


Lecture 10 — Adult neurogenesis and behavior

Amrein Irmgard
University of Zurich, Institute of Anatomy (CH)

While adult hippocampal neurogenesis (AHN) had been known for ~40 years, it is only in the late 90ties
when the observation of an increase in neurogenesis associated with improvements in cognitive
performance caught interest. Moreover, the increase was observed after the rather innocuous provision
of an enriched environment to the mice. Subsequently, many studies, including work done in our
laboratory, showed that access to a running wheel, which is part of many enriched environments, in
itself powerfully increased AHN in laboratory rodents.

So far, the studies have shown that voluntary running performance is species and strain specific, and also
basal neurogenesis varies between species and strains, indicating that both processes have a strong
genetic component. While physical activity has a transient effect on cell proliferation, it appears that
differentiation and survival of young neurons greatly benefit from exercising. Thus, the idea that physical
challenges would keep our brains young had finally found its place in science. Running has indeed been
found to have beneficial effect on the injured or senescent brain of laboratory rodents. Physical activity
is, however, not always beneficial. Running after ischemia attenuated AHN in rats and increased plaque
burden in a transgenic mouse model of Alzheimer’s disease without positive cognitive effects. Also, we
and others have demonstrated that the effect of running is context-dependent. Conditions creating a
necessity for the animals to run or motivating them to run more than they would do voluntarily does not
translate into increased neurogenesis. In addition to environment and exercise, several types of natural
behavioral patterns have been shown to influence or correlate with neurogenesis: experiencing maternal
care, reproductive experience from sex to motherhood, aggressive behaviors or social interactions.
These observations indicate that the tempting assumption that, through physical exercise neurogenesis
increases and hence cognition improves, might fall short of more complex effects and interactions. Here,
| will discuss that motivation may be a key factor in determining whether exercise will positively affect
neurogenesis in the hippocampus of laboratory animals. In addition, our results of an exercise- and
context- independent regulation of AHN in genetically heterogeneous wild mouse species indicate that
AHN in wild rodents is stabilized to the sum of transient pleasant and aversive stimuli characterizing a
natural environment.

1. Klaus F, Hauser T, Slomianka L, Lipp HP & Amrein | (2009) A reward increases running-wheel performance without
changing cell proliferation, neuronal differentiation or cell death in the dentate gyrus of C57BL/6 mice. Behav Brain Res
204:175-181.

2. Hauser T, Klaus F, Lipp HP & Amrein | (2009) No effect of running and laboratory housing on adult hippocampal

neurogenesis in wild caught long-tailed wood mouse. BMC Neurosci 10:43.

3. Leuner B & Gould E (2010) Structural Plasticity and Hippocampal Function. Ann Rev Psychology 61:111-140.
Klaus F, Amrein | (2011) Running in laboratory and wild rodents: Differences in context sensitivity and plasticity of
hippocampal neurogenesis. Behav Brain Res. In Press
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Lecture 11 — Defining the neuronal circuitry of fear

Lathi Andreas
Friedrich Miescher Institute for Biomedical Research (FMI) Basel (CH)

Classical fear conditioning is one of the most powerful models for studying the neuronal substrates of
associative learning and for investigating how plasticity in defined neuronal circuits causes behavioral
changes. In animals and humans, the amygdala is a key brain structure within a larger neuronal network
mediating the acquisition, expression and extinction of fear memories. This presentation will review
emerging concepts in the organization and function of the neuronal circuitry of fear learning and
extinction. In particular, | will summarize recent progress in understanding how switches in the activity of
distinct types of amygdala neurons mediate rapid changes in fear behavior. | will show that functionally,
anatomically and genetically defined types of amygdala neurons are precisely connected within the local
circuitry and within larger-scale neuronal networks and that they contribute to specific aspects of fear
learning and extinction. Finally, | will discuss how local inhibitory circuits contribute to the acquisition
and expression of fear and extinction memories by multiple mechanisms and at multiple levels both in
the amygdala and in other brain areas. The lecture aims at illustrating how the convergence of
molecular, electrophysiological and optical approaches has enriched our understanding of the neuronal
basis of fear conditioning and of learning and memory in general.

1. Herry C, Singewald N, Ferraguti F, Letzkus J, Ehrlich I, Lithi A (2010) Neuronal circuits of fear extinction. Eur J Neurosci
31:599-612.
2. Ehrlich I, Humeau Y, Grenier F, Ciocchi S, Herry C, Luthi A (2009) Amygdala inhibitory circuits and the control of fear

memory. Neuron 62:757-771.
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Lecture 12 — Interaction between mutations, genetic background and environment

Wolfer David P
Institute of Anatomy and Zurich Center for Integrative Human Physiology, University of Zurich,
Switzerland; Institute for Human Movement Sciences, ETH Zurich, Switzerland

Highly sophisticated molecular genetic tools are used to generate mutant mouse models for the study of
human biology and disease, including higher brain function and mental illness. The phenotyping of these
mouse models, in particular at the level of behavior, requires careful consideration of genetic
background as well as environmental factors. Because many inbred laboratory mouse strains are the
result of selective breeding for extreme behavioral or morphological traits, genetic background alone can
produce sufficient variation to span the range of behavioral variables in many tests. Environmental
influences during the history of the animal and at the time of behavioral testing have a large impact as
well. Both, genetic background and environment, can interfere with a behavioral test by introducing
noise and/or bias. While noise can be handled, at least to a certain degree, by statistics, bias cannot and
must be prevented by appropriate experimental design in order to avoid false negative or false positive
results. Both genetic background and environmental factors must be controlled and documented as
precisely as possible. Genetic background can be managed most efficiently if (i) mutations are
backcrossed to and maintained in one or (if possible) two well-characterized, commonly available inbred
strains as congenic lines and (ii) if mutant and wild-type littermates are analyzed on a well-defined
genetic background that can be reproduced at any time from the inbred stocks. This may be inbred mice,
F1 hybrids or a F2 generation, depending on the genetic model and the hypothesis being tested. Double
and triple mutant models may require custom solutions. These recommendations do not eliminate the
so called “flanking allele problem”, genetic bias resulting from genetic linkage between the targeted
locus and neighboring genes. If desired, such bias can be removed using simple modifications of the
standard breeding schemes.

1. Crusio WE, Goldowitz D, Holmes A, Wolfer DP (2009) Standards for the publication of mouse mutant studies. Genes
Brain Behav 8:1-4.
Taft RA, Davisson M, Wiles MV (2006) Know thy mouse. Trends Genet 22:649-653.
Lathe R (2004) The individuality of mice. Genes Brain Behav 3:317-327.
Wolfer DP, Litvin O, Morf S, Nitsch RM, Lipp HP, Wurbel H (2004) Laboratory animal welfare: cage enrichment and
mouse behaviour. Nature 432: 821-822.

5. Wahlsten D, Rustay NR, Metten P, Crabbe JC (2003) In search of a better mouse test. Trends Neurosci 26:132-136.

6. Wolfer DP, Crusio WE, Lipp HP (2002) Knockout mice: simple solutions to the genetic background and the flanking gene
problems. Trends Neurosci 25:336-340.

7. Crabbe JC, Wahlsten D, Dudek BC. (1999) Genetics of mouse behavior: interactions with laboratory environment. Science

284:1670-1672.
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Lecture 13 — Novel genetic x environmental models of psychiatric diseases: the challenge to
diagnose schizophrenia and autism in a mouse

Radyushkin Konstantin, EI-Kordi Ahmed and Ehrenreich Hannelore

Division of Clinical Neuroscience, Max Planck Institute of Experimental Medicine, Géttingen, Germany

The schizophrenias and disorders of the autism spectrum are devastating diseases that affect
approximately 1% of the population all over the world and across cultures. They are diagnosed
exclusively based on the clinical picture, using the 'Diagnostic and statistical manual of mental disorders
(DSM)'. Up to now, neither diagnostic biomarkers nor satisfying treatment nor fundamental
understanding of etiology and pathogenesis of the vast majority of these highly heterogeneous diseases
are available. In contrast to many other brain diseases, particularly the schizophrenias have long been
seen as mysterious, non-organic and stigmatising conditions. Even nowadays, the point of view
predominates that schizophrenia and autism cannot affect species other than humans and require
developed language to manifest themselves. The first animal models of schizophrenia-associated
symptoms evolved when antipsychotic drugs (targeting positive symptoms) had to be tested for efficacy
in preclinical studies. These first models were crude, aimed at creating a phenotype that could be
influenced by antipsychotics but did not model any relevant features of schizophrenia. In this regard,
major advance in the field came within the last decade. Animal models have been developed that try to
cover various aspects of schizophrenia, e.g. positive symptoms (particularly hyperactivity), negative
symptoms (social withdrawal) and cognitive dysfunction (working memory, attention), or of autism, e.g.
impaired communication and social interactions, highly restricted interests and repetitive behaviors. In
fact, there is not only improvement in defining better suitable animal models, but also in the validity of
behavioral paradigms used for classifying schizophrenia- or autism-like phenotypes in rodents. This
lecture will summarize 'DSM criteria for rodent schizophrenia and autism', briefly mention (1) models
that have been used in the past, (2) models that have been introduced recently and (3) models that are
being developed, combining genetic and environmental factors, in order to more adequately address the
disease. To conclude, animal models of schizophrenia and autism are desperately needed not only to
improve prevention and treatment options for patients, but also to gain insight into relevant
pathophysiological processes leading to these disease phenotypes.

1. Grube S et al. (2011) A CAG repeat polymorphism of KCNN3 predicts SK3 channel function and cognitive performance in
schizophrenia. EMBO Mol Med 3:1-11.

2. Begemann M et al. (2010) Modification of cognitive performance in schizophrenia by complexin2 gene polymorphisms.
Archives of General Psychiatry 67: 879-888.

3. Radyushkin K et al. (2010) Complexin2 knockout requires a “second hit” for induction of phenotypic changes relevant to
schizophrenia. Gene brain behav 9:592-602.

4, Jamain S et al (2008) Reduced social interaction and ultrasonic communication in a mouse model of monogenic heritable
autism. PNAS 105:1710-5.

5. El-Kordi A, Radyushkin K, Adamcio B, Ehrenreich H (2009) Rodent models of schizophrenia: Past, present and future. In

'Endophenotypes of psychiatric and neurodegenerative disorders in rodent models'; Editor S. Granon, TRN, pages 209-
264 ISBN: 978-81-7895-402-8.
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Lecture 14 — Electrophysiological correlates of learning in vivo

Riedel Gernot, Plano Andrea and Platt Bettina
University of Aberdeen (UK)

Traditionally, behavioural and electrophysiological measurements in animals were performed separately;
however their combined use has considerably enriched our understanding of, for example, memory-
related processes. Especially single unit recordings paved the way and highlighted performance-specific
firing characteristics of individual neurones (such as place cells, phase cells, head direction cells). Less
well explored is the correlation between behavioural activity and global brain activity recorded through
the electroencephalogram (EEG), particularly in small rodents such as mice. This was largely due to
technical limitations both in terms of hardware and software. Existing methods encompass the use of
cables or single channel wireless recording devices (DSI, MCS) with life and behavioural restraint. Other
features such as time-stamping of events are not included making the mapping of behaviourally relevant
global physiological activity complex and often lacking precision. Long recording cables and
transponding devices often bear difficulties related to noise, interference and movement artefacts
thereby interrupting the individual recording episodes making extrapolations unreliable.

This presentation summarises several years of work using EEG recordings from freely moving mice
equipped with multichannel wireless microchips (Neurologger — NewBehavior). Unique features of the
devices include 4 recording channels, an accelerometer to determine motor activity, and an infrared
sensor for time-stamping of external events. Devices were validated in multiple behavioural conditions in
combination with video-observation systems to relate behavioural indexes with global neuronal brain
activation. Furthermore, applications for Neurologger devices were determined in genetically modified
models and using pharmacological probes.

Exp. 1: EEG and sleep studies in home cages
Exp. 2: EEG and sleep in genetically or pharmacologically manipulated mice
Exp. 3: EEG during behavioural exploration and after neuronal inactivation

The synchronisation of video-observation with quantitative cable-free EEG recording provides a major
step towards a combined psycho-physiological approach desperately needed to improve basic research
and translational tools in neurosciences.

1. Jyoti A, Plano A, Riedel G, Platt B. (2010) EEG, Activity, and Sleep Architecture in a Transgenic ABPPSWE/PSEN1A246E
Alzheimer's Disease Mouse. J Alzheimers Dis 22(3):873-887.
2. Platt B, Welch A, Riedel G. (2011) ¥EDG-PET imaging, EEG and sleep phenotypes as translational biomarkers for research

in Alzheimer's disease. Biochem Soc Trans, in press.

3. Etholm L, Arabadzisz D, Lipp HP, Heggelund P. (2010) Seizure logging: A new approach to synchronized cable-free EEG
and video recordings of seizure activity in mice. J Neurosci Methods 192(2):254-60.

4, Etholm L, Lindén H, Eken T, Heggelund P (2011) Electroencephalographic characterization of seizure activity in the
synapsin I/Il double knockout mouse. Brain Res 1383:270-88.
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Lecture 15 — Using mouse models to investigate the neural bases of action learning

Costa Rui M
Champalimaud Neuroscience Programme, Lisboa (PL)

The process of perfecting an action through repetition may lead to changes in the neural circuits involved
in executing the action, and to a bias towards a more automatic execution. This automatic execution can
be reflected in changes in “how” the action is performed, as sequences of movements become faster,
more precise and more accurate, and we and others have found that changes in specific striatal circuits
seem to be important for these improvements. In particular, using a self-paced task in which mice learn
to perform particular action sequences, we uncovered neural activity in nigrostriatal circuits specifically
signaling the initiation and termination action sequences. Using genetic and optogenetic tools, we found
that specific striatal circuits are involved in the learning and execution of novel action sequences.
Automatic performance can also be reflected in changes in “why” the action is executed. For example,
extensive training on an instrumental task where animals lever press for particular outcomes can lead to
a shift from goal-directed responding, that is sensitive to changes in the value of the outcome, to
habitual responding, that is insensitive to outcome devaluation. We observed that extended training on
a skilled task leads to subregion-specific circuit plasticity in the dorsal striatum, with dynamics consistent
with previous studies showing that goal-directed actions are dependent on the associative striatum,
while habits are dependent on the sensorimotor striatum. Additionally, using both genetically targeted
mice and pharmacological antagonists we found that endocannabinoid signaling through CB1 receptors,
which are highly expressed in the sensorimotor striatum, is critical for habit formation. Furthermore,
using cre-mediated deletion of NMDA receptors in different midbrain dopamine neurons, we uncovered
that nigral but not mesolimbic dopamine seems to be important for habit formation. Finally, we
developed a within-subject behavioral task in which mice shift between performing an action in a goal-
directed or habitual manner, and recorded neural activity in the frontal cortex and associative and
sensorimotor striatum simultaneously. These studies suggest that different cortico-basal ganglia circuits
mediate the learning and performance of different behavioral strategies, and that these circuits may
compete for behavioral output.

Supported by ERC StG-243393

Jin X & Costa RM (2010) Start/stop signals emerge in nigrostriatal circuits during sequence learning. Nature 466:457-462.
Dias-Ferreira E, Sousa JC, Melo I, Morgado P, Mesquita AR, Cerqueira JJ, Costa RM, Sousa N (2009) Chronic stress causes
frontostriatal reorganization and impairs decision making. Science 325(5940):621-5.

3. Yin HH, Prasad-Mulcare S, Hilario MRF, Clouse E, Davis M |, Lovinger DM, Costa RM (2009). Dynamic reorganization of
striatal circuits during the acquisition and consolidation of a skill. Nature Neurosci 12:333_341.

4, Costa RM, Lin SC, Sotnikova TD, Cyr M, Gainetdinov RR, Caron MG, Nicolelis MAL (2006) Rapid alterations in
corticostriatal ensemble coordination during acute dopamine-dependent motor dysfunction. Neuron 52(2):359-69.

5. Costa RM, Federov NB, Kogan JH, Murphy GG, Stern J, Ohno M, Kucherlapati R, Jacks T, Silva AJ (2002) Mechanism for

the learning deficits in a mouse model of neurofibromatosis type 1. Nature 415(6871):526-30.
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Lecture 16 — Optogenetic dissection of neural circuits in mice

Kaetzel Dennis
Department of Physiology, Anatomy and Genetics, University of Oxford (UK)

To understand information processing by neural circuits, the computational roles of the individual
elements of those circuits — the diverse neuronal subtypes — need to be studied within intact tissue.
Optical methods like glutamate uncaging (“optical input”) or calcium imaging with synthetic dyes
(“optical readout”) have greatly aided experiments in neuroscience as — in contrast to most
electrophysiological techniques - they mirror the parallel nature of neuronal information processing.
However, they can not distinguish between different subgroups of neurons to address the central
guestion of computational division of labour in neural circuits. Genetics, in turn, does provide the
discrimination between neuronal subtypes, given that they differ in gene expression and thus activation
of genetic promoters. Optogenetics combines both advantages using genetically targetable sensors or
actuators of neural activity, which allow to monitor or remote-control cells of a single subtype within
intact tissue -2,

Current and future challenges in optogenetics include (1) an increase of resolution towards the single-
cell and single-spike level, (2) harnessing of their potential for clinical applications, (3) optimal (i.e.
specific and high-density) molecular targeting of optical actuators and sensors, (4) anatomical post-hoc
identification of optically addressed cells, (5) comprehensive optical control and readout of intracellular
signalling, and (6) all-optical systems . Delineating the historical development that the field has taken
so far, the technical improvements dealing with those challenges as well as their potential applications
for mouse phenotyping will be addressed.

In brief: Although temporal resolution can be reached at the single-spike level using directly-light gated
ion channels such as LiGIuR or ChR2 ** those tools are not ideal for two-photon excitation, which would
be necessary for single-cell resolution. The latter again can be achieved using glutamate-uncaging in GFP-
expressing mice, which, however, compromises temporal resolution °. In molecular targeting of
actuators and sensors the common compromise is between the goals of highexpression levels and high
specificity. While viral expression systems have excelled in achieving these goals, they compromise the
subcellular targeting of actuators (namely towards the cell soma) as well as a comprehensive and equal
expression across the tissue. Here, conditional expression from an identified genomic locus has proven
superior °.

Such an optogenetic technique will be introduced using the example of the dissection of neocortical
inhibitory circuits °. Allowing the mapping of connectivity at high-throughput, it might be relevant for
discovering neural endophenotypes at the level of circuit architecture.

Miesenbdck G (2009) The Optogenetic Catechism. Science 326:395-399.

O'Connor DH, Huber D & Svoboda K (2009) Reverse engineering the mouse brain. Nature 461:923-929.

Zhang F, Aravanis AM, Adamantidis A, de Lecea L & Deisseroth K (2007) Circuit-breakers: optical technologies for probing
neural signals and systems. Nat Rev Neurosci 8:577-581.

4, Kramer RH, Fortin DL & Trauner D (2009) New photochemical tools for controlling neuronal activity. Curr Opinion
Neurobiol 19:544-552.

5. Fino E & Yuste R (2011) Dense Inhibitory Connectivity in Neocortex. Neuron 69:1188-1203.

6. Katzel D, Zemelman BV, Buetfering C, Wolfel M & Miesenbock G (2011) The columnar and laminar organization of

inhibitory connections to neocortical excitatory cells. Nat Neurosci 14:100-107.
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Lecture 17 — Superresolution imaging of living synapses

Nagerl Valentin U
Institute for Interdisciplinary Neuroscience CNRS / Université Victor Segalen Bordeaux 2 (FR)

Synapses and their regulation are a perennial and fruitful theme for neuroscience as their study lies at
the interface of many disciplines such as neurology, cell biology, psychology, and theoretical
neuroscience. Synapses are extraordinary signaling machines. Thousands of proteins precisely and
uniquely organized within the mere square micron of each synapse govern neuronal communication and
mediate nervous system plasticity in health and disease. Thus, one of the principle goals in neuroscience
has long been to measure synaptic structure and protein organization, and to monitor mechanisms of
change at individual synapses in living cells.

However, because synapses are very small, highly dynamic, and densely packed within light-scattering
medium, this goal has remained elusive. Fortunately, ground-breaking advances in optical microscopy
techniques have finally enabled measurement of protein arrangement and dynamics over nanometer
distances in live cells. As synapses are regulated on this scale, they are one of the first areas where these
new techniques are applied full force and are beginning to have a major impact in neurobiology.
However, major advances in superresolution imaging and fluorescence labeling are greatly improving our
ability to investigate the inner life and dynamics of synapses using life-cell imaging approaches.

In the lecture the basic principles behind STED microscopy, its technical implementation, scope and
limitations will be explained and discussed. In addition, we will review our recent progress in developing
and exploiting STED microscopy for live-cell nanoscale imaging deep inside biological tissue and in two
colors simultaneously. We will demonstrate the powerful potential of these advances for superresolution
imaging of synapses by 1) using the label lifeact to image the dynamic distribution of the cytoskeletal
protein F-actin within synapses deeply embedded inside living brain slices and 2) dual-color imaging to
study the colocalization of pre- and postsynaptic structures with nanoscale spatial resolution.

Néagerl UV & Bonhoeffer T (2010) Imaging living synapses at the nanoscale by STED microscopy. J Neurosci 30:9341-9346.
Becker N, Wierenga CJ, Fonseca R, Bonhoeffer T & Nagerl UV (2008) LTD induction causes morphological changes of
presynaptic boutons and reduces their contacts with spines. Neuron 60:590-597.

3. Néagerl UV, Willig KI, Hein B, Hell SW & Bonhoeffer T (2008) Live-cell imaging of dendritic spines by STED microscopy.
PNAS 105:18982-18987.
4. Néagerl UV, Kostinger G, Anderson JC, Martin KA & Bonhoeffer T (2007) Protracted synaptogenesis after activity-

dependent spinogenesis in hippocampal neurons. J Neurosci 27:8149-8156.
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Poster abstracts

Poster 01 — In vivo studies on GDNF and its receptor GFR al using conditional knock-out and
conditional knock-in mice

Authors
1. Amberg Carolina (Institute of Biotechnology, University of Helsinki) carolina.amberg@helsinki.fi

[Presenter]

2. Andressoo Jaan-Olle (Institute of Biotechnology, University of Helsinki) jaan-
olle.andressoo@helsinki.fi

3. Saarma Mart (Institute of Biotechnology, University of Helsinki) mart.saarma@helsinki.fi et. al

Glial cell line-derived neurotrophic factor (GDNF) is the most potent factor known to promote survival,
axonal branching, dopamine (DA) levels and post-lesion striatal re-innervation of DA neurons in the
striatum and has therefore clear clinical potential for treating Parkinsons disease (PD). GDNF has been in
clinical trials with conflicting, but promising results and there is clearly need for more knowledge on
GDNF biology in vivo.

However, not much is known about GDNF biology in vivo because mice lacking GDNF (KO mice) die at
birth. Our laboratory has generated conditional KO (cKO) mice for GDNF and its receptor GFRa1, where
each can be deleted from the desired organ, such as brain only, enabling to bypass the neonatal lethality
and to study the role of GDNF in the postnatal brain. Our laboratory has also generated a knock-in
mouse line in which GDNF is over-expressed from endogenous locus, the so-called GDNF hypermorphic
(GDNFh) mice.

With these unique tools, my PhD studies will focus on uncovering the postnatal role of GDNF and its
main binding receptor GFRa1l on the development and maintenance of brain dopamine system.
Currently analysis of all our different mouse lines is ongoing. As an example we have analyzed GDNFh
mice in behavioral studies and found that they perform better in motor coordination tests than healthy
wt littermate controls (p<0.01). Impaired motor-coordination is the central feature of PD and thus the
fact that GDNFh mice display i.e. “anti-Parkinsonian” phenotype strongly reconfirm the potential use of
GDNF as a drug for treating PD.
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Poster 02 — Influence of IntelliCage testing on subsequent behavioral measures; Intra-test and
inter-test relationships between automated measures of home cage behavior and behavioral
measures from conventional tests

Authors
1. Codita Alina (Karolinska Institutet, NVS Department, Alzheimer Disease Research Center)
alina.codita@ki.se [Presenter]
Mitrovic Martina (JSW CNS Research, Forschungslabor GmbH, Graz, Austria)
Rabl Roland (JSW CNS Research, Forschungslabor GmbH, Graz, Austria)
Horvath Adam (JSW CNS Research, Forschungslabor GmbH, Graz, Austria)
Hutter—Paier Birgit (JSW CNS Research, Forschungslabor GmbH, Graz, Austria)
Windisch Manfred (JSW CNS Research, Forschungslabor GmbH, Graz, Austria)
Mohammed Abdul H (Karolinska Institutet, NVS Department Alzheimer Disease Research Center
&Linnaeus University, School of Education, Psychology and Sports Science, Vaxjo, Sweden)
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The IntelliCage™ is an automated behavioral phenotyping method for group housed laboratory mice.
This method was used previously for the study of behavioral differences in laboratory and wild rodents,
as well as for the study of toxic effects and genetic manipulations. To date, limited data exist about the
relationship between IntelliCage variables and variables obtained during conventional behavioral testing.
The aims of the study were (1) to evaluate the effect of exposure to IntelliCage on behavioral variables
measured in the Elevated Plus Maze (EPM), Open field (OF), Rotarod, T maze test, Novel Object
Preference, Fear Conditioning (FC), Morris water navigation task (MWM) and (2) to explore the
relationships between variables obtained during different tests.

Our results show that some measures of activity, like Total horizontal activity during 30 min in the OF
and distance walked during baseline, context and pre-CS phase of FC, are more likely to be decreased by
prior exposure to IntelliCage, in line with previous results of enrichment studies. A systematic “cage”
effect was apparent on several variables, such as the Closed arm visit count and Total number of arm
visits in the EPM. Implications for the design of experiments are discussed.

Complex intra- and inter-test relationships between behavioral variables, reflecting both activity and
learning are described.
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Poster 03 — The role of histone deacetylases 1 and 2 in neural development

Authors
1. Hagelkruys Astrid (Max F. Perutz Laboratories, Medical University of Vienna, Vienna, Austria)

astrid.hagelkruys@univie.ac.at [Presenter]
2. Lagger Sabine (Max F. Perutz Laboratories, Medical University of Vienna, Vienna, Austria)
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Murko Christina (Center of Anatomy and Cell Biology, Medical University of Vienna, Vienna,
Austria)

Artaker Matthias (Max F. Perutz Laboratories, Medical University of Vienna, Vienna, Austria)
Jawerk, Melanie (Institute of Stem Cell Research, Helmholtz Center Munich, Munich, Germany)
Ringbauer Manuela (Max F. Perutz Laboratories, Medical University of Vienna, Vienna, Austria)
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Matthias Patrick (FMI for Biomedical Research, Novartis Research Foundation, Basel,
Switzerland)
9. Seiser Christian (Max F. Perutz Laboratories, Medical University of Vienna, Vienna, Austria)

During brain development, certain genes have to be activated, others have to be silenced and the correct
cell lineage decisions have to be made. These changes in gene expression are coordinated by histone
modifications. The family of histone deacetylases (HDACs) catalyses the removal of acetyl groups from
lysine residues of histone tails, resulting in chromatin compaction and transcriptional repression.
Interestingly, it has been shown that disturbances of the acetylation/deacetylation equilibrium are linked
to neurodegenerative diseases such as Huntington’s Disease. Furthermore, HDAC inhibitors have been
beneficial in experimental models of epilepsy, dementia, Alzheimer's and Parkinson's Disease.

The class | deacetylase HDAC1 is a crucial regulator during mouse embryonic development, as HDAC1 -/-
mice exhibit developmental defects, which lead to embryonic lethality before E10. Therefore, we wanted
to gain further insight into the role of HDAC1 in neural development and its possible implications in
neurodegenerative pathogenesis. Since HDAC1 and its paralog HDAC2 associate with the same
transcriptional repressor complexes, they might compensate for each other. However, in the developing
brain HDAC1 and HDAC2 exhibit different developmental stage- and lineage-specific expression patterns.
HDAC1 is highly expressed in neural progenitors and astrocytes, whereas HDAC2 is expressed in post-
mitotic neurons but not in astrocytes. Due to this differential expression patterns, we expected that loss
of HDAC1 in the brain would lead to a severe phenotype. Thus we generated conditional knock out mice,
which express cre recombinase under the Nestin promoter and thereby delete HDAC1 in the nervous
system. Surprisingly, these mice are viable and fertile and display a striking re-expression of HDAC2 in
astrocytes, counterbalancing the loss of HDAC1. We are currently investigating the cross-regulatory
mechanism between HDAC1 and HDAC2 and the phenotype of conditional HDAC1 and HDAC2 knock out

mice in more detail.
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Poster 04 — Automated motor function phenotyping in mice via voluntary wheel running
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Tocchini-Valentini Glauco (Consiglio Nazionale delle Ricerche, Italy) et. al

At present, the most commonly used method for assessing motor function in rodents is the Rotarod. To
complement Rotarod studies, Liebetanz and Merkler pioneered the use of home cage based running
wheels followed by introducing a complex wheel lacking bars to measure motor function in mice
(Liebetanz and Merkler, Exp Neurol 2006, 202(1), 217-24). As part of a collaborative European project,
Phenoscale, our aim was to automate and validate this approach. In baseline studies at two test centres,
differences in coping mechanisms to optimize complex wheel running were detectable in inbred mouse
strains including B6N, B6J, C3H, and 1290la. To further validate the test, we studied wheel-running
performance in a number of mouse mutant lines expected to show motor function deficits. Mice with
mutations in SNAP25 and Synapsin Ill demonstrated deficits in a number of complex wheel running
parameters. Moreover, for progressive neurodegenerative disease models of Huntington’s Disease and
Amyotrophic Lateral Sclerosis, this method could detect motor deficits, even at presymptomatic stages.
Observing voluntary wheel running in combination with a more complex wheel and a further refinement
through the addition of a defined resistance in the wheel are currently being assessed to define motor
deficits in these mouse strains and mutants.
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Poster 05 — BAC transgenic mouse lines for studying BDNF gene regulation
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Neurotrophin BDNF (brain derived neurotrophic factor) promotes survival and differentiation of multiple
central and peripheral neuronal populations during mammalian development. In addition, BDNF is an
important regulator of activity-dependent neurotransmission in the adult. The structure of brain-derived
neurotrophic factor (BDNF) gene is very complex with multiple 5’-untranslated exons, each of which is
controlled by a separate promoter and independently spliced to a common 3’ exon comprising the BDNF
protein coding region. In order to study BDNF gene regulation in vivo, we have generated BAC transgenic
mice harbouring large fragments of human or rat BDNF gene loci and EGFP or LacZ reporter genes. Both
human and rat BDNF-BAC transgenic mouse lines largely recapitulated BDNF expression in the nervous
system and induction by neuronal activity. Transgene integration site analysis in one of these mouse
lines revealed disruption of the DGK-beta gene, which encodes a diacylglycerol kinase isoform with a
CNS-restricted expression pattern. This mouse line also exhibited slight hyperactive behaviour and early
postnatal weight loss.
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The exact function of adult hippocampal neurogenesis remains elusive, although it has been suggested
to play a role in learning and memory processes. In our studies, we employed cyclin D2 gene knock-out
(cD2 KO) mice with almost complete deficiency of newborn neurons in the adult brain (Kowalczyk et al.,
J. Cell Biol., 2004). These mice have also slight morphological abnormalities of the brain, including the
hippocampal formation. Previously, we have shown for cD2 KO mice that new hippocampal neurons are
not obligatory for memory formation (Jaholkowski et al., Learn. Mem., 2009). In the present study, the
animals were subjected to hippocampus-dependant behavioural tests requiring and non-requiring
learning component. cD2 KO mice showed significant impairment in such species-typical behaviours as
nest construction, digging, and marble burying. They were building none or poorer nests, digging less
robustly, and burying fewer marbles than WTs. Moreover, cD2 KO mice showed normal sucrose
preference, however, in contrary to the controls, preceded by neophobia phase. cD2 KO animals were
more active in the open field and automated motility chamber, and showed increased explorative
behaviour in IntelliCage. On the other hand D2 KO mice performed normally in the cue and context fear
conditioning tasks. Presented results (Jedynak et al., in preparation) suggest that either morphological
abnormalities of the hippocampal formation or adult brain neurogenesis impairment (or both) alter
hippocampal-dependant behaviours without influencing learning abilities.
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Olfactory cues play an important role in regulation of complex forms of social behavior, e.g. sexual
behavior in mammals. A number of studies demonstrated a direct involvement of accessory olfactory
system (AQS) in regulation of male sexual behavior in mammalian species. While the role of sex
hormones in regulation of perception and analysis of chemical signals are studied very well, the role of
stress hormones remains elusive. At the same time suppressive effect of stress on reproduction of
mammals is a well known issue whereas influence of stress on signal perception in vomeronasal system
is still unknown. Our earlier studies showed the suppression of the response to receptive female
chemical cues of vomeronasal receptor neurons in males under exposure to emotional or cold stress.
Number of Fos-positive cells in VNO receptor epithelium of males in response to receptive female
chemical signals was significantly reduced under stress exposure. According to our data after exposure to
both types of stress (low temperatures and cat odor for 10 days) male mice demonstrated no preference
towards receptive female odor vs. non-receptive while in control group of animals we observed such a
preference. These alterations in behavior were accompanied by increase in corticosteron levels in
plasma. In search of putative mechanism in the current study, we investigated the expression of steroid
receptors (glucocorticoid-GCR, androgens-AR and mineralocorticoid-MR) in VNO receptor epithelium
using immunohistochemical technigies. We detected a profound GCR-immunoreactivity in VNO
receptive tissue. We weren’t able to reveal any AR-immunoreactivity or MR-immunoreactivity in VNO
receptive tissue of male mice, whereas it was present in control tissue. Abundant expression of GCRs in
VNO receptor tissue suggests possible direct action of stress hormones on receptor cells. The data
obtained indicate glucocorticoid involvement in female chemical cues perception in vomeronasal system.
Supported by RFBR 10-04-01599a to VVV
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The maintenance of synaptic transmission depends on the biogenesis and recycling of synaptic vesicles
(SVs), which store and secrete neurotransmitters. A major mode of retrieval of SV membrane proteins is
clathrin-mediated endocytosis. While many constitutively internalized cargo proteins are recognized
directly by the clathrin adaptor complex AP-2, activity-dependent endocytosis of membrane proteins is
often facilitated by specialized adaptors. Recently, we identified Stonin 2 (Stn2), a mammalian ortholog
of Drosophila Stoned B, as an AP-2-dependent adaptor for the internalization of the SV protein
synaptotagmin 1 (Sytl). To elucidate the role of Stn2 in the mammalian brain, we generated Stn2 KO
mice. These mice are viable, but exhibit defects in short-term plasticity at mossy fiber synapses where
Stn2 is strongly expressed. KO Synapses showed a significant decrease in release probability as well as an
increased number of SVs. The changed properties of synaptic transmission are correlated at the
behavioural level with an increased exploratory drive of Stn2 KO mice. While other presynaptic proteins
such as synapsin 1 and synaptobrevin 2 remain unaltered, the level of surface Sytl was elevated in Stn2
KO brains. Consistently, live imaging experiments with Stn2 KO neurons show an accumulation of Sytl on
the neuronal surface. Collectively, our results provide an example of independent recycling of vesicle
proteins at the mammalian synapse and demonstrate a specialized role of Stn2 in activity-dependent
internalization of Syt1.
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Altered glutamatergic transmission, particularly hypoactivity of N-Methyl-D-Aspartate (NMDA) receptors,
is implicated in the pathophysiology of schizophrenia. Direct or indirect activation of NMDA receptor
have been proposed as a therapeutic strategy. Metabotropic mGIuR have emerged as potential new
target, since their stimulation facilitates NMDA receptor-mediated transmission.

Here, we investigated the role of mGlu5 receptors in a cognitive paradigm in rat, which may to mainly
evaluate selective attention deficit associated with schizophrenia. Thus, the action of two mGIuR5
positive allosteric modulateur (PAM), CDPPB and ADX47273, were examined in the novelty
discrimination test :

-In neonatal PCP-treated rats, a developemental model of schizophrenia.

-In naive adults rats. Further, we investigated the interaction of CDPPB with MPEP, a mGIuR5 antagonist
and MK801, a NMDA antagonist, its effect upon injection into the frontal cortex and the striatum and
after a subchronic treatment.

The activation of mGlu5 receptors improves novelty discrimination both in a procedure involving a «
natural » deficit in naive rats and in a developpemental model of schizophrenia.

This action:

-is mediated by mGIuR5 and requires functionally NMDA receptors.

-does not desensitize upon sub-chronic treatment.

-is not due to an improvement of acquisition but may reveal a pro-attentionnal effect.

These data suggest that positive allosteric modulation of mGlu5 receptors may be beneficial for
alleviating certain cognitive deficits associated with schizophrenia.
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Biosynthesis of serotonin is limited on the first step by two distinct tryptophan hydroxylase enzymes,
TPH2 and TPH1. Recently, mice lacking central serotonin (Tph2-/-, Tph2-deficient mice) were generated
in M.Bader’s lab. Surprisingly, these mice can be born and survive until adulthood. Tph2-/- mice show
suppressed respiration, altered body temperature control, decreased blood pressure, and heart rate
during nighttime. In addition, sleep time was extended during the day in Tph2-/- mice.

Using Tph2-deficient mice as a model with disrupted brain serotonin we assess the role of serotonergic
system in the regulation of complex behavior. Tph2-/- mothers despite being fertile and producing milk
have impaired maternal care leading to the less then 45% survival of the offspring. Moreover, in pups
retrieval test Tph2-deficient dams were not able to collect their scattered pups, confirming alteration in
maternal instinct. Tph2-deficient mice displayed behavior associated with reduced anxiety as indicated
by increased entry and time spent on the open arms in the elevated plus maze test, and by fewer
amounts of buried marbles in the marble burying test, as well as by decreased latency to reach the food
pellet in the novelty suppressed feeding task. In the forced-swim test Tph2-deficient mice showed
depressive-like behavior demonstrated as shorter latency to immobility and increased immobility time.
Furthermore, central serotonin ablation in mice led to increased aggressiveness not only among male
but also in female mice.

These data demonstrate that serotonin is not essential for life but a pivotal regulator of numerous
autonomic functions and behavior.
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CREB (Ca2+ / cAMP-response element (CRE)-binding protein) is a key transcription factor involved in
learning and memory. Its activation was causally linked to memory formation, and the critical gene
regulatory sequences of most neuronal immediate early genes (IEGs) such as c-fos, zif268, bdnf or Arc
possess CRE-like elements. To investigate the regulation of the dynamic range and the specificity of
CREB, we focused on CRTC1, a strong CREB co-activator. CRTC1 translocates to nucleus upon synaptic
activity and binds CREB. We have performed a series of experiments of mutant studies, luciferase
reporter assay, ChlIP assay, immunocytochemistry and immunohistochemistry, and revealed that 1) the
nuclear translocation was sufficient to stimulate a potent induction of CRE-dependent gene expression in
neurons. 2) CRTC1 increases the rate of occupancy of CREB on genomic CRE sequences. 3) CRTC1 is
critical for the induction of most of neuronal IEGs both in vivo and vitro. Taken together, CRTC1 is a
critical player in activity dependent IEGs expression, regulated by nuc-cyto shuttling, and when in
nucleus, it stabilizes CREB on its target to support sustained activity. Based on these results, we are
evaluating the effects of forced expression of active CRTC1 in hippocampal pyramidal neurons in vivo,
using viral brain injection method, to investigate the role of enhanced IEG transcription at the systems
level.
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Decision-making in complex and conflicting situations can be profoundly impaired in psychiatric
disorders, such as attention-deficit/hyperactivity disorder, drug addiction but also in healthy individuals
for whom immediate gratification prevails over long-term gain. Based on the principle of the lowa
Gambling Task in humans, we have developed a decision-making task in rats that assesses their ability to
choose under conditions of uncertainty between several conflicting options that differ with respect to
long term gain. In this task rats could choose between various options in an operant cage.
Disadvantageous options, as opposed to advantageous ones, offered bigger immediate food reward, but
were followed by longer, unpredictable penalties (time-out). In a single test session it was possible to
track the evolution of individual’s choices across time. The majority of rats can evaluate and deduce
favourable options more or less rapidly according to task complexity whereas others systematically
choose disadvantageously. These inter-individual differences were stable over time and did not depend
on task difficulty nor on the level of food restriction. We found that poor decision-making did not result
from a failure to acquire relevant information, but from hypersensitivity to reward and higher risk-taking
in anxiogenic situations. These results suggest that rats as well as human poor-performers share similar
traits to those observed in decision-making related psychiatric disorders. These traits could constitute
risk factors of developing such disorders. The rapid identification of poor decision-makers using the rat
gambling task presents a unique opportunity to study the behavioural characteristics and neurobiological
substrates of decision-making under pathological and non pathological conditions. Using this test in an
automated home-cage system it will be possible to investigate if these traits in addition to social and
emotional dysfunctions are predictive of the development of psychopathology.
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Neurodegenerative disorders such as Alzheimer’s (AD) and Huntington’s (HD) disease are commonly
characterized by the presence of protein aggregates in specific populations of neurons. How the
formation of these proteinaceous inclusions occurs remains largely unknown as well as their role in
pathogenesis.

Recently, our group has discovered the newly identified regulator of proteotoxicity, modifier of
aggregation 4 (MOAG-4), which has been shown to be a positive regulator of aggregate formation in C.
elegans models for polyglutamine disorders and Alzheimer’s disease. Inactivating MOAG-4 suppresses
aggregation and proteotoxicity. In the same study, MOAG-4 has been found to have human orthologs,
SERF1A and SERF2, which drive aggregation formation in human cultured cells. These proteins are
ubiquitously expressed and are therefore predicted to have a role in a general cellular pathway.

We hypothesize that SERF1A/2 may drive aggregation in the human brain. In order to transpose our
findings to the mammalian context, we will initiate an unprecedented study of the effects of the
SERF1A/2 proteins in mouse models for neurodegenerative diseases.

We will start by crossing AD or HD mice with mice knock-out for either SERF1A or SERF2. Once we obtain
mice harboring the AD or HD transgenes with SERF knock-out, the animals will be subjected to
behavioral tests and brain samples will be further used for immunohistochemical analysis.

This opens up the exciting possibility that SERF proteins have a relevant effect on pathological protein
aggregation in the human brain and, if so, they can be used as pharmacological targets for
neurodegenerative disease treatment.
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A

Post-traumatic stress disorder (PTSD) is an anxiety disorder that may develop following exposure to a
strongly traumatic event. Our research was focused on endophenotypes and molecular biomarkers of
PTSD in an animal model. Differences in response to stress among inbred mouse strains (C57BL/6J,
DBA/2J, SWR/J and 129P3/]) were compared after a single intense footshock (1,5 mA, 2 sec). Following
effects were assessed 4-6 weeks after the traumatic event: conditioned and sensitized fear, social
withdrawal, depressive-like behavior and susceptibility to drug addiction. SWR/J displayed the lowest
conditioned fear, whereas sensitized fear was increased over time in C57BL/6J mice. Moreover, C57BL/6J
exhibited increase in depressive-like behavior, while DBA/2J revealed increased social withdrawal. In
addition, we observed that exposition to traumatic stress produced increased sensitivity to rewarding
properties of morphine in 129P3/J. Diverse long-lasting behavioral consequences of exposition to stress
were associated with alterations in stress-induced profiles of genes in amygdala that are related to
various molecular signatures of stress (e.g. NF-kB pathway, glucocorticoid receptor (GR)-dependent
transcription). Our research supports a model in which genetic factors are important for phenotypic
variation in responsivity to stress. These genes may provide novel diagnostic tools for prediction of
stress-related anxiety disorders. This work was supported by Polish MSHE grants NN405 274137,
IUVENTUS Plus and POIG De-Me-Ter 3.1.
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Gamma-secretase is a multisubunit protease complex that is involved in crucial biological signaling
pathways, e.g. Notch, Erb4, Neuregulin and N-Cadherin signaling. Gamma-secretase activity is also
involved in Abeta peptide generation, which is linked to Alzheimer’s Disease. There are at least four
different complexes each consisting of presenilin (Psenl or 2), Aph1 (A or B), nicastrin and Pen2 subunit.
It is not fully clear to what extend different gamma-secretases have different substrate specificities or
biological functions.

Our previous work has shown that specific deletion of one of the complexes, by targeting the Aph1B and
Aph1C (the rodent specific homologue of APh1B) does not result in overt abnormalities (1), while Aph1A
KO results in severe, Notch related embryological defects. This difference could partially be explained by
differential expression, APh1A being strongly expressed in embryos. Behavioral analysis of the Aph1B/C
KO mice revealed however a phenotype related to schizophrenia, such as a PPI deficit that is reversible
with haloperidol and clozapine (2). Given the Aph1A lethal phenotype (1), the relevance of Aph1A in the
adult brain is currently unaddressed. We recently generated brain specific AphlA mutants. The
behavioral characterization of them is currently going on in a battery of tests which include social
behavior, sensorimotor gating, learning and working memory. The final goal is to compare the
phenotypes of Aph1A and Aph1B KO mice and to determine their specific functions in brain. In addition,
in depth biochemical analysis is planned to determine which substrates are specifically cleaved by the
two different proteases.

(1) Serneels et al (2005) PNAS 102: 1719-1724 (2) Dejaegere et al (2008) PNAS 105: 9775-9780
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Cell migration is the consequence of the sum of positive and negative regulatory mechanisms. Although
appropriate migration of neurons is a principal feature of brain development, the negative regulatory
mechanisms remain obscure. We found that JNK1 was highly active in developing cortex and that
selective inhibition of INK in the cytoplasm markedly increased both the frequency of exit from the
multipolar stage and radial migration rate and ultimately led to an ill-defined cellular organization.
Moreover, regulation of multipolar-stage exit and radial migration in Jnk1-/- (also known as Mapk8)
mice, resulted from consequential changes in phosphorylation of the microtubule regulator SCG10 (also
called stathmin-2). Expression of an SCG10 mutant that mimics the JNK1-phosphorylated form restored
normal migration in the brains of Jnk1-/- mouse embryos. These findings indicate that the
phosphorylation of SCG10 by JNK1 is a fundamental mechanism that governs the transition from the
multipolar stage and the rate of neuronal cell movement during cortical development.

67



Project Protocols

Project A

Place and cue navigation in the water-maze

Introduction

The aim of this water-maze procedure is to establish whether rats or mice can learn to use extramaze
cues to swim rapidly and directly to an invisible escape platform (place navigation) when trained with
repeated trials over several days (Morris 1981, Morris 1984, D’'Hooge R et al. 2001, Wolfer et al. 2011).
The nature of what they have learned can be explored further using a probe trial without platform and
with reversal training to a new platform position. Rats with hippocampal lesions are impaired on this
place navigation task (Morris et al. 1982). They do not improve beyond the performance level reached by
normal rats that search for a randomly positioned platform. During a probe trial, their searching is not
directed toward the former goal location. The hippocampus is specifically involved in the place learning
component of the task. Rats with hippocampal lesions readily learn to swim to a platform that has a local
cue attached to it. This indicates that the sensory-motor and procedural components of the task are
independent of hippocampal function. Furthermore, neocortical lesions do not disrupt place navigation.
Pharmacological studies have provided evidence that inhibition of NMDA receptor function in the
hippocampus is sufficient to impair place navigation (Morris et al. 1996).

Despite being less well adapted to water, mice can learn the place navigation task in the water-maze as
well. However, mouse strains differ considerably in their performance (Upchurch et al. 1988). Different
abilities to learn place navigation can be correlated with layout differences of the hippocampal mossy
fiber system (Schopke et al. 1991). Mice with hippocampal lesions are unable to learn the place
navigation procedure, but unlike rats often also show a partial impairment in the cue navigation task. In
blind mice, for example strains C3H, CBA, and FVB that carry the autosomal recessive mutation rd
(retinal degeneration), the impairment is total on both tasks (Wolfer et al. 2001).

When genetically modified mice were used for the first time to study the molecular basis of learning and
memory (Grant et al. 1992, Silva et al. 1992), spatial learning and memory of the mutants was tested
using the place navigation task in the water-maze. Memory impairments were observed and could be
correlated with deficits of synaptic long-term potentiation in the hippocampus. Since then, place
navigation in the water-maze has become one of the most frequently used tasks to assess hippocampus-
dependent learning in mutant mice (Wolfer et al. 2011).

Equipment

The round swim tank is made of white poly-propylene (diameter 150 cm, height 50 cm). The pool may be
larger than this, but should not be smaller. Having a large pool helps to ensure that a spatial but not a
random search strategy is most effective in finding the platform. Moreover, a large pool ensures that the
mouse has a realistic chance of seeing that cues in the room look different from different places in the
pool. The pool is filled with water (depth 15 cm) which is made opaque by addition of 1 | of milk and held
at a temperature of 24-26°C. The quadratic goal platform (14x14 cm, or larger to reduce task-difficulty) is
made of metallic wire mesh and painted white. It is hidden 0.5 cm below the water surface at the
positions indicated in Fig. 1a. The pool is placed in a room which is illuminated indirectly by 4 40 W bulbs.
The walls around the pool provide salient extramaze cues (posters, shelves, etc.), placed at a distance of

0.5-2 m from the pool. Computer and operator are in the same room, but remain hidden behind the wall
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of the tank. The camera is suspended above the pool. The testing room may have curtains that can be
drawn around the pool to occlude extramaze cues.

Procedure

Animals perform 30 training trials, 6 per day during 5 days. During the first 18 trials (place navigation,
acquisition phase) they are trained with the hidden platform in a constant position. For trial 19, the
hidden goal is moved to the opposite quadrant and remains there for the remaining trials (place
navigation, reversal phase). If any impairment is observed during acquisition or reversal, training
continues for 2 more days, with 12 trials during which the platform is marked with a flag and moved to a
different position for every trial (cue-navigation).

The place navigation procedure can be implemented in many different ways (Vorhees et al. 2006, Wolfer
et al. 2011). Often, cue-navigation is carried out before place-navigation in order to separate procedural
and spatial aspects of learning. To establish whether the animal has learned the platform position, many
protocols use separate probe trials without goal platform. This forces the animal to swim for a given
observation time. Total number of trials, number of trials per day, and intertrial intervals (massed versus
spaced training) can be varied as well. The experimental question determines which protocol is used. The
protocol described here is an example that has proven useful in our laboratory as a first screen for new
mutations.

Goal position and start points: protocol versions

Because spontaneous preferences for one quadrant of the pool over others can never be excluded, four
different versions of the protocol are used for place-navigation training, with goal positions and start
points distributed over all four quadrants of the pool as shown in the table below. Start points of this list
are distributed in a pseudo-random manner in such a way that all points are used at a similar frequency.
The distance between start point and goal varies, but trials with short and long distances are arranged in
such a way that similar averages result if the 30 trials are combined to 15 blocks of 2 trials during
analysis. This facilitates the examination of path geometry. The four protocol versions must be balanced
across experimental groups. The subjects are tested in a predetermined order, generated by first
grouping them according to protocol version and then sorting the subgroups following a sequence of
random numbers. During cue-navigation, all subjects are trained on the same goal positions and released
from the same start points.

Preparing a session

- Each morning, 15-30 min before training begins, place the mice in a small holding cage (13x21
cm, 13 cm high) laid out with paper towels. Make some food pellets available to them. Label the
holding cages with the animals’ number and arrange them on a bench according to the
predetermined testing sequence.

- Weigh the animals before you transfer them to the holding cage on the first day of the
experiment.

- Fill the pool with mixed water (open both the hot and cold taps to the maximum) until the
platform is covered by 0.5 cm water. Verify that the temperature of the water is 24-26°C. Add 1l
of milk.
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Running trials

- Move the goal platform to the position appropriate for the animal and trial to be run.

- Place the plastic cup next to the holding cage and transfer the animal. Avoid holding the animal
by its tail for more than a few seconds.

- Move the cup to the appropriate starting point in the pool. Gently tilt the cup toward the wall, so
that the animal glides into water. Immediately leave the animal’s field of view.

- The trial lasts until the animal climbs onto the platform and stays there for at least 3 s, or until
120 s have elapsed.

- After the trial has ended, let the animal climb onto the transfer grid without touching it with
your fingers. Place the transfer grid in the holding cage and let the animal climb down. This may
take a while in the beginning, but after a few trials the animals will do it readily.

- Place the holding cage under a red lamp (min. distance 70 cm to avoid overheating) and leave it
there for a maximum of 5 min.

- Inthe meantime run the next animal. Proceed until all animals have run their first trial of the
day, then start over with the first animal for the second trial, etc. With a sample of 30 animals,
inter-trial intervals will be 30 min or more.

Closing a session
- After the last subject has completed its trials of the day, the animals are transferred to their
home cages.
- Weigh the animals before you transfer them back to the homecage on the last day of place
navigation training.
- Empty the pool and rinse it with plain water. On the last day of the experiment clean it with
detergent and rinse thoroughly thereafter.

Parameters
Escape performance during training
- Record the escape latency of all training trials as a measure of escape performance.
- The decrease of escape latency during acquisition and reversal training is a measure for the
learning progress.
- Theincrease of escape latency observed when the goal is moved to the opposite quadrant is a
sensible indicator that the animal has learned something about the position of the goal in space.

Probe trial

- Whether the animal has developed a spatial preference for the goal site during acquisition
training is determined during trial 19, after the platform has been moved to the opposite
qguadrant. This trial should be videotaped because several passes may be necessary to obtain all
the necessary measures.

- Measure the amount of time spent in the former goal quadrant and in the adjacent quadrants.
These measures are compared to determine whether the animal has developed a spatial
preference for the goal quadrant.

- Count the number of times the mouse crosses over the old platform position (annulus crossings)
and over corresponding sites in the adjacent quadrants. These measures are compared to
determine the searching precision of the animal.
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Video tracking

Most water-maze experiments are run with a video-tracking system that determines and stores the
animal’s position coordinates at a regular sampling interval. The resulting stream of data permits to
obtain additional measures, e.g. swim speed, distance swum, time spent swimming along the wall
(thigmotaxis), time spent in the actual goal quadrant, cumulative distance to the goal, etc. During the
probe trial, one can determine the average distance between the subject and the trained goal location or
the amount of time spent within a circular zone drawn around the former goal. These measures may give
more reliable estimates of spatial bias. The list of parameters that video-tracking systems can calculate is
virtually endless, but many of them are redundant (Vorhees et al. 2006, Wolfer et al. 2001).

Figure 1

Fig. 1. Water-maze setup used for place navigation. (a) Schematic drawing showing pool dimensions and
placement of goal platforms. (b) to minimize handling stress, mice are transferred to the pool and
released using a white plastic cup. (c) After having reached the goal, mice are allowed to climb onto a
wire grid and are transferred back to the home cage without further handling.

(a)
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Table 1

trial

O 00 N O Ll A W N B

PR R R R R R R R
0N O U WN RO

19
20
21
22
23
24
25
26
27
28
29
30

Table 2

trial
start
goal

version 1
start goal
NW SW
SE SW
w SW
E SW
NE SW
S SW
SE SW
NW SW
S SW
N SW
w SW
E SW
NE SW
w SW
N SW
S SW
SE SW
NW SW
S NE
w NE
E NE
SW NE
NW NE
SE NE
SwW NE
N NE
SE NE
NW NE
E NE
SwW NE
1 2 3
SE NE W
SW NW SE

version 2
start goal
Sw SE
NE SE
S SE
SE
NW SE
w SE
NE SE
SW SE
E SE
w SE
S SE
SE
NE SE
S SE
w SE
E SE
NE SE
SW SE
S NW
E NW
N NW
SE NW
SW NW
NE NW
SE NW
w NW
NE NW
SW NW
N NW
SE NW
4 5 6
N NW SE
NE SW NE

version 3

start

SE
NW

m

NW
SE

SwW

SE
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goal

NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE

SW
SwW
SwW
SW
SwW
SwW
SW
SwW
SwW
SW
SwW
SwW

version 4
start

NE
SW

wm

NW
NE
SW
NW

SW
NE

NW

10

NE NW SW

NW NE

NW

goal

NW
NW
NW
NW
NW
NW
NW
NW
NW
NW
NW
NW
NW
NW
NW
NW
NW
NW

SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE
SE

11
E
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12
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Project B

Radial- maze spatial working memory procedure

Introduction

In the classical procedure on the eight-arm radial maze, a rat is placed on a central platform from which
it collects single invisible baits placed at the end of the arms. Rats quickly adopt a win-shift foraging
strategy, avoiding double entries. Olton and Samuelson (1976) popularized the task and showed that rats
rely on extramaze cues to accomplish it, rather than utilizing intramaze cues or consistent chains of
responses. In order to avoid errors during this task as the number of remaining pellets decreases, it
becomes increasingly important for the animal to remember whether an arm has already been visited
during that particular trial or not. It must thus flexibly use spatial information which is only valid for one
trial, but not for subsequent trials. This requirement classifies the task as a spatial working memory
procedure. Olton et al. (1978) and other groups showed that learning of rats in this procedure critically
depends on the integrity of the hippocampus and its efferent and afferent connections. Lesions of extra-
hippocampal systems, including the amygdala, neocortex, and caudate nucleus apparently did not affect
learning, unless the procedure was modified. See the review by Lipp et al. (2001). More recently,
activation of the hippocampal formation during a spatial working memory test on the radial maze was
demonstrated by analysis of Fos production (Vann et al. 2000).

The radial maze task has been adapted to mice by Reinstein et al. (1983) who compared the
performance of different strains and confirmed the disruption of learning by fornix lesions. Rossi-Arnaud
et al. (1991) confirmed the negative effect of hippocampal lesions in in DBA and C57 mice, but found that
performance of C57 mice was also impaired by lesions of the amygdala. Meanwhile, a number of studies
had revealed a strong positive correlation between the size of the hippocampal intra- and infrapyramidal
mossy fiber terminal fields and performance on the radial maze, provided that the procedure required
processing of spatial information. See review by Schwegler and Crusio (1995).

In recent years, the eight-arm radial maze has repeatedly been used to assess learning of mice with
mutations that affect the nervous system. For example, two studies found impaired radial maze learning
in mouse models of Alzheimer’s disease (Chapman et al. 1999, Morgan t al 2000). Minichiello et al.
(1999) found a partial impairment of radial maze learning in conditional knockout mice lacking TrkB
receptors in their forebrains. Protein tyrosine phosphatase delta deficient mice performed badly on the
test, despite having enhanced hippocampal LTP (Uetani et al. 2000). Double mutant mice lacking APLP2
and expressing solely the secreted ectodomain of APP were unable to learn the task (Weyer et al 2011).
Enhanced learning, by contrast was described in mice overexpressing the growth associated protein
GAP-43 (Routtenberg et al. 2000). Some studies have used modified protocols in an attempt to introduce
a reference memory component into the task (Schmitt et al. 2003).

Equipment

Eight arms (7x38 cm) extend from an octagonal center platform (diameter 18.5 cm). The distance from
the platform center to the end of each arm is 47 cm. The apparatus is constructed of grey poly-vinyl
chloride, has a smooth surface. U-shaped clear Perspex profiles can be attached to the arms to provide 4
cm high side walls (Fig. 1B) or to form a tunnel. The maze is elevated 38 cm from the floor and placed in
a dimly lit room (4 40 W bulbs) which is rich in salient extramaze cues (we use the same room as for
water-maze testing). Baits are small pellets (ca. 6 mg) prepared from standard mouse chow or cereal.
They are placed in small metal cups (diameter 3 cm, 1 cm deep) at the end of each arm, in such a way
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that the mouse cannot see them without completely entering the arm. The center platform is confined

by a cylinder (height 20 cm) of clear Perspex that has a rounded opening for each of the 8 arms.

Many variants of the apparatus exist. Arm visits can be made more aversive by removing side walls, or

less aversive by using higher walls and placing the maze directly on the floor. Opaque walls can prevent

animals from using extramaze cues during control experiments with intra-maze visual, tactile, or

olfactory cues. Gates may be used to confine the mouse on the center platform (to prevent chaining

responses), to prevent it from entering particular arms, or to mark arms that were already visited.

Procedure

Dietary restriction to 85% of free-feeding body weight

On the first day measure body weight and remove food.
On the second and later days measure body weight and feed limited amount of food according
to weight loss:

Body weight relative to day 1 100-95%  95-90% 90-85% <85%
Amount of food to be given 0.5g 1.0g 2.0g 3.0g

Several days may be needed to reach a stable body weight in each mouse of the test sample. To
habituate the mice to eating small food pellets, 4 of those are placed on the homecage floor on
each habituation day.

This dietary restriction to 85% of free-feeding body weight is maintained during the whole
experiment. The mice are weighed daily and are fed with the quantity of food needed to
maintain body weight at 85%. Mice should be fed within 1h after finishing their habituation or
training sessions. Water is given at libitum during the entire period.

Note that some mutants may not well tolerate the food restriction and may become weak and
inactive. Such animals should not be used for radial maze experiments.

Habituation session

As soon as all mice in a testing sample are stabilized at 85% of free-feeding body weight, they are
habituated to collecting food on the radial-maze apparatus.

Bring the rack with the home cages to the testing room approximately 30 min before the session
begins.

Clean the apparatus with water and dry before each session. Place one food pellet in the middle
and one in the bating cup of each arm. Release the mouse on the center platform and allow it to
collect pellets until it has collected 4 of them.

When all mice have completed their habituation session, clean the maze first with water, then
with 70% ethanol.
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Training sessions

- Bring the rack with the home cages to the testing room approximately 30 min before the session
begins.

- Clean the apparatus with water before each session. Place a single food pellet in each baiting
cup.

- Place the mouse on the center platform, allow it to explore the maze and to collect food until it
has consumed all pellets or 10 min have elapsed.

- A mouse is trained for 10 days with one training session per day.

- When all mice have completed their training session, clean the maze first with water, then with
70% ethanol.

Parameters

Record the arm number on a protocol sheet each time the mouse visits an arm, that is: enters it with all
four paws coming from the center platform. Note whether it consumes a pellet or not. From this
sequence of arm entries the following parameters are determined:

- Number of correct choices (= arm entries with pellet consumption) until the first error is made
- Working memory errors = re-entries to arms where the pellet has already been consumed

- Procedural errors = arm entries without consumption of the available pellet

- Total number of errors = sum of working + procedural errors

- Number of pellets collected

- Average angle between arm choices

- Preferred angle between arm choices (e.g. 45° from arm 1 to 2, -90° from arm 1 to 7)

- Ratio of choices with preferred angle over total choices

Total time and latency to the first arm visit are recorded as well. Also take note of inappropriate
behaviors such as long periods of inactivity, grooming, avoidance of or preference for particular arms.
Frequent entries to baited arms without pellet consumption indicate a problem with motivation and may
question the validity of the experiment as a working memory procedure.
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Figure 1
Eight-arm radial maze apparatus. (a) Schematic drawing showing its dimensions in the horizontal plane.
(b) Photograph of the device with clear Perspex side walls on each arm.
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T-maze spontaneous alternation

Introduction

T-mazes can be used in many different ways to assess cognitive function in rodents. The procedure
presented here is a simple and fast test that has proven very efficient at detecting hippocampal damage
in rats and mice (Lalonde 2002, Deacon et al. 2006). Neither discriminative stimuli, nor reward are
involved. Instead, the test relies on the spontaneous motivation of rodents to explore their environment.
The term spontaneous alternation describes the natural tendency (Tolman 1925) of rodents to alternate
their choice of goal arm when placed two times (sample and choice phase) in the same T-maze with a
short delay. Because significant alternation is only possible if the animal can remember the most recent
of previous choices, this procedure can be considered a test of working memory, whereby memory
challenge increases with the delay between sample and choice phase (Dember et al. 1958, Lalonde
2002, Deacon et al. 2006). Intramaze cues seem more important for performance than extramaze cues
and blind animals alternate too, indicating that vision is not involved in an essential way (Dember et al.
1958, Deacon et al. 2006).

Reduced alternation rates may reflect impaired working memory, lessened motivation to explore, or
both. The test has long been known to be sensitive to hippocampal lesions in rats (Roberts et al. 1962).
It also reliably detects hippocampal lesions in mice (Deacon et al. 2005), as well as hippocampal
dysfunction caused by genetic and other manipulations (Guenther et al. 2001, Riesel et al. 2002, Weyer
et al. 2011). However, reduced spontaneous alternation is not a specific symptom of hippocampal
dysfunction. It may also reflect dysfunction of other brain structures and various transmitter systems
(Lalonde 2002, Deacon et al. 2006), be a result of stressful experiences (Mitchell et al. 1984, Bats et al.
2001), or result from excessive anxiety (Deacon et al. 2006). In mice spontaneous alternation rates also
vary among strains, with DBA/2 and NZB showing alternation rates near chance (Mitchell et al. 1984,
Bertholet et al. 1991).

Sometimes, spontaneous alternation is tested in a continuous procedure by letting run rodents freely in
a Y-shaped maze and then evaluating the sequence of arm entries. This is not recommended, however
because alternation rates are lower and hippocampal lesions less efficiently detected (Deacon et al.
2006).

Equipment

T-mazes for rodents can be constructed in various ways (Lalonde 2002, Deacon et al. 2006). The T-
shaped maze used here (Fig. 1) is made of grey poly-vinyl chloride. Each arm measures 30 x 10 cm with
20 cm high side walls made of the same material. A removable central partition extends from the center
of the back goal wall of the T to 7 cm into the start arm. This prevents the subject from seeing or smelling
the non-chosen arm during the sample trial and thereby increases the alternation rate (Deacon et al.
2003, Deacon et al. 2006). Two guillotine doors permit to block the entrance to each of the goal arms. A
third one is located at the exit of the start arm in front of the partition.
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Procedure

Each trial consists of a sample and choice phase, as detailed in the procedure below. Three trials each

are run on two subsequent days with an inter trial interval of about 60 min. Typically, one trial takes

about 1-2 min. So, about 60 min will have passed after all subject of a group of 30 have done their first

trial. One can then start over and run the second trial with all subject in the same order — and then the

third in the same way. Running more than 3 trials on the same day may reduce motivation and

performance. Shorter Intertrial intervals may lead to interference between trials. Habituation to the

maze is usually not necessary and the test can be repeated many times in longitudinal studies (Deacon et
al. 2006).

Running a trial

Set the maze so that the central partition is in place and all guillotine doors are raised, put fresh
woodchip bedding down each time a batch of animals receives a new trial. This helps to keep the
animals motivated to explore.

Close the door of the start arm.

Place the animal in the start arm facing away from the goal arms and stand yourself centrally
behind this area.

Start the sample phase of the trial by rising the door of the start arm.

Allow the animal to choose a goal arm (whole body, including tail), measure the time.

Confine it in the chosen arm by quietly sliding its door down.

After 30 s remove the central partition and close the door of the start arm.

Remove the animal, raise the guillotine door of the sample arm and place the animal in the start
arm facing away from the goal arms.

Start the choice phase of the trial by rising the door of the start arm.

Allow the animal to choose between the two open goal arms, measure the time.

Start from point 1 with the next animal.

Parameters

% alternation (R after L, L after R) is calculated as 100 x alternations / total trials, and compared
against the chance level of 50%. Scores below 50% may result from spontaneous arm
preferences or turning bias.

choice latency during sample and choice phase: values larger than 20-30s may hint at excessive
anxiety or insufficient motivation.

recording choices during the sample phase (L or R) may help to detect spontaneous arm
preferences or turning biases (Dember et al. 1958, Douglas et al. 1965, Lalonde 2002)
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Figure 1

(a) Schematic drawing of T-maze apparatus wit start arm (s), 2 goal arms (g), 3 guillotine doors (d) and a
removable central partition (p). (b) Photograph of the apparatus seen from the start arm with inserted

partition and lifted guillotine doors at the entrances of the goal arms. The door of the start arm has been
removed.
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Project C

Contextual and delay (tone) fear conditioning

Introduction

If a dog is presented with food in the mouth (unconditioned stimulus = US), this elicits salivation
(unconditioned response = UR). When lvan Petrovich Pavlov paired the food with a tone, a neutral
stimulus which by itself does not induce salivation (conditioned stimulus = CS), he observed that, through
this pairing, the tone acquired itself the potency to elicit salivation (conditioned response = CR). The
discovery of this form of associative learning, which is now known as classical Pavlovian conditioning,
earned Pavlov the 1929 Nobel Prize. Fear conditioning is another example of classical Pavlovian
conditioning. A neutral tone (CS) is paired with a brief electric foot-shock (US) several times in a novel
context. Rats and mice trained in this manner develop a fear (CR) of both the tone and training context
which they now associate with the shock. This learned fear is expressed as defensive behaviour (typically
freezing in rodents), as an autonomic and endocrine reaction (increased heart rate and blood pressure,
stress hormone release), and as sensory-motor alterations (analgesia, potentiated startle, potentiated
eye blink response). Thus, the “CR” is a complex adaptive response that consists of multiple reactions all
destined to improve the animal’s chance to survive threatening situations, such as the presence of a
predator (simulated in most fear conditioning procedures by the electric shock).

Pavlovian fear conditioning in rats and mice is a convenient model for the study of emotional learning
and memory, but also of anxiety-related disorders. Studies using amygdalectomised rats have shown
that the amygdala is required for both the acquisition and expression of a learned fear response to
explicit cues or a context. There is now considerable evidence that plastic changes in the lateral
amygdala directly underlie acquisition and retention of Pavlovian fear conditioning (LeDoux 2000, Repa
et al. 2001). The hippocampus is not required to associate a single cue such as a tone with foot shock
(tone fear conditioning), provided that the two stimuli overlap temporally (delay fear conditioning).
Hippocampal lesions do, however, cause anterograde and time-limited retrograde amnesia for
association between shock and training context (contextual fear conditioning) (LeDoux 2000,
Anagnostaras et al. 2001), although anterograde amnesia may not be evident in all contextual fear
conditioning procedures (Frankland et al. 1998, Anagnostaras et al. 2001).

In mice, considerable strain differences exist with respect to the efficiency of context learning and the
effects of lesions (Paylor et al. 1994, Logue et al. 1997, Ammassari-Teule et al. 2000). Despite this,
Pavlovian fear conditioning is frequently used to assess emotional memory in mice carrying mutations
that affect the nervous system. For example, Brambilla et al. (1997) demonstrated deficient synaptic
plasticity in the amygdala and impaired fear conditioning in mutant mice with a disrupted RAS signaling
pathway. On the other hand, Minichiello et al. (1999) found largely intact fear conditioning despite
severe learning deficits in other tasks when they investigated mice lacking TrkB receptors in their
forebrains. Tang et al. demonstrated facilitated fear conditioning in transgenic mice overexpressing the
NMDA receptor subunit 2B in their forebrains. In a recent study Frankland et al. (2001) found that alpha-
CaMKIl-dependent plasticity in the neocortex was necessary for long-term stabilization of fear memories.

Overall, a great deal has been learned about the behavioural characteristics and neural mechanisms of
fear acquisition, whereas much less is known about the mechanisms of fear inhibition. However,
increased interest has been directed at understanding the neuronal basis of fear extinction and in
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laboratory conditions fear extinction is one of the most studied form of behavioural inhibition (Myers
and Davis, 2007; Herry et al., 2010). Understanding the neuronal substrates of fear extinction would be
of great clinical relevance, as extinction is the cornerstone of psychological therapy of several anxiety
disorders and because the relapse of maladaptive fear and anxiety is a major clinical problem.

Apparatus

The main requirement for the fear conditioning equipment is a shock generator for delivering calibrated
current to the grid floor (foot shock, unconditioned stimulus). In addition, it should be possible to apply
auditory and/or visual cues as conditioned stimuli.

The most precise way to quantify freezing behaviour is by direct observation. Freezing is defined as the
absence of all movement except respiration. Freezing animals often show a characteristic crouched
position. While there is general agreement that a mouse must not show any locomotion during a
freezing episode, experimenters may disagree on the interpretation of small movements that do not lead
to displacement of the animal. We tend to allow only small vertical movements of the head as they are
often associated with increased respiration. All other movements, including head turns, grooming,
rearing or leaning are qualified as non-freezing. An experimenter may use slightly different criteria, but it
is essential that the criteria be consistent throughout the entire study.

Measurement of freezing behavior is done by different means. Freezing time can be measured
continuously using a stop watch, or be estimated through intermittent observations. For the latter
method, the animal is observed for 2 s every 5 s. If there was no movement during the entire 2 s, the
observation is recorded as freezing, else as non-freezing. To allow for rescoring of ambiguous
experiments by an independent observer, it is recommended to record all sessions on videotape.

Because manual scoring of freezing is time consuming and not immune against subjective bias,
automated recording systems have been developed. Some systems detect freezing by digital comparison
of images that are taken at regular intervals, or use piezo-electric sensors to detect animal movements,
the most common technique is to monitor locomotion using arrays of IR-beams.

The training chamber (247 x 168 mm, height 230 mm) has four opaque side walls made of grey polyvinyl
chloride and a removable foot-shocking grid floor. During the experiment, training chamber is placed in a
sound-attenuated box with a background noise level of 55 dB. A loudspeaker and a video camera
overseeing all movements of the mouse are placed above the animal.
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Procedure
- Bring the home cages to the testing room approximately 30 min before the experiment begins.
Session 1 (day 1): training
- Clean the training chamber thoroughly with water.
- Introduce the animal, close the lids of training chamber and sound attenuated box.
- Observe the animal for 60 s (baseline activity).
- Then run 3 training cycles:
- 30 s tone stimulus (CS, 15 s, 2000 Hz, 92 dB volume)
- 2 s foot-shock co-terminating with CS (US, at 0.25 mA average intensity)
- 30 s inter-trial interval
- Return the animal to its home cage (or to transfer cage if group housed) 30 s after last CS-US
pairing.

Session 2 (day 2): context test (same context as training, no tone)
- Clean the training chamber thoroughly with water.
- Introduce the animal, close the lids of training chamber and sound attenuated box.
- Observe for 120 s, no tone, no shock.
- Return the animal to its home cage (or to transfer cage if group housed)..

Session 3 (day 2): tone test (novel context)
- Tone test is done 30-90 min after the context test.
- Replace the grid floor with smooth sheet of plastic; add a handful of bedding material and stone
on the floor

Introduce the animal, close the sound attenuated box
- Observe the animal for 60 s in the novel context, then activate the tone and observe for another
60 s while the tone is on.

Return the animal to its home cage.

Session 4 (day 3): Context and cue re-test (done exactly as on day 2) to test for re-consolidation

Session 5 (on day 6): Extinction test in the novel context
- after 70 s of free exploration the tone is activated for 30 s
- toneis repeated 25 times with inter-trial interval of 5 s

Session 6 (on day 7): Repeat of sessions 5 to test for recovery of freezing behavior

Parameters

In the procedure described here, the learned fear response is quantified by software-aided measuring
the time during which the animal shows freezing behaviour. Percentage of the time spent freezing is
determined for the following phases of the experiment:

- Training: 60 s baseline, during each training cycle: 30 s tone presentation, 30 s inter-trial interval
- Context test: 120 s continuous observation

- Tone test: 60 s before tone presentation, 60 s with tone on

- Extinction: 70 s baseline and 25 x 30 s tone presentations
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Freezing responses are then defined as follows:

Response to context: context test minus baseline

Response to tone: tone minus pre-tone during tone test session

Immediate training response: last tone presentation during training minus baseline
Generalized fear response: pre-tone period of tone test session minus baseline. A substantial
generalized response indicates that the contexts during training and tone testing are not
sufficiently different. Note that animals should show no or very little freezing during baseline
recording.

Extinction: decrease of the freezing response across the 25 tone presentations of the extinction
session

Recovery: difference between the last tone presentation of the first extinction session and the
first tone presentation of the second extinction session
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Trace fear conditioning

Introduction

The trace fear conditioning procedure is a modified form of tone fear conditioning, see protocol
“Contextual and delay (tone) fear conditioning”. In a delay conditioning procedure, there is temporal
overlap between the unconditioned (US) and conditioned stimulus (CS), even if the US begins with a
delay after the onset of the CS. A trace conditioning procedure, by contrast, demands the association of a
CS with an US across an interval of time known as “trace interval”. In the case of trace fear conditioning,
the shock (US) is only delivered 15 s after the tone (CS) has been turned off. Additional temporal
processing is required because the CS and the US are separated: the animal has to retain a trace of the
CS across the interval in order to associate it with the US. Unlike delay tone conditioning, the acquisition
of trace fear conditioning is sensitive to hippocampal lesions (McEchron et al. 1998, Desmedt et al.
2003). Trace fear conditioning can thus be regarded as an alternative to context fear conditioning
procedures, whose sensitivity to pretraining lesions of the hippocampus has been subject to debate
(Frankland et al. 1998, Anagnostaras et al. 2001). Recently, genetically modified mice lacking subunit 1 of
the NMDA receptor specifically in area CA1 of the hippocampus (Huerta et al. 2000), as well as mice
carrying a deletion of the mental retardation gene Gdil (D’Adamo et al. 2002) were shown to be
impaired on trace fear conditioning. Mice carrying only one functional allele of the GABAA receptor
subunit 2, by contrast, showed enhanced behavioural inhibition toward natural aversive stimuli and
heightened responsiveness in trace fear conditioning (Crestani, 1999).

Apparatus
The apparatus is essentially the same as described in the protocol “Contextual and delay (tone) fear
conditioning”.

Procedure

The procedure is essentially the same as in “Contextual and delay (tone) fear conditioning”. However,
trace conditioning requires more trials for the animals to associate the cue with the US.

Bring the home cages to the testing room approximately 30 min before the experiment begins.

Session 1 (day 1): training
- Clean the training chamber with water.
- Introduce the animal, close the lids of training chamber and sound attenuated box.
- Observe the animal for 60 s (baseline activity).
- Then run 5 training cycles, with variable intertrial interval (this should minimize the possibility of
the animals “expecting” a new trial:
- 30stone stimulus (CS, 15 s, 2000 Hz, 92 dB volume)
- 15 s trace interval
- 2sfoot-shock (US, at 0.25 mA average intensity)
- 43-73 siinter-trial interval
- Return the animal to its home cage 30 s after last CS-US pairing.
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Session 2 (day 2): context test (same context as training, no tone)
- Clean the training chamber thoroughly with water.
- Introduce the animal, close the lids of training chamber and sound attenuated box.
- Observe for 120 s, no tone, no shock.
- Return the animal to its home cage (or to transfer cage if group housed)..

Session 3 (day 2): tone test (novel context)
- Tone test is done 30-90 min after the context test.
- Replace the grid floor with smooth sheet of plastic; add a handful of bedding material and stone
on the floor

Introduce the animal, close the sound attenuated box

Observe the animal for 60 s in the novel context, then activate the tone and observe for another
60 s while the tone is on.
- Return the animal to its home cage.

Session 4 (day 3): Context and cue re-test (done exactly as on day 2) to test for re-consolidation

Session 5 (on day 6): Extinction test in the novel context
- after 60 s of free exploration the tone is activated for 30 s
- toneisrepeated 12 times with inter-trial interval of 10 s

Session 6 (on day 7): Repeat of sessions 5 to test for recovery of freezing behavior

Parameters

As in the protocol “Contextual and delay (tone) fear conditioning”, the learned fear response is
quantified by measuring the time during which the animal shows freezing behaviour. Percentage of the

time spent freezing is determined for the following phases of the experiment:

- Training: 60 s baseline, during each training cycle: 30 s tone presentation, 30 s inter-trial interval
- Context test: 120 s continuous observation

- Tone test: 60 s before tone presentation, 60 s with tone on

- Extinction: 12 x 30 s tone presentations

Freezing responses are then defined as follows:

- Response to context: context test minus baseline

- Response to tone: tone minus pre-tone during tone test session

- Immediate training response: last tone presentation during training minus baseline

- Generalized fear response: pre-tone period of tone test session minus baseline. A substantial
generalized response indicates that the contexts during training and tone testing are not
sufficiently different. Note that animals should show no or very little freezing during baseline
recording.
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Three-chamber test of sociability and preference to social novelty

Introduction

Alterations in social behaviour are observed in many neuropsychiatric disorders. However, generation of
useful and convincing animal models represents a major challenge (Flint and Shifman 2008, Nestler and
Hyman 2010). Several tests have been used for analysis of different aspects of social behaviour in mice
(Silverman et al. 2010). The analysis of social behavior is essential for the phenotyping of mouse models
of autism, but should be included in any comprehensive behavioral test battery for mice.

The three-chamber apparatus has been designed and introduced for measuring social approach
behaviour (Brodkin et al. 2004, Moy et al. 2004, Nadler et al 2004). In this paradigm, sociability is defined
as the tendency to approach and remain proximal to an unfamiliar conspecific. Further, preference for
social novelty can be defined as reversal of chamber preference when another unfamiliar conspecific is
added. Sociability and preference for social novelty differ markedly between inbred strains of mice (Moy
et al. 2007, 2008) and behavior of mutant mice depends on genetic background (Moy et al. 2009). It has
also been demonstrated that olfactory cues may be sufficient to elicit social approach behaviors (Ryan et
al., 2008). However, evidence exists for sex differences in the three-chamber test and the contribution of
the stimulus mouse (sex, strain) requires further studies (Defensor et al. 2011).

Equipment

The original apparatus is a rectangular, three-chambered box — we use a large rat cage (40 x57 cm, 20 cm
high) divided into 3 equal compartments (40 x 19 cm) by clear polycarbonate dividers (Fig. 1). The
dividers have openings (10 x 10 cm) at floor level allowing access into each chamber. Both openings can
be blocked with a transparent guillotine door. Cylindrical wire cages (diameter 12 cm, height 11.5 cm)
made of 3 mm thick chrome bars spaced 1 cm apart between a top and bottom of grey plastic (Fig 2) are
used for confinement of stimulus mice. The wire cage allows nose contact between the bars, but
prevents the enclosed mouse from initiating social contact and limits the possibility of aggressive
interactions. A beaker filled with water or similar heavy object is placed on top of each wire cage to
prevent the test mouse to move it or to climb and stay on it.

Procedure
The procedure consists of three consecutive 10-min sessions:

Habituation
- Clean apparatus and wire cages with water and dry.
- Place an empty wire cage in each side compartment (Fig. 1) and open the doors.
- Place the test mouse is placed in the middle chamber and allow it to explore for 10 min
- Some early studies used to run the habituation session with both doors closed and the mouse
confined in the center compartment (Moy et al 2004, Nadler et al. 2004).

Sociability
- After the habituation period, enclose the test mouse in the center compartment.
- Place an unfamiliar mouse (stranger 1, same sex and strain) in one of the wire cages and placed
in a side chamber. The location for stranger 1 is alternated between the left and right sides of
the test box across subjects. The other side contains an empty wire cage.
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The doors are opened, and the test subject is allowed to explore the entire social test box for a
10-min session.

Preference for social novelty

At the end of the 10-min sociability test, the test mouse is again enclosed in the center
compartment.

A new unfamiliar mouse (stranger 2, same sex and strain) is placed in the wire cage that had
been empty during the prior 10-min session.

Thereafter, a third 10-min session is started where the test mouse has choice between the first,
already investigated mouse (stranger 1) and the novel unfamiliar mouse (stranger 2).

After the last animal has been tested, thoroughly clean all equipment with water and then 70%
alcohol.

Parameters

The following measures are taken during the sociability as well as preference for social novelty
sessions: time spent in each side chamber, number of entries into each chamber, time spentin
direct contact (sniffing etc.) with each wire cage.

Sociability is evaluated by checking whether the measures for stranger 1 are larger than those
for the empty wire cage. This can be done by repeated measures ANOVA or by calculating a
preference index, 100% x stranger 1 / (stranger 1 + empty wire cage), and comparing it against
the chance value of 50%.

Preference for social novelty is evaluated in the same way by checking whether measures for
stranger 2 are larger than those for stranger 1.

Total number of chamber entries and wire cage contacts are important measures of general
activity and motivation to explore. If the necessary equipment (e.g. video-tracking) is available,
this may be complemented by measures of total distance moved.

Figure 1
3-chamber apparatus with wire cages in side compartments.
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Figure 2

Detail of wire cage seen from the top.
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Project D

Conditioned taste aversion

Introduction

Conditioned taste aversion (CTA) is a well established learning and memory paradigm in rats and mice
that is considered to be a special form of classical conditioning. Rodents — as well as many other species
including man - learn to associate a novel taste (CS) with nausea (US), and as a consequence avoid
drinking fluid with this specific taste. In contrast to other types of classical conditioning, even CS-US
intervals lasting several hours lead to an aversion to the gustatory CS. With increasing CS-US delay
duration, however, the aversion against the CS gradually decreases. Advantages of this task are its
relative independence of motor behaviour, well described pathways for the CS and partly the US, and the
wealth of available anatomical and pharmacological data implying several brain structures,
neurotransmitters and their receptors, and cellular processes in CTA.

In the laboratory, it has been shown that CTA is a useful learning and memory paradigm in rats and mice.
Mice as well as rats develop a taste aversion even with very long CS-US intervals of up to 4 hours. Mice —
as well as rats — show a preference for sweet solutions, the taste most commonly used as the CS. This
preference, however, varies with the strain used (e.g., Belknap et al. 1992, Kotlus and Blizard 1998). In
contrast to rats, mice prefer higher concentrations of saccharin (0.5%), and they do not show any clear
signs of nausea when injected with the US. CTA has already been successfully used in several studies to
investigate changes in cognitive behaviour in mutant mice (e.g., Jones et al. 2001, Stafstrom-Davis et al.
2001, Balschun et al. 2003, Baumgartel et al. 2008). A brief review on CTA is given by Welzl et al. (2001).
There are also two books available dealing wholly or in part with this paradigm (Barker et al. 1999, Bures
et al. 1998).

Material
Bottles for water and saccharin, balance (0.01 g resolution), saccharin solution, LiCl, saline, syringes and
needles, data sheet, pencil.

Procedure

Experimental subjects are single housed, and all testing is carried out in their home cages. To establish
CTA, mutant and wild type mice are (a) adapted to a specific drinking schedule (2 drinking sessions/day
for 4 days). One day before the adaptation period begins water is removed but access to food remains
unrestricted. The weight of each animal is measured and should not fall below initial body weight. During
each session, 2 bottles filled with tap water are attached to the cage. The amount of liquid consumed is
determined by weighing the bottles before and after a drinking session.

They are then (b) aversively conditioned to a saccharin solution (0.5%) as the conditioned stimulus (CS).
Only one bottle filled with the CS is presented. One hour after drinking the CS solution they are
intraperitoneally injected (CS-US interval 1 hour) with lithium chloride as the unconditioned stimulus
(US). Lithium chloride (0.14M) at a dose of 2% BW induces nausea in mice.

After a 1-day recovery period (2 water drinking sessions as during adaptation) they can (c) choose
between drinking either the CS solution from one bottle or tap water from the other bottle. The position
of the bottles attached to the cage varies randomly. During this choice session mice that were injected
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with the US associate the saccharin solution with nausea and drink only very little or nothing at all of the

saccharin solution. Mice injected with the vehicle solution do not develop an aversion against the

saccharin solution; in contrast, they greatly prefer the saccharin solution over tap water.

Dependent variable

The percentage of saccharin solution consumed as part from total fluid intake (saccharin + water) is

taken as an aversion index (saccharin solution/total fluid) x 100.
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Social transmission of food preferences

Introduction

Mice — like rats (Galef et al. 1983, Galef and Wigmore 1988, Strupp and Levitsky 1984) - can develop a
preference for foods they have recently smelled on the breath of another mouse, without ever having
been exposed to the food directly. In the laboratory, a demonstrator mouse is fed a specifically flavoured
food in a separate cage and is then allowed to interact with observer mice in their home cage. Either
immediately or after a delay of 24 h, the observer mice are tested in a choice situation between the
demonstrated food and another, unfamiliar food. Long-term retention of this task seems to involve the
hippocampal region (Alvarez et al. 2001, Countryman and Gold 2007, Countryman et al. 2005, Ross and
Eichenbaum 2006, Winocur 1990, but see also Burton et al. 2000, all studies in rats). This task has been
successfully used as a learning and memory paradigm in mutant mice (Ferguson et al. 2000, Gass et al.
1998, Kishimoto et al. 2002, Kogan et al. 1997, Porton et al. 2010, Rodriguiz et al. 2007, Taylor et al.
2008). A detailed description of the protocol has been published (Wrenn 2004).

Material

Food cups (PLEXX food cups H-1306; P.O. Box 217, Pascalweg 24, 6662 NX Elst, Netherlands), ground
food, spices, balance (0.01 g resolution; after a test, remove faeces and any other material brought into
the cup by the mouse with forceps), data sheet, pencil. Food scents successfully used are 1.00 w%
cinnamon (10 g in 990 g ground food) and 2.00 w% cocoa (20 g in 980 g ground food). Spice and ground
food have to be thoroughly mixed for several minutes.

Fig. 1. PLEXX food cups with grate and lid.

Procedure

Food-deprived mice are kept in groups of 3 mice per cage. One mouse is selected as the demonstrator,
the other two mice are the observers. The animals’ weight is taken and food is removed one day before
the beginning of the adaptation period. Water is accessible throughout the experiment. They are then (a)
adapted to ground food, special food cups (Plexx food cups with grate and lid), and a novel feeding
environment (3 days). Mice need a few days to get used to eating ground food from the food cups. On
the first day of adaptation, they are offered cups with unscented ground food in addition to a few
familiar pellets in their home cage. On the next two days the familiar food is removed and ground food is
offered in the testing cages (40 min). Each mouse should consume at least 0.5 g. If weight drops below
85% of initial body weight, additional mashed food is offered.
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On day 4, (b) the demonstrator is fed a specifically flavoured food (scent A) in a separate cage (45 min)
followed by an interaction period (20 min) between demonstrator and observers in the home cage.
Finally, (c) the preference for food with scent A versus another flavoured food with scent B is measured
either immediately or 24 hours after the interaction period. Mice prefer the food that had been
consumed by the demonstrator (scent A) over the food with the unknown flavour (scent B).

Dependent variables

The amount of food (A) and (B) consumed during the choice test (weight difference ‘cup weight before’ —
‘cup weight after’ choice test) is measured, and the percentage of the target food (A) eaten is calculated
as (target food eaten/total of food A and B eaten) x 100. In addition, ‘cup visited’ and ‘time spent inside a
specific cup’ can be measured.
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Burrowing test

Introduction

The burrowing test is a simple and inexpensive procedure, derived from studies of hoarding in rats. For
mice, the food is placed in, rather than outside the cage. The consequent behaviour resembles
burrowing rather than hoarding, as the material is mostly dug with the front feet and then kicked out of
the tube with the back feet, rather than carried by mouth. Non edible small items such as clay balls or
bedding elicit a similar behaviour. Burrowing and hoarding may be viewed as species-specific behaviours,
which are susceptible to disruption as they require optimal central nervous system functioning (Deacon
2006, 2009).

Burrowing was progressively impaired in mice injected intrahippocampally with scrapie and proved very
sensitive to early effects of scrapie in this study. The inhibition of burrowing occurred when open Field
activity was increasing, so it was not due to general motor depression (Guenther et al., 2001). Burrowing
behaviour of mice was also disrupted by cytotoxic lesions of the hippocampus (Deacon et al., 2002).
Cytotoxic lesions of the medial prefrontal cortex also suppressed burrowing, although not to the same
extent as in the mice with hippocampal lesions or prion disease (Deacon et al. 2003). Aged Tg2576 mice
are characterized by a hippocampal dysfunction and consequently dug less than controls (Deacon et al.
2009).

Apparatus

A grey plastic tube (inner diameter 6.3 cm, length 18.2 cm, see Fig. 1) is filled with 200 g standard diet
food pellets (3 g each) and placed at a slight angle into a large standard transparent mouse cage
(40x24.5x15 cm, see Fig. 2). The lower end of the tube is closed, resting on the floor of the test cage. The
open end is supported 3.5 cm above the floor by two metal bolts. The cage floor is covered with fresh
standard bedding material and a cardboard environmental enrichment tube is also placed in the test
cage.

Fig. 1. Close view of burrowing tube Fig. 2. Arrangement of burrowing tube in large
mouse cage with bedding material and a card-
board environmental enrichment tube. Some
displaced pellets are visible on the cage floor.
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Procedure

At the beginning of their dark period, mice are placed individually in test cages and left in their familiar
animal room for an observation period of 6h after which the amount of non displaced food is measured.
This is followed by a second observation period of 18h. Water is available ad libitum during the entire
period. Practice, i.e., giving all mice one night’s experience with a full burrow in their group home cage,
improves performance. The result is a lower proportion of poor burrowers; group experience or social
facilitation "kick-starts" the natural behaviour.

Parameters
Weight of displaced food pellets after 6 and 18 hours. It is assumed that the amount of food eaten per
mouse (~15 g/100 g/day) is a very small proportion of the 200 g available and approximately equal across

the groups.
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Nest construction test

Introduction

Species-specific behaviors, such as nest building, food hoarding or burrowing, can be assessed using
simple and inexpensive procedures. Despite their simplicity, such procedures can be valuable tools for
the screening of mutant mice because these behaviors require optimal central nervous system
functioning and are susceptible to disruption. Nest building of mice shows strain differences and is
modulated by hormonal factors (e.g. Bond et al., 2002). On the other hand, it is affected by a number of
experimental manipulations. For example, nest construction was significantly impaired in mice injected
intrahippocampally with scrapie already before the occurrence of overt clinical signs, such as reduction
in mobility, hunched posture, poor coat condition, enlarged bladder (Guenther et al., 2001). Nest
building was also significantly impaired in mice with cytotoxic lesions of the hippocampus (Deacon et al.,
2002). Even though medial prefrontal lesions were reported to suppress nest building in rats and
hamsters, no impairment was found in mice with similar lesions (Deacon et al. 2003). Impairment of nest
building has also been found in several genetically modified mouse lines, for example in lines carrying
targeted point mutations of the NMDA receptor glycine binding site (Ballard et al., 2002), in vitamin D
receptor mutant mice (Keisala et al., 2007), in Trpc2-deficient lactating mice (Hasen and Gammie, 2011),
in mice with a NMDA receptor NR1 subunit hypofunction (Halene et al., 2009), in an APP/PS1 mouse
model of Alzheimer's disease (Filali), or in mice deficient for Dvl1, one of three mouse homologs of the
Drosophila segment polarity gene Dishevelled (Lijam et al., 1997).

Apparatus

The procedure is done in standard mouse cages, as they are routinely used for single housing. Nesting
material is provided in the form of 5x5 cm squares of pressed white cotton (‘Nestlet’, Datesand Ltd.,
Manchester, UK).

Procedure

Transfer the mice, if group housed, approximately 1 h before the dark phase to individual testing cages
with sawdust bedding but no environmental enrichment items. One pressed cotton square ("Nestlet",
Datesand Ltd., Manchester, UK) is placed in each cage. If housed individually, the test can be done in the
home cages; remove all enrichment items and place 1 Nestlet in each cage. The meanzSEM weight of a
sample of 10 Nestlets is 2.74+0.05g.
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Parameters

Nests are assessed the next morning on a 1-5 rating scale:

1.
2.
3.

Nestlet not noticeably touched (>90% intact)

Nestlet partially torn up (50-90% remaining intact)

Mostly shredded but no identifiable nest site: < 50% of the Nestlet remains intact but < 90% is
within a quarter of the cage floor area, i.e. material is not gathered into a nest but spread around
the cage.

An identifiable, but flat nest: > 90% of the Nestlet is torn up, the material is gathered into a nest
within a quarter of the cage floor area, but the nest is flat, with walls < mouse body height
(curled up on its side) on > 50% of its circumference.

A (near) perfect nest: > 90% of the Nestlet is torn up, the nest is a crater, with walls > mouse
body height on > 50% of circumference.

Also any untorn Nestlet pieces are weighed (brush off loose material and sawdust).

Definition untorn =>~0.1g, i.e. ~ 4% of a Nestlet.

Where criteria do not agree split the difference. For example a perfect nest with an unshredded 1g piece

might get a score of 4.5. In most cases the data will have a non-normal distribution, with control mice

having near-perfect scores (ceiling effect) and none or very little of the Nestlet left untorn (floor effect).

Therefore use non-parametric statistics (Mann-Whitney U test, or Kruskal-Wallis ANOVA on ranks for

multi-group comparisons).
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IntelliCage Project

Introduction

Due to the fast development of molecular genetics, the number of mutant mouse lines is increasing
rapidly and many of these lines need to be phenotyped at the level of behavior. However, traditional
approaches to behavioral analysis cannot meet this challenge and are confronted with two major
critiques. They are considered inefficient (Tecott and Nestler 2004) and poorly reproducible across labs
(Chesler et al. 2002, Crabbe et al 1999). Because the human experimenter is both a limiting resource and
a major source of variability in behavioral experiments, fully automated monitoring of behavior of mice
in their homecage has emerged as a possible way to address both problems (De Visser et al. 2006, Spruijt
and De Visser 2006). Several such systems have been developed in recent years.

Among these, the IntelliCage system is unique in the sense that it permits to analyze the behavior of
individual mice in a social context. A large cage for up to 16 transponder-tagged mice is equipped with 4
learning corners with two drinking bottles each. Mice use the IntelliCage as their home-cage and enter
the corners spontaneously several times a day to perform pre-designed tests that eventually allow
accessing the water. The system continuously records all corner visits, nosepokes and licks and assigns
them to individual mice. A recent multi-lab study has demonstrated that IntelliCage produces results
which are highly reproducible across labs (Krackow et al. 2010). Learning tasks in IntelliCage have been
used to investigate the function of the hippocampus (Voikar et al. 2010) as well as the amygdala
(Knapska et al. 2006). An increasing number of labs, including our own, use IntelliCage successfully for
the phenotyping of mutant mouse lines (Kiryk et al. 2008, Jaholkowski et al. 2009, Rudenko et al. 2009,
Codita et al. 2010, Konopka et al. 2010, Weyer et al. 2011).

Valuable behavioral data on exploration and activity can already be collected during various phases of
adaptation to the IntelliCage system. Mice are by nature curious animals and spontaneously acquire
information about a novel environment by exploring it. Deviation from normal exploratory behavior may
reflect neuroanatomical changes in the sizes of certain brain areas (Crusio 2001) and shall always be
assessed during the characterization a specific mouse line.

Many protocols have been developed to assess different cognitive functions in IntelliCage. A recent
development is a delay discounting task aiming at measuring cognitive impulsivity. Time is important
when assessing the value of a reward in a decision-making situation because delayed delivery of a
reward reduces its subjective value as a function of time. This phenomenon is generally referred to as
delay discounting and it is measured in laboratory rodents by confronting them with a choice between a
smaller reward that could be received soon and a greater but delayed reward. The delay increases with
time until subjects switch their preference and choose the small and immediate reward most of the time.
An exaggerated tendency to prefer immediate rewards (low tolerance to delay) is a sign of impulsivity
and may indicate impaired cognitive functions and malfunctioning of the dopaminergic and
glutamatergic neural circuits (Floresco et al. 2008).
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Apparatus

The IntelliCage system (NewBehavior AG, Zurich, Switzerland; http://www.newbehavior.com) enables
automatic monitoring of mice behavior over an extended period of time in a homecage-like environment
in which the mice are kept in social groups. Prior the introduction in the apparatus, the animals are
anaesthetized by inhalation of isofluorane vapour and subcutaneously injected with a RFID transponder
(Planet ID, Essen, Germany), for individual recognition in the IntelliCages. The IntelliCage is inserted into
a large standard rat cage and includes four conditioning chambers that fit into the corners of the cage
(Fig. 1).

Mice enter each corner via a plastic ring containing a circular antenna that identifies the animal. When
the mouse is in the corner, a temperature-based sensor detects its presence and this signal in
conjunction with the antenna reading determines the start of a visit. The number and duration of corner
visits is therefore automatically monitored for each individual. Each learning corner contains 2 holes at
left and right sides allowing reaching the water bottles (Fig. 2).

A light beam crosses these holes and records the number and duration of individual’s nose-pokes. Each
hole can be closed by motorized movable doors, therefore blocking the access to the liquid reward.
Lickometers detect the number and duration of licks, and lick contact time (i.e. contact time between the
tongue of the mouse and the bottle snout). Three LEDs are positioned above each nose-poke hole and
can be used as conditioning stimuli. An air-puff may be used as an aversive stimulus. Each IntelliCage
system is provided with sleeping shelters and food is provided ab libitum. The IntelliCage software
regulates cage reactions (e.g. opening of the doors for reward) in response to animal behavior according
to pre-programmed experimental schedules. The IntelliCage allows testing of animals without the stress
caused by social isolation, handling by the experimenter or different test environments and provides
robust results (Krackow et al. 2010).

Figure 1.
The IntelliCage system

drinking bottles | | MICTOProCcessor | transponder antennae |

learning corner air blow tubing | motorized door |
and PC interface
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Figure 2.
Internal view of an IntelliCage corner

Presence detector
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Air-puff valve 3 multicolor - LEDs

Nose-poke sensor
(light barrier)

Tip of water cap (licking detection)

Closable door to water access

Free adaptation, nose-poke adaptation, drinking session adaptation — Experiment 1

The entire protocol lasts 14 days.
The course participants will be involved and in charge of this experiment from Day 1 to Day 10.

Procedures

Day 1: Introduction of the animals in the IntelliCage and start of the free adaptation phase
- Bring the animals from the housing animal room in the IntelliCage room.
- Load and start the free adaptation experiment on the computer running the IntelliCage.
- Introduce the animals in the IntelliCage.

Day 1-4: Daily check of individual’s status
- From the general chart each individual should have visits, nose-pokes and most importantly an
appropriate number of licks (100 licks min. per day) per day. Also check from the Animal tab that
the last lick occurred on the same day.

Day 4: Changing of module (free adaptation to nose-poke adaptation)
- Stop the experiment, load the nose-poke adaptation module and start the experiment.
- Collect the archives containing the data of the free adaptation phase.

Day 4-7: Daily check of individual’s status

Day 7: Changing of module (nose-poke adaptation to drinking session adaptation)

- Stop the experiment, load the drinking session adaptation module and start the experiment.
- Collect the archives containing the data of the nose-poke adaptation phase.
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Day 7-14: Daily check of individual’s status

Day 14: Stop of the experiment
- Stop the experiment.
- Collect the archives containing the data of the drinking session adaptation phase.
- Remove the animals from the IntelliCage and put them in normal home-cages.

Parameters
All the below variables are measured per individual and averaged and compared between groups.

General parameters
- For assessment of initial exploration and habituation during free adaptation the following
parameters are measured:
- Latency to first corner visit, time until all corners were visited, latency to first nose-poke, latency
to first lick, and activity (number of visits) during the first 8 hours in the IntelliCage.

General behavioural profile during free adaptation and nose-poke adaptation is determined by:
- Number of visits, nose-pokes and licks per hour during dark and light phases.
- The percentage of visits with nose-pokes.
- The spontaneous corner preference for visits and side preference for licks.

Specific parameters for drinking session adaptation phase:
The adaptation to drinking sessions can be calculated by:
- The ratio between the visits made during the sessions, one hour before (pre-session) and after
(post-session) the session, out of the sessions (non-session), and the number of visits during the
whole corresponding dark phase.
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Delay discounting task - Experiment 2

The entire protocol lasts 27 days.
The course participants will be involved and in charge of this experiment from Day 14 to Day 24.

Day 1: Introduction of the animals in the IntelliCage and start of the free adaptation phase
- Bring the animals from the housing animal room in the IntelliCage room.
- Load and start the free adaptation experiment on the computer running the IntelliCage.
- Introduce the animals in the IntelliCage.

Day 1-3: Daily check of individual’s status
- From the general chart each individual should have visits, nose-pokes and most importantly an
appropriate number of licks (100 licks min. per day) per day. Also check from the Animal tab that
the last lick occurred on the same day.

Day 3: Changing of module (free adaptation to nose-poke adaptation)
- Stop the experiment, load the nose-poke adaptation module and start the experiment again.
- Collect the archives containing the data of the free adaptation phase.

Day 3-6: Daily check of individual’s status

Day 6: Changing of module (nose-poke adaptation to DD-adaptation with water)
- Stop the experiment, load the DD-adaptation with water module and start the experiment.
- Collect the archives containing the data of the nose-poke adaptation phase.

Day 6-9: Daily check of individual’s status

Day 9: Changing of module (DD-adaptation with water to DD-free access)
- Stop the experiment, load the DD-free access module and start the experiment.
- Collect the archives containing the data of the DD-adaptation with water phase.

Day 9-13: Daily check of individual’s status

Day 13: Changing of module (DD-free access to DD-test)*

- Stop the experiment.

- Replace 4 bottles with water with those containing a 0.5% saccharine solution in the places

defined as correct in the experimental module.

- Load the DD-test module and start the experiment.

- Collect the archives containing the data of the DD-free access phase.
* This module change will only occur only after all mice groups have shown a significant licking
preference towards the bottles containing saccharine solution.

Day 13-24: Daily check of individual’s status

Day 24: Changing of module (DD-test to DD-free access)*
- Stop the experiment, load the DD-free access module and start the experiment.
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- Collect the archives containing the data of the DD-test phase.
* This module change will only occur after all mice groups have shown a significant licking preference
towards the bottles containing water (mice have switched their preference).

Day 24-27: Daily check of individual’s status

Day 27: Stop of the experiment
- Stop the experiment.
- Collect the archives containing the data of the second DD-free access phase.
- Remove the animals from the IntelliCage and put them in normal home-cages.

Parameters
All the below variables are measured per individual and averaged and compared between groups.

General parameters
- For assessment of initial exploration and habituation during free adaptation the following
parameters are measured:
- Latency to first corner visit, time until all corners were visited, latency to first nose-poke, latency
to first lick, and activity (number of visits) during the first 8 hours in the IntelliCage.

General behavioural profile during free adaptation and nose-poke adaptation is determined by:
- Number of visits, nose-pokes and licks per hour during dark and light phases.
- The percentage of visits with nose-pokes.
- The spontaneous corner preference for visits and side preference for licks.

Specific parameters for Delay Discounting:
In this experiment, the choice for the large and delayed reward (saccharine solution) compared to the
small and soon available reward (water) can be assessed by:
- Percentage of number of licks from the sides where the bottles with saccharine solution are
placed (correct sides) on the total number of licks.
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Demonstration Protocols

Demonstration 01 — Testing pain in mice

Models of thermal nociception: hot plate and plantar test

Introduction

Experimental models of nociception include tests of response thresholds to high-intensity stimuli (acute
pain tests) and of changes in spontaneous or evoked behavioral responses in animals with peripheral
nerve injury or inflammation (persistent pain models). Acute thermal nociception can be assessed in the
hot plate test. For pharmacological studies, the plantar test is often the preferred option, as the
experimenter can direct the stimulus to an inflamed or otherwise lesioned site of the animal.
Furthermore, the plantar test allows comparison of affected and non-affected sides and repeated
measurements which provide information about temporal changes.

Signaling elements involved in the detection of noxious stimuli and in the propagation of nociceptive
signals differ between different pain modalities. As a result, different genes or pharmacological agents
may be affect pain responses in the different models differently. A basic understanding of the
mechanisms involved in pain transmission is therefore important in order to choose the model most
appropriate for examining the analgesic properties of the agents or genes under study. Tests of acute
nociception typically use short lasting stimuli and allow the animal to withdraw from the stimulus as
soon as it is felt painful. Proper experimental design, which includes the application of cut-off times to
limit the exposure to noxious stimuli, will minimize the amount of pain and distress experienced by
experimental animals.
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Hot Plate

This protocol describes the use of a hot plate with an example illustrating how the potential
antinociceptive effects of a compound to an acute thermal stimulus may be measured. Animals are
injected with test compounds or vehicle (controls) and then placed on the hot plate one at a time.
Latency to respond to the heat stimulus (the hot ground floor of the plate) is measured. The response
typically is defined as flinching, licking or biting of paws. Hyperalgesic mice typically respond faster than
naive mice.

Compound is dissolved in saline or other appropriate vehicle and may be tested against the vehicle itself
or another reference compounds, typically an agent with well established analgesic activity. The setup
includes the hot plate apparatus (a metal temperature controlled plate) and a stopwatch. If drugs shall
be applied, the proper needle and syringe should as well be prepared for e.g. intraperitoneal, intrathecal
or per oral applications.

Procedure

- Bring animals to test room and record their body weights

- Allow animals to acclimate to test room for at least 30 min

- Set hot plate to 55°C for mice or 52.5°C for rats

- Prepare doses of test compounds, vehicle (control), and reference agent (if desired)

- Inject animals with test compound, vehicle or reference agent. Inject animals in a “staggered”
fashion, meaning to allow a consistent time to pass between treatment and testing for each
animal

- Randomize the order in which different treatments are administered such that each condition is
distributed throughout the duration of the entire experimental procedure.

Alternatively, the treatment of the mice could be known to a second observer, while the one performing
the experiment is “blinded”, i.e. the experimenter does not know what was injected until after the
experiment.

For example, administer vehicle, then dose 1, then dose 2, and repeat until the desired number of
animals for each group is reached. The time interval used to stagger the injections will depend on the
time it takes to test each animal. Testing time is generally based on the cut-off time—the preselected
time at which the test will be terminated if the animal shows no nociceptive response. Adhering to
preselected cut-off times helps minimize the tissue damage that can occur with prolonged exposure to a
heated surface. For the purposes of staggering treatments, if the cut-off time is set to 30 s, the
experimenter may want to leave 45 to 60 s between the injection of the animals. The number of animals
that can be treated at one time depends on the time between treatment and testing. For example, if
testing is to be performed 30 min after treatment, a single experimenter, treating animals at a rate of
one per minute, should treat only 30 animals. At 30 min, it will be time to test the first treated animal.

- When post-treatment time (e.g. 30 min) has elapsed, begin testing animals. Place a single animal
on the hot plate and immediately start a stopwatch or timer. Observe the animal until it shows a
nociceptive response (e.g., licks its paw) or until the cutoff time is reached. Remove the animal
from the hot plate. Record its latency to respond. For animals that do not respond prior to the
cutoff time, record the cutoff time (e.g. 30 s). Repeat for all animals in the order in which they
were treated.
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Mice or rats placed on a heated surface will often lick their paws, typically the front paws first. For
scoring, the latency to respond is measured as the amount of time that elapses between when the
animal is placed on the hot plate and when it first licks one of its rear paws. Front paw licking is a
common grooming response and may have no relation to discomfort. Therefore, rear paw licking is a
more reliable measure of discomfort. The duration of action of a compound may also be determined by
measuring a single animal’s response over time. For example, measurements may be taken 15, 30, and
60 min after treatment with a test compound. Of course, similar measurements must be made for
vehicle-treated animals (controls).

Parameters

- Perform appropriate statistical analysis on the data. With multiple groups, use an ANOVA
followed by post-hoc analysis (if appropriate) to compare the treatment groups to the controls
(vehicle treatment).

- Data from hot-plate tests are often expressed as percent maximum possible effect (%MPE).
%MPE = (test — baseline)/(cutoff — baseline) x 100, where test is the latency to respond after
treatment; baseline is the latency to respond prior to treatment; and cutoff is the preset time at
which the test will be ended in the absence of a response. To determine a compound’s %MPE, a
baseline measure must be obtained for each animal prior to treatment with vehicle or test

compound.
Reference
1. Malmberg AB, Bannon AW (1999) Models of nociception: hot-plate, tail-flick, and formalin tests in rodents. Curr

Protocols Neurosci S6, Unit 8.9.1-8.9.15.
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Plantar Test

The Plantar Test (Hargreaves’ Test) enables the researcher to discern the tolerance to thermal heat
applied to the hind paw of mice or rats. Similar information to what is obtained form the hot plate can be
acquired but it as well allows multiple measurements over time as the animal is not disturbed in any
other fashion during experiments.

The mouse or rat is placed into a Plexiglas cage. After an acclimation period of about 30 min, the heat
source beam is placed under the glass floor and is positioned by the operator using a mirror directly
beneath the hind paw. A trial is commenced by pressing a button which starts the beam and
simultaneously starts a digital solid state timer. When the rat or mouse feels pain it will withdraw its
paw, lick it or flinch. The withdrawal of the paw causes a sudden drop in the reflected radiation which
switches off the beam source and stops the reaction time counter. If the machinery is not equipped with
an automatic stopper, the operator is responsible to stop the timer upon response.

The withdrawal latency is calculated to the nearest second. The multiple compartment boxes has are
provided to speed up the test when a more animals are involved. Since mice are not moved or disturbed
between readings, this allows the researcher to follow the antinociceptive effects of a compound over a
long period of time (e.g. 4 hours) by doing repeated measurements. Measurements require an interval of
minimum 5 min before the next measurement to prevent tissue damage. In each compartment the
animal is unrestrained.

The system consists of:

1 A movable test head emitting light and heat

2 A glass pane onto which the rat enclosure is located
3 A controller unit to record the time and

4 Heated table, set to 30°C.

cages
/ heated
i controller
glass
test head .
unit
glass
heater
IITC Model 400
Usage

- Start by switching on the beam source main power switch.

- Switch on the glass heater main power switch, eventually the table will reach the minimum
temperature of 30°C.

- Place cages on the glass and put in the mice. Make sure no cage is on top of the polished glass on
the edges of the glass.

- Test run test head and adjust beam intensity if necessary (choose any intensity from #3001 to
#3100 followed by *). For mice, an intensity of 12 is recommended (#3012%).
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Further instructions can be found in the protocol from IITC in Behavior lab 1.

Note

The mirror of the test head might scrape against the polished glass, therefore avoid placing mice close to
the edges. The center pillar supporting the heated glass may obstruct the moving of the test head and its
cables. There is a risk of dropping the test head off the edge if it is pushed too far. Avoid bumping the
glass as it is only fixed by being placed on the five pillars and may fall off.
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von Frey Filament Test

Both in man and animals, pressure and pain thresholds can be assessed by applying probes of different
surface areas with varying forces. The most common method was published by von Frey in his work on
pressure sensitivity. At present, electronic von Frey filaments are most often used to assess responses to
stimulation of slowly adapting cutaneous mechanoreceptors on the plantar side of the hindpaw of
rodents. Mechanical force is exerted via application of a particular filament to the cutaneous receptive
field until the filament bends. Typically, a force just sufficient to bend each filament is applied and a
threshold is defined directly or indirectly by the finest filament that causes a response. This technique
provides direct measurements with reasonable objectivity of the withdrawal responses. The rate at
which the filament is pressed against the animal’s paw should be fast enough to avoid prolonged
pressure to the tissues and interference with other stimuli or movements of the mouse. It should be slow
enough to allow the investigator to apply the force in a reproducible fashion, and to minimize the effect
of the animal’s withdrawal reaction time. Ideally, the pressure should increase linearly, i.e. the derivative
of the applied force should be constant. Specifically, the elevated wire mesh floor supports a mouse
while the filaments are applied from below, through the wire mesh, to the plantar surface of the paw.
Currently available systems either use sets of calibrated von Frey filaments applied sequentially, or
electronic filaments which contain a force transducer that allows the measurement of the force at which
the animal withdraws its paw. Most recently, so called dynamic filaments became available which move
the filament at a certain rate toward the animal’s paw. These latter instruments may provide the most
accurate and objective measurements.

Procedures (electronic von Frey filament)

- Transport the mice to the testing room in their home cages.

- Placed the mouse into a plexiglass cage of about 20 x 20 cm sitting on tp of a metal grid ground
floor.

- Let the mice accommodate to the cage for at least 30 minutes.

- Test sensitivity of the von Frey unit by pressing the rigid tip to a hand towel to make sure the
mechanical force is presented on the monitor.

- Slowly increase force to poke the hind paw with von Frey filament until a withdrawal response is
evoked and record the force from the monitor (paw withdrawal threshold).

- Wait for 3 min before poking the contralateral hind paw.

- Total of at least 4 tests on each hind paw are performed per mouse at time point.

- Distress of the animals is minimal because to mice can escape the unpleasant stimulus by
withdrawing their paws at any time during stimulation. At the end of the testing the animal is put
back into its home cage.

- Atthe end of the experiment, clean the frame and box with water and 70% ethanol.

Applications

To elucidate the role of a particular gene in the development of a pain condition (i.e. neuropathic pain)
the development of mechanical hyperalgesia can be assessed with the electronic von Frey test in two
different groups of mice (wild-type and transgenic) through repetitive (i.e. daily) measurements of
mechanical sensitization after nerve damage (i.e. CCl, Chronic Constriction Injury).

To study the potential antihyperalgesic effect of a compound, mechanical hyperalgesia is measured in at
least two different groups of mice (vehicle- and drug-treated) for 4-8 hours after the administration of
the drug (or vehicle). 4-5 measurements are taken at 20-30 minutes intervals and averaged.
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Measurements of paw withdrawal thresholds of the injured paw and of the contralateral paw are made

alternately.
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Capsaicin model

Capsaicin, the pungent component of peppers activates the transient receptor potential channel
vanilloid type 1 (TRPV1), a heat-sensitive cation channel expressed by many nociceptors. Intradermal
injection of capsaicin results in dose-dependent acute pain sensation, followed by a neurogenic
inflammation consisting of allodynia, hyperalgesia, and a flare reaction, which originates from the
release of vasoactive neuropeptides from peripheral nociceptor terminals. All three effects of capsaicin
extend beyond the site of injection. Hyperalgesia at the site of injection (primary hyperalgesia) is thermal
and mechanical while the hyperalgesia in the surrounding non-injected area is purely mechanical.
Intraplantar injection of capsaicin evokes nocifensive behavior characterized by flinching, licking and
guarding of the injected paw that lasts for about 5 min. Heat hyperalgesia typically lasts for up to 45 min,
whereas mechanical hyperalgesia persists longer for up to 4 h. Intracutaneous injections of capsaicin is
frequently used to study changes in nociceptor activity and in the responses of spinal dorsal horn
neurons accompanying primary and secondary hyperalgesia.

Procedure
1) Capsaicin-induced paw flinching

- Mice are placed separately in Plexiglas boxes for a 20—30 min habituation period.

- After the habituation, capsaicin (1, 5, or 10 pg) in 10% ethanol, 10% Tween 80 and 80% ACSF is
injected into the plantar side of the mouse left hind paw, using a 10 ul Hamilton syringe in a
volume of 5 pl.

- Immediately after the injection, the flinching episodes or the time spent licking the paw are
recorded in 1 minute bins for 5 minutes (a flinch is defined as a rapid flexor reflex of the injected
paw)

- Control experiments need to be performed in all studies using the capsaicin vehicle.

2) Capsaicin-induced mechanical hyperalgesia
- See von Frey procedure for detailed explanation.
- Mice are injected subcutaneously into the plantar side of the left hindpaw with a dose of 30 pg
of Capsaicin dissolved in a total volume of 10 ul in 10% ethanol, 10% Tween 80 and 80% ACSF .
- Immediately after the injection, mechanical sensitization is measured with von Frey filaments for
4 hours at intervals of 20-30 minutes.

Applications

The capsaicin model can be used to study the effects of pharmacological and genetic manipulations on
acute chemically induced pain, primary and secondary hyperalgesia and on neurogenic inflammation. To
elucidate the role of a particular gene in the development of capsaicin-induced mechanical hyperalgesia,
mechanical sensitization can be assessed with the electronic von Frey test in two different groups of
mice (wild-type and transgenic) starting 15 minutes after the injection of intraplantar capsaicin at
intervals of 30 minutes for a total time of 4 hours. This time frame is long enough to include the
complete recovery to normal baseline values.

To study the potential antihyperalgesic effect of a drug, mechanical hyperalgesia is measured in at least
two different groups of mice (vehicle- and drug-treated). 2 hours after the injection of capsaicin, when
the mechanical sensitization is higher, the compound or the vehicle are administered. 4-5
measurements of the paw withdrawal threshold are taken for 2 hours at 20-30 minutes intervals and
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averaged. Measurements of mechanical sensitization of the capsaicin-injected paw and of the
contralateral paw are made alternately.
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Demonstration 02 — Motor function

Rotarod test

Introduction

The rotarod test has been developed to measure motor coordination in mice and rats (Dunham and Miya
1957). A mouse has to keep its balance on a horizontal rotating rod (diameter approx. 3 cm). Rotation
speed can be constant or accelerating. Usually several mice tested at the same time, separated by large
disks. A trial starts when the mouse is placed on the rotating rod, and it stops when the mouse falls
down. Falling down activates a switch that automatically stops a timer. The latency to fall off the rod is
taken as the dependent measure. The rotarod test has been successfully used to screen motor
coordination in mutant mice (e.g., Aden et al. 2003, Carter et al. 1999, D'Hooge et al. 2001, Norreel et al.
2001, Paylor et al., 1999). Performance in this test is affected by a number of variables including body
weight, housing conditions and stress (personal communication, Lisa Tarantino 2000), and mouse strain
tested (e.g., Crabbe et al. 1998, Homanics et al. 1999).

Material
Rotarod apparatus (Ugo-Basile Model 7650), pencil, data sheet, cleaning material for the apparatus.

Procedure

Five mice are simultaneously placed on the rotarod apparatus with the rod rotating at 4 rpm
(rotations/minute) during the first minute. Then rotation speed is increased every 30 sec by 4 rpm. A trial
ends for a mouse when it falls down or when 5 min are completed. Each mouse is submitted to 5 trials
on day 1 with an intertrial interval of 30 min. On day 2, all mice are tested again for 5 min at a constant
speed (average of maximum speeds reached from all mice on day 1). Some mice cling to the rod and ride
a full circle without falling down. Passive rides are recorded separately.

Dependent variables
Latency to fall off the rod, full circle rides.
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Beam walking test

Introduction

Deficits in limb coordination and accuracy of limb placement are examined by assessing an animal’s
ability to navigate across a beam or a ladder in order to return to its home cage. The beam can be
constructed in several ways, and three examples are given. (a) A simple beam (28 mm wide) leads
towards an enclosed escape box. The difficulty to traverse the beam is increased by using smaller sized
beams. (b) A ladder consisting of regularly spaced bars (distance between bars: approx. 1 cm) is used
instead of solid beams (modification from Kunkel-Bagden et al. 1993). Crossing this ‘horizontal ladder’
requires that animals accurately place their limbs on the bars. The difficulty of the task is increased by
adding randomly assigned gaps (distances between bars ranging from 0.5 to 2.5 cm). Falling through the
bars with one limb counts as an error, and errors per crossing are analysed. (c) A beam is placed as a
bridge between the subject's home cage and an empty cage. Three 6x6 cm platforms are mounted on
the beam, one at each end and one in the middle. The test is made more demanding by interrupting the
beam surface every 2 cm by a 2 cm long groove. The difficulty of the task can be further increased by
inserting grooves of irregular size and intervals. Beam walking tests have been successfully used in
different mutant mice (e.g., Allen et al., 2003, Carter et al. 1999, Dluzen et al. 2001, Lipp and Wahlsten
1992, Salichon et al. 2001). Factors influencing beam walking include genetic background and anxiety
(Lepicard et al. 2000). A detailed description of beam walking in rats is given by Goldstein (1993).

Material
Plastic beam(s), video camera, stop watch, data sheet, pencil

Procedure

The testing device is placed in a dimly lit room and consists of a small platform (6x6 cm) located in the
middle of a wooden bar (45 cm long, 1. 6 cm wide) bridging a gap between two platforms (10 x 10 cm)
which permits escape into a small Perspex cage filled with wood shavings. One bar has a smooth surface
(solid bar), the other is formed by series of regularly spaced carvings of two cm length and 1. 5 cm depth.
The wood is polished with sand paper in order to provide a smooth but not slippery surface. On the first
day, a mouse is placed onto the middle platform of the solid bar and observed for 5 min. The variables
assessed are the number of visits to the escape platforms, the number of hindpaw slips off the bar and
the number of escapes into the Perspex cages. On the second day, the mouse is placed onto the middle
of the carved bar, and the same measures are taken again during 5 min. Since the error score are not
independent of the locomotor activity, correction procedures such as the computation of indices or
multiple regression are used depending on the particular samples investigated. Mice resting immobile on
the central platform (mainly BALB/c) are gently pushed in order to initiate movements. Mice that
escaped into the Perspex cages are picked up and placed on the central platform again. Animals fallen off
from the bar are handled similarly (Lipp and Wahlsten 1992).

Dependent variables

Number of failures (slipping off the beam with one paw), posture (clinging to the beam, free walking),
latency to cross the beam.
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Foot print test

Introduction

This tests detects gait abnormalities and ataxia suggesting changes in limb and muscle coordination
(sciatic nerve/spinal) and body weight support (De Medinaceli et al. 1982). It has been successfully used
in different mutant mice (e.g., Barlow et al. 1996, Carter et al. 1999, Del Bel et al., 2002, Norreel et al.
2001). A number of factors influence performance in this test including stress (Metz et al., 2001).

Material
Alley or tunnel (35 - 80 cm long, 5 — 6 cm wide), ink [or: non-toxic paint; mixture of icing and non- toxic
food dye (Klapdor et al. 1997)], white paper, ruler, paper, pencil, data sheet.

Procedure

An animal is trained to pass through an alley or tunnel. Then its hindpaws are dipped in black ink, and it
is placed at one end of the tunnel. Footprints are recorded on a sheet of paper covering the floor of the
alley. This procedure is repeated three times. A series of at least 6 sequential steps was used to
determine mean values of stride length, stride variability, base of support and limb rotation.

Dependent variables

Stride length, stride variability (= difference between longest and shortest stride length), base of support,
limb rotation. Stride length is measured between two consecutive prints of one hind paw on each side.
The base of support (base) is determined by measuring the core to core distance of the print
representing the plantar cushion underlying the metatarso-phalangeal (MTP) joint. Limb rotation is
defined as the angle formed by the intersection of the line through the print of the third digit and the
print representing the MTP joint with the line through the central pad parallel to the walking direction.
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Grip test

Introduction

The grip strength test measures the strength with which an animal holds on to a grip with its forepaws,
or to a grid with its hindpaws, while the experimenter pulls it gently backwards or upwards, respectively.
The results give a general idea of an animal’s muscle strength. The test has been successfully used to
detect impairments in muscle strength in mutant mice (Gonzalez Deniselle et al. 2002, Norreel et al.
2001).

Material
Newtonmeter with a grip or grid attached, pencil, data sheet.

Procedure

A newtonmeter with a grip bar is horizontally fixed. The mouse is held in a horizontal position and
lowered towards the grip bar until the animal grasps it. Then it is gently pulled backward until it releases
the grip. The force measured when the animal releases the grip is recorded. Three trials per animal and
session are recorded, and the average strength is included in the analysis. The test is repeated the next
day.

Dependent variable
Force when the grip is released.
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Demonstration 03 — Exploratory behavior and anxiety

Open Field test

Introduction

A rodent that is placed in an unfamiliar empty arena will move around to explore it. This exploratory
activity will gradually decrease as the arena becomes familiar (habituation). The open field test can thus
reveal increased or reduced locomotor activity, as well as an altered time course of habituation. Because
open space is aversive to rodents, decreased exploration of the arena centre as compared to the
periphery can be an indicator of increased anxiety-like behaviour. The open field has been an important
tool in behavioural pharmacology since a long time, but is also frequently used for genetic studies in
mice. A large number of genetically modified mice were found to have either increased or decreased
exploratory activity in the open field. However, despite the simplicity of apparatus and protocol, open
field behaviour is complex and depends on many factors that can change independently (Walsh and
Cumins 1976, Wolfer et al. 2001). Therefore, changes in open field activity can usually only be
interpreted in conjunction with the other tests (Stanford, 2007).

Apparatus

We use our round watermaze tank with a diameter of 150 cm. The tank is dried and a plastic floor is
placed at the usual level of the water surface, leaving a distance of 35 cm to the top of the side wall.
Illumination is by indirect diffuse room light (4 40W bulbs). Size and shape of the arena (as well as testing
procedures) vary across laboratories. Many groups use smaller rectangular arenas.

Procedure
- Transfer the rack with the home cages to the experimental room approximately 30 min before
the experiment begins.
- Recording over longer time periods (up to 1h) allows quantification of habituation.

- Clean the arena with water and dry.
- Release the subject near the side wall and observe for 10 min.

- Clean the arena with water and dry.

- Release the subject near the side wall and observe for 10 min (same order of testing and time of
the day as on first day).

122



Parameters

- number of crosses over the lines of a regular grid drawn on the arena surface (horizontal activity)

- % time spentin a circular zone drawn around the arena centre (diameter 110 cm)

- number of rearings (vertical activity)

- number of faecal boli deposited (may be recorded as measure of emotionality)
Activity is usually recorded electronically. Several companies sell systems that are equipped with infrared
beams, permitting automatic determination of both horizontal and vertical activity. Alternatively,
locomotion can be video-tracked. This yields only indirect information of vertical activity (change of
object size recorded e.g. by EthoVision), but permits finer analysis of horizontal activity (temporal
patterning, geometrical parameters, measures of stereotypy).
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Light-dark transition test

Introduction

Exploring a novel environment is a natural behaviour of mice. On the other hand, they have the innate
tendency to prefer dark and enclosed places over brightly lit open space. In this test, the mice are given a
choice between a dark box and a brightly lit open chamber. They have to resolve the conflict between
exploring the open chamber and avoiding it because it is brightly illuminated. Crawley and Goodwin
(1980) introduced this paradigm as a model of anxiety-like behaviour and observed that the time spent
exploring the open chamber was increased by anxiolytic drugs. The paradigm was further validated and
slightly modified by Costall et al. (1989) and Misslin et al. (1989). The light-dark transition test has
become one of the most frequently used paradigms to characterize anxiety-like behaviour in mutant
mice (Cryan and Holmes, 2005).

Apparatus

A 20x30 cm lit chamber with transparent Perspex walls (20 cm high) and open top is connected to a
20x15x20 cm polyvinyl-chloride box. The box is dark and completely enclosed, except for the 7.5x7.5 cm
opening connecting it to the lit chamber. The lit chamber is under direct room light. Misslin et al. (1990)
used two 20x20x14 chambers that are connected by a 5x7x10 cm polyvinylchloride. One chamber is
painted black and has an opaque cover, the other is white with a transparent cover and illuminated by a
100W desk lamp.

Procedure
- Bring the rack with the home cages to the testing room approximately 30 min before the
experiment begins.
- Clean the apparatus thoroughly with water and dry.
- Place the animal into the lit box and observe for 5 min.

Parameters
- Latency to escape into the dark box
- % time spent in the lit chamber
- number of transitions between lit chamber and dark box

If movements in the lit chamber are video-tracked, parameters of general activity such as distance

moved, % time active, and speed of locomotion can be calculated as well. In addition, grooming,
rearings, and leanings may be recorded with a keyboard event recorder.
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Figure 1
Apparatus used for the light-dark transition test.
(a) Schematic drawing showing its dimensions. (b) Photograph of the device.
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Elevated null-maze

Introduction

As in the light-dark transition test, the tested animal has to resolve a conflict between its natural
tendency to explore a novel environment and the avoidance of a threatening situation. On an elevated
maze, the exploratory drive is competing with the natural avoidance by rodents of heights and open
spaces. Typically, mice prefer a zone that is protected by side walls, but after a while carefully advance
onto an unprotected runway and begin to dip their head to explore the cliff. Head dips are fist made
while the body is still in the protected zone (protected head dips). Then the animals stretch their body
toward the open zone but often retreat before leaving the protected sector with their hindlimbs (stretch
attend posture). Finally they leave the protected zone completely to explore the cliff extensively
(unprotected head dips).

This concept was first validated pharmacologically by Pellow et al. (1985) who observed that anxiolytic
drugs made rats less reluctant to explore the open arms of a plus shaped elevated maze with two
protected and two unprotected arms. The usefulness of the device to investigate both anxiolytic and
anxiogenic agents in the mouse was subsequently demonstrated by Lister (1987). Shepherd et al. (1994)
introduced and validated pharmacologically in the rat an alternative implementation of the test, which is
now known as the elevated null- or zero-maze. Their goal was to remove any ambiguity in interpretation
of time spent on the central square of the traditional plus-maze and to allow uninterrupted exploration.
Konig et al. (1996) used the elevated null-maze to demonstrate increased anxiety-like behaviour in
mutant mice which lacked the pre-proenkephalin gene.

The elevated maze is still used in both configurations and is the most frequently used model of anxiety-
like behaviour for drug studies. It is also often used to characterise the emotional behaviour of mutant
mice (Cryan and Holmes, 2005), for example in a set of studies in mice carrying point mutations in
GABAA receptor subunits (Rudolph et al. 1999, Low et al. 2000) or a deletion of the urocortin gene
(Vetter et al. 2002). Importance of measuring the ethologically derived parameters in addition to
spatiotemporal pattern of behavior has been emphasized by Rodgers et al. (1997).
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Apparatus

The maze is made of grey plastic and has an annular runway (diameter 46 cm, width 5.5 cm). Two
opposing 90° sectors of the runway are protected by an inner and outer wall of grey polyvinyl- chloride
(height 16 cm). The two remaining sectors are unprotected. The apparatus is mounted 40cm above the
floor and exposed to indirect and diffuse room light (4 40W bulbs).

Procedure
- Bring the home cages to the testing room approximately 30 min before the experiment begins.
- Clean the apparatus thoroughly with water and dry.
- Place the animal into a closed sector and observe for 10 min.

Parameters

- % time spent on open sectors, number of entries to open sectors

- Number of head dips (protected and unprotected)

- Number of stretch attend postures

- Number of faecal boli deposited on the device
If movements are video-tracked, parameters of general activity such as distance moved, % time active,
and speed of locomotion can be calculated as well. In addition, head dips may be recorded with a
keyboard event recorder. Video-tracking also permits to refine zone analysis by defining intermediate
zones at the sector transitions (where animals spend most of their time).

127



Figure 2

Elevated null-maze. (a) Schematic drawing showing its dimensions in the horizontal plane. (b)
Photograph of the device. In this version, a video camera is suspended above the maze center and the
protecting walls are slightly tilted inwards to allow the camera to track the animal inside the protected

sectors.
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46cm

} R T RS

References

1. Cryan JF & Holmes A (2005) The ascent of mouse: advances in modelling human depression and anxiety. Nat Rev Drug
Discov 4(9):775-790.

2. Konig M, Zimmer AM, Steiner H, Holmes PV, Crawley JN, Brownstein MJ, Zimmer A (1996) Pain responses, anxiety and
aggression in mice deficient in pre- proenkephalin. Nature 383:535-538.

3. Lister RG (1987) The use of a plus-maze to measure anxiety in the mouse. Psychopharmacology 92:180-185.

4 Low K, Crestani F, Keist R, Benke D, Brunig |, Benson JA, Fritschy JM, Rulicke T, Bluethmann H, Mohler H, Rudolph U
(2000) Molecular and neuronal substrate for the selective attenuation of anxiety. Science 290:131-134.

5. Pellow S, Chopin P, File SE, Briley M (1985) Validation of open:closed arm entries in an elevated plusmaze as a measure
of anxiety in the rat. J Neurosci Methods 14:149-167.

6. Rodgers R J, Cao BJ et al. (1997) Animal models of anxiety: an ethological perspective. Braz J Med Biol Res 30(3):289-304.

7. Rudolph U, Crestani F, Benke D, Brunig |, Benson JA, Fritschy JM, Martin JR, Bluethmann H, and Mohler H (1999)
Benzodiazepine actions mediated by specific gamma-aminobutyric acid(A) receptor subtypes. Nature 401:796-800.

8. Shepherd JK, Grewal SS, Fletcher A, Bill DJ, Dourish CT (1994) Behavioural and pharmacological characterisation of the
elevated "zero-maze" as an animal model of anxiety. Psychopharmacology 116:56-64.

9. Vetter DE, Li C, Zhao L, Contarino A, Liberman MC, Smith GW, Marchuk Y, Koob GF, Heinemann SF, Vale W, Lee KF (2002)

Urocortin-deficient mice show hearing impairment and increased anxiety-like behavior. Nat Genet 31:363-369.

128



Emergence and novel object tests

Introduction

In contrast to the open field test which offers no possibility of escape, the emergence and novelty test
are regarded as free exploration paradigms which confront the animal with a novel stimulus while
offering the option to retreat into a familiar, safe area (Welker, 1957, Belzung 1992). The novel stimulus
creates a conflict by concurrently evoking both approach and avoidance behaviours, reflecting an
animal’s tendency to explore novel stimuli or environments and its fear of novelty, respectively. The two
tests provide different degrees of stimulus novelty and escape potential within the same environmental
context. In combination with an openfield test, comparisons of effect sizes observed across the tests can
provide converging evidence of a phenotypic difference in either approach or avoidance responses to
novelty (Dulawa et al. 1999).

Dulawa et al. (1999) used these three tests to determine whether the dopamine D4 receptor primarily
influences the exploratory or the anxious component of responses to approach-avoidance conflicts. D4R-
knockout mice were significantly less behaviourally responsive to novelty than wild-type mice in all three
tests, but the largest phenotypic differences were observed in the novel object test, which maximizes
approach behaviour. These observations led the authors to conclude that D4R-knockout mice exhibit
reductions in behavioural responses to novelty, reflecting a decrease in novelty-related exploration.

Impaired novelty-related exploration occurs also in mice with altered expression of the neural protease
inhibitor neuroserpin (Madani et al. 2003). By contrast, mice which lack the BDNF receptor trkB in their
forebrains show enhanced approach behaviour toward a novel object (Zérner et al. 2003). This change
was evident in the novel object test, but not in the emergence and open field tests. Spreng et al (2001)
observed enhanced reactivity to novelty as well when testing in a similar combination of tests in mice
lacking the alpha-1b adrenergic receptor.

Apparatus

Walls made of non-reflective white plastic (37 cm high) are placed on a white plastic surface to confine a
square 50x50 cm arena. lllumination is by diffuse indirect room light (4 40W bulbs). Nest boxes are made
of plastic and measure 12x8x4 cm with an opening of 8x4 cm (we use molecular biology ART tips boxes).
The nest box is positioned in a corner, at 5 cm from the nearest walls, with the opening facing away from
the wall. The novel object is a 12x4 cm semi-transparent tube (we use a 50 ml falcon tube) and is
positioned vertically in the centre of the arena.
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Procedure
Preparation
- If possible, single-house animals. Never keep more than three in the same cage.
- 24h before testing, place a thoroughly washed nest box into the home cage of each mouse, to
allow it to adapt to the box and to introduce nesting material.
- Transfer the rack with the home cages to the experimental room approximately 30 min before
the experiment begins.

Day 1, emergence test
- Wipe the arena clean with water.
- Transfer the nest box to the arena and secure it with adhesive tape.
- Assoon as this is done, place the mouse into the arena, next to the nest box.
- Observe the mouse for 30 min, then transfer it back to its home cage.

Day 2, novelty test

- Wipe the arena clean with water.

- Introduce the mouse again into arena, without nest box.

- Allow the mouse to habituate for 30 min.

- While the mouse is still in the arena, place the novel object in the middle of the arena and secure
it with adhesive tape. Introduce only your hand and forearm into the arena and avoid brisk
movements. The object should always be introduced from the same side and with the same
movements.

- Observe the mouse for 30 min, and then transfer it back to its home cage.

Parameters
Emergence test

- % time spent inside the nest box

- Number of excursions into the arena
Novel object test

- % time spent exploring the object

- Number of approaches to the object
Video-tracking of movements allows for simultaneous measurement of general parameters of activity,
such as % time active, speed of locomotion, total distance travelled, etc. Additional zones of interest can
be defined such as wall versus centre of the arena, etc.
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Figure 3
Apparatus used for the emergence and novel object tests. (a) Dimensions of the arena and placement of
the nest box during the emergence test. (b) Photograph of four arenas arranged next to each other for

simultaneous recording using a videotracking system.
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Demonstration 04 — EEG monitoring of the living brain

No protocols

Demonstration 05 — Two-photon microscopy of the living brain

No protocols

Demonstration 06 — Stereology: Phenotyping structural correlates of functional
changes

No protocols
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