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Summary

Advanced autonomic and behavioral phenotyping of emotional be-
havior of mice

Behavioral neuroscience investigates the relation between behavioral functions
and its underlying biological processes. In other words, the composite of an
organism’s characteristics (the phenotype) is observed and described through
behavioral characterizition (phenotyping). The phenotype is determined by the
interaction of the genetic makeup of an organism (the genotype, nature) with
environmental factors (the environment, nurture) during the development of an
organism. In order to investigate these processes in living organisms, different
animal models are utilized and rodent models are advantageous for several rea-
sons. Mice are the best mammalian model with respect to fast reproduction and
genetic interventions. The performance of animal models in behavioral tests is
observed and quantified in a particular behavior test or tasks. But importantly,
the interpretation of particular performances and measures needs to be done
carefully and fulfill certain criteria and validities. Furthermore, the behavioral
test as well as the animal model itself should fulfill these requirements. When
the behavioral performance is interpreted incorrectly or certain requirements
and validities are not met, not only the investigation of principles of basic neu-
roscience might be negatively affected, but this might also affect and mislead
the field of drug discovery, which has a worldwide economic cost of over $40
billion per year. Therefore, the aim of this thesis was to characterize emotional
states such as anxiety and fear memory of mice using classical but also novel
and advanced behavioral tests with refined behavioral and autonomic measures.
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Chapter 1 generally introduces the topic of advanced phenotyping and
summarizes the findings of existing literature. In the study underlying Chap-
ter 2 we monitored heart rate responses of genetically modified mice with the
haploinsufficiency of munc18-1 in different behavioral tasks and analyzed the
time series of heartbeats by linear and a non-linear methods. By recording ECG
by means of implanted radio-transmitters, we monitored the performance and
heart rate of freely moving mice, predominantly in their home cage, thereby
avoiding the influence of unspecific and uncontrollable stress. We reasoned,
that the most likely explanation for the previously observed increase in anxi-
ety in these mice is an altered coping style (emotional expression) rather than
cognitive impairment (encoding, consolidation and retrieval of emotional infor-
mation). This conclusion could not have been drawn based on the behavioral
performance of mice alone in classical tests based on sometimes ambiguous
measures such as freezing.

In Chapter 3 we characterized heart rate dynamics by nonlinear analysis
during different behavioral and pharmacological interventions in mice and com-
pared these data with different physiological or pathological states in humans.
Using scale-invariant measures of heart rate variability, we described that heart
rate dynamics in mice as well as in humans are determined by autonomic con-
trol and depend on tonic parasympathetic control under physiological baseline
condition. These findings highlight the importance of translational relevant
measures from mouse to humans (here, indirect measures of autonomous ner-
vous system activity) and models of increased construct validity (here, phar-
macological intervention in mice to mimic human autonomic dysfunction) to
provide new approaches to better identify and understand the underlying mech-
anisms of affective disorders that show high comorbidity with cardiovascular
risk probably though autonomic dysregulation.

In Chapter 4 we investigated the long-term responses to emotional fear
learning of two closely related and most widely used inbred strains of labo-
ratory mice C57BL/6J and C57BL/6N in the DualCage. We developed the
DualCage as novel behavioral approach to automatically assess long-term be-
havioral performance of mice under semi-naturalistic conditions. Automated
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analysis of particularly avoidance behavior in a home cage design does not suf-
fer from many of the limitations described in classical behavioral tests. In our
approach, the advantage of uninterrupted long-term monitoring without human
intervention in the home cage setup was combined with the assets of delib-
erate exploration of an attached environment. We initially identified profound
activity differences that were not identified in classical tests. In Chapter 4 we in-
vestigated the long-term responses to emotional fear learning of two substrains
of the most widely used inbred strain of laboratory mice in the DualCage. We
described significant differences in fear responsiveness, similar to classical be-
havior tests and showed considerable inter-individual performance differences.
However, in contrast to classical behavior tests, the extinction of conditioned
contextual fear in these two substrains did not differ in the DualCage. Based
on the human etiopathology we suggested increased construct and translational
validity of fear of mice conditioned to contextual cues in the DualCage as a
model of post-traumatic stress disorder.

The exposure to reinforcing stimuli increases the state of arousal (“stress”),
probably resulting in differential hypothalamic-pituitary-adrenal cortex axis ac-
tivation in individual organisms. Therefore, in Chapter 5 we investigated the
effect of increased arousal on emotional learning in the DualCage. We hypoth-
esized a different susceptibility to “stress” in the two genetically closely re-
lated substrains introduced in Chapter 4. The comparison of the two closely re-
lated substrains revealed a higher susceptibility of C57BL/6N mice to increased
“stress” resulting in memory impairment by lower reinforcement strength than
in C57BL/6J mice. These results highlight the importance to recognize that
differences in the behavioral performance can emerge due to the differential
impact of ”stress” on the emotional state of individual organisms.

Chapter 6 summarizes the findings of the studies underlying this thesis.
This summary led us to the conclusion that we expect the DualCage to foster
the translational relevance of behavioral research, i.e., provide a better trans-
lation of findings from animal model to human. Furthermore, a methodologi-
cal integration of autonomic and electrophysiological readouts (EEG, multiple
unit recordings) during longitudinal behavioral performance, possibly in com-
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bination with brain area-specific (e.g., optogenetic interventions) or pharmaco-
logical long-term interventions, will provide concomitant measures within one
experiment instead of correlated findings across different experiments. The
extraction of concomitant measures in longitudinal, ethologically relevant ap-
proaches is expected to additionally increase translational relevance and con-
struct validity of models by the increased analogy to the etiopathology of hu-
man disorders such as post-traumatic stress disorder.
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