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ABSTRACT

A major predicament when doing behavioural research are the dissimilarities found between individ-
uals, regardless of measures that have been taken to ensure standardisation within the experiment. In
the light of the three R’s (replacement, reduction and refinement) regarding laboratory animal testing,
means to control and/or identify these inter-individual differences may improve the reliability and re-
producibility of research and may lead to a reduction of the required sample size in the future. The
present study focused on comparing a study design that attempted to control the inter-individual var-
iation vs. a study design that did not take such variation into consideration.

59 BALB/cAnNCrl mice, 60 C57BL/6NCrl mice and 60 12952/PasCrl mice were used in the experiment.
All mice were subjected to behavioural testing in a modified Hole Board and blood samples were taken
from each respective mouse to analyse corticosterone levels. Afterwards, cluster analysis was run on
the behavioural and corticosterone data to allocate the mice into different response type clusters. In
the next phase, dexmedetomidine was used as treatment and the emotional reactivity from the pre-
vious phase was used to compose experimental groups.

It was revealed that there were two cluster response types within the group of tested animals, with
distributions of 52.5% and 47.5%. Moreover, different significant results and effect sizes in the group
balanced in response type cluster in comparison to the group unbalanced in response type cluster.

Overall, the present study observed that taking inter-individual variation of intersession habituation
into consideration when creating experimental groups was deemed to improve the reliability and re-
peatability of the study. The presented method offers flexibility and can thus be readily applied in other
behavioural studies.

Keywords:
inter-individual variation, k-means clustering, modified Hole Board, emotional reactivity, dexmedetomidine.
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1. INTRODUCTION AND AIM

In modern-day preclinical research, genetic uniformity and environmental standardisation are used as
means to increase the reliability of studies (2,3). In order for research to be reliable, it should have
been validated through, for example, replication (3,4). Since research on anxiety-related disorders of-
ten demands the use of mice and rats as animal models (5-7), mouse and rat inbred models that
facilitate genetic uniformity have been established (3), thus making validation by standardising achiev-
able. Regardless of these methods of standardisation, however, substantial diversity in physiological
and behavioural response between different individuals of the same strain has been demonstrated to
exist (8—12). As a result, the inter-individual variation can potentially impact the reliability of research
results (13) by decreasing chances of validation through replication (14). In the current time and age,
increasing the sample size is a commonly used approach to be able to disregard the variation between
individuals (11,13).

Determining the cause of the diversity in behavioural and physiological response between individual
experimental animals has proven to be complicated, seeing that recent studies have shown a variety
of different explanations for said diversity, ranging from (epi)genetic and environmental factors (9,15—
17) to a dissimilarity in intestinal flora (18,19). The results of these studies are mostly consistent on
one conclusion: the diversity in behavioural and physiological response between individuals of the
same population is caused by complex gene by environment interaction (9,15,16,18,19), even in the
case of genetic uniformity between said individuals (12). As a result, it is difficult to regulate inter-
individual variation through standardisation.

Identifying and/or controlling the different types of responses, behavioural as well as physiological,
may thus lead to an improvement in quality of animal experiments. However, few scientific articles
have been published on the subject of using statistics to take this diversity into account rather than
establishing its cause (20). Improving identification in diversity between animals of the same strain
may decrease the sample size needed in experiments (14), promoting reduction of the required
amount of laboratory animals and keeping the 3 R’s (replacement, reduction and refinement) (21) in
mind.

As part of ongoing research on inter-individual differences, the present study was designed to evaluate
whether an improved control over inter-individual differences in mice can contribute to the quality of
animal experiments. Prior to this study, retrospective analyses and an experiment have been con-
ducted to demonstrate and validate the existence of inter-individual differences. This master thesis
study focused on the comparison between a study design that attempted to control the inter-individ-
ual variation and a study design that did not take inter-individual variation into account.

1.1 RETROSPECTIVE ANALYSES AND PRIOR EXPERIMENT

Before the start of the present study, retrospective analyses attempting to explore the existence of
inter-individual differences (22) have been performed on previously published studies (23,24). These
studies focused on adaptive capacities in male BALB/clJ, 129P3/J, 129P2/OlaHsd, 12952/SvHsd,
129S2/SvPasCrl, 129X1 and 129P2/) mouse inbred strains. Moreover, all studies used a modified Hole
Board set-up to show difference in habituation/adaptation patterns between the different (sub)strains
(23,24). To analyse the data from these studies and possibly identify inter-individual differences, pat-
tern analysis had been applied using a combination of linear mixed models and clustering techniques
(22,25). Pattern analysis was able to yield proof on the existence of inter-individual variation, but also
opened up the possibility to map this variation. The retrospective pattern analysis resulted in three
clusters as optimal cluster solutions, dubbed type A “Non-responding”, type B “Sensitisation” and type
C “Habituation”.
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The different analysed studies lacked consistency, i.e. the retrospective data was collected from dif-
ferent experiments that were done in different time frames, by different researchers, on different
locations, et cetera (22). As inconsistencies existed between the analysed studies, the results and
method (i.e. the k-means clustering) were in need of validation. An experiment (Exp. 1) has been con-
ducted prior to this study to explore, validate and extend the aforementioned results in further detail.
In this experiment, BALB/cAnNCrl, C57BL/6NCrl and 12952/PasCrl mice were subjected to the modified
Hole Board, during which behavioural analysis as well as examination of corticosterone levels was car-
ried out. Exp. 1 validated the results from the retrospective data, again by applying the k-means
clustering method and by yielding three clusters as optimal cluster solutions: response type A “Non-
responding”, response type B “Sensitisation” and response type C “Habituation”. Additionally, this ex-
periment demonstrated that it is possible to identify different response types, whereby the types vary
in the degree and approach in which the animals adapted to the test set-up. Some strains seemed to
lean more towards a specific response type, as was illustrated by BALB/c mice that dominated type C.
On the other hand, the results from C57BL/6 and 12952 mice seemed to be spread out more evenly
across types A and B. (26)

The present study, defined as Exp. 2, will investigate whether taking inter-individual variation into con-
sideration contributes to the standardisation of behavioural studies.

1.2 BACKGROUND OF THE MODIFIED HOLE BOARD

The modified Hole Board (mHB) has been utilised in Exp. 1 and the retrospective studies (26) and was
used again in the present study (Exp. 2) to facilitate behavioural scoring of mice. The mHB combines
characteristics of both the hole board and the open field test, resulting in a paradigm that allows for a
larger variety of behavioural dimensions in rodents to be studied in one single test (27,28). It consists
of a board that has multiple holes in its centre, which is placed in the centre of a box, thus creating an
open field in the centre of said box where the holes are (27). The broad behavioural spectrum of ro-
dents (28) can be evaluated with more ease due to the combination of the open field test’s charac-
teristic leeway for locomotor activity, defecation, risk-assessment and avoidance behaviour (29), the
mHB’s inherent possibility to insert a novel object recognition test (28), the hole board test’s evocation
of locomotion and (directed) exploration (29) and the mHB’s circumvention of needing socially isolated
and/or food deprived animals (28). In lieu of using a multiple test battery, as was done in the past (e.g.
34,35), the mHB decreases the required sample size and reduces the amount of time and money that
is needed to effectively execute a multiple test battery (27).

Altogether, the mHB allows for a wide variety of behavioural parameters to be tested. Due to this large
amount of parameters, it was more efficient to organise the variables in composite variables (32).
Composite variables are variables that are the result of the combination of multiple correlating varia-
bles (32). There is a variety of different ways to accomplish combining different valuables, but the
present study made use of z-scoring. Guilloux et al. (2011) described z-scoring regarding behavioural
analysis in mice, which showed how “integrating measures along the same behavioural dimensions in
different tests would reduce the intrinsic variability of single tests and provide a robust characterization
of the underlying “emotionality” of individual mouse” (33). Through z-transformation, z-scores for spe-
cific variables can be created and combined to form a composite z-score (32). In the present study, it
was decided to organise the behavioural variables into five different behavioural dimensions: avoid-
ance behaviour, risk-assessment, locomotion, exploration and arousal. The five dimensions have
previously been established through principal component analysis by Laarakker and colleagues (34)
and have been confirmed with the use of z-scoring (35). All dimensions have been validated as reliable
on multiple occasions by other studies (23,36—38) (for more information on the five dimensions, see:
3.4 Modified Hole Board and z-scoring).
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1.3 MOUSE STRAINS AND THEIR BACKGROUND

The mouse strains that were used in the present study were BALB/cAnNCrl, C57BL/6NCrl and
129S2/PasCrl, meaning that the mice were all inbred. The advantage of using inbred strains of mice
was that fewer animals were required to generate reliable and specific results (39). Moreover, using
inbred strains means that the present study is more easily replicated (39).

As the BALB/c strain had also been used in the retrospective analyses and Exp. 1, it has been used again
to collect data for this master thesis. The BALB/c strain consists of white mice. It is one of the most
used mice strains, together with C57BL/6 mice (39). Consequently, the use of the BALB/c strain and
the C57BL/6 strain in the present study is of even greater importance, due to the fact that mapping
their inter-individual diversity can be relevant to a great variety of other studies. Furthermore, the
BALB/c mice are commonly used in research into cancer and immunology and the strain shows genetic
intactness, meaning that the progenitor strain has not been subjected to genetic mixing with any other
strain in the past (40). The behaviour of BALB/c mice has also been described to be more “emotional”
(41-43), meaning that the behavioural and physiological changes due to a conscious mental reaction
(44) of these mice are much more prominent. Next, the 12952 substrain was chosen to partake in this
study, also due to the 129 strain being a part of the retrospectively analysed studies and Exp. 1. This
agouti coated mouse strain is used most commonly in research to generate transgenic and knockout
mouse lines (45) and has demonstrated a maladaptive habituation pattern (23,24). Lastly, the C57BL/6
strain had not been used in the data of the retrospective analyses, but was used in this study and Exp.
1 due to being the most widely used strain in biomedical research (46). Its popularity in behavioural
studies in particular stems from the traits of the black mouse strain: the mice are capable of learning
a variety of tasks, breed frequently and are physically active (46). In contrast to the BALB/c strain, the
C57BL/6 mice have been described as “non-emotional” (41-43), meaning that they experience less of
a behavioural and physiological change due to conscious mental reactions (44).

Regarding the aforementioned parameters in the mHB, preceding studies have revealed several inter-
strain differences concerning the BALB/c and the C57BL/6 strains in an mHB setting. For example,
C57BL/6 mice were revealed to be more active in terms of locomotor activity (38). This coincides with
the results of other studies that were also on inter-strain differences in locomotor activity, although
these studies did not make use of the mHB paradigm (37,47,48). Furthermore, the BALB/c mice were
reported to be more active than C57BL/6 mice in terms of directed exploration in a hole board test
(37), although a similar significant difference has yet to be found using the mHB (38).
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2. RESEARCH QUESTION

A previous experiment (Exp. 1) attempted and succeeded to validate the results found in retrospective
analyses on the existence of a pattern in different individual responses, which resulted in the discovery
of three response types (22). Consequently, the present study (Exp. 2) investigated if identifying said
response types in mice could contribute to the quality of animal experiments. The following is thus the
hypothesis of this study: “Taking inter-individual variation in emotional reactivity into account in com-
position of experimental groups of mice improves reliability of results.”

To properly examine the probability of this hypothesis, Exp. 1 (see: 1.1 Retrospective analyses and
prior experiment) has first validated a way to identify the existence of inter-individual variation in emo-
tional reactivity within three strains. The exact same three strains (BALB/cAnNCrl, C57BL/6NCrl and
129S2/PasCrl) have been used again in Exp. 2. In the first phase of the present study, n = 179 mice have
been subjected to the mHB in five consecutive trials to examine their intersession habituative response
and to establish response type clusters on this population. Moreover, during this phase, blood samples
were taken seven days before testing with the mHB, on the day of testing (immediately after testing)
and seven days after testing to measure corticosterone levels.

In phase 2, the different strains of mice were separately divided into subgroups: a treatment group
and a control group. An anxiolytic (dexmedetomidine) was used on the treatment group, whereas a
placebo (saline) was used on the control group. The groups were then split further into two groups:
one group was balanced in terms of response types, while the other group was unbalanced in terms
of response types. To clarify, the balanced groups consisted of animals with the same response type
(which lead to six groups) and the unbalanced groups had mixes of response types in the animals
(which lead to six groups as well). These balanced/unbalanced groups both had treatment and control
groups (meaning three balanced and three unbalanced per treatment/placebo group) and, using the
mHB once, the responses between these four groups were compared. As there were three strains that
were subjected to testing, two different types of treatment (dexmedetomidine and saline) and two
main groups (balanced/non-balanced with respect to response type), this lead to a total of 12 different
groups (3x2x2 design).

Since taking response type cluster into account is a means to improve standardisation, it was estab-
lished that if the results were affected by considering response type cluster, reliability and repeatability
through standardisation would be deemed enhanced. Therefore, the hypothesis was confirmed if a
difference between balanced and unbalanced group results within a behavioural dimension were
found.

Altogether, this research examined the inter-strain differences, the effects of dexmedetomidine in
mice, the effects of balanced experimental groups derived from response type on reliability of research
and the interactions between these variables. As the main goal of this master thesis was to assess the
effects of controlling inter-individual differences on reliability of research, the inter-strain differences
and effects of dexmedetomidine were investigated as well, since they possibly contained valuable sup-
plementary results.
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3.  MATERIALS AND METHODS
3.1 ETHICALNOTE

The protocols of the experimental phases have been approved by the Central Animal Experiments
Committee (CCD license number: AVD1080020172264). The resolution of this approval was reached
on the basis of the EU directive 2010/63/EU (Directive on the Protection of Animals used for Scientific
Purposes). The experiments have been conducted according to the ‘Dutch Code on Laboratory Animal
Car and Welfare’ and have been reported according to the ARRIVE guidelines (49).

3.2 THE PRESENT EXPERIMENT AND ITS DIFFERENT PHASES

As a follow-up experiment to Exp. 1 (see: 1.1 Retrospective analyses and prior experiment), the present
study examined if the use of individual variation in habituation profiles affects the variation in read-
out parameters and thus the quality of animal research. To be able to test this, inbred males of the
three different mouse strains were characterised on their response type cluster in phase 1. All animals
were in the same experimental group and were tested using the mHB. Corticosterone levels were also
taken into account.

After the characterisation in phase 1, a pilot was executed to determine the required dose of dexme-
detomidine. Next, phase 2 tested if the use of response types resulted in a better quality of research
by dividing the animals into experimental groups that were balanced by response type and groups that
were unbalanced by response type. The groups of animals were subjected to an anxiolytic drug (dex-
medetomidine) and compared to groups of animals injected with saline. Statistical tests were used as
means to examine and interpret the results. Figure 1 gives an overview of the phases within the exper-
iment.

Week number
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Habituation -

Data Analysis
Pilot
Phase 2

FIGURE 1. TIMELINE OVERVIEW FOR THE TOTAL EXPERIMENT. VERTICAL GRIDLINES INDICATE
WEEKS.

3.3 ANIMALS AND HOUSING

In phases 1 and 2 of this experiment, n = 179 naive male mice were used from the BALB/cAnNCrl (n =
59, albino), C57BL/6NCrl (n = 60, pigmented/black) and 12952/PasCrl (n = 60, agouti) inbred strains.
The BALB/c strain’s sample size had been reduced by one mouse before the start of the experiment,
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yielding a smaller sample size compared to the other two strains, due to the timely euthanasia of one
of the BALB/c mice as a result of reaching the humane endpoint through health issues (50). Moreover,
to establish the required dose of dexmedetomidine in a small pilot (see: 3.6 Anxiolytic drug pilot),
another n = 15 naive male mice were used from the same aforementioned three inbred strains (n =5
per strain). During the pilot, one C57BL/6 mouse passed away as a result of experimental procedures,
resulting in a C57BL/6 mice sample size of n = 4 in the pilot. The total amount of animals used in the
present study were n = 193. Only male mice were used. Unneutered female mice follow an oestrus
cycle that significantly alters their individual behavioural results, as a consequence of hormonal
changes (51-54). All mice were seven weeks old upon arrival and they were bred by and purchased
from Charles River Laboratories in the Netherlands.

The animals were all housed in Euro-standard Type Il L cages (365 x 207 x 104, floor area: 530 cm?;
Techniplast, Milan, Italy) on a 12 hour reversed day-night cycle with lights on at 7 PM and off at 7 AM
and a radio playing 24 hours a day. Testing was done during the dark-period of the day-night cycle,
while red lights were on. The standard home cage contained aspen bedding (Aspen chips; Abedd-
Dominik Mayr KEG, Koflach, Austria), food (CRM, Expanded, Special Diets Services Witham, England)
and water, available ad libitum. A plastic shelter and tissue paper (KLEENEX® Facial Tissue, Kimberly-
Clark Professional BV, Ede, The Netherlands) served as cage enrichment in each cage. The mice were
held at the Central Laboratory Animal Research Facility of Utrecht University for the entirety of the
experiment (including pre-experimental period) and were kept in two separate rooms, room K and
room L. The mice were maintained under constant temperature (room K: 21.7 °C (x 0.234); room L:
21.9 °C (£ 0.403)) and humidity (room K: 53.5% (+ 2.44); room L: 54.8% (* 2.56)) (see appendix 2 for
graphs on temperature and air humidity in both rooms during the study). Distribution of the mice over
the two rooms was done at random. The animals were given two weeks to habituate prior to behav-
ioural testing and were tested in the same room as the one in which habituation took place.

Furthermore, the test animals were being housed individually, due to the fact that the prior experi-
ment (Exp. 1) required the socially-housed animals to be separated halfway through the experiment,
because of continuous fighting between the male mice. Moreover, research indicates there are no
effects of individual housing on behaviour in the mHB in mice (55), thus substantiating the protocol.

Lastly, the means of initial body weight upon arrival of the 129S2/PasCrl (129S2) mice, the
BALB/cAnNCrl (BALB/c) mice and the C57BL/6NCrl (C57BL/6) mice were respectively 24.4 + 2.09 grams,
20.7 £ 1.26 grams and 21.2 + 1.56 grams. One outlier was not taken into account when calculating
these means and standard deviations: a BALB/c mice arrived with an initial weight of 13.5 grams,
showed signs of being ill and turned out to be dehydrated. The condition of this mouse had improved
significantly after three days and the mouse was part of the overall experiment after recovery.
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3.4 MODIFIED HOLE HOARD AND Z-SCORING

B 150 cm -
Novel & Familiar object
\
x I I N
Test compartment Group compartment

00000000 50 om
OOOOOOOOOOOOOOO

\ Start
v

v
\ : i Board, ‘Unprotected’
Box, ‘Protected’ area  gre, (zig zag lines)

FIGURE 2. OVERVIEW OF THE MHB. “THE SET-UP CONSISTS OF A TEST COMPARTMENT (BOX) WITH IN THE MIDDLE THE

(UNPROTECTED) BOARD INDICATED WITH ZIGZAG LINES AND THE GROUP COMPARTMENT. = NOVEL OBJECT, =

FAMILIAR OBJECT, Start _ STARTING POINT.” (28)

All behavioural tests were performed with the use of the mHB. As was mentioned before (see: 1.3
Background of the modified Hole Board), the mHB combines the characteristics of an open field test
and a hole board test, resulting in a paradigm with the possibility to test a great variety of behavioural
dimensions (27,28,32). Figure 2 shows a schematic top view of the board, illustrating the open field
with holes in the centre of the board. None of these holes were filled. Moreover, a novel and a familiar
object were placed in the box, on the opposite side of the starting point, although the data collected
from interaction with these objects was not taken into account in the statistical analysis. This collected
data was thought to be of use in retrospective analysis in other studies. Additionally, this experiment
did not make use of the group compartment, due to the animals being individually housed. A spotlight
was placed above the mHB with its light carefully positioned to only shine on the board in the centre.
This was done to create an aversive effect. The mean illuminance on the board in room K was 147 (+
40.2) Ix and the mean illuminance on the board in room L was 151 (+ 26.1) Ix. A video camera was also
positioned over the test set-up to record the animals during testing, for archiving purposes.

As was previously mentioned, the five behavioural dimensions that have been scored in the present
study were avoidance behaviour, risk-assessment, locomotion, exploration and arousal. These dimen-
sions can be distributed in two different behavioural sets, namely, anxiety-related behaviour
(consisting of avoidance behaviour, arousal and risk-assessment) and activity-related behaviour (con-
sisting of exploration and locomotion). The following variables have been scored in relation to these
behavioural dimensions and their behavioural sets:
l. Anxiety-related behaviour
a. Avoidance behaviour
i. Frequency of board visits
ii. Latency to initial board visit
iii. Percentage of time spent on board
b. Arousal
i. Grooming-bouts
1. Frequency of grooming-bouts
2. Latency to grooming-bouts
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3. Percentage of time grooming
ii. Defecation
1. Frequency of defecation
2. Latency to defecation
c. Risk-assessment
i. Frequency of risk-assessments
ii. Latency to initial risk-assessment
Il.  Activity-related behaviour
a. Locomotion
i. Line crossing
1. Frequency of line crossing
2. Latency to initial line crossing
ii. Immobility
1. Frequency of immobility
2. Latency of immobility
3. Percentage of time spent on immobility
b. Exploration
i. Rearing
1. Frequency of rearing
2. Latency to rearing
ii. Exploration of test set-up
1. Frequency of exploration of holes on the board
2. Latency to exploration of holes on the board

The above-displayed behavioural variables were organised into their behavioural dimensions through
z-scoring. First of all, the variables of each individual were normalised into z-scores, by using the fol-

. . X—Hpooled
Iowmg equation: z-score = ————

. In this equation, x indicates an observation, ¢ indicates the
standard deviation of said observation and i40¢q describes the mean of the pooled data on this spe-
cific variable, regardless of strain and number of trials. This results in an equation that describes how
many standard deviations an observation is above or below the specified mean. Even though some
discrete variables were taken into account, all variables were treated as continuous to calculate the
standard deviation and mean. After calculating the individual z-scores per variable, the z-scores per
behavioural dimension were calculated. Appendix | gives an overview of the effect of the different
variables in the five behavioural dimension. The directionality of scores was adjusted so that positively-
affecting score values reflected increased dimensionality, whereas negatively-affecting score values
reflected decreased dimensionality. These calculations resulted in five different z-scores per individual
mouse per trial that amounted to five z-score trajectories per individual mouse.
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3.5 PHASE 1 RESEARCH PROTOCOL

Arrival of the animals I

Habituation _

Weighing I I I 1 time per week
Pre-testing blood sampling . . 1 time per individual
Behavioural testing including blood sampling . 5 times 5 minutes on 1 day per individual
Post-testing blood sampling 1 time per individual

B Week1l mWeek2 mWeek3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9

FIGURE 3. TIMELINE OF PHASE 1. THE ANIMALS ARRIVED ON WEDNESDAY THE 9™ OF JANUARY. PRIMARY VERTICAL GRID-
LINES INDICATE WEEKS; SECONDARY VERTICAL GRID-LINES INDICATE DAYS. AN INDIVIDUAL MOUSE WAS SUBJECTED TO
BEHAVIOURAL TESTING FIVE CONSECUTIVE TIMES ON ONE DAY.

3.5.1 BEHAVIOURAL ANALYSIS

After arriving, all n = 179 animals were randomly divided into two rooms (n = 89 in room K, n =90 in
room L), with equal distribution of the strains. Figure 3 shows a schematic timeline of phase 1 starting
with the arrival of the animals. Before the start of the behavioural analyses, all animals were allowed
acclimatisation for at least two weeks. During these two weeks, the animals were handled three times
per week and weighed at least one time a week. Handling was done to habituate the mice to the re-
searchers and to handling, which would consequently decrease the levels of stress associated with
handling (56,57). During weighing and handling, general impression, including behaviour and body
condition score (58-60), was also examined.

Following the first two weeks, behavioural testing started. Two experimenters had been trained to-
gether to score and observe the behavioural parameters in the mHB and their results were well-
matched with inter-rater reliability results of over 80%. Each observer had their “own” room with mice
to observe. At the start of behavioural testing, an individual mouse would be placed in the mHB com-
partment and was allowed free exploration for five minutes, while the observer scored the behaviour
using the computer software Observer XT 12.5 (Noldus, Wageningen, The Netherlands) (61). After
mice had been subjected to the mHB for five minutes, they were placed back into their home cage and
the mHB was cleaned with a damp paper towel before the next trial started. This was repeated five
consecutive times per individual mouse on a single day between 10 AM and 2 PM. Between the tests,
the mHB was cleaned and wiped with paper towels and water. After all tests for the day were com-
pleted, the mHB was cleaned with alcohol as well. Testing blindly on strain was not possible due to
differences in colour of the coats.

3.5.2 BLOOD SAMPLING AND CORTICOSTERONE LEVELS

A total of three blood samples were collected per individual animal. The first blood sample was taken
one week (approximately seven days, with a minimum of six days and a maximum of eight days) before
the start of the behavioural tests to establish a base level of corticosterone per individual. Next, the
second blood sample was taken as soon as possible after the fifth and final behavioural test. Finally,
the third and last blood sample was taken one week (approximately seven days, with a minimum of six
days and a maximum of eight days) after the behavioural tests had taken place. The individual mice
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always had their three blood samples taken at approximately the same time on each sampling day,
since corticosterone has been known to have a circadian rhythm (62).

The samples were all taken in a different room than where the animals were housed. The animals were
transported to this room while being situated in the home cage and by covering the home cage with a
towel, after which the cage was carried by one of the observers to the room used for taking blood
samples. The time from the moment the home cage was lifted from its usual spot until the moment
enough blood was collected was noted.

All samples were collected by making a tail incision with a single edge industrial blade (GEM®: SPI Sup-
plies, West Chester, PA, USA) at a 90° angle in respect to the long axis of the tail along the underside
of the tail. The tail incision for the first blood collection was made farthest from the base of the tail
compared to the other two tail incisions, whereas the tail incision for the third blood collection was
made closest to the base of the tail. The blood drops were collected in pre-chilled EDTA coated Mi-
crovette® CB300 capillaries (Sarstedt, Nimbrecht, Germany). After blood collection, the animals were
held outside the cage to observe and compress the bleeding when necessary, until the bleeding had
stopped sufficiently and they were placed back into their home cage. The capillaries were stored on
ice and plasma was collected by centrifuging the capillary tubes for 30 minutes at 3000 rpm (diameter
of the rotor: 17 cm) in a refrigerated centrifuge (IEC Microlite/Microlite RF®: Thermo Electron Cooper-
ation; West Sussex, UK) that was set at 4 °C. After centrifuging, 10-20 pL plasma was pipetted into
microtubes. If the plasma seemed to have a red hue or if it was mixed with blood by accident, it was
centrifuged again at the same settings for 5 minutes. If plasma retained a pink or red hue even after
centrifuging a second time, haemolysis was noted down for that specific sample and the plasma was
still collected and stored. The collected plasma was stored at -26 °C.

The blood plasma corticosterone levels were analysed with the use of use of the Corticosterone Double
Antibody RIA Kit (MP Biomedicals, LLC, Orangeburg, NY, USA). This RIA kit (Lot No. RCBK1905,06) was
utilised according to the supplied manufacturer’s protocol and testing was done in duplicate. Random-
isation was used on the order in which the blood plasma corticosterone levels in the samples were
determined, although duplicate samples and samples of the same animal were kept together during
testing. Quality control was to be secured through the use of a high and low control, which were de-
termined beforehand by the manufacturer to be within a certain range. The results of the RIA in counts
per minute were transformed into concentration units with the use of calibration curves.

However, since the duplicate samples were sometimes not in correspondence with each other, an
attempt was made to retest the samples that showed a difference in the coefficient of variation of
over 50% between their duplicates. Unfortunately, because the rerun showed higher average results
than the original results, the new results could not be used. Therefore, it was decided to correct the
sample results if the average of an original pair of duplicates was lower than the average of the same
sample in the rerun. If this criterium was met, the original duplicate sample with the largest deviation
of the retested sample average would be discarded.

3.5.3 STATISTICAL ANALYSIS
Analysis on the collected data was done with the use of R 3.5.1 and RStudio (63,64). The R-packages
cluster (65), nlme (66), glmmTMB (67) and kmI3d (25) were also utilised in the analysis.

The linear mixed models were constructed per behavioural dimension z-score to create residuals that
could be used in the longitudinal k-means clustering analyses. Linear mixed models usually consist of
fixed effects that are being tested for influencing a dependent variable. However, to create models
that were fit for cluster analysis, fixed effects were merely used to control potentially confounding
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factors. Experimenter (i.e. a factor representing the observer doing the behavioural testing and the
specific room an individual mouse was housed in) and strain were used as fixed effects and a list of
random effects was used in the following order: test group, test order and mouse ID. While experi-
menter, strain, test group and mouse ID consisted of factorial data, the z-scores and test order
contained continuous data. Test group was defined by the week in which the mice were tested and
was consequently a proxy for the inter-individual difference in age. Distribution of the residuals and
homogeneity of variances of the models were assessed with the use of a Shapiro-Wilk Normality test,
a histogram, a QQ-plot and a residual plot. The avoidance model was log transformed, the arousal
model was rank transformed, the locomotion model was square root transformed and the exploration
model was rank transformed. A variance transformation for intra-strain variances was applied in all
four aforementioned models.

However, linear mixed models on risk-assessment with normal distribution could not be produced in
the same way: due to zero-inflated effects and the small number of behavioural variables that the
dimension consisted of, a zero-inflated mixed model was used (67). Firstly, all dimensional z-scores
that were the equivalent to a score of zero, were substituted by literal zeroes. The model was then
fitted similarly to the aforementioned models with experimenter and strain as fixed effects and test
group, test order and mouse ID as random effects. The one-sided zero-inflated formula was decided
to consist of experimenter and strain and a gamma distribution was used. The residuals of this model
were checked on normal distribution with the use of a Shapiro-Wilk Normality test, a histogram and a
QQ-plot and were accepted on the combined results of these tests. It was not possible to take strain
into account as an effect on variance in response, due to the model being zero-inflated.

Moreover, regarding the corticosterone data, individuals that were missing two or more blood samples
and/or the blood sample that was taken after behavioural testing were excluded from the data analysis
on clustering, since the trajectories per individual mouse could not yield reliable results. The curve that
was expected could not be created correctly when said blood samples were missing, possibly influenc-
ing the cluster an individual was put in majorly. The corticosterone data was also transformed into z-
scores and was fitted into a linear mixed model using experimenter and strain as fixed effects and test
group, test order and mouse ID as random effects. A log transformation was used on the data to create
normally distributed residuals and strain was used to describe the within-group heteroscedasticity
structure.

The residuals of all six aforementioned models were put into one dataset and were standardised using
z-scoring per dimension per trial. K-means clustering for longitudinal data was utilised on this dataset.
This meant that the z-scores per trial and per behavioural dimension could be inserted into the analysis
as joint trajectories for each individual mouse. The dataset was searched on partitions with 2 to 6
clusters. K-means were run 100 times on each cluster. The Calinski-Harabasz, Ray-Turi and Davies-
Bouldin criteria were used as the criteria to determine the most optimal number of clusters (25). Di-
mensional reduction was utilised if chi-squared tests showed no difference between including or
excluding a certain dimension (68). As a result, the corticosterone data and the behavioural dimensions
arousal and risk-assessment were excluded from the cluster analysis.

Nonetheless, corticosterone levels were still tested on influence of strain and cluster with the use of
linear mixed models, to investigate inter-strain differences and inter-cluster differences in corti-
costerone levels. No individuals and/or samples were left out this time, as these models would not
yield results per individual, in contrast to the linear mixed models on corticosterone data used in the
cluster analysis. In the first model, strain, trial, experimenter and all possible interactions between
these three variables were used as fixed factors and test group and mouse ID were used as random
factors, with test group nested in mouse ID. A second, similar model was created using cluster instead
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of strain as one of the three main factors. Model reduction by least-significant difference and single
term deletions based on the Akaike information criterion were utilised to simplify the models, although
none of the main effects were to be removed from the models. The models were both transformed
using rank transformation. The standardised Pearson residuals were tested on normal-distribution
with the use of a Q-Q plot, a histogram and a Shapiro-Wilk Normality Test. If significant p-values were
found in one or several factors in the models, planned comparison of means on the transformed model
was done by using a pairwise comparison of contrasts. Not all contrasts were included, as not all con-
trasts were considered relevant. To elucidate, strains were only compared to each other per sampling
moment and sampling moments were only compared per strain. No comparison between strains on
different sampling moments was done. A similar method was used on the cluster-effect-models.

3.6 ANXIOLYTIC DRUG PILOT PROTOCOL

3.6.1 ANIMALS AND HOUSING

n = 14 naive male mice from the BALB/cAnNCrl (n = 5, albino), C57BL/6NCrl (n = 4, pigmented/black)
and 12952/PasCrl (n = 5, agouti) inbred strains were used in the pilot of this experiment. The animals
were housed in exactly the same way as the n = 179 animals of phase 1 and 2 and were kept in the
same two rooms as the n = 179 animals of the main experiment, as to ensure the standardisation in
environment of the n = 179 mice. The animals arrived when they were seven weeks of age and were
used in the pilot study after two initial weeks of habituation, when they were nine and ten weeks of
age.

3.6.2 RESEARCH QUESTION

The anxiolytic drug pilot was used as a means to establish the required dose in the three distinctive
strains. The required dose was defined to 1) increase exploratory behaviour; 2) decrease risk-assess-
ment and avoidance behaviour; 3) not influence locomotion and 4) not produce sedation. The
anxiolytic drug that was used was dexmedetomidine (Dexdomitor®, Orion Corporation—Orion Pharma,
Espoo, Finland) (see box 1).

Box 1. Dexmedetomidine dose in the 129S2, BALB/c and C57BL/6 strains

Dexmedetomidine is a highly selective a,-adrenergic receptor agonist (69). The dose of dexmedetomi-
dine as an anxiolytic had only previously been established in the C57BL/6 mice (70). However, this
study involved a different substrain than used in the present study and the implemented dose did not
affect avoidance behaviour (70).

The required dose of dexmedetomidine needed to be established in all three mouse strains. It was
decided that this dose had to be the same in all three inbred strains to ensure standardisation. To test
the influence of the dose of dexmedetomidine, the mice that were used in the pilot were tested in the
mHB, using the same ethogram as in phase 1 and phase 2 of this study (see: 3.4 Modified Hole Board
and z-scoring). In advance, solutions with six different concentrations (2.5, 5.0, 7.5, 10.0, 12.5 and 15.0
ug/kg body weight) were prepared with the use of saline (NaCl 0.9%, B. Braun, Melsungen, Germany).
The order of injection and behavioural testing was randomized per strain and three mice of the three
different strains were tested consecutively. Mice were weighed several minutes before the injection.

3.6.3 RESEARCH PROTOCOL

Determining the required dose was done on two different days between 11 AM and 3 PM. At first,
three mice of the three distinctive strains were weighed and then injected intra-peritoneally with 10.0
ug/kg dexmedetomidine solution by the experimenter who would not do the behavioural testing on
that individual animal. Behavioural testing started approximately 30 minutes after injection. After
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behavioural testing of the three animals, their results on latency and duration of board visits, amount
and latency of risk-assessments, amount and latency of line crossings and amount and latency of hole
explorations were compared to the average and median of those behaviours in the first trial of their
respective strains during phase 1. The next concentration of injection was decided based on this com-
parison, at first using steps to decrease or increase the dose with 5.0 pg/kg, meaning that the next
dose would be either 5.0 pg/kg or 15.0 pg/kg; three other animals were injected with the decided
doses and were tested similarly to the first three animals. If deemed necessary on the basis of the
previous results, a next dose could use a step of 2.5 pg/kg, leading to a dose of either 7.5 pug/kg or 12.5
ug/kg. This step was only regarded as necessary in the 12952 strain. In the other two strain, only doses
of 5.0 ug/kg, 10.0 pug/kg and 15.0 pg/kg were tested.

Subsequently, the dose of 10.0 pg/kg was deemed most ideal considering all three strains. To validate
this decision and create more accurate results, two more mice of both the 12952 and BALB/c strains
and one more mouse of the C57BL/6 strain were injected intra-peritoneally with 10.0 pug/kg dexme-
detomidine solution and tested in the mHB.

3.6.4 STATISTICAL ANALYSIS

Analysis on the collected pilot data was only done on the basis of visual parameters (see: 4.2 Anxiolytic
drug pilot). It was decided not to run any statistics on this data, due to the limited sample size. Any
result that might have been obtained would consequently lose any reliability.

3.7 PHASE 2 RESEARCH PROTOCOL

3.7.1 TEST GROUPS

To accurately test the influence of the treatment on behaviour, mice were to be put in pairs to make
more reliable comparisons between the treatments. Consequently, with the use of k-means clustering
on all five behavioural dimensions, it was tested which individuals per strain and per cluster comple-
mented each other the most and sub-clusters were created. K-means cluster analysis that worked on
joint trajectories were run 100 times on each sub-cluster and the partition was chosen to be half of
the tested subset, rounded off in case the subset consisted of an odd number of animals. Next, it was
attempted to create the pairs by using experimenter, sub-cluster and last measured individual body
weight as factors that majorly contributed to the resemblance between the animals. On the basis of
this resemblance, different mice were paired off and placed into a group balanced in terms of response
cluster, whilst other mice showed weaker relation to others and were placed in another group which
was unbalanced in terms of response cluster. Both the balanced and unbalanced groups were com-
posed to be of equal size (n = 82 per group). The pairs in the unbalanced group were ultimately created
using only body weight and experimenter as factors. This meant that each pair consisted of two mice
of the same strain with resembling weights and, if part of the balanced group, additionally showed
similar z-scoring in the five behavioural dimensions considering the five consecutive trials of phase 1.
Within each pair, one mouse was injected intra-peritoneally with 10.0 pg/kg dexmedetomidine
(Dexdomitor®, Orion Corporation—Orion Pharma, Espoo, Finland) and one mouse was injected intra-
peritoneally with saline (NaCl 0.9%, B. Braun, Melsungen, Germany). This was done at random per pair
and the mouse injected with saline received the same injection volume in relation to its body weight
as the mouse injected with dexmedetomidine. Finally, the balanced pairs were matched between the
two different rooms and put into different blocks that aimed to include all strains and all clusters. This
is illustrated in figure 4 and the result was four different blocks. It should be noted that not all blocks
could be created in the same way, due to unequal distribution of clusters among strains and rooms.
The aim, however, was to pursue this construction per block to the largest extent possible. The
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unbalanced pairs were only matched between the two different rooms and thus were not described
in different blocks.

However, during the experiment, one of the animals passed away before its behavioural testing was
done as a result of the experimental procedure. Therefore, it was decided to exclude the animal with
which the deceased mouse had formed a pair. Additionally, it was decided to exclude a pair of the
same strain in the unbalanced group that was tested on the same day, in the same room and nearest
to the time the balanced pair was to be tested. This decision was made on the basis that different
mixed models would be made on the data of balanced and unbalanced groups. Comparison between
the models of the balanced and unbalanced group could only be executed accurately if the sample size
in both models was equal. As a result, the sample sizes of both the balanced and unbalanced group
were reduced by two mice each, meaning that a total of four mice were removed from the experiment.
The final sample sizes in the balanced and unbalanced groups were n = 80 per group.

e U O DL UL DL DL L
o o Jo

Cluster

Strain
Goal: 12 differant pairs Balanced pairs P
il . d 1 dexmedetomidine-injected mouse
per block in {intended) blocks WERE
1 saline-injected mouse

FIGURE 4. DIAGRAM OF INTENDED CONSTRUCTION OF BLOCKS. TREATMENT IS NOT INCLUDED IN THE DIAGRAM.

3.7.2 BEHAVIOURAL ANALYSIS

Behavioural testing was done on four consecutive weekdays with a weekend in-between, starting on
a Thursday and ending on a Tuesday. With a set-up similar to phase 1 (see: 3.5.1 Behavioural analysis),
the same two experimenters did behavioural testing in the two rooms where the animals were kept
in. Both experimenters did observations in the same room as they did observations in during phase 1.
The individuals were still housed in the same manner and in the same room as during phase 1. The
four blocks were all tested on separate days. Balanced and unbalanced pairs were alternately tested
per day; paired animals of the same quartet in both the balanced and unbalanced group (see: 3.7.1
Test groups) were tested at the same time in the two different rooms. The mHB was used again and
all behavioural tests were run between 9.30AM and 2.30PM. Between 9AM and 9.30AM all mice were
weighed to determine the injection volume. All animals were injected 30 minutes before behavioural
testing by a third researcher who did not do behavioural observations in this experiment. The experi-
menters that were doing the behavioural testing were blinded regarding the treatment, the pairs and
groups of the animals (balanced vs. unbalanced). All injections were done intra-peritoneally and in the
same room as in which the animals were housed. After a test, the mouse was placed back into its home
cage and the mHB was cleaned and wiped with paper towels and water. After all tests for the day were
completed, the mHB was cleaned with alcohol as well. Behaviour was scored with the same ethogram
as before (see: 3.4 Modified Hole Board and z-scoring) and with the use of the computer software
Observer XT 12.5 (Noldus, Wageningen, The Netherlands) (61) on a laptop.

3.7.3 STATISTICAL ANALYSIS

Analysis on the data collected in phase 2 was again done by utilising R 3.5.1 and RStudio (63,64) and
the R-packages nlme (66), emmeans (71), car (72) and ggplot2 (73). Transformation of raw data to
integrated behavioural z-scores was done on the balanced and unbalanced group separately and in
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the same way as described in the case of phase 1 (see: 3.4 Modified Hole Board and z-scoring). All five
dimensions were taken into account. Linear mixed models were used to analyse correlations between
different factors and the five behavioural dimensions, resulting in 10 different models: the balanced
and unbalanced group, both divided into five different behavioural dimensions. The models fitted ex-
perimenter, strain, treatment and all possible interactions as fixed factors and fitted ID’s for pairs
nested in test day as random factor. To simplify the models, model reduction by least-significant dif-
ference and single term deletions based on the Akaike information criterion (AIC) were used, the non-
interactive, main factors were never excluded. The standardised Pearson residuals were tested on be-
ing normally distributed with the use of a Shapiro-Wilk Normality Test, a QQ-plot and a histogram.
Transformations were done after simplifying the models to achieve normal distribution in the residu-
als, although the two models of the same dimension (balanced and unbalanced) were always
transformed using the same method. This resulted in the avoidance behaviour models being rank-
transformed and the arousal and exploration models being subjected to square root transformation.
The other four models of risk-assessment and exploration were not transformed. Variance in the re-
siduals was tested with a scatterplot and Levene’s test and was found to be homoscedastic in all
models.

The significance level was determined as a = 0.05. The p-values of the transformed models were ob-
tained through Chi-square tests, as provided by the R-package car (72). Type Il was used when no
interactions were present in the final model, whereas type Ill was used when interactions were present
in the final model. In case of a significant fixed factor, planned comparison testing was done on the
transformed models by utilising a pairwise comparison of contrasts. Dunn-Sidak correction was used
as a means to correct alpha in the paired comparisons (74). Moreover, as the residuals’ variance of all
10 models were homoscedastic, it was possible to execute F-tests to compare the variances in residuals
between the balanced and unbalanced groups per behavioural dimension.
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4. RESULTS
4.1 PHASE1

Figure 5 presents the final clusters as line charts. After visualisation of the clusters, the corticosterone
data and the behavioural dimensions arousal and risk-assessment did not seem to differ much per
cluster. With the use of chi-squared testing, it was found that there was no significant difference in
cluster membership of individual animals when including or excluding corticosterone data and these
two dimensions (x2 (1) = 0.45, p = 0.916). To simplify the data, it was thus decided to exclude all three
in the cluster analysis. The remaining dimensions avoidance, exploration and locomotion were thus
used to characterize mice on their response type. The graphs presented in figure 5 show the two dis-
carded behavioural dimensions, but these dimensions were not taken into account when creating the
clusters. The final clustering procedure yielded two response type clusters.

The distribution of the inbred mouse strains amongst the two clusters is shown in table 1. The 12952
mice were largely allocated to cluster A (88.3%), whereas the BALB/c mice were largely assigned to
cluster B (87.7%). The C57BL/6 mice were more or less equally distributed amongst the two clusters.

TABLE 1. OVERVIEW OF DISTRIBUTION OF THE THREE DIFFERENT MOUSE STRAINS AMONGST THE TWO CLUSTERS.
OVERALL DISTRIBUTION OF SAMPLE SIZE AMONGST THE TWO DIFFERENT CLUSTERS IN PERCENTAGE IS SHOWN IN THE LAST
COLUMN, WHEREAS THE DISTRIBUTION OF STRAIN PER CLUSTER IN PERCENTAGE IS SHOWN BEHIND THE SAMPLE SIZE OF
STRAIN PER CLUSTER.

Cluster 12952 (n=60) BALB/c(n=59) C57BL/6(n=60) (n=179)

A 53 (88.3%) 9 (15.3%) 32 (53.3%) | 94 (52.5%)
B 7 (11.7%) 50 (84.7%) 28 (46.7%) | 85 (47.5%)

Cluster A is shown to increase avoidance behaviour per trial, whereas exploration and locomotion de-
crease per trial. Cluster B can be seen to show the opposite results, presenting an increase in
exploration and locomotion, whilst avoidance behaviour decreases over time.
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FIGURE 5. LINE CHARTS AS A RESULT OF CLUSTER ANALYSIS IN PHASE 1. THE X-AXIS PRESENTS THE NUMBER OF TRIALS,
WHEREAS THE Y-AXIS PRESENTS THE STANDARDISED RESIDUALS OF THE Z-SCORES FOR THAT SPECIFIC BEHAVIOURAL
DIMENSIONS. THE LEGEND SHOWS THE DISTRIBUTION OF THE SAMPLE SIZE AMONGST THE TWO DIFFERENT CLUSTERS. THE
LINES SHOW THE MEAN STANDARDISED RESIDUALS OF THE Z-SCORES AND A 95% CONFIDENCE INTERVAL IS INCLUDED.
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TABLE 2. TOTAL AMOUNT OF CORTICOSTERONE SAMPLES PER STRAIN (N = 179)

Sampling moment 12952 BALB/c C57BL/6

1 57 58 60
2 57 58 56
3 58 56 55

Regarding corticosterone, mean ng/mL corticosterone per strain per sampling moment are described
in figure 6A. Regarding the different strains, the 12952 and C57BL/6 strain consisted of n = 60 animals
and the BALB/c strain consisted of n =59 animals. Even though all the animals had blood samples taken
three times, some samples were missing, usually because of vasoconstriction in the tail, resulting in a
sample volume that was too small to use. Consequently, the total amount of samples per strain per
sampling moment can be found in table 2.

TABLE 3. TOTAL AMOUNT OF CORTICOSTERONE SAMPLES PER CLUSTER (N = 179)
Sampling moment  Cluster A  Cluster B

1 89 81
85 82
3 86 79

Moreover, mean ng/mL corticosterone levels per cluster per sampling moment are described in figure
6B. An overview of the total amount of samples per cluster can be found in table 3. To clarify, both
tables 2 and 3 and figures 6A and 6B make use of the same corticosterone data, but use different
means to analyse the data: table 2 and figure 6A show the data of corticosterone samples per strain,
whereas table 3 and figure 6B show the data of corticosterone samples per cluster.
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FIGURE 6. LINE GRAPHS SHOWING (RANK-TRANSFORMED) CORTICOSTERONE LEVEL IN
NANOGRAM PER ML. CORTICOSTERONE LEVELS ARE PRESENTED PER TRIAL PER STRAIN (A) AND
PER TRIAL PER CLUSTER (B). THE TIME BETWEEN THE SAMPLING MOMENTS WAS ONE WEEK (1.E.
SEVEN DAYS). STANDARD DEVIATION PER SAMPLING MOMENT PER STRAIN IS ALSO SHOWN. THE
DATA SHOWN IS ON NON-TRANSFORMED DATA.

The fitted linear mixed models on corticosterone levels showed significant results in the strain-sam-
pling moment interaction (x? (4) = 37.56, p < 0.0001). The results of the planned comparison on the
transformed model are shown in table 4. Within the first sampling moment, the BALB/c strain showed
significantly higher corticosterone levels compared to the 12952 and C57BL/6 strains (respectively:
[32.09| £ 19.0 (non-transformed), p = 0.0019; |37.03| + 18.8 (non-transformed), p < 0.0001). Within
the second sampling moment, a significant difference in corticosterone levels was only found between
the 12952 mice and the C57BL/6 mice, wherein the 12952 mice showed higher corticosterone levels
(]222.30] + 19.2 (non-transformed), p = 0.0001). Finally, within the third sampling moment, C57BL/6
animals showed lower levels compared to the 12952 and BALB/c animals (respectively: |44.87| +19.2
(non-transformed), p < 0.0001; |51.93| £ 19.4 (non-transformed), p < 0.0001).

Moreover, each strain showed significant differences between the first and second sampling moment
and between the second and third sampling moment (p < 0.0001 in all six comparisons, see table 4 for
non-transformed estimates and standard errors). These results demonstrated that the second
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sampling moment showed significantly higher levels of corticosterone when compared to the first or
third sampling moment. However, such a significant difference when comparing the first and third
sampling moment was only found in the 12952 strain (|27.25| £ 18.8 (non-transformed), p = 0.00021),
which indicated that corticosterone levels from the third sampling moment were significantly higher
than the corticosterone levels from the first sampling moment in this specific strain. The other two
strains did not show significant differences in corticosterone levels between the first and third sam-
pling moment.

Similar results were found in the model using cluster instead of strain: this model showed a significant
cluster-sampling moment interaction (x (2) = 17.56, p = 0.0002). As shown in table 5, a significant
difference in corticosterone level between clusters A and B was exclusively found in samples of the
first sampling moment (]|31.70] + 17.9 (non-transformed), p = 0.0061), in which cluster B showed
higher levels of corticosterone. The other sampling moments did not present such a significant differ-
ence between the two clusters. Furthermore, coinciding with the strain-sampling moment interaction,
both clusters demonstrated significant results when comparing the first to the second sampling mo-
ment and when comparing the second to the third sampling moment (p < 0.0001 in all four
comparison, see table 5 for non-transformed estimates and standard errors). Cluster A also showed
significantly higher corticosterone levels between the first and third sampling moment (|20.25| +16.6
(non-transformed), p = 0.0243), whereas cluster B did not present complementary significance be-
tween these two sampling moments.

TABLE 4. PLANNED COMPARISON ON STRAIN-SAMPLING MOMENT INTERACTION. “-“ INDICATES A BETWEEN-
COMPARISON BETWEEN TWO GROUPS. THE FIRST 9 ROWS PRESENT COMPARISON PER SAMPLING MOMENT BETWEEN
STRAINS, WHEREAS THE LAST 9 ROWS PRESENT COMPARISON PER STRAIN BETWEEN SAMPLING MOMENTS. THE PRESENTED
ESTIMATE AND STANDARD ERROR (SE) ARE DESCRIBED IN NON-TRANSFORMED FORMAT. “*” INDICATES A SIGNIFICANT
RESULT IN THE COMPARISON AFTER ALPHA-CORRECTION (P < 0.05).

Sampling moment Strain Estimate SE P-value
129S2 - BALB/c -32.09 19.0| *0.0019
1 129S2 - C57BL/6 494| 189| 0.7681
1| BALB/c-C57BL/6 37.03 18.8 | *<0.0001
2 129S2 - BALB/c 87.46 19.0 0.701
2 129S2 - C57BL/6 222.30| 19.2| *0.0001
2

3

3

BALB/c - C57BL/6 134.84 19.1| 0.0760

12952 - BALB/c -7.06 19.1| 0.9978

12952 - C57BL/6 44.87 19.2 | *<0.0001

3| BALB/c-C57BL/6 51.93 19.4 | *<0.0001
1-2 12952 -482.33 18.9 | *<0.0001
1-3 12952 -27.25 18.8| *0.0021
2-3 12952 455.08 18.8 | *<0.0001
1-2 BALB/c -362.79 18.7 | *<0.0001
1-3 BALB/c -2.23 18.9| 1.0000
2-3 BALB/c 360.56 18.9 | *<0.0001
1-2 C57BL/6 -264.97 18.8 | *<0.0001
1-3 C57BL/6 12.68 18.9| 0.5364
2-3 C57BL/6 277.65 19.2 | *<0.0001
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TABLE 5. PLANNED COMPARISON ON CLUSTER-SAMPLING MOMENT INTERACTION. “-“ INDICATES A BETWEEN-
COMPARISON BETWEEN TWO GROUPS. THE FIRST 3 ROWS PRESENT COMPARISON PER SAMPLING MOMENT BETWEEN
STRAINS, WHEREAS THE LAST 6 ROWS PRESENT COMPARISON PER STRAIN BETWEEN SAMPLING MOMENTS. THE PRESENTED
ESTIMATE AND STANDARD ERROR (SE) ARE DESCRIBED IN NON-TRANSFORMED FORMAT. “*” INDICATES A SIGNIFICANT
RESULT IN THE COMPARISON AFTER ALPHA-CORRECTION (P < 0.05).

Sampling moment Cluster Estimate SE P-value
1 A-B -31.70|( 17.9| *0.0061

2 A-B 64.25 18.1| 0.8186

3 A-B -1.24| 18.2| 1.0000

1-2 A -416.66 16.6 | *<0.0001

A -20.25 16.6| *0.0243

A 396.41 16.8 | *<0.0001
1-2 B -320.70 17.1| *<0.0001

B

B

10.21 17.3| 0.9691
330.91 17.2 | *<0.0001

4.2  ANXIOLYTIC DRUG PILOT

An overview of the anxiolytic drug pilot results can be found in figure 7. The 129S2 strain, the BALB/c
strain and the C57BL/6 are represented each in groups of 9 graphs (respectively A, B and C). Note that
not all strains had been tested with the same three doses. As a result, the x-axis of the graphs may
differ per strain. The graphs indicate that locomotor activity (in this pilot represented by the number
of line crossings and latency until first line crossing) was severely affected in all three strains when the
utilised dose was 15.0 pg/kg. When looking at graph-group C in figure 7, it shows n = 2 regarding a
dose of 10 pg/kg, whereas the other strains show n = 3 with that same dose. This is due to the timely
death of one mouse, because of a bladder rupture after intra-peritoneal injection.
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FIGURE 7. OVERVIEW OF ANXIOLYTIC PILOT RESULTS. THE GRAPHS IN “A” SHOW THE RESULTS IN THE 129S2
STRAIN, THE GRAPHS IN “B” SHOW THE RESULTS IN THE BALB/C STRAIN AND THE GRAPHS IN “C” SHOW THE
RESULTS IN THE C57BL/6 STRAIN. EVERY GRAPH REPRESENTS A BEHAVIOURAL VARIABLE PER STRAIN. THE
BOXPLOTS IN EACH GRAPH SHOW THE RESULTS OF THAT SAME IN BEHAVIOUR WITHIN THAT STRAIN DURING THE
FIRST TRIAL OF PHASE 1. NOTE THAT EACH GRAPH USES DIFFERENT Y-AXIS LIMITS.
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PHASE 2

Numbers Become Individuals | S. Stolte BSc | Master Thesis

The sample sizes that were used in phase 2 in the balanced and unbalanced groups were both n = 80
(see: 3.7.1 Test groups). This can be seen in tables 6 and 7. As stated before, due to the death of one
individual, two animals from each group — a total of four animals — were excluded from the analysis
(see: 3.7.1 Test groups).

TABLE 6. OVERVIEW OF SAMPLE SIZE OF THE GROUP OF ANIMALS THAT WAS BALANCED IN TERMS OF RESPONSE TYPE
CLUSTER. “(-N)” INDICATES THE DECISION TO EXCLUDE N ANIMAL(S) IN THIS GROUP/SUBSET AFTER FINISHING THE
PRACTICAL EXPERIMENT AND DATA COLLECTION, BUT BEFORE DATA ANALYSIS.

Balanced
12952 BALB/c C57BL/6

Dexmedetomidine Saline Dexmedetomidine Saline Dexmedetomidine Saline
Room K RoomL RoomK  RoomL RoomK RoomL RoomK RoomL RoomK | RoomL RoomK | Room L
8 8 8 8 6 6 6 6 6 (-1) 6 6 (-1) 6

16 16 12 12 12 (-1) 12 (-1)

32 24 24 (-2)
80(-2)

TABLE 7. OVERVIEW OF SAMPLE SIZE OF THE GROUP OF ANIMALS THAT WAS UNBALANCED IN TERMS OF RESPONSE TYPE
CLUSTER. “(-N)” INDICATES THE DECISION TO EXCLUDE N ANIMAL(S) IN THIS GROUP/SUBSET AFTER FINISHING THE
EXPERIMENT AND DATA COLLECTION, BUT BEFORE DATA ANALYSIS.

Unbalanced
12952 BALB/c C57BL/6

Dexmedetomidine Saline Dexmedetomidine Saline Dexmedetomidine Saline
Room K  RoomL RoomK RoomL RoomK RoomL RoomK RoomL| RoomK RoomL RoomK  Room L
6 7 6 7 6 7 6 7 6 (-1) 8 6 (-1) 8

13 13 13 13 14 (-1) 14 (-1)

26 26 28 (-2)
80 (-2)
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FIGURE 8. OVERVIEW OF TRANSFORMED Z-SCORES PER BEHAVIOURAL DIMENSION IN BOXPLOTS. UNBALANCED AND
BALANCED BOXPLOTS ARE SEPARATED, SINCE ALL Z-SCORING WAS DONE SEPARATELY ON THE BALANCED AND
UNBALANCED GROUP. DIFFERENT COLOURS INDICATE THE THREE DIFFERENT INBRED STRAINS, IN WHICH THE LIGHTER
COLOURS INDICATE INTRAPERITONEALLY INJECTED SALINE AS TREATMENT, WHEREAS THE DARKER COLOURS INDICATE
INTRAPERITONEALLY INJECTED DEXMEDETOMIDINE AS TREATMENT. COLOURED DOTS SIGNIFY OUTLIERS. “*” PRESENTS A
SIGNIFICANT RESULT IN PLANNED COMPARISONS. BLACK SQUARE BRACKETS ON TOP OF BOXPLOTS INDICATE THAT THE
SIGNIFICANT RESULT IS BETWEEN TWO STRAINS, REGARDLESS OF TREATMENT,; SQUARE BRACKETS OVER TRANSLUCENT
GREY BARS INDICATE THAT THE SIGNIFICANT RESULT IS BETWEEN TWO STRAINS WITHIN A SPECIFIC TREATMENT; BLACK
LINES UNDERNEATH BOXPLOTS INDICATE THAT THE SIGNIFICANT RESULT IS IN TREATMENT REGARDLESS OF STRAIN.
TRANSLUCENT GREY BARS ARE ONLY USED AS MEANS TO ELUCIDATE ON THE INDICATED SIGNIFICANT RESULTS: THEY ARE
NOT LINKED TO THE QUALITATIVE DATA.
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The data as provided in figure 8 is divided into group (balanced vs. unbalanced), strain (129S2 vs.
BALB/c vs. C57BL/6) and treatment (dexmedetomidine vs. saline). Note that no comparison of the z-
scores between the balanced and unbalanced groups was made, as the z-scores have been created per
test group.

4.3.1 AVOIDANCE BEHAVIOUR

Considering the behavioural dimension of avoidance in the balanced group, experimenter, strain and
treatment significantly predicted avoidance behaviour (respectively: x? (1) = 6.66, p = 0. 0099; ¥2 (2) =
10.98, p =0.0041; x> (1) = 4.70, p = 0.0301). Pairwise comparisons revealed only a significant difference
between the 12952 strain and the C57BL/6 strain (|0.603]| + 0.229 (non-transformed), p = 0.0162),
which showed that the C57BL/6 mice scored higher in their avoidance behaviour than the 12952 mice.

The unbalanced group showed corresponding significant results in experimenter (x® (1) = 8.01, p =
0.0047), but did not show significant results in strain nor treatment. Through planned comparison, the
results on experimenter did not turn out significant. Table 8 gives an overview of all planned compar-
isons in avoidance behaviour, their p-value, their effect size and their effect size correlation. The
unbalanced model was revealed to have different results than the balanced model.

TABLE 8. PLANNED COMPARISON IN THE BALANCED AND UNBALANCED GROUPS IN AVOIDANCE BEHAVIOUR. “-“
INDICATES A BETWEEN-COMPARISON BETWEEN TWO GROUPS. THE PRESENTED ESTIMATE AND STANDARD ERROR (SE)
ARE DESCRIBED IN NON-TRANSFORMED FORMAT. “*” INDICATES A SIGNIFICANT RESULT IN THE COMPARISON.

Comparison Estimate SE P-value Cohen'sd Contrastr
Balanced

12952 - BALB/c -0.242 0.229 | 0.7925 -0.391 0.192

12952 - C57BL/6 -0.603 0.229 | *0.0162 -1.104 0.483

BALB/c - C57BL/6 -0.362 0.232 | 0.2321 -0.704 0.332

Room K - Room L 0.417 0.188 | 0.0850 0.870 0.399

Saline - Dexmedetomidine -0.311 0.141 | 0.1943 -0.672 0.319
Unbalanced

Room K - Room L 0.478 0.183 | 0.0098 0.954 0.430

4.3.2 AROUSAL

In regards to arousal, no significant effects in the fixed factors experimenter, strain and treatment were
found in the balanced group nor in the unbalanced group. Therefore, both the balanced and unbal-
anced group presented similar results.

4.3.3 EXPLORATION

The balanced group showed significant results concerning the exploration dimension: strain (x* (2) =
30.95, p < 0.0001) as well as treatment (x2 (1) = 12.41, p = 0.0004) significantly predicted exploration
in the balanced group, although experimenter did not reveal any significant influence. The results in
the planned comparison showed that treatment with dexmedetomidine caused a decrease in explora-
tion (]0.257]| + 0.080 (non-transformed), p = 0.0061), whereas it was shown that the C57BL/6 mice
showed more exploration than the 12952 and BALB/c strains (respectively: |0.860| + 0.148 (non-trans-
formed), p < 0.0001; |0.540]| * 0.150 (non-transformed), p = 0. 0158). No significant difference was
found between the other two strains.

On the other hand, a significant interaction in exploration between strain and treatment was found in
the unbalanced group (x* (2) = 9.36, p = 0.0093). Estimated marginal means revealed that saline-
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treated C57BL/6 mice showed significantly higher levels of exploration compared to saline-treated
12952 and BALB/c mice (respectively: |1.10| + 0.158 (non-transformed), p < 0.0001; |0.809]| + 0.161
(non-transformed), p = 0.0007). Such significance was not found between the dexmedetomidine-
treated strains. In addition to this, the unbalanced C57BL/6 mice presented a significant difference in
treatment, in which saline-treatment showed lower exploration z-scores than the dexmedetomidine-
treatment (|0.785]| = 0.161 (non-transformed), p = 0.0004).

All aforementioned results on exploration can be found in table 9, as well as effect size and effect size
correlation from both models. Similarly to the avoidance behaviour dimension, the balanced and un-
balanced group show different results regarding exploration.

TABLE 9. PLANNED COMPARISON IN THE BALANCED AND UNBALANCED GROUPS IN EXPLORATION. “-“ INDICATES A
BETWEEN-COMPARISON BETWEEN TWO GROUPS. THE PRESENTED ESTIMATE AND STANDARD ERROR (SE) ARE DESCRIBED
IN NON-TRANSFORMED FORMAT. “*” INDICATES A SIGNIFICANT RESULT IN THE COMPARISON.

Comparison Estimate SE P-value Cohen'sd Contrastr
Balanced
129S2 - BALB/c -0.319 0.148 0.1250 -0.776 0.362
129S2 - C57BL/6 -0.860 0.148 | *<0.0001 -1.869 0.683
BALB/c - C57BL/6 -0.540 0.150 | *0.0158 -1.078 0.475
Saline - Dexmedetomidine 0.257 0.080 | *0.0061 1.092 0.479
Unbalanced
Saline 129S2 - BALB/c -0.290 0.158 0.4262 -0.679 0.321
Saline 129S2 - C57BL/6 -1.099 0.158 | *<0.0001 -2.286 0.752
Saline | BALB/c - C57BL/6 -0.809 0.161 | *0.0007 -1.577 0.619
Dexmedetomidine 129S2 - BALB/c -0.091 0.158 0.9998 -0.178 0.089
Dexmedetomidine 129S2 - C57BL/6 -0.401 0.158 0.1569 -0.860 0.395
Dexmedetomidine | BALB/c - C57BL/6 -0.310 0.161 0.4426 -0.670 0.318
Saline - Dexmedetomidine 12952 0.087 0.155 0.9983 0.220 0.109
Saline - Dexmedetomidine BALB/c 0.286 0.161 0.3501 0.676 0.320
Saline - Dexmedetomidine C57BL/6 0.785 0.161 | *0.0004 1.533 0.608

4.3.4 LOCOMOTION

Locomotion was found to show significant strain and treatment effects (respectively: x* (2) = 16.21, p
=0.0003; x? (1) =10.73, p=0.0011) in the balanced group. Similar results were revealed in the planned
comparison: the 12952 animals showed significantly lower z-scores in the locomotion dimension com-
pared to the BALB/c and C57BL/6 animals (respectively: |0.534| + 0.164, p =0.0101; |0.564| + 0.164,
p = 0.0062), although the latter two did not show significant differences between each other. A signif-
icant negative influence of dexmedetomidine on locomotion was also found (]0.291| + 0.092, p =
0.0117). Similar to the balanced group, significant differences in the unbalanced group’s locomotor
behaviour between strains and between treatments were found (respectively: ¥* (2) = 24.80, p <
0.0001; ¥ (1) = 20.03, p < 0.0001). Again, the 12952 presented lower levels of locomotor behaviour
compared to the BALB/c and C57BL/6 strains (respectively: |0.493| * 0.135, p = 0.00035; |0.608]| *
0.135, p = 0.0003) and saline-treated animals scored higher in their locomotor activity than dexme-
detomidine-treated animals (|0.479| £ 0.111, p = 0.0004). As can be seen in table 10, which shows all
planned comparison results on locomotion, no differences were found between the balanced and un-
balanced group concerning locomotion.
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TABLE 10. PLANNED COMPARISON IN THE BALANCED AND UNBALANCED GROUPS IN LOCOMOTION. “-“ INDICATES A
BETWEEN-COMPARISON BETWEEN TWO GROUPS. “*” INDICATES A SIGNIFICANT RESULT IN THE COMPARISON.

Comparison Estimate SE P-value Cohen'sd Contrastr
Balanced
12952 - BALB/c -0.534 0.164 | *0.0101 -1.137 0.494
129S2 - C57BL/6 -0.564 0.164 | *0.0062 -1.200 0.515
BALB/c - C57BL/6 -0.023 0.166 | 0.9996 -0.062 0.031
Saline - Dexmedetomidine 0.291 0.092 | *0.0117 1.016 0.453
Unbalanced
12952 - BALB/c -0.493 0.135 | *0.0035 -1.275 0.538
12952 - C57BL/6 -0.608 0.135 | *0.0003 -1.571 0.618
BALB/c - C57BL/6 -0.114 0.137 | 0.8787 -0.291 0.144
Saline - Dexmedetomidine 0.479 0.111 | *0.0004 1.388 0.570

4.3.5 RISK-ASSESSMENT

Strain and treatment significantly predicted risk-assessment in the balanced group (respectively: ¥ (2)
= 216.35, p < 0.0001; ¥* (2) = 6.2507, p = 0.0124). Through estimated marginal means, it was found
that all strains differed significantly from each other in this behavioural dimension, but no significant
results were found again in treatment. BALB/c mice scored significantly higher on risk-assessment than
the 12952 and the C57BL/6 strains (respectively: |1.122 | + 0.133, p < 0.0001; |1.914| + 0.135, p <
0.0001) and 12952 mice scored significantly higher compared to the C57BL/6 mice (|0.792| £0.133, p
< 0.0001). Identical to this were the results found on risk-assessment in the unbalanced group: inter-
strain difference was the only factor in the model to score significantly (x* (2) = 263.51, p < 0.0001),
the BALB/c mice again showed significantly highest z-scores on risk-assessment compared to the 12952
and C57BL/6 mice (respectively: |1.043 | £ 0.123, p < 0.0001; |1.985| + 0.126, p < 0.0001) and the
129S2 animals presented significantly higher levels of risk-assessment compared to the C57BL/6 ani-
mals (]0.942| £ 0.124, p < 0.0001). Table 11 shows all planned comparison results on risk-assessment,
in which the balanced and unbalanced group are complementary to each other.

TABLE 11. PLANNED COMPARISON IN THE BALANCED AND UNBALANCED GROUPS IN RISK-ASSESSMENT. “-“ INDICATES
A BETWEEN-COMPARISON BETWEEN TWO GROUPS. “*” INDICATES A SIGNIFICANT RESULT IN THE COMPARISON.

Comparison Estimate SE P-value Cohen'sd Contrastr

Balanced

129S2 - BALB/c -1.122 0.133 | *<0.0001 -2.93 0.826
12952 - C57BL/6 0.792 0.133 | *<0.0001 2.07 0.719
BALB/c - C57BL/6 1.914 0.135 | *<0.0001 4.93 0.927
Saline - Dexmedetomidine 0.264 0.109 0.0785 0.76 0.361
Unbalanced

129S2 - BALB/c -1.043 0.123 | *<0.0001 -2.94 0.827
129S2 - C57BL/6 0.942 0.124 | *<0.0001 2.65 0.798
BALB/c - C57BL/6 1.985 0.126 | *<0.0001 5.47 0.939
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4.3.6 F-TESTS ON VARIANCE IN RESIDUALS

F-tests to compare two variances were also executed between the residuals of the balanced and un-
balanced groups per behavioural dimension, but none of these five dimensions demonstrated
significant results in variance of the residuals when comparing the balanced group to the unbalanced
group.
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5. DISCUSSION

To summarise, the present study found that taking inter-individual differences into account when cre-
ating test groups led to different results in the behavioural dimensions of exploration and avoidance
behaviour compared to when these differences were not taken into consideration. No similar differ-
ences in results were found in the behavioural dimensions of locomotion, arousal and risk-assessment.
Additionally it was found that even when comparable significant factors were found within the same
behavioural dimension, effect size (in the form of Cohen’s d and the contrast r) always yielded higher
results in the groups unbalanced in response type compared to the groups balanced in response type.
The following chapter will first discuss the results regarding the research question and will then address
other results and obstacles found during the present study.

5.1 THE EFFECTS OF CONTROLLING INTER-INDIVIDUAL DIFFERENCES ON
RELIABILITY OF RESEARCH

First, it can be stated that the use of standardisation in behavioural research is a necessity and that
confounding factors need to be taken into account when executing behavioural studies (75,76). Con-
sequently, analysing behavioural patterns and taking said patterns into consideration when dividing
the animals into groups, could be used as a means to increase standardisation. The question was
whether or not identifying response types in individuals would contribute to standardisation in behav-
ioural testing. The results provided in the present study indicate that the method as it was
implemented can influence the results and could improve reliability and reproducibility in future be-
havioural research: the results provided by the balanced group in the avoidance and exploration
dimensions differed from the results provided by the unbalanced group, meaning that they showed
different factors to significantly affect the results. Such dissimilarity was, however, not found when
comparing the arousal, risk-assessment and locomotion between both groups.

Provided that arousal and risk-assessment were also not taken into account in the cluster analysis, it
was conceivable that these behavioural dimensions did not show differences between the balanced
and unbalanced group. The fact that locomotion showed the same results in both the balanced and
unbalanced group might be explained by the assumption that the results were influenced by the fac-
tors to such an extent that the inter-individual variation did not affect the degree of significance in
prediction of the factors. Nevertheless, when comparing similar significant results between the bal-
anced and unbalanced groups in both locomotion and risk-assessment, Cohen’s d and the contrast r
always returned higher outcomes in the unbalanced group than was found in the balanced group. It is
possible that this is caused by an over-estimation of the results in the unbalanced group, leading to
higher effect sizes. Along the same lines, this could also explain how, in the exploration dimension, the
two-way interaction of treatment and strain yielded significant results in the unbalanced group, but
not in the balanced group. Avoidance behaviour, on the other hand, demonstrated more significant
results in the balanced group, possibly indicating that taking individual variation into account de-
creased the variance in the results. However, validation for this assumption was not found by the F-
test on variance in residuals of both the balanced and unbalanced model.

It can be noted that no analysis on response type cluster was done in phase 2 of the present study.
Response type clusters should in the basis be used as a means to increase standardisation within a
study. As stated before, it has been demonstrated numerous times that behavioural inter-individual
differences are multifactorial and approaches to control said differences have yet to be developed.
The method presented in the present study provides a flexible way of controlling results that are influ-
enced by the inter-individual differences, meaning that this method could be used on another sample
of individuals, provide different response types clusters and still improve reliability and repeatability
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of the study. Consequently, analysing the results in phase 2 by using cluster as an independent variable
does not only carry little weight, it also degrades the method and its usage. In other words, results
obtained from analysis on response type cluster may not be repeatable and are thus not adequately
reliable. On the other hand, it might be interesting to utilise inferential statistics on the results of phase
1 to investigate inter-cluster differences, since this could increase understanding of the usage of lon-
gitudinal data clustering to identify inter-individual differences.

Overall, the in phase 2 acquired results of the balanced group show that 1) 12952 mice showed signif-
icantly lower avoidance behaviour compared to the C57BL/6 group; 2) C57BL/6 mice showed
significantly higher z-scores in exploration compared to both other strains; 3) 12952 mice showed sig-
nificantly lower levels of locomotion compared to both other strain and 4) all strains differed from
each other in risk-assessment, with the BALB/c strain showing the highest scored, followed by the
129S2 strain and with the C57BL/6 strain showing the lowest scores. First of all, the C57BL/6 has pre-
viously demonstrated to show more avoidance-like behaviour when socially isolated (77,78). However,
no comparison between C57BL/6 mice and 12952 has been done before, so there is no evidence pro-
vided to explain this difference. Secondly, the C57BL/6 and BALB/c mice have been compared in
research before, which supported the result that C57BL/6 animals show high exploratory activity in
comparison to the BALB/c animals (79). Nevertheless, the C57BL/6 and BALB/c strain have yet to be
statistically compared to the 129S2 strain regarding exploration. Studies have shown, on the other
hand, that 12952 mice show less locomotor activity than C57BL/6 mice (80) and that intersession ha-
bituation leads to a decrease of locomotor behaviour in 12952 and C57BL/6 mice, whereas it leads to
anincrease in BALB/c mice (81). No significant difference between C57BL/6 and BALB/c mice regarding
locomotion was found in the present study, although such a difference has been demonstrated in pre-
vious research (38,47,48,79). Lastly, the results in risk-assessment are completely in line with previous
research, which shows that both the BALB/c and 12952 strains display more risk-assessments com-
pared to the C57BL/6 strain (79,80,82,83). BALB/c mice and 129S2 mice have not previously been
analysed on inter-strain differences. Therefore, no evidence was available to support the risk-assess-
ment difference between these two strains.

To conclude, since avoidance behaviour and exploration showed different results between the bal-
anced and unbalanced group, the reliability of the results in the present study is deemed to be
improved by taking inter-individual variation in response type into account.

5.2 OTHER RELEVANT MATTERS OF INTEREST

Over the course of this experiment, several obstacles were encountered and supplementary results
were found. Said obstacles are presented to explain several results, as well as to create more coherent
future directions. To create a clear overview of the segments of this experiment that were suboptimal
and additional results that have been obtained, other than those answering the research question,
discussion of these components will be done in four sections. These are sections on the experimenter
effects, the reliability of results regarding treatment during the pilot and phase 2, the corticosterone
samples and their analysis and the clusters and establishment thereof. It should be noted that, since
the previous paragraph demonstrated how the usage of clusters seemingly improved standardisation
in the present experiment, only the balanced group will henceforth be taken into account when dis-
cussing results.

5.2.1 EXPERIMENTER EFFECTS

The experimenter factor, as described in the linear mixed models, did not only account for the possible
difference in behavioural testing between the two experimenters, regardless of preceding training for
unison; it also accounted for the possible environmental differences between the two rooms. Although
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standardisation was considered paramount during the present study, the amount of animals did not
allow for the animals to be tested by one experimenter nor housed in one room. As a result, any di-
versity in temperature of air humidity between the two rooms is also included in the experimenter
factor. As mentioned before, the average temperature and air humidity in room K were 21.7 °C (t
0.234) and 53.5% (* 2.44), whereas the average temperature and air humidity in room L were 21.9 °C
(+0.403) and 54.8% (+ 2.56). These means and standard deviations show that the rooms did not differ
in living conditions on average. Appendix Il shows boxplots of the overall temperature and humidity
per room and line graphs of the temperature and humidity over time per room.

Furthermore, a noticeable strain-difference in weight-gain was found over time: whilst the 12952 and
the BALB/c strains showed ordinary body condition scores (scores between 3 and 4) and demonstrated
consistent weight-gain, some C57BL/6 mice displayed excessive weight gain with body condition scores
later reaching between 4 and 5, reaching obese levels over time (58-60). Individuals within the
C57BL/6 strain exclusively showed these conditions. Other studies have shown that long-term corti-
costerone exposure decreases insulin sensitivity in this specific C57BL/6 strain (84) and that weight
gain may be a result of social isolation in mice (85,86). As a result, it may be possible that social isolation
caused this specific body condition in the C57BL/6 strain and/or that the C57BL/6 were exposed to
chronically elevated corticosterone levels due to social isolation. However, the latter is unlikely, due
to various studies having investigated the influence of social isolation on corticosterone levels in mice
and deeming it non-significant (55,87,88), in addition to the present study’s results demonstrating sig-
nificantly lower corticosterone levels in C57BL/6 mice compared to the other two inbred strains.

Additionally, the experimenters observed that several BALB/c mice showed excessive aggressive be-
haviour towards the experimenters during behavioural testing, handling and weighing. Past research
has shown that previously isolated BALB/c mice show more aggressive behaviour towards other mice
when re-socialised (89). It has been theorised that this aggression may have derived from territorial
aggression (90), which has shown to be influenced by the serotonergic system (91-94). More specifi-
cally, serotonin was demonstrated to be negatively affect levels of aggressivity (91-94), whilst research
has also revealed how BALB/c mice show reduced levels of brain serotonin (95). To conclude, the social
isolation may have led to a decrease in brain serotonin (96-98), which led to the display of human-
directed aggression in the BALB/c strain.

It is worth mentioning that, although some studies have shown influence of social isolation (77,78),
such effects of social isolation have been studied in the mHB, but it was demonstrated that social iso-
lation did not seem to affect the results (55). Hence, the influence of social isolation on the results of
the present study was deemed insignificant.

5.2.2 RELUABILITY OF RESULTS IN TREATMENT EFFECT

The results have shown that the treatment factor significantly influenced z-scores in exploration and
locomotion in the group balanced on response type. These results imply that dexmedetomidine caused
a decrease in exploration and locomotion. No effects of the treatment factor were found in risk-as-
sessment and avoidance behaviour. This was unexpected, since the use of an anxiolytic dose of
dexmedetomidine was thought to cause an increase in exploratory behaviour and not influence loco-
motion. It was also anticipated that dexmedetomidine would increase risk-assessment and avoidance
behaviour. The obtained results suggest the dexmedetomidine injection to be anxiogenic, in contrast
to the desired anxiolytic effect. An explanation for this could be that the expectations on treatment in
mice with this drug were not accurate. Previous studies indicate that, rather than locomotor activity
remaining unaffected, dexmedetomidine causes a decrease in locomotor activity (99,100). Neverthe-
less, this does not readily explain the absence of effect on the other behavioural dimensions, since
previous studies also indicate the anxiolytic effects of dexmedetomidine (69,99,101,102). Note that
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the apparent anxiogenic effects of dexmedetomidine by using this dose did not influence the reliability
of the results regarding the main hypothesis, since the main research question was to investigate im-
proving reliability when using a different, more standardised test set-up in a medicinal testing
environment. Since the same dose has been used in both test set-ups, the reliability of the results
regarding the main hypothesis remains unaffected.

Another possibility for the results diverging from the predictions, is that the pilot did not provide the
correct dose. As only five animals were used per strain to test three different doses, the pilot data may
not have been reliable enough to support the choice of the dose with statistical analysis. Additionally,
the use of the more selective adrenergic receptor agonist dexmedetomidine over medetomidine as an
anxiolytic in mice has yet to be studied extensively in the behavioural field of research (70). All in all,
this provided little evidence to determine the required dose. Furthermore, the difference of age be-
tween the animals in the pilot study and the animals in phase 2 was over ten weeks, with the mice in
the pilot study being between nine and ten weeks old and the mice that were injected in phase 2 being
over 20 weeks old. It is possible that the effective dose of dexmedetomidine in mice varies per age
(103).

What also should be considered is that the decision was made to use the same dose in all three strains.
This approach may have been inaccurate, since different mouse strains have demonstrated differences
in ay-adrenergic receptor binding (104,105). As mentioned before, inter-strain differences have al-
ready been established regarding serotonin levels. Dexmedetomidine has been demonstrated to
influence central serotonin levels to some extent in rats and mice (106-110). It might thus be more
accurate to establish the effective dose per strain, instead of using the same dose in all three strains.

Finally, it was noted by the experimenters that eight out of 26 C57BL/6 mice (30.8%) that were treated
with dexmedetomidine in phase 2 seemed to display hypertonia in the limbs during testing. Similar
results have not been documented before, with some studies even describing the prevention of opiate-
induced muscle rigidity in rats by dexmedetomidine (111,112). However, a spontaneously mutated
spasticity gene has previously been reported in C57BL/6 mice (113) and the aforementioned excessive
weight gain in the C57BL/6 animals could also have affected the results, since dexmedetomidine is a
highly lipophilic drug (101) and the predicted steady-state concentrations were demonstrated to be
significantly influenced by obesity in human patients (102). These observations only add to the state-
ment that creating strain-dependent doses may improve the reliability of future research in
behavioural studies using dexmedetomidine as an anxiolytic.

5.2.3 CORTICOSTERONE MEASUREMENTS

Although corticosterone was not taken into account in creating the response types, corticosterone
levels were analysed on inter-strain and inter-cluster differences separately. The acquired results from
these analyses showed that testing caused an increase in corticosterone compared to pre-testing sam-
ples in all three strains, as was anticipated. A stressful situation, such as the five times five minutes
during which a mouse was placed in a novel environment through handling, would cause the hippo-
campal-pituitary-adrenal axis to activate and corticosteroids to be released (114). As the release of
corticosterone involves hormonal processes (115), it is to be expected that the first and third blood
sampling moment affected the corticosterone levels less, since the stressful situation during the first
and third blood sampling moment was created by moving the mouse in its home cage to another room,
after which blood was taken. However, the significant difference in corticosterone levels between the
first and third sampling moment in 12952 mice cannot readily be explained. Not much research has
been conducted on 12952 substrains; consequently, no other studies show a similar set-up. The results
as presented imply the probability that 12952 mice have not been able to return to their pre-testing
levels after one week, but such assumptions could not be made from previous research (23,24).
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The results showed that BALB/c animals had significantly higher levels of corticosterone than C57BL/6
animals on each sampling moment, an observation that is consistent with other findings (116,117). It
has been shown that BALB/c mice show lower levels of mineralo- and glucocorticoid receptor mRNA
in the limbic brain compared to C57BL/6 mice, whilst also presenting a more rapid and higher corti-
costerone release compared to the C57BL/6 strain when placed in a novel environment (116). As a
result of the lower levels of mineralo- and glucocorticoid receptor mRNA in the limbic brain, the neg-
ative feedback system that is present in the hypothalamus-pituitary-adrenal axis would have a smaller
influence in the BALB/c strain than in the C57BL/6 strain, allowing for a higher and more rapid release
of corticosterone when faced with stressful situations (118,119). Nonetheless, other studies have re-
ported no such differences in basal corticosterone levels between BALB/c and C57BL/6 mice
(117,120,121). Consequently, it may be possible that the supposed baseline levels had already been
affected by moving the cage (122), which could explain the higher baseline levels found in BALB/c
compared to C57BL/6.

Next, when comparing the response type clusters, cluster A demonstrated results similar to strain
129S2: all sampling moments differed significantly from each other. Response type B showed only the
peak of the second sampling moment to be significant. This is completely in line with the previously
mentioned inter-strain differences in corticosterone levels per sampling moment, as the majority of
12952 mice were assigned to cluster A, thereby influencing the results with inter-strain differences. A
model including strain and cluster had also been analysed, but was deemed to overfit the data. None-
theless, it did only showed a significant strain-sampling moment interaction, foregoing the implication
of a cluster-sampling interaction. It can thus be concluded that the cluster-sampling moment interac-
tion was only found when excluding strain, due to the distribution and resulting influence of strain on
the response type cluster.

It should be mentioned that the reliability of the acquired corticosterone levels can be considered
dubious. The low and high control samples that were used to create the calibration curves, as supplied
by the manufacturer, turned out higher than the provided control range in almost all centrifuge-run
batches. This means that the provided results may be higher than the actual corticosterone levels or
may even be non-reliable at all, as the manufacturer’s criteria for reliable results were not met.

5.2.4 CLUSTER ANALYSIS IN PREVIOUS STUDIES AND IN FUTURE DIRECTIONS

The cluster analysis combined with the three selection criteria yielded two clusters as the most optimal
distribution of the individuals. However, as mentioned before, two out of the five initially analysed
behavioural dimensions — arousal and risk-assessment — as well as the corticosterone levels were left
out of this analysis. Results in phase 2 were on par with this, since no different results between the
balanced and unbalanced groups have been found.

Prior to the risk-assessment dimension being left out of the cluster analysis, its residuals had been
obtained by using a different type of model compared to the other four behavioural dimensions. The
risk-assessment behaviour showed a zero-inflation, resulting in a linear mixed model that could not be
normally distributed, despite transformation attempts. This zero-inflation was caused by a strain-dif-
ference overall and per trajectory: whereas the other two strains showed higher amounts of risk-
assessments during the first and second trial, C57BL/6 mice showed barely any risk-assessments during
any trial. Moreover, the other two strains drastically decreased their amounts of risk-assessments after
the first two trials. Other papers have also noted this difference between the C57BL/6 strain and the
BALB/c and 129S2 strains (79,80,82,83) and the effect of number of trials on the risk-assessment par-
adigm has been demonstrated by other studies (23,24). Because the risk-assessment dimension was
computed out of a single behaviour vector, which included two variables (latency of first risk-assess-
ment and total amount of risk-assessments), zero counted values from all three strains were able to

[35]



Numbers Become Individuals | S. Stolte BSc | Master Thesis

have a large effect on this dimension. By including zero-inflation in the model and utilising a gamma-
distribution, the zero-inflation was accounted for, resulting in a normally distributed linear mixed
model (123).

In addition to the C57BL/6 strain being the cause of zero-inflated data in the risk-assessment dimen-
sion, the distribution of the strains amongst the two clusters is noteworthy: as shown in table 1, 88.3%
of the 12952 animals were allocated in cluster A, whereas 84.7% of the BALB/c animals were placed in
cluster B. Both strains are also shown to dominate these respective clusters. The total distribution of
mice among the two response type clusters seems relatively equal. Similar results have been found in
Exp. 1 (26), in which the BALB/c strain was allocated mostly to a certain response type and was domi-
nating this cluster, with 62.5% of the BALB/c mice being placed in one specific response type cluster
and the cluster consisting for 75% of BALB/c mice. All of these results are consistent with the fact that,
although they were accounted for in the linear mixed models, inter-strain differences make up for the
majority of the behavioural differences found between groups of different individuals (8—
12,22,50,74,80,82,83,123). However, it shows that not all differences can be accounted for by strain
and, as a result, the use of cluster analysis may be able to improve reliability of behavioural research.

Moreover, the preceding experiment’s response type clusters (26) were compared to the present
study’s response type clusters and it was found that, although the finalised amount of clusters was
three in Exp. 1, said three response types show similarities to the response types shown in the present
study. More specifically, response type B in the present study and response type C “Habituation” in
the preceding study showed several analogies: both showed residual increases in exploration and re-
sidual decreases in avoidance behaviour over time compared to the other clusters. Arousal was also
relatively in line between the response types from the two studies, staying somewhat unchanged over
time. On the other hand, locomotion had not previously presented the increase as was shown in the
present study and whilst risk-assessment seemed to look unaffected by the number of trials, it had
presented a decrease in response type C in the foregoing experiment. Similarities between response
type A in the study and response type A “Non-responding” and/or response type B “Sensitisation”
were not as outspoken. (26)

Regarding future research, a recent study has demonstrated how copy number variation in small nu-
cleolar RNAs regulates personality behaviour in, inter alia, C57BL/6 mice (17). It showed how certain
RNA clusters displayed copy number variation and affected the expression of specific genes; a strong
correlation was found between said RNA clusters and scores in behavioural tests. Since the so-called
snoRNAs might be (partly) responsible for inter-individual variation in behaviour (17), future studies
investigating k-means clustered data could consider combining the data with data on the individuals
in copy number variation in these small nucleolar RNAs. This might increase understanding in inter-
individual differences in emotional behaviour and how this variation has come into existence, even in
genetically similar laboratory rodent strains.
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6. CONCLUSION AND FUTURE DIRECTIONS

In summary, the present study has shown that inter-individual differences may be standardised
through the use of k-means clustering for longitudinal data on response type. The provided results
focused on the variation in behavioural responses between strains in order to create the clusters; af-
terwards, pairs were created based on these results. Avoidance behaviour and exploration models
showed different results with significant p-values when comparing balanced pairs to pairs that were
not created based on response type cluster. However, the behavioural dimensions of risk-assessment
and arousal were not taken into account when creating the response type clusters and also did not
reveal a difference between cluster-standardised or non-cluster-standardised individuals in phase 2 of
the present study. Whenever significant p-values had been yielded in the same factors in both the
balanced and unbalanced group, effect sizes were found to be higher in factors in the unbalanced

group.

Corticosterone was left out of the analysis as well and was determined to be dubious in its reliability,
due to the control samples deviating from the criteria provided by the manufacturer. An independent
analysis on inter-strain differences in corticosterone levels revealed that the BALB/c strain showed
higher levels of corticosterone than the C57BL/6 strain and that the 12952 strain was implied not to
be able to recover as quickly from a stressful situation regarding corticosterone levels.

Furthermore, the effects of dexmedetomidine in mice and between different strains should be inves-
tigated. Additionally, determining strain-dependent doses of dexmedetomidine may improve the
quality of behavioural research when using this drug. More research should also be conducted on the
strain-dependent behavioural differences, since not all findings in the present study could be validated.
For example, few studies have been published that conduct inter-strain comparisons between 12952
mice and BALB/c and/or C57BL/6 mice and the present study was thus not able to validate all findings
on inter-strain differences.

To conclude, reliability of behavioural results in the present study has been improved by taking inter-
individual variation of emotional reactivity into account in the composition of experimental groups of
mice. When using this method, it is not necessary to add a group that has not been balanced in regards
to response type cluster, since the present study has already provided results with the use of p-values
and effect sizes that indicate that balancing groups on response type is more reliable.

After thorough analyses of the results produced by the present study, further future directions may
contain necessary validation of the results by replication or extending similar research to outbred
stocks, female mice or other laboratory rodents. It can also be considered to investigate correlation
between k-means clustered data based on intersession habituation vs. copy number variation in small
nucleolar RNAs. Validation of the presented method can be conducted readily on other standardised
groups of mice, due to the flexibility of the method. Hence, the use of this method may be able to
contribute to a reduction of a required sample size in the future.
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e Avoidance behaviour

Latency to initial board visit (+2)

Frequency of board visits (-z)

Percentage of time spent on board (-z)

e Risk-assessment

Frequency of risk-assessments (+z)

Latency to initial risk-assessment (-z)

e Locomotion

Frequency of line crossing (+z)

Latency of immobility (+z)

Latency to initial line crossing (-z)

Frequency of immobility (-z)

Percentage of time spent on immobility (-z)

e Exploration

Frequency of rearing (+z)

Frequency of exploration of holes on the board (+z)
Latency to rearing (-z)

Latency to exploration of holes on the board (-z)

O
O
(@)

O
O

(@]
O
(@]
(@]
e Arousal
O

O O O O
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Frequency of grooming-bouts (+z)
Percentage of time grooming (+z)
Frequency of defecation (+z)
Latency to grooming-bouts (-z)
Latency to defecation (-z)
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APPENDIX I

Room temperature

Room temperature
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