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INTRODUCTION

Exposure to shock has been traditionally used as a typical stressor and for
cue-context fear conditioning. When used as a stressor exposure to shock
offers obvious advantages with respect to other stressors if we are interesting
in exploring the consequences of unpredictability and uncontrollability.
Thus, considerable attention has been paid to characterize short-term and
long-term behavioural and physiological effect of exposure to shocks under
different conditions and this includes the learned-helplessness paradigm
(Maier and Watkins, 2005), One consequence of exposure to relatively severe
sessions of shocks is sensitization to other potentially aversive stimuli (Kam-
prack and Wotjack, 2004). But in addition, exposure to shock can result in
the development of cue or context fear conditioning and this is a classical
paradigm of learning and emotional memory. Under certain conditions, the
CR is not only elicited by the specific cue (i.e. a tone) or context associated to
shock, but also by other relatively similar cues (i.e. a tone of different charac-
teristics) or contexts having a certain resemblance with the original one. This
phenomenon is known as generalization (Rudy and Pugh, 1996).

Thus, exposure to shock can result in both unconditioned (sensitization) and
conditioned (cue/context fear conditioning and generalization). As discussed
in the previous chapter, exposure to a brief session of shocks in absence of
any additional cue causes contextual fear conditioning, but also hypoactivity
in novel environments (Radulovic et al, 1998a; Daviu et al, 2010). Important-
ly, hypoactivity in novel environments is not associated to shock exposure per
se but it is dependent on the development of context fear conditioning, per-
haps reflecting fear generalization (Radulovic et al, 1998a; Daviu et al, 2010).
Several previous reports have studied how shock number or shock intensity
can affect cue/context fear conditioning, sensitization and generalization.

There are some studies showing that both context (Young and Fanselow,
1992; Cordero et al, 1998; Merino et al, 2000) and cue (Quinn et al, 2008) fear
conditioning are dependent of the intensity of the shocks used for training. In
contrast, some other studies did not observe differences in freezing in func-
tion of shock intensity when animals were re-exposed to conditioned cue
and/or context (Bevins et al, 1997; Baldi et al, 2004). The lack of effect of
shock intensity on cue fear conditioning has also been observed when other



behaviours were assessed during re-exposure to the cue alone (Laxmi et al,
2003). These controversial results could be explained by the shock protocols
used. A ceiling effect may appear after intermediate shock intensities, sug-
gesting that freezing behaviour in fear-conditioning protocols might ap-
proach to an all-or-none phenomenon (Baldi et al, 2004).

Other authors have obtained data questioning the apparent relationship be-
tween the intensity of the US and the degree of the CR (Kamprath and Wot-
jack, 2004). They suggested that the apparent higher CR response after high
shock intensity training could be explained by the contribution of sensitiza-
tion (a non-associative component). Thus, an enhanced response to the tone
was observed both in the cue (tone)-fear conditioning group and in a group
only conditioned to the context (therefore, not exposed to the tone). Interest-
ingly, by subtracting the freezing data from the context group to the cue
group, differences among prior shock intensities disappeared. That is, in the
cue-fear conditioning groups, freezing behaviour specifically elicited by the
tone was independent of shock intensity. Additional evidence for the exist-
ence of a non-associative component for freezing behaviour is the existence
of an incubation period that progressively enhances freezing response to a
neutral stimulus (a tone) after context fear conditioning, without a parallel
change in the CR to the context (Siegmund and Wotjack, 2007b).

Regarding the influence of the number of CS-US pairings, in a cue-fear con-
ditioning protocol, the animals exposed to a large number of shocks (10
shocks) showed more freezing during training than the animals exposed to
fewer shocks (3 shocks) (Quinn et al, 2008). Nevertheless, during retrieval
(both after context and tone) levels of freezing were independent of the num-
ber of trials, whereas those animals trained with high intensity shocks froze
more than those trained with low intensities. This lack of effect of shock
number has been confirmed by cther authors using freezing and complemen-
tary behavioural measures of fear (Laxmi et al, 2003). These results indicates
that the number of shocks do not appear to affect the freezing response to
fear-conditioned cues.

How shock parameters affect sensitization and generalization phenomena is
not well established. Nevertheless, it appears that fear generalization is de-
pendent on shock intensity (Fanselow, 1981; Laxmi et al, 2003; Baldi et al
2004). Pilot results from our lab suggest that shock-induced hypoactivity may



be related to shock intensity rather than numbers of shocks (unpublished
data).Thus, the main objective of the present work was to directly study the
influence of the number and intensity of shocks on context fear conditioning
and fear generalization. To evaluate such influence we measured both behav-
iour and the response of the HPA axis.

The HPA axis appears to be sensitive to conditioning. Thus, higher corti-
costerone levels has been observed when animals shocked in a context were
re-exposed to the conditioned context without shocks (Goldstein et al, 1994;
Campeau et al, 1997; Cordero et al, 1998; Merino et al, 2000). This increase in
plasma corticosterone levels was found to be dependent on the intensity of
shock administered during training (Cordero et al 1998). Although a sensi-
tized HPA response has been reported long after shock exposure (Van Dijken
et al, 1993) and long-term HPA axis sensitization is typical of exposure to
high intensity stressors (Johnson et al, 2002; Belda et al, 2008; Gagliano et al,
2008), our results showed that the HPA response to conditioned contexts
actually reflects contextual fear conditioning (Daviu et al, 2010). Thus, we
included the response of the HPA axis as an additional measure of condition-

ing.

Finally, to have a more complete picture of the influence of the above param-
eters we decided to use a context for fear conditioning higher than those typi-
cally used for fear conditioning in rat. The rationale for this is that fear condi-
tioning apparatuses in mice are clearly higher than in rat when compared to
the respective size of animals. In rats, the relatively restricted space makes it
difficult to distinguish between inactivity and freezing and does not allow for
the rats to display other behavioural repertoire.

Moreover, considering the associative nature of shock-induced hypoactivity
in novel environments, we wanted to study whether hypoactivity is main-
tained after extinction of fear conditioning. One previous study using context
fear conditioning has reported a reduction of generalization of fear (freezing)
to other environments after fear extinction (Golub et al, 2009). Interestingly,
extinction training in rodents is considered as an analogue of exposure thera-
py in PTSD patients. This therapy consists of the confrontation (real or virtu-
al) of the patients with the fear-associated stimulus (CS) in absence of the
original aversive stimulus (US) (Kearns et al, 2012). Nowadays exposure ther-



apy is considered the most empirically supported PTSD treatment (Taylor et
al, 2003; Nemerof et al, 2006; Milad et al, 2006; Foa, 2009).

MATERIAL AND METHODS

ANIMALS
Male Sprague-Dawley rats were used with the same characteristics as previ-
ously reported (Material and Methods).

PROCEDURE

Animals were distributed into one control group and 4 shocked groups (Ta-
ble 1). All shock groups followed a similar procedure. On day 1, after 2 min of
habituation to the chamber -Context A-, the animals received 2 or 15
shocks(intensity 0.4mA or 1.5mA), 3s duration and the inter-trial intervals
(ITDof 7min or 30 s respectively. Animals were removed from the shock
chamber 2min after the last shock. The control group was exposed to the
shock chamber for 12 min (the same time as shocks groups) without receiv-

ing shock.

Tablel. Summary of treatments

Group Intensity Number Im {n)
CONTROL - - - 10
04 2 04 2 7 min 10
0,4-15 0.4 15 30s 10
15-2 1,5 2 7 min 10
1,5-15 1,5 15 30s 20

On day 3 (48h after contextual fear conditioning acquisition in Context A) all
the animals were exposed to a novel environment -Context B-. The animals
were tested in Context B before being re-exposed to Context A in order not to
interfere with the development of shock-induced hypoactivity. On day 4, 5
and 6 all animals (except half of the animals in the group 15-1.5mA which
were not exposed to the conditioned context to avoid the development of fear
conditioning extinction, 1.5 -15 NE group) were re-exposed to the condi-
tioned context (Context A). On day 7, all groups including the 1.5 - 15 NE



the context always lasted 15 min. At the end of each test, a blood sample was
taken in order to analyse the HPA response. Freezing behaviour, immobility

group, were tested in another novel environment - Context C-. Exposure to
and locomotor activity were assessed.
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All contexts were Plexiglas cages of the same size (57 x 41 x 70 cm) with an
important number of differential characteristics. In all the environments the
frontal wall was made of clear Plexiglas in order to record frontally to analyse
freezing behaviour.

* Context A: The side and back walls were opaque and white. The floor
consisted of a metal removable grid floor of 44 stainless steel rods, 0.4
cm diameter, and spaced 1.5 cm centre to centre (Panlab 5.1L.U, Bar-
celona). Animals were transported from the vivarium to the experi-
mental room in a small white plastic box without bedding
(29 % 27 x 14 em) covered with a piece of cloth. The room had white
walls and a fluorescent light. The apparatus were cleaned between an-
imals with a tap water solution containing ethanol (5% v/v).

* Context B: The side and back walls were black and rough. The floor
was black and had 4 holes. Animals were transported to the experi-
mental room in their home-cages. The room had black walls and red
light {red bulb 15 W). The apparatus were cleaned between animals
with water solution containing soap.

» Context C: The side and back walls were black and smooth. The floor
was black and smooth. Animals were transported to the experimental
room in their home-cages. The room had black walls and white light
(white bulb 25 W). The apparatus were cleaned between animals with
water solution containing soap.

BEHAVIORAL AND ENDOCRINE MEASURES

An experimenter blind to the treatments measured the behavioural variables.
Distanced travelled was assessed by video tracking analysis using the centre of
gravity of the animal (Smart, Panlab, $.L.U_, Barcelona, Spain). Freezing and
immobility were measured manually by stop watch. Time spent immobile
was obtaining measuring immobility containing freezing. The latter was fur-
ther independently re-evaluated and after subtracted to immobility in order
to obtain two independent measures. Finally, endocrine analysis was assessed
by radioimmunoassay.

STATISTICAL ANALYSIS:

Statistical analysis was done in two stages. First, endocrine data included one
between subjects factor: group (5 levels control, 0.4-2, 0.4-15, 1.5-2 and 1.5-
15) and behavior was analysed using group as the between subjects factor (5



levels) and block (3 levels, block of time 1, 2 and 3) as the within subject fac-
tor. In this analysis only the differences with the control group were studied.
In the second stage, additional analysis was done using number (2 levels, 2
and 15 shocks) and intensity of shocks (2 levels, 0.4 and 1.5mA) as the be-
tween subjects factors for endocrine data and number, intensity and block
(the latter as the within-subject factor) for behavior. In this second analysis
the control group was excluded. Finally, in order to study the consequences of
extinction, we used a different statistical analysis with group (3 levels, control,
1.5-15 and 1.5-15NE) as the between subjects factor and block (3 levels, block
1, 2 and 3) as the within subjects factor.

RESULTS

The fellowing analysis was done not including the non-extinguished group
(1.5-15 NE). There is a specific section (section 3) to analyse this particular
issue.

1.LEFFECT OF SHOCK PARAMETERS IN THE BEHAVIOURAL RESPONSE TO CONTEXTUAL FEAR CONDI-
TIONING

Freezing behaviour in Context A (day 4) is represented in FiglA. Statistical
analysis showed a significant effect for group (Wald X* (4) = 32.66; p<0.001),
block (Wald X* (2) = 6.51; p<0.05) and the interaction group x block (Wald
X* (8) = 21.69; p<0.01). The decomposition of the interaction revealed that
shocked groups froze more than the control in the first two blocks of time
(p<0.001in all cases). By the third block of time differences with regard to
control group disappeared (except for the 0.4-2 p<0.05 due to the low vari-
ance).The analysis excluding controls revealed no differences related to the
number (NS} or intensity of shocks (NS). Activity in the conditioned context
followed the same pattern as freezing (FiglB). The analysis revealed signifi-
cant effect for group (Wald X* (4) = 67.06; p<0.001), block(Wald X* (2) =
13.60; p<0.001) and the interaction group x block (Wald X (&) = 129.56
p<0.001). After decomposition of the interaction, hypoactivity with respect to
controls was observed in all shocked groups during the first two blocks of
time (p<0.001). In the third block only the 0.4-2 group (p<0.01) was statisti-
cally different from control group. Again, no differences were observed relat-
ed to number (NS) or intensity (NS) of shocks when control group was ex-



cluded from the analysis. Finally, the statistical analysis of immuobility (Fig1C)
showed a significant effect for group (Wald X* (4) = 150.12; p<0.001), block
(Wald X? (2) = 30.45; p<0.001) and the interaction group x block (Wald X?
(8) = 47.84; p<0.001). After decomposition of the interaction all shocked
groups showed higher levels of immobility during the two first blocks of the
test (p<0.001 vs control in the first and second block), but differences disap-
peared in the last block. No differences were observed related to number (NS)
or intensity of shocks(NS).
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Figurel.Behavioral measures in Context A (conditioned context) on day 4. A) Percent time spent in
freezing, B) distanced travelled and C) percent time spent in immaobility in a shock chamber during 15 min
{divided into 5 min blocks), For control and animals exposed to 2 or 15 shocks of 0.4 or 1.5 mA, * p<0.05,
**p<001 and ***p<0.001 vs control group. Means and 5.E.M. are shown.



On day 5 all animals were exposed again to Context A to induce the extinc-
tion. The analysis of freezing behaviour (Fig2A) revealed only a significant
effect for group (Wald X* (4) = 10.77; p<0.001) and the interaction group x
block (Wald X* (5) = 22.79;p<0.001). Decomposition of the interaction indi-
cated that shocked groups showed high levels of freezing in comparison to
the control group only in the first block (p<0.05 in all cases). Moreover, the
analysis excluding controls revealed that the interaction number x block was
significant (Wald X* (2) = 7.84; p<0.05), being all the other factors and inter-
actions NS. No differences between 2 shocks and 15 shocks groups were
found at any time. Only the last block of 15 shocks groups was statistically
significant compared to respective first block of the test (p<0.05).

Activity analysis (Fig2B) showed a significant effect for group (Wald X* (4) =
32.96;p<0.001) and the interaction group x block (Wald X2 (4) = 91.96
p<0.001). Further decomposition revealed that in the first block, all shocked
animals showed hypoactivity (p<0.001 vs control). In the second block, only
0.4-2, 0.4-15 (p<0.01) and 1.5-2 (p<0.05) shocked groups remained hypoac-
tive compared to control group. On the other hand, the analysis excluding
controls showed that block (Wald X* (2) = 8.59 p<0.05), and the interaction
number x block (Wald X* (2) = 9.53; p<0.01) and intensity x block (Wald X*
(2) = 6.33; p<0.05) were statistically significant, being all the other factors and
interactions NS. During the first block of the test, shocked animals exposed to
15 shocks protocol showed less activity than 2 shocks animals independently
of the shock intensity. Moreover, animals exposed to 1.5mA shocks showed a
significant increase of their activity in the second block and last block of the
test vs respective first block (p<0.01 and p<0.05). Also, the same effect was
observed in 15 shocks groups that differed from their first block both in the
second and last block of the test (p<0.001 in all cases).

Regarding immobility (Fig.2C) statistical analysis showed a significant effect
for group (Wald X* (4) = 50.86; p<0.001), block (Wald X* (2) = 52.11;
p<0.001) and the interaction group x block (Wald X*(8) = 57.23 p<0.001).
Further decomposition showed a significant increase of immobility in all
shocked groups in the first (0.4-2 p<0.01, p<0.001 vs control all the others)
and in the second block of the test (0.4-2, 0.4-15 and 1.5-15p<0.01 and 1.5-2
p<0.05 vs control). The analysis excluding controls revealed a significant ef-
fect for block (Wald X* (2) = 61.24; p<0.001) and the interaction number x
block (Wald X* (5) = 7.17; p<0.05), being all the other factors and interactions



NS. Both 2 shocks and 15 shocks conditions showed a decrease of immobility
through blocks (p<0.001 in all cases vs respective first block), although the
decrease was stronger in the 15 shock groups.
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Figure2. Behavioral measures in Context A (conditioned context) during the first day of extinction {day 5).
A) Percent time spent in freezing, B) distanced travelled and C) percent time spent in immaobility in a
shock chamber during 15 min (divided into 5 min blocks). For control and animals exposed 1w 2 or 15
shocks of 0.4 or 1.5 mA.* p<0,05, **p<0.01 and ***p<0,001 vs control group, # p<0,05 and ##7 p<0.001 vs
first block by respective number of shocks, @ p<0.05 and @@ p<0.01 vs first block by respective intensity.,
Means and 5, E.M. are shown,



The second day of extinction in context A is showed in Fig.3A.Freezing be-
havior analysis revealed no significant differences between groups. However,
significant differences were found regarding hypoactivity (Fig3B). Statistical
analysis showed a significant effect for group (Wald X* (4) = 16.33; p<0.01),
block (Wald X* (2) = 11.58; p<0.01) and the interaction group x block (Wald
X* (8) = 69.52; p<0.001). Decomposition of the interaction revealed that in
the first block all groups showed hypoactivity (p<0.001 in all cases). In the
second block only statistically significant differences were found in 0.4-2 an-
imals {p<0.05 vs control group). The immobility analysis (Fig3C) revealed a
significant effect for group (Wald X* (4) = 31.99; p<0.001) and the interaction
group x block (Wald X (8) = 25.85; p<0.001). Decomposition of interaction
showed that in the first block of the test all shocked groups presented higher
levels of immobility (0.4-2 p<0.01, 0.4-15 p<0.05, 1.5-2 and 1.5-15 p<0.001 vs
control). In the last block only 0.4-15 (p<0.05) and 1.5-2 (p<0.01) groups
were found statistically different from controls animals. In all cases, the anal-
ysis excluding controls revealed no differences related to the number (NS) or
intensity of shock (NS).
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Figure3. Behavioral measures in Context A {conditioned context) during the second day of extinction (day
). A) Percent time spent in freezing, B) distanced travelled and ) percent time spent in immaobility in a
shock chamber during 15 min (divided into 5 min blocks). For control and animals exposed to 2 or 15
shocks of 0.4 or 1.5 mA.® p<0L05, **p<0.01 and ***p<0.001 vs contral group. Means and 5.E.M. are shown.



2.BEHAVIORAL EFFECTS OF SHOCK PARAMETERS IN OTHER ENVIRONMENTS: INFLUENCE OF INTEN-
SITY AND NUMBER

On day 3 all animals were exposed to Context B. Freezing analysis (FigdA)
showed a significant effect for group (Wald X* (4) = 29.04; p<0.001), block
(Wald X* (2) = 19.47; p<0.001) and the interaction group x block (Wald X*
(8) = 29.33; p<0.001). After decomposition of the interaction all shocked
groups showed higher levels of freezing, during the first block, as compared
to control group (0.4-2, 0.4-15 and 1.5mA-2 p<0.01, 1.5-15 p<0.001). In the
second block only the 1.5-15 showed higher levels of freezing behavior in
comparison to controls (p<0.01).Further analysis excluding controls revealed
a significant effect for block (Wald X* (2) = 19.59; p<0.001) and intensity
(Wald X2 (1) = 5.46; p<0.05), being all the other factors and interactions NS.
High intensity shock groups showed more freezing than low intensity shock
groups (p<0.05) regardless of number of shocks administered.

Analysis of activity (FigdB) showed a similar pattern than freezing, a signifi-
cant effect for group (Wald X* (4) = 43.85; p<0.001), block (Wald X* (2) =
15.14; p<0.001) and the interaction group x block (Wald X* (8) = 19.47;
p<0.001). Decomposition of the interaction revealed that all shocked animals
showed hypoactivity in the first (p<0.001 in all cases) and second (0.4-2
p<0.01, 0.4-15 p<0.05, 1.5-2 and 1.5-15 p<0.001 vs control) blocks of the test.
In the last block, only the 0.4-2 group was statistically different from controls
(p<0.05).

The immobility analysis (Fig 4C) showed a significant effect for group (Wald
X* (4) = 52.21; p<0.001), block (Wald X* (2) = 47.82; p<0.001) and the inter-
action group x block (Wald X (8) = 46.87; p<0.001). Further decomposition
revealed that in the first block all shocked groups differed from controls
(p<0.001 in all cases). In the second block, only 0.4-2 (p<0.05), 1.5-2 (p<0.01)
and 1.5-15 (p<0.001) groups were statistically different from controls. In the
last block no differences were found. The analysis excluding controls revealed
that neither activity nor immobility showed differences related to number
(NS) or intensity of shocks (NS).
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On day 7, after the extinction protocol, all animals were exposed to other
environment -Context C- (Fig 5A). The analysis of freezing behaviour re-
vealed no significant effect forgroup, but a significant effect for block (Wald
X2 (2) = 19.98; p<0.001), reflecting a progressive decline in freezing over the
15 min session. On the other hand, analysis of activity (Fig 5B) showed a sig-
nificant effect for group (Wald X* (4) = 13.06; p<0.05) and block (Wald X* (2)
= 140.68; p<0.001) but no interaction between them. Further comparisons



showed that shocked: 0.4-2 (p<0.05), 1.5-2 (p<0.01) and 1.5-15 (p<0.01)
groups presented a mild hypoactivity as compared to controls (in all
blocks). Analysis without controls showed no differences related to number
(N5) or intensity (N5) of shocks on freezing, activity or immobility (Fig5C).
However, regarding immobility despite the interaction number x intensity
(Wald X* (1) = 4.99; p<0.05) was statistically significant, no significant differ-
ences in further comparisons were found.
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Figure, Behavioral measures in Context C on day 7. A) Percent time spent in freezing, B) distanced trav-
elled and C) percent time spent in immobility in a Context B during 15 min (divided into 5 min blocks),
for control and animals exposed 1o 2 or 15 shocks of 0.4 or 1.5 mA, * p<0.05 and **p<0.01 vs control
group. Means and 5.E.M. are shown.



J.EXTINCTION PROTOCOL COULD REVERSE THE HYPOACTIVITY CAUSED BY THE FEAR CONDITIONING
PROTOCOL:

In this section we address directly the effect of the extinction protocol in the
long-lasting effects of fear conditioning. The 1.5-15 NE animals were exposed
to the same conditioning protocol than 1.5-15. However, despite these ani-
mals were exposed to the novel environments -Context B and Context C- no
extinction protocol was followed, in order to determine the specific effects of
fear conditioning extinction on shock-induced hypoactivity. In this section
the behavioral and endocrine analysis between control, 1.5-15 and 1.5-15 NE
group is reported.

Regarding Context B (day 3), behavioral analysis (Fig 6 left panel) revealed
for freezing (A) a significant effect for group (Wald X* (2) = 28.43; p<0.001),
block (Wald X* (2) = 15.28; p<0.001) and the interaction group x block (Wald
X* (4) = 20.54; p<0.001). Further decomposition indicated that shocked ani-
mals showed higher levels of freezing in the first block compared to controls
{p<0.001). In the second block, only 1.5-15 animals remained statistically
different from controls (p=0.001). Regarding activity (B), statistical analysis
showed a significant effect for group (Wald X* (2) = 39.18; p<0.001), block
(Wald X*(2) = 12.78; p<0.01) and the interaction group x block (Wald X* (4)
= 67.22; p<0.001). Decomposition of the interaction revealed that during the
first block, all shocked animals showed hypoactivity compared to controls
(p<0.001). In the second block, both 1.5-15sh and 1.5-15sh NE (p<0.001 and
p<0.01 respectively) remained hypoactive in comparison to controls. Finally,
immobility analysis (C) showed a significant effect for group (Wald X* (2) =
45.54; p<0.001), block (Wald X* (2) = 48.86; p<0.001) and the interaction
group x block (Wald X* (4) = 58.51; p<0.001). Decomposition of interactions
revealed that all shocked animals showed higher immobility in the first
(p<0.001) and in the second block of the test, both 1.5-15sh (p<0.001) and
1.5-15sh NE (p<0.05) compared to controls.

On day 7, all animals were exposed to Context C(Fig 6 right panel). The
freezing analysis (A) revealed a significant effect for group (Wald X* (2) =
11.95; p<0.01) and the interaction group x block(Wald X (4) = 48.86;
p<0.001). Further decomposition revealed that in the first block, 1.5-15NE
group froze more than both control (p<0.001) and 1.5-15 (p<0.001) groups.
In the second block, the same differences were maintained(as compared to



control: p<0.001 and 1.5-15groups: p<0.05 groups). In the last block no dif-
ferences among groups were found.

Regarding the activity analysis (B), results showed a significant effect for
group (Wald X* (2) = 19.87; p<0.001), block (Wald X* (2) = 17.36; p<0.001
and the interaction group x block (Wald X* (4) = 41.30; p<0.001). The de-
composition of the interaction showed that both 1.5-15 (p<0.01 in the first
and in the second block) and 1.5-15 NE (p<0.001 in the first and p<0.01 in
the second block) animals were hypoactive as compared to controls, but the
1.5-15 NE animals showed more hypoactivity than 1.5-15 during the first
block of the test (p<0.01).

The immobility analysis (C) revealed a significant effect for group (Wald X?
(2) = 14.22 p<0.001) and the interaction group x block (Wald X* (4) = 16.90
p<0.001). Further decomposition showed higher immobility in both 1.5-15
and 1.5-15 NE groups as compared to controls in the first and second block
{p<0.001 in all cases). However, the 1.5-15 NE animals showed higher immo-
bility as compared to 1.5-15 group in the first (p<0.01) and the second
{p<0.05) blocks.
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Figure6. Behavioral measures in Context B (left panel) and Context C (right panel) from
control, 1.5-15 and 1.5-15 NE groups. The 1.5-15 NE group was exposed to shock but
extinction training was not undertaken.A) Percent time spent in freezing, B) distanced trav-
elled and C) percent time spent in immobility during 15 min (divided into 5 min time block). *
p<0.05, *p<0.01 and ***p<0.001 vs control group. & p<0.05, && p<0.01 and &&& p<0.001

vs 1.5-15 group.

4. ENDOCRINE RESPONSE TO FEAR CONDITIONING

The analysis of the ACTH response during acquisition on Context A (day 1,
Fig.7A) revealed a significant effect for group (Wald X* (4) = 70.92; p<0.001).
In all shocked groups the plasma ACTH levels were higher than controls (0.4-



2 p«0.01 and p<0.001 vs all others). Further analysis excluding controls re-
vealed that number (Wald X* (1) = 16.45; p<0.001), intensity (Wald X* (1) =
16.86; p<0.001) and the interaction number x intensity (Wald X* (1) = 4.42;
p=0.05) were statistically significant. The 1.5-15 group showed higher levels
than both 1.5-2 and 0.4-15 groups (p<0.001 in all cases).The analysis of plas-
ma corticosterone (Fig 7B) on day 1 showed a significant effect for group
(Wald X* (4) = 20.65; p<0.001). Further comparisons revealed that only the
high shock intensity groups, 1.5-2 (p<0.01) and 1.5-15 (p<0.001), were statis-
tically different from controls. The analysis excluding controls showed a sig-
nificant effect for intensity (Wald X* (1) = 15.80; p<0.001) being all other
factors and interactions NS. Shocked animals exposed to high intensity
showed higher corticosterone levels than those exposed to low intensity
(p<0.001) regardless the number of shocks administered.

When exposed again to the Context A (day 4, Fig.7A), the ACTH analysis
showed a significant effect for group (Wald X* (4) = 9.538 p<0.05). Further
decomposition demonstrated that only the high shock intensity groups (1.5-2
and 1.5-15) showed higher levels of ACTH than controls (p<0.01). In the two
extinction sessions (days 5 and 6), no significant differences in ACTH levels
were found among groups. The analysis excluding control revealed no differ-
ences on day 4, 5 or 6 related to number (NS) or intensity of shocks
(NS).Corticosterone analysis (Fig.7B)revealed a significant effect for group
(Wald X2 (4) = 11.86; p<0.05), but only the 1.5-15 group showed higher corti-
costerone levels than controls (p<0.01). The analysis excluding controls re-
vealed that intensity was statistically significant (Wald X* (1) = 6.88; p<0.01),
showing a higher corticosterone levels in 1.5mA than 0.4mA animals
(p<0.01). Regarding the analysis of successive exposures (days 5 and 6) to the
Context A no differences among groups were found. However, further analy-
sis excluding controls showed a significant effect for intensity on day 5 (Wald
X* (1) = 4.47; p<0.05) and on day 6 (Wald X* (1) = 5.20; p<0.05). Shocked
animals exposed to high shock intensity (1.5mA) showed higher corti-
costerone levels than animals exposed to low shock intensity (0.4mA) regard-
less the number of shock administered (p<0.05 in all cases).
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Figure7. Plasma ACTH (A) and Corticosterone (B) levels after acquisition and after 15 min exposure 1o
Context A on days 4, 5 and 6, for control and animals exposed to 2 or 15 shocks of 0.4 or 1.5 mA. **p<0.01
and *** p<0.001 vs control group. ++ p<0.01 and +++p<0.001 vs respective DdmA group, ~4% p<0.001 vs
respective 2 shocks group. Means and 5.E.M. are shown.

Finally, the analysis of endocrine response to 1.5-15 NE was reported below.
Analysis of endocrine response during acquisition on Context A (day 1, Fig
10A and 10B) showed a significant effect for group in ACTH (Wald X* (2) =
119.89; p<0.001) and corticosterone (Wald X2y =11.09: p<0.01). Further
comparisons revealed that in the two shocked groups plasma ACTH levels
were higher (p<0.001) than in controls. Regarding the corticosterone re-
sponse, only the 1.5-15 group was different from controls (p<0.01), but
1.5mA-15sh NE did not (p=0.065). In any case, animals from the non-
extinguishing group (1.5-15 NE) did not differ from the extinguishing one
(1.5-15).



5. ENDOCRINE RESPONSE TO OTHER ENVIRONMENTS: CONTEXT B AND CONTEXT €

The analysis of endocrine response of animals exposed to Context B revealed
a significant effect for group (Wald X* (4) = 21.93; p<0.001). Posterior com-
parisons revealed that only the 1.5-15 group showed higher ACTH levels as
compared to the control group (p<0.001) (Fig 8A). Analysis excluding con-
trols showed significant effect for number (Wald X* (1) = 4.50; p<0.05) being
all the other factors and interactions NS. Higher ACTH levels were found in
15 compared to 2 shock groups (p<0.05).The corticosterone analysis (Fig 8B)
showed a significant effect for group (Wald X (4) = 22.28; p<0.001). Further
comparisons revealed higher corticosterone levels in Context B in 1.5-2 and
1.5-15 (p<0.05, p<0.001 vs control group respectively). In addition, analysis
without controls revealed that number (Wald X* (1) = 3.83; p=0.05) and in-
tensity (Wald X* (1) = 4.62; p<0.05) factors were statistically significant. The
high shock intensity groups showed higher corticosterone levels than low
shock intensity groups (p<0.05), and shocked animals exposed to 15 shocks
showed higher corticosterone levels with respect to 2 shocks groups (p<0.05).
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Figure.Plasma ACTH (A) and Corticosterone (B) levels after 15 min of exposure to Context B, 3 days
after shock exposure. for control and animals exposed to 2 or 15 shocks of 0.4 or 1.5 mA, *p<0.05,
**p<0.01 and ***p<0.001 vs control group. Means and 5.E.M. are shown,.

Regarding the endocrine response in Context C, neither ACTH nor corti-
costerone response showed statistically significant differences for group,
number or intensity, suggesting a lack of endocrine sensitization (Fig 9A and
9B).
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Figure9, Plasma ACTH (A) and Corticosterone (B) levels after 15 min of exposure to Context C, six days
after shock exposure, for control and animals exposed to 2 or 15 shocks of 0.4 or 1.5 mA. No significant
differences were found, Means and 5.E.M. are shown.

Finally, the analysis of the ACTH levels in the 1.5-15 NE group during Con-
text B (Fig 10A) revealed a significant effect for group (Wald X (2)=19.19;
p<0.001). Later comparisons showed higher ACTH levels in shocked groups
as compared to controls (p<0.001). The corticosterone response (Fig 10B)
followed the same pattern as ACTH, showing a significant effect for group
(Wald X* (2) = 18.64; p<0.001). Both 1.5-15 and 1.5-15 NE presented higher
corticosterone levels (p<0.001 and p<0.01 respectively) than controls. Re-
garding the endocrine response in Context C revealed no differences between
groups in ACTH and corticosterone levels after exposure (Fig 10A and 10B
respectively).
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DISCUSSION

As expected, animals shocked in a specific context (Context A) developed a
long-lasting fear conditioning to the context where the shocks were given.
Shocked animals re-exposed to the context A (without shock) showed the
same level of fear regardless of the intensity or number of shocks. However,
the conditioned endocrine response was evident only in the high intensity
shock groups. In addition, according to previous results, all animals exposed
to the fear conditioning procedure developed hypoactivity in novel environ-
ments (Day 3, Context B). Only in the 1.5-15 group hypoactivity was accom-
panied by a greater endocrine response, suggesting sensitization. Finally, ex-
tinction training markedly eliminated hypoactivity in a novel environment
(Context C).

SHOCK PARAMETERS AND BEHAVIOURAL RESPONSE T0 CONDITIONED CONTEXT (CONTEXT A)

Although freezing behaviour is a rapid and intense response to threatening
stimuli and a good measure of conditioned fear in rodents (Blanchard and
Blanchard, 1969), some evidence showed that after exposure to mild shock
protocols freezing is not the more prominent behaviour (Laxmi et al, 2003).
Additionally, there are some difficulties to detect intensity-dependent differ-
ences in freezing when high shock intensities are used (Baldi et al, 2004).
Taken together, we decided to measure immobility and activity as comple-
mentary fear measures. Our results suggest that animals previously exposed
to shocks, regardless of their intensity and number, presented the same level
of contextual fear conditioning as assessed by freezing, activity and immobili-

ty.

The lack of effect of shock intensity on freezing has been previously reported
by other authors both in cue (Baldi et al, 2004) and in contextual (Bevins et al,
1997) fear conditioning. Nevertheless, some studies using contextual fear
conditioning demonstrated that freezing increased with shock intensity
(Young and Fanselow; 1992, Cordero et al, 1998; Merino et al, 2000). These
controversies could be explained by the different ranges of shock intensities
used among studies. An effect of shock intensity on freezing was usually
found when comparing relatively low shock intensities (Young and Fanselow,
1992; Cordero et al, 1998; Merino et al, 2000), but not when comparing in-



termediate-high intensities (Bevins et al, 1997; Baldi et al, 2004), strongly
suggesting a ceiling effect on freezing behaviour with high intensity shocks.

Regarding the relevance of number of shocks administered, we failed to
found any specific effect on this parameter on the CR. Previous studies using
cue-fear conditioning protocols reported a similar absence of effect of shock
number on both freezing (Quinn et al, 2008) and activity (Laxmi et al, 2003).
Contextual fear conditioning studies observed a positive relationship between
the number of CS-US pairings and the intensity of CR, administering only a
single shock per day during 6 days (Young and Fanselow, 1992). However, on
day 4 the learning curve was asymptotic, reaching already the maximum level
of freezing. In our study different ITIs were used in the 2 and the 15 shock
groups. It has been observed that the more massed (short ITI) US presenta-
tion resulted in lower CR (Fanselow et al, 1993), but it is unlikely that this
may have contributed to the present results for two main reasons. First, in the
latter study the number of shocks was similar for all ITIs. Second, we have
observed similar levels of freezing with 2 and 15 shocks when the ITI was
used (unpublished data).

The response patterns of the different behaviours analysed during the 3 days
of exposure to the context without shock (extinction) offered interesting re-
sults. During the 15 min exposure to the context, within-session extinction
was observed in the last 3 min period for all behaviours, but during successive
exposure to the context on the next days it was apparent that freezing was the
behaviour showing faster extinction whereas immobility and activity extin-
guished slower, both following a similar pattern. This may suggest that freez-
ing represents a stronger fear state than other behaviours, as suggested previ-
ously (Laxmi et al, 2003).

BEHAVIOURAL RESPONSE TO NOVEL ENVIRONMENTS

All shocked groups showed enhanced freezing and immobility and reduced
activity when exposed to an unknown environment (Context B) with charac-
teristics markedly different from the shock context. This is in fully accord-
ance with previous results demonstrating that exposure to a single session of
footshock causes hypoactivity in unknown environments (Van den Berg et al,
1998; Van Dijken et al, 1992a; Van Dijken et al, 1992¢; Van Dijken et al,
1993). Importantly, we and other previously demonstrated that this hypoac-



tivity was associated with the development of contextual fear conditioning
and could reflect a certain degree of generalization of fear to any unknown
environment (Radulovic et al, 1998a; Daviu et al, 2010).

Although neither the number nor the intensity of shocks significantly affected
the magnitude of fear conditioning, shock intensity (regardless of the num-
ber) appears to be relevant for the magnitude of generalization. The influence
of shock intensity was significant for freezing, but the same trend was ob-
served for the other behavioural measures. The results support the hypothesis
that the intensity of the aversive stimulus may be important for generalization
of fear to other places (Fanseow, 1981; Laxmi et al, 2003; Baldi et al 2004),
which is important regarding PTSD in humans and the development of puta-
tive animal models of PTSD.

Finally, we demonstrated that it is possible to partially reverse the hypoactivi-
ty caused by fear conditioning through an extinction protocol. Whereas the
non-extinguished group showed freezing, immobility and hypoactivity in a
novel environment (context C) 8 days after initial shock exposure, the extin-
guished animals did not show evidence of freezing, and both immobility and
hypoactivity were modest as compared to the non-extinguished group. These
findings supports previous data suggesting that the hypoactivity is dependent
on the learning of context fear conditioning (Radulovic et al, 1998a; Daviu et
al, 2010} and agree with results demonstrating that extinction blunted context
fear generalization (Golub et al, 2009).

A certain level of hypoactivity was still observed after extinction. This may
suggests a modest contribution of non-associative components to hypoactivi-
ty. One possibility is a long-lasting shock-induced sensitization of the anxiety
response generated by novel environments. In fact, Siegmund and Wotjack
(2007b) have reported in mice a sensitization of the ASR after shock that is in
great part independent on conditioning.

Extinction training, called exposure therapy, has been used as a cognitive
therapy in PTSD patients. It diminishes PTSD symptoms in subjects exposed
to trauma (Powers et al, 2010; Foa, 2011). Some studies suggest the capability
of fear extinction to disrupt fear memory reconsolidation after recall (Agren
et al, 2012). However, controversial results are found about this efficacy (Nor-



rholm et al, 2008, Golkar et al, 2012). Moreover, little is known about the
extinction protocol in human fear generalization.

ENDOCRINE RESPONSE TO TRAINING, CONDITIONING AND GENERALIZATION

The endocrine response to shock training (Day 1) revealed a greater ACTH
response in all groups exposed to shock as compared to controls merely ex-
posed to the shock chamber. More interestingly, an interaction between
shock intensity and number of shocks was observed in that the group exposed
to 15 shocks of 1.5mA showed the highest ACTH response as compared with
the other shocked groups that did not differ between them. Plasma corti-
costerone followed a somewhat different pattern in that only the two groups
receiving the higher intensity shocks (regardless of the number of shocks)
showed higher corticosterone levels than controls. This dissociation is not
unlikely considering the delayed different time-course of corticosterone as
compared to ACTH and the prompt saturation of adrenocortical synthesis
with intermediate levels of ACTH (Armario et al, 2012). These results are in
partial agreement with previous data showing a positive relationship between
shock intensity and corticosterone response (Cordero et al, 1998), but also
introduce the number of shocks as a new parameter to take into account. It
appears that shock intensity is the most relevant parameter to activate ACTH
release, but the effect is particularly relevant when increasing the number of
shocks received.

When the capability of ACTH or corticosterone to reflect contextual fear
conditioning was assessed, we observed that a higher response than controls
was only observed in the two groups exposed to the higher shock intensity.
The following of the ACTH and corticosterone responses over the extinction
sessions, showed a similar dependency of shock intensity as that observed
during the first testing session and a poor sensitivity to the extinction process.
The present data partially support our previous results demonstrating that
HPA response is able to reflect conditioning to unique single-shock session
(Daviu et al, 2010) or to predator odour (Munioz-Abellan et al, 2009; 2010). It
is possible that the sensitivity of HPA hormones to reflect contextual fear
conditioning is not only dependent on the intensity of the US, but also of how
stressful is the novel environment itself. If the novel environment is more
stressful this may mask conditioning when US are not severe. The present
results also suggest that ACTH is likely to be a better index of conditioning



than corticosterone, at least under certain conditions, although simultaneous
measurement is recommended.

Previous results showed that the shock-induced hypoactivity in novel envi-
ronments was not associated with an enhanced HPA response (Daviu et al,
2010). In the present work similar results were observed except for the 1.5-15
condition, which resulted in higher ACTH response to the Context B. As the
response to shock exposure (day 1, Context A) followed the same pattern, it
appears likely that the results are consequence of stress-induced HPA sensiti-
zation that we know is associated with severe stressors, including shock expo-
sure (i.e. Johnson et al, 2002; Belda et al, 2008). On the contrary, this en-
hanced ACTH response to context B is unlikely to be related to fear generali-
zation as the latter phenomenon was similar in the two high shock intensity
groups.

CONCLUSIONS

In conclusion, the manipulation of intensity and number of shocks has differ-
ent consequences depending on the evaluated response. From a behavioural
point of view, shock manipulation does not appear to be very relevant. But,
an intensity-dependent endocrine response is observed when animals were
exposed to the conditioned context. On the other hand, the endocrine sensiti-
zation observed in 1.5-15 group after novel environments exposure is related
to the high response showed after shock exposure. Moreover, this sensitiza-
tion observed in this severe condition disappears across time. Finally, we
demonstrate that hypoactivity is partially reversed by an extinction protocol.
This last finding provides other therapeutic approaches to the treatment of
fear related pathologies as PTSD.



DISCUSION
GENERAL







El propasito principal de este trabajo ha sido estudiar la relacion entre los
efectos a largo plazo de una exposicién a un estimulo estresante y la capaci-
dad de éste para inducir miedo condicionado, estableciendo una distincion
entre efectos condicionados e incondicionados. Ademds de la implicacion
tedrica, una finalidad importante ha sido la de aportar informacién relevante
para el desarrollo de modelos relacionados con la patologia de ansiedad como
es el caso del PTSD.

HIPO-ACTIVIDAD EN AMBIENTES NUEVOS: CONTRIBUCION DE COMPONENTES ASO-
CIATIVOS

Como se ha observado en diversos estudios, especialmente los realizados en
los anos 90 por el grupo de Tilder y colaboradores y otros laboratorios holan-
deses, la exposicion a una sesion breve de choques eléctricos es capaz de in-
ducir a largo plazo una disminucidn de la actividad de los animales expuestos
a un ambiente nuevo (Van den Berg et al, 1998; Van Dijken et al, 1992a;
1992¢; 1993). La interpretacion de esta hipo-actividad y de otros efectos deri-
vados de una sola exposicion a estimulos estresantes, siempre ha resultado un
tema controvertido, debido a que el hallazgo de determinados efectos a largo
plazo divergia en funcidn del modelo de estrés utilizado. Los efectos observa-
dos se han relacionado con la aparicion de sintomas depresivos (Bruijnzeel et
al, 2001a; 2001b), con una sensibilizacion emocional (Van Dijken et al, 1993)
o con un aumento generalizado de la ansiedad (Imanaka et al, 2006; Khan y
Liberzon, 2004;Kohda et al, 2007). No obstante, los efectos muy modestos de
la administracion de ansioliticos sobre la hipo-actividad causada por la expo-
sicion a un choque eléctrico(Van Dijken et al, 1992b) o la ausencia de efectos
a largo plazo de la exposicion a estimulos estresantes mds severos como la
IMO (Belda et al, 2008) o la administracion de choques eléctricos en la cola
caracteristicos del paradigma de la indefension aprendida (Maier y Watkins,
2005), introduce dudas importantes respecto a las interpretaciones clisicas.

Datos previos obtenidos en otros laboratorios (Radulovic et al, 1998a), junto
con trabajos realizados muy recientemente (Sauerhafer et al, 2012) aportan
una nueva perspectiva para esclarecer la falta de consistencia de los efectos a
largo plazo. Concretamente, ponen de manifiesto la existencia de componen-
tes asociativos y no asociativos en los efectos a largo plazo de la exposicion a
un choque eléctrico. Estos datos, junto con datos previos que demostraban la
ausencia de efectos a largo plazo de estimulos estresantes mis severos que el



choque eléctrico en la cola, nos llevaron a centrar nuestra atencion en el
establecimiento del miedo condicionado, asumiendo que el establecimiento
de dicho condicionamiento seria necesario para el desarrollo de algunos de
los efectos a largo plazo. De este modo, la incapacidad de algunos estimulos
para generar condicionamiento podria explicar la falta de consistencia en los
efectos encontrados cuando comparamos distintos estimulos estresantes. La
eleccion del choque eléctrico como modelo para el estudio del condiciona-
miento de miedo al contexto esti basada en el gran namero de trabajos al
respecto y la gran reproducibilidad de los resultados.

El primer estudio realizado (capitulo 1, experimentol) mostrd, de acuerdo
con datos previos (Van den Berg et al, 1998; Van Dijken et al, 1992a; 1992¢;
1993), que los animales sometidos a una sesion corta de choques eléctricos
mostraban tanto un aumento del freezing (CR)a corto y a largo plazo en el
contexto del choque, como hipo-actividad a largo plazo en ambientes nuevos.
Mas interesante ain, pudimos observar que esta hipo-actividad no desapare-
cia tras sucesivas exposiciones a diferentes ambientes, observindose efectos
hasta 12 dias después de la exposicion al choque.

Tras los resultados obtenidos con la primera aproximacidn, seguia siendo
necesaria la comprobacidn directa de la relacion entre el establecimiento de
miedo al contexto y el desarrollo de hipo-actividad en otros ambientes. Con
este objetivo, en el segundo experimento se introdujo un grupo experimental
sometido al procedimiento del choque inmediato (Fanselow, 1990). Dado que
este procedimiento impide normalmente el establecimiento del condiciona-
miento del miedo al contexto, su utilizacion nos permitia separar de manera
clara los efectos asociados al condicionamiento de los efectos incondiciona-
dos del choque debido a sus propiedades estresantes. Los resultados de este
estudio (capitulo 1, experimento 2) mostraron que los animales sometidos al
procedimiento de choque inmediato, a diferencia de los animales condicio-
nados, no mostraron ni condicionamiento al contexto ni tampoco presenta-
ron una disminucion de la actividad en la exposicion posterior a otro ambien-
te distinto. El hallazgo de que la hipo-actividad a largo plazo en ambientes
nuevos era dependiente del desarrollo de un condicionamiento al contexto
estaba en consonancia con datos obtenidos por otros autores que ya habian
senalado la relacion existente entre el establecimiento del condicionamiento y
la generalizacion de la conducta de freezing (Radulovic et al, 1998a). Los au-
tores sugerian también que estos efectos dependientes de la adquisicion de un



condicionamiento no estaban relacionados con un aumento de la ansiedad.
En consonancia con estos datos previos, nuestro estudio tampoco aporto
resultados interpretables como un aumento de la ansiedad. Los animales
condicionados no presentaron una disminucion ni del tiempo ni del nimero
de las entradas en los brazos abiertos del EPM, ni tampoco mostraron un
aumento de la respuesta endocrina delante de los ambientes nuevos, hecho
que podria estar indicando un aumento de la respuesta emocional (Armario,
2006).

Hemos confirmamos, por lo tanto, la existencia de efectos a largo plazo de-
pendientes del desarrollo de un condicionamiento de miedo al contexto. Pos-
teriormente a nuestro trabajo, otros autores han demostrado la misma de-
pendencia (Sauerhéfer et al, 2012). La aparicion de esta hipo-actividad estaria
mediada principalmente por un componente asociativo y no podria interpre-
tarse como una sensibilizacion frente a cualquier situacion estresante. Ade-
mads, aportamos datos nuevos que revelan la estabilidad de este efecto (12
dias), mostrando una ausencia de extincidn como consecuencia de la exposi-
cion repetida a distintos ambientes nuevos.

¢CUAL PUEDE SER LA INTERPRETACION DE ESTA HIPG-ACTIVIDAD?

Como se ha comentado anteriormente, después de la exposicion a un choque
eléctrico, podemos observar sensibilizacion en algunas de las conductas utili-
zadas para medir la CR (Kamprack yWotjack, 2004). La exposicion a una
sesion breve de choques eléctricos puede inducir la aparicién de una mayor
respuesta de freezing frente a estimulos sensoriales que nunca han sido aso-
ciados al choque eléctrico (v.g. tono). 5in embargo, en nuestro estudio, los
animales sometidos al procedimiento del choque inmediato no muestran
hipo-actividad en ambientes nuevos, por lo que no podemos considerar que
dicha hipo-actividad esté desencadenada por un mero proceso de sensibiliza-
cién frente al estrés que representa un ambiente nuevo. Es necesario conside-
rar explicaciones alternativas que pongan de manifiesto la contribucion de un
componente asociativo, como en el caso de la generalizacion del miedo.

El estudio de la generalizacion del miedo se lleva a cabo, de manera habitual,
mediante el andlisis en otros contextos de la misma respuesta (CR) que se ha
valorado durante la exposicion al contexto asociado al choque (en nuestro
caso el freezing). Sin embargo, observamos ausencia de freezing tras la expo-
sicion a los diferentes ambientes, con la salvedad del cilindro. La aparicion de



conductas alternativas al freezing como posibles respuestas de miedo ya ha
sido descrita por otros autores (Laxmi et al, 2003), relacionando diferentes
intensidades de miedo con distintos repertorios de conductas. Aunque el
freezing es la expresion mds intensa de miedo, pueden observarse también
otras conductas defensivas o de cautela, como la hipo-actividad, con niveles
menores de miedo. Asi, se observaria hipo-actividad en ambientes que difie-
ren mucho en tamano y otras caracteristicas del contexto condicionado origi-
nal, mientras que en el cilindro, cuyo tamano es similar al del contexto del
choque, apareceria freezing como reflejo de un mayor nivel de miedo. No
obstante, el aumento del freezing en el cilindro podria estar relacionado sim-
plemente con su tamanio, dado que la exposicion a un ambiente de dimensio-
nes reducidas favoreceria la aparicion de freezing. En cambio, en ambientes
de mayor tamafio se veria favorecida la aparicion de otras conductas alterna-
tivas.

Existen diferentes teorias acerca de como se procesan las sefiales del contexto,
de las que se deriva también la explicacion del fendmeno de la generalizacion.
Clisicamente se han barajado dos posibilidades, la teoria elemental (Rescorla
y Wagner, 1972) vy la configuracional (Pearce, 1994). 5in embargo, en los dl-
timos anos, la visién de una tercera posibilidad que englobe a las dos anterio-
res ha adquirido relevancia. Aunque el contexto se pueda procesar desde un
punto de vista elemental, coexiste con un procesamiento del contexto que
forma una imagen global que es mas que la suma de sus elementos (Rudy et
al, 2004).5in embargo, la interpretacion de la hipo-actividad en ambientes
nuevos parece ir mas alld de la generalizacion basada en los elementos que
configuran el contexto. Los animales estarian generalizando que todos los
ambientes nuevos pueden ser potencialmente peligrosos, mostrando asi una
conducta de cautela frente a estos. Estariamos por lo tanto frente a un tipo de
generalizacion cognitiva no basada en el procesamiento sensorial del contex-
to.

ESTUDIO PARAMETRICO DEL CHOQUE ELECTRICO: EFECTOS CONDICIONADOS E IN-
CONDICIONADOS

Todos los efectos descritos anteriormente utilizando el choque eléctrico como
US se han obtenido con sesiones de choques eléctricos breves. Debido a este
hecho, no podemos descartar que el aumento de la intensidad del estrés pue-
da inducir cambios de mayor magnitud de la CR o incluso un aumento de la



ansiedad generalizada. Con este objetivo, estudiamos los efectos de la mani-
pulacion de dos parametros: la intensidad del choque eléctrico y el nimero de
choques. Como se ha comentado extensamente en la Introduccion y en el
Capitulo 111, la relacion entre la intensidad del US y la CR puede depender del
rango de intensidades de choque utilizado. Asi, si nos centramos en el free-
zing como CR, cuando se trabaja con intensidades relativamente bajas se
puede observar una relacion positiva entre la intensidad del choque vy la de
CR (Young v Fanselow 1992; Cordero et al, 1998; Merino et al, 2000); en
cambio, se observa un efecto techo cuando las intensidades utilizadas son
intermedias o elevadas (Bevins et al, 1997: Baldi et al, 2004).

Teniendo en cuenta las consideraciones mencionadas anteriormente, la rea-
lizacidon de un estudio paramétrico del choque eléctrico (Capitulo 3) plantea-
ba la necesidad de introducir algunas modificaciones en el procedimiento
experimental. En este estudio se utilizaron cajas de condicionamiento con
dimensiones superiores a las utilizadas en los estudios anteriores con el obje-
tivo de valorar si otras variables, como por ¢jemplo la actividad y la inmovi-
lidad, podrian resultar mds sensibles que el freezing a la manipulacion de los
parametros del choque. La utilizacion de cajas estandar para el condiciona-
miento ofrece pocas posibilidades de medir conductas alternativas al freezing.
Ademds, en el caso de las ratas, la proporcion del tamano de los animales
respecto al tamano de las cajas promueve la inactividad que es ficilmente
confundible con el freezing. Los estudios anteriores que habian mostrado la
existencia de conductas de miedo alternativas al freezing habian sido llevados
a cabo en ratones, los cuales, debido a su tamano mas reducido respecto al
contexto, pueden desarrollar conductas alternativas al freezing (Laxmi et al,
2003).

Los resultados del estudio mostraron que ninguna de las variables conductua-
les analizadas (freezing, actividad e inmovilidad) eran sensibles a los dos pa-
rametros estudiados (intensidad y niamero). Tampoco se observé efecto del
namero e intensidad de los choques durante la fase de extincion del condi-
cionamiento. No obstante, el comportamiento a lo largo de los dias de las
diferentes medidas conductuales fue distinto. El freezing fue la primera me-
dida que mostré extincion. En cambio, la inmovilidad y la actividad mostra-
ron extincion pero ain se observaron diferencias con el grupo control en la
tltima extincion. Este patrén de extincién diferencial del freezing respecto a
la inmovilidad y la hipo-actividad parece razonable en términos de intensidad



de respuesta de miedo, siendo la hipo-actividad o la inmovilidad respuestas
residuales asociadas a un nivel menor de miedo (Laxmi et al, 2003).

Del mismo modo que en los anteriores estudios, todos los grupos sometidos a
choque eléctrico mostraron hipo-actividad cuando fueron expuestos a un
ambiente nuevo. En este caso, el grupo 1.5-15parecia mostrar una mayor
inhibicion de la actividad aunque no llegd a ser significativa respecto a los
otros grupos sometidos a choque. En cambio, el freezing se mostrd sensible a
la intensidad del choque recibido, observandose una mayor generalizacion de
la respuesta en aquellos animales que habian sido condicionados con la inten-
sidad mas alta (independientemente del nimero de choques administra-
dos).Por consiguiente, a diferencia de lo observado en el contexto condicio-
nado, en este caso si se observa una leve influencia de la manipulacion de los
parametros, mds concretamente de la intensidad, corroborando datos previos
obtenidos en nuestro laboratorio (datos no publicados).

La muy moderada influencia del nimero e intensidad de choques no es expli-
cable porque el nivel de estrés causado por los diferentes protocolos de cho-
ques fuera similar en todos los casos. En respuesta al choque el dia de la ad-
quisicion, observamos la maxima respuesta de ACTH en el grupo sometido a
15 choques de 1.5mA, el protocolo mds intenso. Teniendo en cuenta que este
efecto diferencial, del nimero de choques no se observa en los grupos expues-
tos a la intensidad de 0.4mA, asumimos que la modificacion del namero de
choques estaria afectando a la respuesta hormonal sélo cunando la intensidad
es elevada.

CHOQUE VERSUS INMOVILIZACION: ESTUDIO COMPARATIVO DE LOS EFECTOS CONDI-
CIONADOS

La IMO es considerada un estimulo de alta intensidad teniendo en cuenta los
marcadores cldsicos de estrés (Armario y Jolin, 1989; Marti et al, 2001; Mdr-
quez et al, 2002). La exposicion aguda a la IMO es capaz de inducir a largo
plazo alteraciones en la memoria declarativa (Andero et al, 2012), y en la ex-
tincion de la memoria del miedo (Andero et al, 2011) asi como sensibiliza-
cion emocional puesta de manifiesto por un aumento de los niveles de ansie-
dad cuando se sobrepone otro estimulo estresante de menor intensidad (Bel-
da et al, 2008). No obstante, a diferencia de lo que ocurre con otros estimulos
estresantes de menor intensidad (Armario et al, 2008), no modifica a largo
plazo de manera consistente los niveles de ansiedad o de actividad en ambien-



tes nuevos, asi como tampoco consigue inducir conductas de evitacion rela-
cionadas con el estimulo estresante (efectos condicionados) (datos no publi-
cados).

Considerando la hipdtesis de que determinados efectos a largo plazo son de-
pendientes del desarrollo de un condicionamiento de miedo, nos propusimos
estudiar el condicionamiento al contexto utilizando la IMO como US y el
choque como modelo de referencia. En el segundo bloque de experimentos
{capitulo 2, experimentos 1 y 2) se llevo a cabo un estudio comparativo (cho-
que eléctrico o IMO como US) mediante dos experimentos independientes,
pero en los dos casos se valoré la CR (conductual y endocrina) en dos mo-
mentos distintos: a corto plazo y a largo plazo. La respuesta conductual fue
analizada valorando el freezing en el caso del choque y la actividad en el caso
de la IMO.

A corto plazo, los animales sometidos a choque eléctrico presentaban un au-
mento de la conducta de freezing cuando permanecian en el contexto condi-
cionado una vez terminado el choque. Asimismo, los animales sometidos a
IMO también mostraron una disminucién de la actividad comparada con los
controles. Cabe mencionar, que el uso de la actividad como CR inmediata-
mente después del estrés tiene serias limitaciones, dado que la exposicion a
estimulos estresantes de elevada intensidad induce una disminucion inespeci-
fica de la actividad que puede durar varias horas (Reinstein et al, 1984; Pol et
al, 1992).Dias mas tarde, el estudio de la CR a largo plazo reveld que los ani-
males sometidos a choque eléctrico seguian mostrando CR. Sin embargo, los
animales que habian recibido la IMO como US, todo y presentar hipo-
actividad a corto plazo, no mostraron una disminucion de la actividad como
CR cuando fueron expuestos8 dias mas tarde al contexto condicionado. La
hipo-actividad observada el dia del condicionamiento no se tradujo en una
disminucion de la actividad 8 dias mds tarde, confirmando asi el origen ines-
pecifico de la misma el dia del condicionamiento.

En los dos primeros estudios ambos estimulos se valoraron por separado.
Ademis, los contextos condicionados, los tiempos utilizados y las medidas
conductuales analizadas fueron, por razones técnicas y metodolégicas, distin-
tas. En el estudio del condicionamiento del contexto con la IMO como US fue
necesario cambiar el contexto condicionado respecto al utilizado en el caso
del choque por problemas con el alojamiento de la tabla de IMO por su ta-
mano. El aumento del tamano del contexto obligd a cambiar la CR (activi-



dad), debido que el freezing en espacios grandes tiende a disminuir (Bolles y
Collier, 1976).No obstante, estas modificaciones no deberian afectar a la ca-
pacidad de la IMO para inducir condicionamiento. Se ha demostrado que el
olor al depredador, todo y no compartir muchas caracteristicas metodoldgi-
cas con el chogue eléctrico, promueve sin dificultad el condicionamiento de
miedo al contexto (Blarnchard et al, 2003¢; Muiioz-Abellin et al, 2008). En
cualquier caso, se optd por realizar un tercer estudio para garantizar la maxi-
ma similitud en el procedimiento, aun teniendo en cuenta que la naturaleza y
caracteristicas de los estimulos son muy dispares. Ademas, se planted la valo-
racion del posible papel de la tabla de IMO como clave condicionada especifi-
ca.

Los resultados de este tercer estudio (capitulo 2, experimento3) mostraron
que, a pesar de la homogenizacion del contexto y del procedimiento experi-
mental, la IMO, a diferencia del choque, se volvio a mostrar incapaz de indu-
cir condicionamiento del miedo a un contexto. De nuevo, s6lo el grupo some-
tido a choque eléctrico mostré CR a largo plazo delante del contexto condi-
cionado, siendo observable por un aumento del freezing, una disminucidn de
la actividad motora y un aumento de la respuesta del eje HPA frente al con-
texto condicionado (Daviu et al, 2012).

La obtencion de manera recurrente de resultados negativos con el uso de la
IMO como US, planted la posibilidad de que algin estimulo mas concreto
pudiera estar enmascarando el condicionamiento del contexto. Esta bien
establecido que cuando se lleva a cabo un condicionamiento del miedo a una
clave especifica, la CR al contexto puede verse reducida (v.g. Baldi et al, 2004).
La clave oscurece el condicionamiento del contexto debido a que este queda
relegado a un segundo plano (background) y la clave se convierte en el esti-
mulo mas relevante, propiciando la aparicion del fenémeno denominado
ensombrecimineto (overshadowing) (Maren et al, 1994). Existia la posibilidad
de que la tabla donde el animal era inmovilizado estuviera actuando como un
CS especifico, mds relevante que el contexto, provocando un ensombreci-
miento del altimo. Con el objetivo de estudiar esta posibilidad, en este tercer
estudio, durante la re-exposicion al contexto condicionado, la mitad de los
animales controles e inmovilizados fueron expuestos al contexto condiciona-
do en el que de forma adicional se habia incorporado la tabla de IMO (sin
estar el animal sujeto a ella).Los resultados del estudio mostraron que la pre-
sencia de la tabla de IMO cuando se valord el condicionamiento no produjo



una disminucion de la actividad en el contexto condicionado. Ademais, los
animales no exhibieron ninguna conducta de evitacion hacia la tabla, descar-
tando la aparicion de un posible condicionamiento a la tabla de IMO (CS
especifico) que estuviera debilitando el condicionamiento al contexto.

¢POR QUE LA INMOVILIZACION NO ES CAPAZ DE PRODUCIR CONDICIONAMIENTO DE
MIEDO AL CONTEXT0?

Podemos considerar varias posibilidades para explicar por qué la IMO no se
muestra eficaz como US en un protocolo de condicionamiento de miedo al
contexto. La naturaleza tan dispar de los dos estimulos puede ser un factor
importante a tener en cuenta En primer lugar, a diferencia del choque eléctri-
co, el animal sometido a la IMO no pueda explorar el contexto mientras se
administra el US. Como se ha comentado en varias ocasiones en este trabajo,
la falta de reconocimiento del contexto previo al choque eléctrico origina el
déficit del chogue inmediato (Fanselow, 1990). La imposibilidad de explorar
el contexto durante la IMO podria provocar un déficit similar. Pero, todo v la
falta de exploracidn del contexto durante la exposicion a la IMO, que podria
estar causando una disminucion del potencial de ésta para producir condi-
cionamiento, la exposicion previa al contexto (5 min) antes de presentar el
US (IMO) deberia ser suficiente para inhibir este efecto adverso como ocurre
con el choque (Fanselow, 1990; Rudy y O'Really, 1999).

Por otro lado, el choque eléctrico se caracteriza por ser un estimulo discreto y
bien delimitado en el tiempo, mientras que la IMO es un estimulo continuo.
Al aparecer sdlo una vez, aunque sea de forma mads prolongada en el tiempo,
se puede asumir que el animal no tiene tantas oportunidades para asociar el
contexto (CS) con la IMO (US). Sin embargo, aunque esta explicacion pueda
ser considerada desde el punto de vista tedrico, el hecho de que un sélo cho-
que tenga la capacidad de provocar condicionamiento del miedo (Fanselow,
1980; Rudy,1993; Radulovic et al, 1998a), contradice la vision de que esta
caracteristica de la IMO pueda resultar un factor critico para explicar la au-
sencia de efectos condicionados. Ademas, la aproximacion al estudio del con-
dicionamiento del miedo con la IMO mediante un protocolo intermitente
(mis parecido al del choque eléctrico) tampoco ha aportado datos positivos.
Datos no publicados de nuestro laboratorio muestran como el uso de un pro-
cedimiento de IMO irregular, que consiste en inmovilizar y liberar varias
veces al animal durante la fase de adquisicion, no induce tampoco ningin



efecto condicionado a largo plazo. Cabe mencionar que en este trabajo nos
hemos centrado especificamente en el estudio del condicionamiento del mie-
do al contexto. No obstante, hemos llevado a cabo estudios de condiciona-
miento de miedo a un CS especifico (olor) con la obtencion de resultados
igualmente negativos. Todos los datos en conjunto ponen en evidencia que la
falta de condicionamiento de la IMO es un fendmeno replicable entre expe-
rimentos, independientemente de los procedimientos, estimulos y tiempos
utilizados.

Como se ha comentado anteriormente, el choque eléctrico es un estimulo que
muestra una gran facilidad para el condicionamiento. Esta facilidad estaria
relacionada con el concepto de “relevancia asociativa™ acunado por Garcia y
Koelling (1966). Estos autores demostraron que determinados empareja-
mientos de CS y US especificos propiciaban el aprendizaje. Desde este punto
de vista, no podemos descartar que la falta de condicionamiento sea debida a
que no se ha encontrado el CS adecuado para el condicionamiento de la IMO.
Desde la perspectiva ofrecida por este conjunto de datos, la incapacidad de la
IMO de inducir condicionamiento podria estar relacionada con el concepto
de "preparedness” propuesto por Seligman (1971).Este concepto pone de ma-
nifiesto la existencia de asociaciones entre estimulos que estin bioldgicamen-
te preparadas, proporcionindoles una gran rapidez a la hora de realizar
aprendizajes. El choque eléctrico podria ser una de ellas, y la IMO por su par-
te no gozaria de ésta caracteristica. Esta podria ser una posible explicacion de
la falta de estudios de condicionamiento con otros estimulos estresantes que
no sean el choque eléctrico o el olor al depredador.

Existen otras posibles explicaciones alternativas. Muchas evidencias muestran
la relacion positiva entre la liberacion de glucocorticoides y la formaciéon de
memorias emocionales, entre las que se encuentra el condicionamiento del
miedo (Sandi y Pinelo-Navas, 2007).8in embargo, tanto la exposicion a la
IMO (Armario y Jolin, 1989; Marti et al, 2001} como al choque eléctrico in-
ducen una elevada respuesta del eje HPA (Marquez et al, 2002). Por tanto,
una baja liberacion de glucocorticoides no explicaria la falta de condiciona-
miento. Contrariamente, debido a la elevada respuesta endocrina que induce
la IMO y sobre todo la prolongada activacion post-estrés podria interferir en
la correcta consolidacion de la memoria. Sin embargo, estudios realizados
recientemente (Mufnoz-Abellin et al, 2011) han mostrado que la exposicién a
la IMO de forma simultinea a la realizacion de la adquisicion de un condi-



cionamiento utilizando el olor al depredador como US no induce ningin
déficit de memoria sobre el condicionamiento del olor al depredador valora-
do en el contexto condicionado 7 dias mds tarde. Estos datos descartan cual-
quier interferencia de la IMO sobre la adquisicion de un aprendizaje.

RESPUESTA DEL EJE HPA COMO MEDIDA DE CONDICIONAMIENTO

Se ha demostrado repetidamente que la activacion del eje HPA es sensible a la
intensidad de los estimulos estresantes, aunque no todas las consecuencias del
estrés pueden predecirse a partir de la valoracion de la activacion de dicho eje
{Armario, 2006; Armario et al 2012). Por otro lado, las dos hormonas del eje
HPA (ACTH y corticosterona) no siempre cambian en paralelo, basicamente
por tres razones: (a) la diferente dindmica temporal de respuesta; (b) la pron-
ta saturacion de la secrecion adrenocortical con niveles intermedios de
ACTH; y (c) la regulacion nerviosa de la adrenal, que modula la respuesta a la
ACTH circulante. En las condiciones de nuestros experimentos, los datos de
ACTH son en general un reflejo mis adecuado del procesamiento de la situa-
cion en el SNC, razon por la cual prestaremos mds atencion a esta hormona.

Diversos estudios previos habian puesto de manifiesto la utilidad de la res-
puesta del eje HPA (usualmente la corticosterona) como reflejo del condicio-
namiento del miedo al choque eléctrico (Van de Kar et al, 1991; Goldstein et
al, 1994; Campeau et al, 1997; Cordero et al, 1998; Merino et al, 2000) y mds
recientemente al olor a depredador (Mufioz-Abelldn et al, 2009; 2010). Sin
embargo, pocos estudios han intentado demostrar si la respuesta obtenida
frente al contexto condicionado refleja condicionamiento o una posible sen-
sibilizacion hormonal como consecuencia de la exposicion previa al estimulo
estresante. Nuestros resultados aportan evidencias de que esta respuesta es
debida especificamente a la exposicion al contexto condicionado, es decir,
respuesta dependiente de procesos asociativos por dos razones basicas. En
primer lugar, los animales sometidos a condicionamiento utilizando el cho-
que eléctrico como US solo muestran una respuesta aumentada del eje HPA
delante del contexto condicionado y no delante de otros contextos diferentes,
en concordancia con lo obtenido anteriormente con el olor al depredador
(Munoz-Abellin et al, 2009; 2010). Ademas, aquellos animales que no han
podido desarrollar el condicionamiento (animales sometidos al procedimien-
to de choque inmediato) no muestran un aumento de la respuesta del eje
HPA frente al contexto condicionado.



Cuando se baraja la utilizacion de la respuesta del eje HPA como medida de
respuesta condicionada, es preciso realizar un apunte metodolégico. En todos
los estudios de otros laboratorios en los que se ha observado una respuesta del
gje HPA al condicionamiento, la duracién de las exposiciones a las diferentes
pruebas ha sido de al menos 15 min y ese es el protocolo seguido en nuestro
laboratorio. La razon es que el tiempo utilizado de forma habitual para valo-
rar conductualmente el condicionamiento suele ser de 5 min de exposicion al
contexto condicionado y este tiempo es insuficiente para que la ACTH, de
liberacién mds ripida que la corticosterona, refleje el condicionamiento (Ar-
mario et al, 2012). Puesto que 5 min de exposicion son suficientes para en-
contrar un aumento notable de la ACTH en respuesta a un estimulo estresan-
te (Kovacs y Sawchenko, 1996), parece probable que la valoracion de los nive-
les de ACTH alos 5 min de la exposicion al contexto no sean suficientes para
que el miedo asociado al contexto se refleje en los niveles circulantes de
ACTH.

Nuestros datos indican que la dindmica de recuperacion de la respuesta del
eje HPA el dia de la adquisicion también proporciona informacion relevante
acerca de los efectos condicionados a corto plazo. Asi, se observd una ralenti-
zacion de la recuperacion de la respuesta de eje HPA por la permanencia en el
contexto previamente utilizado para administrar el choque respecto a los
animales que fueron devueltos a su caja habitual en el animalario. Estos datos,
que estan en consonancia con los obtenidos anteriormente (Gao et al, 2008),
indican que el mantenimiento de los animales en el contexto asociado al cho-
que sostuvo una activacion condicionada del eje HPA, lo que puede ser de
utilidad para reforzar los datos conductuales. La valoracion de la respuesta
del eje HPA en el estudio de los efectos de la intensidad y el nimero de cho-
ques mostrd que la respuesta endocrina tras los choques eléctricos se veia
incrementada en funcién del namero de choques solo en con la intensidad
alta. Los animales del grupo 1.5-15 mostraron unos niveles de ACTH muy
superiores al resto de los grupos. Con respecto a la corticosterona, los dos
grupos de intensidad elevada mostraron un aumento de sus niveles sin dife-
rencias entre ellos. Por otro lado, el estudio de la respuesta del eje HPA frente
al contexto condicionado reveld que la intensidad del chogque era el factor
mas relevante. Tras la exposicion al contexto condicionado, los dos grupos de
intensidad alta presentaron una mayor respuesta de ACTH delante del con-
texto comparados con el grupo control, siendo poco relevante el efecto del
nimero de choques. Cabe destacar, que a pesar de que ambos grupos de cho-



que 1.5 mA presentaban un aumento de los niveles de ACTH, sdlo el grupo
1.5-15 presentd niveles de corticosterona superiores. Estas disociaciones entre
ambas hormonas sugieren que es mejor valorar ambas para obtener una in-
formacion mas adecuada.

La mayor respuesta de ACTH de los grupos 1.5 mA sélo se observo durante la
primera exposicion al contexto condicionado, sin diferencias posteriores tras
las siguientes exposiciones. No obstante, los niveles de corticosterone se man-
tuvieron elevados en los grupos de alta intensidad, sugiriendo una elevacion
muy transitoria de la ACTH no observable a los 15 min o una sensibilizacion
de la respuesta de la adrenal. En los primeros estudios con el choque eléctrico
no habiamos observado sensibilizacion de la respuesta hormonal cuando los
animales fueron expuestos a un ambiente nuevo. En cambio, en el estudio de
los efectos de la intensidad vy el namero de choques pudimos observar como
los animales sometidos al protocolo de choque mas severo (15 choques de 1.5
mA) mostraron un aumento de la respuesta de ACTH cuando fueron expues-
tos a un ambiente nuevo no asociado con el contexto del choque eléctrico.
Teniendo en cuenta que la respuesta hormonal del grupo 1.5-15 el dia de la
adquisicion también fue la mas elevada, estos resultados sugieren la aparicion
de sensibilizacion heterotipica (efecto incondicionado) cuando aumentamos
la severidad del estimulo estresante utilizado para la adquisicion del miedo
condicionado. Estos datos estarian en consonancia con resultados previos que
muestran la existencia de una relacion positiva entre la intensidad del estimu-
lo estresante y la sensibilizacion del eje HPA frente a un estimulo heterotipico
de baja intensidad (Belda et al, datos no publicados). Por otro lado, los niveles
de corticosterona estaban elevados en los dos grupos de 1.5 mA, a pesar de
que solo el grupo 1.5-15 mostraba aumento de los niveles circulantes de
ACTH, lo que de nuevo sugiere una sensibilizacion de la adrenal. Aunque en
este experimento la respuesta del eje HPA se mostrd aparentemente mas sen-
sible a las modificaciones de los pardmetros que las variables conductuales
analizadas, es muy probable que esto sea debido a sensibilizacion no especifi-
ca.

En conjunto, los resultados hormonales confirman que las hormonas del eje
HPA son buenos marcadores de intensidad de estrés y son capaces de reflejar
¢l condicionamiento del miedo, pero la conducta es mis sensible con niveles
bajos de choque en tanto que la respuesta hormonal podria discriminar mejor
las intensidades elevadas. No obstante, es dificil descartar en este segundo



caso que los resultados vengan influidos por procesos de sensibilizacion ines-
pecifica del eje HPA, que ademids podrian afectar de manera prioritaria a la
corticosterona. Considerando las limitaciones de la conducta y la respuesta
hormonal, la valoracion conjunta de ambas puede ofrecer una mis adecuada
valoracion de los procesos asociados a la exposicion a estimulos nocivos.

IMPLICACIONES PARA LOS MODELOS ANIMALES DE PTSD

El PTSD es un trastorno de ansiedad que se caracteriza a grandes rasgos por
la presencia de varias tipologias de sintomas (Yehuda y Ledoux, 2007): (i) re-
experimentacion de la situacion traumatica en forma de pesadillas o flashba-
cks, (ii) evitacion de estimulos/lugares relacionados con el evento traumitico,
(iii) generalizacion del miedo o conductas de evitacion a otros estimulos no
relacionados con el evento traumdtico, y por dltimo (iv) la aparicidn de sin-
tomas relacionados con un aumento del arousal como por ejemplo la hipervi-
gilancia. Recientemente, en la publicacion de la version actualizada del ma-
nual diagnostico DSM-5, se ha incluido otra tipologia de sintomas: los pen-
samientos y estados de danimo negativos. La introduccion de este cluster de
sintomas sitia al PTSD en la interseccion entre ansiedad y la depresion (ver
anexo DSM 5).

Como se ha comentado extensamente en la Introduccidn, se han utilizado
diferentes modelos animales para el estudio de los efectos a largo plazo pro-
vocados por la exposicion a un estimulo estresante. En los altimos anos se ha
extendido ampliamente la utilizacion del choque eléctrico como modelo para
el estudio del PTSD (Stam, 2007; Armario et al, 2008). Su capacidad para
producir efectos condicionados y no condicionados a largo plazo con una
sola exposicion, o la posibilidad de usar el contexto y/o un CS especifico co-
mo recordatorios o reminders de la situacion traumatica le aporta validez
aparente como modelo de PTSD. Sin embargo, todo v el gran numero de
cambios conductuales encontrados con el choque eléctrico, el hecho de que
los cambios en la conducta producidos por la exposicion al choque eléctrico
no puedan ser siempre interpretables en términos de ansiedad (Van Dijken et
al, 1992b; Radulovic et al, 1998a; Daviu et al, 2010) es un aspecto critico para
la validacidn de este modelo para el estudio del PTSD.

La falta de efectos del choque eléctrico sobre la ansiedad nos hizo plantear la
posibilidad del uso de la IMO como modelo de PTSD. La IMO es un estimulo
muy severo, incluso comparado con el choque eléctrico (Mdrquez et al, 2002).



Es capaz de inducir déficits en la memoria declarativa (Andero et al, 2011) y
en la extincion del miedo condicionado (Andero et al, 2010), ademis de pro-
ducir efectos sensibilizadores de la ansiedad valorada en el EPM cuando se
sobreponen estimulos estresantes de baja intensidad (Belda et al, 2008). No
obstante, la falta de efectos a largo plazo sobre la actividad en ambientes nue-
vos 0 sobre la ansiedad en condiciones basales siempre han sido aspectos
problemadticos para su consideracion como modelo de PTSD. En este sentido,
el presente trabajo pone de manifiesto una cuestion mds importante si cabe
que la falta de efectos sobre la actividad y la ansiedad: la ausencia de efectos
condicionados de la exposicion a la IMO, que si representa una barrera im-
portante para poder considerar su uso como un modelo de PTSD.

La generalizacion del miedo a situaciones diferentes de las que originan el
trauma es un sintoma clave en pacientes con PT5D y una de las principales
causas de malestar de los pacientes (Mahan y Ressler, 2012). La capacidad de
identificar la causa de estas conductas puede resultar clave para el desarrollo
de modelos y tratamientos. En este trabajo hemos demostrado que la hipo-
actividad inducida por la exposicion a una sesion breve de choques eléctricos
esta asociada al desarrollo de un condicionamiento de miedo al contexto y no
desaparece con el paso del tiempo. Ademds, corroborando datos anteriores
(Radulovic et al, 1998a), esta hipo-actividad no es interpretable en términos
de un aumento general de la ansiedad, sino que reflejaria un fendmeno de
generalizacion del miedo, lo que viene apoyado por los resultados que mues-
tran que la extincion del miedo condicionado (llevado a cabo 72 h después de
la adquisicion) es capaz de revertir en gran parte la hipo-actividad en otros
contextos. Andloga al procedimiento de extincion en roedores, la terapia de
exposicion en humanos (Foa, 2011) es una de las aproximaciones terapéuticas
mas eficaces para el tratamiento del PTSD (Taylor et al, 2003; Nemeroff et al,
2006; Foa, 2011). Sin embargo, el mayor reto de este tipo de terapia es poder
resolver la dependencia del contexto que tiene la extincion y poder generali-
zarla a todos los dmbitos de la vida del paciente (Maren et al, 2013). El factor
“momento de la intervencion” se ha mostrado relevante en el estudio de los
efectos asociativos derivados de la exposicion a un suceso traumatico (choque
eléctrico). En este sentido, un estudio de Myers y colaboradores (2006) mos-
tré como la realizacion de la extincion del miedo iniciada 10 min después de
la adquisicion (y no 1 h, 24 h o 72h después), era capaz de prevenirdiversos
fenémenos de reaparicion del miedo tras la extincién como la reanudacién
(renewal, reaparicion de la CR por cambio de contexto de la extincién), la



recuperacion espontinea (reaparicion de la CR por el paso del tiempo) o la
restauracion (reinstatement, reaparicion de la CR por la administracion del
US sin senalizar). Ademas, la extincidn del miedo condicionado, tanto tem-
prana (24 h) como tardia (28 dias), es capaz de disminuir la generalizacion
del freezing a otros contextos no asociados con el chogue (Golub et al,
2009).Los primeros estudios de intervenciones tempranas con terapias de
exposicion en personas que habian experimentado una situacion traumatica
mostraron que los sintomas relacionados con la depresion y la ansiedad se
veian reducidos una semana mas tarde en aquellos pacientes que habian sido
tratados en el momento de entrar a emergencias (Rothbaum et al, 2008). Es-
tudios posteriores mds exhaustivos volvieron a mostrar la eficacia de estos
tratamientos tempranos, obteniendo una reduccion de la severidad de los
sintomas relacionados con el PTSD y una disminucion de la comorbilidad
con depresion a las 12 semanas (Rothbaum et al, 2012).En consonancia con
los resultados obtenidos en animales, estudios de neuroimagen en humanos
muestran como la perturbacion de la reconsolidacion mediante un proceso
de extincion realizado 6 h tras la reactivacion de la memoria por la presenta-
cion del CS, produce una disminucién de la activacion del complejo BLA y
como consecuencia de todo el circuito relacionado con el miedo cuando los
sujetos son expuestos 24 h después a una sesion de reanudacion (renewal) del
miedo condicionado (Agren et al, 2012). Aunque estos hallazgos han reaviva-
do el interés por el posible uso de las intervenciones tempranas (extincion)
como prevencion para el desarrollo de patologias relacionadas con la exposi-
cion a una situacion traumatica, como el PTSD (Kearns et al, 2012), algunos
autores se muestran escépticos (Schiller et al, 2008, Archbold et al, 2009).

También se ha estudiado en modelos animales la relevancia del momento de
la intervencidn en los sintomas no asociativos del PTSD. Los estudios mues-
tran como ni la extincion temprana (24 h) ni la tardia (28 dias) consiguieron
atenuar de una manera clara un sintoma considerado no-asociativos como es
el aumento de la respuesta de sobresalto (Golub et al, 2009). Esta afectacion
diferencial estaria mostrando que la generalizacion del miedo (freezing o
hipo-actividad) en otros contextos y la sobreactivacion son procesos distintos,
aportando datos relevantes que apoyan la importancia del momento de la
intervencion. En muchos casos la terapia de exposicion tardia solo estaria
afectando a los componentes asociativos, dejando a los no-asociativos intac-
tos.



CONCLUSIONES







CONCLUSIONES

1. La exposicion a una sesion breve de choques eléctricos da lugar a un condi-
cionamiento de miedo al contexto a corto plazo y, paralelamente, a una dis-
minucion a largo plazo de la actividad en ambientes nuevos no asociados al
choque. Esta hipo-actividad no se extingue tras sucesivas exposiciones a dife-

rentes ambientes nuevos, mostrando ser un efecto muy robusto.

2. La exposicidon a una sesion breve de choques eléctricos no parece tener
efecto sobre la ansiedad, valorada en el laberinto elevado en cruz, dos dias

después de la exposicion al choque.

3. La exposicion de los animales al choque eléctrico sin la posibilidad de ex-
plorar previamente el contexto (choque inmediato) no induce condiciona-
miento del miedo al contexto ni tampoco hipo-actividad en ambientes nue-
vos. Estos datos sugirieren un proceso asociativo, quizds relacionado con la

generalizacion del miedo.

4. Las hormonas del eje HPA (ACTH y corticosterona) son capaces de reflejar
no solo el estrés causado por el choque eléctrico sino también el condiciona-
miento del miedo al contexto, pero no la hipo-actividad en ambientes nuevos,
lo que sugiere que la hipo-actividad representaria una conducta cautelosa mas

que miedo/ansiedad.

5. Aunque el desarrollo de condicionamiento de miedo al contexto es extre-
madamente ficil cuando se utiliza el choque eléctrico como estimulo nocivo,
la inmovilizacion no (IMO) es incapaz de inducir dicho condicionamiento,
sugiriendo que dicha capacidad no seria una propiedad universal de todos los
estimulos estresantes. La falta de condicionamiento de la IMO es observable

tanto con medidas conductuales como hormonales.

6. La exposicion de los animales a la tabla de IMO no produjo ningan tipo de
conducta de evitacion interpretable como signo de condicionamiento, descar-

tando que la falta de condicionamiento del miedo al contexto sea debida a un



fenomeno de ensombrecimiento (overshadowing) por una sefial especifica
dominante.

7. La incapacidad de la IMO de producir condicionamiento de miedo al con-
texto podria explicar la falta de efectos a largo plazo sobre la actividad en
ambientes nuevos y la ansiedad basal, cambios que si son observables en otros

modelos de estrés agudo.

8. Cuando el condicionamiento del miedo tiene lugar en un compartimento
de mayor tamano que el habitual, los animales desarrollan distintas conductas
(freezing, inmovilidad e hipo-actividad), pero ninguna de ellas parece ser
sensibles a los cambios en la intensidad o el nimero de choques. Sin embar-
go, durante la extincion presentan dindamicas temporales distintas, sugiriendo

que reflejan distintas intensidades de miedo.

9. El nivel de generalizacion del miedo a otros contextos parece estar mode-
radamente influenciado por la intensidad del estimulo estresante utilizado

durante la adquisicidn, pero no por el nimero de choques.

10. La extincion del miedo condicionado (producida por la exposicion repe-
tida al contexto sin el choque) es capaz de revertir en gran medida la hipo-
actividad observada en ambientes nuevos inducida por la exposicion al cho-
que eléctrico, apoyando la hipotesis del origen asociativo de esta hipo-
actividad.

11. Las hormonas del gje HPA son capaces de reflejar de forma consistente la
intensidad de las situaciones estresantes y en gran medida el condicionamien-
to del miedo al contexto, pero presentan algunas limitaciones, particularmen-
te en el caso de la corticosterona, y son en general menos sensibles que la
conducta para reflejar los efectos condicionados de la exposicion al choque

eléctrico.

12. Los resultados de la presente tesis confirman que los efectos a largo plazo
de la exposicion al estrés probablemente implican en gran medida procesos

asociativos, pero no descarta la contribucion de procesos no asociativos de



sensibilizacion de la respuesta emocional a nuevas situaciones de estrés. En
cualquier caso, la intensidad del estrés, valorada por los indices bioldgicos
clasicos, no necesariamente predice las consecuencias conductuales a largo
plazo y este hecho es de gran relevancia respecto a los posibles modelos ani-
males de PTSD.






BIBLIOGRAFIA







Abrari, K., Rashidy-Pour, a., Semnanian, 5., and Fathollahi, Y. (2008). Ad-
ministration of corticosterone after memory reactivation disrupts subsequent
retrieval of a contextual conditioned fear memory: dependence upon training
intensity. Neurobiol. Learning. Memory 89, 178-84.

Adamec, R, Kent, P, Anisman, H., Shallow, T., and Merali, 7. (1998). Neural
plasticity, neuropeptides and anxiety in animals--implications for under-
standing and treating affective disorder following traumatic stress in humans.
Meurosci. Biobehav, Rev. 23, 301-318.

Adamec, R., Muir, C., Grimes, M., and Pearcey, K. (2007). Involvement of
noradrenergic and corticoid receptors in the consolidation of the lasting
anxiogenic effects of predator stress. Behav Brain Res. 179, 192-207.

Adamec, R. E., Blundell, ., and Burton, P. (2003). Phosphorylated cyclic
AMP response element binding protein expression induced in the periaque-
ductal gray by predator stress: its relationship to the stress experience, behav-
ior and limbic neural plasticity. Prog Neuropsychopharmacol. Biol. Psychia-
try 27, 1243-67.

Adamec, R. E,, and Shallow, T. (1993). Lasting effects on rodent anxiety of a
single exposure to a cat. Physiol Behav. 54, 101-9.

Adamec, R. E,, Shallow, T, and Budgell, ]. (1997). Blockade of CCK(B) but
not CCK(A) receptors before and after the stress of predator exposure pre-
vents lasting increases in anxiety-like behavior: implications for anxiety asso-
ciated with posttraumatic stress disorder. Behav Neurosci. 111, 435-49,

Adan, R a., and Gispen, W. H. (2000). Melanocortins and the brain: from
effects via receptors to drug targets. European journal of pharmacology 405,
13-24.

Agren, T., Engman, ], Frick, A., Bjorkstrand, ]., Larsson, E. M., Furmark, T.,
and Fredrikson, M. (2012). Disruption of reconsolidation erases a fear
memory trace in the human amygdala. Science 337, 1550-2.

Amano, T, Duvarci, 8., Popa, D., and Pare, D. (2011). The fear circuit revisit-
ed: contributions of the basal amygdala nuclei to conditioned fear. | Neurosci.
31, 15481-9.



Amat, J., Aleksejev, R. M., Paul, E,, Watkins, L. R., and Maier, 8. F. (2010).
Behavioral control over shock blocks behavioral and neurochemical effects of
later social defeat. Neuroscience 165, 1031-8.

Amat, [., Baratta, M. V., Paul, E., Bland, 8. T., Watkins, L. R., and Maier, 5. F.
(2005). Medial prefrontal cortex determines how stressor controllability af-
fects behavior and dorsal raphe nucleus. Nature neuroscience 8, 365-71.

Amat, |, Paul, E., Zarza, C., Watkins, L. R., and Maier, 5. F. (2006). Previous
experience with behavioral control over stress blocks the behavioral and dor-
sal raphe nucleus activating effects of later uncontrollable stress: role of the
ventral medial prefrontal cortex. The Journal of neuroscience : the official
journal of the Society for Neuroscience 26, 13264-72.

Anagnostaras, 5. G., Gale, G. D., and Fanselow, M. 5. (2001). Hippocampus
and contextual fear conditioning: recent controversies and advances. Hippo-
campus 11, 8-17.

Anagnostaras, 5. G., Maren, 5., and Fanselow, M. 5. (1999). Temporally grad-
ed retrograde amnesia of contextual fear after hippocampal damage in rats:
within-subjects examination. The Journal of neuroscience : the official jour-
nal of the Society for Neuroscience 19, 1106-14.

Andero, R., Daviu, M., Escorihuela, R. M., Nadal, K., and Armario, A. (2012).
7.8-dihydroxyflavone, a TrkB receptor agonist, blocks long-term spatial
memory impairment caused by immobilization stress in rats. Hippocampus
12, 399-408.

Andero, R, Heldt, 5. A, Ye, K, Liu, X., Armario, A., and Ressler, K. ]. (2011).
TrkB Agonist , on Emotional Learning. Am | Psychiatry 168, 163-172.

Anglada-Figueroa, D., and Quirk, G. J. (2005). Lesions of the basal amygdala
block expression of conditioned fear but not extinction. | Neurosci. 25, 9680-
5.

Anisman, H., de Catanzaro, D., and Remington, G. (1978). Escape perfor-
mance follpwing exposure to inescapable shock: deficit in motor response
maintenance. Joural of experimental Psychology: Animal behavior processes
4, 197-218.



Anisman, H., Larry, K., and Lawrence, 5. 5. (1985). "Neurochemical Conse-
quence of stress: contribution of adaptative processes”, Ed: S. R. Burchfield.
(Washington, Hemisphere Publishing Corp)

Antelman, S. M., Caggiula, A. R., Kocan, D., Knopf, S., Meyer, D., Edwards,
D. ]., and Barry, H., 3rd. (1991). One experience with lower’ or ‘higher' inten-
sity stressors, respectively enhances or diminishes responsiveness to
haloperidol weeks later: implications for understanding drug variability.
Brain Res. 566, 276-83.

Antelman, S. M., Knopf, S., Kocan, D., and Edwards, D. J. (1989). Persistent
sensitization of clonidine-induced hypokinesia following one exposure to a
stressor: possible relevance to panic disorder and its treatment. Psychophar-
macology 98, 97-101.

Antelman, S. M., Knopf, S., Kocan, D., Edwards, D. |., Ritchie, ]. C., and
Nemeroff, C. B. (1988). One stressful event blocks multiple actions of diaze-
pam for up to at least a month. Brain Res. 445, 380-5.

Antoniadis, E. a., and McDonald, R. . (1999). Discriminative fear condition-
ing to context expressed by multiple measures of fear in the rat. Behavioural
brain research 101, 1-13.

Archbold, G. E. B., Bouton, M. E., and Nader, K. (2010). Evidence for the
persistence of contextual fear memories following immediate extinction. The
European journal of neuroscience 31, 1303-11.

Armario, A. (2000a). "Estrés: Consecuencias psicologicas, fisiologicas y clini-
cas’, in: Tratado de endocrinologia Basica y Clinica, Ed: T. ]. (Sintesis), 2176-
205.

Armario, A. (2006). The hypothalamic-pituitary-adrenal axis: what can it tell
us about stressors? CNS & neurological disorders drug targets 5, 485-501.

Armario, A. (2000b). "Neurobiologia del estrés: uns perpectiva desde eje hi-
potalimico-pituitario-adrenal”, in: Estrés: Consecuencias Psicologicas, Fisio-
logicas y Clinicas, Eds: C. Sandi&]. Calés. (Sanz y Torres), 47-79.

Armario, A., Daviu, N., Munioz-Abellan, C., Rabasa, C., Fuentes, 5., Belda, X.,
Gagliano, H., and Nadal, R. (2012). What can we know from pituitary-



adrenal hormones about the nature and consequences of exposure to emo-
tional stressors? Cell Mol Neurobiol. 32, 749-58.

Armario, A., Escorihuela, R. M., and Nadal, R. (2008). Long-term neuroen-
docrine and behavioural effects of a single exposure to stress in adult animals.
Neurosci Biobehav Rev. 32, 1121-1135.

Armario, A., and Jolin, T. (1989). Influence of intensity and duration of expo-
sure to various stressors on serum TSH and GH levels in adult male rats. Life
Sci. 44, 215-21.

Armario, A., Valles, A., Dal-Zotto, 5., Marquez, C., and Belda, X. (2004). A
single exposure to severe stressors causes long-term desensitisation of the
physiological response to the homotypic stressor. Stress 7, 157-72.

Azar, M. R,, Jones, B. C., and Schulteis, G. (2003). Conditioned place aversion
is a highly sensitive index of acute opioid dependence and withdrawal. Psy-
chopharmacology 170, 42-50.

Baldi, E., Lorenzini, C. A., and Bucherelli, C. (2004). Footshock intensity and
generalization in contextual and auditory-cued fear conditioning in the rat.
Neurobiology of learning and memory 81, 162-6.

Bale, T. L., and Vale, W. W. (2004). CRF and CRF receptors: role in stress
responsivity and other behaviors. Annual review of pharmacology and toxi-
cology 44, 525-57.

Baratta, M. V., Christianson, ]. P, Gomez, D. M., Zarza, C. M., Amat, |.,
Masini, C. V., Watkins, L. B., and Maier, S. F. (2007). Controllable versus
uncontrollable stressors bi-directionally modulate conditioned but not innate
fear. Neuroscience 146, 1495-503,

Bast, T., Zhang, W.-N., and Feldon, ]. (2003). Dorsal hippocampus and clas-
sical fear conditioning to tone and context in rats: effects of local NMDA-
receptor blockade and stimulation. Hippocampus 13, 657-75.

Belda, X., Fuentes, 5., Nadal, R., and Armario, A. (2008). A single exposure to
immobilization causes long-lasting pituitary-adrenal and behavioral sensiti-
zation to mild stressors. Hormones and behavior 54, 654-61.



Belda, X., Marquez, C., and Armario, A. (2004). Long-term effects of a single
exposure to stress in adult rats on behavior and hypothalamic-pituitary-
adrenal responsiveness: comparison of two outbred rat strains. Behav Brain
Res. 154, 399-408.

Bevins, R. A, and Ayres, |. ]. (1994). A deficit in one-trial context fear condi-
tioning is not due to opioid analgesia. Pharmacol Biochem Behav. 49, 183-6.

Bevins, R. a., and Ayres, ]. . B. (1995). One-trial context fear conditioning as
a function of the interstimulus interval. Animal Learning & Behavior 23, 400-
410.

Bevins, R. A., McPhee, |. E., Rauhut, A. 5, and Ayres, ]. ]. (1997). Converging
evidence for one-trial context fear conditioning with an immediate shock:
importance of shock potency. ] Exp Psychol Anim Behav Process. 23, 312-24.

Bevins, R. A., Rauhut, A. 5., McPhee, ]. E., and Ayres, ]. J. (2000). One-trial
context fear conditioning with immediate shock: the roles of transport and
contextual cues. Animal Learning & Behavior 28, 162-171.

Biedenkapp, J. C., and Rudy, ]. W. (2007). Context preexposure prevents for-
getting of a contextual fear memory: implication for regional changes in brain
activation patterns associated with recent and remote memory tests. Learning
& memory 14, 200-3.

Biedenkapp, . C,, and Rudy, J. W. (2009). Hippocampal and extrahippocam-
pal systems compete for control of contextual fear: role of ventral subiculum
and amygdala. Learn Mem. 16, 38-45.

Blanchard, D. C., Griebel, G., and Blanchard, R. ]. (2003¢). Conditioning and
residual emotionality effects of predator stimuli: some reflections on stress
and emotion. Prog Neuropsychopharmacol Biol Psychiatry 27, 1177-1185.

Blanchard, D. C., Hynd, a. L., Minke, K. a., Minemoto, T., and Blanchard, R.
J. (2001). Human defensive behaviors to threat scenarios show parallels to
fear- and anxiety-related defense patterns of non-human mammals. Neuro-
science and biobehavioral reviews 25, 761-70.

Blanchard, D. C,, Markham, C., Yang, M., Hubbard, D., Madarang, E., and
Blanchard, R. ]. (2003). Failure to produce conditioning with low-dose trime-



thylthiazoline or cat feces as unconditioned stimuli. Behav Neurosci. 117,
360-3.

Blanchard, R. ]., and Blanchard, D. C. (1969). Passive and active reactions to
fear-eliciting stimuli. ] Comp Physiol Psychol. 68, 129-35.

Blanchard, R. ]J., Blanchard, D. C., Rodgers, J., and Weiss, 5. M. (1990). The
characterization and modelling of antipredator defensive behavior. Neurosci
Biobehav Rev. 14, 463-72.

Blanchard, R. ]., Yudko, E. B., Rodgers, R. ., and Blanchard, D. C. (1993).
Defense system psychopharmacology: an ethological approach to the phar-
macology of fear and anxiety. Behav Brain Res. 58, 155-65.

Blechert, J., Michael, T., Vriends, N., Margraf, |., and Wilhelm, F. H. (2007).
Fear conditioning in posttraumatic stress disorder: evidence for delayed ex-
tinction of autonomic, experiential, and behavioural responses. Behav Res
Ther. 45, 2019-33.

Bolles, R. C., and Collier, A. C. (1976). The effect of predictive cues on freez-
ing in rats. Animal Learning & Behavior 4, 6-8.

Bouton, M. E. (2007) Leaning and behavior: A contemporary synthesis. Mas-
sachussets Sinauer Associates, Inc.

Bouton, M. E., and Bolles, R. C. (1980). Conditioned fear assessed by freezing
and by the suppression of three different baselines. Animal Learning & Be-
havior 8, 429-434.

Bouton, M. E., and King, D. A. (1983). Contextual control of the extinction of
conditioned fear: tests for the associative value of the context. | Exp Psychol
Anim Behav Process. 9, 248-65.

Brandon, §. E., Vogel, E. H., and Wagner, a. R. (2000). A componential view
of configural cues in generalization and discrimination in Pavlovian condi-
tioning. Behavioural brain research 110, 67-72.

Brudzynski, S. M. (2005). Principles of rat communication: quantitative pa-
rameters of ultrasonic calls in rats. Behavior genetics 35, 85-92.



Bruijnzeel, A. W., Stam, R., and Wiegant, V. M. (2001a). Effect of a benzodi-
azepine receptor agonist and corticotropin-releasing hormone receptor an-
tagonists on long-term foot-shock-induced increase in defensive withdrawal
behavior. Psychopharmacology 158, 132-139.

Bruijnzeel, A. W, 5tam, R., and Wiegant, V. M. (2001b). LY354740 attenu-
ates the expression of long-term behavioral sensitization induced by a single
session of foot shocks. Eur | Pharmacol. 426, 77-80.

Burgos-Robles, A., Vidal-Gonzalez, 1., Santini, E., and Quirk, G. J. (2007).
Consolidation of fear extinction requires NMDA receptor-dependent burst-
ing in the ventromedial prefrontal cortex. Neuron 53, 871-80.

Cai, W. H., Blundell, ., Han, J., Greene, R. W., and Powell, C. M. (2006).
Postreactivation glucocorticoids impair recall of established fear memory. |
Neurosci. 26, 9560-9566.

Cain, C. K., Blouin, A. M., and Barad, M. (2002). L-type voltage-gated calci-
um channels are required for extinction, but not for acquisition or expres-
sion, of conditional fear in mice. | Neurosci. 22, 9113-21.

Cain, C. K., Godsil, B. P., Jami, 5., and Barad, M. (2005). The L-type calcium
channel blocker nifedipine impairs extinction, but not reduced contingency
effects, in mice. Learn Mem. 12, 277-84.

Campeau, 5., Falls, W. A, Cullinan, W. E,, Helmreich, D. L., Davis, M., and
Watson, S. J. (1997). Elicitation and reduction of fear: behavioural and neuro-
endocrine indices and brain induction of the immediate-early gene c-fos.
Neuroscience 78, 1087-1104.

Carrive, P. (2000). Conditioned fear to environmental context: cardiovascular
and behavioral components in the rat Brain Res. 858, 440-445.

Carrive, P. (2006). Dual activation of cardiac sympathetic and parasympa-
thetic components during conditioned fear to context in the rat. Clinical and
experimental pharmacology & physiology 33, 1251-4.

Choi, ].-s.,, Cain, C. K., and Ledoux, ]. E. (2010). The role of amygdala nuclei
in the expression of auditory signaled two-way active avoidance in rats.
Learning & Memory 17, 139-147.



Choi, ].-5., Cain, C. K., and LeDoux, ]. E. (2010). The role of amygdala nuclei
in the expression of auditory signaled two-way active avoidance in rats.
Learning & memory 17, 139-47.

Chowdhury, N., Quinn, J. ]., and Fanselow, M. 8. (2005). Dorsal hippocam-
pus involvement in trace fear conditioning with long, but not short, trace
intervals in mice. Behav Neurosci. 119, 1396-402.

Cohen, H., Friedberg, 5., Michael, M., Kotler, M., and Zeev, K. (1996). Inter-
action of CCK-4 induced anxiety and post-cat exposure anxiety in rats. De-
press Anxiety 4, 144-5.

Cohen, H., Matar, M. A., Buskila, D., Kaplan, Z., and Zohar, . (2008). Early
post-stressor intervention with high-dose corticosterone attenuates post-
traumatic stress response in an animal model of posttraumatic stress disor-
der. Biol Psychiatry. 64, 708-17.

Cohen, H., Zaplan, Z., and Kotler, M. (1999). CCK-antagonist in a rat ex-
posed to acute stress: implication for anxiety associated with post-traumatic
stress disorder. Depression and anxiety 10, 8-17.

Cohen, H., and Zohar, J. (2004). An animal model of posttraumatic stress
disorder: the use of cut-off behavioral criteria. Annals of the New York Acad-
emy of Sciences 1032, 167-78.

Cohen, H., Zohar, |., and Matar, M. (2003). The relevance of differential re-
sponse to trauma in an animal model of posttraumatic stress disorder. Biol
Psychiatry. 53, 463-473.

Cohen, H., Zohar, J., Matar, M. A., Zeev, K., Loewenthal, U., and Richter-
Levin, G. (2004). Setting apart the affected: the use of behavioral criteria in
animal models of post traumatic stress disorder. Neuropsychopharmacology
29, 1962-1970.

Corcoran, K. A, and Quirk, G. ]. (2007). Activity in prelimbic cortex is neces-
sary for the expression of learned, but not innate, fears. ] Neurosci. 27, 840-4.

Cordero, M. L, Merino, ]. ., and Sandi, C. (1998). Correlational relationship
between shock intensity and corticosterone secretion on the establishment
and subsequent expression of contextual fear conditioning. Behav Neurosci.
112, 885-91.



Dal-Zotto, 5., Marti, O., and Armario, A. (2002). Is repeated exposure to im-
mobilization needed to induce adaptation of the hypothalamic-pituitary-
adrenal axis? Influence of adrenal factors. Behav Brain Res. 129, 187-195.

Dal-Zotto, 8., Marti, 0., and Armario, A. (2003). Glucocorticoids are in-
volved in the long-term effects of a single immobilization stress on the hypo-
thalamic-pituitary-adrenal axis. Psychoneuroendocrinology 28, 992-1009.

Dal-Zotto, 8., Marti, O., Delgado, R., and Armario, A. (2004). Potentiation of
glucocorticoid release does not modify the long-term effects of a single expo-
sure to immobilization stress. Psychopharmacology 177, 230-237.

Davis, M. (1986). Pharmachological and Anatomical Analysis of Fera Condi-
tioning Using the Fear-Potentiated Startle Paradigm. Behavioral Neurosci-
ence 100, 814-824.

Davis, M. (1989). Sensitization of the acoustic startle reflex by footshock.
Behav MNeurosci. 103, 495-503,

Davis, M. (1990). Animal models of anxiety based on classical conditioning:
the conditioned emotional response (CER) and the fear-potentiated startle
effect. Pharmacol Ther. 47, 147-65.

Davis, M. (2001). Fear-potentiated startle in rats. Current protocols in neuro-
science / editorial board, Jacqueline N. Crawley ... [et al.]. Chapter &, Unit
J.11A.

Davis, M., Falls, W. a., Campeau, 5., and Kim, M. (1993). Fear-potentiated
startle: a neural and pharmacological analysis. Behavioural brain research 58,
175-98.

Davis, M., Walker, D. L., Miles, L., and Grillon, C. (2010). Phasic vs sustained
fear in rats and humans: role of the extended amygdala in fear vs anxiety.
Neuropsychopharmacology 35, 105-35.

Daviu, N., Delgado-Morales, R., Nadal, R., and Armario, A. (2012). Not all
stressors are equal: behavioral and endocrine evidence for development of
contextual fear conditioning after a single session of footshocks but not of
immobilization. Front Behav Neurosci. 6, 69.



Daviu, N., Fuentes, S., Nadal, R, and Armario, A. (2010). A single footshock
causes long-lasting hypoactivity in unknown environments that is dependent
on the development of contextual fear conditioning. Neurobiol Learn Mem.
94, 183-90.

Dayas, C. V., Buller, K. M., and Day, T. A. (1999). Neuroendocrine responses
to an emotional stressor: evidence for involvement of the medial but not the
central amygdala. Eur | Neurosci. 11, 2312-2322,

de Kloet, C. 8., Vermetten, E., Geuze, E., Kavelaars, A., Heijnen, C. ., and
Westenberg, H. G. (2006). Assessment of HPA-axis function in posttraumatic
stress disorder: pharmacological and non-pharmacological challenge tests, a
review. | Psychiatr Res. 40, 550-67.

de Kloet, E. R, Reul, J. M., and Sutanto, W. {1990). Corticosteroids and the
brain. | Steroid Biochem Mol Biol. 37, 387-94.

de Quervain, D. ., Aerni, A., Schelling, G., and Roozendaal, B. (2009). Gluco-
corticoids and the regulation of memory in health and disease. Front Neuro-
endocrinol. 30, 358-70.

Dielenberg, R. A., Arnold, J. C., and McGregor, 1. 5. (1999). Low-dose mid-
azolam attenuates predatory odor avoidance in rats. Pharmacol Biochem
Behav. 62, 197-201.

Dielenberg, R. A., Carrive, P, and McGregor, 1. 5. (2001). The cardiovascular
and behavioral response to cat odor in rats: unconditioned and conditioned
effects. Brain Res. 897, 228-237.

Domjan, M. (2006) The principles of leaning and behavior. Thomson
Wadsworth.

Dudai, Y. (2004). The neurobiology of consolidations, or, how stable is the
engram? Annual review of psychology 55, 51-86.

Dudai, Y., and Eisenberg, M. (2004). Rites of passage of the engram: reconsol-
idation and the lingering consolidation hypothesis. Neuron 44, 93-100.

Eisenberg, M., Kobilo, T., Berman, D. E., and Dudai, Y. (2003). Stability of
retrieved memory: inverse correlation with trace dominance. Science 301,
1102-4.



Escorihuela, R. M., Fernandez-Teruel, A., Gil, L., Aguilar, R., Tobena, A., and
Driscoll, P. (1999). Inbred Roman high- and low-avoidance rats: differences
in anxiety, novelty-seeking, and shuttlebox behaviors. Physiol Behav. 67, 19-
26.

Everitt, B. ]., Cardinal, R. N.,, Parkinson, ]J. A., and Robbins, T. W. (2003).
Appetitive behavior: impact of amygdala-dependent mechanisms of emo-
tional learning. Ann N Y Acad Sci. 985, 233-50.

Falls, W. A, and Davis, M. (1994). Fear-potentiated startle using three condi-
tioned stimulus modalities. Animal Learning & Behavior 22, 379-383.

Fanselow, M. 5. (1980). Conditioned and unconditional components of post-
shock freezing. Pavlov | Biol 5¢i. 15, 177-82.

Fanselow, M. 8. (1984). What is conditioned fear? TINS 460-462.

Fanselow, M. 8. (1990). Factors governing one-trial contextual conditioning.
Animal Learning & Behavior 18, 264-270.

Fanselow, M. 5., DeCola, ]. P, and Young, 5. L. (1993). Mechanisms respon-
sible for reduced contextual conditioning with massed unsignaled uncondi-
tional stimuli. ] Exp Psychol Anim Behav Process. 19, 121-37.

Fanselow, M. 8., DeCola, |. P., and Young, §. L. (1993). Mechanisms respon-
sible for reduced contextual conditioning with massed unsignaled uncondi-
tional stimuli. ] Exp Psychol Anim Behav Process. 19, 121-37.

Fanselow, M. 8., and Poulos, A. M. (2005). The neuroscience of mammalian
associtaive learing. Ann Rev Psychol. 56, 204-234.

Fanselow, M. 5., and Tighe, T. J. (1988). Contextual Conditioning With
Massed Versus Distributed Unconditioned Stimulus in the Absence of Ex-
plicit Conditional Stimuli. Journal of Experimental Psychology 14, 187-199,

Fendt, M., Endres, T., Lowry, C. a.,, Apfelbach, R., and McGregor, L. S. (2005).
TMT-induced autonomic and behavioral changes and the neural basis of its
processing. Neuroscience and biobehavioral reviews. 29, 1145-56.

Fendt, M., and Fanselow, M. 5. (1999), The neurcanatomical and neuro-
chemical basis of conditioned fear. Neurosci Biobehav Rev. 23, 743-60.



Ferré, P., Fernandez-Teruel, A., Escorihuela, B. M., Driscoll, P., Corda, M. G.,
Giorgi, O., and Tobena, A. (1995). Behavior of the Roman/Verh high- and
low-avoidance rat lines in anxiety tests: relationship with defecation and self-
grooming. Physiol Behav. 58, 1209-13.

Figueiredo, H. F., Bruestle, A., Bodie, B., Dolgas, C. M., and Herman, J. P.
(2003). The medial prefrontal cortex differentially regulates stress-induced c-
fos expression in the forebrain depending on type of stressor. Eur ] Neurosci.
18, 2357-2364.

File, 8. E., Zangrossi, H., Jr., Sanders, F. L., and Mabbutt, P. 5. (1993). Disso-
ciation between behavioral and corticosterone responses on repeated expo-
sures to cat odor. Physiol Behav. 54, 1109-11.

Fleshner, M., Deak, T., Spencer, R. L., Laudenslager, M. L., Watkins, L. R,
and Maier, S. F. (1995). A long-term increase in basal levels of corticosterone
and a decrease in corticosteroid-binding globulin after acute stressor expo-
sure. Endocrinology 136, 5336-42.

Foa, E. B. (2011). Prolonged exposure therapy: past, present, and future. De-
pression and anxiety 28, 1043-7.

Frankland, P. W., Cestari, V., Filipkowski, R. K., McDonald, R. ]., and Silva,
A ]. (1998). The dorsal hippocampus is essential for context discrimination
but not for contextual conditioning. Behav Neurosci. 112, 863-74.

Frysztak, R. ]., and Neafsey, E. |. (1991). The effect of medial frontal cortex
lesions on respiration, "freezing,” and ultrasonic vocalizations during condi-
tioned emotional responses in rats. Cereb Cortex 1, 418-25.

Gagliano, H., Fuentes, 5., Nadal, R., and Armario, a. (2008). Previous expo-
sure to immobilisation and repeated exposure to a novel environment
demonstrate a marked dissociation between behavioral and pituitary-adrenal
responses. Behavioural brain research 187, 239-45.

Gao, Y., Han, H., Xu, R,, Cao, |., Luo, J., and Xu, L. (2008). Effects of pro-
longed exposure to context following contextual fear conditioning on synap-
tic properties in rat hippocampal slices. Neuroscience research 61, 385-9.

Giarcia, A., Marti, O, Valles, A., Dal-Zotto, 5., and Armario, A. (2000). Re-
covery of the hypothalamic-pituitary-adrenal response to stress. Effect of



stress intensity, stress duration and previous stress exposure. Neuroendocri-
nology 72, 114-25.

Garcia, ]., and Koelling, R. A. (1966). Relation of the cue to consequance in
avoidance learning. Psychonom Sci. 4, 123-124.

Glazer, H. 1., Weiss, ]. M., Pohorecky, L. A., and Miller, N. E. (1975). Mona-
mines as mediators of avoidance-escape behavior. Psychosom Med. 37, 535-
43,

Goldstein, D. 5., and Kopin, L. [. (2007). Evolution of concepts of stress. Stress
10, 109-20.

Goldstein, D. 8., and Mcewen, B. (2002). Allostasis , Homeostats , and the
Nature of Stress. Stress 5, 55-58.

Goldstein, L. E., Rasmusson, A. M., Bunney, B. 5., and Roth, R. H. (1994).
The NMDA glycine site antagonist (4+)-HA-966 selectively regulates condi-
tioned stress-induced metabolic activation of the mesoprefrontal cortical
dopamine but not serotonin systems: a behavioral, neuroendocrine, and neu-
rochemical study in the rat. ] Neurosci. 14, 4937-4950.

Golub, Y., Mauch, C. P., Dahlhoff, M., and Wotjak, C. T. (2009). Conse-
quences of extinction training on associative and non-associative fear in a
mouse model of Posttraumatic Stress Disorder (PTSD). Behavioural brain
research 205, 544-9,

Gonzalez, F., Quinn, ]. ]., and Fanselow, M. §. (2003). Differential effects of
adding and removing components of a context on the generalization of con-
ditional freezing. | Exp Psychol Anim Behav Process. 29, 78-83.

Grahn, R. E,, Kalman, B. A, Brennan, F. X., Watkins, L. R., and Maier, S. F.
(1995). The elevated plus-maze is not sensitive to the effect of stressor con-
trollability in rats. Pharmacol Biochem Behav. 52, 565-70.

Groeneweg, F. L., Karst, H., de Kloet, E. R., and Joéls, M. (2012). Mineralo-
corticoid and glucocorticoid receptors at the neuronal membrane, regulators
of nongenomic corticosteroid signalling. Molecular and cellular endocrinolo-
gy 350, 299-309.



Hall, G. (1996). Learning about associatively activated stimulus representa-
tions: Implications for acquired equivalence and perceptual learning. Animal
Learning & Behavior 24, 233-255.

Hardin, J. M., and Hilbe, ]. M. (2003) Generalized Estimating Equations. Bo-
ca Raton, Champan and Hall/ CRC.

Hauger, R. L., Millan, M. A., Lorang, M., Harwood, J. P., and Aguilera, G.
(1988). Corticotropin-releasing factor receptors and pituitary adrenal re-
sponses during immobilization stress. Endocrinology 123, 396-405.

Hebb, A. L. O., Zacharko, R. M., Dominguez, H., Trudel, F., Laforest, S, and
Drolet, G. (2002). Odor-induced variation in anxiety-like behavior in mice is
associated with discrete and differential effects on mesocorticolimbic chole-
cystokinin mRNA expression. Neuropsychopharmacology : official publica-
tion of the American College of Neuropsychopharmacology 27, 744-55.

Hebb, A. L. O., Zacharko, R. M., Gauthier, M., and Drolet, G. (2003). Expo-
sure of mice to a predator odor increases acoustic startle but does not disrupt
the rewarding properties of VTA intracranial self-stimulation. Brain research.
982, 195-210.

Hegoburu, C., Shionoya, K., Garcia, 5., Messaoudi, B., Thévenet, M., and
Mouly, A.-M. (2011). The RUB cage : respiration - ultrasonic vocalizations -
behavior acquisition setup for assessing emotional memory in rats. Behavior-
al Neuroscience 5, 1-13.

Herman, J. P., and Cullinan, W. E. (1997). Neurocircuitry of stress: central
control of the hypothalamo-pituitary-adrenocortical axis. Trends in neuro-
sciences 20, 78-84.

Herman, J. P., Dolgas, C. M., and Carlson, 8. L. (1998). Ventral subiculum
regulates hypothalamo-pituitary-adrenocortical and behavioural responses to
cognitive stressors. Neuroscience, 86, 449-459,

Herman, ]. P., Figueiredo, H., Mueller, N. K., Ulrich-Lai, Y., Ostrander, M.
M., Choi, D. C., and Cullinan, W. E. (2003). Central mechanisms of stress
integration:  hierarchical circuitry controlling  hypothalamo-pituitary-
adrenocortical responsiveness. Front Neuroendocrinol. 24, 151-180.



Herman, ]. P, Ostrander, M. M., Mueller, N. K., and Figueiredo, H. (2005).
Limbic system mechanisms of stress regulation: hypothalamo-pituitary-
adrenocortical axis. Prog Neuropsychopharmacol Biol Psychiatry. 29, 1201-
1213.

Herry, C., Ciocchi, 8., Senn, V., Demmou, L., Muller, C., and Luthi, A. (2008).
Switching on and off fear by distinct neuronal circuits. Nature 454, 600-6.

Heth, C. D. (1976). Simultaneous and backward fear conditioning as a func-
tion of number of CS-UCS pairings. ] Exp Psychol Anim Behav Process. 2,
117-29.

Houston, F. P., Stevenson, G. D., McNaughton, B. L., and Barnes, C. A.
(1999). Effects of age on the generalization and incubation of memory in the
E344 rat. Learn Mem. 6, 111-9.

Hui, G., Figueroa, [. R, Poytress, B. 5., Roozendaal, B., McGaugh, ]. L., and
Weinberger, N. M. (2004). Memory enhancement of classical fear condition-
ing by post-training injections of corticosterone in rats. Neurobiology of
Learning and Memory 81, 67-74.

Imanaka, A., Morinobu, 8., Toki, $., and Yamawaki, S. (2006). Importance of
early environment in the development of post-traumatic stress disorder-like
behaviors. Behavioural brain research 173, 129-37.

Iwamoto, Y., Morinobu, 5., Takahashi, T., and Yamawaki, 8. (2007). Single
prolonged stress increases contextual freezing and the expression of glycine
transporter 1 and vesicle-associated membrane protein 2 mENA in the hip-
pocampus of rats. Prog Neuropsychopharmacol Biol Psychiatry 31, 642-651.

Iwata, |., and LeDoux, J. E. (1988). Dissociation of associative and nonassoci-
ative concomitants of classical fear conditioning in the freely behaving rat.
Behav Neurosci. 102, 66-76.

Jacobson, L., and Sapolsky, R. (1991). The role of the hippocampus in feed-
back regulation of the hypothalamic-pituitary-adrenocortical axis. Endocr
Rev. 12, 118-34.

Jankord, R., and Herman, ]. P. (2008). Limbic regulation of Hypotalamo-
pituitary-adreocortical function during acute and chronic stress. Annals of
the New York Academy of Sciences 1148, 64-73.



Johansen, . P., Cain, C. K., Ostroff, L. E,, and LeDoux, ]. E. (2011). Molecular
mechanisms of fear learning and memory. Cell 147, 509-24.

Johnson, J. D., O'Connor, K. A., Deak, T., Spencer, R. L., Watkins, L. R., and
Maier, 5. F. (2002). Prior stressor exposure primes the HPA axis. Psychoneu-
roendocrinology 27, 353-365.

Kamprath, K., and Wotjak, C. T. (2004). Nonassociative learning processes
determine expression and extinction of conditioned fear in mice. Learning &
memory 11, 770-86.

Kant, G. ]., Bunnell, B. N, Mougey, E. H., Pennington, L. L., and Meyerhoff,
J. L. (1983). Effects of repeated stress on pituitary cyclic AMP, and plasma
prolactin, corticosterone and growth hormone in male rats. Pharmacol Bio-
chem Behav. 18, 967-71.

Kaouane, M., Porte, Y., Vallee, M., Brayda-Bruno, L., Mons, N., Calandreau,
L., Marighetto, A., Piazza, P. V., and Desmedt, A. (2012). Glucocorticoids can
induce PTSD-like memory impairments in mice. Science 335, 1510-3.

Katz, R. |., Roth, K. A, and Carroll, B. J. (1981). Acute and chronic stress
effects on open field activity in the rat: implications for a model of depression.
Neurosci Biobehav Rev. 5, 247-51.

Kearns, M. C., Ressler, K. ]., Zatzick, D., and Rothbaum, B. O. (2012). Early
interventions for PTSD: a review. Depression and anxiety 29, 833-42.

Keller-Wood, M. E., Shinsako, J., and Dallman, M. F. (1983). Integral as well
as proportional adrenal responses to ACTH. Am ] Physiol. 245, R53-9.

Khan, 5., and Liberzon, L. (2004). Topiramate attenuates exaggerated acoustic
startle in an animal model of PTSD. Psychopharmacology 172, 225-9.

Kiernan, M. |., Westrbrook, R. F., and Cranney, ]. (1995). Immedaite shock,
passive avoidance, and potentiated startle: Implications for the unconditioned
response to shock. Animal Learning & Behavior 23, 22-30.

Kim, . ]., and Fanselow, M. S. (1992). Modality-specific retrograde amnesia
of fear. Science 256, 675-677.



Kim, M., and Davis, M. (1993). Electrolytic lesions of the amygdala block
acquisition and expression of fear-potentiated startle even with extensive
training but do not prevent reacquisition. Behav Neurosci. 107, 580-95.

Knox, D., George, S. A., Fitzpatrick, C. ], Rabinak, C. A., Maren, 5., and
Liberzon, L. (2012). Single prolonged stress disrupts retention of extinguished
fear in rats. Learn Mem. 19, 43-9,

Kohda, K., Harada, K., Kato, K., Hoshino, A., Motohashi, ]., Yamaji, T., Mo-
rinobu, S., Matsuoka, N., and Kato, N. (2007). Glucocorticoid receptor activa-
tion is involved in producing abnormal phenotypes of single-prolonged stress
rats: a putative post-traumatic stress disorder model. Neuroscience 148, 22-
33

Koo, . W. (2004). Selective Neurotoxic Lesions of Basolateral and Central
Nuclei of the Amygdala Produce Differential Effects on Fear Conditioning.
Journal of Neuroscience 24, 7654-7662.

Koolhaas, |. M., Bartolomucci, A., Buwalda, B., de Boer, 5. F., Flugge, G.,
Korte, S. M., Meerlo, P., Murison, E., Olivier, B., Palanza, P., Richter-Levin,
G., Sgoifo, A., Steimer, T., Stiedl, O., van Dijk, G., Wohr, M., and Fuchs, E.
(2001). Stress revisited: a critical evaluation of the stress concept. Neurosci
Biobehav Rev. 35, 1291-301.

Koolhaas, J. M., Herman, ]. P., kemperman, C., Bohus, B, Van der
Hoodakker, R. H., and Beersma, D. G. M. (1990). Single social defeat in male
rats induces a gradual but long lasting behavioural change: A model of de-
pression? Neuroscience Resarch Communication 7, 35-41.

Kovics, K. ]., and Sawchenko, P. E. (1996). Sequence of stress-induced altera-
tions in indices of synaptic and transcriptional activation in parvocellular
neurosecretory neurons. The Journal of neuroscience 16, 262-73.

Land, B. B, Bruchas, M. R., Lemos, |. C., Xu, M., Melief, E. ]., and Chavkin,
. (2008). The dysphoric component of stress is encoded by activation of the
dynorphin kappa-opioid system. The Journal of neuroscience 28, 407-14.

Landeira-Fernandez, J., DeCola, |. P., Kim, J. ]., and Fanselow, M. 8. (2006).
Immediate shock deficit in fear conditioning: effects of shock manipulations.
Behav Neurosci. 120, 873-9.



Lang, P. ., Davis, M., and Ohman, a. (2000). Fear and anxiety: animal models
and human cognitive psychophysiology. Journal of affective disorders 61,
137-59.

Lattal, K. M., and Abel, T. (2001). An Immediate-Shock Freezing Deficit
With Discrete Cues: A Possible Role for Uncndictioned Stimulus Processing
Mechanisms. Journal of Experimental Psychology 27, 394-406.

Laurent-Demir, C., and Jaffard, R. (2000). Paradoxical facilitatory effect of
fornix lesions on acquisition of contextual fear conditioning in mice. Behav
Brain Res. 107, 85-91.

Laxmi, T., Stork, O., and Pape, H.-C. (2003). Generalisation of conditioned
fear and its behavioural expression in mice. Behavioural Brain Research 145,
89-98.

Le Moal, M. (2007). Historical approach and evolution of the stress concept: a
personal account. Psychoneuroendocrinology 32 Suppl 1, §3-9.

Lebron, K., Milad, M. R., and Quirk, G. ]. (2004). Delayed recall of fear ex-
tinction in rats with lesions of ventral medial prefrontal cortex. Learn Mem.
11, 544-8.

LeDoux, J. E. (2000). Emotion circuits in the brain. Annu Rev Neurosci. 23,
155-184.

Ledoux, J. E. (2013). The slippery slope of fear. Trends in cognitive sciences
17, 155-156.

Ledoux, J. E., Romanski, M., and Xagoraris, A. (1990). The Lateral Amygda-
loid in Fear Conditioning Nucleus : Sensory Interface of the Amygdala in
Fear Conditioning. The Journal of Neuroscience 10, 1062-1069.

Lee, H., and Kim, J. J. (1998). Amygdalar NMDA Receptors are Critical for
New Fear Learning in Previously Fear-Conditioned Rats The Journal of neu-
roscience 18, 8444-8454.

Lee, ]. L. C., Milton, A. L., and Everitt, B. . (2006). Reconsolidation and ex-
tinction of conditioned fear: inhibition and potentiation. The Journal of neu-
roscience 26, 10051-6.



Lehmann, H., Lacanilao, 5., and Sutherland, R. ]. (2007). Complete or partial
hippocampal damage produces equivalent retrograde amnesia for remote
contextual fear memories. The European journal of neuroscience 25, 1278-86.

Liberzon, 1., Krstov, M., and Young, E. A. (1997). Stress-restress: effects on
ACTH and fast feedback. Psychoneuroendocrinology 22, 443-453.

Lopez-Aumatell, K., Vicens-Costa, E., Guitart-Masip, M., Martinez-
Membrives, E., Valdar, W., Johannesson, M., Canete, T., Blazquez, G., Dris-
coll, P., Flint, ]., Tobena, A., and Fernindez-Teruel, A. (2009). Unlearned
anxiety predicts learned fear: a comparison among heterogeneous rats and
the Roman rat strains. Behavioural brain research 202, 92-101.

Luyten, L., Vansteenwegen, D., van Kuyck, K., Gabriéls, L., and Nuttin, B.
(2011). Contextual conditioning in rats as an animal model for generalized
anxiety disorder. Cognitive, affective & behavioral neuroscience 11, 228-44.

Mackenzie, L., Nalivaiko, E., Beig, M. L, Day, T. a., and Walker, F. R. (2010).
Ability of predator odour exposure to elicit conditioned versus sensitised post
traumatic stress disorder-like behaviours, and forebrain DeltaFosB expres-
sion, in rats. Neuroscience 169, 733-42.

Mahan, A. L., and Ressler, K. J. (2012). Fear conditioning, synaptic plasticity
and the amygdala: implications for posttraumatic stress disorder. Trends in
neurosciences 35, 24-35.

Maier, 5. F. (1984). Learned helplessness and animal models of depression.
Prog Neuropsychopharmacol Biol Psychiatry 8, 435-46.

Maier, S. F. (1990). Role of fear in mediating shuttle escape learning deficit
produced by inescapable shock. | Exp Psychol Anim Behav Process. 16, 137-
49.

Maier, 5. F. (2001). Exposure to the stressor environment prevents the tem-
poral dissipation of behavioral depression/learned helplessness. Biol Psychia-
try 49,763-773.

Maier, 5. F., Amat, |., Baratta, M. V_, Paul, E., and Watkins, L. R. (2006). Be-
havioral control, the medial prefrontal cortex, and resiience. Dialogues in
Clinical Neuroscience 8, 397-406.



Maier, 8. F., Grahn, R. E., Kalman, B. A., Sutton, L. C., Wiertelak, E. P., and
Watkins, L. R. (1993). The role of the amygdala and dorsal raphe nucleus in
mediating the behavioral consequences of inescapable shock. Behav Neurosci.
107, 377-88.

Maier, §. F., Kalman, B. A, and Grahn, R. E. (1994). Chlordiazepoxide mi-
croinjected into the region of the dorsal raphe nucleus eliminates the interfer-
ence with escape responding produced by inescapable shock whether admin-
istered before inescapable shock or escape testing. Behav Neurosci. 108, 121-
30.

Maier, S. F,, Ryan, 8. M., Barksdale, C. M., and Kalin, N. H. (1986). Stressor
controllability and the pituitary-adrenal system. Behav Neurosci. 100, 669-74.

Maier, S. F,, and Watkins, L. R. (2005). Stressor controllability and learned
helplessness: the roles of the dorsal raphe nucleus, serotonin, and corticotro-
pin-releasing factor. Neuroscience and biobehavioral reviews 29, 829-41.

Makara, G. B, and Haller, ]. (2001). Non-genomic effects of glucocorticoids
in the neural system. Evidence, mechanisms and implications. Prog Neurobi-
ol. 65, 367-390.

Makara, G. B, Mergl, Z., and Zelena, D. (2004). The role of vasopressin in
hypothalamo-pituitary-adrenal axis activation during stress: an assessment of
the evidence. Annals of the New York Academy of Sciences. 1018, 151-61.

Manion, 5. T., Gamble, E. H., and Li, H. (2007). Prazosin administered prior
to inescapable stressor blocks subsequent exaggeration of acoustic startle
response in rats. Pharmacol Biochem Behav. 86, 559-65.

Maren, S. (1998). Overtraining does not mitigate contextual fear conditioning
deficits produced by neurotoxic lesions of the basolateral amygdala. The
Journal of neuroscience 18, 3088-97.

Maren, S., Aharonov, G., and Fanselow, M. 8. (1997). Neurotoxic lesions of
the dorsal hippocampus and Pavlovian fear conditioning in rats. Behav Brain
Res. 88, 261-74.

Maren, S., Aharonov, G., and Fanselow, M. 8. (1997). Neurotoxic lesions of
the dorsal hippocampus and Pavlovian fear conditioning in rats. Behavioural
brain research 88, 261-74.



Maren, 8., DeCola, ]. P., and Fanselow, M. 5. (1994). Water deprivation en-
hances fear conditioning to contextual, but not discrete, conditional stimuli
in rats. Behav Neurosci. 108, 645-9,

Maren, 8., Phan, K. L,, and Liberzon, 1. (2013). The contextual brain: implica-
tions for fear conditioning, extinction and psychopathology. Nat Rev Neuro-
sci. 14, 417-28.

Marquez, C., Belda, X., and Armario, A. (2002). Post-stress recovery of pitui-
tary-adrenal hormones and glucose, but not the response during exposure to
the stressor, is a marker of stress intensity in highly stressful situations. Brain
Res. 926, 181-185.

Marquez, C., Nadal, R., and Armario, A. (2005). Responsiveness of the hypo-
thalamic-pituitary-adrenal axis to different novel environments is a con-
sistent individual trait in adult male outbred rats. Psychoneuroendocrinology
30, 179-87.

Marti, O., and Armario, A. (1998). Anterior pituitary response to stress: time-
related changes and adaptation. International journal of developmental neu-
roscience: the official journal of the International Society for Developmental
Neuroscience. 16, 241-60.

Marti, O., Garcia, a., Vallés, a., Harbuz, M. 8., Armario, a., and Vellés, a.
(2001). Evidence that a single exposure to aversive stimuli triggers long-
lasting effects in the hypothalamus-pituitary-adrenal axis that consolidate
with time. The European journal of neuroscience 13, 129-36.

Marti, O., Gavalda, A., Jolin, T., and Armario, A. (1998). Acute stress attenu-
ates but does not abolish circadian rhythmicity of serum thyrotrophin and
growth hormone in the rat. Eur | Endocrinol. 135, 703-8.

Masuda, Y., Suzuki, M., Akagawa, Y., and Takemura, T. (1999). Developmen-
tal and pharmacological features of mouse emotional piloerection. Exp Anim.
48, 209-11.

Maswood, 5., Barter, ]. E., Watkins, L. R, and Maier, 5. F. (1998). Exposure to
inescapable but not escapable shock increases extracellular levels of 5-HT in
the dorsal raphe nucleus of the rat. Brain research 783, 115-20.



Mcconnell, B. L., Wheeler, D. 5., Urcelay, G. P, and Miller, R. R. (2009). Pro-
tection from Latent Inhbition Provided by a Conditined Inhibitor. | Exp Psy-
chol Anim Behav Process. 35, 498-508.

McGaugh, J. L. (1966). Time-dependent processes in memory storage. Sci-
ence 153, 1351-8.

McGregor, L. S, and Dielenberg, R. A. (1999). Differential anxiolytic efficacy
of a benzodiazepine on first versus second exposure to a predatory odor in
rats. Psychopharmacology 147, 174-81.

McGregor, 1. 8., Schrama, L., Ambermoon, P., and Dielenberg, K. a. (2002).
Not all ‘predator odours’ are equal: cat odour but not 2,4,5 trimethylthiazoline
(TMT; fox odour) elicits specific defensive behaviours in rats. Behavioural
brain research 129, 1-16.

McKenzie, 8., and Eichenbaum, H. (2011). Consolidation and reconsolida-
tion: two lives of memories? Neuron 71, 224-33.

McNally, G. P., and Westbrook, R. F. (2006). Predicting danger: the nature,
consequences, and neural mechanisms of predictive fear learning. Learn
Mem. 13, 245-53.

McNally, R. J. (1998). Experimental approaches to cognitive abnormality in
posttraumatic stress disorder. Clin Psychol Rev 18, 971-82.

MecNaughton, N., and Corr, P. J. (2004). A two-dimensional neuropsychology
of defense: fear/anxiety and defensive distance. Neuroscience and biobehav-
ioral reviews. 28, 285-305.

Medina, ]. H., Schrider, N., and Izquierdo, 1. (1999). Two different properties
of short- and long-term memory. Behavioural brain research 103, 119-21.

Merino, ]. ., Cordero, M. ., and Sandi, C. (2000). Regulation of hippocampal
cell adhesion molecules NCAM and L1 by contextual fear conditioning is
dependent upon time and stressor intensity. The European journal of neuro-
science 12, 3283-90.

Michelson, D., Licino, ., and Gold, P. (1995). "Mediation of the stress re-
sponse by the hypothalamic-pituitary-adrenal axis”, in: Neurobiological and



clinical consequences of stress: from normal adaptation to PTSD, Eds: M.
Friedman, D. Charney&A. Deutch. (Lippincot-Raven Publishers)

Monfils, M. H., Cowansage, K. K., Klann, E., and LeDoux, ]. E. (2009). Ex-
tinction-reconsolidation boundaries: key to persistent attenuation of fear
memories, Science. 324, 951-5,

Moore, S. A. (2009). Cognitive abnormalities in posttraumatic stress disorder.
Curr Opin Psychiatry. 22, 19-24.

Morgan, M. A,, and LeDoux, |. E. (1995). Differential contribution of dorsal
and ventral medial prefrontal cortex to the acquisition and extinction of con-
ditioned fear in rats. Behav Neurosci. 109, 681-8.

Morrow, B. A., Redmond, A. ]., Roth, R. H., and Elsworth, ]. D. (2000). The
predator odor, TMT, displays a unique, stress-like pattern of dopaminergic
and endocrinological activation in the rat. Brain Res. 864, 146-51.

Munoz-Abellan, C., Andero, R., Nadal, R., and Armario, a. (2008). Marked
dissociation between hypothalamic-pituitary-adrenal activation and long-
term behavioral effects in rats exposed to immobilization or cat odor. Psy-
choneuroendocrinology 33, 1139-50.

Munoz-Abellin, C., Armario, A., and Nadal, R. (2010). Do odors from differ-
ent cats induce equivalent unconditioned and conditioned responses in rats?
Physiology & behavior 99, 388-94.

Munoz-Abellan, C., Daviu, N., Rabasa, C., Nadal, R., and Armario, A. (2009).
Cat odor causes long-lasting contextual fear conditioning and increased pi-
tuitary-adrenal activation, without modifying anxiety. Hormones and behav-
ior 56, 465-71.

Munoz-Abellan, C., Rabasa, C., Daviu, N., Nadal, R., and Armario, A. (2011).
Behavioral and Endocrine Consequances of Simultaneous Exposure to Two
Different Stressors in Rats: Interaction or Independence? Plos One. 6, €21426.

Murua, V. 5, and Molina, V. A. (1990). Desipramine and restraint stress in-
duce odor conditioned aversion in rats: suppression by repeated condition-
ing. Psychopharmacology 102, 503-6.



Murua, V. S, and Molina, V. A. (1991). Antidepressants reduce inactivity
during both inescapable shock administration and shuttle-box testing. Eur |
Pharmacol. 204, 187-92.

Myers, K. M., and Davis, M. (2002). Behavioral and neural analysis of extinc-
tion. Meuron 36, 567-584.

Myers, K. M., and Davis, M. (2007). Mechanisms of fear extinction. Molecu-
lar Psychiatry 12, 120-150.

Myers, K. M., Ressler, K. ]., and Davis, M. (2006). Different mechanisms of
fear extinction dependent on length of time since fear acquisition Different
mechanisms of fear extinction dependent on length of time since fear acquisi-
tion. Learning & Memory 13, 216-223.

Nader, K. (2003). Memory traces unbound. Trends in neurosciences 26, 65-
72,

Nader, K., and Hardt, O. (2009). A single standard for memory: the case for
reconsolidation. Nature reviews. Neuroscience 10, 224-34.

Nader, K., Majidishad, P., Amorapanth, P., and LeDoux, J. E. (2001). Damage
to the lateral and central, but not other, amygdaloid nuclei prevents the ac-
quisition of auditory fear conditioning. Learning & memory 8, 156-63.

Nader, K., Schafe, G. E., and LeDoux, J. E. (2000). The labile nature of consol-
idation theory. Nature reviews. Neuroscience 1, 216-9.

Nemeroff, C. B., Bremner, ]. D., Foa, E. B., Mayberg, H. S., North, C. §., and
Stein, M. B. (2006). Posttraumatic stress disorder: a state-of-the-science re-
view. Journal of psychiatric research 40, 1-21.

Nijsen, M. J. M. A., Croiset, G., Diamant, M., Stam, R., Delsing, D., Wied, D.
D., and Wiegant, V. M. (1998). Conditioned fear-induced tachycardia in the
rat ; vagal involvement. Baseline 211-222.

Norman, C., and Cassaday, H. ]. (2004). CER to discrete and contextual stim-
uli: effects of stimulus modality depend on strain of rat. Physiol behave. 82,
611-9.



Norrholm, S. D., Vervliet, B, Jovanovic, T., Boshoven, W., Myers, K. M.,
Davis, M., Rothbaum, B., and Duncan, E. J. (2008). Timing of extinction rela-
tive to acquisition: a parametric analysis of fear extinction in humans. Behav
Neurosci. 122, 1016-30.

Nsegbe, E., Vardon, G., Perruchet, P., and Gallego, |. (1997). Classic condi-
tioning of the ventilatory responses in rats. ] Appl Physiol. 83, 1174-83.

O'Connor, K. A, Johnson, J. D, Hammack, 5. E., Brooks, L. M., Spencer, R.
L., Watkins, L. R., and Maier, S. F. (2003). Inescapable shock induces re-
sistance to the effects of dexamethasone. Psychoneuroendocrinology 28, 481-
500.

Orsini, C. a., Kim, ]. H., Knapska, E., and Maren, 5. (2011). Hippocampal and
prefrontal projections to the basal amygdala mediate contextual regulation of
fear after extinction. | Neurosci.. 31, 17269-77.

Pacik, K., and Palkovits, M. (2001). Stressor specificity of central neuroendo-
crine responses: implications for stress-related disorders. Endocrine reviews
22, 502-48.

Pamplona, F. a., Henes, K., Micale, V., Mauch, C. P., Takahashi, R. N., and
Wotjak, C. T. (2011). Prolonged fear incubation leads to generalized avoid-
ance behavior in mice. Journal of psychiatric research 45, 354-60.

Paré, D., Quirk, G. ], and Le Doux, ]. E. (2004). New Vistas on Amygdala
Networks in Conditioned Fear. ] Neurophysiol. 92, 1-9.

Parker, L. a., and Mcdonald, R. V. (2000). Reinstatement of both a condi-
tioned place preference and a conditioned place aversion with drug primes.
Pharmacology, biochemistry, and behavior 66, 559-61.

Parsons, R. G., and Ressler, K. J. (2013). Implications of memory modulation
for post-traumatic stress and fear disorders. Nature neuroscience 16, 146-53.

Pearce, ]. M. (1994). Similarity and discrimination: a selective review and a
connectionist model. Psychol Rev. 101, 587-607.

Phillips, R. G., and LeDoux, J. E. (1992). Differential contribution of amygda-
la and hippocampus to cued and contextual fear conditioning. Behav Neuro-
sci. 106, 274-85.



Phillips, R. G., and LeDoux, J. E. (1994). Lesions of the dorsal hippocampal
formation interfere with background but not foreground contextual fear con-
ditioning. Learn Mem. 1, 34-44.

Pickens, C. L., Golden, 5. A., Adams-deutsch, T., Nair, 8. G., and Shaham, Y.
(2009). Long-Lasting Incubation of Conditioned Fear in Rats. Biol psychiatry.
65, 881-836.

Pijlman, F. T., and van Ree, ]. M. (2002). Physical but not emotional stress
induces a delay in behavioural coping responses in rats. Behav Brain Res. 136,
365-73.

Pijlman, F. T. a, Herremans, A. H. |., van de Kieft, ]., Kruse, C. G., and van
Ree, J. M. (2003). Behavioural changes after different stress paradigms: pre-
pulse inhibition increased after physical, but not emotional stress. European
neuropsychopharmacology: the journal of the European College of Neuro-
psychopharmacology 13, 369-80.

Pol, O., Campmany, L., Gil, M., and Armario, A. (1992). Behavioral and neu-
rochemical changes in response to acute stressors: influence of previous
chronic exposure to immobilization. Pharmacol Biochem Behav. 42, 407-12.

Ponnusamy, R., Poulos, A. M., and Fanselow, M. S (2007). Amygdala-
dependent and amygdala-independent pathways for contextual fear condi-
tioning. Neuroscience 147, 919-27.

Poulos, A. M., Li, V., Sterlace, 5. 5., Tokushige, F., Ponnusamy, R., and Fan-
selow, M. S. (2009). Persistence of fear memory across time requires the baso-
lateral amygdala complex. Proc Natl Acad Sci U § A, 106, 11737-41.

Poulos, A. M., Ponnusamy, R., Dong, H.-W., and Fanselow, M. 5. (2010).
Compensation in the neural circuitry of fear conditioning awakens learning
circuits in the bed nuclei of the stria terminalis. Proc Natl Acad Sci U S A.
107, 14881-6.

Power, A. E., Berlau, D. ]., McGaugh, J. L., and Steward, O. (2006). Aniso-
mycin infused into the hippocampus fails to block "reconsolidation” but im-
pairs extinction: the role of re-exposure duration. Learning & memory (Cold
Spring Harbor, N.Y.). 13, 27-34.



Quinn, J. ., Oommen, 5. 5., Morrison, G. E., and Fanselow, M. S. (2002).
Post-training excitotoxic lesions of the dorsal hippocampus attenuate forward
trace, backward trace, and delay fear conditioning in a temporally specific
manner. Hippocampus 12, 495-504.

Quinn, J. ., Wied, H. M., Ma, Q. D,, Tinsley, M. R., and Fanselow, M. §.
(2008). Dorsal hippocampus involvement in delay fear conditioning depends
upon the strength of the tone-footshock association. Hippocampus 18, 640-
34

Quirk, G. J. (2002). Memory for extinction of conditioned fear is long-lasting
and persists following spontaneous recovery. Learning & memory 9, 402-7.

Quirk, G. ., Garcia, R., and Gonzdlez-Lima, F. (2006). Prefrontal mechanisms
in extinction of conditioned fear. Biol psychiatry 60, 337-43.

Quirk, G. ]., Russo, G. K., Barron, J. L., and Lebron, K. (2000). The role of
ventromedial prefrontal cortex in the recovery of extinguished fear. | Neuros-
ci. . 20,6225-31.

Radley, ]. ]., Gosselink, K. L., and Sawchenko, P. E. (2009). A discrete GA-
BAergic relay mediates medial prefrontal cortical inhibition of the neuroen-
docrine stress response. | Neurosci. 29, 7330-40.

Radulovic, ]., Kammermeier, ., and Spiess, ]. (1998a). Generalization of fear
responses in C57BL/6N mice subjected to one-trial foreground contextual
fear conditioning. Behav Brain Res. 95, 179-89.

Radulovic, ]., Kammermeier, |., and Spiess, |. (1998b). Relationship between
fos production and classical fear conditioning: effects of novelty, latent inhi-
bition, and unconditioned stimulus preexposure. The Journal of neuroscience
: the official journal of the Society for Neuroscience 18, 7452-61.

Ratka, A., Sutanto, W., Bloemers, M., and de Kloet, E. R. {1989). On the role
of brain mineralocorticoid (type I) and glucocorticoid (type II) receptors in
neuroendocrine regulation. Neuroendocrinology 50, 117-23.

Rau, V., DeCola, J. P., and Fanselow, M. 5. (2005). Stress-induced enhance-
ment of fear learning: an animal model of posttraumatic stress disorder. Neu-
rosci Biobehav Rev. 29, 1207-23.



Rau, V., and Fanselow, M. 5. (2009). Exposure to a stressor produces a long
lasting enhancement of fear learning in rats. Stress 12, 125-33.

Reinstein, D. K., Lehnert, H., Scott, N. A., and Wurtman, R. ]. (1984). Tyro-
sine prevents behavioral and neurochemical correlates of an acute stress in
rats. Life 8ci. 34, 2225-31.

Repa, J. C., Muller, J., Apergis, ]., Desrochers, T. M., Zhou, Y., and LeDoux, ].
E. (2001). Two different lateral amygdala cell populations contribute to the
initiation and storage of memory. Nat Neurosci. 4, 724-31.

Rescorla, R. A. (2004). Spontaneous recovery. Learn Mem. 11, 501-9.

Rescorla, R. A., and Wagner, A. R. (1972). "A theory of Pavlovian condition-
ing: variation in the effectiveness od reinforcement and nonreinforcement.”
in: Classical condicitoning II, Eds: A. H. Black&W. F. Prokasy. (New York,
(Appleton-Century-Crofts),

Reul, J. M., and de Kloet, E. R. (1985). Two receptor systems for corti-
costerone in rat brain: microdistribution and differential occupation. Endo-
crinology 117, 2505-11.

Richardson, K. (2000). Shock sensitization of startle: learned or unlearned
fear? Behav Brain Res. 110, 109-17.

Richardson, R., and Elsayed, H. (1998). Shock sensitization of startle in rats:
the role of contextual conditioning. Behav Neurosci. 112, 1136-41.

Richmond, M. a., Murphy, C. a., Pouzet, B., Schmid, P., Rawlins, ]. N., and
Feldon, . (1998). A computer controlled analysis of freezing behaviour. Jour-
nal of neuroscience methods 86, 91-9,

Richter-Levin, G. (1998). Acute and long-term behavioral correlates of un-
derwater trauma--potential relevance to stress and post-stress syndromes.
Psychiatry research 79, 73-83.

Rivier, C., and Vale, W. (1983). Modulation of stress-induced ACTH release
by corticotropin-releasing factor, catecholamines and vasopressin. Nature
305, 325-7.



Robbins, S. J. (1990). Mechanisms underlying spontaneous recovery in au-
toshaping. Joural of Experimental Psychology 16, 235-249.

Roozendaal, B. (2000). 1999 Curt P. Richter award. Glucocorticoids and the
regulation of memory consolidation. Psychoneuroendocrinology 25, 213-38.

Roozendaal, B., Koolhaas, ]. M., and Bohus, B. (1993). The central amygdala
is involved in conditioning but not in retention of active and passive shock
avoidance in male rats. Behav Neural Biol. 59, 143-9.

Rothbaum, B. O., Houry, D., Heekin, M., Leiner, A. 5., Daugherty, ., Smith,
L. 8., and Gerardi, M. (2008). A pilot study of an exposure-based intervention
in the ED designed to prevent posttraumatic stress disorder. The American
journal of emergency medicine 26, 326-30.

Rothbaum, B. O., Kearns, M. C., Price, M., Malcoun, E., Davis, M., Ressler, K.
J., Lang, D., and Houry, D. (2012). Early intervention may prevent the devel-
opment of posttraumatic stress disorder: a randomized pilot civilian study
with modified prolonged exposure. Biol psychiatry 72, 957-63.

Rudy, J. W. (1993). Contextual conditioning and auditory cue conditioning
dissociate during development. Behav Neurosci. 107, 887-91.

Rudy, J. W. (1994). Ontogeny of context-specific latent inhibition of condi-
tioned fear: implications for configural associations theory and hippocampal
formation development. Dev Psychobiol. 27, 367-79.

Rudy, J. W. (2009). Context representations, context functions, and the para-
hippocampal-hippocampal system. Learn Mem. 16, 573-85.

Rudy, ]. W, Huff, N. C, and Matus-Amat, P. (2004). Understanding contex-
tual fear conditioning: insights from a two-process model. Neurosci Biobehav
Rev. 28, 675-85.

Rudy, . W., and Matus-Amat, P. (2005). The ventral hippocampus supports a
memory representation of context and contextual fear conditioning: implica-
tions for a unitary function of the hippocampus. Behav Neurosci. 119, 154-63.

Rudy, J. W., and O'Reilly, R. C. (1999). Contextual fear conditioning, con-
junctive representations, pattern completion, and the hippocampus. Behav
Neurosci. 113, 867-80.



Rudy, J. W,, and Pugh, C. R. (1996). A comparison of contextual and general-
ized auditory-cue fear conditioning: evidence for similar memory processes.
Behav Neurosci. 110, 1299-308,

Sacchetti, B., Lorenzini, C. A_, Baldi, E., Bucherelli, C., Roberto, M., Tassoni,
G., and Brunelli, M. (2001). Long-lasting hippocampal potentiation and con-
textual memory consolidation. Eur | Neurosci. 13, 2291-8.

Sahuque, L. L., Kullberg, E. F., Mcgeehan, A. ., Kinder, J. R., Hicks, M. P.,
Blanton, M. G., Janak, P. H., and Olive, M. F. (2006). Anxiogenic and aversive
effects of corticotropin-releasing factor (CRF) in the bed nucleus of the stria

terminalis in the rat: role of CRF receptor subtypes. Psychopharmacology
186, 122-32.

Sandi, C., and Pinelo-Nava, M. T. (2007). Stress and memory: behavioral
effects and neurobiological mechanisms. Neural Plast. 2007, 78970.

Santini, E., Ge, H., Ren, K., Pefia de Ortiz, 8., and Quirk, G. ]. (2004). Consol-
idation of fear extinction requires protein synthesis in the medial prefrontal
cortex. The Journal of neuroscience : the official journal of the Society for
Neuroscience 24, 5704-10.

Sapolsky, R. M., Romero, L. M., and Munck, A. U. (2000). How Do Glucocor-
ticoids Influence Stress Responses ? Integrating Permissive, Supressive, Stim-
ulatory, and Preparative Actions Endocrine reviews 21, 55-89.

Sauerhdfer, E., Pamplona, F. A., Bedenk, B., Moll, G. H., Dawirs, K. K., von
Horsten, S., Wotjak, C. T., and Golub, Y. (2012). Generalization of contextual
fear depends on associative rather than non-associative memory components.
Behav Brain Res. 233, 483-93.

Sauerhdfer, E., Pamplona, F. A., Bedenk, B., Moll, G. H., Dawirs, K. K., von
Horsten, S., Wotjak, C. T., and Golub, Y. (2012). Generalization of contextual
fear depends on associative rather than non-associative memory components.
Behav Brain Res. 233, 483-93.

Schiller, D., Cain, C. K., Curley, N. G., Schwartz, ]. 5., Stern, 5. A., Ledoux, .
E., and Phelps, E. A. (2008). Evidence for recovery of fear following immedi-
ate extinction in rats and humans. Learning & Memory. 15, 394-402.



Schiller, D., Cain, C. K., Curley, N. G., Schwartz, |. 8., Stern, 5. A., Ledoux, .
E., and Phelps, E. A. (2008). Evidence for recovery of fear following immedi-
ate extinction in rats and humans. Learn Mem. 15, 394-402,

Schiller, D., Monfils, M.-H., Raio, C. M., Johnson, D. C., Ledoux, ]. E., and
Phelps, E. a. (2010). Preventing the return of fear in humans using reconsoli-
dation update mechanisms. Nature 463, 49-53.

Schwabe, L., Joéls, M., Roozendaal, B., Wolf, O. T., and Oitzl, M. S. (2012).
Stress effects on memory: an update and integration. Neuroscience and bi-
obehavioral reviews 36, 1740-9,

Seligman, M. E. P. (1971). Phobias and preparedness. Beh Ther. 2, 307-320.

Servatius, R. ], Brennan, F. X., Moldow, R., Pogach, L., Natelson, B. H., and
Ottenweller, J. E. (2001). Persistent hormonal effects of stress are not due to
reduced food intake or exposure to stressed rats. Endocrine 14, 181-7.

Servatius, R. ., Ottenweller, J. E., and Natelson, B. H. (1995). Delayed startle
sensitization distinguishes rats exposed to one or three stress sessions: further
evidence toward an animal model of PTSD. Biol Psychiatry 38, 539-46.

Servatius, R. J., and Shors, T. J. (1994). Exposure to inescapable stress persis-
tently facilitates associative and nonassociative learning in rats. Behav Neuro-
sci. 108, 1101-6.

Sevenster, [, Beckers, T., and Kindt, M. (2013). Prediction error governs
pharmacologically induced amnesia for learned fear. Science 339, 830-3.

Shad, M. U., Suris, A. M., and North, C. 8. (2011). Novel combination strate-
gy to optimize treatment for PTSD. Human Psychopharmacology 26, 4-11.

Shepard, R. N. (1987). Toward a Universal Law of Generalization for Psycho-
logical Science. Science 237, 1317-1323.

Siegmund, A., and Wotjak, C. T. (2007a). Hyperarousal does not depend on
trauma-related contextual memory in an animal model of Posttraumatic
Stress Disorder. Physiol Behav. 90, 103-7.



Siegmund, A., and Wotjak, C. T. (2007b). A mouse model of posttraumatic
stress disorder that distinguishes between conditioned and sensitised fear.
Journal of psychiatric research. 41, 848-60.

Siegmund, A., and Wotjak, C. T. (2006). Toward an animal model of post-
traumatic stress disorder. Ann N Y Acad Sci. 1071, 324-34.

Sierra-Mercado, D, Padilla-Coreano, N., and Quirk, G. ]. (2011). Dissaciable
roles of prelimbic and infralimbic cortices, ventral hippocampus, and basolat-
eral amygdala in the expression and extinction of conditioned fear. Neuro-
psychopharmacology 36, 529-38.

Stam, K. (2007). PTSD and stress sensitisation: a tale of brain and body Part 2:
animal models. Neurosci Biobehav, Rev. 31, 558-84.

Stiedl, O., Radulovic, ]., Lohmann, K., Birkenfeld, K., Palve, M., Kammermei-
er, |, Sananbenesi, F., and Spiess, J. (1999). Strain and substrain differences in
context- and tone-dependent fear conditioning of inbred mice. Behav. Brain
Res. 104, 1-12.

Stinus, L., Caille, 5., and Koob, G. F. (2000). Opiate withdrawal-induced place
aversion lasts for up to 16 weeks. Psychopharmacology 149, 115-20.

Stork, O, Ji, F. Y., and Obata, K. (2002). Reduction of extracellular GABA in
the mouse amygdala during and following confrontation with a conditioned
fear stimulus. Neuroscience letters 327, 138-42,

Takahashi, L. K., Chan, M. M., and Pilar, M. L. (2008). Predator odor fear
conditioning: current perspectives and new directions. Neurosci Biobehav
Rev. 32, 1218-27.

Takahashi, T., Morinobuw, 5., Iwamoto, Y., and Yamawaki, 5. (2006). Effect of
paroxetine on enhanced contextual fear induced by single prolonged stress in
rats. Psychopharmacology 189, 165-173.

Taylor, S., Thordarson, D. S., Maxfield, L., Fedoroff, I. C., Lovell, K., and
Ogrodniczuk, J. (2003). Comparative efficacy, speed, and adverse effects of
three PTSD treatments: exposure therapy, EMDR, and relaxation training. |
Consult Clin Psychol. 71, 330-8.



Tenk, C. M., Kavaliers, M., and Ossenkopp, K.-P. (2006). The effects of acute
corticosterone on lithium chloride-induced conditioned place aversion and
locomotor activity in rats. Life sciences 79, 1069-80.

Ulrich-Lai, Y. M., Arnhold, M. M., and Engeland, W. C. (2006). Adrenal
splanchnic innervation contributes to the diurnal rhythm of plasma corti-
costerone in rats by modulating adrenal sensitivity to ACTH. Am | Physiol
Regul Integr Comp Physiol. 290, R1128-35.

Vahl, T. P, Ulrich-Lai, Y. M., Ostrander, M. M., Dolgas, C. M., Elfers, E. E.,
Seeley, R. ., D'Alessio, D. A., and Herman, ]. P. (2005). Comparative analysis
of ACTH and corticosterone sampling methods in rats. Am ] Physiol Endo-
crinol Metab, 289, ES23-8,

Valles, A., Marti, O., and Armario, A. (2003). Long-term effects of a single
exposure to immobilization stress on the hypothalamic-pituitary-adrenal
axis: transcriptional evidence for a progressive desensitization process. Euro-
pean Journal of Neuroscience. 18, 1353-1361.

Van de Weerd, H. a,, Bulthuis, R. ]. a.,, Bergman, a. F.,, Schlingmann, F., Tol-
boom, J., Van Loo, P. L. P, Remie, R., Baumans, V., and Van Zutphen, L. F.
M. (2001). Validation of a new system for the automatic registration of be-
haviour in mice and rats. Behavioural processes 53, 11-20.

Van den Berg, C. L., Lamberts, R. R., Wolterink, G., Wiegant, V. M., and Van
Ree, ]. M. (1998). Emotional and footshock stimuli induce differential long-
lasting behavioural effects in rats; involvement of opioids. Brain Res. 799, 6-
15.

Van der Kar, L. D., Piechowski, R. A., Rittenhause, P., and Gray, T. 5. (1991).
Amygdaloid lesions: differential effect on conditioned stress and immobiliza-
tion-induced increases in corticosterone and renin secretion. Neuroendocro-
nology 54, 89-95.

Van Dijken, H. H., de Goeij, D. C,, Sutanto, W., Mos, |., de Kloet, E. R., and
Tilders, F. . (1993). Short inescapable stress produces long-lasting changes in
the brain-pituitary-adrenal axis of adult male rats. Neuroendocrinology 58,
37-64.



Van Dijken, H. H., Mos, |., van der Heyden, ]. A., and Tilders, F. ]. (1992a).
Characterization of stress-induced long-term behavioural changes in rats:
evidence in favor of anxiety. Physiol Behav. 52, 945-51.

Van Dijken, H. H., Tilders, F. ]., Olivier, B., and Mos, ]. (1992b). Effects of
anxiolytic and antidepressant drugs on long-lasting behavioural deficits re-
sulting from one short stress experience in male rats. Psychopharmacology
109, 395-402.

Van Dijken, H. H., Van der Heyden, ]. A, Mos, |., and Tilders, F. . (1992c).
Inescapable footshocks induce progressive and long-lasting behavioural
changes in male rats. Physiol Behav. 51, 787-94.

Vicens-Costa, E., Martinez-Membrives, E., Lopez-Aumatell, R., Guitart-
Masip, M., Canete, T., Blizquez, G., Tobefia, A., and Fernindez-Teruel, A.
{2011). Two-way avoidance acquisition is negatively related to conditioned
freezing and positively associated with startle reactions: a dissection of anxie-
ty and fear in genetically heterogeneous rats. Physiol Behav. 103, 148-56.

Vigas, M. (1984). "Problems of definition of stress stimulus and specificity of
stress response’, in: Stress, the role of catecholamines and other neurotrans-
mitters: proceeding of the third international symposium on catecholamines
and other neurotrasnmitters in stress, Eds: E. Usdin et al. (Gordon and
Breach Sci Publ), 22-35.

Walker, P., and Carrive, P. (2003). Role of ventrolateral periaqueductal gray
neurons in the behavioral and cardiovascular response to contextual condi-
tioned fear and poststress recovery Neuroscience 116, 897-912.

Westbrook, R. F., lordanova, M., McNally, G., Richardson, R., and Harris, ].
A. (2002). Reinstatement of fear to an extinguished conditioned stimulus: two
roles for context. ] Exp Psychol Anim Behav Process. 28, 97-110.

Wilensky, A. E., Schafe, G. E., Kristensen, M. P., and LeDoux, |. E. (2006).
Rethinking the fear circuit: the central nucleus of the amygdala is required for
the acquisition, consolidation, and expression of Pavlovian fear conditioning.
. ] Neurosci. 26, 12387-96.



Wilensky, a. E., Schafe, G. E., and LeDousx, ]. E. (1999). Functional inactiva-
tion of the amygdala before but not after auditory fear conditioning prevents
memory formation. | Neurosci. 19, RC48.

Wiltgen, B. ]., and Silva, A. ]. (2007). Memory for context becomes less specif-
ic with time. Learning & memory 14, 313-7.

Waohr, M. (2005). Overt behavior and ultrasonic vocalization in a fear condi-
tioning paradigm: A dose-response study in the rat. Neurobiol Learn Mem
84, 228-240.

Yamamoto, 5., Morinobu, S., Takei, 5., Fuchikami, M., Matsuki, A., Yama-
waki, 5., and Liberzon, L. (2009). Single prolonged stress: toward an animal
model of posttraumatic stress disorder. Depression and anxiety 26, 1110-7.

Yehuda, R., and LeDoux, J. (2007). Response variation following trauma: a
translational neuroscience approach to understanding PTSD. Neuron 56, 19-
32,

Young, S. L., and Fanselow, M. S. (1992). Associative regulation of Pavlovian
fear conditioning: unconditional stimulus intensity, incentive shifts, and la-
tent inhibition. | Exp Psychol Anim Behav Process. 18, 400-13.

Zelikowsky, M., Bissiere, S., and Fanselow, M. S. (2012). Contextual fear
memories formed in the absence of the dorsal hippocampus decay across
time. J. Neurosci. 32, 3393-7,





