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Ambiguous-Cue Interpretation is Biased Under Stress- and
Depression-Like States in Rats
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Negative cognitive bias—the tendency to interpret ambiguous situations pessimistically—is a central feature of stress-related disorders
such as depression. The underlying neurobiology of this bias, however, remains unclear, not least because of a lack of translational tools.
We established a new ambiguous-cue interpretation paradigm and, with respect to the etiology of depression, evaluated if environmental
and genetic factors contribute to a negative bias. Rats were trained to press a lever to receive a food reward contingent to one tone and
to press another lever in response to a different tone to avoid punishment by electric foot-shock. In the ambiguous-cue test, the lever-
press responses to tones with frequencies intermediate to the trained tones were taken as indicators for the rats’ expectation of a
positive or negative event. A negative response bias because of decreased positive and increased negative responding was found in
congenitally helpless rats, a genetic animal model of depression. Moreover, treatment with a combined noradrenergic-glucocorticoid
challenge, mimicking stress-related changes in endogenous neuromodulation, biased rats away from positive responding. This response
shift was accompanied by neuronal activation in dentate gyrus and amygdala. Thus, environmental and genetic risk factors for depression
induce a response bias, which resembles the pessimistic bias of patients suffering from depression. The behavioral paradigm described
constitutes a useful tool to study the neuronal basis of decision making under ambiguous conditions and may promote innovative
pharmaco- and psychotherapy for depression.
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INTRODUCTION approach for therapeutic intervention. However, although
neurophysiological work in monkeys and functional neu-
roimaging in humans implicate amygdala, cingulate cortex,
and several prefrontal regions in decision making under
ambiguity and risk (Ernst and Paulus, 2005; Bach et al,
2009; Sugrue et al, 2005; Opris and Bruce, 2005; Chaudhry
et al, 2009) the neurobiological mechanisms underlying
the negative cognitive bias are yet poorly understood.
Measuring corresponding patterns of behavior with similar
methods could bridge the gap between the psychological
phenomenon in humans and its underlying biological
processes that can be fully examined only in animal
models.

In a landmark study, Harding et al could show the
existence of a cognitive bias in rats using a go/no-go task of
ambiguous-cue interpretation (Harding et al, 2004). How-
ever, such a paradigm does not allow distinguishing
whether a response bias originates from reduced positive
and/or increased negative responding. Moreover, a ‘no-go’

Situations requiring decision making under uncertainty
reveal the close interplay between cognitive and emotional
processes. This becomes particularly evident in depression,
a stress related and often life-threatening disorder affecting
up to 20% of the population worldwide (Krishnan and
Nestler, 2008). A major characteristic of this disorder is a
negatively distorted interpretation of ambiguous informa-
tion (Lawson et al, 2002; Chan et al, 2008; Dearing and
Gotlib, 2009). The cognitive theory of depression empha-
sizes this negative cognitive bias toward pessimistic
judgments as a key factor leading to the pathological
condition (Beck, 2008). Understanding of the neurobiolo-
gical mechanisms of this bias could thus provide a new
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as a response indicator cannot be distinguished from a
response omission. We, therefore, addressed this problem
in our study by developing a new go/go-task, in which we
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trained rats to press a lever to receive a food reward
contingent to one tone and to press another lever in
response to a different tone to avoid contingent punishment
by electric foot-shock. Subsequently, rats were tested for
their responses to ambiguous probe tones of intermediate
frequencies and their expectations of a positive or negative
event signalled by these tones were inferred from their
lever-press responses (Figure 1).

An animal model derived from the cognitive theory of
depression is ‘learned helplessness’, in which the experience
of uncontrollable stress leads to a helpless state with
depression-like symptoms (Overmier and Seligman, 1967).
By selectively breeding helpless and non-helpless animals,
two different rat lines could be established: rats that
congenitally show helpless behavior (cLH rats) and rats
that show relative resistance to learned helplessness (c(NLH
rats). These strains differ in neurochemical and behavioral
parameters that are related to depression (Henn and
Vollmayr, 2005). In a first experiment, we analyzed whether
the helpless phenotype of the cLH rats would manifest in
the described task as a more negative pattern of tone
interpretation.

Apart from a genetic predisposition, environmental
factors contribute to at least 50% to the etiology of
depression (Krishnan and Nestler, 2008). Stress constitutes
a major risk factor for depression and stress-induced
alterations in endogenous neuromodulator functioning
have been implicated in the depressive pathophysiology
(De Kloet et al, 2005). Interestingly, recent findings suggest
an amygdala activation bias to negative stimuli, using
noradrenergic-glucocorticoid challenges to pharmacologi-
cally mimic neurobiological stress conditions (Kukolja
et al, 2008), which underscores the potential of stress to
negatively bias neural function. To validate whether such
alterations effect on our behavioral model, we carried out a
second experiment to assess ambiguous-cue interpretation
in rats co-treated with the noradrenaline reuptake inhibitor
Reboxetine (Rbx) and corticosterone (Cort), the rodent
analogon to cortisol. In addition, to control if treatment-
induced changes in cue interpretation were related to
alterations in neuronal activity, we quantified c-Fos
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immunoreactivity in several nuclei of the amygdala and in
the hippocampal dentate gyrus.

MATERIALS AND METHODS
Animals

For ambiguous-cue interpretation in congenitally helpless
and non-helpless rats (‘CLH vs cNLH’ experiment), 16 eight-
week-old male cLH (n=8) and ¢NLH (n=38) rats from
different litters of the sixty-fifth generation of the colonies
bred in Mannheim were used. Both, cLH and cNLH strains
were bred from Sprague-Dawley rats. Approximately 90% of
the cLH rats typically express the helpless phenotype.
Routinely, learned helplessness is assessed by testing
animals for deficits in foot-shock escape behavior. As we
wanted to have shock-naive animals in this study, the
phenotype was controlled by showing anhedonia (as reduced
SCM intake, see below). Learned helplessness (non-help-
lessness, respectively) was additionally confirmed in litter
mates of the experimental animals. The origin and selective
breeding of both strains has been described earlier (Henn
and Vollmayr, 2005; Vollmayr and Henn, 2001). In the
second Experiment (‘Rbx+ Cort’), we used 36 male wild-
type Sprague-Dawley rats (Elevage Janvier, France) to assess
the effects of Rbx and Cort co-treatment on ambiguous-cue
interpretation (n=16) and reward intake (n=20).

All rats were group housed in macrolon cages (type 4)
and kept under controlled conditions (room temperature:
22 °C; lights on from 0800 to 2000 hours); food and water
were available ad libitum. The experimental protocols used
in this study were in line with national and international
ethical guidelines, conducted in compliance with the
German Animal Welfare Act and approved by the
Regierungsprésidium Karlsruhe, including approval by an
animal ethics committee.

Drugs

Corticosterone-HBC complex (Sigma-Aldrich, Schnelldorf,
Germany) was dissolved in saline and administered via
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Behavioral protocol. A positive tone (2 or 9kHz tone; counterbalanced with negative tone) signalled the opportunity to gain a reward

(sweetened condensed milk) by pressing the left lever. A negative tone preceded the occurrence of an electric foot-shock, which could be prevented by
pressing the right lever. After discrimination training rats were tested for their responses to ambiguous tones with intermediate frequencies (3, 5, and 7 kHz).
The rats’ expectations of a positive or a negative event signalled by these tones were inferred from their lever responses.
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intraperitoneal injection 30 min before behavioral testing
(0.5mg/kg in 1ml/kg). Rbx (15mg/kg in 2ml/kg; Merz
Pharmaceuticals, Frankfurt, Germany) was dissolved in
water and administered via gastric gavage 60 min before
behavioral testing. To minimize handling stress, rats were
well trained to this type of substance application. Sweetened
condensed milk (SCM, Milchmaedchen, Nestle, Germany)
was diluted in water (mixing ratio 1:3) and used as
rewarding reinforcer in all behavioral experiments.

Limited Access Sweetened Condensed Milk Intake

Non-deprived cLH and cNLH rats were separated in small
cages (type 3) to which they had been habituated 24h
before. After 5min of habituation, rats had 15min of free
access to the SCM solution. The amount of liquid consumed
by each rat was determined by weighing the bottles and
calculated in relation to the individual body weight. In rats
receiving Rbx + Cort (n=10) or saline (n = 10), SCM intake
was tested in two sessions (under baseline and treatment
conditions) to assess effects of drug treatment or handling
stress (because of gastric gavage or i.p. injection) on the
hedonic value of the SCM reward.

Ambiguous-Cue Test

Apparatus. The behavioral tasks were carried out in eight
computer-controlled skinner boxes (MedAssociates, St
Albans, Vermont, USA), each equipped with two retractable
levers and liquid dispensers (set to deliver ~ 100l SCM)
located on opposite walls, a grid floor through which
scrambled electric shocks (~700pA) could be delivered
and a speaker. All behavioral protocols described below,
including stimulus presentation and data acquisition, were
programmed in MedState Notation code (MedAssociates).

Positive tone training. After handling rats were trained to
press the lever attached to the left wall of the skinner box to
receive SCM when a tone (30s, 2 kHz at 75 dB sound pressure
level (SPL) or 9kHz at 63dB SPL (counterbalanced))
signalled reward availability. Owing to the association to
food intake, this tone acquired positive valence and is
referred to as the ‘positive tone’ with the associated lever
termed the ‘positive lever’. During presentation of this tone,
pressing the left lever was continuously rewarded by delivery
of 80l SCM. After 30s the tone was turned off and an
intertrial interval (ITI) began during which lever pressing
was not rewarded. The ITI was progressively increased from
30s on the first day to 120 s on the last day. After five daily
30-min sessions, this schedule yielded focused responding
during tone presentations. On the sixth day of training, in
contrast to the preceding days, a lever press within the 30-s
tone presentation was rewarded with SCM delivery but
terminated the tone and started a 90-s ITL

Negative tone training. Subsequently rats were trained to
respond to another tone (9kHz at 63dB SPL or 2kHz at
75dB SPL (counterbalanced)) in an active lever-press
avoidance schedule. A presentation of this tone was
paralleled by the occurrence of electric shocks 30s after
tone onset, unless the rat pressed the lever attached to the
right wall of the skinner box, which prevented onset of the

Ambiguous-cue interpretation in rats
T Enkel et al

shock and terminated tone presentation (‘avoidance
response’). Pressing the lever after shock-onset terminated
the shock and tone presentation (‘escape response’). Owing
to the association to an aversive stimulus, this tone acquired
negative valence and is referred to as the ‘negative tone’,
with the associated lever termed the ‘negative lever’.
Maximum duration of tone/shock-application was 90s
(ie, 60s of shock) and trial presentations were separated
by 90-s ITIs. Daily training sessions consisted of 20 trials.
During the first day of training the rats were assisted in
escaping electric shocks by gently pushing them toward the
lever. Rats had to accomplish at least 60% correct avoidance
responses before proceeding with discrimination training.

Discrimination training. During discrimination training,
10 positive and negative tone trials were presented in a
pseudo randomized order, separated by 90-s ITIs. A trial
was considered to be correct when a rat carried out the
response associated with each tone (as learned in the earlier
stages of training) within 30s of stimulus presentation.
Pressing the wrong lever (eg, pressing the right instead of
the left lever in response to a positive tone presentation) was
considered as a failure. No responding (omissions) or
escape responses were also considered as failure trials.
Training was continued until rats accomplished a stable
baseline of correct discrimination responses on at least 70%
of the trials.

Ambiguous-cue testing. Ambiguous-cue testing consisted
of a discrimination task session as described above, with
presentation of three additional probe tones with frequen-
cies intermediate between the positive and negative tones:
3kHz at 72dB SPL, 5kHz at 68 dB SPL, and 7kHz at 65 dB
SPL. Frequencies were chosen to be roughly equidistant on
a logarithmic scale. Owing to the fact that the hearing
threshold varies across frequencies, loudness of the tones
was roughly adapted according to the audiogram of
Sprague-Dawley rats (Kelly and Masterton, 1977). The
probe tones were named in relation to the trained tones as
‘near-positive’, ‘medial’, and ‘near-negative’. Within a test
session, two probe tones of each frequency were intermixed
with nine positive and negative tone presentations. Any
lever press to a probe tone within 30-s terminated tone
presentation but had no consequences. If a rat did not
respond within 30s, the tone was terminated and a
‘response omission’ was scored. The computer recorded
the side of lever pressing to each tone, latency to press the
lever and the number of intertrial lever presses.

In experiment ‘cLH vs c¢cNLH’, the rats were tested for
ambiguous-cue interpretation on 6 consecutive days. In
experiment ‘Rbx + Cort’, each rat was treated with both, the
combination Rbx+ Cort or saline in a cross-over design,
thereby serving as its own control. For 3 days of ambiguous-
cue interpretation, one-half of the rats received Rbx + Cort,
while the other half received sham treatment with saline.
Four weeks later, this treatment scheme was reversed and
ambiguous-cue interpretation was again tested in three
consecutive sessions. To ensure adequate discrimination
performance, rats received 3 days of discrimination training
before to the second ambiguous-cue testing session
(Figure 2).
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Figure 2 Timeline depicting the design of the Reboxetine + Corticosterone experiment. All animals (n = 12) were trained in the discrimination task. For
ambiguous-cue testing, they were split into two groups; one receiving Rbx + Cort treatment, the other one receiving sham treatment with saline. Four weeks
later, rats were retrained in the discrimination task to ensure adequate discrimination performance and were then tested again in the ambiguous-cue test
under a reversed treatment schedule. Finally, one additional ambiguous-cue test was performed to stimulate brain circuits for c-Fos analysis.

c-Fos Immunoreactivity

The expression of the immediate early gene c-Fos was
quantified in the same rats that were used for behavioral
testing. An additional ambiguous-cue test was run as a
behavioral challenge to stimulate participating brain
circuits after completion of behavioral testing (data not
included in the behavioral analysis). Half of the rats were
treated with Rbx+ Cort, the other half received sham
treatment with saline. Ninety minutes after starting the
test, animals were transcardially perfused with a parafor-
maldehyde-PBS solution and brains were removed. Coronal
brain sections (50 pm) were cut and processed for c-Fos
immunoreactivity. A detailed description of the procedure
can be found in the Supplementary Methods.

Data Analysis

Rats that showed declining discrimination performance
below 50% during ambiguous-cue testing were excluded
from analysis to avoid confounding effects on cue inter-
pretation because of poor tone discrimination. Responding
to each tone (positive, near-pos, medial, near-neg, or
negative) was analyzed separately by calculating the
proportions of tones responded to by pressing the positive
or negative lever or responded to with omissions. A
multivariate analysis of variance (MANOVA) using Wilk’s
Lambda test was applied to analyze effects of the factors
‘strain’ (in ‘cLH vs ¢tNLH experiment) or ‘treatment status’
(in the Rbx + Cort experiment) on overall tone interpreta-
tion, followed by separate unpaired (‘cLH vs ¢cNLH’) or
paired (Rbx + Cort) t-tests for each tone.

To calculate individual relative response preferences,
negative responding was subtracted from positive respond-
ing, resulting in positive values (between 0 and 1) for a
positive response preference and negative values (between 0
and —1) for a negative response preference. An overall
response preference was then determined by an area under
curve analysis for each rat and comparing groups using a
paired (Rbx + Cort) or unpaired (‘cLH vs cNLH’) t-test;
t-tests were also used to analyze group differences in the
c-Fos immunoreactivity experiment.

Data on SCM consumption were analyzed using an
unpaired t-test (‘CLH vs ¢cNLH’) or a repeated-measure
ANOVA (Rbx+ Cort experiment) with factors treatment
(Rbx + Cort/saline) and session (baseline/treatment). A
p-value <0.05 was considered to indicate significant effects.
All statistical procedures were performed using a standard
software application (SPSS 15.0 for Windows, SPSS GmbH
Software, Germany).

Neuropsychopharmacology

RESULTS

cLH vs ¢cNLH: SCM Consumption Test

Sweetened condensed milk intake (in % bodyweight) was
significantly lower in cLH rats than in ¢NLH rats (cNLH:
2.32£0.08% SEM; cLH: 1.98 £ 0.08% SEM; ¢t-Test: p <0.05).
Bodyweight was not different between the two groups
(cNLH: 615+ 19g SEM; cLH: 586 + 14 g SEM).

cLH vs cNLH: Task Acquisition

Eleven rats (cNLH:6; cLH:5) reached the criterion of at least
70% correct discrimination trials over 3 consecutive days,
with a similar average discrimination performance in both
groups of rats (cNLH: 76 £ 6% SEM, cLH: 81 +3% SEM).
Despite their differences in voluntary SCM consumption,
cLH and c¢NLH did not differ in the number of SCM
rewarded responses during discrimination training. Beha-
vioral data from all training stages can be found in
Supplementary Table 1.

cLH vs cNLH: Ambiguous-Cue Test

A MANOVA on ambiguous tones revealed a significant
effect of the factor ‘strain’ on positive (Wilks-A:F;¢=6.8,
p<0.05; Figure 3a) and negative lever-press responding
(Wilks-A:F; s = 4.85, p<0.05; Figure 3b). Follow-up testing
indicated that cLH rats made less positive lever-press
responses to the medial (p<0.05) and near-negative
(p<0.05) tones, whereas making more negative lever
presses to the medial tone than ¢cNLH rats (p <0.05). This
response shift resulted in a significantly more negative
overall lever-press preference in rats of the cLH strain
compared with c¢NLH rats (p<0.01; Figure 3d). No
significant differences were found for the number of
omissions (Wilks-A:F;4=0.304, p>0.8; Figure 3c) and
the mean number of lever presses per ITI were similar in the
two groups (cNLH: 0.7 £ 0.1 SEM, cLH: 0.8 £ 0.1 SEM).

Rbx + Cort: Task Acquisition

Twelve rats reached the criterion of 70% correct discri-
mination trials and showed stable performance over
3 consecutive days of training. Discrimination perfor-
mances before the first (79+2.2% SEM) and second
(81 £3.4% SEM) test of ambiguous-cue interpretation were
similar, therefore justifying the use of a cross-over design.
Behavioral data from all training stages can be found in
Supplementary Table 2.
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(a—c) Congenitally helpless rats (cLH; n=4) showed decreased positive and increased negative responding to intermediate probe tones

(*p<0.05) when compared with non-helpless rats (cNLH; n = 6). There was no difference in the number of omissions. Data are proportions of positive- or
negative-lever presses or omissions made to trained (pos and neg) and probe tones (near-pos, med, and near-neg). (d) These response shifts resulted in a
more negative overall response preference (p<0.01); a value of | or —I indicates a maximal preference for the positive or negative lever, respectively.

Rbx + Cort: SCM Consumption Test

Statistical testing revealed no significant effects of the
factors treatment (F;;3=0.06; p=0.808) or session
(F1,18=2.49; p=0.132) and there was no interaction of
these factors (F;,5=0.09; p=0.767; see Supplementary
Table 3).

Rbx + Cort: Ambiguous-Cue Test

A repeated-measures MANOVA revealed a significant effect
of the treatment status on positive lever pressing (Wilks-
A:Fs;=3.98, p<0.05; Figure 4a) and on omissions (Wilks-
A:Fs;=10.23, p<0.01;Figure 4c). Post hoc analysis for
positive lever pressing indicated significantly less positive
responding under Rbx+ Cort treatment for the positive
(p<0.05), near-positive (p<0.01), medial (p<0.05), near-
negative (p<0.05), and negative (p<0.05) tones. Post hoc
analysis for omissions indicated an Rbx+ Cort induced
increase in the number of omissions for the positive
(p<0.05), near-positive (p<0.01), and medial (p<0.05)
tones. This response shift resulted in a significantly more
negative overall lever-press preference (p <0.01; Figure 4d).
The increase in the number of negative responses was not
significant (Wilks-A:Fs;=0.39, p>0.162; Figure 4b). The
number of intertrial lever presses and the response latencies

were similar under both treatments (see Supplementary
Table 4).

Rbx + Cort: c-Fos Immunoreactivity Under Rbx + Cort
Treatment

Quantification of c-Fos immunoreactivity resulted in higher
densities of c-Fos positive cells in the lateral amygdala, the
basolateral amygdala, and the dentate gyrus of Rbx + Cort-
treated rats (p<0.01, p<0.001, and p<0.01, respectively;
Figures 5a and b). No significant differences were found for
the medial and central amygdala.

DISCUSSION

Using an ambiguous-cue interpretation task, we show the
existence of a negative response bias in rats congenitally
showing a depressive-like trait. Furthermore, an acute pharma-
cologically induced increase in synaptic levels of noradrenalin
and corticosterone resulted in a response shift away from
positive responding, which was accompanied by changes in
neuronal activity in the amygdala and the dentate gyrus.

The typical response pattern obtained in this task shows
high response rates to the trained tones with usually a
somewhat higher responding to the positive tone. For the
ambiguous tones the response pattern reflects their level of
ambiguity, because for the slightly ambiguous near-positive
or near-negative tones the response rates clearly align to the
trained tones and the response rate to the highly ambiguous
medial tone being intermediate between them. Thus, tone
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tones (near-pos, med, and near-neg). (d) These response shifts resulted in a more negative overall response preference (p<0.01); a value of | or —I

indicates a maximal preference for the positive or negative lever, respectively.

interpretation was related to the learned ‘valence-lever’
associations and rats could dynamically adjust their
responding to different levels of certainty. Interestingly,
the response pattern observed for positive responding is
similar to the one that Harding et al obtained with their go/
no-go task (Harding et al, 2004).

The effect of a depressive-like trait on ambiguous-cue
interpretation was assessed in cLH rats, a genetic model of
depression. Compared with cNLH rats, we found decreased
positive-lever responses and increased negative-lever res-
ponses to ambiguous tones (particularly the medial tone) in
cLH rats, resulting in a negative overall response pattern.
These results were not because of global activity deficits in
cLH rats as there were no between-group differences in
response omissions or intertrial activities. The presence of
the depressive-like phenotype was verified by showing
decreased voluntary SCM consumption, a measure for the
hedonic aspects of rewards (Slattery et al, 2007; Ellenbroek
and Cools, 2000). However, cLH and c¢cNLH rats neither
differed in the amount of operant responses for SCM
(presumably because operant demands were low) nor in
their ability to discriminate the contingencies predicted by
the positive and negative tones, ruling out significant
motivational deficits during discrimination training. Thus,
the shift in the response pattern to ambiguous tones
observed in cLH rats arises from their responding to neutral
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stimuli as if they were predictors of aversive consequences,
resembling the pessimistic bias of patients suffering from
depression (Lawson et al, 2002; Chan et al, 2008). The
finding of a negative response bias in cLH rats is consistent
with results of Harding et al (2004), who report a negative
response bias, which they could relate to decreased positive
responding in normal rats after inducing a depressive-like
state by chronic uncontrollable stress.

The fact that cLH rats show a response bias only to
ambiguous information with unaltered processing of the
emotional values of the trained tones implicates an
involvement of neuronal circuits particularly related to
decision making under ambiguity and risk, such as the
anterior cingulate, prefrontal, and parietal cortices (Elliott
et al, 1999; Opris and Bruce, 2005; Sugrue et al, 2005; Bach
et al, 2009). It is noteworthy that cLH rats, such as
depressed humans, show abnormal metabolism in some of
these regions (Shumake et al, 2000).

An important observation is that helpless rats can
learn avoidance responding despite their predisposition
for deficient escape behavior. Avoidance learning was
facilitated by the fact that during the first trials the
rat’s attention was explicitly directed toward the lever by
the experimenter. Furthermore, training rats to press the
positive lever for SCM preceded avoidance training and
it has early been noted that learning about contingencies
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structures. After delineation of the structures, c-Fos immunoreactivity
visualized by DAB (brownish non-fluorescent color) was used for counting.
(See online version for color figure.)

between a self-performed action and an associated outcome
is an immunization against helpless behavior (Seligman
et al, 1975). Thus, our results implicate that although
helpless rats learn to actively cope with aversive events,
in ambiguous situations their behavior is still guided by
the expectation of negative consequences.

Apart from genetic vulnerability, environmental factors
such as stress-induced alterations in endogenous neuromo-
dulator functioning are implicated in the depressive
pathophysiology (De Kloet et al, 2005). Mimicking these
alterations by a combined pharmacological potentiation of
noradrenaline and cortisol has recently been shown to
induce a negative bias in the human amygdala (Kukolja
et al, 2008). In rats, the combined Rbx + Cort treatment
decreased positive-lever responses paralleled by an increase
in response omissions, but with only a slight, non-
significant increase in negative-lever responding. Thus,
other than in cLH rats, the more negative overall response
pattern under Rbx+ Cort treatment was mainly due to a
response bias away from positive responding. Given that
under sham treatment rats were more likely to respond to
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the medial tone with positive than negative-lever presses,
our results might be interpreted as a decrease of a natural
preference for positive responding. Interestingly, it has been
shown that depressed humans have an impaired capacity
to develop a response bias toward rewarding stimuli
(Pizzagalli et al, 2008). Another important implication of
these data are the necessity to distinguish between reduced
positive and increased negative responding in ambiguous-
cue interpretation, because these might be two dissociable
phenomena that can independently contribute to a response
bias and may therefore be mediated by different neuronal
processes.

It is noteworthy that decreased positive responding was not
limited to probe tones but generalized to trained tones.
However, as the results from the SCM consumption test most
likely exclude drug- or handling-induced anhedonia as an
explanation, we suggest this response bias reflects decreased
positive associations with the tones. The pattern of omissions,
showing significant increases only to the positive, near-positive,
and medial tones, indirectly supports this view because such a
negative shift would more likely decrease the motivation to
respond to (potentially) positive, but not to negative cues. A
general motivational deficit appears unlikely, because one
would then expect lower responding also on the negative lever,
which was not the case. Similar intertrial activities and
response latencies far below the time limit of 30 s under sham
as well as Rbx+ Cort treatment, further rule out reduced
activity or arousal levels. Finally, the treatment did also not
affect response accuracy, leaving the learned associations
between the tones and their corresponding lever-press
responses intact.

Neuroanatomical analysis revealed a higher density of c-Fos
immunoreactive cells in the lateral and basolateral amygdala
and in the hippocampal dentate gyrus of Rbx+ Cort treated
rats, linking the observed bias to increased neuronal activity
in these regions. The amygdala has been suggested to have a
role in valence representations (Paton et al, 2006) and also
in the processing of ambiguity (Rosen and Donley, 2006).
Amygdaloid hyperactivity has been reported in subjects who
are at high risk for anxiety and depression through environ-
mental factors (Wolfensberger et al, 2008). Dentate gyrus
hyperactivity has been implicated in overgeneralization of
ambiguous aversive cues (Tsetsenis et al, 2007).

In conclusion, both a pharmacological challenge mimick-
ing acute stress-like conditions and genetic risk factors
effect on ambiguous cue interpretation in rats, inducing
distinct forms of response biases. The task described is
suitable to analyze the neuronal mechanisms of decision
making under ambiguity and offers the opportunity to
analyze the basis of a cognitive bias with respect to changes
in positive and/or negative responsiveness. Being analog to
human studies, this translational tool might promote
innovative therapeutic treatment for depression.
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Supplementary Methods

Animals

By selecting for susceptibility for learned helplessness, two lines of rats were generated: cLH (congenitally learned helpless)
and cNLH (congenitally non-helpless). Breeding of the helplessness colonies has been described in detail previously (Henn
and Vollmayr 2005; Vollmayr and Henn 2001). Briefly, Sprague-Dawley rats were tested in the learned helplessness
paradigm. Twenty-four hours after a total of 20 min uncontrollable and unpredictable 0.8mA footshocks, the rats were tested
in an escape paradigm where foot shock could be eliminated with a single lever press: animals with more than 10 failures
(out of 15 trials) to eliminate footshock were considered as helpless, animals with less than five failures were considered as
non-helpless. Helpless animals and non-helpless animals, respectively, were mated for the subsequent generations avoiding
sib crosses and resulting in two selective strains: the congenitally helpless strain (cLH), demonstrating helpless behavior
without prior inescapable shock, and the congenitally non-helpless strain (cNLH), resistant to the development of learned

helplessness.

c-Fos immunoreactivity

To control whether Rbx+Cort would increase neuronal activity, we quantified the expression of the immediate early gene c-
Fos in the same rats that were used for behavioural testing. Therefore an additional ambiguous cue test was run after
completion of behavioural testing (data not included in the behavioural analysis). Half of the rats were treated with Rbx+Cort,
the other half received sham treatment with saline. Ninety minutes after starting the test, animals were transcardially
perfused with 50 ml of phosphate-buffered saline (PBS) followed by 150ml of a 4% paraformaldehyde-PBS solution (pH 7.4).
Brains were removed and post-fixed at 4°C overnight in a 4% paraformaldehyde-PBS solution. Coronal sections (50um)
were cut with a Vibratome (VT100S, Leica GmbH, Wetzlar, Germany) and collected in a 0.5% paraformaldehyde-PBS
solution until they were further processed. For ¢c-Fos immunoreactivity, rinses were performed between all steps using 0.05%
Triton in Tris-buffered saline (Tris-Triton), pH 7.4, or only Tris-buffered saline (TBS, pH 7.4), before or after the primary

antibody incubation respectively. To block endogenous peroxidase activity, sections were incubated in 0.6% H202 in Tris-



Triton for 30 min at room temperature. Subsequently, they were preincubated in 2% normal goat serum (NGS) in 0.2% Triton
in TBS for one hour at room temperature and then incubated in primary antibody (rabbit anti-cfos, 1:10000; Santa Cruz
Biotechnology, Santa Cruz, CA, USA) for 48 hours at 4°C. Sections were then incubated with biotinylated goat anti-rabbit
secondary antibodies (1:300 in TBS with 2% NGS; Vector Laboratories, Burlingame, CA, USA) for 40 min at room
temperature. An avidin-biotin peroxidase procedure (Vectastain ABC Kit; Vector Laboratories, Burlingame, CA, USA) with
diaminobenzidine as the chromogen was used to visualize c-Fos-positive cells.

Regions of interest were determined by the help of the rat brain atlas (Paxinos and Watson 1997). We took advantage of the
3,3-diaminobenzidine-tetra-hydrochloride (DAB) induced fluorescence of myelinated fibers in fixed brain tissue (von Bohlen
und Halbach and Kiernan 1999). Cell counts were made from images, which were archived using using an Axioplan 2
imaging microscope (Zeiss, Jena, Germany) and a digital camera (Axiocam, Zeiss, Jena, Germany) coupled to a personal
computer. Numerical neuronal densities were calculated using the image processing and analysis program Image-Tool
(University of Texas Health Science Center, San Antonio, USA). In addition, these counts were corrected by the
Abercrombie correction formula as described previously (von Bohlen und Halbach and Unsicker 2003; von Bohlen und
Halbach et al. 2004). In brief, the Linderstrom-Lang/Abercrombie (LLA) equation for estimating numerical neuronal densities
is:

N=n[t/(t+H)]orN/n=f=t/(t+H)

where N is an estimate of the number of objects in the defined region (in this case in an area of 40000 Im2); n is the counted
number of objects; t is the mean thickness of the virtual section; H is the mean height of the objects and f is the conversion
factor for converting n to N. In a first step, n was counted in the different brain nuclei. In a second step, H was estimated for
each different brain nucleus. These measurements were done by computer-controlled measurement of the height of the cells

in the z —axis by the help of Neurolucida (MBF Bioscience Europe, Germany).



Supplementary Tables

Table 1: Overview on the behavioral data from the positive, negative, and discrimination training for both rat strains in the
“cLH vs cNLH" experiment. Data are means + s.e.m.

cNLH cLH
Positive tone training
- leverpress ratio CS*/ITl
1st training day 13+02 12101
last training day 391209 3.3+£07
- response latency (s)
1st training day 1M1+£2 11+1
last training day 10+£2 8+2
Negative tone training
- avoidance responses (%)
1st training day 306 44 + 4
last three consecutive training days 718 7316
- response latency (s)
1st training day 253 24+2
last three consecutive training days 1712 18+ 1
- training days to reach criteriona 1311 131
Discrimination training
- correct responses (%)
1st training day 555 *
last three consecutive training days 766 81+3
- response latency positive tone (s)
1st training day 17 1 18+ 1
last three consecutive training days 8+2 6+1
- response latency negative tone (s)
1st training day 203 +
last three consecutive training days 16+2 16+ 1
- training days to reach criterion® 6+1 62

a (>60% avoidance);  (>70% correct trials)




Table 2: Overview on the behavioral data from the positive, negative, and discrimination training in the Rbx+Cort experiment.

mean * s.e.m
Positive tone training
- leverpress ratio CS*/ITl
1st training day 13+0.2
last training day 6.5£1.0
- response latency (s)
1st training day 10+2
last training day 8+1
Negative tone training
- avoidance responses (%)
1st training day 12+3
last three consecutive training days 73+5
- response latency (s)
1st training day 66 + 10
last three consecutive training days 16 £ 2
- training days to reach criteriona 17 £1
Discrimination training
- correct responses (%)
1st training day 63+4
last three consecutive training days 7912
- response latency positive tone (s)
1sttraining day 12%2
last three consecutive training days 5+1
- response latency negative tone (s)
1sttraining day 202
last three consecutive training days 15+1
- training days to reach criterion® 5+1
Discrimination retraining (3 days)
- correct responses (%) 813
- response latency positive tone (s) 6+1
- response latency negative tone (s) 14 +1

a (>60% avoidance);  (>70% correct trials)

Table 3: SCM consumption and bodyweight in the Rbx+Cort experiment. Data are means * s.e.m..

treatment status
sham Rbx+Cort
baseline session
- SCM intake (% bodyweight) 22+0.3 22+0.3
- body weight (g) 555 + 22 524 £ 19
treatment session
- SCM intake (% bodyweight) 25103 23+0.2

- body weight (g) 566 + 20 536 + 18




Table 4: Intertrial activity and response latencies during ambiguous-cue testing in the Rbx+Cort experiment. Intertrial activity
is given as lever presses per intertrial, latencies are given in seconds. Data are means + s.e.m..

treatment status

sham Rbx+Cort
Intertrial activity 0.6£0.1 05+£0.1
Response latencies
- positive tone 4+04 5+1.0
- near-positive tone 4+05 6+1.0
- medial tone 7+1.1 809
- near-negative tone 1M1+£15 1009

- negative tone 11+£1.0 11+0.8
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