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Depression is a major neuropsychiatric disorder, decreasing the ability of hundreds
of millions of individuals worldwide to function in social, academic, and employment
settings. Beyond the alarming public health problem, depression leads to morbidity
across the entire age including adolescence and adulthood. Modeling depression in
rodents has been used to understand the pathophysiological mechanisms behind this
disorder and create new therapeutics. Although women are two times more likely to
be diagnosed with depression compared to men, behavioral experiments on rodent
models of depression are mainly performed in males based on the assumption that the
estrous cycles in females may affect the behavioral outcome and cause an increase
in the intrinsic variability compared to males. Still, the inclusion of female rodents in
the behavioral analysis is mandatory to establish the origin of sex bias in depression.
Here, we investigated the baseline depression-like behaviors in male and female mice
of three adolescent wild-type inbred strains, C57BL/6N, DBA/2, and FVB/N, that are
typically used as background strains for mouse models of neuropsychiatric disorders.
Our experiments, performed at two different developmental stages during adolescence
(P22-P26 and P32-P36), revealed strain but no sex differences in a set of depression-
related tests, including tail suspension, sucrose preference and forced swim tests.
Additionally, the 10-day interval during this sensitive period uncovered a strong impact
on the behavioral outcome of C57BL/6N and FVB/N mice, highlighting a significant
effect of maturation on behavioral patterns. Since anxiety-related behavioral tests are
often performed together with depression tests in mouse models of neuropsychiatric
disorders, we extended our study and included hyponeophagia as an anxiety test.
Consistent with a previous study revealing sex differences in other anxiety tests in
adolescent mice, male and females mice behaved differently in the hyponeophagia test
at P27. Our study gives insight into the behavioral experiments assessing depression
and stresses the importance of considering strain, age and sex when evaluating
neuropsychiatric-like traits in rodent models.

Keywords: depression, sex differences, tail suspension test, sucrose preference test, forced swim test,
hyponeophagia test
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INTRODUCTION

Depression is a long-lasting heterogeneous neuropsychiatric
disorder and one of the most common mental diseases, which
places a significant economic burden on public health and
decreases individuals’ quality of life (Wittchen et al., 2011; Lim
et al, 2012; Murray et al, 2013; Whiteford et al, 2013). It
affects approximately 4.4% of the world’s population with an
incidence rate above the rate of global population growth (Flux
and Lowry, 2020). The symptoms include sadness, helplessness,
guilt and loss of appetite, sexual desire, and interest in activities
that once were pleasurable (for at least 2 weeks) along with
recurrent thoughts of suicide (McCarter, 2008; American-
Psychiatric-Association [APA], 2013). Because of the unique
and complex features in addition to the subjective symptoms
of human depression, the generation of valid and insightful
depression models for the development of new therapeutic
drugs is not straightforward. Still, different rodent models
have shown high face validity to human depression and are
used in preclinical studies. These depression-like behaviors can
be induced in rodents by several means including genetic,
environmental, chemical and pharmacological manipulation and
brain lesions [for recent reviews, see (Flux and Lowry, 2020;
Becker et al, 2021)]. Several tests are usually performed to
assess distinct components of depression in rodent models. For
example, the tail suspension and forced swim tests measure
despair, the splash test measures apathy, while the sucrose
preference test evaluates anhedonia (Eltokhi et al., 2018; Becker
et al., 2021). Additionally, tests that measure anxiety including
open field, elevated plus maze and light/dark compartment are
often performed complementary to depression tests for the full
characterization of rodent models of neuropsychiatric disorders
(Belovicova et al., 2017).

The prevalence and clinical characteristics of depression differ
between women and men with women suffering from depression
nearly twice as frequently as men during lifetime, independently
of race or ethnicity (Weissman and Klerman, 1977; Cyranowski
et al,, 2000; Andrade et al., 2003; Ford and Erlinger, 2004; Patten
et al.,, 2006; Bromet et al., 2011; Salk et al., 2017). However,
male rodent models have traditionally been used in genetic and
pharmacological studies of depression. Performing behavioral
experiments on male rodents is linked to the assumption of
estrous-linked changes in the baseline behavioral activity in
females. This concern may require testing female rodents at
each of the four stages of the estrous cycle to generate reliable
data, which may complicate the experimental design. On the
other hand, neglecting the sex difference in depression-related
experiments may provoke false interpretations of the results
and prevents a successful translation of experimental data into
the clinic. Thus, it is essential incorporating female rodents
in behavioral, molecular and electrophysiological analyses to
decipher the biology behind the sex bias of depression as a
prerequisite for improving therapeutics. Unfortunately, so far,
rodent models have yielded inconsistent results in different
studies and often reported more depression-like symptoms
in males than females (Kokras et al, 2009; Dalla et al.,
2010; Barkus, 2013; Van den Hove et al, 2013; Najjar et al,

2018; Becker et al, 2021). By standardization of behavioral
experiments and by taking into consideration factors that affect
behavioral outcomes, the variability in results on sex differences
can be likely reduced. Additionally, the sex differences of
depression rodent models may also be induced by differences
in the general performance and baseline activity of male and
female wild-types in depression-related behavioral tests. To test
these hypotheses, we investigated the baseline depression-like
behaviors of both male and female wild-type mice in three
standard behavioral tests, tail suspension, sucrose preference
and forced swim tests. We performed our analysis in three
inbred strains, C57BL/6N, DBA/2, and FVB/N, well-established
to affect the behavioral outcome (McFadyen et al., 2003; Brooks
et al.,, 2005; Moy et al., 2007; Peleh et al., 2019; Eltokhi et al.,
2020, 2021), and typically used as background strains in mouse
models of neuropsychiatric disorders. Furthermore, although
behavioral studies are frequently performed in adult mice taking
the advantage of easy handling and complex behaviors, we
performed our analysis at two different developmental stages
during adolescence since the onset of neuropsychiatric symptoms
emerges mainly during adolescence, with more than 50% of
adults with neuropsychiatric disorders receiving a diagnosis
before 15 years of age (Kim-Cohen et al., 2003; Paus et al., 2008).
Because behavioral results are known to be sensitive to small
developmental progress during adolescence (Peleh et al., 2019;
Eltokhi et al., 2020), we compared the results of these behavioral
experiments between these two developmental stages in mice
differing only by a few days in age.

Our work indicates that the performance of mice in
depression-related behavioral tests during adolescence is mainly
strain and age dependent with no obvious effect of sex. This
outlines the drawbacks of using an individual strain in genetic
and pharmacological studies of depression and highlights the
benefits of using adolescent mice in characterizing rodent models
of depression, which may reduce inconsistency of results between
different laboratories.

MATERIALS AND METHODS

Animals and Housing Conditions

Animals and housing conditions were similar to our previous
studies (Eltokhi et al, 2020, 2021). The experiments were
conducted in strict compliance with national and international
guidelines for the Care and Use of Laboratory Animals. The
behavioral analysis was carried out following the ARRIVE
guidelines and was approved by the animal ethic committee
of the (Regierungsprasidium Karlsruhe) Government of Baden
Wiirttemberg (G-101/16).

Experimental Design and Groups

Depression and anxiety-related behavioral tests were carried out
during the daylight cycle starting at 7 a.m. Mice were habituated
to the behavioral room for half an hour before the start of the
tests. We analyzed the depression-like behaviors in 2 cohorts
of group-housed mice of both sexes with one cohort starting
at P22 till P26 and the second starting at P32 till P46. The
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TABLE 1 | Mouse cohorts, number and age of the adolescent mice used in the behavioral test battery.

Cohorts Strains Mice (#) Behavioral test at postnatal day (P#)
Male & Female ¢

P22-26 C57BL/6N 1 7 Tail suspension (P22)
DBA/2 11 12 Sucrose preference (P22-25)
FVB/N 7 14 Forced swim (P26)

P32-36 C57BL/6N 10 14 Tail suspension (P32)
DBA/2 9 9 Sucrose preference (P32-35)
FVB/N 7 1 Forced swim (P36)

P27 C57BL/6N 7 8
DBA/2 11 12 Hyponeophagia test
FVB/N 6 6

P37 C57BL/6N 15 10
DBA/2 5 6 Hyponeophagia test
FVB/N 7 iRl

number of mice per cohort and the type of the behavioral
experiments are listed (Table 1). The tail suspension test was
the first test to be applied to each cohort. Starting the same
day, we performed the sucrose preference test for 4 consecutive
days. On day 5 the forced swim test was performed. For the
anxiety-related hyponeophagia test, two other cohorts of mice
were tested at P27 and P37.

The Behavioral Test Battery

The Tail Suspension Test

This test is useful in the screening of potential antidepressants
and assessing depression-like behaviors in mice (Can et al,
2012). Each mouse was suspended to a rod by its tail with an
adhesive tape at 55 cm above the surface. The latency for the first
immobility and total immobility duration were measured during
6 min. An increased immobility duration or a reduced latency
to first immobility are indicative of a depression-like phenotype.
The test was videotaped and immobility time was analyzed by an
independent observer.

The Forced Swim Test

This test was first introduced as a behavioral test to screen
antidepressants (Porsolt et al., 1977; Porsolt, 1997). Mice were
placed into a glass cylinder (20 cm in height, 14 cm in diameter)
filled with water (24 £ 1°C) to a level that allowed mice to
swim or float without their hind limbs or tails touching the
bottom of the cylinder. The behavior of mice was monitored
with the SYGNIS video tracker system (Sygnis Tracker 3) for
6 min and the immobility duration between 2 and 6 min was
measured. Immobility was defined as a lack of swimming with
only minimal movement of one hindlimb that was necessary to
keep the head above water.

The Sucrose Preference Test

On day 1, the test was performed at P22 or P32 on single-housed
mice in cages with two water bottles each. On the following day
(day 2), both bottles were removed and changed with a bottle
filled with water and a second one filled with a 1% sucrose
solution. Both bottles were weighed before placing them into the
cage. On day 3, bottles were weighed to determine the liquid

consumption during the previous 24 h. Bottles were then refilled
and weighed and placed into the cage with an alternated position
of the sucrose vs. water bottle to avoid place preference. On
day 4, bottles were weighed. The sucrose preference index was
calculated as the average consumed sucrose across the last 2-day
period divided by the average volume of total consumed liquid
(average water plus average sucrose solution).

The Hyponeophagia Test

The hyponeophagia test measures the reduction in feeding in
response to a novel environment and a portion of new food
or drink, since they induce anxiety, resulting in a delayed food
intake. Therefore, this test can be used for the assessment of
emotionality and anxiety. To perform the test, we followed the
protocol suggested by Deacon (2011) with minor modifications.
1 day prior to testing, food was rationed, and mice were given
small pellets of 1 g per mouse. A food well filled with 1:1 milk
diluted with water was placed under an inverted transparent
jar (15 cm diameter). The mouse was carefully placed under
the jar facing away from the food well. The latency to lick the
milk continuously for >2-3 s during 2 min was measured. After
finishing trial 1, the mouse was placed back into its home cage.
After 3 min in the home cage, the mouse was placed again under
the jar for another 2 min as trial 2, and the latency to lick the
milk was measured.

Statistical Analysis

Two-way ANOVA was used with sex and genotype as the two
factors. This was followed by Tukey’s post hoc test for multiple
comparisons to determine differences between the three strains
C57BL/6N, DBA/2, and FVB/N and Bonferroni correction to
check differences between males and females within each strain.
To compare the two developmental stages (P22-26) and (P32-
36) within each strain, two-way ANOVA was used with sex
and age as the two factors. A P value < 0.05 was considered
statistically significant. To unravel the effect of the interaction
between strain, sex, and age, three-way ANOVA was performed
using a confidence interval of 95% and a tolerance of 0.0001.
A Pr(>F) less than 0.05 was considered statistically significant.
Statistical analysis was performed using GraphPad Prism 7 and
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FIGURE 1 | Baseline depression-like behaviors in P22-26 mouse cohort. (A) In the tail suspension test, C57BL/6N mice showed a significant increase in the
baseline immobility duration compared to both DBA/2 and FVB/N mice. Additionally, FVB/N mice showed a significant increase in the latency to first immobility
compared to both C57BL/6N and DBA/2 mice. (B) In the sucrose preference test, DBA/2 mice showed a lower sucrose preference index than both C57BL/6N and
FVB/N mice. (C) In the forced swim test, FVB/N mice showed lower immobility duration and increased latency to first immobility than C57BL/6N and DBA/2 mice.
C57BL/6N showed a decreased total traveled distance compared to DBA/2 and FVB/N mice. In (A=C), no sex difference was revealed within any of the
aforementioned strains. Blue and red dots represent males and females, respectively. Two-way ANOVA followed by Tukey post hoc test,*p < 0.05, **p < 0.01, and
***n < 0.001. Error bars indicate the standard error of the mean (SEM).

Microsoft Office Excel including the XLSTAT software. The
respective numbers of male and female mice per cohort are
described in Table 1.

RESULTS

Baseline Depression-Like Behaviors in
P22-26 Mouse Cohort

In the first set of experiments, we tested the baseline depression-
like behaviors in the wild-type mice using three tests that are
well known to assess depression in rodent models. Both forced
swim (Porsolt et al., 1977; Porsolt, 1997) and tail suspension
tests (Steru et al., 1985) measure the immobility of rodents as an
indication of despair when they cannot escape from an aversive
situation. Additionally, we performed the sucrose preference test
as a reward-based test to assess anhedonia or decreased ability to
experience pleasure, as a core symptom of depression (Willner
et al., 1987; Papp et al., 1991).

We started our experiments by investigating the depression-
like behaviors in male and female mice from a very young cohort
(P22-P26). At P22, the tail suspension test revealed a significant
increase in the baseline immobility duration of C57BL/6N mice
compared to both DBA/2 and FVB/N mice (P < 0.0001 vs. DBA/2
and DBA/2; Figure 1A). Additionally, FVB/N mice showed
increased latency to first immobility compared to both C57BL/6N
and DBA/2 mice (P < 0.0001 vs. C57BL/6N, P = 0.007 vs.
DBA/2; Figure 1A). For the sucrose preference test, DBA/2 mice
showed an increased baseline anhedonia-like behaviors by having
a significantly decreased sucrose preference index compared to
both C57BL/6N and FVB/N mice (P < 0.0001 vs. C57BL/6N
and FVB/N; Figure 1B). In the forced swim test at P26, FVB/N
mice showed no immobility at all, and C57BL/6N mice showed
a significant decreased latency to first immobility and total
traveled distance compared to both DBA/2 and FVB/N mice
(Immobility duration: C57BL/6N vs. DBA/2: P = 0.78, C57BL/6N
vs. FVB/N: P = 0.004, DBA/2 vs. FVB/N: P = 0.015; Latency to
first immobility: C57BL/6N vs. DBA/2: P < 0.0001, C57BL/6N
vs. FVB/N: P < 0.0001, DBA/2 vs. FVB/N: P < 0.0001; Traveled
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distance: C57BL/6N vs. DBA/2: P = 0.001, C57BL/6N vs. FVB/N:
P <0.0001, DBA/2 vs. FVB/N: P = 0.16; Figure 1C). Interestingly,
comparing the performance of male and female mice within each
strain revealed no significant difference in their behaviors in any
of the aforementioned tests (Table 2).

Baseline Depression-Like Behaviors in
P32-36 Mouse Cohort

Similar to the results at P22 (Figure 1A), the tail suspension test
at P32 revealed a significant increase in the baseline immobility
duration of C57BL/6N mice compared to both DBA/2 and
FVB/N mice (P < 0.0001 vs. DBA/2 and FVB/N; Figure 2A).
Additionally, C57BL/6N mice showed a significantly decreased
latency to first immobility compared to DBA/2 and borderline
decreased latency compared to FVB/N mice (P = 0.0001 vs.
DBA/2, P = 0.09 vs. FVB/N; Figure 2A). For the sucrose
preference test, DBA/2 mice showed an increased baseline
anhedonia-like behaviors by having a significantly decreased
sucrose preference index compared to both C57BL/6N and
FVB/N mice (P < 0.0001 vs. C57BL/6N and FVB/N; Figure 2B).
Moreover, FVB/N mice showed an increased sucrose preference
index compared to C57BL/6N mice (P < 0.0001). In the
forced swim test at P36, C57BL/6N mice showed an increased
immobility duration, a decreased latency to first immobility and
a decreased total traveled distance compared to both DBA/2
and FVB/N mice (Immobility duration: C57BL/6N vs. DBA/2:
P =0.001, C57BL/6N vs. FVB/N: P < 0.0001, DBA/2 vs. FVB/N:
P = 0.73; Latency to first immobility: C57BL/6N vs. DBA/2:
P < 0.0001, C57BL/6N vs. FVB/N: P < 0.0001, DBA/2 vs.
FVB/N: P = 0.004; Traveled distance: C57BL/6N vs. DBA/2:
P <0.0001, C57BL/6N vs. FVB/N: P < 0.0001, DBA/2 vs. FVB/N:
P = 0.09; Figure 2C). Similar to the P22-26 mouse cohort, the
P32-36 mouse cohort did not reveal a significant sex difference
in the depression-like behaviors in any of the aforementioned
tests (Table 2).

Comparison Between the P22-26 and
P32-36 Mouse Cohorts Within
C57BL/6N, DBA/2, and FVB/N Strains

To test whether the age difference of 10 days can affect the
baseline depression-like behaviors during adolescence, results
of the behavioral test battery were compared between the
two cohorts. In the tail suspension test, P32 C57BL/6N and
P32 FVB/N mice showed a significantly increased immobility
duration compared to P22 C57BL/6N and P22 FVB/N mice,
respectively (C57BL/6N: P < 0.0001, FVB/N: P < 0.0001;
Figure 3A). In contrast, P32 C57BL/6N and P32 FVB/N mice
showed a significantly decreased latency to first immobility
compared to P22 C57BL/6N and P22 FVB/N mice, respectively
(C57BL/6N: P = 0.0005, FVB/N: P = 0.0004). On the other hand,
no difference in the immobility duration (P = 0.17) or latency
to first immobility (P = 0.78) was found between P32 and P22
DBA/2 mice (Figure 3A). This discrepancy in the effect of age
on strain is evident by the significant Pr(>F) value in the three-
way ANOVA test [Strain*Age: Pr(>F) < 0.0001 for both the
immobility duration and latency to first immobility] (Table 3).

For the sucrose preference test, FVB/N mice showed an
increased sucrose preference index in older compared to younger
mice with no effect of age on C57BL/6N and DBA/2 strains
(C57BL/6N: P = 0.96, DBA/2: P = 0.32, FVB/N: P < 0.0001;
Figure 3B), suggesting a sensitivity of the strain effect to mouse
age [Strain*Age: Pr(>F) < 0.0001] (Table 3). In the forced swim
test, P36 C57BL/6N and P36 FVB/N mice showed a significantly
increased immobility duration compared to P26 C57BL/6N and
P26 FVB/N mice, respectively (C57BL/6N: P = 0.008, DBA/2:
P =0.52, FVB/N: P = 0.002; Figure 3C). For the latency of the
first immobility, only P36 FVB/N mice showed a significantly
decreased latency to the first immobility compared to P26 mice
(P < 0.0001; Figure 3C). These results suggest different effects of
age on the behavioral outcome in the forced swim test depending
on which strain is used [Immobility duration: Strain*Age:
Pr(>F) = 0.01], latency of the first immobility: Strain*Age:
Pr(>F) = 0.004 (Table 3). In contrast, all three strains showed
a similar decrease in the traveled distance in older compared to
younger age (C57BL/6N: P < 0.0001, DBA/2: P = 0.04, FVB/N:
P = 0.04; Figure 3C), and suggesting no interaction between
strain and age [Strain*Age: Pr(>F) = 0.785] (Table 3).

Anxiety-Related Hyponeophagia Test at
P27 and P37

Since anxiety-related behavioral tests are often performed
together with depression tests in mouse models of
neuropsychiatric disorders (Cryan and Mombereau, 2004;
Millstein and Holmes, 2007; Krishnan and Nestler, 2011; Jung
et al., 2014; Belovicova et al., 2017; Sokolowska et al., 2021), we
extended our study and investigated sex differences in an anxiety
test, the hyponeophagia test. Consistent with our previous study
revealing sex differences in other anxiety tests in adolescent
mice (Eltokhi et al., 2020), female C57BL/6N and DBA/2 mice
showed an increased latency to drink the diluted milk compared
to male mice at P27 (Trial 1: C57BL/6N: P = 0.006, DBA/2:
P =0.041 FVB/N: P = 0.99; Trial 2: C57BL/6N: P = 0.014, DBA/2:
P =0.027, FVB/N: P = 0.55; Figure 4A and Table 2). In contrast,
this sex effect was not present at P37, highlighting the effect of a
10-day interval effect on the behavioral outcome (Figure 4B and
Table 2). At both P27 and P37, no strain difference was found
in the latency to drink the diluted milk (P27 trial 1: C57BL/6N
vs. DBA/2: P = 0.75, C57BL/6N vs. FVB/N: P = 0.20, DBA/2 vs.
FVB/N: P = 0.44; P27 trial 2: C57BL/6N vs. DBA/2: P = 0.75,
C57BL/6N vs. FVB/N: P = 0.16, DBA/2 vs. FVB/N: P = 0.37; P37
trial 1: C57BL/6N vs. DBA/2: P = 0.95, C57BL/6N vs. FVB/N:
P = 0.23, DBA/2 vs. FVB/N: P = 0.24; P37 trial 2: C57BL/6N
vs. DBA/2: P = 0.62, C57BL/6N vs. FVB/N: P = 0.78, DBA/2 vs.
FVB/N: P =0.33).

DISCUSSION

The global increased prevalence of depression in women
compared to men suggests that the differential risk is
highly dependent on biological sex differences rather than
race, culture or other potentially confounding social and
economic factors (Albert, 2015). As the onset of depression
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TABLE 2 | List of the P values of the comparison between male and female mice of C57BL/6N, DBA/2, and FVB/N strains in the behavioral test battery.

C57BL/6N DBA/2 FVB/N C57BL/6N DBA/2 FVB/N
P22-26 cohort P32-36 cohort
Tail suspension test: Immobility duration 0.979 0.087 >0.999 0.160 >0.999 >0.999
Tail suspension test: Latency to immobility >0.999 0.470 >0.999 >0.999 >0.999 0.321
Sucrose preference index >0.999 >0.999 >0.999 >0.999 >0.999 >0.999
Forced swim test: Immobility duration 0.117 0.422 >0.999 0.401 >0.999 >0.999
Forced swim test: Latency to immobility 0.243 >0.999 >0.999 >0.999 >0.999 >0.999
Forced swim test: Total traveled distance >0.999 >0.999 >0.999 0.581 0.996 >0.999
P27 cohort P37 cohort
Hyponeophagia test trial 1: Latency to drink 0.006 0.041 >0.999 >0.999 >0.999 >0.999
Hyponeophagia test trial 2: Latency to drink 0.014 0.027 0.550 >0.999 0.721 >0.999
The italic indicates significant results.
P32-36 mouse cohort
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FIGURE 2 | Baseline depression-like behaviors in P32-36 mouse cohort. (A) In the tail suspension test, C57BL/6N mice showed a significant increase in the
baseline immobility duration compared to both DBA/2 and FVB/N mice. C57BL/6N mice showed a significantly decreased latency to first immobility compared to
DBA/2 and borderline decreased latency compared to FVB/N mice. (B) In the sucrose preference test, DBA/2 mice showed an increased baseline anhedonia-like
behaviors by having a significantly decreased sucrose preference index compared to both C57BL/6N and FVB/N mice. Moreover, FVB/N mice showed an increased
sucrose preference index compared to C57BL/6N mice. (C) In the forced swim test, C57BL/6N mice showed an increased immobility duration, a decreased latency
to first immobility and a decreased total traveled distance compared to both DBA/2 and FVB/N mice. In (A-C), no sex difference was revealed within any of the
aforementioned strains. Blue and red dots represent males and females, respectively. Two-way ANOVA followed by Tukey post hoc test, *p < 0.01, **p < 0.001.
Error bars indicate the standard error of the mean (SEM).

in women peaks in their reproductive years, the increased
prevalence of depression may be explained in part by sex
hormones. Indeed, the female hormonal fluctuation during
puberty, menstruation, pregnancy, and menopause is a

trigger for depression (Albert, 2015). The risk of depression
increases during the perimenopausal transition (Cohen et al,
2006), with hormone replacement therapy being effective
in the prevention of postmenopausal depression in women
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FIGURE 3 | Comparison between the P22-26 and P32-36 mouse cohorts within C57BL/6N, DBA/2, and FVB/N strains. (A) In the tail suspension test, P32
C57BL/6N and P32 FVB/N mice showed a significantly increased immobility duration and decreased latency to first immobility compared to P22 C57BL/6N and P22
FVB/N mice, respectively. (B) In the sucrose preference test, FVB/N mice showed an increased sucrose preference index in older compared to younger mice with no
effect of age on C57BL/6N and DBA/2 strains. (C) In the forced swim test, P36 C57BL/6N and P36 FVB/N mice showed a significantly increased immobility duration
compared to P26 C57BL/6N and P26 FVB/N mice, respectively. For the latency to the first immobility, only P36 FVB/N mice showed a significantly decreased
latency to the first immobility compared to P26 mice. For the total traveled distance, all three strains showed a decreased traveled distance in older compared to a
younger age. Two-way ANOVA followed by Tukey post hoc test,’p < 0.05, **p < 0.01, and ***p < 0.001. Error bars indicate the standard error of the mean (SEM).
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(Gordon and Girdler, 2014). Androgens seem to have anxiolytic
properties whereas estrogens receptors (ER) activation has
opposite consequences with ERa having largely anxiogenic-like
properties and ERP serving to generate anxiolytic-like effects
(Borrow and Handa, 2017).

Here we evaluated depression-like behaviors in adolescent
mice at two different developmental stages. Our previous studies
unraveled that sex differences during adolescence are apparent in
certain strains and behaviors such as general activity, anxiety and
cognitive function (Eltokhi et al., 2020) as also shown for adult
mice (Tarantino et al., 2000). Given the divergent susceptibility
of males and females to depression, there is an urgent need for
tackling the effect of sex in rodents on behavioral tests assessing
depression-like behaviors. However, in all the tests commonly
used to assess depression-like behaviors in rodents, we did not
find any sex difference in C57BL/6N, DBA/2, or FVB/N strains
at these two developmental stages during adolescence. Since we
investigated the baseline depression-like behaviors only in young
mice before puberty corresponding to P42 in mice (Taft et al.,
2006; Dutta and Sengupta, 2016), with no severe effect of sex
hormones, we interpret the finding that the effect of sex may
become apparent only in adult mice. Indeed, a sex difference
in the prevalence of patients with major depressive disorder
appears mainly after puberty (Bebbington et al., 1998; Merikangas

et al., 2010; Mehta et al., 2013). In adult C57BL/6] mice, the
baseline immobility durations in the tail suspension tests were
lower in males than females (Liu and Gershenfeld, 2001). Thus,
the biological maturation occurring during puberty along with
the intensification of sex-specific social roles may be a major
key of sex differences in depression (Dalla et al., 2010). On the
other hand, a more recent piece of evidence suggests that the
sex difference in depression begins in childhood and becomes
more pronounced during adolescence (Breslau et al., 2017).
Irrespective of these analyses in humans, inconsistent results
for depression and anxiety-like behaviors have been reported
when comparing male and female adolescent rodents to adults
(Slawecki, 2005; Doremus et al., 2006; Hefner and Holmes, 2007;
Doremus-Fitzwater et al., 2009; Martinez-Mota et al., 2011).
Thus, further developmental and longitudinal studies in rodents
should be performed to assess the baseline depression in males
and females along different developmental stages. Since the onset
of puberty is strain dependent (Pintér et al., 2007), a rough
dating of puberty of rodent models should be employed using
various markers including the vaginal opening, first vaginal
cornification, onset of cyclicity in females and balanopreputial
separation in males.

Strain  differences in  behavioral tests  assessing
neuropsychiatric-like phenotypes in adolescent mice were
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TABLE 3 | List of the Pr(>F) after performing three-way ANOVA test to assess the effect of the interaction between strain, sex and age on the depression-like behavior.

Tail suspension test: Immobility duration

Strain*Age <0.0001
Strain*Sex 0.447
Age*Sex 0.447
Tail suspension test: Latency to immobility

Strain*Age <0.0001
Strain*Sex 0.295
Age*Sex 0.699
Sucrose preference index

Strain*Age <0.0001
Strain*Sex 0.616
Age*Sex 0.655

Forced swim test: Immobility duration

Strain*Age 0.010
Strain*Sex 0.372
Age*Sex 0.901
Forced swim test: Latency to immobility

Strain*Age 0.004
Strain*Sex 0.313
Age*Sex 0.672
Forced swim test: Total traveled distance

Strain*Age 0.785
Strain*Sex 0.991
Age*Sex 0.195

The italic indicates significant results.

repeatedly reported by our group (Peleh et al., 2019; Eltokhi
etal., 2020, 2021). The contribution of genetic factors specifically
in the depression-related behaviors of adult inbred rodents as
well as in the efficacy of antidepressant drug treatment has been
previously shown (Vaugeois et al., 1997; Liu and Gershenfeld,
2001; Lucki et al., 2001). In our study, the baseline depression-
like behaviors differed between different strains. In both tail
suspension and forced swim tests, C57BL/6N mice showed
the highest immobility duration and the lowest latency to first
immobility compared to DBA/2 and FVB/N. Interestingly,
FVB/N mice at P26 did not show any immobility in the forced
swim test. This behavior can be explained by their severe
hyperactivity as previously reported (Eltokhi et al., 2020). These
data are consistent with a former study showing adult FVB/N]
mice having the least baseline immobility duration in the forced
swim test, DBA/2] being intermediate and C57BL/6] showing
the highest immobility duration (Lucki et al, 2001). On the
other hand, adolescent FVB/N mice showed the highest sucrose
preference index, highlighting the suitability of this test to be
performed on mice with FVB/N background. In contrast, DBA/2
mice showed low ability to perform the sucrose preference
test and had a high baseline anhedonic level, which may mask
the depression behavior in mouse models of neuropsychiatric
disorders and should be taken into consideration in designing
the experiments and analyzing the data. Nonetheless, DBA/2 can
be a good strain to test the effect of anti-depressant drugs. Thus,
the choice of the strain should be related to the specific scientific
question being asked.

As our previous studies uncovered strong changes in
behavioral outcomes including activity, anxiety and social
interaction in a small developmental window during adolescence
(Eltokhi et al., 2020, 2021), we here extended these findings
assessing despair by tail suspension and forced swim tests. Both
C57BL/6N and FVB/N mice showed an increase in immobility
within 10 days of adolescence. For the sucrose preference test,
the effect of the 10-day interval was only apparent in FVB/N
mice. Interestingly, DBA/2 mice did not show any difference
in the behavioral outcome at both time points, highlighting a
direct correlation of the effect of age to specific strains. One
limitation of our study is that the same mice were tested in

a series of depression-related tests, which may have caused
earlier tests to affect subsequent performance in later tests. To
mitigate this possibility, we ordered the tests in such a way that
the two stressful tests, tail suspension and forced swim tests,
were not consecutive but separated by the sucrose preference
test that was performed in the mouse homecage. Still, the
single housing during the sucrose preference test may have
also induced some levels of stress on mice, which may have
affected their behaviors in the forced swim test. However, we
believe that the possible effect of single housing was not strong
as indicated by the similar pattern of behaviors in both tail
suspension and forced swim tests at both developmental stages,
with C57BL/6N mice showing increased immobility durations in
both tests. Our findings suggest that taking the effect of age and
strain into account will decrease variabilities and inconsistencies
and increase the reproducibility of behavioral results between
different laboratories.

Anxiety-related behavioral tests are often performed together
with depression tests in mouse models of neuropsychiatric
disorders since anxiety usually co-morbids with depression
(Cryan and Mombereau, 2004; Millstein and Holmes, 2007;
Krishnan and Nestler, 2011; Jung et al., 2014; Belovicova et al,,
2017; Sokolowska et al., 2021). Several behavioral tests based
on the conflict between competing behaviors of exploring novel
environments and avoiding potential threatening situations have
been validated to assess anxiety, including the elevated plus
maze (Pellow et al., 1985; Lister, 1987), open field (Treit and
Fundytus, 1988), and light/dark box (Crawley and Goodwin,
1980; Crawley, 1981; Blumstein and Crawley, 1983), where our
previous studies revealed sex differences in the open field and
elevated plus maze tests with female C57BL/6N and FVB/N mice
being less anxious (Eltokhi et al, 2020). To unravel whether
different anxiety paradigms tax distinct aspects of anxiety, we
here investigated the sex difference in another anxiety-related
test, the hyponeophagia test. Female C57BL/6N and DBA/2
but not FVB/N mice showed higher latency to consume the
unfamiliar drink in an unfamiliar arena compared to males,
reflecting increased bait shyness as an indication of anxiety. This
discrepancy of results of males vs. females in different anxiety
tests suggests that a battery of different tests should be used in
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FIGURE 4 | Anxiety-related hyponeophagia test at P27 and P37. Female C57BL/6N and DBA/2 mice showed an increased latency to drink the diluted milk
compared to male mice in both trials 1 and 2 at P27 (A) but not at P37 (B). At both P27 and P37, no strain difference was found in the latency to drink the diluted
milk. The green asterisk indicates a significant difference between males and females. Two-way ANOVA followed by Tukey post hoc test,”p < 0.05, **p < 0.01. Blue
and red dots represent males and females, respectively. Error bars indicate the standard error of the mean (SEM).
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studies of anxiety-related behaviors to draw the full picture of
mouse phenotype (van Gaalen and Steckler, 2000).

Taken together, since depression is a complex disorder
with several endophenotypes including despair, anhedonia and
apathy, a complete test battery combining the well-established,
robust behavioral tests should be employed when testing rodent
models of neuropsychiatric disorders or investigating the effect
of anti-depressant drugs. Sex, strain and age are suggested to
have different effects on distinct behavioral tests. Therefore,
performing a complete test battery will provide important
information per animal/drug that cannot be covered in separate
behavioral studies. Notably, there should be at least a 1-
day rest period between each of the tests in the behavioral
battery, with some rodent strains requiring even longer
durations (Lad et al., 2009). Some paradigms currently used
for assessing antidepressant and/or depression-like behaviors
in mice are still questionable. For example, in recent years,

there is a trend to interpret the transition from swimming to
immobility in the forced swim test as a coping mechanism
with inescapable stressors, rather than an indication of
despair (Molendijk and de Kloet, 2019). However, the majority
of researchers still qualify the rodents floating response as a
depression-like behavior since the persistence of coping with
inescapable stressors may indeed enhance the vulnerability to
depression (Molendijk and de Kloet, 2019). These different
scientific perspectives confirm the necessity of performing a
complete test battery in order to draw a full picture of the
depression-like behavior.

Finally, we want to touch on the issue of reproducibility of
behavioral results in depression-related studies. One potential
factor of discrepancy is the slightly different protocols between
laboratories. Worth noticing, behavioral tests may cause stress
and put unwanted burdens on rodents. To this end, the order of
tests on a specific cohort can also play a role in the variabilities
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between the results of different laboratories. Moreover, different
rodent strains and sex dependence of the stress response
frequently result in apparent discrepancies in published data.
However, our study, exemplified by trials 1 and 2 in latency to
drink (Figure 4), demonstrated that consistency of results can
be easily achieved by adequate test settings. Furthermore, during
adolescence, no sex differences were found. This finding does not
exclude an impact of sex in other developmental stages. However,
in studies where sex differences are suggested to provoke an
additional complication in depression analysis, adolescent mice
may open a window for clearly identifying such effects since the
general performance and baseline depression activity of male and
female wild-type mice are similar.

Thus, strain, age and sex should be taken into account when
analyzing neuropsychiatric disorders in mouse models. Without
question, optimization and standardization of depression-
related tests in rodent models will help in understanding
pathophysiological mechanisms and in identifying novel targets
for depression treatment.

CONCLUSION

To our knowledge, this is the first study investigating sex, age
and strain effects on the baseline depression-like behaviors.
We confirmed that genetic strain differences and even small
differences in developmental stage are important determinants
of depression-related behavioral outcomes. We suggest using
adolescent mice, at least in the three investigated depression-
related behavioral tests, to reduce variability and inconsistency
between different laboratories. Nonetheless, sex differences in
mice still need a thorough evaluation throughout their lifetime.
Taken together, our behavioral studies in adolescent mice can be
used as a guiding platform for the choice of the most suitable

REFERENCES

Albert, P. R. (2015). Why is depression more prevalent in women? J. Psychiatry
Neurosci. 40, 219-221. doi: 10.1503/jpn.150205

American-Psychiatric-Association [APA] (2013). Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (DSM-5™), Arlington, VA: American
Psychiatric Association.

Andrade, L., Caraveo-Anduaga, J. J., Berglund, P., Bijl, R. V., De Graaf, R,
and Vollebergh, W. (2003). The epidemiology of major depressive episodes:
results from the International Consortium of Psychiatric Epidemiology (ICPE)
Surveys. Int. J. Methods Psychiatr. Res. 12, 3-21. doi: 10.1002/mpr.138

Barkus, C. (2013). Genetic mouse models of depression. Curr. Top. Behav. Neurosci.
14, 55-78. doi: 10.1007/7854_2012_224

Bebbington, P. E., Dunn, G,, Jenkins, R., Lewis, G., Brugha, T., Farrell, M., et al.
(1998). The influence of age and sex on the prevalence of depressive conditions:
report from the National Survey of Psychiatric Morbidity. Psychol. Med. 28,
9-19. doi: 10.1017/50033291797006077

Becker, M., Pinhasov, A., and Ornoy, A. (2021). Animal Models of Depression:
what Can They Teach Us about the Human Disease? Diagnostics 11:123. doi:
10.3390/diagnostics11010123

Belovicova, K., Bogi, E., Csatlosova, K., and Dubovicky, M. (2017). Animal tests for
anxiety-like and depression-like behavior in rats. Interdiscip. Toxicol. 10, 40-43.
doi: 10.1515/intox-2017-0006

combinations of assays and appropriate strain, age and sex
selection in mouse models of neuropsychiatric disorders.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The animal study was reviewed and approved by The animal
Ethics Committee of the Government of Baden Wiirttemberg,
Regierungsprasidium Karlsruhe, (G-101/16).

AUTHOR CONTRIBUTIONS

AE: conceptualization, data curation, formal analysis, project
administration, supervision, validation, visualization, and
writing-original draft, review and editing. BK: methodology,
data curation, and formal analysis. CP: conceptualization,
project administration, supervision, and validation, review and
editing. All authors contributed to the article and approved the
submitted version.

ACKNOWLEDGMENTS

The authors acknowledge the help of Denise Korn in animal
breeding and Margot Zéller in proofreading the manuscript. AE
would like to thank Shaimaa Madbouly and Rolf Sprengel for
their constant support.

Blumstein, L. K., and Crawley, J. N. (1983). Further characterization of a simple,
automated exploratory model for the anxiolytic effects of benzodiazepines.
Pharmacol. Biochem. Behav. 18, 37-40. doi: 10.1016/0091-3057(83)90247-2

Borrow, A. P., and Handa, R. J. (2017). Estrogen Receptors Modulation of Anxiety-
Like Behavior. Vitam. Horm. 103, 27-52. doi: 10.1016/bs.vh.2016.08.004

Breslau, J., Gilman, S. E., Stein, B. D., Ruder, T., Gmelin, T., and Miller, E. (2017).
Sex differences in recent first-onset depression in an epidemiological sample of
adolescents. Transl. Psychiatry 7:¢1139. doi: 10.1038/tp.2017.105

Bromet, E., Andrade, L. H., Hwang, L, Sampson, N. A., Alonso, J., and De
Girolamo, G. (2011). Cross-national epidemiology of DSM-IV major depressive
episode. BMC Med. 9:90. doi: 10.1186/1741-7015-9-90

Brooks, S. P., Pask, T., Jones, L., and Dunnett, S. B. (2005). Behavioural profiles of
inbred mouse strains used as transgenic backgrounds. II: cognitive tests. Genes
Brain Behav. 4, 307-317. doi: 10.1111/j.1601-183x.2004.00109.x

Can, A, Dao, D. T,, Terrillion, C. E., Piantadosi, S. C., Bhat, S., and Gould, T. D.
(2012). The Tail Suspension Test. J. Vis. Exp. 59:3769.

Cohen, L. S., Soares, C. N., Vitonis, A. F., Otto, M. W., and Harlow, B. L. (2006).
Risk for new onset of depression during the menopausal transition: the Harvard
study of moods and cycles. Arch. Gen. Psychiatry 63, 385-390. doi: 10.1001/
archpsyc.63.4.385

Crawley, J., and Goodwin, F. K. (1980). Preliminary report of a simple animal
behavior model for the anxiolytic effects of benzodiazepines. Pharmacol.
Biochem. Behav. 13, 167-170. doi: 10.1016/0091-3057(80)90067-2

Frontiers in Behavioral Neuroscience | www.frontiersin.org

October 2021 | Volume 15 | Article 759574


https://doi.org/10.1503/jpn.150205
https://doi.org/10.1002/mpr.138
https://doi.org/10.1007/7854_2012_224
https://doi.org/10.1017/s0033291797006077
https://doi.org/10.3390/diagnostics11010123
https://doi.org/10.3390/diagnostics11010123
https://doi.org/10.1515/intox-2017-0006
https://doi.org/10.1016/0091-3057(83)90247-2
https://doi.org/10.1016/bs.vh.2016.08.004
https://doi.org/10.1038/tp.2017.105
https://doi.org/10.1186/1741-7015-9-90
https://doi.org/10.1111/j.1601-183x.2004.00109.x
https://doi.org/10.1001/archpsyc.63.4.385
https://doi.org/10.1001/archpsyc.63.4.385
https://doi.org/10.1016/0091-3057(80)90067-2
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/behavioral-neuroscience#articles

Eltokhi et al.

Baseline Depression-Like Behaviors in Adolescent Mice

Crawley, J. N. (1981). Neuropharmacologic specificity of a simple animal model
for the behavioral actions of benzodiazepines. Pharmacol. Biochem. Behav. 15,
695-699. doi: 10.1016/0091-3057(81)90007-1

Cryan, J. F., and Mombereau, C. (2004). In search of a depressed mouse: utility of
models for studying depression-related behavior in genetically modified mice.
Mol. Psychiatry 9, 326-357. doi: 10.1038/sj.mp.4001457

Cyranowski, J. M., Frank, E., Young, E., and Shear, M. K. (2000). Adolescent onset
of the gender difference in lifetime rates of major depression: a theoretical
model. Arch. Gen. Psychiatry 57,21-27. doi: 10.1001/archpsyc.57.1.21

Dalla, C,, Pitychoutis, P., Kokras, N., and Papadopoulou-Daifoti, Z. (2010). Sex
Differences in Animal Models of Depression and Antidepressant Response.
Basic Clin. Pharmacol. Toxicol. 106, 226-233. doi: 10.1111/j.1742-7843.2009.
00516.x

Deacon, R. M. J. (2011). Hyponeophagia: a Measure of Anxiety in the Mouse. J. Vis.
Exp. 51:2613.

Doremus, T. L., Varlinskaya, E. I, and Spear, L. P. (2006). Factor analysis of elevated
plus-maze behavior in adolescent and adult rats. Pharmacol. Biochem. Behav.
83, 570-577. doi: 10.1016/j.pbb.2006.03.019

Doremus-Fitzwater, T. L., Varlinskaya, E. I, and Spear, L. P. (2009). Social and
non-social anxiety in adolescent and adult rats after repeated restraint. Physiol.
Behav. 97, 484-494. doi: 10.1016/j.physbeh.2009.03.025

Dutta, S., and Sengupta, P. (2016). Men and mice: relating their ages. Life Sci. 152,
244-248. doi: 10.1016/j.1fs.2015.10.025

Eltokhi, A., Kurpiers, B., and Pitzer, C. (2020). Behavioral tests assessing
neuropsychiatric phenotypes in adolescent mice reveal strain- and sex-specific
effects. Sci. Rep. 10:11263.

Eltokhi, A., Kurpiers, B., and Pitzer, C. (2021). Comprehensive characterization of
motor and coordination functions in three adolescent wild-type mouse strains.
Sci. Rep. 11:6497.

Eltokhi, A., Rappold, G., and Sprengel, R. (2018). Distinct Phenotypes of
Shank2 Mouse Models Reflect Neuropsychiatric Spectrum Disorders of Human
Patients With SHANK2 Variants. Front. Mol. Neurosci. 11:240. doi: 10.3389/
fnmol.2018.00240

Flux, M. C,, and Lowry, C. A. (2020). Finding intestinal fortitude: integrating the
microbiome into a holistic view of depression mechanisms, treatment, and
resilience. Neurobiol. Dis. 135:104578. doi: 10.1016/j.nbd.2019.104578

Ford, D. E., and Erlinger, T. P. (2004). Depression and C-reactive protein in US
adults: data from the Third National Health and Nutrition Examination Survey.
Arch. Intern. Med. 164, 1010-1014. doi: 10.1001/archinte.164.9.1010

Gordon, J. L., and Girdler, S. S. (2014). Hormone replacement therapy in the
treatment of perimenopausal depression. Curr. Psychiatry Rep. 16:517.

Hefner, K., and Holmes, A. (2007). Ontogeny of fear-, anxiety- and depression-
related behavior across adolescence in C57BL/6] mice. Behav. Brain Res. 176,
210-215. doi: 10.1016/j.bbr.2006.10.001

Jung, Y.-H., Hong, S.-1., Ma, S.-X., Hwang, ].-Y., Kim, J.-S., Lee, ].-H., et al. (2014).
Strain differences in the chronic mild stress animal model of depression and
anxiety in mice. Biomol. Ther. 22, 453-459. doi: 10.4062/biomolther.2014.058

Kim-Cohen, J., Caspi, A., Moffitt, T. E., Harrington, H., Milne, B. ., and Poulton, R.
(2003). Prior juvenile diagnoses in adults with mental disorder: developmental
follow-back of a prospective-longitudinal cohort. Arch. Gen. Psychiatry 60,
709-717. doi: 10.1001/archpsyc.60.7.709

Kokras, N., Antoniou, K., Dalla, C., Bekris, S., Xagoraris, M., Ovestreet, D. H,,
et al. (2009). Sex-related differential response to clomipramine treatment in
a rat model of depression. J. Psychopharmacol. 23, 945-956. doi: 10.1177/
0269881108095914

Krishnan, V., and Nestler, E. J. (2011). Animal models of depression: molecular
perspectives. Curr. Top. Behav. Neurosci. 7, 121-147. doi: 10.1007/7854_2010_
108

Lad, H., Liu, L., Paya-Cano, J., Parsons, M., Kember, R., Fernandes, C., et al. (2009).
Behavioural battery testing: evaluation and behavioural outcomes in 8 inbred
mouse strains. Physiol. Behav. 99, 301-316.

Lim, S. S., Vos, T., Flaxman, A. D., Danaei, G., Shibuya, K., Adair-Rohani, H.,
et al. (2012). A comparative risk assessment of burden of disease and injury
attributable to 67 risk factors and risk factor clusters in 21 regions, 1990-2010:
a systematic analysis for the Global Burden of Disease Study 2010. Lancet 380,
2224-2260.

Lister, R. G. (1987). The use of a plus-maze to measure anxiety in the mouse.
Psychopharmacology 92, 180-185.

Liu, X., and Gershenfeld, H. K. (2001). Genetic differences in the tail-suspension
test and its relationship to imipramine response among 11 inbred strains of
mice. Biol. Psychiatry 49, 575-581. doi: 10.1016/s0006-3223(00)01028-3

Lucki, I, Dalvi, A., and Mayorga, A. J. (2001). Sensitivity to the effects
of pharmacologically selective antidepressants in different strains of mice.
Psychopharmacology 155, 315-322. doi: 10.1007/s002130100694

Martinez-Mota, L., Ulloa, R. E., Herrera-Pérez, J., Chavira, R., and Fernandez-
Guasti, A. (2011). Sex and age differences in the impact of the forced swimming
test on the levels of steroid hormones. Physiol. Behav. 104, 900-905. doi:
10.1016/j.physbeh.2011.05.027

McCarter, T. (2008). Depression overview. Am. Health Drug Benefits 1, 44-51.

McFadyen, M. P., Kusek, G., Bolivar, V. J., and Flaherty, L. (2003). Differences
among eight inbred strains of mice in motor ability and motor learning on a
rotorod. Genes Brain Behav. 2,214-219. doi: 10.1034/j.1601- 183x.2003.00028.x

Mehta, N. S., Wang, L., and Redei, E. E. (2013). Sex differences in depressive,
anxious behaviors and hippocampal transcript levels in a genetic rat model.
Genes Brain Behav. 12, 695-704.

Merikangas, K. R., He, J.-P., Burstein, M., Swanson, S. A., Avenevoli, S., Cui, L.,
etal. (2010). Lifetime prevalence of mental disorders in U.S. adolescents: results
from the National Comorbidity Survey Replication-Adolescent Supplement
(NCS-A). J. Am. Acad. Child Adolesc. Psychiatry 49, 980-989. doi: 10.1016/j.
jaac.2010.05.017

Millstein, R. A., and Holmes, A. (2007). Effects of repeated maternal separation
on anxiety- and depression-related phenotypes in different mouse strains.
Neurosci. Biobehav. Rev. 31, 3-17. doi: 10.1016/j.neubiorev.2006.05.003

Molendijk, M. L., and de Kloet, E. R. (2019). Coping with the forced swim stressor:
current state-of-the-art. Behav. Brain Res. 364, 1-10. doi: 10.1016/j.bbr.2019.
02.005

Moy, S. S., Nadler, J. J., Young, N. B, Perez, A., Holloway, L. P., and Barbaro,
R. P. (2007). Mouse behavioral tasks relevant to autism: phenotypes of 10 inbred
strains. Behav. Brain Res. 176, 4-20. doi: 10.1016/j.bbr.2006.07.030

Murray, C. J., Atkinson, C., Bhalla, K., Birbeck, G., Burstein, R., Chou, D, et al.
(2013). The state of US health, 1990-2010: burden of diseases, injuries, and risk
factors. JAMA 310, 591-608. doi: 10.1001/jama.2013.13805

Najjar, F., Ahmad, M., Lagace, D., and Leenen, F. H. H. (2018). Sex differences
in depression-like behavior and neuroinflammation in rats post-MI: role of
estrogens. Am. J. Physiol. Heart Circ. Physiol. 315, H1159-H1173.

Papp, M., Willner, P., and Muscat, R. (1991). An animal model of anhedonia:
attenuation of sucrose consumption and place preference conditioning by
chronic unpredictable mild stress. Psychopharmacology 104, 255-259. doi:
10.1007/bf02244188

Patten, S. B., Wang, J. L., Williams, J. V., Currie, S., Beck, C. A., Maxwell, C. J.,
et al. (2006). Descriptive epidemiology of major depression in Canada. Can. J.
Psychiatry 51, 84-90. doi: 10.1177/070674370605100204

Paus, T., Keshavan, M., and Giedd, J. N. (2008). Why do many psychiatric disorders
emerge during adolescence? Nat. Rev. Neurosci. 9, 947-957. doi: 10.1038/
nrn2513

Peleh, T., Eltokhi, A., and Pitzer, C. (2019). Longitudinal analysis of ultrasonic
vocalizations in mice from infancy to adolescence: insights into the vocal
repertoire of three wild-type strains in two different social contexts. PLoS One
14:€0220238. doi: 10.1371/journal.pone.0220238

Pellow, S., Chopin, P, File, S. E., and Briley, M. (1985). Validation of open:closed
arm entries in an elevated plus-maze as a measure of anxiety in the rat.
J. Neurosci. Methods 14, 149-167. doi: 10.1016/0165-0270(85)90031-7

Pintér, O., Beda, Z., Csaba, Z., and Gerendai, I. (2007). Differences in the onset of
puberty in selected inbred mouse strains. Endocr. Abstr. 14:617.

Porsolt, R. D. (1997). Historical perspective on CMS model. Psychopharmacology
134, 363-364. doi: 10.1007/s002130050470

Porsolt, R. D., Le Pichon, M., and Jalfre, M. (1977). Depression: a new animal
model sensitive to antidepressant treatments. Nature 266, 730-732. doi: 10.
1038/266730a0

Salk, R. H., Hyde, J. S., and Abramson, L. Y. (2017). Gender differences
in depression in representative national samples: meta-analyses of
diagnoses and symptoms. Psychol. Bull. 143, 783-822. doi: 10.1037/bul000
0102

Slawecki, C. J. (2005). Comparison of anxiety-like behavior in adolescent and adult
Sprague-Dawley rats. Behav. Neurosci. 119, 1477-1483. doi: 10.1037/0735-
7044.119.6.1477

Frontiers in Behavioral Neuroscience | www.frontiersin.org

October 2021 | Volume 15 | Article 759574


https://doi.org/10.1016/0091-3057(81)90007-1
https://doi.org/10.1038/sj.mp.4001457
https://doi.org/10.1001/archpsyc.57.1.21
https://doi.org/10.1111/j.1742-7843.2009.00516.x
https://doi.org/10.1111/j.1742-7843.2009.00516.x
https://doi.org/10.1016/j.pbb.2006.03.019
https://doi.org/10.1016/j.physbeh.2009.03.025
https://doi.org/10.1016/j.lfs.2015.10.025
https://doi.org/10.3389/fnmol.2018.00240
https://doi.org/10.3389/fnmol.2018.00240
https://doi.org/10.1016/j.nbd.2019.104578
https://doi.org/10.1001/archinte.164.9.1010
https://doi.org/10.1016/j.bbr.2006.10.001
https://doi.org/10.4062/biomolther.2014.058
https://doi.org/10.1001/archpsyc.60.7.709
https://doi.org/10.1177/0269881108095914
https://doi.org/10.1177/0269881108095914
https://doi.org/10.1007/7854_2010_108
https://doi.org/10.1007/7854_2010_108
https://doi.org/10.1016/s0006-3223(00)01028-3
https://doi.org/10.1007/s002130100694
https://doi.org/10.1016/j.physbeh.2011.05.027
https://doi.org/10.1016/j.physbeh.2011.05.027
https://doi.org/10.1034/j.1601-183x.2003.00028.x
https://doi.org/10.1016/j.jaac.2010.05.017
https://doi.org/10.1016/j.jaac.2010.05.017
https://doi.org/10.1016/j.neubiorev.2006.05.003
https://doi.org/10.1016/j.bbr.2019.02.005
https://doi.org/10.1016/j.bbr.2019.02.005
https://doi.org/10.1016/j.bbr.2006.07.030
https://doi.org/10.1001/jama.2013.13805
https://doi.org/10.1007/bf02244188
https://doi.org/10.1007/bf02244188
https://doi.org/10.1177/070674370605100204
https://doi.org/10.1038/nrn2513
https://doi.org/10.1038/nrn2513
https://doi.org/10.1371/journal.pone.0220238
https://doi.org/10.1016/0165-0270(85)90031-7
https://doi.org/10.1007/s002130050470
https://doi.org/10.1038/266730a0
https://doi.org/10.1038/266730a0
https://doi.org/10.1037/bul0000102
https://doi.org/10.1037/bul0000102
https://doi.org/10.1037/0735-7044.119.6.1477
https://doi.org/10.1037/0735-7044.119.6.1477
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/behavioral-neuroscience#articles

Eltokhi et al.

Baseline Depression-Like Behaviors in Adolescent Mice

Sokolowska, E., Viitanen, R., Misiewicz, Z., Mennesson, M., Saarnio, S., Kulesskaya,
N., et al. (2021). The circadian gene Cryptochrome 2 influences stress-
induced brain activity and depressive-like behavior in mice. Genes Brain Behav.
20:e12708.

Steru, L., Chermat, R., Thierry, B., and Simon, P. (1985). The tail suspension test:
a new method for screening antidepressants in mice. Psychopharmacology 85,
367-370. doi: 10.1007/bf00428203

Taft, R. A., Davisson, M., and Wiles, M. V. (2006). Know thy mouse. Trends Genet.
22, 649-653. doi: 10.1016/j.tig.2006.09.010

Tarantino, L. M., Gould, T. J., Druhan, J. P., and Bucan, M. (2000). Behavior
and mutagenesis screens: the importance of baseline analysis of inbred strains.
Mamm. Genome 11, 555-564. doi: 10.1007/s003350010107

Treit, D., and Fundytus, M. (1988). Thigmotaxis as a test for anxiolytic activity
in rats. Pharmacol. Biochem. Behav. 31, 959-962. doi: 10.1016/0091-3057(88)
90413-3

Van den Hove, D. L., Kenis, G., Brass, A., Opstelten, R., Rutten, B. P., Bruschettini,
M., et al. (2013). Vulnerability versus resilience to prenatal stress in male and
female rats; implications from gene expression profiles in the hippocampus
and frontal cortex. Eur. Neuropsychopharmacol. 23, 1226-1246. doi: 10.1016/j.
euroneuro.2012.09.011

van Gaalen, M. M., and Steckler, T. (2000). Behavioural analysis of four mouse
strains in an anxiety test battery. Behav. Brain Res. 115, 95-106. doi: 10.1016/
$0166-4328(00)00240-0

Vaugeois, J. M., Passera, G., Zuccaro, F., and Costentin, J. (1997). Individual
differences in response to imipramine in the mouse tail suspension test.
Psychopharmacology 134, 387-391. doi: 10.1007/s002130050475

Weissman, M. M., and Klerman, G. L. (1977). Sex differences and the epidemiology
of depression. Arch. Gen. Psychiatry 34, 98-111. doi: 10.1001/archpsyc.1977.
01770130100011

Whiteford, H. A., Degenhardt, L., Rehm, J., Baxter, A. J., Ferrari, A. ],
Erskine, H. E., et al. (2013). Global burden of disease attributable to
mental and substance use disorders: findings from the Global Burden of
Disease Study 2010. Lancet 382, 1575-1586. doi: 10.1016/s0140-6736(13)
61611-6

Willner, P., Towell, A., Sampson, D., Sophokleous, S., and Muscat, R. (1987).
Reduction of sucrose preference by chronic unpredictable mild stress, and its
restoration by a tricyclic antidepressant. Psychopharmacology 93, 358-364.

Wittchen, H. U., Jacobi, F., Rehm, J., Gustavsson, A., Svensson, M., Jonsson, B.,
et al. (2011). The size and burden of mental disorders and other disorders
of the brain in Europe 2010. Eur. Neuropsychopharmacol. 21, 655-679. doi:
10.1016/j.euroneuro.2011.07.018

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Eltokhi, Kurpiers and Pitzer. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Behavioral Neuroscience | www.frontiersin.org

12

October 2021 | Volume 15 | Article 759574


https://doi.org/10.1007/bf00428203
https://doi.org/10.1016/j.tig.2006.09.010
https://doi.org/10.1007/s003350010107
https://doi.org/10.1016/0091-3057(88)90413-3
https://doi.org/10.1016/0091-3057(88)90413-3
https://doi.org/10.1016/j.euroneuro.2012.09.011
https://doi.org/10.1016/j.euroneuro.2012.09.011
https://doi.org/10.1016/s0166-4328(00)00240-0
https://doi.org/10.1016/s0166-4328(00)00240-0
https://doi.org/10.1007/s002130050475
https://doi.org/10.1001/archpsyc.1977.01770130100011
https://doi.org/10.1001/archpsyc.1977.01770130100011
https://doi.org/10.1016/s0140-6736(13)61611-6
https://doi.org/10.1016/s0140-6736(13)61611-6
https://doi.org/10.1016/j.euroneuro.2011.07.018
https://doi.org/10.1016/j.euroneuro.2011.07.018
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/behavioral-neuroscience#articles

	Baseline Depression-Like Behaviors in Wild-Type Adolescent Mice Are Strain and Age but Not Sex Dependent
	Introduction
	Materials and Methods
	Animals and Housing Conditions
	Experimental Design and Groups
	The Behavioral Test Battery
	The Tail Suspension Test
	The Forced Swim Test
	The Sucrose Preference Test
	The Hyponeophagia Test

	Statistical Analysis

	Results
	Baseline Depression-Like Behaviors in P22–26 Mouse Cohort
	Baseline Depression-Like Behaviors in P32–36 Mouse Cohort
	Comparison Between the P22–26 and P32–36 Mouse Cohorts Within C57BL/6N, DBA/2, and FVB/N Strains
	Anxiety-Related Hyponeophagia Test at P27 and P37

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


