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Trait anxiety is considered to be a risk factor for anxiety disorders. The aim of the present study was to investigate how trait

anxiety affects associative learning during and after an aversive event in laboratory rats. For this, rats were first submitted to

a light–dark box test, followed by relief, safety, and fear learning. Our data demonstrate that all types of learning were

affected by trait anxiety, both on a group and on an individual level. Whereas high levels of anxiety impaired relief and

safety learning, fear learning was more pronounced. These findings help to show how trait anxiety might be involved in

the etiology of anxiety disorders and pathological sensation- and risk-seeking.

During Pavlovian fear conditioning, humans and animals learn to
associate a formerly neutral stimulus with an aversive event
(LeDoux 2012). After successfully forming this association, the
then conditioned stimulus (CS) induces conditioned fear which
can be measured, for example, by potentiated startle magnitudes
or by the expression of freezing behavior in the presence of the
CS (Fendt and Fanselow1999). However, humans and animals can-
not only associate a stimuluswith the presence of an aversive event
but also with its cessation or absence. Associating the cessation of
an aversive event with an environmental stimulus is called relief
learning (Gerber et al. 2014). Relief from an aversive event is re-
warding (Leknes et al. 2011) and a relief CS induces appetitive-like
behavioral changes in humans and rodents (Gerber et al. 2014).
Different from relief learning is safety learning. In safety learning,
not the cessation but the absence of the aversive event is associated
with an environmental stimulus (Pollak et al. 2008). Later, a safety
CS inhibits fear and/or induces appetitive-like behavioral changes.

Fear conditioning is a potent paradigm to investigate the neu-
ral circuitry underlying fear learning (Maren and Quirk 2004) and
to test drugs for their potential to be used to treat anxiety disorders
(Cryan and Sweeney 2011). Much of this research was motivated
by studies showing that fear learning and its extinction is affected
in anxiety disorder patients (for review, see Lissek et al. 2005).
However, several findings indicate that impaired safety learning
may also contribute to the etiology of anxiety disorders (Lohr
et al. 2007; Pollak et al. 2008; Lissek et al. 2009, 2010; Jovanovic
et al. 2012). Interestingly, enhanced fear learning and impaired
safety learningcannotonlybeobserved inanxietydisorderpatients
but also in high trait anxiety individuals (Haddad et al. 2012;
Gazendam et al. 2013; Andreatta and Pauli 2017).

Trait anxiety is considered to be a risk factor for anxiety disor-
ders (Chambers et al. 2004). Therefore, improving our knowledge
on how trait anxiety influences fear, safety, and relief learning
may help to better understand the etiology of anxiety disorders.
Although there are several well-established rodent paradigms for
trait anxiety (Cryan and Sweeney 2011), the role of trait anxiety
in fear, safety, and relief learning in rodents is poorly investigated.
To the best of our knowledge, only rats and mice selectively bred
for high anxiety were tested in fear conditioning so far (Muigg
et al. 2008; Sartori et al. 2011).

The aim of our studywas to investigate the role of trait anxiety
on fear, safety, and relief learning in rats. To test trait anxiety, we
used the light–dark box test (Bourin and Hascoët 2003). We then
submitted the animals to relief, safety, and fear learning. Retention
of learned relief and learned safetywasmeasuredby themodulation
of startle response (Andreatta et al. 2012; Mohammadi et al. 2014),
whereas retention of learned contextual and cued fear was mea-
sured by freezing (Schwienbacher et al. 2006). To analyze the im-
pact of trait anxiety on these different types of learning, we
performed two different analyses, one based on grouping animals
with similar trait anxiety, the other one based on individual data.

For our experiments, 55 two-month-old male Wistar rats
(in-house colony) were used. They were housed in groups of 3–6
animals under a 12-h light–dark cycle with freely available food
and tap water. All experiments were carried out during the light
phase, were performed in accordance with international ethical
guidelines for the use of animals in experiments (2010/63/EU),
and approved by the local authorities (Landesverwaltungsamt
Sachsen-Anhalt, Az.42505-2-1172 UniMD).

The behavioral experiments started with the light–dark box
test. The boxes (49.5 ×49.5 ×41.5 cm) consisted of a dark compart-
ment (below 1 lux) and a light compartment (approximately 230
lux). The compartments were of identical size and separated by a
wall with a 8×6 cm opening. Movement of the rats was detected
by a frame with infrared sensors (distance: 14 mm; TSE Systems).
To measure anxiety levels, the rats were put into the middle of
the dark compartment and allowed to explore both compartments
for 10 min. As a behavioral readout for trait anxiety, we used the
percent time spent in the light compartment.

After a breakof 2–3d, the ratswere submitted to one of the two
learning protocols described below, that is, either relief condition-
ing (n =28) or safety conditioning (n=27). Two to three days later,
half of the animals were submitted to fear conditioning (n=28).

Relief learning (cf. Andreatta et al. 2012) was performed in
a startle system (SR-LAB, San Diego Instruments) with eight identi-
cal chambers equipped with acrylic cylinders (diameter: 9 cm,
length: 16 cm) with a floor consisting of stainless steel bars and a
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piezoelectric transducer underneath. This transducer detected and
measured the animals’movement, that is, the startle response. On
the first day, the animals were habituated to the startle system and
the startle stimuli. For this, the rats were placed into the cylinders
and after a 5 min acclimation period, 10 startle stimuli (white
noise, duration: 40 msec, intensity: 96 dB SPL) were presented
with an interstimulus interval of 30 sec. One day later, relief condi-
tioning was performed. After 5 min acclimation time, 15 pairings
of a footshock (unconditioned stimulus [US]: delivered via the steel
bars, duration: 0.5 sec, intensity: 0.4 mA) and a light stimulus (CS:
duration: 5 sec, intensity: ∼1000 lux) were presented. These two
stimuli were backward paired, that is, the light stimulus was pre-
sented 3 sec after the shock onset. The mean intertrial interval
was 2 min (range: 1.5–2.5 min). On the third day, a retention
test was performed. After 5 min acclimation, 10 startle stimuli
were presented with an intertrial interval of 30 sec. Then, 20 fur-
ther startle stimuli were presented, 10 of themwithout the CS (star-
tle alone trials) and 10 of them upon presentation of the CS
(CS-startle trials). The order of the trials with and without CS was
pseudo-randomized.

The procedure for safety learning was identical to the one for
relief learning despite a different timing of the US and the CS dur-
ing the conditioning procedure (cf. Mohammadi et al. 2014). For
safety conditioning, in order to explicitly unpair the CS with the
US, the US was never presented less than 12 sec before or after
the CS, otherwise presented with a random interstimulus interval.
This resulted in US-free periods of 42–130 sec (mean: 86.5 sec).

For fear learning (cf. Khalil and Fendt 2017), a fear condition-
ing system with four identical chambers was used (TSE Systems).
Movements of the rats were detected by a frame with infrared sen-
sors (distance: 14 mm). Freezing was defined as no movement
detection via the sensors for more than 1 sec. For the conditioning
procedure, transparent boxes (46 ×46×32 cm) with floors consist-
ing of stainless steel grids were used. Animals were put into these
boxes and after an acclimation time of 2 min, they received five
pairings of tone CS (duration: 30 sec, frequency: 10 kHz, intensity:
80 dB SPL) with co-terminating footshocks (US: duration: 1 sec, in-
tensity: 0.8 mA) administered via the floor grid. On the next day,
retention tests for conditioned contextual and cued fear, respec-
tively, were performed. To test contextual fear, the rats were placed
in the boxes which were used for fear conditioning for 5 min with-
out any stimulus presentation and behavior was recorded. Three
hours later, cued fear was measured in novel boxes (black walls,
flat floor). In this novel context, the CS was presented 10 times
with an interstimulus interval of 1 min.

For descriptive and statistical analysis, we used Prism 6.0
(GraphPad Software Inc.). To investigate the effects of trait anxiety
on the different types of event learning, twodifferent analyseswere
performed for each event learning protocol. For the first analysis,
animalswere groupedbasedon their levels of anxiety (% time spent
in the light compartment) in the light–dark box. The third of rats
with the lowest values built the group “high anxiety” (range: 0%–

26.0%), the third with the highest values built the group “low anx-
iety” (range: 42.3%–68.6%), and the remaining built the group
“middle anxiety” (range: 28.5%–42.2%). After checking the group
data for normal distribution (D’Agostino–Pearson omnibus distri-
bution test), the different types of event learning were compared
using analysis of variance (ANOVA) or Kruskal–Wallis test. In the
second analysis, a linear regression analysis was used to check
whether the individual behavior in the light–dark box (i.e., per-
centage time spent in the light compartment) was correlated with
the learning scores in the different event learning protocols.

In Figure 1A, the startle data from the retention test for condi-
tioned relief are depicted. An ANOVA with trial type (startle alone
vs. CS-startle) as within-subject factor and group (high, middle,
and low anxiety) as between-subject factor was performed. There

was no main effect of group (F(2,25) = 0.48, P=0.63) indicating
that anxiety did not generally affect startle magnitude. However,
the relief CS had an significant main effect on the startle magni-
tude (F(2,25) = 19.69, P<0.0001) and there was a significant interac-
tion between trial type and group (F(2,25) = 3.35, P=0.04). Post-hoc
Sidak’s multiple comparisons showed that the relief CS did not af-
fect startle magnitude in the highest anxiety group (t9 = 0.50, P=
0.94) but significantly decreased startle magnitude in the middle
and low anxiety groups (middle: t10 = 2.97, P=0.02; low: t9 = 4.24,
P=0.0008). This was confirmed by an analysis of the difference
scores (Kruskal–Wallis test: H=8.78, P= 0.01) showing significant
differences between the group with high anxiety scores and the
group with low anxiety scores (P=0.006). Regression analysis of
the individual data (Fig. 1B) further revealed that light–dark box
behavior was significantly correlated with the percent startle atten-
uation by the relief CS (r2 = 0.25; P=0.006).

Animals of the three different anxiety groups did not differ in
the retention test on conditioned safety (Fig. 1C). There was a sig-
nificant startle attenuation by the safety CS (F(1,24) = 8.07, P=
0.009) but neither an effect of group (F(2,24) = 2.10, P=0.14) nor
an interaction between group and trial type (F(2,24) = 0.08, P=
0.92). This is supported by the analysis of the absolute or percent
difference scores (Hs < 1.70, Ps > 0.42). However, the regression
analysis of the individual data (Fig. 1D) showed that light–dark
box behavior was significantly correlated with startle attenuation
by the safety CS (r2 = 0.26, P=0.008).

Figure 1E shows the mean percent freezing during exposure
to the fear conditioning boxes, before and after fear conditioning.
Before conditioning, the context only inducedminimal freezing in
the high anxiety group. However, after fear conditioning, context-
induced freezing significantly differed between groups (Kruskal–
Wallis test: H=6.35, P=0.04). A post-hoc Dunn’s test revealed a
significant difference between the groups with high and low anxi-
ety scores (P=0.03),with lowanxiety rats expressing less contextual
freezing than high anxiety rats. In addition, the regression analysis
showed that light–dark box behavior was significantly correlated
with contextual freezing (Fig. 1F; r2 = 0.15; P= 0.04).

These effects were more pronounced in the retention test on
cued fear (Fig. 1G). The novel context induced some freezing in
the groups with high and middle anxiety scores only. CS-induced
freezing was significantly different in the three groups (F(2,25) =
10.33, P=0.0005). Post-hoc Dunnett’s comparison showed that
the groups with middle and low anxiety scores had significantly
lower CS-induced freezing than the high anxiety rats (high vs.mid-
dle: t= 2.65, P=0.03; high vs. low: t=4.53, P=0.0003). This is sup-
ported by the regression analysis showing a significant correlation
between light–dark box behavior andCS-induced freezing (Fig. 1H;
r2 = 0.41; P=0.0003).

Taken together, our data demonstrate that trait anxiety scores
measured in rats (during the light–dark box test) are associated
with their performance in retention tests on conditioned relief,
safety, contextual, and cued fear. We used two different types of
analyses, one based on grouping animals with similar levels of trait
anxiety and the other one based on individual data. Regarding con-
ditioned relief and fear, both analyses support each other, that is,
the less anxious the animal, the more conditioned relief and the
less conditioned cued and contextual fear was expressed. Grouping
in the safety conditioned rats led to no significant difference, most
probably due to the high variability within the groups. Neverthe-
less, regression analysis showed that less anxious rats perform bet-
ter upon safety memory recall.

Our data are in line with findings from human studies show-
ing that high trait anxiety is associated with impaired discrimi-
nation of fear, safety, and relief signals (Haddad et al. 2012;
Gazendam et al. 2013; Andreatta and Pauli 2017). In contrast to
the human studies, we did not test our animals for the ability to
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Figure 1. Impact of trait anxiety on associative learning during and after aversive events. For the bar diagrams, animals were grouped in thirds based on
their anxiety-like behavior in the light–dark box test. In the XY diagram, data of individual animals are shown. Lower percentage time spent in the light com-
partment of the light–dark box indicates higher trait anxiety. The lower the anxiety scores, the more pronounced was relief learning, both on a group level
(A) and an individual level (B). (C) Lower anxiety scores were also associated with better safety learning but only when analyzed on an individual level (D). In
contrast, lower anxiety scores lead toweaker fear learning of contextual (E,F) and cued stimuli (G,H), analyzedon agroup level (E,G) aswell as on an individual
level (F,H). (**) P<0.01, (*) P<0.05, post-hoc comparisons after significant ANOVAdepicting the effects of the CS on startlemagnitude. (##) P<0.01, (#) P<
0.05, post-hoc comparison with the respective value from the high anxiety group. Values in the XY diagrams indicate the results of a regression analysis.
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discriminate between signals with different meanings (neutral vs.
fear vs. safety vs. relief) but rather for the strength of the different
learning processes. Since the respective tests were separated, the
present data demonstrate that all three learning processes are inde-
pendently affected by trait anxiety. However, in this context, it
should be noted that our animals were submitted to relief or safety
learning before fear learning. This prior experience may have facil-
itated the effects of trait anxiety on fear learning (cf. Cordero et al.
2003).

Literature shows that subjects with high levels of anxiety do
not only express exaggerated fear learning but also increased fear
generalization (Dunsmoor et al. 2011). This increased fear general-
ization, together with impaired learning of stimuli associated with
cessation or absence of aversive events (relief and safety), may be
responsible for the poor discrimination abilities observed in high
trait anxiety subjects. Unfortunately, low trait anxiety subjects
have not been well investigated to the present day. Based on the
present data, we predict that the low trait anxiety subjects are
able to learn safety and relief signals well but have problems differ-
entiating such cues from danger-associated signals. This might
contribute to increased or even pathological risk- or sensation-
seeking behavior (but see Howlett and Paulus 2017).

To conclude, our study demonstrates that trait anxiety is
correlated with associative learning during aversive events, with
more anxious rats displaying stronger fear learning and weaker
safety or relief learning. Thereby, trait anxiety could support over-
generalization of learned stimuli, negative interpretation of ambig-
uous stimuli, and misidentification of novel stimuli could be
supported. Ultimately, these factors thenmay contribute to the eti-
ology of anxiety disorders and disorders with pathological risk-/
sensation-seeking.
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