
Acta Neuropsychiatrica 2018
All rights reserved
DOI: 10.1017/neu.2017.33

© Scandinavian College of Neuropsychopharmacology 2017

ACTA NEUROPSYCHIATRICA

Failure to detect the action of antidepressants
in the forced swim test in Swiss mice

Patrick R. Suman1,2,
Nathalia Zerbinatti1,2,
Lais Cristina Theindl1,2,
Karolina Domingues1,2,
Cilene Lino de Oliveira1,2
1Department of Physiological Sciences, Center

of Biological Sciences, Federal University of

Santa Catarina – UFSC, Campus Trindade,
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Objective: The aims of this study were to replicate previously published
experiments and to modify the protocol to detect the effects of chronic
antidepressant treatment in mice.
Methods: Male Swiss mice (n= 6–8/group) housed in reversed light/dark
cycle were randomly assigned into receive vehicle (10% sucrose),
sub-effective doses (1 and 3mg/kg) or effective doses (10 and 30mg/kg)
of bupropion, desipramine, and fluoxetine and a candidate antidepressant,
sodium butyrate (1–30mg/kg) per gavage (p.o.) 1 h before the forced
swim test (FST). Treatments continued daily for 7 and 14 days during
retests 1 and 2, respectively. In an additional experiment, mice received
fluoxetine (20mg/kg) or vehicle (10% sucrose or 0.9% saline) p.o. or i.p.
before the FST. Mice housed in reversed or standard light/dark cycles
received fluoxetine (20mg/kg) prior FST. Video recordings of
behavioural testing were used for blind assessment of the outcomes.
Results: According to the expected, doses of antidepressants considered
sub-effective failed to affect the immobility time of mice in the FST.
Surprisingly, acute and chronic treatment with the high doses of
bupropion, desipramine, and fluoxetine or sodium butyrate also failed to
reduce the immobility time of mice in the FST. Fluoxetine 20mg/kg was
also ineffective in the FST when injected i.p. or in mice housed in
normal light/dark cycle.
Conclusion: Data suggest the lack of efficacy of orally administered
bupropion, desipramine, fluoxetine in the FST in Swiss mice. High
variability, due to high and low immobility mice, may explain the limited
effects of the treatments.

Significant Outcomes

∙ Oral treatment with bupropion, desipramine or sodium butyrate failed to reduce immobility time of
Swiss mice in the Porsolt test or repeated forced swim test.

∙ Oral or intraperitoneal treatment with fluoxetine failed to reduce immobility of Swiss mice in the
Porsolt test.

∙ Oral treatment with fluoxetine failed to reduce immobility of Swiss mice housed in normal or reversed
light/dark cycles in the Porsolt test.

Limitations

∙ The contribution of the administration route to the lack of the treatment effect was investigated only
for fluoxetine.
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∙ The contribution of the light/dark cycle to the lack of the treatment effect was investigated only
for fluoxetine.

∙ Confirmatory experiments for the lack of effect of the desipramine was not performed.
∙ The study does not clarify the origin of the resistance to the treatment with antidepressants.

Introduction

The process to develop new antidepressants requires
improvement of translational research (1,2). In
preclinical studies, animal models are standard
approaches for the screening of putative antidepres-
sants (3). The accumulated knowledge on the current
animal models should be taken advantage of and may
help provide a strategy to find more predictive
screening approaches (2,4). The FST or Porsolt test
(5) is considered inexpensive, fast, sensitive, relatively
selective for antidepressant drugs, and reproducible
across laboratories (6–9). The original protocol of FST
in mice (5) consisted of one session of 6min of forced
swimming at 30 or 60min after the pharmacological
treatment. During the test, mice spent the first 2min
struggling and then became more immobile until the
6th minute (5). Acute treatment with antidepressants
before the test reduced the immobility time and
increased its latency (5,7,10). According to Castagne
et al. (10), the analysis of latency to immobility
improved the predictive validity of the Porsolt test in
mice. Additionally, Costa et al. (9) registered latency,
time and frequency of the behaviours of Swiss mice to
discriminate the anti-immobility effects of psychosti-
mulants (caffeine or apomorphine) from those of
monoaminergic antidepressants.
Due to the consistent response of outbred Swiss or

Swiss-derived mice to the current antidepressants in the
Porsolt test, the effects of putative antidepressants on
these mice stocks were indicated as the first step in the
screening process (6). The present work aimed to adapt
the protocol of the repeated FST created for male rats
(11) to male Swiss mice. For rats, repeated FST is a
variation of the Porsolt test, allowing for the detection of
acute and chronic antidepressant treatments in a single
group of rats reducing the number of animals used for
the screening of antidepressants (11,12). Therefore, the
strategy selected to create a repeated FST in Swiss mice
was similar to that employed for rats (11,12): three
repetitions of the Porsolt test separated 7 days apart.

Aims of the study

The main hypothesis is that, as in male rats, repetition
of the FST at regular intervals will increase
immobility time of mice and enhance the sensitivity
of the test. In addition, the expectation is that doses
of antidepressants ineffective in the standard Porsolt
test (<5mg/kg) will reduce immobility time after

repeated treatment. Conversely, doses of antidepres-
sants higher than 10mg/kg will reduce immobility
time of mice in all sessions of the FST. [For effective
and ineffective doses see (5–10).]

Materials and methods

Animals, animal welfare and ethical statements

Male Swiss mice for experiments 1–5 and 7 (n= 198)
arrived in the laboratory on their 21st postnatal day
(PND) from the central vivarium of Federal University
of Santa Catarina. Male Swiss mice for experiment 6
(n= 30) arrived in the laboratory on their 80th PND
from the central vivarium of Federal University of
Santa Catarina. All mice were housed in groups
of eight per cage in white boxes (measuring
50× 30× 10 cm) with sawdust bedding and a grid
lid. Food (Nuvital®) and water were available ad
libitum. Animal house was maintained on an inverted
light/dark cycle (lights on at 07:00 p.m.) except for
experiment 7 (lights on at 07:00 a.m.). The room
temperature was of 21± 2°C. The younger and older
mice remained in these housing conditions for 70 and
10 days before the experiments, respectively, to
evaluate interferences of the time lodged in the
laboratory animal house in the results. Although no
signs of distress or disease were noticed during the
experimental period, two mice randomly allocated to
the fluoxetine 1mg/kg group and one assigned to the
SB 1mg/kg group died of unknown causes in the days
before antidepressant treatment. To minimise possible
sources of stress and animal suffering, the following
measures were applied: (1) all procedures were
performed during the dark phase of the light cycle
(except for one control and one experimental groups in
experiment 7); (2) cleaning of cages was performed
three times a week by the same experimenter; and
(3) mice were allowed to dry out before returning to
the home cage after the forced swim sessions by
remaining individually in a clean cage, in a heated
room with dim light. All procedures complied with
International Guidelines and Brazilian laws for animal
welfare and were approved by the Ethical Committee
of our University (CEUA/UFSC-PP00764).

Drugs and treatments

The following monoaminergic antidepressants were
employed in all pharmacological experiments in
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mice: fluoxetine (FLX, a selective serotonin reuptake
inhibitor, F 3518; Sigma, St. Louis, MO, USA),
desipramine (DMI, a selective noradrenaline reuptake
inhibitor, SC200158A; Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA), and bupropion (BUP, a
norepinephrine-dopamine reuptake inhibitor, Euro-
farma, São Paulo, Brazil). In addition, all experiments
had a group treated with a potential new antidepres-
sant, SB (a histone deacetylase inhibitor, B5887;
Sigma). All drugs were administered at the following
doses (mg/kg/day): 1 (experiment 2), 3 (experiment
3), 10 (experiment 4), and 30 (experiment 5). The
effective doses (10 and 30mg/kg) and ineffective
doses (1 and 3mg/kg) were selected according to
previous studies (7,13–21). In experiments 2–5 and 7,
drugs and vehicle (VEH, sucrose 10%) were
administered orally (gavage). In experiment 6, mice
received acute FLX 20mg/kg orally (gavage) or
parenterally (intraperitoneal, IP) at 1 h before the
Porsolt test (no repetitions were performed in these
experiments). The FLX 20mg/kg dose applied 1 h
before the Porsolt test was considered the most
effective treatment schedule for male Swiss mice after
a systematic review of the literature (see Section S1,
Supplementary Material). Ten per cent sucrose was
the VEH for FLX administered through gavage, and
0.9% saline was the VEH for FLX IP. Although the
gavage methods did not require palatable solutions,
10% sucrose was used as a VEH in order to make the
present data comparable with those obtained in male
Wistar rats (a positive control of the experimental
conditions in the laboratory, see Section S2, Supple-
mentary Material). In the experiments 2–5, the
treatment with drugs occurred daily, from day 0 until
day 14 (see experimental design), in the same time. In
the days of behavioural testing treatments occurred
1 h before. In the experiments 6–7 the drug treatment
occurred 1 h prior Porsolt test.

Porsolt test and repeated FST

Behavioural testing occurred 1 h after pharmacological
treatment. The experimental room had a temperature
of ~21± 2°C, an illumination of 164 lx (measured
with the Android app ‘Luximetro Altezza’) and a
noise of ~45 dB (measured with the Android app
‘Decibelímetro’). Mice were placed in a plastic
cylinder (24 × 14 cm) filled with water at 24°C in a
way that mice were unable to touch the bottom with
neither their paws nor tail. In the first session of the
forced swimming (Porsolt test), mice were individu-
ally placed to swim for 6min in the cylinder. The test
session was then repeated on the 7th (retest 1) and
14th (retest 2) days after the first test. After every
swimming session, mice were dried in a clean cage
that was placed in a dark, heated room. All sessions

were carried out in the afternoon (between 01:00 p.m.
and 06:00 p.m.) and were video recorded by a camera
positioned on the top of the cylinder. Videos were
named with codes for subsequent blind scoring of the
following behavioural categories: (1) immobility was
scored when the animal was floating, with just enough
paw movements to keep the head above water; (2)
swimming was scored when the animal was moving
the front paws horizontally, with or without body
displacement; (3) climbing was scored when the
animal was moving the front paws vertically, either
near the wall or in the centre, and with or without
body displacement. The three parameters that were
extracted for each of the aforementioned categories
during every behavioural session were as follows: (1)
latency, which consists of the time elapsed between
the beginning of the behavioural session and the first
bout for a given category; (2) time or duration of all
bouts for a given category; (3) frequency, which
consists of the summary of all bouts scored for a given
category. Behavioural scoring was performed with the
aid of the software Ethowatcher (22,23), which can be
freely downloaded (http://www.ethowatcher.ufsc.br/).

Experimental design and general procedures

Experiments 1–5 were carried out on the following
schedule: (day −70) arrival of the mice (post-
weaning, PND 21) in the laboratory vivarium until
the age established for the experiment (PND 90);
(day 0) test; (day 7) retest 1 and (day 14) retest 2
(Figs 1a and b). In experiment 1, an untreated group
of mice (CT, n= 9) was evaluated to observe the
natural behaviour in the repeated FST. In experi-
ments 2–5, each experimental group containing eight
mice received a different type of treatments (VEH,
BUP, DMI, FLX, and SB) by gavage in the following
doses: 1 (experiment 2), 3 (experiment 3), 10
(experiment 4), or 30 (experiment 5) mg/kg/day
from day 0 until day 14. Experiment 6 was carried
out on the following schedule: (day −10) arrival of
the mice (PND 80) in the laboratory vivarium until
the age established for the experiment (PND 90);
(day 0) drug treatment and test (Fig. 1c). Experiment
7 was carried out on the following schedule: (day
−70) arrival of the mice (post-weaning, PND 21) in
the laboratory vivarium with inverted (lights on at
07:00 p.m.) or standard (lights on at 07:00 a.m.)
light/dark cycle until the age established for the
experiment (PND 90); (day 0) drug treatment and test
(Fig. 1d). Each experiment (1–7) was divided into
4 different days containing two mice from each
treatment group per experimental day. Except for in
experiments 5, 6, and 7, DMI was tested in all
experiments. All procedures were carried out
between 01:00 p.m. and 06:00 p.m. The
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experimenters (P.R.S experiments 1–6 and N.Z
experiment 7) and behavioural scorers (L.C.T.
experiments 1–6 and N.Z. experiment 7) were blind
to treatments and outcome assessments, respectively.
Only K.D., the person who prepared the drugs, knew
the identity of the substances contained in the bottles
used to treat the animals.

Actions to avoid bias

Experiments 1–7 were carried out once. However, doses
supposedly effective of fluoxetine were tested in four
independent experiments (experiments 4–7). In addition,
confirmatory studies were performed to bupropion
(Section S5, Supplementary Material) and SB (Sections
S5 and S6, Supplementary Material). The number of
animals per group was justified by previous work on
male Swiss mice (9) without any sample size calculation
or power analysis. The randomisation to allocate the
pharmacological treatments in experiments 2–5 and 7
was carried out as follows: the experimenter arbitrarily
housed the animals in cages, which were randomly
allocated by lottery to pharmacological treatment. In
experiment 6, mice were randomly assigned to their
home cages by lottery before the random allocation of
the cage to a pharmacological treatment and route of
administration. The allocation was concealed only
for experiments 6 and 7. In experiments 6 and 7,
experimenters were blind to treatment, while
blind outcome assessment was conducted in all
experiments. Only three mice were excluded from the

experiment for health reasons before the onset of the
experiments (see Animals section). No exclusion criteria
were established beforehand, and no data were excluded
from the analysis.

Statistical analysis

All data are represented as the mean±SEM. For
analysis, categories scored in behavioural sessions
are summarised in 6min, or the first 2min and the
last 4min (9). Normality and homoscedasticity were
tested using the Kolmogorov–Smirnov test and
Levene’s test, respectively. The results from experi-
ments 1, 6, and 7 were analysed using a within-
subjects analysis of variance (ANOVA). The results
from experiment 2–5 were analysed using a 2-way
ANOVA with repeated measures (factors: treatment
and repetition). Post-hoc analyses were carried out
using two-tailed Student’s t-tests (unpaired to treat-
ment; paired to repetition) when an ANOVA
delivered a significant result or when the difference
between the VEH and treatment groups was higher
than 20% (arbitrarily determined). Statistical signifi-
cance was considered at p< 0.05. The median of
immobility time of the overall sample in the test,
retest 1 or retest 2 was used as a cut-off value to
classify mice into high immobility (HI) and low
immobility (LI) categories in every behavioural
session (adapted from (25)). The number of animals
analysed in each experimental group are in the
legends of the figures and tables.

Fig. 1. Experimental design. (a) Experiment 1; (b) experiments 2–5; (c) experiment 7; (d) experiment 6; PND, postnatal day.
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Results

Description and quantification of behaviours of the naı̈ve Swiss
mice submitted to the repeated FST:

In experiment 1, all naïve male Swiss mice performed
swimming and displayed immobility abundantly,
while climbing was seldom observed in the test
(Table 1). Over retesting (Table 1) and the latencies to
immobility (F(2,16)= 8.24, p= 0.0035) and swim-
ming were decreased (F(2,16)= 3.3, p= 0.065). There
was a four-fold increase in the frequencies of
immobility (F(2,16)= 18.6 p= 0.00007) and swim-
ming (F(2,16)= 17.8, p= 0.00009) over repetition.
The immobility time increased significantly over the
repetitions (F(2,16)= 7.9, p= 0.00412), while swim-
ming time decreased (F(2,16)= 8, p= 0.00389).

Climbing was a rare event during the test, retest 1
and retest 2, as observed in a minute-by-minute
analysis (Fig. 2). The minute-by-minute analysis
revealed a predominance of swimming behaviour
(~40 s) in the 1st minute of the test (Fig. 2).
Immobility replaced swimming over the duration of
the test, reaching a maximum of 50 s in the 5th minute
(Fig. 2). In retest 1, the minute-by-minute analysis
revealed low scores of swimming and a predominance

of immobility in the first minute, reaching a maximum
time in the 4th minute of retest 1 (Fig. 2). The
behavioural pattern in retest 2 was similar to that in
retest 1, that is, a predominance of immobility as the
first minute of retest 2, reaching maximum at the 3rd
minute (Fig. 2). The intersection point between the
curves of the abundance of immobility and swimming
in the test coincided with 2.5min in the test, 1min in
retest 1 and with a negative time in retest 2 (Fig. 2).
Because climbing was absent during the repeated FST
in male Swiss mice, swimming mirrored immobility
scores. Therefore, immobility was the main category
scored in the following experiments.

Effects of oral treatment with antidepressants on the
immobility time of Swiss mice in the repeated FST

In experiments 2–5 (Figs 1b, 3, and 4), there were no
significant differences in immobility time between
the VEH and antidepressant-treated groups in the test
(experiment 2: F(4,30)= 2.3, p= 0.073; experiment
3: F(4,35)= 0.46, p= 0.76; experiment 4: F
(4,32)= 1.7, p= 0.17; experiment 5: F(3,28)= 2.9,
p= 0.48), in retest 1 (experiment 2: F(4,30)= 1.9,
p= 0.13; experiment 3: F(4,35)= 0.47, p= 0.75;
experiment 4: F(4,32)= 1.4, p= 0.23; experiment 5:
F(3,28)= 0.30, p= 0.81) or in retest 2 (experiment 2:
F(4,30)= 1.2, p= 0.29; experiment 3: F(4,35)= 1.1,
p= 0.36, p= 0.75; experiment 4: F(4,32)= 1.5,
p= 0.20; experiment 5: F(4,36)= 1.4, p= 0.24).
The absence of significant results was also observed
when immobility time was scored during the initial
2min or the total 6min of the test, retest 1 and retest 2
(data not shown). In experiments 2, 3, and 5, the
difference between the mean immobility time of the
VEH and antidepressant-treated groups was smaller than
20% in all sessions of the repeated FST (Figs 3 and 4).
Counts of swimming and climbing may be found in the
Section S3 (Supplementary Material).

Despite the lack of significance using ANOVAs,
the difference between the mean immobility time

Table 1. Latency, frequency, and duration of the male mice behaviour in the FST-r

Latency (s) Frequency Duration (s)

Immobility Test 40.93± 12.9#& 4.2± 2.1 197.78± 20.90

Retest 1 9.7± 4.6 7.7± 1.2 252.92± 18.68*

Retest 2 5.47± 1.2 15.5± 2.18*# 291.83± 17.66*

Swimming Test 2.6± 0.64 4.5± 0.72 152.61± 21.32

Retest 1 0.06± 0.01 6.7± 1.2 102.61± 19.00*

Retest 2 0.4± 0.1# 16.6± 2.5*# 60.16± 17.11*

Climbing Test 1.93± 1.93 0.11± 0.11 1.90± 1.90

Retest 1 0± 0 0± 0 0.0

Retest 2 88.4± 37.2 2± 0.4 5.04± 1.91

Data expressed as mean±SEM of nine mice. Analysis of variance of repeated

measurements with Duncan’s post hoc: *Significantly different from the test session.

#Significantly different from retest 1. &Significantly different from retest 2.

Fig. 2. Behaviour of adult, male Swiss mice (n= 9) recorded minute-by-minute in the Porsolt test (left), retest 1 (middle), and retest 2
(right). Graphs show duration (seconds in each minute) for immobility (circles), swimming (squares), and climbing (triangles) during
6min of the test (upper graph), retest 1 (middle graph), and retest 2 (lower graph). Data expressed as mean±SEM.
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of the VEH and antidepressant-treated groups
was higher than 20% in the test and retest 1 of
experiment 4 (Fig. 4). Therefore, unpaired two-tailed
t-tests were used for comparison of the immobility
time between the VEH group and each
antidepressant-treated group. According to (24), the
t-test may be used to compare control and treated
groups in the FST to avoid type II error. Differences
between the VEH and BUP groups in the test and
between the VEH and SB groups in retest 1 were
statistically significant (t-test, p= 0.02 and p= 0.04,
respectively). These significant differences were not
seen in confirmatory studies (Sections S4 and S5,
Supplementary Material).

Effects of oral and parenteral treatment with fluoxetine 20mg/kg
on the immobility time of Swiss mice in the Porsolt test

Oral (gavage) or parenteral (IP) treatment with FLX
20mg/kg failed to reduce the immobility time of male
Swiss mice in the FST compared with the VEH, that is,
10% sucrose or 0.9% saline, respectively (Fig. 5).

Effects of the antidepressants in light/dark cycle

Oral (gavage) treatment with FLX 20mg/kg failed to
reduce the immobility time of male Swiss mice in
the FST compared with the VEH, independent of
the type of light/dark cycle in the animal house (Cycle,
F(1,28)= 0.37, p= 0.54), (Treatment, F(1,28)= 0.11,

Fig. 3. Immobility time of adult, male Swiss mice, treated with antidepressants in the doses of (a) 1mg/kg or (b) 3mg/kg, in the
last 4min of the Porsolt test (left), retest 1 (middle), and retest 2 (right). Bars represent mean±SEM of 8 mice per group (except
for FLX 1mg/kg (n= 06) and SB 1mg/kg (n= 07)). BUP, bupropion; DMI, desipramine; FLX, fluoxetine; SB, sodium butyrate;
VEH, vehicle.

Fig. 4. Immobility time of adult, male Swiss mice, treated with antidepressants in the doses of (a) 10mg/kg or (b) 30mg/kg, in the
last 4min of the Porsolt test (left), retest 1 (middle), and retest 2 (right). Bars represent mean±SEM of 8 mice per group. BUP,
bupropion; DMI, desipramine; FLX, fluoxetine; SB, sodium butyrate; VEH, vehicle.

Failure to replicate antidepressant effects in Swiss mice FST

163

https://doi.org/10.1017/neu.2017.33 Published online by Cambridge University Press

https://doi.org/10.1017/neu.2017.33


p= 0.74) (Cycle/treatment F(1,28)= 1.25, p= 0.27)
(Fig. 5c).

Effects of antidepressant treatment on the immobility time of
LI and HI Swiss mice in the repeated FST

After statistical analysis, we divided all mice into two
distinct groups based on the values of immobility
time, independent of the treatment received (Section
S6, Supplementary Material). Therefore, it is impor-
tant to acknowledge that drug treatment may
influence the levels of immobility time of the mice
in the present analysis. This post-hoc decision was
based on the work by (25) and (26), which observed
subgroups of rats with HI and LI in their experi-
ments. The presence of HI and LI mice in our
samples could explain the variability of the data
leading to the lack of significant effects of the
treaments. In the test (see statistical data in
Supplementary Material Table S3), the median value
of immobility time for all mice, independent of
treatment, was 258.93 s. From 86 mice classified as
HI in the test, that is, with an immobility time above
the median, 21 were controls, 40 were from sub-
effective dose groups and 25 were from effective

dose groups (Fig. 6a). From 93 mice classified as LI
in the test, that is, with an immobility time below the
median, 26 were controls, 21 were from sub-effective
dose groups and 46 were from effective dose groups
(Fig. 6a).

In retest 1 (see statistical data in Supplementary
Material Table S4), the median value of immobility
time for all mice was 305.78 s. From 75 mice classified
as HI, that is, with immobility times above the median,
19 were from control groups, 39 were from sub-
effective dose groups and 19 were from effective dose
groups (Fig. 6b). In retest 2 (see statistical data in
Supplementary Material Table S5), the median value
of the immobility time for all mice was 321.38 s. From
75 mice classified as HI, that is, with immobility times
above the median, 16 were from control groups, 45
were from sub-effective dose groups and 14 were from
effective dose groups (Fig. 6c).

Discussion

The main finding of the present study is that acute or
chronic oral treatment with antidepressants failed to
reduce the immobility time of the male Swiss mice
in doses considered effective in the Porsolt test. The

Fig. 5. (a) Immobility time of adult, male Swiss mice in the last 4min of Porsolt test performed 1 h after the treatment through two
different routes of administration (oral, gavage, VEH, n= 8, FLX, n= 7); Intraperitoneal (VEH, n= 7; FLX, n= 8). (b) Immobility
time of male Swiss mice (PND 90), housed in STD or INV light/dark cycle, in the last 4minutes of the Porsolt test performed 1 h after
the oral treatment with VEH (n= 8) or FLX (20mg/kg/p.o., n= 08). FLX, fluoxetine; FLX INV, fluoxetine inverted light/dark cycle;
FLX STD, fluoxetine standard cycle; VEH, vehicle; VEH INV, vehicle inverted light/dark cycle; VEH STD, vehicle standard cycle.
Bars represent mean±SEM.

Fig. 6. Percentage of adult, male Swiss mice, treated with vehicle or different doses of antidepressants (1–30mg/kg) segregated in the
subgroups low (LI) or high (HI) immobility time in the Porsolt test (a), retest 1 (b), and retest 2 (c).
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expected outcomes of BUP, DMI, and FLX treat-
ments were absent even after post-hoc analysis using
more robust statistics or in confirmatory studies.
Furthermore, the expected effects of FLX in Porsolt
test were absent even after the intraperitoneal
injection or the housing of the male Swiss mice in
standard or inverted light/dark cycle. Present data
were surprising because previous studies have shown
that oral treatment with antidepressants reduced the
immobility time of Swiss mice in the Porsolt test in
a variety of experimental conditions (19,20,27–31).
A paper reporting conditions similar to those here
(Swiss mice, oral treatment, behavioural testing in the
afternoon, blinding, and randomisation) found an
effect size above 60% for FLX treatment on
immobility time (29). The possibility that drugs were
not working properly seems unlikely once that they
were obtained from different commercial sources.
In the case of FLX, for example, the same solution
of FLX used in the Swiss mice reduced the
immobility time of the Wistar rats in the FST that
occurred simultaneously in the laboratory (unpub-
lished data) and the same salt was employed in an
experiment performed afterwards (Supplementary
Material). Therefore, it seems that the type of
antidepressant, the dose and route of administration,
and the housing and experimental conditions could
not entirely explain the failure of the treatment in the
Porsolt test.
The inability to replicate the effects of acute treatment

with antidepressants in the Porsolt test seems unrelated
with experimental conditions because Swiss control
mice behaved according to our own previous
observations and those from other research groups
(5,9,10). As observed by Costa et al. (9), Swiss control
mice had progressively lower scores of climbing and
swimming from the beginning to the end of the test. In
addition, activity abundant during the first 2min of the
test disappeared until the end of the session (9). In the
present study, the behavioural patterns of untreated mice
in Porsolt test remained present in Swiss mice treated
with sucrose 10% or saline 0.9% indicating that the
VEH had no effect per se. Scores of climbing remained
low over repetition of the test, on the seventh and
fourteenth days later, while scores of swimming and
immobility changed. In agreement with the initial
hypothesis, the immobility time of Swiss mice
increased over retesting, as observed in male Wistar
rats (11,12). Data from the control groups were quite
consistent, across the experiments in mice housed in the
laboratory conditions for 70 days, indicating that
fluctuations in the baseline may not explain the failure
to detect any effects of the pharmacological treatments.
Unexpectedly, the present samples contained

subgroups of mice with high and low levels of
immobility, classified according previous reports in

rats and mice (25,26,32,33). In the control groups,
close to 50% of mice were classified in either the HI
or LI categories. Curiously, a larger number of HI
mice were found in those groups treated with sub-
effective doses than with effective doses of
antidepressants. Conversely, LI mice were more
frequent in the groups treated with high doses of
antidepressants. The mixture of phenotypes may
increase the standard error and reduce the accuracy of
the measurement of immobility time in the test and
retests. Inaccuracy may account for data variability
and contribute to the lack of significant results. In
addition, the effective doses of BUP and DMI
reduced the immobility time in LI mice but failed
to affect immobility time in HI mice. The absence of
the effects of BUP and DMI in the HI subgroup may
help to explain the unexpected results in the group of
Swiss mice. In addition, in opposition to the initial
expectation and independent of the dose, chronic
treatment with BUP and DMI failed to reduce the
immobility time in the retests. Ineffective or effective
doses of FLX were unable to reduce the immobility
time in LI or HI mice after acute or chronic treatment.
These data are in contrast with data obtained
previously by our research group (9), indicating
that the colony of Swiss mice may have changed over
time. Indeed, phenotypic characteristics of ‘helpless’
and ‘non-helpless’ mice, derived from a stock of
Swiss albino CD-1 mice, changed across generations
(32). In addition, Lucky et al. (7), comparing strains
of mice from different suppliers in the Porsolt test,
observed that Swiss-derived stocks of mice (CD-1,
CF-1, Swiss-Webster) were unresponsive to a range
of dosed of FLX while some of them responded to
DMI (CD-1, CF-1) or to both (Swiss-NIH). The
present study seems to be the first reporting a stock of
Swiss resistant to the influence of monoaminergic
antidepressants due the presence of subpopulations
with low or high susceptibility to the treatments.

Laboratory animals resistant to the effects of
monoaminergic antidepressants might be an
opportunity for the discovery of new targets for
these drugs (34,35). Although considered a
promising candidate mechanism (36), the inhibition
of histone deacetylases was ineffective in traditional
animal models for antidepressant detection (37–41).
For example, high doses of SB (>100mg/kg) failed
to reduce the immobility time in the Porsolt test in
C57BL/6J mice (37–39) and ICR mice (40). Here,
the immobility time of Swiss mice treated acutely or
chronically with SB at doses of 1 or 3mg/kg was
similar to that of the VEH group in the repeated FST.
Although the doses of 10 or 30mg/kg of the SB
reduced the immobility time of Swiss mice by more
than 20% in the retest 1 in experiments 4 and 5, the
confirmatory study failed to find such an effect.
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However, the SB at doses of 10 or 30mg/kg
increased the number of LI mice in the test, retest 1
and retest 2 compared with lower doses of SB.
Together, these data indicate that a subgroup of
Swiss mice that are resistant to monoaminergic
antidepressants in the Porsolt test may be
susceptible to histone deacetylases inhibitor. Studies
that are more appropriate should be performed to
verify the last hypothesis. Independent of the reason
for the failed treatments, this is the first study
showing the resistance of Swiss mice to a range of
monoaminergic antidepressants.
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