was unlikely in IMO groups as the rats had not opportunity to explore the 
OF while immobilized.  

Behaviour was recorded as follows: (1) in the three groups during the first 5 min in the 
OF (pre-IMO time 0–5); (2) in the control-OF and IMO-OF groups during the 5 min fol-
lowing the first blood sampling (post-IMO R 0–5) and during the 5 min preceding the 
second and the third blood sampling (post-IMO R 40–45 and R 85–90, respectively). 
Blood sampling times were changed with respect to Experiment 1 because IMO is charac-
terized by a slower return of HPA hormones to pre-stress levels as compared to the FS 
(Márquez et al., 2002). On day 8 (retention), all animals were again exposed to the OF 
for 15 min and their behaviour recorded. 

The statistical analysis included one between-subjects factor: GROUP (control-home, 
IMO-home, IMO-OF). When repeated measures were included in the analysis, the within-
subjects factors were SAMPLING TIME (3 levels) for endocrine data or BLOCK (3 levels) for 
motor activity data. 

Results 

The analysis of baseline activity (pre-IMO time 0–5) revealed no statistically 

significant differences among groups, whereas statistical analysis of post-IMO 

activity revealed a significant effect of group (Wald χ2 (1) = 29.84, p < 0.001) 

and block (Wald χ2 (2) = 76.54, p < 0.001), with no interaction (Figure 4). 

These data reflect that exposure to IMO caused a marked inhibition of activi-

ty in the OF and that activity was progressively reduced over time in both 

control and IMO groups due to habituation to the OF. 

The analysis of activity of animals in the OF on day 8 (retention, Figure 5) re-

vealed no significant effect of group, but a significant effect of block (Wald χ2 

(2) = 120.78, p < 0.001), reflecting a progressive decline in activity over the 15 

min session. 
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Analysis of plasma ACTH levels (Figure 6) revealed significant effects of group 

(Wald χ2 (2) = 166.78, p < 0.001), sampling time (Wald χ2 (2) = 414.74, p < 

0.001) and the interaction group X sampling time (Wald χ2 (4) = 421.27, p < 

0.001). Further analysis showed very high levels of ACTH immediately after 

IMO in the two stressed groups as compared to the control OF group; during 

the post-IMO period, the only significant differences among the groups was 

the higher levels of ACTH of IMO-OF as compared to control-OF group at 

45 min post-IMO. 

Statistical analysis of corticosterone levels (Figure 6) indicated significant effects 

of group (Wald χ2 (2) = 29.88, p < 0.001), sampling time (Wald χ2 (2) = 22.74, 

p < 0.001) and the interaction group X sampling time (Wald χ2 (4) = 65.07, p 

< 0.001). Further analysis revealed the same pattern as ACTH: very high lev-

Figure 5. Distance traveled in an open field (OF) for Experiment 2 on day 1 (pre-IMO and post-
IMO period) and day 8 (retention). Means and SEM are represented. The groups were: control-

OF, which were exposed to the OF for 5 min, left undisturbed in their home-cages in the ani-

mal room for 25 min and then returned to the OF for an additional 90 min period (R 0–90); 

IMO-home, which were allowed to explore the OF for 5 min, then exposed to IMO inside the 

OF for 25 min and finally returned to their home-cages in the animal room; and IMO-OF 

groups, which were treated as the previous group but were released from the IMO board and 

maintained in the same OF for an additional post-IMO period of 90 min. On day 8, activity 

was evaluated in three time blocks of 5 min each.  

 p < 0.001 vs. control-OF group,  regardless of time. 



els of corticosterone immediately after IMO in the two stressed groups as 

compared to the control-OF group and higher levels of corticosterone in 

IMO-OF as compared to control-OF group (p < 0.01) at 45 min post-IMO. 

The analysis of HPA response to the OF on day 8 revealed no effect of group 

for ACTH or corticosterone levels (Figure 6). 

 

 

 

 

 

 

Figure 6. Plasma ACTH and corticosterone levels for Experiment 2. Means and SEM are 

represented. The groups were: control-OF, which were exposed to the OF for 5 min, left 

undisturbed in their home-cages in the animal room for 25 min and then returned to the 

OF for an additional 90 min period (R 0–90); IMO-home, which were allowed to explore 

the OF for 5 min, then exposed to IMO inside the OF for 25 min and finally returned to 

their home-cages in the animal room; and IMO-OF groups, which were treated as the pre-

vious group but were released from the IMO board and maintained in the same OF for an 

additional post-IMO period of 90 min. Hormone levels on day 1 (just after IMO (time 30) 

and at 45 and 90 min after IMO (R45 and R90) and on day 8 (retention) are represented.  

 ,  ,  : p < 0.05, p < 0.01 and p < 0.001 vs. control-OF group. 



Exposure to IMO in a particular environment resulted in a marked activa-

tion of the HPA axis.  

However, contrary to the results obtained after FS in the previous experi-

ment, no obvious endocrine evidence for conditioning was observed in the 

immediate post-IMO period, considering that IMO-home and IMO-OF 

groups did not differ in plasma levels of ACTH and corticosterone at any 

time. IMO-OF rats showed marked hypo-activity in the OF during all the 

post-IMO period as compared to controls, but this can reflect the uncondi-

tioned inhibition of activity caused by exposure to severe stressors (i.e., Rein-

stein et al., 1984; Pol et al., 1992).  

More importantly, when animals were exposed again, on day 8, to the OF, no 

evidence for conditioning was found. Thus, similar levels of activity were 

observed in all groups, with no evidence for freezing in IMO rats. Moreover, 

plasma levels of ACTH and corticosterone were similar in all groups, thus 

supporting the lack of conditioning. 

EXPERIMENT 3 

The objective of the experiment was to directly study whether the differ-

ences in the acquisition of fear conditioning between FS and IMO were 

related to the different characteristics of the context and/or to a much 

stronger association to the IMO board, acting as a cue, than to the context 

in the IMO group. To this end, animals were assigned to three experimental 

groups (Figure 7): control, FS and IMO. All animals were individually exposed 

to the large shock chambers. 

We modified the present protocol respect to the preceding ones for three 

reasons. First, we reduced the time of stress exposure considering that 15 

min of acquisition of fear conditioning is enough to develop a very strong 

fear conditioning as well as to get an appropriate activation of the HPA axis. 

Second, we did not follow behaviour during the post-stress period on day 1 

as no relevant additional information was obtained in the preceding experi-

ments. Finally, we exposed the rats to a 15 min testing session to analyze 

both behavioural and hormonal data. 
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On day 1, all animals were exposed for 5 min to large chambers without receiving FS 
(pre-shock/IMO time 0–5). After that, the treatment differed in function of the experi-
mental group (Figure 1C): rats from the control group (n = 16) were maintained for an 
additional 15 min period in the chamber without receiving shock. The rats from the FS 
group (n = 8) were exposed for 15 min (shock time 5–20) to 15 shocks in total. The rats 
from the IMO group (n = 24) were immobilized and maintained for 15 min (IMO time 5–
20) within the chambers (without FS). After these procedures, all rats were blood sam-
pled and returned to their regular home-cages. 

On day 8 (retention), all rats were exposed to the chamber for 15 min to evaluate freez-
ing and motor activity as measures of contextual fear conditioning. In order to know 
whether the IMO board acted as a cue for the IMO procedure, half of the rats from the 
control and IMO groups were introduced inside an empty chamber, whereas the other 
half were exposed to the chamber with the IMO board inside. The IMO board was located 
in one of the sides of the chamber. A blood sample was taken after the end of the test. 
Behaviour was recorded in the chambers for all groups, in 5 min blocks. The chamber 
was divided into 3 equal zones (z1, z2, and z3), being z1 the zone where the board was 
placed and z3 the opposite zone. The time spent in each zone was also evaluated. 

The statistical analysis included one between-subjects factor: either STRESS on day 1 
(control, FS, and IMO) or GROUP on day 8 (control, FS, IMO, IMO-board). On day 8, both 
control groups (with or without the board) were treated as a whole because no signifi-
cant differences between them were detected. When repeated measures were included 
in the analysis, the within-subjects factor were BLOCK (3 levels) for the motor activity 
and freezing data or ZONE (3 levels) for time spent in the different sections of the FS 
chamber. 

Results 

The analysis of baseline activity in the chamber on day 1 revealed no statisti-

cally significant differences among groups (data not shown). When animals 

were exposed again 7 days later to the chamber, without FS or IMO, (Figure 8), 

the analysis showed significant effects of group (Wald χ2 (3) = 54.21, p < 

0.001), block (Wald χ2 (2) = 28.59, p < 0.001) and the interaction group X 

block (Wald χ2 (6) = 17.34, p < 0.001). The decomposition of interaction indi-

cated that only the FS group showed a significant hypo-activity in the cham-

ber over the three blocks of time in comparison to control animals. 

IMO groups presented an increase in activity if compared with controls. The-

se data can be explained because the control group had more time to explore 

the chamber on day 1 (20 min) than the IMO group (5 min). The analysis of 

freezing behaviour during re-exposure (retention) on day 8 to the condi-

tioned context followed the same pattern as activity (Figure 8).  
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Figure 8. Behavioral data for Experiment 3 on day 8 (retention). Means and SEM are repre-

sented. The groups were: control, rats exposed for 20 min to the chamber without shocks; 

FS, rats allowed to explore the chamber for 5 min and then exposed to shocks for 15 min; 

and IMO, rats allowed to explore the chamber for 5 min and then exposed to IMO inside 

the chamber for 15 min. On day 8 control and IMO rats were tested without the presence of 

the board or with the board (control-board and IMO-board groups). Control and con-

trol+board groups are presented separately in the graphs but they were pooled for the statis-

tical analysis. Distance traveled during the 15 min exposure to the chamber (5 min blocks), 

freezing during the 15 min exposure to the chamber (5 min blocks) and time spent in the 

area were the board was located (z1), in the intermediate area (z2) or in the opposite area 

(z3) are represented.  

 ,  ,  : p < 0.05, p < 0.01 and p < 0.001 vs. control group; + , ++, +++: p < 0.05, p < 0.01 

and p < 0.001 vs. FS group. 



The factors group (Wald χ2 (3) = 42.31, p < 0.001) and block (Wald χ2 (2) = 

12.00, p < 0.001) were statistically significant, as well as the interaction group 

X block (Wald χ2 (6) = 28.17, p < 0.001). Only the FS group showed increased 

freezing behaviour, reflecting fear conditioning in comparison with control 

and IMO groups during the first and the second block of time. 

At day 8, the time spent in the zone of the chamber were the IMO board was 

placed was also analyzed. As can be seen in Figure 8, comparison of the two 

groups of animals exposed to the chamber with the IMO board present as a 

cue, revealed that the stress factor was not statistically significant. However, 

zone (Wald χ2 (2) = 539.41, p < 0.001) and the interaction stress X zone 

(Wald χ2 (2) = 15.47, p < 0.01) were statistically significant. The data indicat-

ed that there were no differences between control and IMO animals in the 

time spent in the zone with the IMO board (z1), whereas the IMO group 

showed slightly higher time in the intermediate zone (z2) than controls. 

The analysis of plasma ACTH on day 1 (Figure 9) showed a significant effect of 

stress (Wald χ2 (2) = 238.13, p < 0.001). Both FS and IMO groups showed 

higher levels of ACTH as compared to control groups (p < 0.001), and FS also 

differed from the IMO group (p < 0.05). When animals were re-exposed at 

day 8 to the chamber (Figure 7C), groups differences were again statistically 

significant (Wald χ2 (3) = 57.06, p < 0.001), but in this case the FS group 

showed higher levels of ACTH as compared to control (p < 0.001) and IMO 

groups (p < 0.001), reflecting hormonal fear conditioning.  

Plasma corticosterone levels on day 1 (Figure 9) followed the same pattern as 

ACTH: group effect was statistically significant (Wald χ2 (3) = 38.67, p < 

0.001), and both stressed groups showed higher levels of corticosterone im-

mediately after stress (p < 0.001).  

The analysis of corticosterone levels after re-exposure to the conditioned 

context (chamber) at day 8 (Figure 9) revealed a significant effect of group 

(Wald χ2 (3) = 28.02, p < 0.001): FS group showed the highest levels of corti-

costerone, differing from controls (p < 0.001), IMO (p < 0.01) and IMO + 

board groups (p < 0.01). IMO and IMO + board groups showed higher levels 

of corticosterone than controls (p < 0.01, p < 0.05 respectively). 

 



 

 

 

 

 

As expected, FS and IMO groups showed much higher levels of ACTH and 

corticosterone than controls immediately after stressors, with FS rats showing 

slightly higher levels than IMO rats. However, when tested for fear condition-

ing marked differences emerged between the two groups. Previously shocked 

rats showed high levels of freezing that progressively decreased over the 15 

min period, whereas IMO rats showed very low levels of freezing similar to 

controls. Similarly, shocked rats showed hypoactivity, whereas IMO rats did 

Figure 9. Plasma ACTH and corticosterone levels for Experiment 3. Means and 

SEM are represented. The groups were: control, rats exposed for 20 min to the 

chamber without shocks; FS, rats allowed to explore the chamber for 5 min and 

then exposed to shocks for 15 min; and IMO, rats allowed to explore the chamber 

for 5 min and then exposed to IMO inside the chamber for 15 min. On day 8 con-

trol and IMO rats were tested without the presence of the board or with the board 

(control-board and IMO-board groups). Control and control + board groups are 

presented separately in the graphs but they were pooled for the statistical analysis. 

The post-stress hormone levels on day 1 and day 8 (retention) are shown. 

 ,  ,  : p < 0.05, p < 0.01 and p < 0.001 vs. control group; + , ++, +++: p < 

0.05, p < 0.01 and p < 0.001 vs. FS group. 



not. Importantly, the presence of the IMO board did not modify the behav-

iour of either control or IMO rats, demonstrating that it did not act as a 

particular cue for fear conditioning. In fact, in the presence of the board, 

both control and IMO rats spent more time in the area where the board was 

located than in the opposite area, with no evidence of avoidance in the IMO 

rats. Supporting behavioural results, FS rats showed higher ACTH and corti-

costerone responses to the large FS chamber than control and IMO rats. De-

spite no differences between IMO and controls rats in the ACTH response to 

the FS chamber, slightly higher levels of corticosterone were observed in IMO 

and IMO + board rats as compared to controls (p < 0.01, p < 0.05, respective-

ly). 

Discussion 
In the present work we demonstrated that exposure to a single session of FS 

induced a strong contextual fear conditioning as deduced from the behav-

ioural and endocrine responses, whereas, we were unable to find similar 

evidence for contextual conditioning after exposure to IMO in a particular 

environment. The striking contrast between the two stressors regarding con-

textual fear conditioning was further demonstrated in a last experiment com-

paring directly the consequences of exposure to the two stressors in the same 

context. In addition, the last experiment demonstrated that the IMO board 

did not act as a putative cue. Therefore, fear conditioning appears to devel-

op easier after exposure to certain aversive stimuli than others. Exposure of 

animals to single or repeated FS in a specific environment easily results in the 

development of contextual fear conditioning, but the extent to which expo-

sure to any kind of stressor always results in contextual fear conditioning is 

unclear. 

We found in our lab preliminary negative behavioural evidence about the 

development of contextual fear conditioning to IMO. Therefore, we first de-

cided to demonstrate that, in our conditions, contextual fear conditioning to 

FS easily develops that should be reflected not only in the standard measure 

of freezing, but also in the activation of the HPA axis. High levels of freezing 

were found in the FS chamber group when the rats were returned to the FS 

chamber immediately after blood sampling and when assessed again at 30 

min post-shocks. These data clearly demonstrated that strong contextual fear 



conditioning developed in FS rats, which was maintained at a high level even 

30 min after the termination of FS. 

Measurement of plasma levels of ACTH and corticosterone demonstrated 

that mere exposure to the FS chambers without shocks caused a modest acti-

vation of the HPA axis. This is not surprising as the FS chamber constitutes a 

novel environment for the animals and this consistently elicits activation of 

the HPA axis (i.e., Márquez et al., 2005). As expected, both FS groups showed 

a much higher activation of the HPA axis than controls, however, the FS-

chamber group showed clearly higher levels of ACTH than the FS-home 

group. These differences in ACTH between the two FS groups at 30 min post-

shock cannot be explained by the slightly higher levels observed in control-

chamber as compared to control-home groups.  

Therefore, it appears that the HPA axis is able to reflect the enhanced fear caused by 
maintenance of the animals in the environment previously associated to the aversive 
experience of FS.  

To our knowledge, the influence of maintaining the rats in the shock envi-

ronment on the HPA axis has only been previously studied in one single 

study, with similar results (Gao et al., 2008). It is therefore clear that these 

results are also in accordance with previous data demonstrating that HPA 

hormones are quite sensitive to the degree of stress experienced by animals 

(Armario, 2006) and, more particularly, to fear conditioning (Van de Kar et 

al., 1991; Campeau et al., 1997; Merino et al., 2000; Muñoz-Abellán et al., 

2009; Daviu et al., 2010). 

When rats were again exposed 7 days later to the FS context, both FS groups 

showed the expected high levels of freezing as compared to non-shocked 

groups. In fact, their levels of freezing were similar as those reported in the 

FS-chamber group at 30 min post-shock on day 1, indicating that freezing 

was basically maintained intact over the days, with no evidence for extinction 

in those rats which were maintained for 30 min in the chamber without addi-

tional shocks on day 1. Once characterized the response to FS we did an anal-

ogous design with IMO as the stressor. The results showed that exposure to 

IMO in a particular environment (OF) was apparently unable to induce con-

textual fear conditioning, despite the huge activation of the HPA axis elicited 

by the stressor and its slower post-stress recovery of resting levels. This is a 

particular characteristic of IMO that is related to their high intensity (Martí et 

al., 2001; Márquez et al., 2002). In spite of this, no obvious endocrine evi-



dence for conditioning was observed in the immediate post-IMO period in 

that plasma levels of HPA hormones did not differ in IMO-home and IMO-

OF groups during this phase. 

Can behaviour of rats in the OF during the post-IMO period give us some 

clues about conditioning? IMO-OF rats showed marked hypo-activity in the 

OF during all the post-IMO period as compared to controls. However, such a 

hypo-activity cannot be considered as a reflection of conditioning as exposure 

to severe stressors, including IMO, resulted in unconditioned inhibition of 

activity for some hours after the stressor (i.e., Reinstein et al., 1984; Pol et al., 

1992). As freezing was not observed, the results tentatively suggest that expo-

sure to IMO in the OF did not result in the development of contextual fear 

conditioning. This assumption was supported by the lack of changes in activi-

ty and the absence of freezing when IMO animals were exposed again, on day 

8, to the OF for 15 min. Importantly, ACTH and corticosterone response 

during the 15 min re-exposure to the OF were similar in control and IMO 

rats. As such a period of exposure to the context appears to be optimum for 

HPA hormones to reflect contextual fear conditioning to FS or cat odour 

(Muñoz-Abellán et al., 2009; Daviu et al., 2010), the hormonal data add sup-

port to the lack of IMO-induced contextual fear conditioning. 

The above results may suggest that rats were unable to acquire contextual fear 

conditioning to IMO. However, it could be argued that in the previous exper-

iments the context was very different with FS and IMO and that the most 

relevant stimulus for IMO was the presence of the board. To rule out the 

above explanations, a final experiment was done using the same context (a 

large chamber) for both FS and IMO. Seven days after the stressors, control, 

FS, and IMO animals were tested for fear conditioning in the grid box either 

in the absence of the presence of the IMO board. Both behavioural (freezing 

and hipo-activity) and hormonal (HPA hormones) data supports that only 

the previous shocked rats showed strong evidence for contextual fear condi-

tioning. Furthermore, the introduction of the board failed to induce cue-fear 

conditioning in the IMO-board group.  

Taken together, the results strongly support the hypothesis that IMO rats were unable to 
associate stress exposure to either cue or context. It is intriguing that IMO rats tested in 
the large chamber showed modest but consistent hyperactivity together with a slight 
increase in the corticosterone (but not ACTH) response to the chamber.  



Although we do not know the reason for these effects, we can speculate that a 

high level of arousal, not just fear or anxiety, may explain both enhanced 

activity and the slightly higher corticosterone response (the discrepancy with 

ACTH may be explained by a very transient ACTH response not observable 

at 15 min). In fact, immediate prior exposure to low intensity stressors, which 

probably promotes arousal, has been found to increase activity/exploration in 

novel environments (i.e., Katz et al., 1981). 

On the basis of prior data (Márquez et al., 2002) and the HPA response to FS 

and IMO, the two stressors appear to be severe and approximately of the 

same intensity. Therefore, low severity does not appear to be the reason for 

the lack of contextual fear conditioning to IMO. In the present experiment 

IMO rats were allowed to explore the environment before IMO and it is un-

likely that they could not learn about the context before experiencing IMO. It 

is also unlikely that IMO would have induced some kind of amnesic effects 

about the context. We have recently found that contextual fear conditioning 

to cat odour is basically unaffected in rats that were allowed to explore an OF 

containing a cloth impregnated with cat odour before being immobilized and 

returned in these conditions to the same context for an additional 15 min 

period (Muñoz-Abellán et al., 2011). These results indicate that IMO is un-

likely to interfere with cat odour-induced contextual fear conditioning. 

The lack of fear conditioning with IMO may be due to several reasons: the 

type of US, the type of CS, the procedure involved in the CS-US pairing and 

the type of measure used to evaluate the CR. As we relied on several different 

CRs (activity/immobility, avoidance, freezing, and HPA activation), it is un-

likely that this was the reason for the differences between FS and IMO. More-

over, by changing the way of transporting the animals or the experimenter 

and by introducing specific odours in the stress chamber, we have been una-

ble to demonstrate fear conditioning to IMO (unpublished), supporting the 

incapability of the animals to associate IMO to different types of CS. 

Another difference between FS and IMO is that the former is a discrete 

stimulus (with a clear on and off signal), whereas IMO is a continuous stimu-

lus. Therefore, FS rats had more opportunities to associate the context with 

the aversive stimulus. However, this does not appear to be the main reason 

for the discrepancies.  

First, it is well-established in the literature that one single shock is able to 

induce context fear conditioning (i.e., Radulovic et al., 1998). In fact, we have 



obtained in rats of the same strain and age as those used in the present exper-

iments strong context fear conditioning with one single-shock (Daviu et al., 

2010). Considering that IMO is a severe stressor, association may be observed 

after a single IMO session, which is not the case.  

Second, no evidence for contextual fear conditioning was observed when 

animals were immobilized and released from the board several times in a 

unique session, maintaining the animals in the context in between (un-

published). Although the latter procedure approached to that of FS, it failed 

again to find fear conditioning. As we cannot rule out that fear conditioning 

to IMO could be established by particular, not yet characterized, CS, the most 

parsimonious explanation for the present results is that the nature of the US 

(IMO) somehow makes more difficult the association with a particular CS.  

This idea fits well with the concept of “preparedness” applied to aversive 

(fear) conditioning initially proposed by Seligman (1971) and refers to the 

fact that some CS-US associations are easier to develop because are somehow 

biologically prepared. That is, animals are not biologically well-prepared to 

develop contextual fear conditioning to any kind of stressor, but only to a 

subset of them. The first evidence about biological predisposition to establish 

CS-US associations was obtained in rats by García and Koelling (1966) 

demonstrating that gastrointestinal malaise caused by the administration of 

lithium chloride was associated to the ingestion of a novel taste food (saccha-

rin) but not to an exteroceptive CS such as noise, whereas FS exposure was 

associated to noise but not to the novel taste.  

Interestingly, it has been very difficult to observe contextual conditioning 

using a component of fox odour, trimethylthiazoline (TMT), as US (i.e., 

Blanchard et al., 2003), despite the fact that TMT is an aversive substance that 

induce by itself defensive behaviours and activates the HPA axis (Morrow et 

al., 2000). Within this framework, it appears that the critical role of glucocor-

ticoids to strengthening CS-US associations would be dependent on the pre-

existence of neuronal circuits allowing the convergence of information con-

cerning CS and US in the basolateral complex of the amygdala. 

The present results not only demonstrate that induction of contextual fear 

conditioning using standard procedures may be dependent on the type of 

stressor, but they also have implications regarding the evaluation of putative 

animal models of PTSD. Exposure to certain stressors, including predator 

odour and FS, has been reported to induce long-lasting (days to weeks) 



changes in activity in novel environment and/or anxiety-like behaviour as 

measured in the elevated plus-maze (see Introduction) and this has been con-

sidered to be important for their characterization as putative animal models 

of PTSD.  

In contrast, IMO is a severe stressor from a physiological point of view, but 

no changes in anxiety-like behaviour as evaluated in the EPM or activity in 

novel environments is usually observed after the first week post-IMO (Belda 

et al., 2004, 2008). Similarly, reduced social interaction caused by a tail-shock 

procedure used in the standard learned helplessness paradigm dissipated on 3 

days (Maier, 1984) and the effects of the procedure on the EPM are not con-

sistent even during the first 24 h (Grahn et al., 1995). However, IMO can 

induce long-lasting endocrine and behavioural sensitization (in terms of anx-

iety) to further stressors (Belda et al., 2008) as well as long-lasting impairment 

of spatial memory in the Morris water maze (Andero et al., 2012) and fear 

extinction (Andero et al., 2011), changes both that mimics those reported in 

PTSD patients (McNally, 1998; Yehuda and LeDoux, 2007; Moore, 2009). 

We have suggested that, at least, some of the long-lasting changes in activity 

or anxiety-like behaviour observed after a single exposure to some stressors 

may be related to their proneness to induce contextual fear conditioning ra-

ther than with their traumatic nature (Armario et al., 2008). In fact, we have 

recently demonstrated that hypo-activity in novel environment is observed 

even 12 days after a single exposure to FS and this effect disappeared with a 

procedure that impeded the induction of contextual fear conditioning (Daviu 

et al., 2010). 

 Although some authors have reported enhanced startle response for 7–10 

days after one or three sessions of tail-shock (i.e., Servatius et al., 1995; Man-

ion et al., 2007), the effects were not observed during the first 3 days, suggest-

ing some incubation process, probably involved non-associative memory.  

Persistence of non-associative effects of severe stressors is likely to differ be-

tween individuals (species, strains, environmental conditions). It would be 

important to directly demonstrate the direct relationship between the estab-

lishment of contextual fear memory and the persistence of long-lasting 

changes in anxiety-like behaviour. If such a relationship holds true, it could 

question some putative animal models of PTSD. 



In conclusion, the present results indicate that acquisition of contextual fear condition-
ing is extremely easy with FS as aversive stimulus, whereas appears to be extremely dif-
ficult to be acquired using a stressor such as IMO, which is of a similar severity as high 
intensity FS. A good correlation was observed between behavioural signs of fear condi-
tioning and the activation of the HPA axis, thus confirming previous reports demonstrat-
ing that plasma levels of ACTH and corticosterone are able to specifically reflect fear 
conditioning (see Armario et al., 2012 for further discussion). If some of the long-lasting 
behavioural effects of stress when tested in novel environments are dependent on the 
acquisition of contextual fear conditioning, the difficulties of animals to acquire IMO fear 
conditioning can explain the failure to find some long-lasting effects when free behav-
iour in novel environments is tested. The present data introduce some caveats regarding 
development of animal models of PTSD. 
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