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and a restraint stress test.

one response than the hybrid.

Background: All mouse strains are different, before choosing a strain for a large study, a small scale study should
be done. In this study, we compared young males of two mouse strains, C57BL/6J and the hybrid B6129SF1/J, and
gained knowledge on their performance in three different behavioral tests; open field (OF) test, Barnes maze (BM) test

Results: We found that the young males of the C57BL/6]J strain spent more time moving in the OF. In the BM, the
hybrid covered less ground before reaching the goal box during the first three sessions, than the C57BL/6J. The hybrid
left more fecal pellets than C57BL/6J both in OF and BM. During the stress test, the C57BL/6J had a lower corticoster-

Conclusions: Our findings indicate that the C57BL/6J has a presumably higher locomotor activity and/or explorative
behavior than the hybrid, while the hybrid appeared more sensitive to stress.
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Background

Differences in behavior between mouse strains are
frequently observed in animal facilities, and certain
strains are well known, and often chosen, for a certain
type of behavior. Also, in behavior tests differences
between strains are well documented [1]. Thus, the
strain used for behavioral tests should be carefully con-
sidered. For future behavior experiments, we wanted
to test two possible strains of mice, to see which one
would be more beneficial for our purposes. The ideal
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strain would be a good learner, robust in stressful situ-
ations, gentle mothers, easy to breed, group-house
and handle. The C57BL/6 ] mouse is the most widely
used inbred strain in laboratory animal research and
is used in a widespread of research fields, including
cancer research, diabetes/obesity research and behav-
ioral/learning research. The breeders’, Jackson Labo-
ratory, webpage “Mouse Phenome Database” (https://
phenome.jax.org/) lists 282 studies using this strain.
The hybrid B6129SF1/] is described as having hybrid
vigor and is used in for example tissue transplanta-
tion research. It has also been used in behavior stud-
ies for several years [2]. The database shows 9 studies
using the hybrid. When asking the database to com-
pare the two strains, there were no datasets found and
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several searches in several other search tools showed
that research comparing these two strains in behavio-
ral tests is scarce. In the experiment described, only
the two first beneficial traits listed were tested; learn-
ing ability and stress-responsiveness. The two mouse
strains were tested in three different behavioral tests,
an open field (OF) test, a Barnes maze (BM) test and
a restraint stress test. Previous reports conclude that
C57BL/6] is a locomotory active strain in the OF while
the hybrid would be in between C57BL/6] and 129 [3].
Chan et al. found the C57BL/6 to have a larger corti-
costerone output than the similar hybrid in response
to acute stress [4]. However, still, little is known about
differences between these two in the BM and corti-
costerone response to stress. It was not considered
comparing the two strains to 129 as this strain has
previously shown low rates of exploration and poor
learning performance in BM [5]. The aim of this article
was to add to the knowledge about the behavior of the
C57BL/6] and the hybrid B6129SF1/] mouse strain in
the OF, BM and a restraint stress test.
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Results

Open field (OF) test

The C57BL/6] were moving more and covering more
ground during the OF than the hybrid, but only the time
spent moving was significantly different from the hybrid
(p=0.025). Consequently, the time spent not moving was
also significantly different between the strains (p =0.025,
Fig. 1a). The number of fecal pellets left by the hybrid was
significantly higher (p <0.004) than by the C57BL/6], and
also, the number of urine puddles had the same trend for
the hybrid, but was not significantly higher (Table 1).

Barnes maze (BM) test

Both mouse strains showed progress in learning as the
time used before entering the goal box decreased for each
session, except for the fourth and fifth sessions for the
hybrid and fifth session for C57BL/6] (Fig. 2a). The hybrid
was slightly, but not significantly quicker than C57BL/6]
in sessions two and three. In the three last sessions, the
C57BL/6] was slightly quicker, also not significantly.
The hybrids covered significantly less ground before
they reached the goal box in the three first sessions,
than the C57BL/6] (p<0.001, p<0.001, and p=0.003,
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Fig. 1 Summary of the results from the open field test of two different mouse strains (C57BL/6J and hybrid B6129SF1/J). Results are presented as
means (£ SE) and indicated with * when significant (p < 0.05). Total distance moved is not included. a shows the duration of time spent grooming,
moving, not moving and in the different zones, presented in seconds. b shows the frequency of grooming, moving, not moving and in the different

Table 1 Results open field and fecal pellets/urine puddles

Strain Mean Meantime Meantime Meantime Meantime Mean Mean Mean Mean
distance spent spent not spentin spentin numberof  number numberof  number
moved in moving (s) moving(s) centerzone cornerzones fecal pellets of urine fecal pellets of urine
total (cm) (s) (s) OF puddles BM puddles

OF BM

C57BL/6)J 7088 713 187 233 304 0.30 0.20 033 0.08

Hybrid 6239 657 243 237 313 0.90 040 0.70 0.20

B6129SF1/J

Summary of results from open field test and fecal pellets/urine puddles (left in open

field and Barnes maze) from two different mouse strains (C57BL/6J and hybrid

B6129SF1/J). Results are presented as means. Differences between the strains were assessed with Student'’s t-test and indicated in bold when significant (p <0.05)
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Fig. 2 Summary of the results from the Barnes maze test of two different mouse strains (C57BL/6J and hybrid B6129SF1/J). Results are presented
as means (& SE) and indicated with * when significant (p < 0.05). a shows time spent to find the goal box, presented in seconds. b shows distance
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Fig. 3 Summary of the results from the stress test of two different
mouse strains (C57BL/6J and hybrid B6129SF1/J). Results are
presented as means (& SE) of blood concentration of corticosterone
(ng/ml) at each different timepoint (minutes) and indicated with *
when significant (p < 0.05)

respectively) (Fig. 2b). The number of fecal pellets left by
the hybrid was significantly higher (p <0.001) than by the
C57BL/6], and also, the number of urine puddles had the
same trend for the hybrid, however this was not signifi-
cant (Table 1).

Stress test

Both strains had a similar baseline of corticosteroid
blood levels at the starting point of the stress test. The
C57BL/6] did have a slightly lower concentration of cor-
ticosterone at all time points after that, resulting in the
response curve of the C57BL/6] being flatter than the
hybrid’s (Fig. 3). However, the only significant effect of
mouse strain was at 30 min (p<0.001) which was the
time-point of peak concentration in both strains.

Discussion

In the present study, we compared two different types of
mouse strains (C57BL/6] and hybrid B6129SF1/]) using
three different behavior tests (OF, BM and stress test). We

found that the C57BL/6] were more locomotory active
during the OF by spending more time moving than the
hybrid. Both strains learned the BM, but the hybrid cov-
ered less ground before they found the goal box during
sessions 1, 2 and 3. During the stress test, the C57BL/6]
had a lower stress-induced corticosterone response than
the hybrid.

As this small scale study only includes young males,
more studies should be done to fully understand the
differences between these two mouse strains. As men-
tioned, the reason for choosing the sex and age of the
animals was done to avoid sexual behavior and female
reproductive cyclic variation disturbing the results. The
mice were single housed from the day prior to test start,
to avoid fighting during the testing period. This change in
housing close to test-start is not optimal as it can cause
distress that might affect the results. On the other hand,
the alternative, group- or pair-housing, could lead to
fighting and building of hierarchies that would also affect
the results. Nevertheless, the change should ideally have
been performed with more time to acclimatization to the
facility and to the new situation of being single-housed.

Open field (OF) test

The OF measures locomotor activity and anxiety-like
behavior in mice [6]. Under normal conditions, mice
will do explorative behavior and use the whole box and
also venture out into the center zone of the box. Mice
with anxiety will spend more time in the corners, trying
to find a place to hide. As these behavioral differences
between groups of mice can be confounded by differ-
ences in exploratory and/or locomotor activity, it is sug-
gested that more tests should be performed in order to
conclude from an OF study. Furthermore, a good alterna-
tive for measuring locomotor activity would be to track
the mice in their home cage during the night, when the
mice are active [7].
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In the present study, both mouse strains spent the
same amount of time in both the center zone, the border
zones and the corner zones, but the C57BL/6] did spend
significantly more time moving, suggesting this mouse
strain to be more explorative and active. Although there
was a trend, distance moved in the OF was not differ-
ent between the two strains. Other studies also found a
higher activity level of the C57BL/6] than the hybrid in
the OF. Bolivar et al. compared inbred strains and F1
hybrids of 129S3/Svim], A/], BALB/ cBy], C3H/He],
CBA/J, DBA/2], FVB/N]J, (B6 x 129)F1/] and (B6 x C3H)
F1/]. This study confirmed that the genetic differences
in the different strains affect the intersession habitu-
ation to the OF. In their results they ranked the strains
by total distance traveled in the OF and the C57BL/6]
ranked higher than the B6129F1 hybrid, for both males
and females [3]. Logue et al. also compared twelve differ-
ent strains of inbred mice and seven F1 hybrids in sev-
eral behavioral tests including OF, and they also found
the C57BL/6] to be more active, although they used a
129B6F1 hybrid [8].

The lack of strain differences in time spent in the center
zone indicates no strain differences in anxiety, however, a
significantly higher frequency of defecation by the hybrid
could suggest this strain to be more anxious. The release
of urine and feces is the reaction to the fight-or-flight
response that comes with the stress response, in many
species [9], also mice. Originally, OF was designed to
record defecation as a measure of emotionality [7].

Barnes maze (BM) test

There are several different versions of BM tests and pro-
tocols. The protocol we chose has been validated and
frequently used for learning performance [10, 11]. The
BM measures spatial learning and memory in mice [12].
It is an alternative to the Morris Water maze and offers
the advantage of being free from the potentially con-
founding influence of swimming behavior. The BM will
measure learning impairments, as shown by a study in
which induced traumatic brain injury in C57BL/6 mice
resulted in a significantly longer time to learn the BM
[13]. Under normal conditions, mice will use the spatial
cues to remember where their goal box is, and adding
motivators to succeeding sessions will motivate them to
perform quicker for each session. O’Leary and Brown
tested the C57Bl/6] in different BM scenarios and found
that mice do not use the visuospatial cues to locate the
escape hole on the small-diameter maze (69 cm) with a
wall and intra-maze visual cues, but they do use the visu-
ospatial cues on small or large diameter mazes (122 c¢cm)
with no wall [14]. In a different study, this research group
tested 13 inbred strains in the BM, and found that the use
of visuospatial cues is dependent on the strain and their
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visual ability, as some stains have reduced sight [5]. There
is a theory, put forth by Illouz et al., that mice use differ-
ent strategies to find the goal box, some use the spatial
cues actively and go straight for the goal box, and others
randomly search the maze until they find it, using speed
as their strategy [15]. The fact that the hybrid of the cur-
rent study covered less ground to find the goal box dur-
ing sessions 1, 2 and 3 may again indicate that this strain
is less explorative and active than C57BL/6, however, it
may also mean they used different search strategies. A
cued strategy will require less ground than a serial or
random strategy. Some mice have a strong preference for
using the room cues in their strategy [16]. Still, the hybrid
was not significantly faster than C57BL/6 in finding the
goal box, therefore, C57BL/6] more likely used speed and
exploration in its search. O’leary et al. also discuss that
mice from the 129 sub-strains show lower levels of explo-
ration than the C57BL/6. This fits well with our observa-
tions of the hybrid containing this strain.

In the present study, motivators were used to avoid
habituation of the repeated session. In the first two ses-
sions, the motivator was a bright light, and in the third
and fourth sessions, a fan was added. In the fifth ses-
sion, the third motivator, a buzzer, was added. The moti-
vators used in the current study seemed to affect the
hybrid more severely than C57BL/6 as their progress
was reversed during sessions 4 and 5, while the progress
of C57BL/6 was only slightly reversed during session 5.
Using stressful motivators can combine testing of learn-
ing and stress handling [17], and the motivators may
distract the mice in their learning [18]. In this study, the
motivator added in session 5 seemed to distract both
strains and did not serve its purpose. Using positive
motivators could be a solution if motivation is needed.
Youn et al. showed that DBA/2] mice, that originally per-
formed poorer than the C57BL6] mice in the BM, first
trained with no motivators and then with a fan as a moti-
vator, actually outperformed them when including a pos-
itive motivator (almond chips) [19].

Stress test

There are many different tests measuring stress response
in mice, for example, the tail suspension test and chronic
restraint stress tests. Choosing the correct test would
have to be a compromise between good animal welfare
and comprehensive results. Taking these into account,
we chose the test restraining the mice in falcon tubes for
15 min [20]. This test is often called a hypothalamus—
pituitary—adrenal axis responsivity test, as it indicates
a reaction in this endocrine axis. As mice are prey ani-
mals, being restrained in a transparent tube, without the
ability to flee or hide, naturally creates a stress response.
After the 15 min restraint, the mouse is allowed to calm
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down in its home cage, and the levels of corticosterone
will slowly go back to normal levels. This stress hor-
mone response is critical for the survival of all species,
but chronic high levels of stress hormones have adverse
effects on health [21] and may result in mental problems
[22, 23]. Therefore, the best way for the body to handle
stress is to elicit an appropriate stress hormone response
to a stressor followed by efficiently lowering the levels
when the threat subsides.

In the present study, the baseline concentration was
almost similar for the two strains. Expectedly, both
mouse strains responded with elevated corticosterone
concentrations following the restraint. However, the
hybrid had significantly higher levels after 30 min than
the C57BL/6]J. This shows that the C57BL/6] has a lower
corticosterone response to stress, while the hybrid, reacts
more severely in terms of corticosterone response to the
same acute stressor. Chan et al. also performed a similar
study. They used the stress test to compare the C57BL/6,
the 129, and the C57BL/6:129 hybrids. The F1 hybrid
(BL/6 mother and 129 father) showed similar corticoster-
one levels (150 ng/ml), as observed in the current study
(162.8 ng/ml), however, interestingly, the C57BL/6 mice
had the highest stress-responsive levels. It rose to over
200 ng/ml after 15 min of restraint [4].

Conclusions

Taken together, the adolescent males of the two strains
compared behaved differently in the behavior tests and
reacted differently to restraint stress in terms of corticos-
terone levels. C57BL6/] spent more time moving in the
OF and moved a longer distance to reach the goal box in
the three first sessions of the BM than the hybrid. This
may indicate a higher locomotor activity and/or explora-
tive behavior in C57BL6/], although search strategy in the
BM also may play a role. This presumably more physi-
cally active, explorative strain reacted with a lower cor-
ticosterone increase than the hybrid to restraint stress.
The hybrid appears more sensitive to stressors as they
left more feces in both the OF and the BM, and showed
a higher corticosterone response to restraint. If only per-
formance in these behavior tests were taken into account,
the C57BL6/]J strain would be the most robust. How-
ever, there might be many other traits of interest when
choosing a model strain. Again, it must be emphasized
that these results are only valid for adolescent males of
the two strains as no females or mice at other ages were
tested.

Methods

Ethics statement

The study was performed at the Section for Experimen-
tal Biomedicine at The Norwegian University of Life
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Sciences in Oslo, Norway. The animal facility is licensed
by the Norwegian Food Safety Authority (https://www.
mattilsynet.no/language/english/) and accredited by the
Association for Assessment and Accreditation of Labo-
ratory Animal Care (https://www.aaalac.org/). The ani-
mal experiment was approved by the unit’s animal ethics
committee (Institutional Animal Care and Use Commit-
tee/TACUC) and the Food Safety Authority (application
ID: FOTS 4247, 2013/39783) and executed in compliance
with the local and national regulations associated with
laboratory animal experiments. The rodent and rabbit
section of the facility is a Specific Pathogen Free (SPF)
unit. It follows a health monitoring program recom-
mended by the Federation of European Laboratory Ani-
mal Science Associations/FELASA (http://www.felasa.
eu/). The care of the animals was carried out by two vet-
erinary nurses with FELASA B certification and three
researchers with FELASA C certification performed the
experiments.

Animal models

10 male C57BL/6 ] mice and 10 male hybrid B6129SF1/]
mice (both from Jackson Laboratory, Maine, USA) were
used. The mice were 5 weeks old at arrival and were accli-
mated to the unit for one week before testing started.
The age and sex of animals were chosen to avoid female
reproductive cyclic variation and as males tend to track
the females in behavior tests, which could interfere with
results in such a small scale study.

Housing and husbandry

The animals were housed in open type III cages (Tecni-
plast, Buguggiate, Italy) in groups of 5 during the accli-
matization time and single housed from the day prior to
the first test and during the testing period. The reason for
the single housing during the testing period was to avoid
stress due to fighting during the testing. The cages con-
tained standard aspen bedding (Scanbur BK, Nittedal,
Norway), cellulose nesting material and a Bio-Serv igloo
as a hide (Bio-Serv, Frenchtown, NJ, USA). The animals
were given a standard maintenance diet (RM1 from SDS,
Witham, UK) and tap water ad libitum. The animal room
was on a 12:12 light—dark cycle, from 08.00 in the morn-
ing and 20.00 in the evening, with a room temperature of
2142 °C with 20 air changes per hour and 454 5% rela-
tive humidity. The cages and bedding were changed twice
a week for group-housed mice and once a week for single
housed mice, and the water was changed daily. The ani-
mals were not disturbed 24 h before testing.

All mice were tested in all 3 behavior tests: First OF test
on day 1, then BM test on day 2—4 and then the stress
test on day 5. The OF and BM were performed in a pro-
cedure room next to the housing room, while the stress
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test and the following blood sampling took place inside
the housing room, to avoid transport stress just prior to
the test. After behavioral testing, all animals were eutha-
nized using cervical dislocation.

Open field (OF) test

The OF testing was done in the animals’ light cycle,
after working hours (16.00-20.00), for calm testing con-
ditions. The OF testing arena was a white plexiglass
box 50 x 50 x 22 cm (Noldus, Wageningen, the Nether-
lands) with a bright light (Lupoled 1120; approx. 120 Ix)
placed above. The animal was lifted by the tail, carried
on the arm and gently placed inside a disposable non-
transparent cardboard cylinder (guinea pig play tunnel
from Scanbur BK, Nittedal, Norway) in the center of the
arena and left there for 3 s. When released from the cyl-
inder, each mouse was tracked for 15 min. The animals
were filmed by an Ikegami ICD-49E B/W infrared cam-
era fixed in the ceiling and tracking was done by the com-
puter program Ethovision XT 9.0 (Noldus, Wageningen,
the Netherlands). Urine puddles and fecal pellets left in
the arena were recorded manually. During the analy-
sis, the floor in the box was divided into 3 zones: Center
zone, corner zones and border zones alongside the walls
of the box. The three researchers performing the experi-
ments had fixed tasks, one handling the animals, one per-
forming the tracking and one preparing the testing arena
between each test.

Barnes Maze (BM) test

The BM testing was done in the animals® light cycle dur-
ing working hours (08.00-16.00). The BM testing arena
was a round platform, 100 cm in diameter, with 20
holes, one of which had a black goal box beneath (Nol-
dus, Wageningen, the Netherlands). There were spatial
room cues placed on the walls, to help the mice navigate.
The animal was handled the same way and filmed by the
same camera and tracking was done by the same com-
puter program, as for OF. Each mouse was tracked until
it reached the goal box or for 4 min. If the animal had not
located the goal box by 4 min, it was gently guided to the
box. All animals were trained for 2 sessions every day,
morning and afternoon with four hours in between the
sessions, for 3 days. To account for the risk of reduced
motivation that occurs in repeated tasks a new motiva-
tor was added every day as described by Miiller and Bale
[10]:

Day 1: Session 1+ 2: Bright light over the platform
(Lupoled 1120; approx. 120 1x).

Day 2: Session 3 4 4: Bright light+ blowing fan.

Day 3: Session 5+ 6: Bright light + blowing fan + high
sounding buzzer.
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Urine puddles and fecal pellets left on the platform
were recorded manually. The three researchers perform-
ing the experiments had fixed tasks, one handling the
animals, one performing the tracking and one preparing
the testing arena between each test.

Stress test

The stress test was performed in the animals’ light cycle
during working hours (08.00-16.00). The mouse was
restrained inside a 50 mL falcon tube for 15 min, on a
table next to the home cage. Blood samples were taken
from the tip of the tail at 4 different time points: O (start),
15 (before release), 30 and 120 min (after release). The
mouse was allowed to rest in its home cage in between
the 15, 30 and 120 min samples. All samples were taken
with a 20 pL Minivette POCT capillary collecting tube
coated with EDTA (Sarstedt, Niumbrecht, Germany)
and transferred to an Eppendorf tube on ice. The blood
samples were spun at 5000 rpm at 4 °C for 10 min to
obtain the plasma, which was stored at — 80 °C until
further analyses. Corticosterone was measured in the
plasma using an MP Biomedicals ImmuChem™ Double
Antibody Corticosterone 125 Ria Kit (MP Biomedicals,
Santa Ana, CA, USA) according to the manufacturer’s
instructions.

Statistical analyses

The results of the data were analyzed in JMP Pro 13 ©
(SAS, Cary, NC, USA) comparing the two groups using
the Student’s t-test. Corticosterone levels were analyzed
across time, using a Student’s t-test for each time Bar
graphs and line charts were made in Excel ® (Microsoft,
USA) presenting the data in means. We chose not to
include the data from the total distance moved in the OF
figure, not to misalign the axis. P-values <0.05 were con-
sidered statistically significant.
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Acknowledgements

The authors would like to thank the staff at the Section for Experimental Bio-
medicine at The Norwegian University of Life Sciences for their excellent care
of the animals and excellent support for the researchers. In addition, we would
like to thank our colleagues at UPenn, Tracy Bale, and Christopher Howerton,
for all the advice and support. The project was funded by the Norwegian
Research Council, Project 213076/H10, and Project 204361/H10.

Author contributions

KH: Planning project and literature review, writing application, ordering and
receiving mice, statistical analysis of data after supervision from Skjerve,
interpretation of results, writing and submitting paper. AH: Performing experi-
ments, compiling results, checking/correcting. FH: Conceived and designed
the analysis, developed methods, revised the paper. ES: Commented on
different versions of the manuscript including approving the final version.



Hansen et al. Laboratory Animal Research (2022) 38:30

Acted as supervisor in giving advice on statistical analysis of data. ER: Planning
of research, experimental design, writing process. KZ: Design and execution of
the animal experiment, interpretation of data, critical review of manuscript. All
authors read and approved the final manuscript.

Funding
The project was funded by the Norwegian Research Council, Project 213076/
H10, and Project 204361/H10.

Availability of data and materials
All data is submitted as tables and figures in PDFs included in the manuscript.

Declarations

Competing interests
The authors declare that they have no competing interests.

Author details

'Section for Experimental Biomedicine, Department of Production Animal
Clinical Sciences, Norwegian University of Life Sciences, As, Norway. 2Environ-
mental Chemistry Department, Norwegian Institute for Air Research, As, Nor-
way. >Division of Work Physiology, National Institute of Occupational Health,
Oslo, Norway. “Section for Animal Welfare, Department of Production Animal
Clinical Sciences, Norwegian University of Life Sciences, As, Norway. >Section
for Stationary Clinics, Department of Production Animal Clinical Sciences,
Norwegian University of Life Sciences, As, Norway. °Physiology Unit, Depart-
ment of Preclinical Sciences and Pathology, Faculty of Veterinary Medicine,
Norwegian University of Life Sciences, As, Norway.

Received: 8 May 2022 Accepted: 13 September 2022
Published online: 02 October 2022

References

1. Owen EH, Logue SF, Rasmussen DL, Wehner JM. Assessment of learn-
ing by the Morris water task and fear conditioning in inbred mouse
strains and F1 hybrids: implications of genetic background for single
gene mutations and quantitative trait loci analyses. Neuroscience.
1997,80(4):1087-99.

2. BaleTL, Picetti R, Contarino A, Koob GF, Vale WW, Lee KF. Mice deficient for

both corticotropin-releasing factor receptor 1 (CRFR1) and CRFR2 have an
impaired stress response and display sexually dichotomous anxiety-like
behavior. J Neurosci. 2002;22(1):193-9.

3. BolivarVJ, Caldarone BJ, Reilly AA, Flaherty L. Habituation of activity in
an open field: a survey of inbred strains and F1 hybrids. Behav Genet.
2000;30(4):285-93.

4. Chan JC, Houghton AB, Bale TL. Strained in planning your mouse back-
ground? Using the HPA stress axis as a biological readout for backcross-
ing strategies. Neuropsychopharmacology. 2017;42(9):1749-51.

5. O'Leary TP, Savoie V, Brown RE. Learning, memory and search strategies
of inbred mouse strains with different visual abilities in the Barnes maze.
Behav Brain Res. 2011;216(2):531-42.

6. Kraeuter AK, Guest PC, Sarnyai Z. The open field test for measur-
ing locomotor activity and anxiety-like behavior. Methods Mol Biol.
2019;1916:99-103.

7. Stanford SC. The open field test: reinventing the wheel. J Psychopharma-
col. 2007;21(2):134-5.

8. Logue SF, Owen EH, Rasmussen DL, Wehner JM. Assessment of locomo-
tor activity, acoustic and tactile startle, and prepulse inhibition of startle
in inbred mouse strains and F1 hybrids: implications of genetic back-
ground for single gene and quantitative trait loci analyses. Neuroscience.
1997,80(4):1075-86.

9. Jiang HH, Damaser MS. Animal models of stress urinary incontinence.
Handb Exp Pharmacol. 2011;202:45-67.

10. Mueller BR, Bale TL. Early prenatal stress impact on coping strategies and
learning performance is sex dependent. Physiol Behav. 2007,91(1):55-65.

11. Fuentes F, Zimmer D, Atienza M, Schottenfeld J, Penkala |, Bale T, et al.
Protein tyrosine phosphatase PTP1B is involved in hippocampal synapse
formation and learning. PLoS ONE. 2012;7(7): e41536.

Page 7 of 7

12. Pitts MW. Barnes maze procedure for spatial learning and memory in
mice. Bio-Protoc. 2018;8(5): e2744.

13. Lee SW, Jang MS, Jeong SH, Kim H. Exploratory, cognitive, and depressive-
like behaviors in adult and pediatric mice exposed to controlled cortical
impact. Clin Exp Emerg Med. 2019;6(2):125-37.

14. O'Leary TP, Brown RE. The effects of apparatus design and test procedure
on learning and memory performance of C57BL/6J mice on the Barnes
maze. J Neurosci Methods. 2012;203(2):315-24.

15. lllouz T, Madar R, Clague C, Griffioen KJ, Louzoun Y, Okun E. Unbiased
classification of spatial strategies in the Barnes maze. Bioinformatics.
2016;32(21):3314-20.

16. Harrison FE, Reiserer RS, Tomarken AJ, McDonald MP. Spatial and nonspa-
tial escape strategies in the Barnes maze. Learn Mem. 2006;13(6):809-19.

17. Inman-Wood SL, Williams MT, Morford LL, Vorhees CV. Effects of
prenatal cocaine on Morris and Barnes maze tests of spatial learning
and memory in the offspring of C57BL/6J mice. Neurotoxicol Teratol.
2000;22(4):547-57.

18. Gawel K, Gibula E, Marszalek-Grabska M, Filarowska J, Kotlinska JH.
Assessment of spatial learning and memory in the Barnes maze task in
rodents—methodological consideration. Naunyn-Schmiedeberg’s Arch
Pharmacol. 2019;392(1):1-18.

19. Youn J, Ellenbroek BA, van Eck I, Roubos S, Verhage M, Stied| O. Finding
the right motivation: genotype-dependent differences in effective rein-
forcements for spatial learning. Behav Brain Res. 2012,226(2):397-403.

20. Zimprich A, Garrett L, Deussing JM, Wotjak CT, Fuchs H, Gailus-Durner
V, et al. A robust and reliable non-invasive test for stress responsivity in
mice. Front Behav Neurosci. 2014;8:125.

21. McEwen BS. Central effects of stress hormones in health and disease:
understanding the protective and damaging effects of stress and stress
mediators. Eur J Pharmacol. 2008;583(2-3):174-85.

22. Soder E, Krkovic K, Lincoln TM. The relevance of chronic stress for the
acute stress reaction in people at elevated risk for psychosis. Psychoneu-
roendocrinology. 2020;119: 104684.

23. Pal A, Pegwal N, Behari M, Sharma R. Is dementia in Parkinson’disease
related to chronic stress, anxiety, and depression? Ann Indian Acad Neu-
rol. 2019;22(4):409-13.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Comparison of young male mice of two different strains (C57BL6J and the hybrid B6129SF1J) in selected behavior tests: a small scale study
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Results
	Open field (OF) test
	Barnes maze (BM) test
	Stress test

	Discussion
	Open field (OF) test
	Barnes maze (BM) test
	Stress test

	Conclusions
	Methods
	Ethics statement
	Animal models
	Housing and husbandry
	Open field (OF) test
	Barnes Maze (BM) test
	Stress test
	Statistical analyses

	Acknowledgements
	References


