
 
 

 

Department for Biomedical Science 

University of Veterinary Medicine Vienna 
 

Institute of Laboratory Animal Science 

(Head: Univ.-Prof. Dr. Maik Dahlhoff) 
  
 

 
 
 
 

Review of Experimental Conditions in Phenotyping Studies in La-
boratory Mice with Regard to Severity Assessment According to the 

TGV2012 
 

 
 
 

 
 

Diploma Thesis 
 

For Obtaining the Academic Degree 
 

Magistrae Medicinae Veterinariae 
 
 
 

University of Veterinary Medicine 
 
 
 

submitted by 
Jasmin Keller 

 

 
Vienna, November 2020 



 
 

 

  



 
 

 

Academic supervisor:  Ao.Univ.-Prof. Dipl.-Ing. Dr.sc.agr. Thomas Kolbe 

First assessor: Ao.Univ.-Prof. Dipl.-Ing. Dr.sc.agr. Thomas Kolbe 
Second assessor: Univ.-Prof. Jean-Loup Rault, PhD  

 

  



 
 

 

Table of Contents 
 

1. Introduction          1 
2. Search Protocol          4 

2.1. Subject Analysis         4 
2.2. Search Keys          4 
2.3. Search Tools          5 

2.4. Accessed Data         5 
3. Behavioural Tests          7 
4. General Health          8 

4.1. Abnormal Spontaneous Behaviour       8 

4.2. Activity Rhythms, Sleep and Home Cage Activity Patterns   8 
4.3. Appearance in General         9 
4.4. Body and Skin Temperature       9 

4.5. Body Weight          10 
4.6. Neurological Reflexes        10 
4.7. Posture and Gait         10 

4.8. Seizures and Vestibular Dysfunction      11 
4.9. Sensory Capabilities         11 

5. Classification of Behavioural Tests       12 
5.1. Motor Function         12 

5.1.1. Gait Analysis and Locomotor Function     12 
5.1.1.1. Circling        12 
5.1.1.2. Cylinder Test        12 

5.1.1.3. Foot Fault Test       13 
5.1.1.4. Footprint Pattern/CatWalk™ XT     14 
5.1.1.5. Rotometer        15 

5.1.1.6. Treadmill/DigiGait™ Test      16 
5.1.2. Locomotor Activity and Exploratory Behaviour    16 

5.1.2.1. Circadian Wheel Running      16 
5.1.2.2. Hole Poke Exploratory Test      16 

5.1.2.3. Open Field Test       18 
5.1.3. Motor Coordination and Balance      19 

5.1.3.1. Basket Test        19 

5.1.3.2. Beam Walking Test/Balance Beam Test    19 
5.1.3.3. Rotarod Test        21 
5.1.3.4. Staircase Test        23 



 
 

 

5.1.3.5. Vertical Pole Test       23 

5.1.4. Muscular Strength        23 
5.1.4.1. Grip Strength Test       23 
5.1.4.2. Wire Hang Test       25 

5.2. Sensory Abilities         26 
5.2.1. Olfactory Acuity and Olfactory Discrimination    27 
5.2.2. Visual Acuity         28 

5.2.2.1. Light-Dark Test       28 
5.2.2.2. Visual Cliff Assay       30 
5.2.2.3. Visual Water Box       31 

5.2.3. Auditory Acuity and Acoustic Startle Response    31 

5.2.4. Taste Acuity         31 
5.2.5. Tactile Acuity         32 

5.2.5.1. Air Puff Flinch Response      32 

5.2.5.2. T/Y Maze        32 
5.2.5.3. Von Frey Test        32 

5.2.6. Nociceptive Sensitivity       32 

5.2.6.1. Flinch Test        33 
5.2.6.2. Formalin Test        33 
5.2.6.3. Hot Plate Test        34 
5.2.6.4. Plantar (Hargreaves) Test      36 

5.2.6.5. Randall-Selitto Test/Paw-Pressure Test    36 
5.2.6.6. Tail Flick Test        37 
5.2.6.7. Tail Immersion/Hot-Water Tail Flick/Cold Water Tail Flick Test 38 

5.2.6.8. Writhing Test        39 
5.3. Learning and Memory        39 

5.3.1. Spatial Learning        39 

5.3.1.1. Barnes Maze        39 
5.3.1.2. Cheese Board Test       42 
5.3.1.3. Delayed Matching-To-Position and Delayed Non-Matching  

      To-Position Performance      42 

5.3.1.4. Morris Water Maze       42 
5.3.1.5. T-Maze/Y-Maze Delayed Alternation    45 

5.3.2. Associative Learning        45 

5.3.2.1. Active Avoidance       45 
5.3.2.2. Conditioned Fear       45 
5.3.2.3. Conditioned Taste Aversion      49 



 
 

 

5.3.2.4. Olfactory Discrimination      49 

5.3.2.5. Passive Avoidance       49 
5.3.2.6. Radial Maze        50 
5.3.2.7. Step-Down Avoidance      50 

5.3.2.8. Y-Maze/ T-Maze Avoidance      50 
5.3.3. Recognition Memory        50 

5.3.3.1. Social Interaction/Recognition Test     50 

5.3.3.2. Object Recognition Test      52 
5.3.4. Operant Learning        52 

5.3.4.1. Five-Choice Serial Reaction Time Attentional Task   52 
5.3.4.2. Schedule-Induced Operant Tasks     53 

5.3.5. Motor Learning        53 
5.3.5.1. Conditioning of Eyeblink      53 
5.3.5.2. Rotarod        53 

5.4. Feeding and Drinking        53 
5.4.1. Analysis of Feeding Behaviour      54 
5.4.2. Cafeteria Diet         54 

5.4.3. Conditioned Taste Aversion       56 
5.4.4. Conditioned Taste Preference      56 
5.4.5. Restricted Daily Access       56 
5.4.6. Specialised Diets        56 

5.4.7. Twenty-Four Hour Consumption      57 
5.5. Reproductive Behaviours        57 

5.5.1. Courtship and Copulation       57 

5.5.2. Nesting (Nest Building)        57 
5.5.3. Parenting         58 
5.5.4. Pup Retrieval         59 

5.5.5. Pup Ultrasonic Vocalisation       59 
5.6. Social Behaviours         59 

5.6.1. Nesting (Nest building)        59 
5.6.2. Social Interaction        59 

5.6.2.1. Social Transmission of Food Preference    59 
5.6.2.2. Three Chamber Social Approach Task    60 

5.6.3. Aggression         60 

5.6.3.1. Standard Opponent       60 
5.6.3.2. Isolation Induced Fighting      60 
5.6.3.3. Resident-Intruder Test      61 



 
 

 

5.6.3.4. Round-Robin Approach      61 

5.6.3.5. Social Dominance       61 
5.7. Emotional Behaviours        61 

5.7.1. Anxiety- and Fear-Related Behaviours     61 

5.7.1.1. Conditioned Fear       61 
5.7.1.2. Elevated Platform       62 
5.7.1.3. Elevated Plus-Maze       62 

5.7.1.4. Elevated Zero-Maze       62 
5.7.1.5. Emergence Test       62 
5.7.1.6. Fear/Defence Test Battery      63 
5.7.1.7. Fear-Potentiated Startle      63 

5.7.1.8. Four Plate Test       63 
5.7.1.9. Learned Safety/Fear Inhibition     63 
5.7.1.10. Light-Dark Test       64 

5.7.1.11. Novelty Supressed Feeding      64 
5.7.1.12. Open Field        64 
5.7.1.13. Predator Odour       64 

5.7.1.14. Pup Ultrasonic Vocalisations      64 
5.7.1.15. Social Interaction       65 
5.7.1.16. Visible Burrow System      65 
5.7.1.17. Vogel Conflict Test       65 

5.7.2. Behaviours and Models Related to Symptoms of  
   Psychological Diseases       65 

5.7.2.1. Marble Burying       65 

5.7.2.2. Nestlet Shredding       66 
5.7.3. Models of Schizophrenia       66 

5.7.3.1. Acoustic Prepulse Inhibition      66 

5.7.3.2. Behavioural Sensitisation      66 
5.7.3.3. Latent Inhibition       66 
5.7.3.4. Hyperlocomotion       67 

5.7.4. Models of Depression       67 

5.7.4.1. Immobilisation/Restraint      67 
5.7.4.2. Forced Swim Test       68 
5.7.4.3. Learned Helplessness      69 

5.7.4.4. Postweaning Social Isolation      69 
5.7.4.5. Social Deprivation/Social Isolation     69 
5.7.4.6. Sucrose Preference Test      69 



 
 

 

5.7.4.7. Tail Suspension Test       70 

5.7.4.8. White Noise        70 
5.8. Reward and Abuse         70 

5.8.1. Conditioned Place Preference/Aversion     70 

5.8.2. Intra Venous Self-Administration      70 
5.8.3. Oral Self-Administration       71 
5.8.4. Scoring Withdrawal Symptoms      71 

6. Suggested Severity Assessment        72 
7. Summary and Conclusion        75 
8. Zusammenfassung         76 
9. References          78 

10. List of Figures and Tables        112 
11. Abbreviations          113



1 
 

 
 

1. Introduction 

Within all animals used in research, mice are the most commonly used laboratory animals in 
Austria (Fig. 1) (Bundesministerium für Bildung, Wissenschaft und Forschung) and world-

wide. On one hand, outbred strains are used in experiments, which represents human genet-
ic diversity. Moreover, and more frequently, inbred strains are used due to their genetic stabil-
ity, which improves the reproducibility of experiments (Lindzey and Delbert 1970). On the 
other hand, genetically modified mice have become inestimable to gain fundamental 

knowledge in basic and applied research, relate functions to genes and investigate numer-
ous genetic disorders (Bockamp et al. 2002). Additionally, these mice are widely considered 
as model organisms for the investigation of human behavioural and neurological disorders, 

ranging from schizophrenia over depression to alcohol intoxication (Fox 2007).  
As the outcome of a new genetic modification is often unknown, a series of different tests are 
required to phenotype the created strains. The results are compared with wildtype mice of 

the same strain, which must go through the same test protocol. This also includes behav-
ioural testing to assess abnormal behaviour. There are more than 100 behavioural tests 
worldwide, which might differ in protocol and equipment, as there is no standard protocol 
specified (Crawley 2000), although there is an effort by 19 research institutions which are 

linked in the International Mouse Phenotyping Consortium (IMPC) to use identical test 
settings. 
To use animals for research raised ethical concerns since centuries, beginning in the 18th 

century with Jeremy Bentham and since then with steadily increasing pressure by scientific 
and lay communities (Jeremy Bentham 1823, Sherwin et al. 2003). The Directive 2010/63/EU 
of the European Parliament on the protection of animals for scientific purposes intervenes 

expresses this concern and gives the legal framework for the scientific work with live verte-
brate animals, cephalopods and larvae (European parliament and council of 22 September 
2010 2010). It always strives for the principles of replacement, reduction and refinement. 
Beside these regulations it also stipulates all procedures to be assigned to a severity catego-

ry, ranging from “non recovery” through “mild“ and “moderate“ to “severe“. This classification 
should not only help to balance the harm and benefits of an experiment, but also to reduce 
animal suffering and pain. Nevertheless, this classification is still based on theoretic consid-

erations and subjective observations. There is limited informative value to assess and classi-
fy procedures given in the examples of severity classification in Annex VIII of the directive 
since they are little descriptive and limited in number.  
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The aim of this diploma thesis is to review publications describing phenotyping procedures in 

mice with emphasis on details of the experimental setup which could imply a variation of the 
burden of the tested animals.  
According to the information given in these papers a range or a certain grade of severity is 

suggested in this thesis for every category of phenotyping experiments. This grading is not 
based on the biological stress occurring during instinctive behaviours like pup retrieval but on 
the juridical grading of the Austrian Tierversuchsgesetz 2012 (TVG2012). There are only four 
categories listed in the law: “terminal”, “mild”, “moderate”, “severe” and – of course, if nothing 

of this is applicable – “no burden”. The threshold from “no burden” to “mild” is defined as a 
professionally applied injection. In phenotyping test, there is commonly no permanent harm 
attributed to the mice. Therefore, the category “terminal” has to be excluded. Cancer models 

like Trp53 mice and comparable strains, immunological studies with Listeria monocytogenes 
infection for survival experiments, or partial or complete removal of vital organs is certainly 
classified as “severe” burden. Compared to this kind of studies phenotyping experiments 

ranges mostly far below this burden in the categories “mild” or “moderate”, if there is a bur-
den according to the definition of the TVG2012 at all.  
In November 2019 the Federal Ministry of Education, Science and Research published the 
recommendation “Stellungnahme zur Schweregradbeurteilung von Verhaltensexperimenten 

mit Mäusen und Ratten” (https://www.bmbwf.gv.at/Themen/Forschung/Forschung-in-
%C3%96sterreich/Services/Tierversuche.html). This official recommendation was used as 
guideline to evaluate the influence of the experimental settings on animal welfare and sug-

gest gradings for the different phenotyping tests reviewed in this thesis. 
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Figure 1: Use of laboratory animals in Austria from 2007 – 2018 
Data from  https://www.bmbwf.gv.at/Themen/Forschung/Forschung-in-
Österreich/Services/Tierversuche/Tierversuchsstatistik.html (accessed 15.01.2020) 
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2. Search Protocol 

The following protocol should give a short overview of the used research methods and help 
with documenting information gaining and structuring ideas. Therefore, we did a subject 
analysis, identified search keys and research tools and specified the accessed data. 

 
2.1. Subject Analysis 
Subject:  
Laboratory mice are the most commonly used laboratory animals and behavioural tests are a 

deep-seated procedure in basic research. However, the classification of research procedures 
in the European Directive 2010/63/EU is still based on theoretic considerations and subjec-
tive observations. 

 
Aim:  
Review of publications describing phenotyping procedures in mice with emphasis on details 

of the experimental setup which could imply a variation of the burden of the tested animals. 
Additionally, a range of grades or a certain grade of severity was suggested for each catego-
ry of phenotyping tests. 
 

Terms, definitions and facts that have to be clarified or explained within this thesis as well as 
additional important facts could be the European Directive 2010/63/EU; factors which could 
be used for severity assessment; factors causing stress, fear and anxiety in mice; factors 

causing stress relaxation and reducing fear and anxiety in mice; animal welfare; most behav-
ioural tests which are used for scientific purposes; the differences between used protocols of 
the behavioural tests. 
 

2.2. Search Keys 
Table 1: Keywords used for literature research 
 

Keywords 

Core 
Terms/Major 
Terms 

Behavioural 
test 

Stress Stress relaxa-
tion 

Laboratory 
mice, laboratory 
animals 

Synonyms Experiment Anxiety, fear, nerv-
ousness 

Comfort Mice, Mouse 
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Generic Terms 
   

Mus musculus 

Subordinated 
Terms 

All different 
tests 

  
All different 
strains of labor-
atory mice 

Related Terms Test proce-
dures, animal 
testing 

panic, to be afraid, 
to be frightened, 
depression 

Habituation, 
animal welfare 

Laboratory rats, 
mouse strains 

 
2.3. Search Tools 
Institutions, websites or searching machines that could give relevant information about the 

topic and their accessibility are listed in the following table. 
 
Table 2: Tools used for literature research 

Institution/Website/Searching Machine Access 

Google Scholar https://scholar.google.com 

PubMed https://pubmed.ncbi.nlm.nih.gov 

Science Direct https://www.sciencedirect.com 

Nature https://www.nature.com 

Universitätsbibliothek Vetmeduni Vienna https://www.vetmeduni.ac.at/bibliothek/ 

Elektronische Zeitschriftenbibliothek Universi-
tätsbibliothek der Vetmeduni Vienna 

http://ezb.uni-
regensburg.de/?bibid=VMUW 

Scopus https://www.scopus.com/ 

Google https://www.google.com 

 

2.4. Accessed Data 
First, we searched to identify as many used behavioural tests as possible. Therefore, we 
used the key words behavioural tests in mice; behavioural tests; behavioural testing mice; 

mice in research; mice behaviour and laboratory mice. After taking superficial notes of the 
different behavioural tests, we searched the name of the test to get particular and more de-
tailed information about the individual tests. Additionally, a literature search using different 

research tools (Tab. 2) was performed to identify equal or different protocols of behavioural 
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tests used in research. We selected protocols for most recent studies, relevance, number of 

citations and mice used as testing animals. At last, we searched for the terms stress; animal 
welfare; fear; anxiety; stress in mice; stress laboratory mice or stress in connection to the 
particular behavioural test name, for underlining arguments in the discussion regarding the 

severity of the particular tests. 
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3. Behavioural Tests 

Behavioural tests are used to study the behaviour of experimental animals in certain 
situations and under various conditions. This affects, for example, the investigation of the 
neurobiological basis of behaviour, the understanding of different disorders like neurological 

or psychological diseases and whether and how drugs affect and change behaviours in 
animal models of diseases (Irwin 1968, Teegarden 2012). First, the animal’s behaviour is 
quantified. This is a difficult and complex task, but to understand the complexity of 
behavioural diversity and its function, it is necessary to catalogue, describe and quantify 

behaviour. Another important point in the generation of behavioural response is that 
environment and genes are two substantial and interacting regulators of behaviour. This 
includes the relationship between genetics and development, the time of performing the 

testing, the experimenter him- or herself, different characteristics of the animals and the 
experimental setup (Sousa et al. 2006). Depending on the hypothesis to be investigated, 
individual test parameters can be altered during diverse test runs. As these variations might 

include the use of nociceptive impulses, drugs or external stressors, the laboratory mice itself 
or the experimental environment will be affected. As described above, it will result in 
behavioural changes, which are used to obtain information about the underlying brain 
process (Sousa et al. 2006). 
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4. General Health 

The evaluation of general health and physical condition of the animal is important to secure a 
healthy animal and normal behaviour. It always includes particular observation of the animal 
to assess noticeable abnormalities or illnesses that could interfere with the different behav-

ioural tests and therefore create artefacts (Irwin 1968, Sousa et al. 2006). According to Craw-
ley (2000) and Sousa et al. (2006), the following aspects of general health should be as-
sessed prior to behavioural testing.  
 

4.1. Abnormal Spontaneous Behaviour 
Abnormal behaviour is a behaviour that deviates from normal mouse behaviour as it is de-
scribed for example by König (König 2012) or Bayes et al. (Bays et al. 2006, König 2012). 

This includes a wide range of novel behaviours or exaggerated normal behaviour patterns 
regarding intensity or frequency, like bizzare or excessive comportments, stereotypical be-
haviours, compulsive licking, self-destructive biting, head flicking, upright walking, retropul-

sion or spatial disorientation (Hartsock 1982, Irwin 1968, Jensen 2009, Rogers et al. 1997). 
For the evaluation of this abnormal spontaneous behaviour the mouse is placed in an empty 
standard mouse cage or viewing jar, then observed for a particular amount of time and quan-
titated with the help of rating scales and scoresheets (Crawley 2000, Rogers et al. 1997). It 

has to be taken into consideration that genetic variability in behaviour exists within and be-
tween different strains of laboratory mice which, however, only carry a small part of the varia-
tion found in wild mice (König 2012). Today, automated computer-assisted test apparatuses 

are used and video recording is highly recommended (Sousa et al. 2006, Thomas D. Tyler, 
Richard E. Tessel 1979). Depending on the protocol, different stimulant drugs may be used to 
induce stereotypic behaviour. 
 

4.2. Activity Rhythms, Sleep and Home Cage Activity Patterns 
Observation of home cage activity can be done with the help of several 24 h periods of vide-
otaping and scoring the material by observers (Crawley 2000, Fox 2007, Tang et al. 2002). 

Evaluation includes for example activity levels, circadian cycles, exploratory activity, food and 
water intake as well as sleeping patterns (Crawley 2000, Fox 2007, Rogers et al. 1997). Fur-
ther, sleep and wakefulness can be assessed in detail with the help of implanted electroen-

cephalogram electrodes (Tang and Sanford 2002). 
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4.3. Appearance in General 
This assessment includes the appearance of fur, whiskers and skin, the evaluation of self-
grooming and social grooming behaviours, the colouration of ear and footpads as well as the 
body size of the animals (Crawley 2000, Sousa et al. 2006). Furthermore, it should be paid 

attention to signs of infections, wounds or fighting behaviour in the home cage (Sousa et al. 
2006). 
In 2010 a facial expression score for mice was published (Langford et al. 2010) to score faci-
al expression changes for the measurement of pain (Langford et al. 2010, Miller and Leach 

2015) and therefore evaluate the severity of burden in mice. Therefore, an observer scores 
the presence of facial action units, which are facial actions of individual muscles or groups of 
muscles. The intensity of each facial action unit is coded on a three-point scale and includes 

orbital tightening, nose bulge, cheek bulge, ear position and whisker change (Langford et al. 
2010). The observation and evaluation of these units are done live while observing the ani-
mal or retrospectively from still images. However, there might be differences between these 

methods with live scores being significantly lower (Miller and Leach 2015). It has to be seen 
that studies indicate that scores of animals which are not in pain are not stringently zero. Fur-
thermore, there is a significant difference in baseline mouse grimace scale scores between 
males and females and different strains of laboratory mice (Miller and Leach 2015). Addition-

ally, the mouse grimace scale might not be accurate for evaluation in all procedures, since 
very acute noxious stimuli do not change the score in comparison to baseline (Langford et al. 
2010, Miller and Leach 2014). This facial action coding system (FACS) was followed by pub-

lications of similar systems in other species (rat: Sotocinal et al. 2011, horse: Dalla Costa et 
al. 2014, cat: Evangelista et al. 2019, rabbit: Hampshire and Robertson 2015, lamb: 
Guesgen et al. 2016, sheep: Häger et al. 2017, cattle: Gleerup et al. 2015). Even 
semi-automated systems for pain assessment using photos of mouse faces have been de-

veloped (Ernst, Kopaczka, Schulz, Talbot, Struve et al. 2020, Ernst, Kopaczka, Schulz, 
Talbot, Zieglowski et al. 2020). But all this pain assessing systems using only the face of an 
animal neglects other important factors like gait, posture, fur, weight and social interactions 

which are easily detectible in laboratory mice. 
 
4.4. Body and Skin Temperature 
The temperature of the mice is mainly obtained by three different methods. These include the 
use of a rectal thermistor or telemetry via implantable temperature transponders, which are 
located subcutaneous or in the abdominal cavity to measure body core temperature and the 
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use of surface infrared thermometry to measure surface (skin) temperature (Crawley 2000, 

Mei et al. 2018, Meyer et al. 2017, Saegusa and Tabata 2003). Especially the use of a rectal 
thermistor might be stressful (Briese and Cabanac 1991) and can lead to injuries and there-
fore septicemia and death of the animal (Clement 1993). In contrast, telemetry requires an-

aesthesia and surgery for initial implantation, but body temperature can be measured without 
any restrainment (Clement et al. 1989, Meyer et al. 2017). Infrared thermometry is a 
non-invasive method, even though mice might be restrained or kept in a confined space to 
standardise the exposed surface area and measurement conditions (Meyer et al. 2017). 

Near-infrared thermography for measuring wellbeing is mainly used in farm animals since-
mice pose the problem of a very small surface, influence of coloured fur in different strains 
(Fink et al. 2015), and body temperature changes of more than one centigrade between ac-

tive and inactive phases of healthy mice (van Loo et al. 2007). Mice injected peritoneally, 
which corresponds to mild burden according TVG2012, do not show any difference in body 
surface temperature (Gjendal et al. 2018). Such differences as indicator for disturbed wellbe-

ing in mice could only be shown in sedated animals (Pereira et al. 2018, Pereira et al. 2019), 
which is not feasible for phenotyping tests. However, all temperature measurements could be 
done once or repeated several times. 
 

4.5. Body Weight 
Weight of the animals can be obtained by using an animal balance or adapted pan balance. 
The weight could be obtained once or in daily or weekly intervals (Crawley 2000). 

 
4.6. Neurological Reflexes 
Reflexes are important for appropriate behavioural responses, so their evaluation has major 
importance. The testing implies righting reflexes by placing the animal onto its side or back, 

the postural reflex by shaking an empty cage sidewards and up and down to watch the pos-
tural reflexes of the mouse placed in it; eye blink reflex by approaching a cotton swab to-
wards the eye; ear twitch reflex by touching the ear with a cotton swab; and whisker-orienting 

reflex by brushing the whiskers of a free moving mouse, watching its reaction (Crawley 2000, 
Rogers et al. 1997). 
 

4.7. Posture and Gait 
This task implies observation of posture and gait during resting and exploration of the home 
cage or an unknown environment (Crawley 2000, Irwin 1968, Rogers et al. 1997). 
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4.8. Seizures and Vestibular Dysfunction 
Motor abnormalities and seizures are observed, either during the evaluation of general health 
or during motor functional tests. It includes abnormalities like ataxia, immobility, twitching, 
waltzing, reeling, tottering, convulsions, erratic movements and running. These observations 

indicate abnormal electrical discharges, mutations and/or structural defects in brain, spinal 
motor neurons or vestibular structures (Crawley 1999, Crawley 2000, Rogers et al. 1997). 
 
4.9. Sensory Capabilities 
Besides the evaluation of neurological reflexes, the sensory capability is an important point of 
proper behavioural response (Crawley 1999). Pupil constriction and dilatation as a response 
to light indicate visual abilities (Crawley 2000, Rogers et al. 1997). Olfactory tests are real-

ized using strong odours while observing eventually occurrent anosmia (Crawley 2000). An-
other important point is the evaluation of tactile responses on mechanical or thermal stimuli, 
since the somatosensory system is involved in major operations. This includes perception 

and reaction to exogenous and endogenous stimuli as well as perception and control of body 
position and balance (Abraira and Ginty 2013).  
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5. Classification of Behavioural Tests 

The different behavioural tests can be classified into different categories. According to Craw-
ley (2000), the classification could be the following: Motor functions; sensory abilities; learn-
ing and memory; feeding and drinking; reproductive behaviours; social behaviours; emotional 

behaviours including animal models of psychiatric diseases; and reward (Crawley 2000, 
Sousa et al. 2006).  
 
5.1. Motor Function 
Measures of motor function are of high interest, as animals with abnormalities may not be 
able to fulfil some tasks of behavioural tests (Crawley 2000). Furthermore, misinterpretation 
regarding higher brain functions is possible, due to general changes in motor function and 

locomotion (Sousa et al. 2006). The following descriptions include some of the better known 
but still not all existing procedures, since phenotyping laboratories might use their own de-
veloped tests. 

 
5.1.1. Gait Analysis and Locomotor Function 
5.1.1.1. Circling 
Rotational locomotion or circling can be seen in specific mutant mice, in natural mutant mice 

with particular defects regarding structures in the ear, cerebellum or spinal motor neurons, 
might be induced through drugs or could be an indication of unilateral lesions of the nigrostri-
atal dopaminergic pathway (Crawley 2000, Lee et al. 2001). Circling can be observed and 

assessed in the home cage or an open field apparatus, e.g. via video tracking, with photo-
cell-based systems or can be measured with the help of commercially available rotometers 
or rotational behaviour monitoring systems (Antipova et al. 2018, Crawley 2000, Koski et al. 
2020, Lee et al. 2001, Pierce and Kalivas 2007). As animals do not experience stress during 

observation, the test should basically be classified as with “no burden”. If rotational locomo-
tion is induced through drugs or surgery, the observation of rotational behaviour might be 
classified as “mild” or “moderate”. 

 
5.1.1.2. Cylinder Test 
This test is used to evaluate locomotor asymmetry and sensorimotor dysfunction. The mouse 

is placed in a cylinder-shaped glass with an open-top. The contact of the left and right fore-
paws with the cylinder wall during rearing is recorded and assessed (Baskin et al. 2003, 
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Roome and Vanderluit 2015). Since there are basically no stressful aspects in this procedure, 

we suggest categorising the test as with “no burden”. 
  
5.1.1.3. Foot Fault Test 
This test is designed to assess locomotor function (Starkey et al. 2005). The mice are trained 
to cross a raised, horizontally oriented ladder or grid. Paw slipping and step failures are rec-
orded and the latency to cross the ladder is measured. The trial is repeated several times, 
then the average time, as well as the average misplacements, are taken. 

 
Depending on the protocol, different variations of a ladder are used. This includes grids with 
dimensions of 12 x 57 cm with 1.3 x 1.3 cm diameter openings (Qu et al. 2009), 

25.4 x 40.6 cm with 8 x 8 mm diameter openings and a metal wire diameter of 1 mm (Lee et 
al. 2016), 12 mm square wire mesh with dimensions of 32 x 20 cm (Clarkson et al. 2010), 
32 x 20 cm with 12 x 12 mm diameter openings (Li et al. 2015), wire circular grid with diame-

ter of 330 mm and 15 x 15 mm grid squares (Starkey et al. 2005), wire grates with bars of 
2.5 mm in diameter, spaced 1 cm apart (Shelton et al. 2008), a horizontal ladder with the 
rungs spaced 3 cm (Xu et al. 2011) or elevated hexagonal grids of different sizes (Zhang et 
al. 2002). In all these protocols, the walking platforms are elevated, but only in two protocols 

the height of 50 cm is described (Clarkson et al. 2010, Li et al. 2015). Some protocols use an 
electric foot shock for foot faults (Barreto et al. 2010, Xu et al. 2011). The trials are carried 
out for 2 min (Shelton et al. 2008), 3 min (Lee et al. 2016, Starkey et al. 2005) and 5 min 

(Clarkson et al. 2010, Qu et al. 2009). Additional three days of training with three trials per 
day are performed in another protocol (Xu et al. 2011). 
 
Mice have to perform the foot fault test on an elevated ladder or grid. As these animals are 

known to fear heights (Stowers et al. 2017), a stress factor is given. However, we suggest 
that the general category of this test should be at most “mild”. Depending on the chosen 
height, the severity might be different, since a higher elevated apparatus could increase the 

level of stress. As there is just described one used height of 50 cm, an exact classification 
regarding the severity is difficult. Further, the classification has to be seen in relation to the 
openings of the walking surfaces. It has to be taken into consideration that wider openings 

may possibly lead to a higher rate of foot faults and therefore a higher possibility to fall.  Of 
course, precautions should be done to prevent falling or injuries. However, further investiga-
tions need to be done regarding the opening diameter and also the possible impact of the 
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wire or ladder diameter. We suggest that protocols which use a foot shock should be classi-

fied as either with “mild” or “moderate” depending on the intensity of current used. This is 
because an unescapable nociceptive stimulus will cause stress to the animal. Referring to 
the impact of foot shocks, important factors are the current density, frequency, intensity and 

duration of the foot shocks as well as the contact resistance. None of the reviewed protocols 
mentions all of these factors and hence the impact on the animal’s body depends on varia-
tion and combination of the particular aspects, further investigation is required, and calcula-
tion needs to be done. Lastly, the different protocols do not mention any precautionary 

measures in case mice might fall down or if injuries were observed. If tests are performed in 
an unknown environment is left unclear. These findings should be kept in mind considering 
the evaluation of the severity of different test protocols, since it is likely that an unknown envi-

ronment might cause stress as well as falling down without any precautionary measures. 
 
5.1.1.4. Footprint Pattern/CatWalk™ XT 
This test quantifies gait abnormalities and ataxia. The classical footprint pattern test requires 
dipping forepaws and/or hindpaws into two different ink colours or photo developer. Then the 
mouse walks through a dark tunnel covered with white paper. Afterwards, the footprint pat-
tern is analysed by an experimenter (Capoccia et al. 2015, Carter and Shieh 2015, Hamers 

et al. 2006). Nowadays there are different automated video tracked and computer-assisted 
tests apparatuses, for example camera assisted open field tests or the CatWalk™ XT system 
by Noldus (Leroy et al. 2009). 

 
The CatWalk™ XT instrument consists of an enclosed 1.3 m glass walkway, a fluorescent 
lamp which emits light inside the glass plate, a high-speed colour camera, and a recording 
and analysis software to assess the recorded gait of the mice (Batka et al. 2014, Hamers et 

al. 2006, Hetze et al. 2012, Parvathy and Masocha 2013). At the end of the walkway a hiding 
opportunity, e.g. the home cage (Hetze et al. 2012) or a goal box, can be placed, some food 
pellets are placed in there optionally (Caballero-Garrido et al. 2017). The apparatus’ height 

above the floor can be set individually and is described in variations of 100 cm (Batka et al. 
2014) or 150 cm (Caballero-Garrido et al. 2017). The width can be set individually but is only 
described with 7 cm (Batka et al. 2014). The mouse must cross the walkway without interrup-

tion or turning around. Depending on the protocol used, the crossing has to be completed in 
minimum three compliant runs with just one second try, in five compliant runs in 15-20 min 
(Caballero-Garrido et al. 2017) or in three compliant runs in up to maximum 20 overall runs 
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per day (Batka et al. 2014, Hetze et al. 2012). To accomplish an uninterrupted sequence, 

descriptions of training define training in just three trials (Hetze et al. 2012) or in two to seven 
days of training by 25 min of free walking per day (Caballero-Garrido et al. 2017). Training 
can be accompanied by noises (clapping or rubbing the fingers) to motivate the mouse to go 

back into the walkway when they come out of this area (Caballero-Garrido et al. 2017). All 
CatWalk™ XT tests must be done in a dark room. 
In contrast, to assess footprint pattern without the CatWalk™ XT instrument, the mouse must 
be restrained first to cover its paws with non-toxic ink or photo developer (Hamers et al. 

2006). The animal is then allowed to walk along a walkway with a sheet of white paper on the 
floor. The walkway can vary in length and width (Hamers et al. 2006). One protocol is de-
scribed with 50 cm length and 10 cm width, with 10 cm high walls and an enclosed box at its 

end (Capoccia et al. 2015). The test is done in an illuminated room. 
 
The testing with CatWalk™ XT may cause stress and anxiety as it is taking part in an un-

known and open environment, which leads to anxiety behaviour in mice (Bourin et al. 2007). 
This anxiety to a novel environment can be reduced by training trials and therefore familiari-
sation with the apparatus concerning test trials. Proceeding all experiments in a dark envi-
ronment is also reducing stress, as mice normally prefer an environment without light. These 

findings lead to the suggestion of categorising the test as at most “mild“. The different proto-
cols do not describe how animals get back into the starting position if a trial is repeated. If it 
is assumed that mice get put back by hand, the level of stress might increase at first, since 

handling with a hand is known to cause stress (Hurst and West 2010). With the repetition of 
handling during test and training trials, a familiarisation effect occurs and stress decreases. 
In contrast, footprint pattern requires restraint and handling of the individuum, to cover the 
paws with ink or photo developer. As already mentioned, restraint and handling are known to 

cause stress and anxiety (Clarkson et al. 2018, Gouveia and Hurst 2013, 2017, Hurst and 
West 2010, Pawlyk et al. 2008). Lastly, the test is always described to be conducted in an 
illuminated room, which also causes anxiety as mice prefer dark environment. We suggest 

that the classical footprint pattern assessment should be classified at most as “mild”. 
 
5.1.1.5. Rotometer 
This test apparatus measures rotational locomotion clockwise and counterclockwise as basi-
cally mentioned in 5.1.1.1. The apparatus consists of a transparent bowl-shaped testing area 
and a transducer. The mouse is then wearing a collar or body harness, which is connected to 



16 
 

 
 

the transducer. When the animal is placed into the apparatus, rotations are measured (Pierce 

and Kalivas 2007). Since animals might experience stress due to the wearing of a body har-
ness or collar, we suggest categorising this test as “mild”. 
 

5.1.1.6. Treadmill Test 
Different automatic treadmill systems are used to analyse gait of which the most common 
one is the DigiGait™ Imaging System. The test animal moves on a motorised transparent 
treadmill belt with different walking speeds. The mice’s walk is recorded from ventral by a 

video camera below the treadmill belt. The system automatically vectorizes and pixelates the 
ventral view and further creates diagrams representing the different parameters of the ani-
mal’s walk (Dorman et al. 2014, O. H. Maghsoudi et al. 2015). Some protocols use a shock 

grid at the end of the lane, to provoke an aversive stimulus (Castro and Kuang 2017, Schefer 
and Talan 1996). Other protocols use trials until total exhaustion of the mice (Castro and 
Kuang 2017). Under these circumstances we suggest categorising this test as either “mild”, 

“moderate” or “severe”, depending on the intensity of current used and if the endpoint is the 
exhaustion of the mouse. Otherwise we suggest classifying the test as with “no burden”. 
 
5.1.2. Locomotor Activity and Exploratory Behaviour 
5.1.2.1. Circadian Wheel Running 
To assess the circadian locomotor activity, mice are kept individually in cages equipped with 
running wheels connected to a device, recording the number of revolutions and speed. The 

running activity is measured during several days or weeks and different protocols of light/dark 
circles can be used (Carter and Shieh 2015, Crawley 2000). Additionally, the effects of differ-
ent drugs, environmental conditions, diets or genetic conditions can be assessed during vol-
untary wheel running (Sherwin 1998). Since circadian wheel running is voluntary, we suggest 

categorising the test with “no burden”. 
 
5.1.2.2. Hole Poke Exploratory Test 
This test is used to measure the locomotor activity. The apparatus is a box with holes along 
the walls and/or floor. As mice tend to poke their noses into these holes, Photocell beams 
measure the head-dipping over a defined period (Crawley 2000). Depending on the used 

system other parameters could be analysed as well. 
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The procedure is performed in different types of apparatus. Therefore are described an au-

tomatic hole-board apparatus (model ST-1, Muromachi Kikai, Japan), which consists of a 
grey wooden box (Takeda et al. 1998), a box (Arenas et al. 2014), a four mouse 9-hole 
chambers (CeNeS, Cambridge, UK) (Trueman et al. 2005) and a 2.2 cm thick board. These 

apparatus are made up of different materials like grey wood with walls of Plexiglas (Arenas et 
al. 2014), stainless steel with a roof of Perspex and walls of Plexiglas (Trueman et al. 2005), 
completely consist of wood (Lalonde 1987), Plexiglas (Flores-Montoya and Sobin 2015) or 
Perspex grey panels. The various measurements are 50 x 50 x 50 cm (Takeda et al. 1998), 

28 x 28 x 20.5 cm (Arenas et al. 2014), 14 x 13.5 x 12.6 cm (Trueman et al. 2005), 
70 x 70 cm with 34 cm height of the walls (Lalonde 1987), 50 x 50 cm (Liu et al. 2017), 
40 x 40 cm or 40.64 x 40.64 x 40.64 cm (Flores-Montoya and Sobin 2015). The protocols 

also differ in number and diameter of holes. That is why there are described four holes with a 
diameter of 3 cm (Takeda et al. 1998), 16 holes with a diameter of 3 cm (Arenas et al. 2014), 
nine horizontally placed holes with a 1.1 cm diameter (Trueman et al. 2005), 16 holes without 

mentioned diameter but 2 cm deepness (Lalonde 1987), an elevated plastic floor with 16 
holes (Liu et al. 2017) and 16 holes with a 2.54 cm diameter (Flores-Montoya and Sobin 
2015). Further, variations of trial durations are presented as the following: 3 min (Flores-
Montoya and Sobin 2015), 5 min (Takeda et al. 1998), 10 min (Liu et al. 2017), 5 min with 

repetition one week later (Labots et al. 2018), trials of 4 min in three consecutive days with 
two days exploring the apparatus during 10 min in groups of five or six (Lalonde 1987). Also, 
a protocol with training a serial choice visual discrimination task with trials of 30 min in 23 

consecutive days with four days of pretraining procedure is described (Trueman et al. 2005). 
The apparatus, which is described as a platform, can be positioned 7-18 cm above table lev-
el, as it is supported by two brackets. The trials are performed between 10:00-14:00 h 
(Arenas et al. 2014, Labots et al. 2018) or 08:00-13:00 h (Liu et al. 2017) as described in two 

protocols. Some protocols mention different reward methods, like offering non-diluted straw-
berry milk in case of responding right (Trueman et al. 2005). 
 

The hole poke exploratory test takes place in an unknown environment, which is known to 
cause stress (Bourin et al. 2007, Prut and Belzung 2003, Wilson and Mogil 2001), but can be 
reduced by familiarisation with the help of training trials. As there is no further impact on the 

animals, we suggest that the test might be categorised at most as “mild”. It is probable less 
stressful if the apparatus is made of non-transparent materials, like wood or stainless steel, 
as mice prefer an enclosed, dark and small space (Crawley 1999). If more holes are used in 
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the apparatus, the increasing new impressions could have an impact on the animal’s stress 

level, since they have to investigate more holes. Contrary, the impact could also be in a posi-
tive way, as more holes could be a contrast to home cage housing and stimulate natural curi-
osity. Further, studies about the trial length should be done, as they might show how a longer 

trial length influences the animal’s welfare or at which point a familiarisation effect occurs. 
Studies show that a repeated open field test does not make any difference in stress level for 
mice (Bodden et al. 2018), therefore repetition of the hole poke exploratory test will not in-
crease the animal’s burden in this test. It could be possible that exploring the unknown envi-

ronment in groups during the pretraining procedure, as described in (Lalonde 1987), reduces 
stress, but further studies need to be done to evaluate this hypothesis. In addition, investiga-
tions might be useful to evaluate if rewarding reduces animal’s stress, since they seem to 

have positive experiences if rewards are used (Spangenberg and Wichman 2018). 
 
5.1.2.3. Open Field Test 
The open field test is used to measure fear-related behaviours or to describe and quantita-
tively evaluate the spontaneous activity, exploratory behaviour and locomotion of rodents as 
described in the following. An open field arena without any hiding opportunity is used. 
Shapes and sizes of the apparatus vary throughout protocols and laboratories. Different lo-

comotor parameters can be measured within different time ranges with the help of photocell 
beams or video tracking systems (Crawley 2000). 
 

The examined protocols use different open field arenas. Described are circular (Fahlstrom et 
al. 2011) and square (Bodden et al. 2018, Flores-Montoya and Sobin 2015, Liu et al. 2017)  
shaped arenas with sizes of 50 cm diameter with 30 cm walls (Fahlstrom et al. 2011), 
80 x 80 x 42 cm (Bodden et al. 2018), 40.64 x 40.64 x 40.64 cm (Flores-Montoya and Sobin 

2015) 45 x 45 cm (Lijam et al. 1997), automated activity monitor system (Versamax, Accus-
can, Columbus, OH) with a 50 x 50 cm test chamber (Liu et al. 2017). Exploring times are 
described with 180 s (Fahlstrom et al. 2011), 5 min (Flores-Montoya and Sobin 2015, Liu et 

al. 2017), 15 min (Bodden et al. 2018) or 60 min (Lijam et al. 1997). As described in some 
protocols, the test trials are also repeated two times (Grailhe et al. 1999) or three times 
(Bodden et al. 2018). Illumination is described with 40 lx (Bodden et al. 2018, Liu et al. 2017). 

One protocol describes a time of 1 min during which the animal is placed in a cylinder (11 cm 
diameter and 20 cm height) in one corner of the open field arena at the beginning of the trial, 
until the cylinder is lifted (Bodden et al. 2018).  
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The open field test uses the aversive stimuli of an unknown, wide open environment without 

any hiding opportunity and sometimes bright illumination, which are known to cause anxiety 
in mice (Bourin et al. 2007, Prut and Belzung 2003, Wilson and Mogil 2001). As there are no 
physical exhaustion or further manipulation on the animals, we suggest classifying the test at 

most as either with “no burden” or “mild”, depending on the protocol’s details. A circular open 
field area has no hiding opportunity in contrast to a square shaped area, where corners could 
possibly give minimum protection. Indeed, the exact impact of the area’s shape on the ani-
mal’s stress level is unclear and needs to be investigated in further studies. Trial time might 

have an impact on the mice’s welfare, since longer trial times could potentially lead to famil-
iarisation and habituation. Since this might decrease the animal’s stress level, it also has got 
an impact on the outcome of the procedures. However, it is unclear if habituation is possible 

within one trial or what trial length would be required to reduce stress and anxiety significant-
ly. Studies indicate that repeated open field testing has no negative impact on animal’s wel-
fare (Bodden et al. 2018). 

 
5.1.3. Motor Coordination and Balance 
5.1.3.1. Basket Test 
This test is used to evaluate sensorimotor deficits and motor coordination. The mouse is 

placed in a grid basket, which then is inverted. The time until the animal reaches its home 
cage by climbing down the mesh walls is measured (Stanford Medicine Behavioral and 
Functional Neuroscience Laboratory 2020). As there are no stressful aspects in this proce-

dure, the test should be classified as with “no burden”. 
 
5.1.3.2. Beam Walking Test/Balance Beam Test 
This test assesses motor coordination and balance (Shelton et al. 2008). While the mouse 

crosses a horizontal, narrow beam to get into a safe box or a platform, time and missteps are 
measured. 
 

The balance beam test is described in different variations. The mouse must cross the beam 
to get into a safe environment, which consists of its home cage, a black box (Almond et al. 
2006, Luong et al. 2011, Shelton et al. 2008, Stanley et al. 2005), an enclosed platform (Fan 

et al. 2010) or just a wider platform. In some cases, the starting point is illuminated brightly to 
cause an aversive stimulus (Luong et al. 2011, Roemers et al. 2018, Shelton et al. 2008). 
Respective the beam itself lengths of 60 cm (Almond et al. 2006, Stanley et al. 2005), 75 cm 
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(Shelton et al. 2008) or 100 cm (Guilford et al. 2011, Luong et al. 2011) are described, as well 

as a trainings trial beam of 80 cm (Stanley et al. 2005). Normally it is installed horizontally in 
heights of 20 cm (Almond et al. 2006), 30 cm (Stanley et al. 2005), 50 cm (Luong et al. 2011, 
Roemers et al. 2018) or 60 cm (Deacon 2013), but a variation of a 30° angled beam is de-

scribed as well (Roemers et al. 2018). The shape varies between wooden round (Almond et 
al. 2006, Roemers et al. 2018), square (Roemers et al. 2018) and flat shaped (Luong et al. 
2011) beams. Diameters of 5 mm, 6 mm (Roemers et al. 2018), 7 mm, 8 mm (Almond et al. 
2006, Stanley et al. 2005), 9 mm (Deacon 2013), 12 mm (Guilford et al. 2011), 15 mm, 

22 mm, 28 mm and 35 mm (Deacon 2013) are described. The widths of square and flat 
beams are described with 4 mm (Roemers et al. 2018), 6 mm (Luong et al. 2011), 12 mm 
(Luong et al. 2011) and 30 mm (Stanley et al. 2005). In some of the experiments is described 

that a padded surface (Roemers et al. 2018) or a hammock (Luong et al. 2011) is placed 
under the beam, to counter injuries, but many experiments do not mention any security for 
the mice. In some protocols the mouse that fell is positioned again on the beam, to proceed 

with the trial (Roemers et al. 2018, Stanley et al. 2005). Trainings trials , single trials as well 
as trials that are repeated three times are described (Guilford et al. 2011, Roemers et al. 
2018). One protocol describes various trials using different diameters of rods, ending the test, 
when the mouse is not able to cross the chosen beam diameter anymore (Deacon 2013). 

The maximum time of the trials are 60 s (Almond et al. 2006, Stanley et al. 2005) or 120 s 
(Deacon 2013, Shelton et al. 2008), with resting times of 15 s, 30 s (Roemers et al. 2018), 
90 s or a few seconds between the trials and 10 min of resting time between the use of dif-

ferent shaped beams. If the mouse does not move forwards, pushing, poking or prodding by 
the experimenter are described, to make the animal proceed walking forwards.   
 
Mice have to perform the foot fault test on an elevated beam. As these animals are known to 

fear heights (Stowers et al. 2017) a stress factor is given. Further, the test takes place in an 
open spaced environment with a bright light at the beginning of the beam, which causes 
stress and anxiety in mice (Bourin et al. 2007, Prut and Belzung 2003, Wilson and Mogil 

2001). Because of these findings, we suggest categorising the test at most as “mild”. It 
should be taken into consideration that the burden might increase if test protocols do not use 
any precautionary measures, like a padded surface or a hammock, since injuries may proba-

bly occur by falling, depending on the height of the beam. However, a protocol without any 
precautions is not recommended at all. It is likely, that walking a longer beam or walking the 
beam during a longer trial time is more tiring, so the burden possibly increases with the 
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length of the used beam and an increase of the trial time. Referring to the beam’s shape and 

diameter a flat shaped beam possibly has a positive impact on the mice welfare, since mice 
probably have a better grip on flat beams. This is why the diameter plays a role as well, as it 
might be more difficult to hold on a smaller diameter. Obviously, all these findings need to be 

investigated particularly in additional studies. 
 
5.1.3.3. Rotarod Test 
This test measures motor coordination and balance of the tested animals. The mouse is 

placed onto a rotating roll that gradually increases its speed, so the animal has to move for-
ward continuously. The time the animal can keep running on the roll until it falls off is meas-
ured (Crawley 2000, Deacon 2013, Dunham and Miya 1957). 

 
High variability of testing apparatus is given, since there is a great number of manufactures 
of behavioural testing apparatus. Described are a Smartrod Apparatus (Accusan Instru-

ments, Columbus, OH), which is a single stand-alone unit (Heyser et al. 2013), a stand-alone 
unit (Med Associates, Inc., St. Albans, VT, USA) (Flores-Montoya and Sobin 2015, Scholz et 
al. 2015), a MK-660D (Muromachi-Kikai, Tokyo, Japan) (Shiotsuki et al. 2010), an accelerat-
ing rotarod (Deacon 2013) by SD Instruments, San Diego, CA (Xu et al. 2011), Type Ugo 

Basile 7650 (Costa et al. 2001) or Ugo Basile 7600 (Comerio, Italy) (Stanley et al. 2005), at 
the very beginning of behavioural testing a rolling roller apparatus (Dunham and Miya 1957) 
and the AccuRotor Rota Rod model RRF/SP (Accusan Instruments, Inc., Colombus, OH) 

(Bohlen et al. 2009). Heights measure 16.5 cm (Flores-Montoya and Sobin 2015, Scholz et 
al. 2015), 30 cm (Deacon 2013), 38 cm (Dunham and Miya 1957) and 63 cm (Heyser et al. 
2013). As some of the apparatus are not available anymore, height measurements are unre-
producible if not mentioned in the protocol. The diameters of the rods are described with 

2.75 cm (Xu et al. 2011), 3 cm (Deacon 2013), 3.2 cm (Flores-Montoya and Sobin 2015, 
Scholz et al. 2015), 3.5 cm (Dunham and Miya 1957), 4 cm (Stanley et al. 2005), 6.3 cm 
(Heyser et al. 2013) or 9 cm (Shiotsuki et al. 2010). The different rods consist of knurled plas-

tic dowels (Heyser et al. 2013), hard chloroethylene which does not permit gripping on the 
surface (Shiotsuki et al. 2010), a roller for a window shade (Dunham and Miya 1957) or a 
surface knurled in a series of parallel ridges along the longitudinal axis, which provides a 

good grip (Deacon 2013). Some protocols also describe the lane width with 5.7 cm (Flores-
Montoya and Sobin 2015) and 122 cm divided into equal compartments with the help of cir-
cular cardboard discs (Dunham and Miya 1957). Accelerating speed varies between 5 rpm 
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(Dunham and Miya 1957), 3.5 rpm to 35 rpm in 300 s (Flores-Montoya and Sobin 2015), 

4 rpm to 40 rpm in 300 s (Costa et al. 2001, 2001, Scholz et al. 2015), 4 rpm to 20 rpm with a 
maximum speed of 40 rpm (Deacon 2013), 5 rpm to 10 rpm in 300 s (Xu et al. 2011), 20 rpm 
in 300 s with a maximum speed of 99.9 rpm (Bohlen et al. 2009) or no acceleration but a 

constant speed at 16 rpm (Stanley et al. 2005). The reviewed protocols describe different 
procedures which include a trial at a constant speed of 16 rpm in three consecutive trials with 
maximum 120 s and another trial after drug administration (Stanley et al. 2005), four trials of 
300 s with a pause of 3 min (Flores-Montoya and Sobin 2015), a pretraining of nine days with 

increasing rotation speed from 5 rpm to 10 rpm over 5 min with a maximal duration of 300 s, 
after that three trials per day on two days and further 1-4 weeks after surgery (Xu et al. 
2011), a trial with habituation time of 3 min, then a habituation time of 1 min every day before 

the trial. The trials have an acceleration of 10 rpm and mice are placed back on the rotarod 
immediately after they fall down, up to five times. The trials are performed once per day in 
four consecutive days (Shiotsuki et al. 2010). Four mice are tested simultaneously on the 

rotarod ten times a day, four days in a row (Scholz et al. 2015). 
 
Animals have to perform the rotarod test on an elevated rod. As these animals are known to 
fear heights (Stowers et al. 2017) a stress factor is given. Further, the test takes place in an 

open spaced environment, which causes stress and anxiety in mice (Bourin et al. 2007, Prut 
and Belzung 2003, Wilson and Mogil 2001). However, we suggest categorising the test as at 
most “mild”. Depending on the height used the burden might differ. Test protocols without any 

precautionary measures, like a padded surface or a hammock, might have a higher burden, 
as injuries may probably be caused by falling down according to the hight used. However, a 
protocol without any precautions is not recommended at all. Besides, a longer trial time, as 
well as the amount of trial repetition, might possibly be more tiring for the animals. That is 

why the burden possibly increases in correlation with trial length and number of trial repeti-
tions. Further, the accelerating speed may also have influence, since a faster acceleration 
time to maximum speed may likely cause the animal to fall easier. The burden might there-

fore be changing with the maximum speed used during the procedure. A bigger diameter of 
the rod might eventually decrease stress because animals have a bigger surface for walking 
and better grip on the rod. Clearly, these findings could be investigated particularly in addi-

tional studies for specific evaluation and impact on the animal’s welfare.  
 
 



23 
 

 
 

5.1.3.4. Staircase Test 
This test evaluates motor-fine coordination. The apparatus consists of a start chamber, a 
transparent narrow corridor, in which the animal cannot turn around. A plinth is located cen-
trally in the corridor and surrounded by a staircase with eight steps on both sides. Food pel-

lets can be placed into a small deepening in the staircase. The mouse climbs on the plinth 
and has space to reach the reward on each stair, on the left side with the left paw and on the 
right side with the right paw. The number of rewards taken without error is counted and eval-
uated in combination with the difficulty (lowest step: easy, highest step: very difficult) (Baird et 

al. 2001). As this procedure is performed voluntarily by the animal, the test should be classi-
fied as with “no burden”. However, if animals are food deprivated the severity might change. 
 

5.1.3.5. Vertical Pole Test 
This test measures motor coordination and balance of the animal. The mouse is placed in the 
centre of a pole which is held horizontally. Depending on the protocol length and diameter of 

the pole could vary. First, the pole is held horizontally and then slowly inclined up to a 45° 
position. The animal may walk up or down the pole, to not fall off. Latency time and angle 
until the mouse falls off the pole are measured (Carter and Shieh 2015, Crawley 2000). As 
there are no physical exhaustion or further manipulation on the animals, we suggest classify-

ing the test at most as “mild”. 
 
5.1.4. Muscular Strength 
5.1.4.1. Grip Strength  
This test is used to determine muscle strength. The mouse clings its front paws, hind paws or 
all paws on a commercially available force meter. Then the animal is held by the tail and 
slowly and carefully pulled back until the grasp is broken and the animal leaves the grid. The 

experiment is repeated a set number of times after a recovery break and the highest value is 
recorded (Boissier and Simon 1960, Luca 2008). 
 

The grip strength test is normally used to measure forelimb strength, but variations are de-
scribed measuring all four limb or just hind limb strength. The different apparatuses are 
equipped with different shaped grasps, described as t-shaped metal bars (Model 47200, 

Ugo-Basile, Varese, Italy) (Montilla-Garcia et al. 2017), rings (Cabe et al. 1978), grids (Co-
lumbus instruments) (Roemers et al. 2018), wire bars with 1 mm of diameter and 3 cm grip-
ing surface using the Mark-10 digital force gauge (model M3-025; Mark-10 Corporation) 
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(Alamri et al. 2018), spring weigh scales (Fisher Scientific, Tustin, CA) with an attached tra-

peze-shaped bar (Almond et al. 2006), brass triangles (Chatillon Model, Greensboro, NC) 
(Nevins et al. 1993) or metallic wires (Boissier and Simon 1960). In most cases, the mouse is 
lifted by the base of its tail (Nevins et al. 1993, Alamri et al. 2018, Montilla-Garcia et al. 2017, 

Roemers et al. 2018) and held towards the apparatus, so it can grasp the handle. In one ex-
periment it is described that the mouse is lifted about midway along the length of the tail and 
the body weight is supported by the other hand (Cabe et al. 1978).  Then the mouse is gently 
pulled away horizontally from the apparatus (Cabe et al. 1978, Montilla-Garcia et al. 2017, 

Nevins et al. 1993, Roemers et al. 2018) until the grip is lost. Variations, pulling the mouse 
vertically up (Alamri et al. 2018) or down (Almond et al. 2006), are described. A different vari-
ation describes the testing of just one forepaw at the time, by covering the other paw with 

tape, so it cannot be used by the mouse (Alamri et al. 2018). Another is describing the testing 
of hind paw strength, where the animals first have to grasp a wire mesh with their forepaws, 
then grasping the grip strength apparatus with their hind paws (Montilla-Garcia et al. 2017). 

Releasing the mouse to hang on a thin thread or metallic wire with its forepaws, at about 
30 cm height, so it will catch the wire with its hind paws to climb up, is another variation of 
the grip strength test (Boissier and Simon 1960). Repetition of the test is described from 
three times forelimb (Almond et al. 2006, Cabe et al. 1978, Nevins et al. 1993), three times 

forelimb and three times four limb (Sheth et al. 2018), four times forelimb and four times four 
limb test (Roemers et al. 2018), five times (Alamri et al. 2018), six times (Montilla-Garcia et 
al. 2017) and in one case 15 times. In between the trials no resting time, a few seconds 

(Alamri et al. 2018), 60 s (Roemers et al. 2018) or 3 min (Nevins et al. 1993) of resting time 
are described. 
 
The animal is pulled horizontally or vertically up or down and a variable number of trial repeti-

tions is conducted. As mice possibly experience stress due to handling but no further fear or 
pain during this test, we suggest categorising it as either with “no burden” or “mild”. A higher 
number of repetitions may cause exhaustion and therefore increase the burden. However, a 

longer inter trial time could probably have a positive impact on stress and exhaustion, be-
cause animals have some time for physical recovery. It is necessary to note that further in-
vestigations about the impact of trial repetition and inter trial time on exhaustion of muscle 

strength in animals are required. Additionally, it should be taken into consideration, that test-
ing just one paw at a time is likely to be more exhausting. Lastly, the process of taping the 
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unused paw may cause even more stress, as additional restrainment might be required 

(Clarkson et al. 2018, Gouveia and Hurst 2013, 2017). 
 
5.1.4.2. Wire Hang Test 
The test detects neuromuscular abnormalities measuring balance, grip strength and the pre-
hensile reflex (Carter and Shieh 2015, Crawley 2000, Shukitt–Hale et al. 1999). The mouse 
is placed on a grid, the grid is shaken to make the animal grab the grid and then turned over 
and hung upside down (Carter and Shieh 2015, Crawley 2000). When placing the mouse on 

a wire, it is placed in a hanging position directly. The latency time until the animal falls is 
measured (Carter and Shieh 2015, Crawley 2000).  
 

The different protocols describe various types of hanging wire apparatus. One with a grid of 
12 x 12 cm with 7.5 cm high walls (Sterniczuk et al. 2010), one with a grid of 18 x 18 cm, a 
diameter of 1 mm, spaced 1 cm apart (Lijam et al. 1997), a wire of 2 mm diameter (Shukitt–

Hale et al. 1999), a wire grid with 2 mm diameter, surrounded by a small wooden frame 
(Roemers et al. 2018), a horizontal wire with diameter of 1.5 mm (Gerlai et al. 2000), a 
standard linear wire hang apparatus consisting of a plastic box measuring 55 x 40 x 35 cm 
with a wire diameter of 2.5 mm (Hoffman and Winder 2016), a modified wire hanging appa-

ratus with a wire of 2.5 mm in diameter arranged circularly with a diameter of 32 cm, sus-
pended on a pulley in a plastic box of 55 x 40 x 35 cm (Hoffman and Winder 2016), a 55 cm 
wide metallic wire with a diameter of 2 mm (either a plain wire or a multi-stranded twisted 

wire, possibly plastic-coated) secured to two vertical stands (Aartsma-Rus and van Putten 
2014, van Putten 2011), a wire lid of a conventional housing cage (Oliván et al.), a metal 
cloth hanger with 2 mm of diameter taped to a shelf (Aartsma-Rus and van Putten 2014) or 
last a handmade square or the lid of a big cage for a rat or rabbit (Aartsma-Rus and van Put-

ten 2014). The height described variated between 20 cm (Gerlai et al. 2000), 25 cm (Aarts-
ma-Rus and van Putten 2014), 35 cm (van Putten 2011), 37 cm (Aartsma-Rus and van Put-
ten 2014), 50 cm (Roemers et al. 2018) and 62 cm (Shukitt–Hale et al. 1999). There are pro-

tocols which describe a padded surface underneath the wire or grid to avoid injuries in case 
of falling (Aartsma-Rus and van Putten 2014, Roemers et al. 2018, van Putten 2011) and 
some protocols which mention a hard surface (Gerlai et al. 2000, Shukitt–Hale et al. 1999). 

Further, the different proceedings test forelimbs (Shukitt–Hale et al. 1999, van Putten 2011) 
and fourlimbs (Aartsma-Rus and van Putten 2014, Hoffman and Winder 2016, Lijam et al. 
1997, Oliván et al., Roemers et al. 2018, Sterniczuk et al. 2010, van Putten 2011). The trial 
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time variates between 60 s (Lijam et al. 1997), 180 s (Hoffman and Winder 2016, Oliván et 

al., van Putten 2011) 5 min (Gerlai et al. 2000), 10 min (Aartsma-Rus and van Putten 2014, 
van Putten 2011), 20 min (Roemers et al. 2018) or no limit (Hoffman and Winder 2016). Trials 
are performed once (Lijam et al. 1997, van Putten 2011) or three times (Hoffman and Winder 

2016, Oliván et al., Sterniczuk et al. 2010, van Putten 2011). The animal is put on the wire 
again once (Gerlai et al. 2000, Roemers et al. 2018) up to two times (Aartsma-Rus and van 
Putten 2014) or until the trial time is reached if the mouse falls down or reaches the end of 
the wire (Hoffman and Winder 2016). Resting time between trials are described with 30 s 

(Hoffman and Winder 2016) or 5 min (Sterniczuk et al. 2010). Mice were either handled by 
their tail (Aartsma-Rus and van Putten 2014, Gerlai et al. 2000, van Putten 2011) or via a 
non-aversive method like described by Hurst and West (2010) (Hoffman and Winder 2016). 

 
We suggest that the wire hang test should be classified at most as “mild”. Furthermore, the 
test is performed on an elevated wire or lifted wiremesh and hence data suggests that these 

animals fear heights (Stowers et al. 2017), another stress factor is given. As already de-
scribed in previous tests the burden might change depending on the height used. Although 
observations indicate that falling off 20 cm height on a hard surface does not lead to any 
physical injuries (Gerlai et al. 2000), a protocol without any precautions is not recommended 

at all and should therefore be classified with higher severity. In addition, a longer trial time, as 
well as the number of trial repetitions, might possibly be more stressful for the animals as 
they probably could be exhausted. That is why burdens possibly increase in correlation with 

trial length and number of trial repetitions. Additionally, a longer inter trial time might have a 
positive impact on stress and exhaustion because animals have time for physical recovery. 
Further investigations about the impact of trial repetition and inter trial time on exhaustion of 
muscle strength in animals are required. It is likely that there are differences between proto-

cols where the animal uses its forelimbs and protocols where it uses all four limbs because 
using all limbs might be easier and therefore less stressful. Further, there might be a differ-
ence in animals that can climb onto and then balance upon the wire without being constantly 

in an upside down position, as this position could lead to faster exhaustion. 
 
5.2. Sensory Abilities 
Sensory capabilities are important for proper behavioural responses, as already mentioned in 
4.9. abnormalities may indicate mutations in the affected corporal area.  In the following, dif-
ferent tests are described to evaluate the animal’s sensory abilities. 
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5.2.1. Olfactory Acuity and Olfactory Discrimination 
Simple tests are used to evaluate olfactory acuity. This might be through a hidden, good 
smelling object measuring the time until the mouse locates the object. Another possibility is 
to quantitate the time the animal spends sniffing an attractive, unknown odour distributed on 

the cage. The time sniffing a neutral odour, for example a drop of water, is used as control  
(Yang and Crawley 2009). The olfactory discrimination test for the evaluation of olfactory acu-
ity is described in the following. 
 

In this test, the mouse must choose between two odours to obtain a food reward. The appa-
ratus can be shaped in different ways, but basically distinct odours are delivered by an air 
flush and the animal has to differentiate between the odours for being rewarded (Crawley 

2000). However, varying protocols are described. 
 
There are different types of olfactory discrimination protocols. In the reviewed ones the test 

takes place in the animals’ home cage (Enwere et al. 2004, Huang et al. 2019, Siopi et al. 
2016, Tillerson et al. 2006), a computer controlled olfactometer (Siopi et al. 2016), a Y-maze 
(Bowers and Alexander 1967) a go/no-go box (Kunkhyen et al. 2018) or computer assisted 
two hole board apparatus (Mandairon et al. 2006). Different odours and odorant mixtures 

with different compounds are used. This includes cinnamon (Bowers and Alexander 1967, 
Tillerson et al. 2006), paprika (Tillerson et al. 2006), amyl-acetate, peppermint (Kunkhyen et 
al. 2018) isoamyl-acetate, N-butanol, carvone enantiomeres (Siopi et al. 2016), oil of juniper 

(Bowers and Alexander 1967), odours of different male and female mice in form of bedding 
or urine (Bowers and Alexander 1967, Kunkhyen et al. 2018, Tillerson et al. 2006), coconut 
extract, almond extract (Enwere et al. 2004), limonene (Huang et al. 2019, Mandairon et al. 
2006), propionic acid (Mandairon et al. 2006), 2-heptanol (Huang et al. 2019), which are di-

luted in water (Enwere et al. 2004, Kunkhyen et al. 2018, Siopi et al. 2016, Tillerson et al. 
2006), denatonium benzoate (Enwere et al. 2004) or mineral oil (Huang et al. 2019, Siopi et 
al. 2016). These odours are presented on a glass plate, wooden blocks (Tillerson et al. 

2006), through the odour port of a flow olfactometer (Bowers and Alexander 1967, Kunkhyen 
et al. 2018, Siopi et al. 2016), in a culture dish (Enwere et al. 2004), glass plates with filter 
papers (Huang et al. 2019) or on a polypropylene swab (Mandairon et al. 2006). The proto-

cols describe six sessions of four trials per day, five trials (Mandairon et al. 2006), six trials 
(Enwere et al. 2004, Huang et al. 2019, Tillerson et al. 2006), eight blocks á 20 trials per day 
(Siopi et al. 2016), 20 trials per day with a maximum of 140 trials in total if no learning was 
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documented (Bowers and Alexander 1967), 100 trials per day in four consecutive days 

(Kunkhyen et al. 2018). Trial time is described with 2 min (Enwere et al. 2004, Tillerson et al. 
2006) or 3 min (Mandairon et al. 2006, Tillerson et al. 2006), The inter trial time varies be-
tween 30 s (Enwere et al. 2004) and 15 min (Mandairon et al. 2006, Tillerson et al. 2006). 

Most protocols work with training and habituation trials (Enwere et al. 2004, Huang et al. 
2019, Kunkhyen et al. 2018, Mandairon et al. 2006, Siopi et al. 2016, Tillerson et al. 2006). 
Also, some protocols use food or water deprivation either during training sessions or during 
trials (Bowers and Alexander 1967, Enwere et al. 2004, Siopi et al. 2016) while others use a 

reward (Mandairon et al. 2006). 
 
The olfactory discrimination test itself has no negative impact on the animals, which is why it 

could be categorised as either with “no burden” or “mild” depending on the following protocol 
details. Although compounds like amyl-acetate, isoamyl-acetate, n-butanol, propionic acid, 2-
heptanol, denatonium benzoate or mineral oil are naturally occurring compounds, they could 

be, depending on the concentration, noxious (Institut für Arbeitsschutz der Deutschen 
Gesetzlichen Unfallversicherung 04.09.2020, Sabbath et al. 2014). Increased exposure to 
these compounds might possibly induce a hazardousness to the mice. Another major factor 
is deprivation of food and/or water, as data suggests that both have a high negative impact 

on the animals, which is why it can lead down to malformation in pregnant mice (Kalter 1954, 
Rogoyski 1966, Rosenzweig and Blaustein 1970, Runner, M. N., Miller J. R. 1956). However, 
there might be a positive impact on mice if rewards are used (Spangenberg and Wichman 

2018). 
 
5.2.2. Visual Acuity 
Visual acuity might be evaluated with the help of simple reflex responses which have been 

mentioned in 4.1.6. and 4.1.8. Additionally, the following tests are used for further evaluation. 
 
5.2.2.1. Light-Dark Test 
This test evaluates two main parameters. One is the ability to distinguish light from dark, the 
other is evaluation of anxiety. The apparatus consists of a bigger open and light area and a 
smaller covered and dark area, which are connected with an opening in between the two 

compartments. It is based on the fact that mice naturally avoid bright areas without coverage 
and therefore prefer to stay in covered, darker areas (Bourin and Hascoet 2003, Crawley and 
Goodwin 1980). 
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The different apparatus are described as rectangular boxes with different measurements of 
46 x 27 x 30 cm (Hascoet and Bourin 1998), 42 x 21 x 25 cm (Serchov et al. 2016), 
45 x 27 x 27 cm (Heredia et al. 2014, Martin and Brown 2010), 46 x 20 x 30 cm (Colla et al. 

2015), 56 x 33 x 30 cm (Ardayfio and Kim 2006), 40 x 42 x 26 cm (Gapp et al. 2014) and 
48 x 24 x 24 cm (Paiva et al. 2010). In one case an open field area of 30 x 30 x 20 cm was 
used (Kulesskaya and Voikar 2014). The apparatus is divided into a larger light compartment 
and a smaller dark compartment in all reviewed papers except one which divides the open 

field area into two equal areas (Kulesskaya and Voikar 2014). The light compartment is 
painted white (Hascoet and Bourin 1998, Heredia et al. 2014), the floor, walls and lid are 
made out of clear Plexiglas (Martin and Brown 2010), out of white Plexiglas (Paiva et al. 

2010) or white plastic (Gapp et al. 2014). The light compartment is described with measures 
of 27 x 27 cm (Hascoet and Bourin 1998, Martin and Brown 2010), 2/3 of the whole appa-
ratus (Ardayfio and Kim 2006, Colla et al. 2015, Gapp et al. 2014, Heredia et al. 2014, Ser-

chov et al. 2016) or 15 x 15 cm (Kulesskaya and Voikar 2014). One protocol also mentions 
that the light compartment is larger, but measures light and dark compartment with 24 cm 
length and 24 cm width, both (Paiva et al. 2010). Additionally, the compartment is illuminated 
in different ways. Described are a really bright light with 60 W and 400 lx (Hascoet and Bou-

rin 1998), an illumination of 130 lx (Gapp et al. 2014), 200-400 lx (Serchov et al. 2016), 
350 lx (Heredia et al. 2014), 640 lx by a 60 W bulb placed 40 cm above the centre of the 
compartment (Martin and Brown 2010), illumination by a 60 W lamp (Ardayfio and Kim 2006, 

Paiva et al. 2010) or by two 40 W light bulbs with 1000 lx which are located 50 cm above the 
floor (Kulesskaya and Voikar 2014). The dark compartment is painted black (Hascoet and 
Bourin 1998, Heredia et al. 2014), made out of black Plexiglas (Martin and Brown 2010, Pai-
va et al. 2010), black plastic walls and lid (Gapp et al. 2014) or it consists of an insert with 

black walls and lid which is non-transparent for visible light (Kulesskaya and Voikar 2014). 
Therefore it is described with measurements of 18 x 27 cm (Hascoet and Bourin 1998, Martin 
and Brown 2010), 1/3 of the whole apparatus (Ardayfio and Kim 2006, Colla et al. 2015, 

Gapp et al. 2014, Heredia et al. 2014, Serchov et al. 2016) or 15 x15 cm (Kulesskaya and 
Voikar 2014). For illumination are described a dim red light with 60 W and 4 lx (Hascoet and 
Bourin 1998), illumination with 5 lx or less (Serchov et al. 2016), but no information about 

illumination was given in the other reviewed papers (Ardayfio and Kim 2006, Colla et al. 
2015, Gapp et al. 2014, Heredia et al. 2014, Kulesskaya and Voikar 2014, Martin and Brown 
2010, Paiva et al. 2010). To separate light and dark compartment, a partition with different 
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sized openings is part of the apparatus. Sizes are described with 7.5 x 7.5 cm (Hascoet and 

Bourin 1998, Heredia et al. 2014, Martin and Brown 2010), 3 x 4 cm (Serchov et al. 2016), 
7 x 5.5 cm (Kulesskaya and Voikar 2014), 5 x 5 cm (Gapp et al. 2014), 8 x 8 cm (Paiva et al. 
2010) or a vertical sliding door of 8 cm (Ardayfio and Kim 2006). In the protocols, the animals 

are put in the middle of the light area (Colla et al. 2015, Gapp et al. 2014, Heredia et al. 
2014, Paiva et al. 2010, Serchov et al. 2016) facing away from the opening (Hascoet and 
Bourin 1998) or facing the opening (Martin and Brown 2010) or put in a corner facing away 
from the opening (Kulesskaya and Voikar 2014). Another protocol describes animals placed 

in the dark compartment facing the light compartment (Ardayfio and Kim 2006). The trial time 
varies between 5 min (Colla et al. 2015, Hascoet and Bourin 1998, Heredia et al. 2014, Mar-
tin and Brown 2010, Paiva et al. 2010, Serchov et al. 2016) and 10 min (Ardayfio and Kim 

2006, Gapp et al. 2014, Kulesskaya and Voikar 2014). Additionally, one protocol describes 
the use of an apparatus contaminated with the dirt of other mice to reduce neophobic re-
sponses (Hascoet and Bourin 1998). 

 
The Light-Dark test uses aversive stimuli like a bright illumination and white or bright col-
oured walls in an unknown, open environment. Further, the dark compartment, which is 
closed and smaller, less illuminated and coloured dark, is also unknown but not paired with 

other aversive stimuli. No harmful or invasive stimuli are used, and animals have the oppor-
tunity to escape the light compartment by entering the dark one. Therefore, this test is not 
connected with any burden for the animals and should be categorised as with “no burden”. 

Placing the animals in the light department might induce a little stress, but they can avoid it 
by changing to the dark compartment.  
 
5.2.2.2. Visual Cliff Assay 
This test investigates depth perception and gross visual ability (Fox 1965). It consists of a 
box with two levels, an upper and a lower one. They are connected through a vertical drop 
which is approximately 0.5 m deep. A chequerboard pattern is placed on both planes, but for 

safety reasons a Plexiglas is placed over the drop, extending the upper plane and creating a 
visual cliff. The mouse is placed onto the centre ridge then latency time is measured until the 
animal moves off the ridge onto the safe chequerboard pattern zone.  Blind mice will move 

forward across the cliff without pause (Fox 1965). As far as mice will experience no fear or 
pain the test should be regarded as with “no burden”. 
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5.2.2.3. Visual Water Box 
This test assesses the visual function in combination with a morris water maze. Therefore, a 
trapezoidal-shaped pool with two computer-controlled monitors at one end is used. Midline 
dividers extend from in between the monitors. A hidden platform is placed underneath one of 

the monitors. To escape the water, mice have to distinguish a low spatial frequency sinewave 
grating from homogeneous grey. Pretraining, task training and acuity testing are the three 
phases of this task (Prusky et al. 2000). We suggest categorising the visual water box test as 
either “mild” or “moderate” depending on the trial time. 

  
5.2.3. Auditory Acuity and Acoustic Startle Response 
To assess the auditory acuity in mice, different approaches can be used. One is the use of 

electrophysiological measures, which will not be described further, since it is no behavioural 
assay (Willott 2001). Further tests might be the observation of pinna movements, evaluation 
of auditory acuity with the help of avoidance conditioning or the approach the source of a 

sound (Willott 2001). The acoustic startle response as a behavioural test will be described in 
the following. 
 
This test measures the gross hearing ability and auditory threshold. Loud sounds (more than 

100 dB) cause motor reflexes in rodents, which are considered to be protective mechanisms. 
Brief sounds (75-120 dB) are delivered into a small cylinder, where the mouse is placed. A 
white background noise (level 70-75 dB) is present. The flinch amplitude of the animal is 

measured by an automated system. The acoustic startle threshold is the minimum decibel 
level that causes flinches. Various brain regions, which are also important in emotion control, 
are involved in these startle responses (Crawley 2000, Valsamis and Schmid 2011), which 
are often experienced as aversive stimuli. We suggest categorising the acoustic startle re-

sponse as either “mild” or “moderate”. 
 
5.2.4. Taste Acuity 
This sense is generally measured in choice tests using food or water. The most generally 
used test is the two-bottle choice test. Two similar bottles with different taste solutions are 
placed in the cage and the consumed volume is measured, so that preferences can be seen. 

To avoid place preferences during the test time, their location is switched randomly. To eval-
uate taste acuity, different concentrations of the solution are used (Carter and Shieh 2015, 
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Crawley 2000). As far as mice will experience no fear or pain the test should be regarded as 

with “no burden”. The taste acuity is also used for associative learning tests (see 5.3.2). 
 
 5.2.5. Tactile Acuity 
To assess the animal’s tactile acuity, simple reflex responses to tactile stimuli, the air puff 
flinch response, the T/Y-Maze and the Von Frey test are used. These are described in the 
following. 

 

5.2.5.1. Air Puff Flinch Response 
In this test, the animal is disturbed by puffs of compressed air. It is similar to the acoustic 
startle response described in 5.2.3. but as a tactile version (Crawley 2000, Wahlsten 2011). 

Therefore, we suggest categorising the test as either “mild” or “moderate”. 
 
5.2.5.2. T/Y-Maze 
In this test, the mouse learns to find a reward on the right or left arm of a T/Y-shaped maze. 
As the animal is motivated by food, a feed withdrawal is done during test preparation. To get 
information about touch sensitivity on the paws, the floor is covered with different textures. 
Discrimination between the arms is then measured (Crawley 2000). As far as mice will expe-

rience no fear or pain the test should be regarded as with “no burden”. 
 
5.2.5.3. Von Frey Test 
The Von Frey Test is used to measure the sensitivity of touch by using the mechanical stimuli 
of calibrated Von Frey filaments, determining the 50% pull-off threshold. The filaments are 
inserted through the holes of a close-meshed wireframe platform, touching the plantar sur-
faces of the animal’s paws that are collocated on top. The paw is pulled away when reaching 

the reaction threshold (Deuis et al. 2017, Santos-Nogueira et al. 2012). Chaplan et al. (1994) 
describe withdrawal of the paw to stimuli of lower intensity after a particular number of repeti-
tions. Hence the animal is located in a narrow Von Frey apparatus, we suggest categorising 

the test as at most “mild”. 
 
5.2.6. Nociceptive Sensitivity 
Tests to evaluate the animal’s nociceptive sensitivity are the flinch test, formalin test, hot 
plate test, plantar (Hargreaves) test, Randall-Selitto test, tail flick test or the writhing test that 
are described in the following. 
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5.2.6.1. Flinch Test 
This test assesses sensitivity to electrical irritation. The mouse is placed into a chamber with 
an electrifiable grid floor. Consecutive trials of increasing intensity in electric foot shocks are 
exerted until twitching, vocalisation or flinching is observed (Blake et al. 1963). As animals 

experience pain and fear, we suggest categorising the test as “moderate”. 
 
5.2.6.2. Formalin Test 
This test evaluates the acute pain response to an injected noxious chemical. A formalin solu-

tion is injected subcutaneously into the mouse’s hind paw, then pain-related responses are 
recorded. The test is divided into two response phases. The first phase, also called the early 
phase, is an acute peripheral pain response from pain fibre activity and begins immediately 

after injection up to 10 min. The second phase, also called the late phase, is the central noci-
ceptive sensitization due to tissue damage. It begins about 5-15 min after injection and is 
recorded up to one hour. The two phases are divided through a quiescent period (Bannon 

and Malmberg 2007, Carter and Shieh 2015, López-Cano et al. 2017) 
 
First, the different test protocols use different formalin solutions of 1 % (Hunskaar et al. 
1985), 2 % (Carey et al. 2017, O'Brien et al. 2013), 2.5% (Nikoui et al. 2016) or 5 % (Bannon 

and Malmberg 2007, Hunskaar et al. 1985, Nakamoto et al. 2010). Then, the different ways 
of injection are described with intraplantar subcutaneous injection (Bannon and Malmberg 
2007, O'Brien et al. 2013), injection into the dorsum of the paw (Masocha et al. 2016), the 

superficial surface (Carey et al. 2017), the subplantar space (Nakamoto et al. 2010) or intra-
dorsal subcutaneous injection (Hunskaar et al. 1985, Nikoui et al. 2016). Injection volume 
varies between 10 µl (Carey et al. 2017, Nakamoto et al. 2010, O'Brien et al. 2013) and 20 µl 
(Hunskaar et al. 1985, Nikoui et al. 2016). The used apparatus for testing might be a plexi-

glass platform in behavioural chambers (O'Brien et al. 2013), a cylindrical test chamber with 
a metal band placed around the animal’s paw (Masocha et al. 2016), a clear Plexiglas cham-
ber with an elevated platform (Carey et al. 2017), a standard macrolone cage of 

30 x 12 x 13 cm with a mirror placed behind the chamber (Hunskaar et al. 1985), a funnel 
where the mouse is placed under onto a surface, both made of glass and with a mirror 
placed underneath (Nikoui et al. 2016) or a clear container with mirrors behind and beside 

(Bannon and Malmberg 2007). Acclimatisation time is described with 15 min (Carey et al. 
2017), 15-30 min (Bannon and Malmberg 2007), 1 h (Masocha et al. 2016), 2 h (O'Brien et 
al. 2013) or 18 h to the environment and 2 h to the apparatus (Hunskaar et al. 1985). The 
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described observation time was described with 30 min (Nakamoto et al. 2010, Nikoui et al. 

2016), 40 min (Bannon and Malmberg 2007, Masocha et al. 2016) and 60 min (Carey et al. 
2017, Hunskaar et al. 1985, O'Brien et al. 2013). Furthermore, one protocol describes that 
the animal’s injected paw should be marked with a permanent black marker and for this pur-

pose be restrained by one person and marked by another or put into a restrainer (Bannon 
and Malmberg 2007). Only two protocols mention the equipment for injection, which is a mi-
cro syringe with a 26-gauge needle (Bannon and Malmberg 2007, Hunskaar et al. 1985) or a 
50 µl Hamilton syringe with a 30-gauge needle (Bannon and Malmberg 2007). 

 
The formalin test is painful, and tissue damaging and should therefore be classified as either 
“mild” or “moderate”, depending on the level of pain and tissue damage. Only concentrations 

below 0.2 % lead to a short-lasting response with few histological tissue changes (Rosland et 
al. 1990). However, there are protocols just mentioning the equipment used for the injection. 
Furthermore, the animal needs to be restrained either by hand or by a restrainer, which are 

both stressful methods (Clarkson et al. 2018, Gouveia and Hurst 2013, 2017, Hurst and West 
2010, Pawlyk et al. 2008, Rosenzweig and Blaustein 1970). Therefore, it has to be seen, that 
a shorter duration of formalin application is less stressful for the animals. Additionally, the 
safety of the application increases with the diameter of the injection needle regarding break-

ing or bending. A metal band around the paw, as described in Masocha et al. (2016), could 
increase the animal’s stress as it is kind of a long-lasting restraint as well. 
 

5.2.6.3. Hot Plate Test 
The test animal is placed on a heating plate surrounded by a plastic cylinder. The latency 
time until showing an obvious nociceptive response, such as licking of a hind paw, vocaliza-
tion, hopping or escape response is measured (Bohn et al. 2002, Deuis et al. 2017, Woolfe 

and Macdonald 1944). 
 
The hot plate test is normally carried out with plate temperatures of 55±1 °C (Bannon and 

Malmberg 2007, Masocha et al. 2016, Menéndez et al. 2002, Minett et al. 2014), but there 
are also test protocols describing temperatures of 42 °C (Tjolsen et al. 1991), 50 °C (Bohn et 
al. 2002, Minett et al. 2014), 55 °C (Bannon and Malmberg 2007, Minett et al. 2014), 53 °C, 

56 °C (Bohn et al. 2002) or 55 °C up to 70 °C in steps of 5 °C (Woolfe and Macdonald 1944). 
Modifications of the hot plate test, with steadily increasing temperature (Tjolsen et al. 1991) 
or just testing one hind paw at the time (Menéndez et al. 2002), are described as well. The 
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starting temperature in the increasing temperature hot plate apparatus is 30 °C or 42 °C 

(Tjolsen et al. 1991), using different heating rates per minute until a response of the animal is 
observed. To conduct handling of the mice two possibilities are mentioned. Restraint by the 
hand of the experimenter (Menéndez et al. 2002) or just placing the mouse into the appa-

ratus without restraint (Minett et al. 2014, Tjolsen et al. 1991). One of the protocols therefore 
describes the apparatus two plates surrounded by a Plexiglas chamber and one plate kept at 
a constant temperature while the other was set to test temperatures (Minett et al. 2014). Cut-
off times of 20 s (Masocha et al. 2016), 30 s (Bannon and Malmberg 2007, Bohn et al. 2002, 

Menéndez et al. 2002, Woolfe and Macdonald 1944) or 180 s (Bannon and Malmberg 2007) 
are set. Testing intervals of 2 min (Menéndez et al. 2002, Minett et al. 2014), 5 min (Tjolsen 
et al. 1991), 10 min in the first hour and 20 min in the second hour (Woolfe and Macdonald 

1944a) or an unlimited time are described, depending on the drug which is tested. Nocicep-
tive responses are observed and measured manually by the experimenter observing the an-
imals (Bohn et al. 2002, Menéndez et al. 2002, Tjolsen et al. 1991)  or via video tracking sys-

tems (Minett et al. 2014). 
 
The hot plate test causes a nociceptive response, which is inescapable for the mouse in 
most of the protocols. It also takes part in an open spaced and novel environment, which 

causes mice to exhibit fear and show anxiety behaviour (Bourin et al. 2007, Wilson and Mogil 
2001). Nociceptive responses are evaluated by observation. This is why the evaluation could 
be subjective or misinterpreted, depending on the experimenter and its experience. Licking of 

front paws, for example, is normally not used as a nociceptive response, as it can be seen 
very commonly as grooming behaviour. However, that does not mean that it cannot be a sign 
of a nociceptive response as well. It should be taken into consideration that the experiment-
er’s latency time until noticing the mouse’s response, processing the information and turning 

off the plate could be subject to variabilities. Because of these findings, we suggest catego-
rising the test as “moderate“. There is some evidence that restraint by hand might be a more 
stressful procedure, as it is known that restraint and handling both cause stress and anxiety 

in mice (Clarkson et al. 2018, Gouveia and Hurst 2013, 2017, Hurst and West 2010, Pawlyk 
et al. 2008). Immobilisation by hand could also be considered as positive because the exper-
imenter just focuses on one or two paws at a time and therefore it is more likely that a noci-

ceptive response is detected and rated as a nociceptive response. On the other hand, there 
might be nociceptive responses which are misinterpreted as defence reactions due to the 
restraint. As the test is terminated when a response is shown, different cut-off times do pos-
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sibly not make a difference in severity with known mouse strains, since the animal is not ex-

posed to the stimulus a longer period as necessary. Obviously, this cannot be applied to 
strains which cannot show nociceptive responses due to motor functional abnormalities, 
strains with a known lower sensitivity to nociceptive stimuli or an unknown sensitivity, as tis-

sue damage would possibly be the outcome. It is debatable, if shorter testing intervals are 
more severe, since the animal has gotten a shorter time to recover from stress. In case of the 
unilateral hot plate test, other methods of restraint could be investigated to reduce stress and 
error rates. In case of the classical hot plate test, fore paw licking as a nociceptive response 

needs still to be investigated to reduce error rates in nociceptive response rating by the ex-
perimenter. It must be said that no investigations about error rates in the evaluation of noci-
ceptive behaviour by the experimenter during the hot plate test have been found. 

 
5.2.6.4. Plantar (Hargreaves) Test 
This test is used to determine nociception. It is similar to the tail flick test described in 4.1.9.2, 

but instead of the mouse’s tail, its hindpaw is used (Carter and Shieh 2015, Hargreaves et al. 
1988). As the animals expierience further stress due to the fixation, we suggest categorising 
the test as either “mild” or “moderate”. 
 

5.2.6.5. Randall-Selitto Test/Paw-Pressure Test 
This test is used to evaluate pain responses. The apparatus, which is used, is a Randall-
Selitto electronic algesimeter. The mouse is immobilised and a hind paw or the tail is placed 

into the apparatus, to apply an increasing mechanical force, until an escape reaction is ob-
served. Withdrawal latency is measured and evaluated (Santos-Nogueira et al. 2012). 
 
In most of the protocols the same apparatus, a Randall-Selitto analgesiometer produced by 

different companies, is used. The reviewed papers describe testing on the dorsal surface of 
the hind paw (Fajrin et al. 2017, Lopes et al. 2017, Minett et al. 2014), the dorsal surface of 
the paw not mentioning if fore or hind paw (Zulazmi et al. 2015), the dorsal or plantar surface 

of the fore paw or hind paw (Santos-Nogueira et al. 2012), the base of the tail (Drel et al. 
2007, Vareniuk et al. 2008) or the tail (Minett et al. 2014, Zhang et al. 2019).The maximal 
applied pressure variates between 120 g (Lopes et al. 2017), 200 g (Zulazmi et al. 2015), 

250 g (Drel et al. 2007, Fajrin et al. 2017, Minett et al. 2014, Santos-Nogueira et al. 2012, 
Vareniuk et al. 2008, Zhang et al. 2019) or 500 g (Minett et al. 2014) with a linearly increasing 
pressure rate of 10 g (Drel et al. 2007). Restraint by the experimenter was described in two 
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protocols (Lopes et al. 2017, Santos-Nogueira et al. 2012), restraint by plastic tube in one 

protocol (Zhang et al. 2019). The trials are repeated three times (Drel et al. 2007, Vareniuk et 
al. 2008, Zulazmi et al. 2015) or four times (Zhang et al. 2019) with an inter trial interval of 5-
10 min (Zhang et al. 2019), 15 min (Drel et al. 2007, Vareniuk et al. 2008) or seven days (Zu-

lazmi et al. 2015). Last, one protocol also describes 12 h of fastening overnight (Fajrin et al. 
2017). 
 
In the Randall-Selitto test animals get restrained either by a restrainer or by the experiment-

er’s hand. Further, pressure is applied until the animal show an escape reaction, which could 
be very subjective depending on the experimenter. It should be taken into consideration that 
the experimenter’s latency time until noticing the mouse’s response, processing the infor-

mation and turning off the apparatus can be subject to variabilities. Therefore, the test might 
be categorised as “mild”. Depending on the repetition of trials, the length of the inter trial time 
and also the maximum g used, the impact on the tissue tested needs to be investigated. This 

means, a higher maximum force used, and a higher number of repetitions eventually might 
lead to tissue damage, as the same spot is stressed several times and therefore lead to a 
higher severity. 
 

5.2.6.6. Tail Flick Test 
The mouse is restrained, and its tail positioned onto a photo stimulus detector. Latency time 
is measured until the animal retracts its tail as a response to the applied heating ray. The 

photo stimulus detector is switched off after a determined cut off time (Deuis et al. 2017). 
 
To perform the tail flick test, the mouse must be restrained. This is done with the help of a 
plastic tube or by the experimenter’s hand (Bannon and Malmberg 2007, Deuis et al. 2017, 

Eide et al. 1988, Nakamoto et al. 2010). Depending on the protocol, the photo stimulus is 
pointed on the mouse’s tail with a distance of 0.4-2.4 cm (Wen et al. 2009), 1.0-2.0 cm 
(Nikoui et al. 2016), 1.5 cm (Bannon and Malmberg 2007, Eide et al. 1988), 3.0 cm (Dogrul 

et al. 2007) or 5.0-8.0 cm from the tip (Keyhanfar et al. 2013) or 3.0 cm (Langford et al. 2010) 
and 3.5 cm (Lichtman et al. 1993) from the base. The beam intensity of the used apparatus is 
set at 4.0 (Wen et al. 2009) or 5 % of the maximum output of the apparatus (Langford et al. 

2010) but it is adjusted to a baseline latency time of retraction from 2-4 s (Keyhanfar et al. 
2013), 2-2.5 s (Lichtman et al. 1993), 2-3 s (Dogrul et al. 2007), 2.5-3 s (Nakamoto et al. 
2010), 3-4 s (Bannon and Malmberg 2007) or 4 s (Langford et al. 2010). Different cut-off 
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times with a maximum of 6 s (Dogrul et al. 2007), 10 s (Bannon and Malmberg 2007, Eide et 

al. 1988, Keyhanfar et al. 2013, Lichtman et al. 1993, Nakamoto et al. 2010, Wen et al. 
2009), 12 s (Nikoui et al. 2016) or 13 s (Lichtman et al. 1993) are described as well. Finally, 
the measurement is repeated several times in different time intervals depending on the drug 

which is tested. 
 
The tail flick test causes a nociceptive response through radiant heat, which is inescapable 
for the mouse. Furthermore, the animal must be restrained, a procedure which is also known 

to cause stress in mice (Clarkson et al. 2018, Hurst and West 2010, Pawlyk et al. 2008, 
Wilson and Mogil 2001). Because restraint by hand and not only handling is mentioned, it 
might be possible that stress level and anxiety are higher. Further, particular investigations to 

assess the difference between restraint by hand and restraint with a tube are necessary. An-
other point is the different location respective the mouse’s tail, which is stimulated by the ra-
diant heat light. It is shown, that there is no significant difference in latency time in different 

locations, but that there is a difference between the pigmentation of the tail (Wen et al. 2009). 
Unpigmented tails have a shorter latency time, which suggests that unpigmented tails are 
more sensitive. As the exactly used intensities of the photo stimuli are not mentioned in vari-
ous protocols, a comparison is difficult. It is described that different baseline latencies are 

adjusted, suggesting that lower latencies work with a more intense stimulus. Most of the la-
tencies are observed between 2-4 s and just in one case between 5-6 s. All these findings 
support the view that the test should be considered as either “mild” or “moderate”. Another 

point is the different cut off times, which vary between 6-13 s. For their assessment, they 
should be evaluated together with baseline latency times, since it is possible that a short cut-
off time with a short latency time might be less severe as a long cut-off time with a short la-
tency time. This is because the impact of the radiant heat is longer in a long cut-off time if the 

animal does not show retraction within the cut-off time. It should be taken into consideration, 
that more repetitions of the test could mean a higher impact on the tail’s tissue, for the rea-
son that the photo stimulus is applied more often. 

 
5.2.6.7. Tail Immersion/Hot-Water Tail Flick/Cold-Water Tail Flick Test 
This test is used to determine the thermal response threshold of the animals. For this pur-

pose, the animals are immobilized with a Plexiglas tube or by wrapping them in a diaper 
(Ramabadran et al. 1989), then the tail is immerged in a container with either heated water or 
ice water. Water temperatures are described with 4 °C, 45 °C, 50 °C, 55 °C (Luttinger 1985) 
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or from 50 °C heated up to 55 °C (Ramabadran et al. 1989). The time until retraction of the 

tail is measured and defined as thermal reaction latency (Crawley 2000, Luttinger 1985, 
Saha et al. 2013). As animals experience stress due to the fixation, we suggest categorising 
the test as “mild”. 

 
5.2.6.8. Writhing Test 
The test is used to determine abdominal, peripheral nociception and therefore the evaluation 
of analgesic effects of drugs. The animals are held and fixated in the neck, then injected in-

traperitoneally with irritants. This induces the writhing response, which is characterised by 
contractions of the abdominal musculature followed by a stretching of the hind legs. The 
number of bends is counted during the observation period (Gawade 2012). As animals are 

restrained and treated, they experience pain and fear, so we suggest categorising the test as 
either “mild”, “moderate” or “severe” dependend on the used drugs and repetitions.  
 

5.3. Learning and Memory 
The abilities of learning and memory can be evaluated with the help of different tests, which 
respond to different aspects of learning and memory. This includes spatial learning, associa-
tive learning, recognition memory, operant learning and motor learning. The different aspects 

with different tests are described in the following. 
 
5.3.1. Spatial Learning 
5.3.1.1. Barnes Maze 
In this test spatial learning and memory formation is assessed. It consists of a circular, ele-
vated platform with a number of several holes around the perimeter. Under one of the holes, 
an escape tunnel is attached, through which the animal can escape the bright area into a 

dark shelter. During several training trials the mouse learns where the escape tunnel is locat-
ed. Geometrical visual cues around the platform help to locate the hole and memorise its 
location (Barnes 1979, Harrison et al. 2006, Pitts 2018) 

 
The Barnes maze consists of a circular platform sized differently depending on the protocol. 
Its diameter measures 69 cm (O'Leary and Brown 2009, 2012), 90 cm (Harrison et al. 2006), 

92 cm (Bernardo et al. 2009, Ghafari et al. 2011, Patil et al. 2009) or 122 cm (O'Leary and 
Brown 2009). One of the protocols has added a small white plastic wall of 15 cm height to 
the platform (O'Leary and Brown 2009). Further, the holes on the platform count twelve (Ber-
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nardo et al. 2009, Harrison et al. 2006), 16 (O'Leary and Brown 2009, 2012) or 20 (Ghafari et 

al. 2011, Patil et al. 2009). The diameter of the holes was 5 cm in every protocol except two, 
where it measures 4.45 cm (O'Leary and Brown 2009, 2012). The Barnes maze is elevated 
above the floor 48.4 cm (O'Leary and Brown 2009, 2012) or 56 cm (Harrison et al. 2006). 

The target box under one of the holes measures 28 x 22 x 21 cm (Ghafari et al. 2011, Patil et 
al. 2009), 8 x 8 x 8 cm (Harrison et al. 2006) or 13 x 29 x 14 cm (O'Leary and Brown 2009, 
2012) and is connected with the particular hole through a transparent plastic tube, which is 
50 cm long and 5 cm in diameter (Ghafari et al. 2011, Patil et al. 2009), a white escape ramp 

(Bernardo et al. 2009), a white acrylic ramp (Harrison et al. 2006), a black metal ramp cov-
ered with 1.4 cm wire mesh (O'Leary and Brown 2009) or a wooden, black painted staircase 
measuring 14 x 10 cm with 5 steps á 1.5 cm length 10 cm width and 2 cm height, with the top 

staircase painted white (O'Leary and Brown 2012). The animals are allowed to stay in the 
escape box for 2 min during the pretraining phase and 1 min during a trial (Ghafari et al. 
2011, Patil et al. 2009) or 30 s (Harrison et al. 2006, O'Leary and Brown 2009, 2012). Trials 

are proceeded as the following: four trials per day in four consecutive days (Ghafari et al. 
2011, Patil et al. 2009), training sessions of four trials on five consecutive days (Bernardo et 
al. 2009, Harrison et al. 2006), followed by one probe trial (Harrison et al. 2006), habituation 
trial in squads of 3-4 mice, conducted underneath an inverted transparent 2 L glass breaker 

placed directly next to the escape hole, followed by an acquisition training phase of four days 
with four trials per day and finally one probe trial without escape box and without buzzer fol-
lowed by two reversal training trials and another probe trial without visual cues (O'Leary and 

Brown 2009) or four habituation trials conducted the same way as described before (O'Leary 
and Brown 2009) followed by an acquisition trainings phase of 15 days with two trials per 
day, followed by an acquisition probe trial phase of four days, then two probe trials without 
escape box and four probe trials with escape box, two reversal training trials, one probe trial 

without visual cues and another two reversal training trials (O'Leary and Brown 2012). Trial 
time is described with 3 min (Ghafari et al. 2011, Patil et al. 2009) or 5 min (Harrison et al. 
2006, O'Leary and Brown 2009, 2012). Inter trial time is further conducted with 10-15 min 

(O'Leary and Brown 2009, 2012), 15 min (Ghafari et al. 2011, Patil et al. 2009) or 15-20 min  
(O'Leary and Brown 2009). Some of the protocols use a start box described as a black start 
box of 13 x 13 x 13 cm  (Bernardo et al. 2009, Harrison et al. 2006) which was lifted after 

30 s (Harrison et al. 2006), a blue polyvinyl chloride start tube with 12.5 cm height and 8 cm 
diameter (O'Leary and Brown 2009, 2012) which is lifted after 10 s (O'Leary and Brown 
2012) or 5-10 s (O'Leary and Brown 2009) or a black coloured cylindrical start chamber of 
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10.5 cm which is lifted after 10 s (Ghafari et al. 2011, Patil et al. 2009). Most of the protocols 

use aversive stimuli like a buzzer with 85 dB which is turned off immediately after mouse 
enters the escape box (Ghafari et al. 2011, Patil et al. 2009), bright lights (Harrison et al. 
2006), two 150 W flood lamps 155 cm above the maze and a buzzer with 1-37.2 kHz and 

89 dB placed 15 cm above maze (O'Leary and Brown 2012) or a buzzer with 0-37.2 kHz and 
86 dB placed 20 cm above the maze and two lights of 150 W placed 76 cm above the maze 
(O'Leary and Brown 2009). The buzzer is turned on in acquisition training trials until the 
mouse escapes (O'Leary and Brown 2009, 2012). Furthermore, protocols describe guidance 

to the escape box during training trials (Ghafari et al. 2011, Patil et al. 2009), or that if the 
animal fails to escape into the box it is either guided with a 500 ml plastic tube or placed di-
rectly into the box (O'Leary and Brown 2012) or coaxed by the experimenter through touch-

ing the mouse’s tail (O'Leary and Brown 2009). Visual cues around the maze or room are 
described in all protocols. 
 

The Barnes Maze takes place in an open spaced environment which leads to anxiety behav-
iour in mice and causes stress (Bourin et al. 2007, Prut and Belzung 2003, Wilson and Mogil 
2001). Additionally, aversive stimuli like bright light and a buzzer noise are used, which pos-
sibly lead to a higher stress level in mice. A positive factor is, that the animal can escape 

these aversive stimuli except for probe trials. Since data suggests that these animals fear 
heights (Stowers et al. 2017), the elevation of the platform might have influence on the ani-
mal’s stress level. These findings support the suggestion to categorise the test as at most 

“mild”. Furthermore, guiding the animal to the escape hole by touching its tail, leading it with  
the hand or by putting it into the box are likely to be more stressful, as guiding the mice with 
the help of a plastic tube. This is plausible because data shows that handling with transpar-
ent plastic tubes causes lower stress and anxiety as holding the mouse with the hand by the 

tail (Gouveia and Hurst 2013, 2017, Hurst and West 2010). Trial time might have an impact 
on the mice’s welfare, since longer trial times could potentially lead to familiarisation and ha-
bituation and therefore decrease the animal’s stress level. However, it is unclear what trial 

length and how many repetitions would be required to reduce stress and anxiety significantly. 
Studies indicate that repeated open field testing has no negative impact on the animal’s wel-
fare (Bodden et al. 2018), which should be valid for the Barnes Maze as well. 
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5.3.1.2. Cheese Board Test 
The test evaluates spatial learning ability and memory. The apparatus consists of an elevated 
platform with eight rows of four holes radially collocated around the platform. A visual cue in 
form of a flag was located at the rewarded hole and helped to locate and memorise the hole. 

To reduce the olfactory influence, a film of the rewards smell is applied to each hole. Several 
training sessions, including pretraining introducing the cheeseboard, trials with a marked hole 
and trials without the flag at the hole are performed. Finally, the test trial is done without re-
ward or visual cue and the time, the mouse spends in the zone where the reward was locat-

ed, is measured. Another trial is done with rotating the cheeseboard 180°. If the animal can-
not find the reward within 2 min through training sessions, it is placed or guided next to the 
hole (Llano Lopez et al. 2010). As this procedure is performed voluntarily by the animal, the 

test should be regarded as with “no burden”. 
 
5.3.1.3. Delayed Matching-to-Position and Delayed Non-Matching-to-Position Perfor-
mance (DMTP/DNMTP)  
DMTP/DNMTP is used to evaluate spatial working memory. An operant chamber is used for 
testing, that uses a stimulus which has to be held in mind. This can be, for example, nose-
poke response holes paired with a cue lamp (Alexandra Bernardo et al. 2007, Yhnell et al. 

2016) or retractable levers (Goto et al. 2010). Normally, a reinforcement stimulus is used as 
well. First, the animal has to make a response to one of the spatial locations. In the following, 
it must choose between the other locations depending on the first choice. Depending on the 

task, “matching” or “non-matching”, the mouse has to choose the same or the opposite loca-
tion in the following trials. Finally, different delay times are introduced between the initial re-
sponse and the presentation of the choice phase (Alexandra Bernardo et al. 2007, Goto et al. 
2010, Yhnell et al. 2016). As this procedure is performed voluntarily by the animal, the test 

should be regarded as with “no burden”. 
 
5.3.1.4. Morris Water Maze 
This task is used to investigate spatial learning ability and memory. The mouse swims in a 
water-filled tank, trying to find a platform, installed and hidden just below the water surface. 
Geometrical visual cues around the tank help to locate the platform and memorise its loca-

tion. The tank is circular, varying in diameter and water depths, depending on the laboratory 
protocol used. The water is warmed to 25 °C of temperature. Several training sessions, in-
cluding pretraining introducing the maze, visible platform and hidden platform trials are re-
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peated so the animal can memorise the location of the platform. At the end, the experiment is 

done without a platform. The time the animal spends in the zone in which the platform was 
located previously is measured. The task can also be used to evaluate reversal learning by 
placing the platform in a new location. 

 
Different protocols of the Morris water maze were reviewed. A difference is the used diameter 
of the tank, which is 84 cm (Shelton et al. 2008), 92 cm (Bernardo et al. 2007) 105 cm (Lijam 
et al. 1997), 107 cm (Bernardo et al. 2009), 120 cm (Costa et al. 2001, Higaki et al. 2018, 

Janus 2004, Sakata et al. 2009), 122 cm (Patil et al. 2009), 140 cm (Qu et al. 2009), 150 cm 
(Bromley-Brits et al. 2011) or 154 cm (Mehla et al. 2019). Height of the wall varies between 
45 cm (Qu et al. 2009), 47 cm (Janus 2004), 48 cm (Mehla et al. 2019) and 76 cm (Patil et al. 

2009). Water temperature is described with 21±1 °C (Patil et al. 2009), 22 °C (Bromley-Brits 
et al. 2011), 22±1 °C (Mehla et al. 2019), 23±2 °C (Higaki et al. 2018, Sakata et al. 2009), 
24 °C (Shelton et al. 2008), 24-25 °C (Janus 2004) 27 °C (Costa et al. 2001) or 30 °C (Qu et 

al. 2009). The water colour is either opaque by the use of non-toxic white paint (Bromley-
Brits et al. 2011, Costa et al. 2001, Janus 2004, Mehla et al. 2019, Shelton et al. 2008) or 
transparent. The used platforms during training trials have a diameter between 10 cm 
(Bromley-Brits et al. 2011, Janus 2004), 11 cm (Costa et al. 2001), 12 cm (Shelton et al. 

2008), 15 cm (Qu et al. 2009) or 10 cm² (Bernardo et al. 2007, Bernardo et al. 2009), 
6 x 6 cm (Higaki et al. 2018, Sakata et al. 2009) as well as 12 cm radius (Mehla et al. 2019). 
The platform is submerged below the water’s surface 0.5 cm (Janus 2004), 0.5-1 cm (Mehla 

et al. 2019), 1 cm (Bernardo et al. 2007, Bernardo et al. 2009, Costa et al. 2001), 1.5 cm 
(Higaki et al. 2018, Patil et al. 2009, Qu et al. 2009, Sakata et al. 2009, Shelton et al. 2008)  
or placed 1 cm above the surface (Bromley-Brits et al. 2011). The platform is either visible 
through a clue placed on the platform (Bernardo et al. 2007, Bernardo et al. 2009, Bromley-

Brits et al. 2011, Costa et al. 2001, Janus 2004, Shelton et al. 2008) or invisible (Bernardo et 
al. 2007, Bernardo et al. 2009, Bromley-Brits et al. 2011, Higaki et al. 2018, Lijam et al. 1997, 
Mehla et al. 2019, Patil et al. 2009, Qu et al. 2009, Sakata et al. 2009). In all protocols, the 

probe trial is conducted without a platform. Trial time varies between 60 s (Bernardo et al. 
2007, Bernardo et al. 2009, Bromley-Brits et al. 2011, Costa et al. 2001, Janus 2004, Lijam et 
al. 1997, Mehla et al. 2019, Patil et al. 2009, Shelton et al. 2008), 90 s (Qu et al. 2009) or 

120 s (Higaki et al. 2018, Sakata et al. 2009). If the animal reaches the platform it is allowed 
to stay there 5 s (Bromley-Brits et al. 2011), 10 s (Higaki et al. 2018, Sakata et al. 2009), 15 s 
(Qu et al. 2009) or 20 s (Janus 2004). If the mouse doesn’t find the platform it is put there 
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(Higaki et al. 2018, Janus 2004, Mehla et al. 2019, Sakata et al. 2009) and allowed to remain 

15 s (Shelton et al. 2008), 20 s (Bromley-Brits et al. 2011) or 30 s (Patil et al. 2009). The dif-
ferent procedures are described with visible flag trials of four trials in one day (Shelton et al. 
2008), four trials per day for five days (Bernardo et al. 2007) or five trials in one day 

(Bromley-Brits et al. 2011). Then hidden platform trials are conducted the following: four trials 
the same day as visible platform, eight trials the next day, then five trials the next day and 
three trials after surgery (Shelton et al. 2008), one trial per day for five days (Qu et al. 2009), 
two trials per day for 14 days (Costa et al. 2001), twelve trials per day in blocks of four trials 

for four consecutive days and two probe trials without platform (Lijam et al. 1997), five trials 
per day for five days (Higaki et al. 2018, Sakata et al. 2009), four trials per day for six days 
and two probe trials in one day (Janus 2004), five trials per day for four days, then one probe 

trial on one day without platform (Bromley-Brits et al. 2011), four trials per day for eight days 
then one trial without platform and afterwards five blocks á four trials in one day (Mehla et al. 
2019), four trials per day in four days (Patil et al. 2009) or four trials per day for nine days 

and afterwards four trials on one day without pause and a probe trial without platform 
(Bernardo et al. 2009). Inter trial time is described with 5 min (Shelton et al. 2008) 20 min 
(Higaki et al. 2018, Mehla et al. 2019, Sakata et al. 2009), 20-30 min (Janus 2004), 60 min 
(Costa et al. 2001) or no inter trial time (Bernardo et al. 2009). Also, an inter block interval of 

15-20 min (Mehla et al. 2019) is described. In one protocol a procedure is used in which the 
animal is placed onto the platform first, and then step by step departed from the platform and 
put in the water (Janus 2004).  

 
Mice tend to escape from a water environment as fast as possible (Crawley 2000), which 
suggest that they are possibly not comfortable with swimming or staying in the water. Even if 
mice can escape the water in training trials by locating and entering the platform, it has to be 

taken into consideration, that the platform is removed during some trials. It seems possible 
that a visible, directly marked platform might reduce stress, since animals could be able to 
detect the platform in less time and therefore decrease their swimming time. Size of the wa-

ter tank and platform might probably influence the animal’s welfare as well. This is because a 
greater diameter, as well as a smaller platform, could both lead to higher swimming distanc-
es. Clearly, these parameters have to be seen in correlation, since a greater diameter paired 

with a bigger platform could lead to equal swimming distances as a smaller diameter paired 
with a smaller platform. It is possible that the length of a trial, the number of repetitions and 
the inter trial time may influence the animal’s stress level and welfare because of exhaustion 
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and recovery time. Thus, a longer trial time, a higher number of repetitions and a shorter inter  

trial time should possibly be categorised with increased severity. All these findings support 
the view that the test can be categorised as either “mild”, “moderate” or “severe”. As already 
mentioned before regarding the apparatus, the named parameters have to be evaluated in 

combination.  
 
5.3.1.5. T-Maze/Y-Maze Delayed Alternation 
This test is used to assess spatial working memory. The animal learns to find a reward on the 

right or left arm of a T/Y-shaped maze on several training trials. Then in the first test trial, the 
mouse is placed at the end of the start arm and must choose one of the arms to get a re-
ward. After making its choice, the subject is removed and after a variable delay in the range 

of 30 s to 5 min, is returned in the start arm. In this second trial, the reward is now located in 
the opposite arm to which chosen during the first trial. The mouse has to remember which 
arm was baited before, to make a different choice than its first one to get the reward. As the 

animal is motivated by food, a feed withdrawal is done during test preparation (Deacon and 
Rawlins 2006). Therefore, we suggest categorising this test as either with “no burden” or 
“mild” depending on the duration of the feed withdrawal. 
 

5.3.2. Associative Learning 
5.3.2.1. Active Avoidance 
The apparatus used, consists of two chambers divided by a wall and an electrifiable mesh 

floor. One chamber is dark and the other one made of transparent Plexiglas, the electrifiable 
floor is disconnected on the transparent side. The mouse learns to escape from the preferred 
dark chamber to avoid an aversive electrical stimulus. It is placed in the dark chamber of the 
apparatus, then a foot shock is released until the animal enters the light part. 24 h later the 

mouse is placed in the dark chamber and latency time until the animal enters the transparent 
part is measured (Bovet et al. 1969, Crawley 1999, Crawley 2000). Since the used foot 
shock causes pain and fear in the animals, this test should be categorised as either “mild” or 

“moderate” according to the current intensity used. 
 
5.3.2.2. Conditioned Fear 
This task is used to evaluate the ability of learning and remembering the association between 
an environmental stimulus and an aversive experience (Crawley 2000, Harro 2018). The ap-
paratus consists of a compartment with an electrifiable floor, a shock generator and a sound 
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source. In the first phase, the animal is placed in the chamber and exposed to foot shocks 

combined with a timely overlapping auditory stimulus. The measured time showing anxiety 
behaviour is defined as unconditioned fear. Approximately 24 h later, the contextually condi-
tioned fear is measured during a second run in the same chamber but without any aversive 

stimuli. In the following, an altered context is created by using a different chamber, odour, 
floor, etc. During this trial, contextual discrimination of fear conditioning is quantified by com-
paring anxiety behaviour with previously shown behaviour. Last, the aversive stimulus is ap-
plied to the altered context and anxiety behaviour measured and defined as cued condition-

ing (Boulton, Alan A., Baker, Glen B., Martin-Iverson, Mathew T. 1991, Harro 2018). Some 
protocols show variations of the given description. 
 

The setup of the fear conditioning consists of different context chambers, most commonly 
two per protocol as one is used for the conditioning training and one as an alternated context 
for assessing discrimination (Chaudhury and Colwell 2002, Guzmán et al. 2009, Milanovic et 

al. 1998, Ponnusamy et al. 2005, Radulovic et al. 1998). However, some protocols also de-
scribe the use of three different chambers (Arp et al. 2016, Kamprath and Wotjak 2004). The 
chambers measure 35 x 20 x 20 cm (Guzmán et al. 2009, Milanovic et al. 1998, Radulovic et 
al. 1998), 20.3 x 15.9 x 21.3 cm and 30.5 x 24.1 x 21 cm (Ponnusamy et al. 2005), 

28 x 21 x 22 cm and 26 x 31 x 21 cm (Chaudhury and Colwell 2002), 30 x 24 x 26 cm or a 
round chamber with a diameter of 30 cm (Arp et al. 2016), 26 x 21 x 10 cm (Logue et al. 
1997). Furthermore, a chamber with cubic shape, a cylinder and a chamber with hexagonal 

prism shape are described (Kamprath and Wotjak 2004). In some protocols, the chambers 
are surrounded by a particular context box that could measure 58 x 30 x 27 cm (Milanovic et 
al. 1998, Radulovic et al. 1998) or an igloo ice chest of 54 x 30 x 27 cm (Logue et al. 1997). 
In most of the protocols, the chamber is made of transparent Plexiglas (Guzmán et al. 2009, 

Logue et al. 1997, Milanovic et al. 1998, Radulovic et al. 1998), one it is a shuttle-box com-
partment (#ENV-010MC; Med Associates) with transparent front and back walls (Ponnusamy 
et al. 2005), a chamber with aluminium sidewalls and Plexiglas rear wall, ceiling and hinged 

front door (Chaudhury and Colwell 2002) or made of two metal walls and two Plexiglas walls 
or opaque side walls with a rough surface and a back plane made of Plexiglas (Kamprath 
and Wotjak 2004). For creating different contexts, protocols additionally mention the chamber 

to be bisected by a diagonal clear (Logue et al. 1997) or opaque Plexiglas partition (Guzmán 
et al. 2009, Milanovic et al. 1998, Radulovic et al. 1998), the usage of a 12 V light and a 20 V 
light (Milanovic et al. 1998, Radulovic et al. 1998) or 0.3 lx house light and 12 lx stimulus light 
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(Kamprath and Wotjak 2004) or markings on the wall but also use of a total different room 

and experimenter, where the chamber is located (Arp et al. 2016). The floor consists of a grid 
floor (Arp et al. 2016, Kamprath and Wotjak 2004) made of metal rods with a 1.5 mm diame-
ter spaced apart 1.05 cm (Logue et al. 1997), with a diameter of 4 mm spaced apart 0.9 cm 

(Guzmán et al. 2009, Milanovic et al. 1998, Radulovic et al. 1998), with a diameter of 4 mm 
spaced apart 0.4 cm (Chaudhury and Colwell 2002), with a diameter of 3.2 mm spaced apart 
0.8 cm (Ponnusamy et al. 2005) or a metal grid (Marsch et al. 2007). All of these floors are 
connected to a shock generator and serve for the fear conditioning. To alter the context, 

floors were varied like with white Plexiglas inserts covering the grid (Ponnusamy et al. 2005), 
no rods used on the floor (Milanovic et al. 1998, Radulovic et al. 1998), a flat piece of plastic 
(Logue et al. 1997), a flat floor (Arp et al. 2016), sawdust layer on the floor (Arp et al. 2016, 

Kamprath and Wotjak 2004) or silica sand used as bedding (Kamprath and Wotjak 2004).  
Finally, to force the differences between the chambers, different odours are used as well. 
This could be, by using different cleaning solutions like 10 % ethanol (Ponnusamy et al. 

2005), 70 % ethanol (Arp et al. 2016, Kamprath and Wotjak 2004, Milanovic et al. 1998, 
Radulovic et al. 1998), 80 % ethanol (Logue et al. 1997), 1 % acetic acid (Arp et al. 2016, 
Kamprath and Wotjak 2004, Milanovic et al. 1998, Radulovic et al. 1998), 10 % methanol 
(Ponnusamy et al. 2005), water containing isoamyl acetate (Kamprath and Wotjak 2004) or 

putting a few drops of orange extract into a disposable cup (Logue et al. 1997). The proce-
dure is described with the first phase of fear conditioning. Some protocols mention a habitua-
tion time of 2 min (Ponnusamy et al. 2005), 3 min (Arp et al. 2016, Chaudhury and Colwell 

2002, Kamprath and Wotjak 2004, Marsch et al. 2007) or 10 min (Logue et al. 1997) prior to 
the conditioning. Afterwards, a context exposure of 3 min (Guzmán et al. 2009, Milanovic et 
al. 1998, Radulovic et al. 1998), three phases of 2 min (Ponnusamy et al. 2005), two phases 
of 30 s or six phases of 30 s (Chaudhury and Colwell 2002), 20 s (Kamprath and Wotjak 

2004, Marsch et al. 2007), 30 s (Arp et al. 2016, Radulovic et al. 1998), two times for 20 s 
(Kamprath and Wotjak 2004) or 30 s after another exploring time of 2 min (Logue et al. 
1997). The exposure to the context is followed by a 2 s foot shock in all protocols, except one 

of only 1 s (Kamprath and Wotjak 2004) and one where the 2 s foot shock coterminates with 
the exposure time (Arp et al. 2016, Marsch et al. 2007). The shock has a constant current of 
0.2 mA (Chaudhury and Colwell 2002, Milanovic et al. 1998, Ponnusamy et al. 2005), 

0.35 mA (Logue et al. 1997), 0.4 mA (Arp et al. 2016), 0.7 mA (Guzmán et al. 2009, Marsch 
et al. 2007, Milanovic et al. 1998, Radulovic et al. 1998), 1 mA (Chaudhury and Colwell 
2002), 1.3 mA or 2.0 mA (Milanovic et al. 1998). The context consists either of the chamber 
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itself combined with the previously described features or of different tones like an 80 dB white 

noise (Ponnusamy et al. 2005), an 80 dB 2.8 kHz tone with a 70 dB background noise during 
acquisition (Chaudhury and Colwell 2002), an 80 dB, 9 kHz sine wave tone (Marsch et al. 
2007), a 100 dB 2.8 kHz tone (Arp et al. 2016), a pulsed auditory signal with five counts per 

second with 75 dB 10 kHz (Radulovic et al. 1998), an 80 dB, 9 kHz sine wave during 10 ms 
raising and falling (Kamprath and Wotjak 2004) or an 80 dB train of clicks with six clicks per 
second and a white noise of 68 dB (Logue et al. 1997). Approximately 24 h later the contex-
tual fear is tested by placing mice in the first context chamber for 3 min (Marsch et al. 2007, 

Milanovic et al. 1998, Radulovic et al. 1998), 5 min (Logue et al. 1997), or 3 min of testing 
every 6 h for four consecutive days (Chaudhury and Colwell 2002). For long term memory 
another exposure 28 days later is described (Marsch et al. 2007), as well as short-term 

memory testing after 30 min of conditioning (Guzmán et al. 2009). At last, testing in the alter-
nated context is described as 3 min without the auditory stimulus and then testing for 3 min 
after presenting the stimulus (Logue et al. 1997, Radulovic et al. 1998) or 2 min exploring 

time followed by the auditory stimulus and further 6 min of animal observation. This proce-
dure was repeated every 6 h for four consecutive days (Chaudhury and Colwell 2002). One 
protocol mentions the exposure to the second context approximately 24 h after conditioning 
with 3 min of free exploring time followed by six exposures of the auditory stimulus for 30 s 

(Arp et al. 2016). After another 24 h memory testing in context two or three with 3 min explor-
ing time and 30 s of exposure to the auditory stimulus is described (Arp et al. 2016). Another 
protocol describes the extinction of fear by exposing the animal daily to the context for 3 min 

without foot shock. The day mice reached extinction criteria a foot shock reminder was car-
ried out in a novel environment 24 h afterwards (Guzmán et al. 2009). Intertrial intervals dur-
ing conditioning are described with 64 s (Chaudhury and Colwell 2002), intertone intervals 
with 110 s and 140 s (Kamprath and Wotjak 2004) and interstimulus intervals with 120 s 

(Logue et al. 1997). 
 
As this test is used for classical and/or contextual conditioning of fear,  an aversive stimulus 

needs to be used, which is a foot shock in this paradigm. Data suggest that neuroendocrine 
mechanisms change, which includes the increase in catecholamines, corticosterone, adre-
nocorticotropin and plasma protein (Fink 2007). Since these hormones are known as stress 

hormones and hence the foot shock is not escapable for the animals, we suggest categoris-
ing this test as “moderate”. Likely, longer trial times and/or higher repetition rates of this test 
correlate positively with the plasma corticosterone levels in mice, since studies already show 
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these findings in rats (Fink 2007). This is why a classification of the severity “severe” might 

be possible for high trial times and repetitions. Referring to the impact of foot shocks on the 
mice’s welfare, important factors are the current density, frequency, intensity and duration of 
the foot shocks as well as the contact resistance. None of the reviewed protocols mentions 

all of these factors and hence the impact on the animal’s body depends on the variation and 
combination of the particular aspects, further investigation and calculation would be required. 
Lastly, the inter trial time could have a positive influence on the animal’s welfare, as there 
might be some time for recovery the longer the intertrial time is.  

 
5.3.2.3. Conditioned Taste Aversion 
This test is a learning paradigm of classical conditioning. A pleasant novel taste (e.g. saccha-

rin) in the drinking water is paired with an aversive stimulus via intraperitoneal injection, like 
lithium chloride, which causes nausea. Later the avoidance of the new taste is assessed 
when subsequently presented (Chambers 2018, Foy and Foy 2017). We suggest categoris-

ing this test as either “mild” or ”moderate”. 
 
5.3.2.4. Olfactory Discrimination 
Olfactory discrimination has already been described in 5.2.1. 

 
5.3.2.5. Passive Avoidance 
The apparatus used, consists of two chambers divided by a wall and an electrifiable mesh 

floor. One chamber is dark and the other one transparent Plexiglas, the electrifiable floor is 
disconnected on the transparent side. The mouse learns to stay in the less preferred, bright 
part of the setup, to avoid exposure to the aversive electrical stimulus in the normally pre-
ferred dark area. The animal is placed in the transparent part for 10 s, then the dark chamber 

is opened. As soon as the mouse enters the dark part, the door between the chambers is 
closed and a foot shock, that causes vocalisation and flinching, is released for 1-2 s. The 
mouse is left ten more seconds, to associate the stimulus with the dark chamber. 24 h later 

the animal is placed in the apparatus with the door open. Now latency time until the mouse 
enters the dark chamber is measured (Crawley 1999, Crawley 2000, Jänicke and Coper 
1996). This test should be categorised as either “mild” or “moderate”, depending on the used 

current for the foot shock. 
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5.3.2.6. Radial Maze 
The apparatus consists of a central start box from which 8-12 arms are radiating, and each 
arm contains a food reward at its end. The mouse learns to find the rewards in every arm 
during several training trials. During the test session, the animal starts from the central box, 

then time is measured until all rewards are found and/or the times the mouse enters an arm 
where it has already collected the food. If the animals are motivated by food, a feed with-
drawal is carried out during the test preparation (Crusio and Schwegler 2005, Olton and 
Samuelson 1976). We suggest categorising this test as “mild” depending on the duration of 

feed withdrawal. 
 
5.3.2.7. Step-Down Avoidance 
This test consists of a platform placed over an electrifiable mesh floor. As soon as the animal 
steps down touching the mesh with all 4 paws, a foot shock is released. 24 h later the latency 
time to step down from the platform is measured (Borba Filho et al. 2015, Crawley 2000). 

Depending on the current used for foot shocks, this test should be categorised at most as 
“mild”. 
 
5.3.2.8. Y-Maze/T-Maze Avoidance 
This avoidance test is technically similar to the active avoidance test, but instead of a two-
chamber apparatus, a Y or T-shaped maze is used. One of the arms has an electrifiable 
mesh floor, through which foot shocks are released (Crawley 2000). We suggest categorising 

this test as “mild”, depending on the current used for foot shocks. 
 
5.3.3. Recognition Memory 
5.3.3.1. Social Interaction/Recognition Test 
In this test, the recognition memory is evaluated. First, a subject mouse is placed into a cage 
and given habituation time, to create a territory. Subsequently, an unknown stimulus mouse 
is introduced into the territory several times. After some repetitions, the same or a novel, un-

known stimulus mouse is introduced. All interactions are recorded and then evaluated 
(Jacobs et al. 2016, Winslow 2003). 
 

The different protocols describe a particular individual housing phase to establish a home 
cage territory of 3-5 days (Winslow 2003), 4 days (Prado et al. 2006), 7-10 days (Ferguson et 
al. 2000) or 10 days (Bielsky et al. 2004). An individual habituation phase in the testing cage 
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10 min (James et al. 2015) or 15 min prior to the experimental session (Costa et al. 2003, 

Kogan et al. 2000) is described. For the testing phase, protocols describe different possibili-
ties to introduce a stimulus mouse to the subject muse. One is to just introduce the stimulus 
animal into the home cage of the subject mouse (Bielsky et al. 2004, Costa et al. 2003, 

Ferguson et al. 2000, Kogan et al. 2000, Winslow 2003), another is to place the stimulus 
animal inside a transparent acrylic chamber containing holes, which is then put into the sub-
ject’s home cage (Prado et al. 2006) or to place an anaesthetized stimulus mouse into the 
testing cage (James et al. 2015). The trial time varies between 1 min (Bielsky et al. 2004, 

Ferguson et al. 2000, James et al. 2015, Winslow 2003), 2 min (Costa et al. 2003, James et 
al. 2015, Kogan et al. 2000) and 5 min (Prado et al. 2006, Winslow 2003). The inter-
exposure-interval, during which the stimulus mouse is removed from the home or testing 

cage, is specified with 10 min (Bielsky et al. 2004, Ferguson et al. 2000, James et al. 2015, 
Winslow 2003), 30 min (Ferguson et al. 2000, Prado et al. 2006, Winslow 2003), 60 min, 
120 min, 180 min (Winslow 2003) or depends on the particular experiment (Costa et al. 

2003, Kogan et al. 2000). Exposure of the same stimulus animal and inter-exposure interval 
are repeated once (Costa et al. 2003, Kogan et al. 2000), twice (Costa et al. 2003, Kogan et 
al. 2000, Prado et al. 2006, Winslow 2003), four times (Bielsky et al. 2004, Ferguson et al. 
2000, James et al. 2015, Prado et al. 2006, Winslow 2003). Some of the protocols do inves-

tigate just the mice’s behaviour in the previous steps (Ferguson et al. 2000, Prado et al. 
2006, Winslow 2003), but most of them subsequently introduce an unknown stimulus mouse 
to evaluate the behaviour and therefore the memory of the subject mouse (Bielsky et al. 

2004, Costa et al. 2003, Ferguson et al. 2000, Kogan et al. 2000, Prado et al. 2006, Winslow 
2003) and in one protocol the known stimulus mouse as well as an unknown stimulus mouse 
are introduced at the same time (James et al. 2015). Testing or home cages are described as 
a Perspex round-bottomed bowl (James et al. 2015) or made of plastic measuring 

27 x 16 x 12 cm (Costa et al. 2003, Kogan et al. 2000). 
 
Two animals are interacting during the social interaction/recognition test which is why both of 

these animals have to be seen as impacted and therefore their welfare has to be evaluated 
individually. Since one mouse stays in its home cage while the other mouse is introduced into 
the home cage, the introduced mouse is used in an unknown environment, which is further-

more the habitat of another individual. Both of the mice might likely be stressed through this 
procedure. The introduced animal is possibly more stressed, as the environment is unknown, 
and it has to be moved and handled through the experimenter (Bourin et al. 2007, Gouveia 
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and Hurst 2013, 2017, Prut and Belzung 2003, Wilson and Mogil 2001). However, further 

studies are required to investigate the exact impact on the animal’s welfare. If animals are 
not able to interact directly but stay separated through a transparent wall, it probably de-
creases the severity, since no fighting is possible and injuries could be avoided. Using an 

anaesthetized animal might be another option to avoid fighting, but general anaesthesia 
might go along with side effects or risk of complications. Data suggest that there might be an 
effect of repeated anaesthesia on the animal’s wellbeing (Hohlbaum et al. 2018). Further 
studies are required to evaluate the effect of habituation and reduction of stress regarding the 

number of repetitions and duration of trials. In general, we suggest categorising this test as 
with “no burden” for female mice since they normally do not defend their territory with ag-
gressive behaviour and “mild” for male mice because they are more likely to defend their 

territory. If fighting is induced, the severity might change. Additionally, if an anaesthetized 
animal is introduced as described in James et al. (2015), the severity should be categorised 
as either “mild” or “moderate”. 

 
5.3.3.2. Object Recognition Test 
This test assesses the recognition memory. The mouse is placed in a cage with two or more 
unknown objects, where it is given the opportunity to explore these objects. Then one of the 

objects is exchanged with a novel one. The time, the animal spends exploring the novel ob-
ject is measured and compared to the time spent with the known one (Leger et al. 2013). As 
this procedure is performed voluntarily by the animal without causing pain, the test should be 

classified as with “no burden”. 
 
5.3.4. Operant Learning 
5.3.4.1. Five-Choice Serial Reaction Time Attentional Task 
This test is a schedule-induced operant behavioural task in which the mouse has to pay at-
tention to five spatial locations at one time. The operant chamber contains a curved wall with 
holes, armed with stimulus lights. During the test, one of the hole’s lights is illuminated for 

0.5 s. Then, the mouse can get a food reward in this hole for 5 s by breaking a photocell 
beam. Measured are time and accuracy of responding, as well as the location of every hole 
nose poke (Lustig et al. 2013, Robbins 2002). As this procedure is performed voluntarily by 

the animal and does not cause pain or fear, the test should be classified as with “no burden”. 
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5.3.4.2. Schedule-Induced Operant Tasks 
These tasks are used to evaluate the operant learning and memory. A total automated oper-
ant chamber is used (e.g. “Skinner box”), in which the animal learns to get a reward by 
pressing a lever. The standard chamber contains two levers on the front wall and another 

lever on the back wall, which are armed with stimulus lights. A food or water dispenser is in-
stalled on the front wall. There are different schedules used to evaluate different aspects of 
behaviour. The mouse needs to be trained several weeks up to months, but in favour, com-
plete automation eliminates most external effects and leads to high precision and control of 

the experiment (Buselmaier et al. 1981, McLeod 2018). Variations using nose poke holes 
instead of levers or using a social partner as a reward are known. (Baron and Meltzer 2001, 
Delcasso et al. 2007, Martin and Iceberg 2015). As this procedure is performed voluntarily by 

the animal, the test should be classified as with “no burden”. 
 
5.3.5. Motor Learning 
5.3.5.1. Conditioning of Eyeblink 
The cerebellar motor learning is measured with this test. A conditioning stimulus, which con-
sists of a visual or auditive stimulus, is paired with an unconditioned stimulus, which pro-
vokes the eye blinking. This unconditioning stimulus consists of a 100 ms foot shock or an air 

puff, straight onto the cornea. The animal is fixed during this test, but there are apparatuses 
available which just fixe the mouse’s head, letting the body unrestrained placed on a ball or 
treadmill, which can be moved. This probably should reduce stress. The eyeblink response is 

measured with a sensitive camera system (Disterhoft and Weiss 2017, Rasmussen et al. 
2018). Since mice experience stress due to the restraint, we suggest categorising the test as 
“mild”. 
 

5.3.5.2. Rotarod Test 
The Rotarod test to evaluate coordination and balance has been described in 5.1.3.3. To 
evaluate motor learning, the improvement in performance on several consecutive days is 

measured by latency to fall from the Rotarod. We suggest categorising this test at most as 
“mild”. 
 

5.4. Feeding and Drinking 
Feeding and drinking is an essential and important life event and the most basic survival be-
haviour. Since these behaviours are affected by circadian rhythms, aging, anxiety, neuroen-
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docrine axis and other brain functions, various investigations are conducted regarding these 

subjects. Some of them are described in the following. 
  
5.4.1. Analysis of Feeding Behaviour 
Microstructural behaviour is evaluated with the help of recorded feeding behaviour. This 
could relate to investigations about the neuroendocrine axis, drugs, transgenic manipula-
tions, diseases, etc. by evaluating meal size, rate of consumption, intermeal interval or orofa-
cial motor components (Azzara 2004, Bercik et al. 2009, Czyzyk 2013). Laboratory mice do 

not experience any stress during these observations. This is why the analysis of feeding be-
haviour should be classified as with “no burden”. 
 

5.4.2. Cafeteria Diet 
The cafeteria diet investigates human obesity by feeding a high calorie diet, consisting of 
food regularly consumed by humans over several weeks (Sampey et al. 2011). Often, addi-

tional tests like calorimetry are used or the effects of drugs are tested.  
 
The diet, which is fed, varies depending on the protocol. Described are chocolate, biscuits 
and peanut butter (Zeeni et al. 2015), cheese- or bacon flavoured chips, marshmallows, 

peanut candy, filled and wafer cookies, sausage, mortadella and soda (Gasparin et al. 2018), 
digestive biscuits and almond paste (Luijten et al. 2019), chocolate crackers, wafers, marsh-
mallows, mortadella, hot dog sausages, cheese and bacon chips, Doritos® chips, peanut 

candy, calf’s food jelly as well as soft drinks like guarana and cola (Leffa et al. 2015, Leffa et 
al. 2017). The composition of the diets is shown in table 3. The mice could select and con-
sume the foods ad libitum (Gasparin et al. 2018, Luijten et al. 2019, Zeeni et al. 2015) and 
some protocols allowed access to the standard rodent  diet additionally (Leffa et al. 2015, 

Leffa et al. 2017, Luijten et al. 2019). Two protocols use a daily changing menu for the diet 
(Leffa et al. 2015, Leffa et al. 2017). Feeding the cafeteria diet lasts 14 weeks (Gasparin et 
al. 2018), 15 weeks (Zeeni et al. 2015), 35 days (Luijten et al. 2019), from 3 weeks of age 

until 11 weeks of age (Bailey et al. 1986), 8 weeks (Muller et al. 2018), 17 weeks (Leffa et al. 
2017) or 13 weeks (Leffa et al. 2015). Daily replaced with fresh food (Gasparin et al. 2018). 
Body weight was measured three times a week (Luijten et al. 2019), weekly (Gasparin et al. 

2018, Leffa et al. 2015, Zeeni et al. 2015) or at the beginning and the end of the diet phase 
(Muller et al. 2018). Food intake was measured daily (Gasparin et al. 2018, Leffa et al. 2015), 
three times a week (Luijten et al. 2019) or weekly (Zeeni et al. 2015). Further measurements 
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conducted are body composition and metabolic efficiency by magnetic resonance imaging, 

indirect calorimetry in a temperature-controlled metabolic chamber (Luijten et al. 2019) or 
running capacity test five times per week and 48 h of metabolic cages (Muller et al. 2018). 
 

Table 3: Composition of the used diets 

Reference 
Particular 
used 
Food 

% Kilocalories 
Fat 

% Kilocalories 
Carbohydrate % Kilocalories Proteins 

Muller et 
al. 2018 

 18.8 55 14.8 

Zeeni et 
al. 2015 Chocolate 47 47 6 

 Biscuits 40 55 5 

 Peanut 
Butter 75 9 17 

Gasparin 
et al. 2018 

 17 73 10 

Bailey et 
al. 1986 

 7 83 10 

Leffa et 
al. 2015, 
Leffa et 
al. 2017 

 51.84 40.71 7.44 

 
The cafeteria diet uses high calorie food, which could be considered as unhealthy, to assess 
the impact on body and welfare of the animals. Animals do not experience any fear or pain, 

which is why we suggest rating the test basically as with “no burden”. Since studies indicate 
that the used foods could cause advanced liver damage, renal interstitial fibrosis and heart 
damage (Zeeni et al. 2015), it should be taken into consideration to classify the cafeteria diet 
as either “mild” or “moderate”, depending on the expected organ damage. It is likely that the 

test does not have a major impact on the psychological stress level of the mice but neverthe-
less the physiological impact cannot be dismissed. Possibly, the negative impact correlates 
positively with the duration of feeding the diet. This should be taken into consideration while 

evaluating the severity of this test. 
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5.4.3. Conditioned Taste Aversion 
Conditioned taste aversion has already been described in 5.3.2.3. 
 
5.4.4. Conditioned Taste Preference 
First, mice are singly housed and adapted to a drinking solution for a few days. Then they 
undergo surgery, to place a catheter subcutaneously from the neck, through abdominal mus-
cles, into the stomach. After a few days of recuperation time, the conditioning trials are per-
formed. The mice are placed in infusion cages, which consist of transparent walls, a mesh 

floor and two drinking bottles on the front wall. The infusion system is installed above the 
cage and output connected to the mouse’s catheter. Different flavoured liquids are offered as 
a positive or negative conditioning stimulus. Then drinking was observed automatically, start-

ing the auto-controlled infusion pump with either water or maltodextrin, depending on the 
used conditioning stimulus (e.g. three days positive stimulus, three days negative stimulus). 
After this phase, a two-bottle choice test measures the amount of consumed drinking solution 

(Sclafani and Glendinning 2003). The conditioned taste preference should be categorised as 
either “moderate” or “severe” because animals first undergo a surgical procedure and then 
are fixated due to the catheter system. 
 

5.4.5. Restricted Daily Access 
The daily consumption of water and food is restricted to a few hours per day. Normally these 
restrictions are used to evaluate the effects of short-acting medications, but they can also be 

used in other experiments (Hatori et al. 2012). We suggest classifying this test as either 
“mild” or “moderate”, depending on the duration of water and food deprivation as well as 
used medication. 
 

5.4.6. Specialised Diets 
Specialised diets are used to evaluate and study gene functions, preferences and effects of 
different nutrients, as well as effects of hormones or drugs on feeding behaviour and weight  

(Crawley 2000). These diets can be high or low in particular nutrients or might be substituted 
by dietary supplements (Kim et al. 2016, Nuzzo et al. 2018). Since studies show that some 
diets could lead to organ damage (Zeeni et al. 2015), this test should be categorised as with 

either “no burden”, “mild” or “moderate”, depending on the organ damage which is expected. 
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5.4.7. Twenty-Four Hour Consumption 
The consumption of water and food within 24 hours is measured. Therefore, food is weighed 
every 24 h. To also take account of spillage, the cage needs to be scanned for food crumbs 
lying around. Laboratory mice do not experience any stress during observations. This is why 

the twenty-four-hour consumption should be classified as with “no burden”. 
 
5.5. Reproductive Behaviours 
Reproductive behaviours are observed to evaluate the function of complex feedback mecha-

nisms regulated by central and peripheral hormones. Among other things, testing includes 
observation of courtship and copulation, nesting, parenting, pup retrieval and pup ultrasonic 
vocalisation as described in the following. 

 
5.5.1. Courtship and Copulation 
The individual components of sexual behaviours during different tests are recorded and then 

quantitated by an observer (Bean et al. 1986, Matsumoto and Okanoya 2016, Pomerantz et 
al. 1983, Watt 1931). Laboratory mice do not experience any stress during observations. This 
is why we suggest categorising the test as with “no burden”. 
 

5.5.2. Nesting (Nest Building) 
The testing and evaluation of nest building can indicate distress pain and suffering in the an-
imals (Gaskill et al. 2013, Gjendal et al. 2019, Jirkof et al. 2013). The mice are provided with 

nesting material and allowed to interact with the material for 24-48 h. Afterwards, the nest is 
removed and evaluated, which includes weight and different quality parameters. Then the 
mice are provided with new nesting material. In different protocols the nesting materials can 
variate. 

 
For the nest building test an individual housing of the animals is provided in some of the pro-
tocols (Deacon 2006, Greenberg et al. 2016, Kraeuter et al. 2019). In others, housing in pairs 

(Newman et al. 2019) or groups of three animals (Gaskill et al. 2013, Gjendal et al. 2019) are 
described. As this test might be used to assess distress in form of medication or experi-
mental procedures, they are used previously to the nest building test phase (Gjendal et al. 

2019, Greenberg et al. 2016). They provided nesting material with a weight of 2 g (Newman 
et al. 2019), 2.5 g (Kraeuter et al. 2019), 3 g (Deacon 2006), 8 g (Greenberg et al. 2016), 
8-10 g (Gaskill et al. 2013) or 30-35 g (Gjendal et al. 2019). The used nesting material was 
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Enciro-Dri®shredded paper (Greenberg et al. 2016), crinkled paper nesting material (Gaskill 

et al. 2013) or cotton nesting material (such as Nestlet) (Deacon 2006, Kraeuter et al. 2019, 
Newman et al. 2019). Some protocols mention enrichment items in usage (Gjendal et al. 
2019) whereas others do not recommend the usage of these at all (Deacon 2006). Nesting 

material was provided at different times of the day: At 14:00 h (Gjendal et al. 2019), 15:00 h 
(Greenberg et al. 2016), 13:30 h (Newman et al. 2019) or 19:00 h (Kraeuter et al. 2019). The 
evaluation of the nests is done 10 h (day 1: 19:00 h), 24 h, 28 h, 32 h, (day 2: 9:00 h, 
13:00 h, 17:00 h) and 48 h (day 3: 9:00 h) after the experimental procedure (Greenberg et al. 

2016), 7-9 h after beginning of the light phase (Gaskill et al. 2013), five days later (Newman 
et al. 2019), at 7:00 h the next day (Kraeuter et al. 2019) or the next morning (Deacon 2006). 
Most protocols do not only describe the nest building behaviour, but also the time to integrate 

to the nest as part of the evaluation of nesting. This describes the motivation to engage in 
nesting behaviour when mice are provided with fresh nesting material. Therefore, one proto-
col provides animals with a 2.5 cm square of nestlet after 18 h (Gjendal et al. 2019), the oth-

er provides animals with a 5.08 cm square of cotton nesting material cut into quarters within 
the first 3 h of lights turned on (Gaskill et al. 2013). An acclimatisation period of seven days 
(Greenberg et al. 2016, Kraeuter et al. 2019) prior to the test beginning is described. 
 

Nest building is conducted in a known environment, to which the animals are habituated. 
Additionally, it basically does not require any invasive methods. This is why we suggest clas-
sifying the test as with “no burden”. Clearly, depending on the tested drugs and their applica-

tion form or other experimental procedures the severity could change. Data show that en-
richment items have a positive impact on the animal’s welfare, stress, anxiety behaviour, etc. 
(Bailoo et al. 2018), that is why protocols which do not use these items should be considered 
as having a higher negative impact on the animals. Studies indicate that mice prefer some 

nesting materials over others (van de Weerd et al. 1997). As the nest has an impact on ther-
moregulation, preweaning mortality of pups and therefore the animal’s welfare, it is likely that 
the nest’s structure influences these factors as well.  

 
5.5.3. Parenting 
The parental care is recorded and then scored for several parameters by an observer (Brown 

et al. 1996, Kuroda et al. 2007, Tachikawa et al. 2013). Parenting and pup retrieval assays 
are often combined. Laboratory mice do not experience any stress during observations. This 
is why parenting should be classified as with “no burden”. 
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5.5.4. Pup Retrieval 
To assess parental care behaviour, the latency time until the parent brings back its briefly 
separated new-born pups into the nest and the number of pups which are retrieved is meas-
ured (Brown et al. 1996, Kuroda et al. 2007, Tachikawa et al. 2013). We suggest categorising 

this test as either with “no burden” or “mild”, depending on the repetitions of separating pups 
from their parents. 
 
5.5.5. Pup Ultrasonic Vocalization  
This test can be used to detect communication deficits or parental behaviour. New-born pups 
are briefly separated from their mother and placed in a box equipped with high-frequency 
detecting equipment. The vocalisation is then analysed and the test can be repeated over 

several days (Hofer 2002, Mogi et al. 2017, Okabe et al. 2013, Takahashi et al. 2009). We 
suggest categorising this test as either with “no burden” or “mild”. 
 
5.6. Social Behaviours 
The behavioural repertoire exhibited by mice during social behaviour tasks is observed or 
recorded and then evaluated. This includes different behaviours, like huddling, juvenile play 
behaviour, aggression or different grooming behaviours (allogrooming, barbering and whisker 

trimming). Nesting (nest building), social interaction, social transmission of food preference 
test and the three-chamber social approach task are described in the following. 
 

5.6.1 Nesting (Nest Building) 
Nesting (Nest Building) has already been described in 5.5.2. 
 
5.6.2. Social Interaction 
Social interaction has already been described in 5.3.3.1, but other tests referring to social 
interaction are also used in research. Two of them are described in the following. 
 

5.6.2.1. Social Transmission of Food Preference Test 
First, a demonstrator mouse is allowed to eat food mixed with a novel flavour. After consum-
ing the novel food, the demonstrator is allowed to interact with observer mice. In the final 

choice phase the observer mice are given a choice between the flavour of food eaten by the 
demonstrator and some other novel flavour. Normal observer mice will prefer the flavour of 
food eaten by the demonstrator (Wrenn 2004). Laboratory mice do not experience any pain 
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or fear during this test. Furthermore, the animals act voluntarily, which is why we suggest 

classifying this test as with “no burden”. 
 
5.6.2.2. Three Chamber Social Approach Task 
This test evaluates social behaviour and interaction in mice. The apparatus consists of a 
transparent box, consisting of three chambers. The subject mouse is habituated first, then a 
novel mouse is placed under a pencil cup in one of the chambers. Behaviour, like sniffing and 
entering the chamber, is observed and evaluated. In a second trial the yet known mouse is 

placed in one chamber and another unknown mouse is placed in the other chamber, both 
under a pencil cup again. Social interaction behaviour is observed, measured and compared 
(Faizi et al. 2012, Moy et al. 2004, Pearson et al. 2010). Laboratory mice do not experience 

any pain or fear during observations, which is why we suggest classifying this test as with “no 
burden”. 
 

5.6.3. Aggression 
Aggression is not only an important behaviour in mice, as the family organisation is defended 
by a dominant male mouse. It is also an interesting behaviour for various animal models of 
human diseases (Perepelkina et al. 2017). Therefore, some of the used behavioural tasks for 

assessment of aggression are described in the following. 
 
5.6.3.1. Standard Opponent 
This test is used for dominance and aggression evaluation. A male mouse is chosen as the 
standard opponent mouse, for its repetitive dominant or submissive behaviour. The animal is 
paired with the mouse to be tested, observing and evaluating its behaviour for 5 min (Brain 
and Poole 1974, Martinez et al. 1994). Depending on duration and intensity of the fighting, 

this test should be categorised as either with “no burden”, “mild” or “moderate”. 
 
5.6.3.2. Isolation Induced Fighting 
This test is a variation of the standard opponent test, described in 5.6.3.1, intensifying ag-
gressive behaviour caused by isolated housing (Hadfield et al. 1982, Valzelli et al. 1974). 
Depending on duration and intensity of fighting, this test should be categorised as either with 

“no burden”, “mild” or “moderate”. 
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5.6.3.3. Resident-Intruder Test 
This test is a variation of the standard opponent test, described in 5.6.3.1, where the stand-
ard opponent is the intruder in the home cage of the mouse to be tested. It can be conducted 
with single mice or mouse families with pups in a large home cage (Koolhaas et al. 2013, 

Rammal et al. 2010). Depending on duration and intensity of fighting, this test should be cat-
egorised as either “mild” or “moderate”. 
 
5.6.3.4. Round-Robin Approach 
This test defines the dominance hierarchy within a male group. Every possible combination 
of two mice is compared for dominant and submissive behaviour (Brain and Nowell 1970, 
Drickamer 2001). Depending on the duration and intensity of fighting between the group 

members, we suggest categorising the test as either with “no burden”, “mild” or “moderate”. 
 
5.6.3.5. Social Dominance 
This test evaluates dominance and aggression behaviour without physical contact. The appa-
ratus consists of two start boxes at the end of a 30 cm long tube and a central neutral area, 
which is separated by two gates. The mice are placed each at one end of the tube and then 
released, observing their behaviours. As they can smell each other, one mouse will show 

more dominant postures, while the submissive mouse will back away (Crawley 2000, van de 
Weerd et al. 1992). We suggest categorising this test at most as “mild”. 
 
5.7. Emotional Behaviours 
5.7.1. Anxiety- and Fear-Related Behaviours 
Behavioural tests which measure anxiety- and fear-related behaviours can be classified into 
conditioned and unconditioned models (Crawley 2000, Sousa et al. 2006). Conditioned mod-

els include conflict based and non-conflict based tests, like the Vogel-Conflict and Geller-
Seifert test or different conditioned fear tests, like ultrasonic vocalisation and startle tests. 
Unconditioned models are divided into exploration-, interaction-, response- and defence-

based tests. Among others, they include elevated mazes, open field test, social interaction, 
ultrasonic vocalisation and startle responses (Sousa et al. 2006). 
 

5.7.1.1. Conditioned Fear 
Conditioned fear has already been described in 5.3.2.2. 
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5.7.1.2. Elevated Platform 
This test is used to assess anxiety behaviour. The mouse is placed on an uncovered, bright, 
open platform, which is elevated above the floor. The behaviour is recorded during a prede-
fined time and later evaluated. A modification of this test adds grip covered steep slopes to 

the edges of the platform, which can be explored (Ennaceur 2012). Laboratory mice do not 
suffer from any pain during this test but might experience fear, which is why we suggest clas-
sifying this test at most as “mild”. 
 

5.7.1.3. Elevated Plus-Maze  
This test is used to evaluate anxiety behaviours. The apparatus consists of a plus-shaped 
maze, elevated above the floor, with two open and bright lit arms and two covered and dark 

arms. The mouse is placed in the central area, then the willingness to visit the open arms 
and time spent there is measured (Walf and Frye 2007). Laboratory mice do not suffer from 
any pain during this test but might experience fear. However, the animals can escape the 

bright lit arms, which is why we suggest classifying this test as with “no burden”. 
 
5.7.1.4. Elevated Zero-Maze 
This test is a modification of the elevated plus-maze. The apparatus consists of two enclosed 

and two open arms that form a circle, elevated from the ground. The time spent in enclosed 
and open arms is measured and compared (Cook et al. 2002, Shepherd et al. 1994). Labora-
tory mice do not suffer from any pain during this test but might experience fear. However, the 

animals can escape the bright lit arms, which is why we suggest classifying this test as with 
“no burden”.  
 
5.7.1.5. Emergence Test 
This test is used to assess anxiety. An open field area, as already described in 5.1.2.3., is 
used. Additionally, a small plastic compartment with an exit is placed centrally into the open 
field. The mouse is placed under the cylinder and tested for up to 15 min. The general loco-

motor activity, the latency until the mouse exits from the cylinder and the time spent inside 
the cylinder and exploring the cylinder are measured (Miao-Kun Sun 2007). Laboratory mice 
do not suffer from any pain during this test but might experience fear. However, the animals 

can escape the bright lit area, which is why we suggest rating this test as with “no burden”.  
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5.7.1.6. Fear/Defence Test Battery 
This battery is used to evaluate antipredator defensive behaviours. The apparatus consists of 
a 6 x 1 m area with rounded ends, divided in the middle by a 4 m long portion and so creat-
ing an oval runway. The floor is made of concrete, with labelled meter-distances for meas-

urement and the walls are made of plywood. The mouse is placed into the apparatus, first 
observing the animal and measuring the covered distance. Then the experimenter enters the 
runway, getting closer to the mouse at a speed of 1.0 m/s. Avoidance and flight distance are 
recorded. In a second trial, the flight speed is measured by chasing the animal a determined 

distance at a speed of 2.0 m/s. In another trial, reactions of anxiety and defence are recorded 
and evaluated. For this purpose, one plywood partition is closed to create a straight ending 
linear runway. The experimenter enters the runway from the open side, chasing the animal at 

a speed of 0.5 m/s, stopping at different distance labels for 30 s. Other protocols also de-
scribe the use of a rat, as natural predator, entering the runway (Blanchard et al. 1997, 
Blanchard, Robert et al. 1995). We suggest categorising this test at most as “mild”, depend-

ing on the details of each protocol. 
 
5.7.1.7. Fear-Potentiated Startle 
The acoustic startle response, which has been described in 5.2.3., is paired with a foot shock 

(Boulis and Davis 1989, Walker et al. 2003). Therefore, we suggest categorising this test as 
either “moderate” or “severe”, depending on the intensity of the current used for foot shocks. 
 

5.7.1.8. Four Plate Test 
This test is used as a model of anxiety and conditioned fear through passive avoidance. The 
mouse is placed in a chamber, which has an electrifiable floor, consisting of four metal plates. 
After a habituation time, a foot shock is applied, whenever crossing from one plate to anoth-

er. During a one-minute period, the number of applied foot shocks is measured. The mouse 
can avoid the shocks by remaining motionless (Hascoët M. 2011). We suggest categorising 
this test as either “mild” or “moderate”, depending on the intensity of the current used for foot 

shocks. 
 
5.7.1.9. Learned Safety/Fear Inhibition 
This paradigm is used to investigate the dysregulation of emotional behaviours, by inhibiting 
fear. The test is similar in structure to the conditioned fear, which has been described in 
5.3.2.2. It only differs in the temporal pairing of the neutral and the aversive stimulus. In con-
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trast to the fear conditioning, the neutral conditioning is never presented simultaneously to 

the aversive stimulus, but explicitly unpaired. The animal learns to associate the neutral 
stimulus with the absence of the aversive stimulus, thus interpreting it as a safety signal 
(Pollak et al. 2010). We suggest categorising this test as either ”moderate” or “severe”, de-

pending on the aversive stimulus. 
 
5.7.1.10. Light-Dark Test 
The light-dark test has already been described in 5.2.2.1. 

 
5.7.1.11. Novelty Suppressed Feeding   
The test is used to assess anxiety-like behaviour. The setup consists of a wide-open contain-

er, filled with normal bedding and a weighted, white paper circle, where food is placed. The 
mouse is placed in the novel arena and time is measured until the animal eats the familiar 
food. A food withdrawal is necessary to motivate the animal to consume the food (Samuels 

B.A. 2011). Depending on the duration of food withdrawal, this test should be categorised as 
“mild”. 
 
5.7.1.12. Open Field Test 
The open field test, as described in 5.1.2.3., is used to describe and quantitatively evaluate 
the spontaneous activity, exploratory behaviour and locomotion of rodents, but also to meas-
ure fear-related behaviours. For this purpose, freezing and defecation, as well as the time the 

animal stays next to the corners and walls (thigmotaxis), are measured. We suggest catego-
rising the test at most as “mild”. 
 
5.7.1.13. Predator Odour 
This test is used to assess anxiety-like behaviour. The mouse is confronted with predator 
odour, placed in an experimental cage setup. Then anxiety behaviour is observed and evalu-
ated (Laska and Sievert 2016, Otsuka 2017). The animal might experience fear, but since it 

is not exposed to the predator directly, we suggest categorising this test at most as “mild”. 
 
5.7.1.14. Pup Ultrasonic Vocalisation 
Pup ultrasonic vocalisation has already been described in 5.5.5. 
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5.7.1.15. Social Interaction 
Social interaction has already been described in 5.3.3.1. 
 
5.7.1.16. Visible Burrow System 
This test assesses defensive behaviour. The apparatus consists of an open surface part 
connected with dark tunnels and a chamber system underneath. Food and water are located 
in the open space area and a light-dark circle of 12 h is used. The subterranean part is lit with 
red light during 24 h per day and in both parts videotaping is possible. A group of mice is 

housed in the apparatus and normal behaviour patterns are observed and evaluated. After 
some days, a predator stimulus, for example a cat, is placed on the upper surface for about 
15 min. Afterwards, behaviour is recorded and assessed again for several days (Blanchard, 

Robert J. et al. 1995). The animal might experience fear but is not exposed to the predator 
directly and could also hide in the dark chamber system. This is why we suggest categorising 
this test at most as “mild” 

 
5.7.1.17. Vogel Conflict Test 
This test is used to assess anxiety behaviour by using anxiolytic drugs. The apparatus con-
sists of a Plexiglas box with an electrifiable mesh floor and a drinking bottle. Licking is meas-

ured automatically and after a determined number of licks a foot shock is released. The test 
is performed starting with a habituation trial of 40 min without foot shocks. One week later a 
second 40 min trial is performed after the administration of drugs, counting the foot shocks 

released. Before both trials a water withdrawal of two days is made (Umezu 1999). We sug-
gest categorising this test as either “mild” or “moderate”, depending on the intensity of the 
used current and the duration of water withdrawal. 
 

5.7.2. Behaviours and Models Related to Symptoms of Psychological Diseases 
5.7.2.1. Marble Burying 
This test evaluates compulsive-like behaviour. The animal is placed in a cage with 20 mar-

bles placed on top of the bedding. After 30 min the buried marbles are scored. Different fac-
tors like diseases, genetics or drugs influence the burying of the marbles (Angoa-Pérez et al. 
2013). Laboratory mice do not experience any pain or fear during this test, which is why we 

suggest classifying this test as with “no burden”. However, severity might change due to the 
used drugs. 
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5.7.2.2. Nestlet Shredding 
This test evaluates compulsive-like behaviour. The animal is placed in a cage, where a 
pulped cotton fibre nestlet is placed on top of the bedding. After a duration of 30 min, the 
nestlet remaining intact is determined, by comparing weight before and after the test trial. 

Different factors like diseases, genetics or drugs influence the behaviour of shredding the 
nestlet (Angoa-Pérez et al. 2013). Laboratory mice do not experience any pain or fear during 
this test, which is why we suggest classifying this test as with “no burden”. 
 
5.7.3. Models of Schizophrenia 
5.7.3.1. Acoustic Prepulse Inhibition 
This test is used to measure sensorimotor and information gating. The acoustic startle re-

sponse, which has been described in 5.2.3, is paired with a preexposure to a weaker 90 dB 
tone. This inhibits the response to the following 120 dB tone, if presented within 100 ms. Ab-
normal sensory inhibition is noticed in deficits in information gating and can also be stimulat-

ed through the use of amphetamines. Paired with the procedure already described in 5.2.3 
we suggest classifying this test as either “mild” or “moderate”. 
 
5.7.3.2. Behavioural Sensitisation 
This test measures the sensitisation by repeated exposure to a stimulus. This leads to an 
enhanced response to the same stimulus and therefore measurable behavioural changes. 
For example, repeated exposure to an open field test normally decreases exploration behav-

iour through familiarisation. However, through repeated drug administration, hyperlocomotion 
is observed (Jung et al. 2013, Weidenauer et al. 2018). We suggest classifying this test as 
either with “no burden”, “mild” or “moderate” depending on the used drugs or other protocol 
variations, like the repeated stimulus. 

 
5.7.3.3. Latent Inhibition 
This test assesses the inhibition of stimulus-response learning and information gating. The 

animal is placed in an operant chamber, which contains an electrifiable mesh floor and a 
loudspeaker, to present a tone. In the first step, the tone is played in a neutral context. Later, 
the tone is matched with a foot shock. As a next step, the mouse is offered water and after 

some time, the tone is presented again. The drinking behaviour is then recorded for 5 min. 
Another animal is not introduced to the tone in a neutral context before, but the tone is im-
mediately paired with a foot shock. Then, following the same procedure, the drinking behav-
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iour is recorded and evaluated. The preexposure of the stimuli normally leads to an inhibition 

of later stimulus-response learning, as the stimulus is not associated with the foot shock. 
Thus, the first mouse will normally have lower drinking suppression as the second mouse. 
Abnormal inhibition is noticed in information gating deficits and can also be stimulated 

through the use of amphetamines (Lubow 1973). Depending on the intensity of the used cur-
rent, the test should be categorised at most as “mild”. 
 
5.7.3.4. Hyperlocomotion 
Hyperlocomotion after application of psychostimulant drugs can be assessed in the open 
field test, described in 5.1.2.3. Depending on the used drugs, we suggest classifying the as-
sessment of hyperlocomotion as either with “no burden” or “mild”. 

 
5.7.4. Models of Depression 
5.7.4.1. Immobilisation/Restraint 
This test is used to evaluate and/or create stress responses. The animal is immobilised 
through a restraint apparatus for a particular time, with few or no possibilities to move. De-
pending on the protocol, the mice might be deprived of food and water. 
 

The immobilisation or restraint of the mouse is generally ensured by a restraint apparatus, 
which is described as a tube (Chu et al. 2016, Huang et al. 2015, Jang et al. 2018, Marianno 
et al. 2017, Padgett et al. 1998), a rodent immobilisation bag (Kedia and Chattarji 2014), jars 

(Khandve 2013), or a rodent restraint device (Sulakhiya et al. 2016). The apparatus are 
made of polypropylene (Marianno et al. 2017), transparent plastic (Chu et al. 2016, Khandve 
2013), Plexiglas (Sulakhiya et al. 2016) or a simply centrifuge/conical tube (Huang et al. 
2015, Jang et al. 2018, Padgett et al. 1998). Measurements within the protocols are 3 cm in 

diameter and 11.5 cm of length (Marianno et al. 2017), 3 cm in diameter and 10 cm of length 
(Chu et al. 2016) or  50 ml for the centrifuge tubes (Jang et al. 2018, Padgett et al. 1998). All 
of the apparatuses are described as well ventilated. The reviewed protocols describe immo-

bilisation at different levels, so complete immobilisation without any physical movements is 
possible (Kedia and Chattarji 2014, Sulakhiya et al. 2016), animals can move their head and 
forelimbs, but are not able move or turn their body and hindlimbs (Chu et al. 2016) or for-

ward-to-backward and side-to-side mobility are prevented by inserting gauze into the tube 
(Jang et al. 2018). Furthermore, one protocol describes the restrainment apparatus to be 
placed vertically (Jang et al. 2018). In most of the protocols the animals do not have access 
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to food or water (Chu et al. 2016, Kedia and Chattarji 2014, Padgett et al. 1998, Sulakhiya et 

al. 2016), but one protocol describes access to food and water (Khandve 2013). Restrain-
ment durations of 1 h (Marianno et al. 2017), 2 h (Huang et al. 2015, Jang et al. 2018, Kedia 
and Chattarji 2014), 4 h (Khandve 2013), 6 h (Kumar et al. 2010, Sulakhiya et al. 2016), 12 h 

(Padgett et al. 1998) or 24 h (Chu et al. 2016) are described. Restraint phases are conducted 
once (Chu et al. 2016, Jang et al. 2018, Kedia and Chattarji 2014, Marianno et al. 2017, 
Sulakhiya et al. 2016), eight times (Padgett et al. 1998), six days per week during eight 
weeks (Huang et al. 2015) or for 60 days (Khandve 2013). Lastly, one protocol describes the 

procedure of immobilisation by taping the animal’s limbs on a board by using zinc oxide tape 
after putting the mice on their backs. For releasing the mice, tape is moistured with acetone 
and then unravelled (Kumar et al. 2010). 

 
Not only studies indicate that restraint induces stress (Pawlyk et al. 2008), but immobilisation 
is one of the most used methods to induce stress responses in animals for further investiga-

tions (Glavin et al. 1994, Patchev and Patchev 2006). Furthermore, most of the reviewed 
protocols use water and food deprivation during the immobilisation phase. Since data indi-
cate that water deprivation alters the plasma corticosterone concentration in correlation with 
the duration of the deprivation (Bekkevold et al. 2013) and metabolic disturbance as well as 

changes in hepatic metabolites are observed (Cui et al. 2015), additional factors regarding 
the animal’s welfare are given. This is why we suggest categorising restraint/immobilisation 
with either a “moderate” or “severe” severity, depending on restraint duration and repetitions. 

Protocols in which the mouse is able to move its head and forelimbs could possibly be less 
stressful, but further studies for evaluating the differences between full body immobilisation 
and only partly immobilisation are required. It is likely that the intensity of the stress response 
is correlated positively with the duration of restraint, but could underlie changes as well 

(Glavin et al. 1994). Furthermore, it is not clear if a habituation effect occurs after repeated 
restraint procedures (Glavin et al. 1994).  
 
5.7.4.2. Forced Swim Test 
This test measures the listlessness in mice. The animal is placed in a glass cylinder, filled 
with water to a depth that it cannot balance on its tail on the bottom nor escape over the top. 

Water temperatures from room temperature up to 35 °C are used. During the 4-20 min trial, 
the time actively swimming and trying to escape is measured and compared to the time the 
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mouse is just floating on the water surface (Can, Dao, Arad et al. 2012, Porsolt et al. 1977). 

We suggest categorising this test as either “mild”, “moderate” or “severe”. 
 
5.7.4.3. Learned Helplessness 
This test assesses the effects of controllable and uncontrollable stressors. Three mice are 
tested at the same time, while one is exposed to an escapable stressor, one to an unescap-
able stressor and one to no stressor. The stressor consists of a foot or tail shock, depending 
on the protocol, which can be stopped by fulfilling the right response, like wheel running or 

entering another compartment of the test apparatus. The first and the second chamber are 
connected, so every time the mouse in the first chamber receives a shock, the mouse in the 
second chamber receives the same shock at the same time. The first mouse can then termi-

nate the stressor, while the second mouse cannot do anything. The whole test trial lasts 1 h. 
Twenty-four h later, mice performance is evaluated, for example during an active avoidance 
task. Depending on the subject to be investigated, the two trials are repeated after applica-

tion of drugs to be tested (Anisman and Merali 2001). Due to the unascapable aversive stim-
ulus which leads mice to give up on theirselfs this test should be categorised as “severe”. 
 
5.7.4.4. Postweaning Social Isolation 
To induce stress, the mice are housed isolated from other conspecifics during early post-
weaning live, which can also be done under different light-dark circles (Matsumoto et al. 
2019, Pietropaolo et al. 2008, Valzelli 1973). We suggest categorising this test as either with 

“no burden”, ”mild” or “moderate”. 
 
5.7.4.5. Social Deprivation/Social Isolation 
Mice are housed isolated from other conspecifics to induce stress (Berry et al. 2012, Delini-

Stula and Vassout 1981, Valzelli 1973). We suggest categorising this test as either with “no 
burden”, ”mild” or “moderate”. 
 

5.7.4.6. Sucrose Preference Tests 
This test measures anhedonia, based on the preferred consumption of a sweet solution, 
which has a rewarding effect compared to water. This test is a two-bottle choice test (see 

5.4.2.) combined with a stressor, which induces depression-like behaviour (Liu et al. 2018). 
This test should be categorised at most as “mild”. 
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5.7.4.7. Tail Suspension Test 
This test evaluates listlessness in mice. The mouse is held or suspended at the tail tip in a 
head downward position. The time and number of attempts to actively free themselves from 
this situation are measured and then compared with the time of immobility. A test trial can last 

6 min and more, depending on the used protocol (Can, Dao, Terrillion et al. 2012, Steru et al. 
1985). We suggest categorising this test as either “moderate” or “severe” depending on trial 
time and repetitions. 
 
5.7.4.8. White Noise 
In this experiment, stress is induced by high intensity background noises, applied through 
various days (Anthony et al. 1959). We suggest categorising this test at most as “mild”. 

 
5.8. Reward and Abuse 
5.8.1. Conditioned Place Preference/Aversion 
In this test, the mouse learns to associate a neutral, contextual stimulus with a positive or 
negative stimulus. The apparatus consists of a box with two chambers, differing in form, vis-
ual cues or lightning, which are connected by a door. During the first phase, a preexposure 
session, the animal can explore the apparatus for up to 15 min. In the next step, a drug is 

applicated and depending on its effects, used as a positive or negative stimulus. The mouse 
is then immediately placed in the appropriate chamber, with the door closed. This procedure 
can be repeated, to reinforce the conditioning effect. Twentyfour hours later the test trial is 

performed. The mouse is placed into the chamber and the door is left open. The time spend-
ing in the reinforced compartment, in comparison with the other compartment, is measured. 
Thereafter, if the animal spends more time in the chamber associated with the stimulus, a 
conditioned place preference has developed. If the animal spends less time in the chamber 

associated with the stimulus, a conditioned place aversion has developed (Cunningham et al. 
2003, Cunningham et al. 2006, Cunningham et al. 2011). Depending on the aversive stimu-
lus, the test should be categorised as either “mild” or “moderate”. 

 
5.8.2. Intra Venous Self-Administration 
This test is used to evaluate rewarding and abusive effects of drugs. The apparatus is an 

operant chamber, equipped with two levers, dipper cups, a stimulus light and microliter sy-
ringe pumps. First, the mouse is habituated to the operant chamber and trained to press the 
lever to get a reward, for 1 h per day, for up to one week. Then, the animal undergoes sur-
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gery to insert an intravenous catheter subcutaneously from the back, through the jugular vein 

into the right atrium. After a few days of recuperation time, the test trial is performed. The 
animal is placed in the operant chamber and the catheter is connected to the computer-
operated infusion pump. Pressing a lever results in a drug infusion paired with the illumina-

tion of the stimulus light, which stays on for a few more seconds during the out-time period. 
The mouse is allowed to self-administer for three consecutive sessions of 2 h. The number of 
infusions as well as the total intake of the administered drug are counted (Kmiotek et al. 
2012). We suggest categorising this test as either “moderate” or “severe”, since animals first 

undergo a surgical procedure and then are fixated due to the catheter system. 
 
5.8.3. Oral Self-Administration 
This test is used to evaluate rewarding and abusive effects of drugs. A two-bottle choice par-
adigm can be used as described in 5.2.4. 
 

5.8.4. Scoring Withdrawal Symptoms 
The scoring of withdrawal symptoms is done by observing the mice after drug treatment  
(Crawley 2000). The test should be categorised as either “mild” or “moderate”, since drug 
withdrawal can be a painfull procedure (National Research Council 2009) and procedures 

might vary in trial repetitions. 
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6. Suggested Severity Assessment 

The following table gives a short overview of the analysed and discussed tests. 
 
Table 4: Overview of behavioural tests 

Test Average Suggested Severity Page 

  no bur-
den mild moderate severe non re-

covery   

Acoustic Prepulse Inhibition  X X   66 
Active Avoidance  X X   45 
Air Puff Flinch Response  X X   32 
Analysis of Feeding Behaviour X     53-54 
Acoustic Startle Response  X X   31 
Auditory Acuity  X    31 
Barnes Maze X X    39-41 
Basket Test X     19 
Beam Walking Test/Balance Beam 
Test 

 X    19-21 

Behavioural Sensitisation X     66 
Cafeteria Diet X X X   54-55 
Cheese Board Test X     42 
Circadian Wheel Running X     16 
Circling X X X   12 
Conditioned Fear   X X  45-49 
Conditioned Place Prefer-
ence/Aversion 

 X X   70 

Conditioned Taste Aversion  X X   49 
Conditioned Taste Preference   X X  56 
Conditioning of Eyeblink  X    53 
Courtship and Copulation X     57 
Cylinder Test X     12-13 
Delayed Matching-to-Position and 
Delayed Non-Matching-to-Position 
Performance (DMTP/DNMTP)  

X     42 

Elevated Platform  X    62 
Elevated Plus-Maze  X     62 
Elevated Zero-Maze X     62 
Emergence Test X     62 
Fear/Defence Test Battery  X    63 
Fear-Potentiated Startle   X X  63 
Five-Choice Serial Reaction Time 
Attentional Task X     52 

Flinch Test   X   33 
Foot Fault Test X X X   13-14 
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Test Average Suggested Severity Page 

  no bur-
den mild moderate severe non re-

covery   

Footprint Pattern/CatWalk™ XT  X X    14-15 
Forced Swim Test  X X X  68-69 
Formalin Test  X X   33-34 
Four Plate Test  X    63 
Grip Strenght X X    23-25 
Hole Poke Exploratory Test  X    16-18 
Hot Plate   X   34-36 
Hyperlocomotion X X    67 
Immobilisation/Restraint   X X  67-68 
Intra Venous Self-Administration    X X  70-71 
Isolation Induced Fighting X X X   60 
Latent Inhibition  X    66-67 
Learned Helplessness    X  69 
Learned Safety/Fear Inhibition   X X  63-64 
Light-Dark Test X     28-30 
Marble Burying X     65 
Morris Water Maze  X X X  42-45 
Nesting (Nest Building) X     57-58 
Nestlet Shredding X     66 
Novelty Suppressed Feeding    X    64 
Object Recognition Test X     52 
Olfactory Acuity X     27 
Olfactory Discrimination X X    27-28 

Open Field Test X X    18-19, 
62 

Oral Self-Administration  X     71 
Parenting X     58 
Passive Avoidance  X X   49 
Plantar (Hargreaves) Test  X X   36 
Postweaning Social Isolation X X X   69 
Predator Odour  X    64 
Pup Retrieval X X    59 
Pup Ultrasonic Vocalization  X X    59 
Radial Maze  X    49-50 
Randall-Selitto Test/Paw-Pressure 
Test 

 X X   36-37 

Resident-Intruder Test  X X   61 
Restricted Daily Access  X X   56 

Rotarod Test  X    21-22, 
53 

Rotometer  X    15-16 
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Test Average Suggested Severity Page 

  no bur-
den mild moderate severe non 

recovery   

Round-Robin Approach X X X   61 
Schedule-Induced Operant Tasks X     52-53 
Scoring Withdrawal Symptoms  X X   71 
Social Deprivation/Social Isolation X X X   69 
Social Dominance  X    61 
Social Interaction/Recognition Test X X X   50-52 
Social Transmission of Food Pref-
erence Test X     59-60 

Specialised Diets X X X   56 
Staircase Test X     23 
Standard Opponent X X X   60 
Step-Down Avoidance  X    50 
Sucrose Preference Tests  X    70 
T-Maze/Y-Maze Delayed Alterna-
tion X X    45 

T/Y-Maze X     32 
Tail Flick Test  X X   37-38 
Tail Immersion/Hot-Water Tail 
Flick/Cold-Water Tail Flick Test  

 X    38-39 

Tail Suspension Test   X X  70 
Taste Acuity X     31 
Three Chamber Social Approach 
Task 

 X    58 

Treadmill Test X X X X  16 
Twenty-Four Hour Consumption X     56-57 
Vertical Pole Test  X    23 
Visible Burrow System  X    65 
Visual Cliff Assay X     30 
Visual Water Box  X X   31 
Vogel Conflict Test  X X   65 
Von Frey Test  X    32 
White Noise  X X   70 
Wire Hang Test  X    25-26 
Writhing Test  X X X  39 
Y-Maze/T-Maze Avoidance  X    50 
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7. Summary and Conclusion 

Nowadays a wide range of literature regarding behavioural tests is available. Therefore, an 
immense number of different test protocols exists, proceeding behavioural tests with different 
research methods. An incomplete list of more than 100 behavioural tests is described, not 

including unpublished tests developed and provided by laboratories on their own. This thesis 
aimed to review publications describing phenotyping procedures in mice with emphasis on 
details of the experimental setup which could imply a variation of the burden of the tested 
animals. According to the information given in these papers a range or a certain grade of 

severity is suggested in this thesis for every category of phenotyping experiments.  
As the findings of this thesis show, research does not use standardised testing protocols for 
each procedure. This does not only lead to the problem of comparing data and results of dif-

ferent scientific studies but also to the problem that evaluating the exact impact of different 
parameters on the animal’s welfare is very difficult. According to the Directive of the Europe-
an Parliament, every procedure has to be evaluated individually using the annex VIII. It is 

important to note that the severity should be classified due to the extent of pain, suffering, 
fear or permanent damage which the animal is likely to experience during the procedure. 
Furthermore, the directive mentions some examples of the different severity classifications. A 
list, with examples of behavioural tests is published by the Austrian Ministry of Education, 

Science and Research as recommendation for severity classification 
(https://www.bmbwf.gv.at/Themen/Forschung/Forschung-in-
%C3%96sterreich/Services/Tierversuche.html). This list in based on defined experimental 

parameters. Therefore, the review of this thesis shows that there is a number of varying pa-
rameters in most of the tests which could influence the animal’s welfare differently. It is plau-
sible that genetically modified animals might have another level of stress, anxiety and fear, 
which influences the animal’s welfare as well. Finally, it is noticeable that the severity as-

sessment of different tests would be more exact by not only using the categories “mild”, 
“moderate”, “severe” and “non recovery”, but maybe assessing severity by the use of a more 
precise severity-scale reaching from 1-10. 
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8. Zusammenfassung 

Heutzutage ist eine große Anzahl an Literatur zum Thema Verhaltenstests verfügbar. Des-
wegen gibt es eine immense Anzahl unterschiedlicher Testprotokolle, welche Verhaltenstests 
mit unterschiedlichsten Methoden und genutzten Parametern beschreiben. In dieser Diplom-

arbeit wird eine unvollständige Liste von mehr als 100 Verhaltenstests beschrieben, welche 
die von Laboratorien selbst entwickelten und unveröffentlichten Tests nicht berücksichtigt. 
Das Ziel dieser Diplomarbeit war eine Übersicht über die bekanntesten Verhaltenstests zu 
erstellen und die Unterschiede in den das Tierwohl betreffenden Einflussfaktoren in den ver-

schiedenen Studien zu benennen. Zusätzlich wird eine Einstufung der Schweregrade der 
jeweiligen Verhaltenstests bei Labormäusen aufgrund der Beschreibungen in der entspre-
chenden wissenschaftlichen Literatur vorgeschlagen.  

Wie im Laufe dieser Diplomarbeit aufgezeigt wird, werden in der Forschung kaum standardi-
sierte Testprotokolle für die einzelnen Verfahren verwendet. Dies führt nicht nur zu dem Prob-
lem des Vergleichs von Daten und Ergebnissen verschiedener wissenschaftlicher Hypothe-

sen, sondern auch zu dem Problem, dass eine Bewertung der genauen Auswirkung ver-
schiedener Parameter auf das Wohlergehen des Tieres nahezu unmöglich ist. Nach der 
Richtlinie des Europäischen Parlaments muss jedes Verfahren anhand des Anhangs VIII 
einzeln bewertet werden. Dabei wird der Schweregrad aufgrund des Ausmaßes von 

Schmerzen, Leiden, Angst oder bleibenden Schäden, die das Tier während des Verfahrens 
wahrscheinlich erleidet, festgelegt. Darüber hinaus werden in der Richtlinie einige Beispiele 
für die verschiedenen Klassifikationen der Schweregrade genannt. Die Richtlinie beschreibt 

aber keine genauen Parameter dieser Tests. Es gibt zusätzlich eine Stellungnahme zur Be-
lastungseinstufung in Verhaltensexperimenten des Österreichischen Bundesministerium für 
Bildung, Wissenschaft und Forschung 
(https://www.bmbwf.gv.at/Themen/Forschung/Forschung-in-%C3%96sterreich/Services/Tierv

ersuche.html). Darin werden die Einstufungen nach definierten experimentellen Parametern 
durchgeführt, während sie in der vorliegenden Arbeit anhand der Beschreibungen in den 
veröffentlichten wissenschaftlichen Studien vorgeschlagen wurden. Die Ergebnisse dieser 

Arbeit zeigen, dass weitere Studien erforderlich sind, um die Parameter und deren Einfluss 
auf das Wohlergehen der genutzten Labortiere zu bewerten. Außerdem zeigen eventuell 
genetisch veränderte Mäuse ein anderes Empfinden in Hinblick auf Stress, Angst und Furcht, 

was sich damit auch auf das Wohlergehen des Tieres auswirken könnte. Abschließend ist zu 
sagen, dass die Beurteilung des Schweregrads der verschiedenen Tests genauer wäre, 
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wenn nicht nur die Kategorien „gering“, „mittel“, „schwer“ und „nicht wiederhergestellt“ ver-

wendet würden, sondern der Schweregrad mithilfe einer genaueren Skala bewertet würde, 
welche z.B. von 1-10 reicht. 
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L  Liter 
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TVG2012 Tierversuchsgesetz 2012 
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