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a b s t r a c t

Congenitally helpless (cLH) rats, a well-accepted model for depression, show reduced consumption of
sweet solutions only under single-housing conditions, indicating anhedonia under stress. We investigated
if anhedonic-like behaviour, measured by a reduction of sweetened-condensed milk (SCM) intake and the
pleasure-attenuated startle response (PAS), could be induced by an electric foot-shock stress challenge
in group-housed rats. After foot-shock stress, reduced SCM intake was observed in cLH rats compared
eywords:
epression
nhedonia
tress
leasure-attenuated startle

to non-helpless (cNLH) rats. Furthermore, cLH rats also showed a decreased PAS, indicating deficient
reward perception. In summary, we demonstrate that a predisposition for learned helplessness interacts
with stress to trigger anhedonic-like behaviour in cLH rats. These findings further add to the validity of
congenitally learned helplessness as an animal model of depression, since gene-environment interactions
are considered to play a role in the etiology of this disorder.
earned helplessness
eward

Depression, a chronic, recurring and often life-threatening dis-
rder affects up to 20% of the population across the globe and
enetic–environmental interactions seem to play a major role in
nducing the illness [1].

One well-validated animal model of depression is learned help-
essness, in which a depressive-like state in rats is induced by
ncontrollable and unpredictable electrical foot-shock stress [2,3].
y selectively breeding helpless and non-helpless animals, two dif-

erent rat lines could be established: rats that congenitally exhibit
elpless behavior (cLH rats) and rats that show relative resistance
o learned helplessness (cNLH rats). These strains differ in neuro-
hemical and behavioral parameters that are related to depression
4,5].

One core feature of a depressive episode is the reduced ability
o experience pleasure (anhedonia) [6]. In animals, hedonic-like
ehavior is commonly assessed by evaluating their consumma-
ory response to highly palatable rewards [7]. Indeed, rats of the
LH strain show reduced consumption of a sweet solution, when
hey are kept under single-housing conditions [8]. However, when

easuring consummatory behavior in a cohort of group-housed

ats for a pilot study, we could not observe such a deficit in
LH rats. Since isolating social animals constitutes a major stres-
or, we suggest that single-housing serves as an environmental
actor that induces anhedonic-like behavior in genetically pre-
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disposed cLH rats. In the present study we therefore aimed to
investigate if anhedonic-like behavior could be induced by stress
in group-housed rats. Although, a reduction in consumption of
palatable liquids or food is generally considered to represent anhe-
donia, a mere reduction in intake might not necessarily reflect an
alteration in the hedonic state of an animal, but might also be
confounded by different additional factors such as taste percep-
tion, locomotor activity or novelty reponse and anxiety. Therefore,
to assess differences in the hedonic perception of a food reward
more directly between cLH and cNLH rats, we additionally used
the pleasure-attenuated startle (PAS) paradigm [9]. The amplitude
of the acoustic startle response (ASR) decreases if elicited in a pleas-
ant emotional context. PAS probes the incentive properties of a
conditioned cue by attenuating an unconditioned reflex, thereby
making it a well-suited measure of hedonic affective states in rats
[9,10].

In this study 32 cLH and 30 cNLH rats from the 66th genera-
tion, aged 9–13 weeks at the beginning of the experiment, were
used. The origin and selective breeding of both strains have been
described previously [2,4]. All rats were group-housed in standard
macrolon cages (type IV) and kept under standard conditions (12 h
light/dark cycle, lights on at 08:00 am). Water and food were avail-
able ad libitum except for testing days where SCM was available.
Here animals were maintained on a mild food restriction sched-

ule of 15 g lab chow/rat/day. Since SCM is highly caloric we only
observed a minimal reduction of 1–2% of bodyweight compared to
free-feeding conditions.

The experimental protocols used in this study were in line with
national and international ethical guidelines, conducted in compli-
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ig. 1. Schematical overview on the study design. Experiment 1 investigated SCM
oints before and after exposure to electric foot-shock stress. Experiment 2 investi
he phenotype and additionally, pleasure-attenuated startle (PAS) was tested in cLH

nce with the German Animal Welfare Act and approved by the
egierungspräsidium Karlsruhe.

For the present study two experiments were performed as
epicted in Fig. 1.

By testing SCM intake repeatedly before and after foot-shock
xposure, experiment 1 investigated whether stress would differ-
ntially affect reward sensitivity in cLH (n = 9) and cNLH (n = 8)
ats and determined the time course of a putative stress effect.
xperiment 2 aimed to assure that differences seen in consumma-
ory behavior are related to the hedonic perception of the reward.
herefore, cLH (n = 13) and cNLH (n = 13) rats were exposed twice
o foot-shock stress and were tested for SCM intake and PAS. SCM
ntake was measured before and 7 days after the first stress expo-
ure to validate the findings from experiment 1. PAS was measured
n the same animals 7 days after the second foot-shock stress expo-
ure. In addition, a sham-training procedure was performed in cLH
n = 10) and cNLH rats (n = 9).

For the foot-shock stress procedure electric shocks were applied
n modified skinner boxes equipped with a grid floor consisting of
4 electrifiable steel rods and electrifiable walls (TSE Systems, Bad
omburg, Germany); levers were retracted. After 3 min of habit-
ation, 4 unsignalled electric shocks (2 s, 0.8 mA, pulsed) were
elivered at a variable interstimulus interval (60 ± 30 s). 1 min after
he last shock, rats were returned to the home cage.

For the measurement of limited access SCM intake rats were
eparated in small cages (type 3) to which they had been habitu-
ted 48 h before the first testing. After 5 min of habituation rats had
ccess to the SCM solution for 15 min. The amount of liquid con-
umed was recorded for each rat and was calculated in relation to
he individual body weight [ml/kg] [11].

In the second experiment of the study animals were tested twice
or their ASR in startle chambers (SR-LAB; San Diego Instruments,
an Diego, USA) in the presence of an odor cue (orange, essential
ils, Primavera Life, Sulzberg, Germany), once before (=ASR base-
ine; ASR1) and again 24 h after 5 days of odor-reward association
raining (ASR2) as described in detail before [9]. Shortly, during
dor training, which lasted 90 min in total, rats were placed in sin-

le cages (Eurostandard type III) and experienced 3 odor-reward
resentations at random time points. Odor-reward presentations

nvolved the introduction of the odor in a petri dish (orange, 15 �l)
ollowed 5 s later by the presentation of the bottle containing the
CM. After free access to the reward for 5 min the odor and the
mption in congenitally helpless (cLH) and non-helpless cNLH rats at different time
sweetened-condensed milk (SCM) consumption before and after stress to validate
cNLH rats after the second stress exposure.

SCM were removed. The ASR test program consisted of 35 startle
pulses (white noise of 100 dB sound pressure level; 40 ms duration;
inter-trial interval 10–20 s). PAS was calculated as mean percent
decrease over baseline ASR amplitude [100 − (100 × mean ASR2
amplitude/mean ASR1 (baseline) amplitude)]. In order to assure
that ASR attenuation was due to the training procedure and was
not affected by a different ASR habituation or sensitization in both
strains, an additional sham-training experiment was performed.
Control animals underwent a sham-training procedure where they
received the same odor and reward presentations as conditioned
animals but the cues were presented in an explicit unpaired fashion
as described before [8].

For statistical analysis repeated measurement of SCM intake was
evaluated using a two-way repeated measure ANOVA, followed by
separate unpaired t-tests. Differences in startle amplitude and PAS
between cLH and cNLH rats were assessed by unpaired t-tests. An
alpha value of 0.05 was considered to represent a significant effect.

In experiment 1 statistical analysis revealed that SCM intake dif-
fered significantly between cLH and cNLH rats (Fig. 2A) depending
on the test session (phenotype × session RM ANOVA: F7,105 = 5.3;
p = 0.0002). Both groups consumed similar amounts of SCM in the
pre-stress test session (p = 0.15), but cLH rats drank significantly
less SCM when tested 7 days (p = 0.012) and 14 days (p = 0.009) after
the first stress. This effect was still present as a statistical trend 21
days after stress (p = 0.084) but was absent on test day 28 (p = 0.52).
The second stress challenge reinstated lower SCM intake in cLH
rats when tested 3 days (p = 0.001), 7 days (p = 0.010) and 14 days
(p = 0.008) later.

In experiment 2 a significant interaction effect was detected for
the SCM intake measured pre- and post-stress between cLH and
cNLH rats (ANOVA: F1,24 = 5.5; p = 0.027) (Fig. 2B). Both groups did
not differ in their SCM intake prior to the first stress exposure
(p = 0.27). After stress cLH rats showed a significant lower SCM
intake compared to cNLH rats (p = 0.049) and to their pre-stress
measurement (p = 0.001), confirming the results from experiment
1.

Note that initial pre-stress SCM intake was higher than in exper-

iment 1 due to the fact that those rats were young adults at the
beginning of behavioral testing (9 weeks), whereas animals from
the second cohort were already 13 weeks old. However, when rats
in experiment 1 were 13 weeks old (28 days after first stress), SCM
consumption was similar between cohorts.
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Fig. 2. (A) Experiment 1: stress differentially affects sweetened-condensed milk (SCM) intake in congenitally helpless (cLH) and non-helpless cNLH rats. While initially SCM
intake was similar in both strains, cLH rats consumed significantly less SCM than cNLH rats after stress exposure for almost 3 weeks. After consumption had normalized (28
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ays post-stress), a second stress exposure reinstated lower SCM intake in cLH rats.
f cLH rats prior to PAS measurement. (C) Experiment 2: pleasure-attenuated startle
ercentage reduction in baseline ASR by the odour presentation. PAS was significant
s means ± S.E.M.

Percentage PAS, measured after the second stress exposure,
iffered significantly between cLH and cNLH rats (Fig. 2C). A sig-
ificantly lower PAS response was observed in cLH rats compared
o cNLH controls (Student’s t-test; p = 0.037). No differences in the
asal ASR of both groups were detected (Student’s t-test; p > 0.05)
basal ASR values: cLH: 451 ± 117; cNLH: 416 ± 123). No signifi-
ant differences in startle attenuation between cLH and cNLH rats
ere detected in the sham-training conditions (percentage ASR

eduction; values: cLH: 1 ± 10.9 S.E.M.; cNLH: 2.73 ± 11 S.E.M.)
Taken together the present study shows that anhedonic-like

ehavior can be triggered by electric foot-shock stress in rats con-
enitally exhibiting a depressive-like phenotype. While initially
howing similar consummatory behavior as cNLH rats in a SCM
imited access task, cLH rats consumed significantly less SCM in
he same task after a short stress challenge. This decrease was tem-
orary and normalized after 3 weeks. An even more pronounced
eduction in SCM intake could be reinstated by a second stress
hallenge. Decreased consumption of a sweet reward is thought
o be a correlate of anhedonia, which represents a key symptom
f depression. In addition, the repeated stress challenge induced a
ignificantly reduced PAS response for SCM in cLH rats, confirm-
ng that the decrease in consummatory behavior observed in the

resent study was definitely due to a lower hedonic perception of
CM in cLH animals, compared to cNLH controls. The PAS paradigm
s a valid psychophysiological measure of positive affective states
ince it measures the reduction of an aversive reflex, instead of
einforcing or increasing operant behavior [9,10]. Our data indi-
periment 2: stress-induced decrease in SCM intake was verified in a second cohort
) in cLH and cNLH rats measured after the second stress exposure. PAS indicates the
uced in cLH compared to cNLH rats. #p < 0.1, *p < 0.05, **p < 0.01; data are presented

cate that beside the measurement of positive hedonic states, the
PAS paradigm is also suitable for detecting anhedonic states in rats,
as shown for the cLH rats in the present study after stress expo-
sure. The use of sham-trained control groups in the present study
demonstrates that a higher PAS in cNLH rats was not due to differ-
ences between both strains in long-term habituation of the ASR as a
result of repeated testing. Only few studies have so far investigated
the neurobiological pathways underlying PAS. PAS is not impaired
by blockade of accumbal D1 and D2 dopamine receptors, indicat-
ing that dopamine in the nucleus accumbens is not necessary for
the evaluation of the hedonic properties of rewarding stimuli [12].
More recently we could show that the endogenous opioid system
seems to be an important modulator of the hedonic attenuation of
the startle reflex in a pleasant context, since the opioid antagonist
naloxone dose-dependently inhibited PAS [11].

Depressive episodes are thought to be consequences of the
interaction of genetic predispositions with environmental risk fac-
tors, such as stress [1]. Although rats from the cLH strain show some
behavioral abnormalities related to depression even without being
subjected to a particularly stressful event [4,13], some depressive-
like symptoms, like anhedonia in this study, seem to require an
additional external stressor to manifest. In this respect, our results

further validate the usefulness of a genetic learned helplessness
model of depression.

Current concepts of reward processing emphasize a role for
abnormal dopamine, cannabinoid and opioid actions in anhedonia
and depression, with dopamine rather coding for the preparatory
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spects of behavior, while endocannabinoids and brain opioids
eem to mediate the perception of the hedonic properties of
ewards [6,14–17]. In line with this, stimulation of the dopamin-
rgic, endocannabinoid and endogenous opioid systems have been
inked to anti-depressant effects [18,19]. Experimental manipula-
ions of these systems in our genetic learned helplessness model
ombined with PAS measurements might be a useful approach to
urther study the neurobiological underpinnings of anhedonia.
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