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Summary

We have previously described a depressive phenotype in male mice stemming from three weeks’
single housing, demonstrated as an exacerbated transient hypothermia following a challenge
with the serotonin (5-HT) receptor agonist 8-OH-DPAT. In an attempt to flesh out the pheno-
type, we carried out a battery of tests used to assess depressive states on C57BL/6 mice of both
sexes. When combining the 8-OH-DPAT challenge with the tail-suspension test, an open field
test, a sucrose preference test, and blood samplings for measuring serum levels of oxytocin,
we could find no clear evidence of depressive states in the single housed animals. The fact that
we could not replicate our previous findings is puzzling; however, we suspect that the stressful
nature of the test battery may have been detrimental to the model. These negative findings and
their implications may prove of significant importance moving forward with studying natural

models of depression.

Despite being common practice in many laboratory
animal facilities, the consequences of housing mice
alone in shoebox cages is a divisive subject. Are there
detrimental effects to a mouse’s wellbeing from its
lack of contact with conspecifics? Is its welfare com-
promised? Does research carried out in single housed
mice produce significantly different results than the
same research on group housed mice? The current
EU directive (2010) dictates that social animals must
be housed in groups; but is an adult mouse even to
be considered a social animal? Is it not completely

unnatural to house adult male mice together? And
so the debate rages on. A number of investigations
have been carried out attempting to substantiate the
arguments empirically, but the results, to date, have
been as varied as the viewpoints. Whereas some
studies find clear changes in behavior and physiolo-
gy of single housed mice, other studies find no dif-
ferences when comparing to group housed mice. An
increased metabolic rate has been noted across mul-
tiple studies (Schipper et al. 2018; Spéni et al. 2003),
suggested to stem from not only lack of opportunities
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to socially thermoregulate, but also from emotion-
al stress. The latter is further reinforced by multi-
ple research groups noting behavior consistent with
increased anxiety in single housed mice (e.g. Ferrari
et al. 1998; Heredia et al. 2012; Voikar et al. 2005).
This effect, seen across multiple strains, seems to be
inconsistent and somewhat specific to the test that
is employed. Ferrari et al. (1998) for example noted
increased anxiety when testing single housed mice in
the elevated plus maze, whereas Voikar et al. (2005)
noted the opposite effect. The latter study did how-
ever note increased anxiety-like behavior in e.g. the
light-dark box paradigm, conceptually corroborating
the findings of Ferrari et al., even though they did
not reproduce the exact findings. Moreover, Voikar
et al. (2005) found evidence of impaired learning in
spatial memory tests in single housed mice. Exacer-
bated memory impairments have also been noted in
mice genetically engineered to mimic components
of human Alzheimer’s disease when they are housed
alone (Huang et al. 2011). Published studies thus
paint vague patterns suggestive of neurobehavio-
ral changes brought about in socially isolated mice.
Finally, in choice-based testing, mice will choose the
company of a conspecific over e.g. nesting material
(van Loo et al. 2004). Even male mice will volun-
tarily choose the company of a potentially abusive
dominant male mouse over isolation when offered
the choice (van Loo et al. 2001). The inability to con-
sistently demonstrate a difference between single and
group housed mice in tests of purported anxiety (e.g.
Bartolomucci et al. 2009) complicates the picture,
however. The fact that no differences can be found in
acute stress parameters, such as glucocorticoid levels,
has furthermore been used as evidence that mice do
not suffer from being socially isolated (e.g. Hunt and
Hambly 2006; Arndt et al. 2009).

An argument can be made that the problem
with studying single housing is that no two single
housing conditions are quite alike. Analogous to the
standardization fallacy (Wiirbel 2000), the more one
reduces the components of an experiment, the more
ambient parameters — that which remains - influ-
ence the results of one’s study, creating idiosyncratic
results that do not translate well between laboratories
(Richter et al. 2009). When studying single housing,
we reduce our experimental setup to as simple as is
possible within an in vivo science context: cages and
different groupings of mice. Add to this subtle effects,
requiring large numbers of animals in a sparsely
funded field-of-study where costly studies seldom are
an option. Varied results should thus not come as a
surprise; they are to be expected. With meta-analyti-

cal pooling of data gaining momentum in the labora-
tory animal science community (Hooijmans and Rit-
skes-Hoitinga 2013; Avey et al. 2015) we may how-
ever overcome the problems of idiosyncratic results
and under-powered studies. The key to addressing
questions such as “do mice suffer from being housed
alone” using a meta-analytical approach is however
for all laboratories to report all of their findings, also
when negative (Rosenthal 1979; Thornton and Lee
2000). It is in this vein we share the present report.

We have previously demonstrated an alarming
effect on the serotonergic system of single housed
male mice (Kalliokoski et al. 2014); a possible con-
founder of neurobiological investigations. Single
housing for three weeks appeared to alter the reactiv-
ity of the mice’s serotonergic system to an exogenous
agonist when compared to group housed controls. A
similar neurochemical change - an increased excit-
ability of 5-HT,, receptors — in humans is strongly
associated with depressions (Savitz et al. 2009; Parsey
et al. 2006). We have thus posited that our findings
stem from a subtle depressive state, brought on by
even a shorter duration of solitary housing and pos-
sibly the lack of stimulation in individually ventilated
cages (the latter potentially act as sensory depriva-
tion chambers, preventing mice from seeing, smell-
ing and hearing their cage’s surrounding environ-
ment). In order to better characterize the phenotype,
we set out to combine our previous experiment with
a battery of other common tests for characterizing
depressive phenotypes; utilizing the hypothermic
response to a challenge with the serotonin receptor
agonist 8-OH-DPAT alone as a proxy of depressive
affectedness can be construed as too abstract a meas-
ure. Our goal was consequently to better character-
ize the underlying phenotype, to find measures that
were correlated with the exacerbated hypothermic
response to 8-OH-DPAT following single housing,
and measures that were not.

For our test battery we chose to investigate
changes in sucrose preference, suggestive of anhe-
donia (Monleon et al. 1995), the immobility in a
tail-suspension test (TST), suggestive of behav-
ioral despair (Steru et al. 1985), and our previous-
ly validated method of measuring the hypother-
mic response to the serotonin receptor agonist
8-OH-DPAT, suggestive of increased 5-HT |, activity
(Bert et al. 2006). The sucrose preference test (SPT)
and the TST have previously shown some promise
in detecting depressive changes in isolated mice (e.g.
D’Andrea et al. 2010; Martin and Brown 2010). In
addition, we included an open field test to measure
general activity level, which can be a confounder in
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the tail-suspension test (Steru et al. 1985; Peng et al.
2007), and to measure serum levels of oxytocin. The
latter was included to investigate whether the depres-
sive phenotype was correlated with, or possibly mod-
ulated by, decreased oxytocin levels brought on by
decreased social stimulation and contact.

Animals and housing

A total of 48 six-weeks-old C57BL/6]JRj mice of both
sexes (n = 24/sex) were acclimatized for a week after
arriving from a commercial breeder (Janvier Labs, Le
Genest-Saint-Isle, France). The animals were housed
in groups of three in individually ventilated polycar-
bonate cages (“1290D001”; Tecniplast, Buggugiate,
Italy). Diurnal rhythm was maintained with a 12:12
hour light-dark cycle with 30 minutes of twilight at
transitions and lights on at 6 a.m. The ambient tem-
perature was kept at 19-23 °C, humidity at 42-46 %
and cages were set to be ventilated at a rate of 75 h™
air changes. Post-experiment, it was uncovered that
the air-handling unit serving the cages in question
had suffered a failure and ventilation rates had fallen
to 63 h' on cage level, suggesting that the ventilation
rate may have been somewhat lower than expected.
Cages were changed every 14 days and the positions
on the racks were changed frequently to eliminate any

bias from cage position. Cages were lined with aspen
chips (Tapvei, Kortteinen, Finland) with wooden
gnawing sticks (Tapvei) intermixed, and shelters -
red tinted translucent plastic shelters (“JAKO”; Moly-
tex, Glostrup, Denmark) and cardboard tubes (Lilli-
co, Horley, UK) - and nesting material (“Happi-mat”
nestlets; Scanbur, Karlslunde, Denmark) were sup-
plied and replaced as needed. Extruded feed (“Altro-
min 1314”; Brogaarden, Lynge, Denmark) and tap
water was provided ad libitum throughout the study.

Single housing experiment

A week after arrival, baseline sucrose preference was
established and twelve days post-arrival (Day 0 of the
experiment) a baseline blood sample was obtained.
Following the sampling, randomly selected (rand-
omized on cage-level) mice of both sexes were sin-
gle-housed. Body weights of the animals were record-
ed weekly throughout the study. After three weeks of
single housing, a battery of tests were carried out, and
on Day 28, following the hydroxytryptamine-induced
hypothermia (HIH) challenge, the animals were euth-
anized by cervical dislocation (for an illustrated over-
view of the experimental timeline, refer to Figure 1).
The group sizes in the study were determined using
simplistic power calculations (Cohen, 1988) based
on historical data (Kalliokoski et al. 2013; Kalliokoski

Day -12

- Mice arrive at the facility
- Acclimatization in groups
for one week is initiated

Days -5 to -3

- One day's training with
access to sucrose water

followed by 48 h of SPT

Days 21 to 23

- One day's training and 48 h
of SPT

- Blood samples are drawn on
last day

Days 24 to 25

- The mice are tested in the
OFT and the TST the next
day

Day O

- Blood samples are drawn
- Start of single housing

Day 28

- The HIH challenges are
performed

- The animals are euthanized
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Figure 1. Timeline of the experiment. All dates are reported relative to the initiation of single housing. Group housed

animals acting as negative controls were maintained group housed (in the same groups) throughout the study. Weekly

recordings of body weights have been omitted from the timeline. SPT: Sucrose preference test; OFT: Open field test; TST:

Tail-suspension test; HIH: Hydroxytryptamine-induced hypothermia.
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et al. 2014). The study was scaled to detect a differ-
ence of 5 % in the sucrose preference tests and an
absolute difference of 1 °C in the HIH challenge tests,
with a and f levels set at 0.05 and 0.2, respectively.
The design originally included a re-housing phase,
following the period of single housing. The original
plan for the study was to induce a depressive state
that we have seen in the past (Kalliokoski et al. 2014),
and then to attempt to reverse this by socially housing
a cohort of isolated mice. As a consequence, uneven
experimental cohorts were employed from the start
(as the single housed mice were to be further subdi-
vided). The female mice - tested first — were housed
in two groups of six animals, and eighteen animals
were housed alone. Based on the (initial) null find-
ings in the females, the study design was modified.
The re-housing period was removed from the study
and a follow-up experiment in male mice was instead
undertaken, where 12 animals were housed in groups
of 3, and 12 animals were single-housed.

Tests of depressive phenotype

Prior to all the outlined tests, with exception of the
sucrose preference tests, all animals were temporarily
single-housed and transported to an adjacent labora-
tory to ensure blinding of the investigators. Testing
orders were randomized for all of the tests.

Sucrose preference tests

The sucrose preference test (SPT) spanned 72 h and
was initiated at 8 a.m. on Days -5 and 21 for base-
line and endpoint measurements. In an introduction
phase, the mice were introduced to the SPT setup
with two water bottles mounted in the food hopper
(feed pellets were moved to the cage floor). Both
bottles were filled with a 1.5 % (w/v) sucrose solu-
tion. After 24 h, the bottles were substituted with one
bottle containing tap water and one bottle containing
an 8 % (w/v) sucrose solution (previously shown to be
the preference maximum for C57BL/6 mice (Pothion
et al. 2004)). The position of the sucrose-containing
bottle was randomized and after 24 h, the position
of the bottles was reversed in order to minimize the
influence of place preference. The intake of sucrose
solution, expressed as a fraction of total fluid intake,
was recorded for a total of 48 h.

Open field tests

On Day 24, with testing initiated at 9 a.m., an open
field test (OFT) was carried out similarly to other
investigations (Sdenz et al. 2006; Valentinuzzi et al.
2000; Yoon et al. 2014). Briefly, a mouse was placed in
the corner of a square arena (45 x 45 cm, with 41 cm
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high opaque walls) and allowed to freely explore its
surroundings for ten minutes (while the experiment-
ers left the room). Activity was recorded by a camera
suspended 40 cm above the OFT apparatus and auto-
matically tracked in Ethovision XP (Noldus Infor-
mation Technology, Wageningen, the Netherlands)
with distance travelled as the endpoint measurement.
Animals were acclimated to the testing laboratory
for one hour prior to testing. Lighting was kept low
and the testing apparatus was uniformly illuminated
through only indirect lighting. The white OFT arena
ensured a good contrast with the animals’ fur color
for optimal automated tracking, and a painted grid
(9 X 9 cm squares) allowed for manual calculation
of distance travelled through line-crossings (used to
verify accurate tracking by the software in random-
ly chosen video recordings). The OFT arena was
cleaned and wiped down with 70 % ethanol between
tests.

Tail-suspension tests

The tail-suspension test (TST) was carried out
approximately 24 h after the OFT, initiated at 9 a.m.,
and carried out according to Can et al. (2012). Brief-
ly, mice were suspended from a transverse bar in an
open testing box, 20-25 cm above the ground, using a
piece of masking tape attached 2-3 mm from the tail
tip. A plastic cylinder was threaded over the mouse’s
tail prior to suspension, preventing it from grab-
bing and holding on to its own tail once hanging; a
common problem with C57BL/6 mice (Mayorga and
Lucki 2001). Two mice were tested at a time in the
TST apparatus; a solid divider prevented the animals
from seeing one another. A six-minute video record-
ing was obtained before the animals were returned to
their home cages and the apparatus was cleaned and
wiped down with 70 % ethanol between tests. Bouts
of active struggling behavior were timed manually by
two blinded observers and the immobility time cal-
culated.

HIH challenge

On the last day of the study (Day 28) the HIH
challenge was conducted similar to what we have
described before (Kalliokoski et al. 2013; Kalliokoski
et al. 2014). Briefly, the mouse’s (baseline) rectal tem-
perature was recorded (“BAT-12” temperature probe;
Physitemp Instruments Inc., Clifton, NJ, USA) and a
subcutaneous injection of 40 ug 8-OH-DPAT (R-(+)-
8-hydroxy-2-(di-n-propylamino)-tetralin; Prod. No.
H140; Sigma-Aldrich, St. Louis, MO, USA), deliv-
ered in 100 pl sterile isotonic saline, was deposited
in the inguinal region. The animal was subsequently
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placed in a barren cage, and 30 minutes post-injec-
tion its rectal temperature was again recorded (corre-
sponding roughly to maximum hypothermia).

Oxytocin measurements

Tail vein blood samples were collected at 9 a.m.
on Days 0 and 23. Briefly, animals were placed in
a heated chamber (28-32 °C) for four minutes to
ensure vasodilation, followed by placement in a
restrainer. The tails were wiped down with 70 % eth-
anol, the lateral tail vein was punctured with a 25G
hypodermic needle, and a 150 pl (approximately)
blood sample was drawn. Serum was separated out
through centrifugation (15 minutes at 1,600 g, 4 °C)
and stored frozen (-70 °C) until analysis. Oxytocin
content of the serum was determined using a com-
mercial ELISA kit (“ADI-900-153”; Enzo Lifescienc-
es, Farmingdale, NY, USA); analyses were carried out
according to the manufacturer’s instructions.

Hypothesis testing

End of experiment measures were compared using
independent samples t-tests. Data were considered
homoscedastic with the exception of the sucrose
preference where obvious differences in group var-
iances were noted. The SPT data were consequently
tested using Welch’s t-test for unequal variances. OFT
data were not tested for between-group differences,
as the distance travelled is not considered a variable
related to depressive states in its own right. Instead,
the distance travelled was used as a proxy variable for
an individual’s general activity level. To ensure that
a higher activity level did not confound data from
the TST, an ANCOVA model was constructed for
the immobility in the TST; housing was considered
a fixed effect, OFT distance travelled an explanato-
ry covariate. For the SPT data and serum oxytocin
levels, where baseline data were obtained, compari-
sons were made between baseline and end of exper-
iment measures using paired-samples t-tests. To
verify that a housing effect was not masked by indi-
vidual differences at baseline, the oxytocin data were
also analyzed using a repeated-measures ANOVA
testing for a time x housing interaction. Serum oxy-
tocin levels appeared to conform to a log-normal
distribution (confirmed using Q-Q plots) and were
consequently log-transformed prior to all analyses.
All tests were carried out in IBM SPSS 24 (Armonk,
NY, USA).

Ethics statement

The study was conducted in an AAALACi (Associ-
ation for Assessment and Accreditation of Labora-
tory Animal Care International) accredited facility
under the supervision of a local ethics committee. All
procedures were carried out in accordance with EU
directive 2010/63/EU and approved by the Animal
Experiments Inspectorate under the Danish Ministry
of Food, Agriculture and Fisheries (license number
2016—-15-0201-00991).
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Figure 2. Body weight development in female and male
mice over three weeks of differential housing. Data is
displayed as means + SD. Animals were weighed on the
same day but data points have been slightly shifted along
the x-axis to prevent overlapping error bars. Single housed
animals did not differ in body weight from their group
housed counterparts throughout the study.

Following three weeks of single housing (on Day
21), neither female nor male mice differed in body
weight (Figure 2) from their group housed counter-
parts (females: t,, = -0.57, p = 0.57; males: t,, = 0.71,
p = 0.49). An ostensibly attenuated sucrose prefer-
ence after three weeks’ single housing (Figure 3) was
found for female but not male mice (females: t,, , =
6.84, p < 0.01; males: t.. =042, p= 0.68). No dif-
ference could be found in immobility time in the
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Figure 3. Results from a battery of tests carried out to assess depressive states in single housed mice. Figures listed in order
from top to bottom: Sucrose preference in percent of total intake; Time spent immobile in the tail-suspension test (TST);
Distance travelled in the open field test (OFT); Hydroxytryptamine-induced hypothermia (HIH) expressed as the drop in
core body temperature from baseline. All of the data are shown as subject-level measurements with group means, with the
exception of the sucrose preference where the measurements are displayed on cage-level (measurements collecting multiple
individuals are shown as diamonds). The asterisk denotes a significant difference at a level of p < 0.05 from baseline values.
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Figure 4. Serum oxytocin levels measured before (Day 0) and after (Day 23) differential housing. Data are displayed
as individual replicates with geometric means for the groups on a logarithmic axis. Both for female and male mice, the

oxytocin levels at the end of the experiment were found to be significantly altered from the baseline levels; but whereas the

females had reduced their serum oxytocin for the second sampling, the males demonstrated an opposite trend.

TST between single housed and group housed mice
of either sex (females: t,, = -0.33, p = 0.74; males: t,,
= -1.07, p = 0.30). Utilizing distance travelled in the
OFT as an explanatory co-variate when comparing
TST immobility time between groups did not reveal
any differences masked by differing activity levels
(females: FZ’21 = 0.13, p = 0.73; males: Fz)21 =129, p
= 0.27). The hypothermic response to a challenge
with 8-OH-DPAT did not differ following differential
housing for three weeks for either sex (females: t,, =
0.91, p = 0.46; males: t | = -0.22, p = 0.83).

No differences were found between single
housed and group housed mice for either sex (over
time) with respect to serum oxytocin levels (females:
FL22 =0.11, p = 0.74; males: F1,19 =0.11, p = 0.74). Dif-
ferences were however found between baseline levels
and the samples obtained on Day 23 (Figure 4), with
female mice exhibiting lower levels of oxytocin at
the end of the study (housing conditions combined,
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paired data: t,, = 3.29, p < 0.01) and males demon-
strating an inverse trend with higher levels toward
the end of the study (housing conditions combined,
paired data: t,, = -6.63, p < 0.001). Three serum sam-
ples (two baseline, one end of experiment) obtained
from males were too small for analysis and were thus
excluded (data considered missing at random).

The reduced sucrose preference for single housed
female mice in the SPT was considered question-
able as there was no way of recording spillage from
the bottles. Utilizing an empty cage to estimate how
much fluid is lost to dripping bottles has been sug-
gested (Eagle et al., 2015), but we considered this
unreliable as it does not account for animal activity
within the cage (differing with group size). With a
very high affinity for the 8 % sucrose solution, much
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Figure 5. Sensitivity analysis (left) and total amount of sucrose solution consumed (per gram of animal) for the female

mice (right). The p values were estimated by applying the Mann-Whitney U test (by ranks) in comparing baseline sucrose

preference to the single housed end of experiment values. In increments of 1 ml (the measured accuracy), liquid was

subtracted equally from each bottle. The seemingly low p value exceeds the critical level of 0.05 (dashed line) already after

aloss of 3 ml (i.e. 1.5 ml per 24 h). When comparing the absolute intake of sucrose solution it becomes, furthermore, clear

that the single housed animals did not consume less liquid than during baseline conditions.
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of the tap water lost was potentially due to spillage.
For the group housed animals any droplet lost would
be shared between three animals, affecting the test
less, whereas routine operations in the animal room
rustling the racks and cages causing the water bot-
tles to drip could potentially make it seem as if the
single housed mice drank more tap water. As little
as 1.5 ml lost, per 24 hours, due to dripping water
bottles, we found employing some simplistic calcula-
tions (Figure 5), could produce the found significant
difference. In a representative setup, a droplet was
estimated at 54 pl (10 droplets — average: 536 pl; SD:
76 pl) suggesting a loss of about a droplet an hour
(1.17 h'') amounts to 3 ml over 48 hours. This is not
an unrealistic loss given that just opening a cage lid
was found to spill at least 4-5 droplets. Thus, to test
whether the single housed female mice could truly
be considered anhedonic, we chose to test the abso-
lute amount of sucrose solution consumed, expressed
per gram of mouse in the cage; after all, anhedonia
is defined as a lowered affinity for sucrose, not as an
increased interest in tap water.

Sucrose intake was not normally distributed
when expressed per gram bodyweight, consequent-
ly rank testing was used. When expressed in abso-
lute amounts, no reduction in sucrose intake was
found for the female mice following single hous-
ing (Mann-Whitney, U = 47, p = 0.17, r = 0.27). It
has, therefore, to be concluded that the female mice
did not become anhedonic when housed alone, but
rather that the difference is better explained as tap
water lost due to dripping bottles.

In the present study, we were unable to replicate
our previous findings showing an exacerbated
8-OH-DPAT-inducible hypothermic response in
single housed male C57BL/6 mice over their group
housed counterparts (Kalliokoski et al. 2014). When
combining the HIH challenge with sucrose prefer-
ence testing, blood samples, tail-suspensions and
time spent in open field arenas, the effect previous-
ly found for a number of substrains of C57BL/6 was
wholly missing. Recently, focus has been brought to
the fickle nature of the p-value as the deciding factor
in hypothesis testing. Even in the face of highly sig-
nificant statistics and miniscule p-values the chance
of a non-significant finding in an identical replication
study is close to the chances of a coin toss coming
up heads (Halsey et al. 2015). Although we cannot
fully rule it out, the outcome of the HIH challenge
in the present study seems to be more than just the

case of chance deviation from a true difference. The
data show not even the slightest trend toward a great-
er hypothermia in the single housed group. Whereas
these data hardly refute our previous conclusions -
the study collected data from 231 subjects across two
experimental designs, after all - they do put them
in a larger context. In another previous study (Kal-
liokoski et al. 2013), investigating the stressful nature
of metabolism cage housing, we found the HIH chal-
lenge to produce erratic results when carried out
shortly after a stressful behavioral test (the forced
swimming test). In the present study, we suspect,
similarly, that the stress response in relation to being
suspended from one’s tail, forced into an inescapable
open arena, and blood samplings may have served to
alter the hypothermic response to 8-OH-DPAT. The
key follow-up question is whether the stressful nature
of the battery of depression tests only confounds the
HIH challenge, or whether it effectively destroys the
purported depressive phenotype.

A reduced preference for a sweetened sucrose
solution is in the SPT paradigm interpreted as an
expression of anhedonia. With depressions comes
a blunted feeling of joy, with previously enjoyable
experiences losing their appeal. A depressed mouse
presented with the SPT setup becomes less particu-
lar in choosing the sweetened solution over tap water
when drinking. Single housing has previously been
suggested to induce anhedonia in mice, demonstra-
ble through the SPT (D’Andrea et al. 2010). Never-
theless, within the framework of the present study,
we could not find any reliable evidence of anhedonia.

Similarly, our TST results did not differ between
groups. Although the TST has been used in compa-
rable contexts, sometimes to seemingly good effect
(Martin and Brown 2010), the test has been suggest-
ed to be principally appropriate for screening phar-
macological candidates for antidepressant potential,
rather than for assessing depression/depressive states
(Nestler and Hyman 2010). Findings such as the
present ones, underscore the questionable appropri-
ateness of utilizing the TST for evaluating naturally
occurring depressive states. Not only is it unclear
whether these are associated with the poorly defined
concept of emotional despair, but the stressful nature
of the test can potentially confound other tests and
interfere with depressive phenotypes. Alternative
behavioral tests, affecting the subjects’ emotional
state less, are under similar circumstances proba-
bly preferable. We combined the TST with an OFT,
as it is considered best practice to combine the TST
with a test of general activity. Without combining
the tests, compounds such as caffeine and ampheta-
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mines appear to have an antidepressant effect in the
TST as they decrease immobility (Steru et al. 1987).
The OFT can however be used to demonstrate that
these compounds simply induce hyperactivity (Mar-
riott 1968). In the case of evaluating emotional states,
removed from the context of testing drug candidates,
the distance travelled in the OFT is hard to interpret.
Should more active mice be considered more or less
likely to be depressed? Is this even a relevant factor?
Luckily, we can refrain from excessive speculation, as
all of our mice performed similarly across both the
TST and OFT. Neither the TST nor the TST in com-
bination with the OFT was able to tell us anything
intelligible about the emotional state of our animals.
Oxytocin has a modulating effect in stress and
anxiety. Studies in prairie voles (Grippo et al. 2007a;
Grippo et al. 2007b) have demonstrated that circulat-
ing oxytocin levels change in response to social iso-
lation in concert with the onset of anhedonia (meas-
ured using the SPT). We speculated that the nega-
tive outcome we previously had noticed from single
housing might thus be accompanied by concomitant
lowered levels of oxytocin. Our results, although
not supportive of our initial hypothesis, do suggest
that measuring circulating levels of oxytocin in lab-
oratory mice may be of interest. The consequenc-
es of oxytocin supplementation has been studied at
great lengths across a number of species (Smith et al.
2017), including mice (Teng et al. 2013; Harrison et
al. 2016). However, data on endogenous circulating
levels are all but completely missing. The fact that
we find oxytocin to be a highly dynamic marker is
interesting, even though we currently cannot inter-
pret our results. There is cross-talk at the level of the
hypothalamus between the HPA axis and oxytocin
release (Neumann and Landgraf 2012). Elevated
levels of oxytocin could thus have been caused by a
stress response in relation to the blood samplings.
With oxytocin levels having been shown to increase
within five minutes from an acute stress response
(Gibbs 1984), this is not unlikely. It may also be that
collecting the blood samples immediately following
the SPT may have influenced our results. Oxytocin
modulates the feeling of satiation (Olszewski et al.
2010) and is thus likely to change in relation to ad
libitum feeding of a sucrose solution (Song et al.
2014) with approximately the same caloric density as
popular soft drinks. More data needs to be collected
on the endogenous oxytocin levels in mice before we
can explain our results in full; however, differential
housing appeared to have nothing to do with it.

With no results suggestive of depressive states,
we allow ourselves to speculate that it is most likely
that the testing battery reversed the previously found
phenotype, or prevented it from being induced alto-
gether. Whereas the failure to reproduce previous
findings could be construed as evidence that the pre-
vious findings were erroneous or a fluke (indications
that we need to be watchful of, forging ahead), the
size of the present study is not sufficient to refute pre-
vious evidence nor are the conditions of the experi-
ments identical. Instead, we will suggest that changes
in testing protocol are a more likely explanation to
the difference in results. Whereas chronic prolonged
stress is a well-recognized model of depression (Will-
ner 1997) resembling human “burnout” syndrome
(Wurm et al. 2016), it is not unlikely that stress
induced by e.g. behavioral testing may counteract or
over-shadow a social-isolation-induced depressive
state. Although stressful interventions interfering
with inducible phenotypes is certainly not a novel
issue, it does present the question of how to approach
studying models such as this. Utilizing fewer tests per
subject reduces the amount of information we can
gather from an animal, which is in poor agreement
with the reduction ideal of the 3Rs, as this increas-
es rather than reduces the number of animals used
in a study. Perhaps it is time to update the tests we
employ in studying depressive states in laborato-
ry animals. Behavioral tests such as the TST, highly
stressful tests likely to influence the subjects greatly,
and with unclear underlying rationales (what even is
“behavioral despair” in relation to human subjects?)
to boot, should probably be replaced by less invasive
tests with clearer frames of interpretation, e.g. judge-
ment bias testing (Hoffman 2016; Boleij et al. 2012).
The information we collect will never be more accu-
rate than the means by which it is obtained.

Complete raw data have been made freely available
online for data synthesis, scrutiny, and reanalysis
through the following link: https://figshare.com/s/
d9ff904e5b039ded9197
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