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Abstract

The goal of the present protocol is to describe the forced swim test (FST), which is one of the most commonly used assays for the study of
depressive-like behavior in rodents. The FST is based on the assumption that when placing an animal in a container filled with water, it will first
make efforts to escape but eventually will exhibit immobility that may be considered to reflect a measure of behavioral despair. This test has
been extensively used because it involves the exposure of the animals to stress, which was shown to have a role in the tendency for major
depression. Additionally, the FST has been shown to share some of the factors that are influenced or altered by depression in humans, including
changes in food consumption, sleep abnormalities and drug-withdrawal-induced anhedonia. The main advantages of this procedure are that it is
relatively easy to perform and that its results are easily and quickly analyzed. Moreover, its sensitivity to a broad range of antidepressant drugs
that makes it a suitable screening test is one of the most important features leading to its high predictive validity. Despite its appeal, this model
has a number of disadvantages. First, the issue of chronic augmentation is problematic in this test because in real life patients need to be treated
for at least several weeks before they experience any relief from their symptoms. Last, due to the aversiveness of the FST, it is important to take
into account possible influences it might have on brain structure/function if brain analyses are to be carried out following this procedure.

Video Link

The video component of this article can be found at https://www.jove.com/video/52587/

Introduction

Depression is a life-threatening psychiatric disorder and a major public health concern worldwide with an incidence of 5% and a lifetime
prevalence of 15-20%. Moreover, it is estimated that by 2020 depression will be in the top three contributors to the burden of disease'?.
Depression is associated with disability, decreased quality of life, increased health-related costs and is considered a main risk factor for many
diseases, including cardiovascular, metabolic and neuropsychiatric disorders®*.Current pharmaco-therapeutic treatments have limited efficacy
and are associated with many deleterious side effects®®. Therefore, a better understanding of the pathophysiology of this disorder alongside with
the development of innovative and improved treatments remains crucial. Hence, animal models are essential for advancing research in this field.

There are many models used for the study of this disorder (e.g.
also known as Porsolt’s test after the developer of this model 8

sucrose preference test, tail suspension test) with the forced swimming test (FST,
) being one of the most commonly used assays 7912

During the FST an animal is placed in a container filled with water from which it cannot escape. The animal will first try to escape but eventually
will exhibit immobility (i.e. floating with the absence of any movement except for those necessary for keeping the nose above water). The FST
is a very popular model in animal research for a number of reasons. First, it involves the exposure of the animals to stress, which was shown
to have a role in the tendency for major depression 1214 Moreover depression is often viewed as a lack of ability to handle with stress 1817,
Second, pharmacological treatment with antidepressants prior to the test has been shown to reduce immobility in the FST 1823 Therefore, it is
often used as a screening assay for novel compounds with potential antidepressant properties 18-17.24 Additionally, the FST has been shown to
share some of the factors that are influenced or altered by depression in humans, such as changes in food consumption, sleep abnormalities
and drug-withdrawal-induced anhedonia 181724 This is also the reason why this test is sometimes used to evaluate depressive-like behavior in
mutant mice, with increase or decrease in basal immobility (compared to ‘wild-type’ mice) 526

Protocol

NOTE: All experimental protocols were approved by the International Committee for Animal Care and Use in Israel. All efforts were made to
minimize the number of animals used and their suffering.
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1. Preparation for the Forced Swim Test

Use two adjacent rooms. Use one room as a “waiting room” for holding the animals prior to behavioral testing, and the other for carrying out
the procedure.

Prepare transparent cylindrical glass containers (the only restriction for the number of containers is the space available) measuring 50 cm in
height and a diameter of 20 cm.

NOTE: It is possible to run several animals simultaneously in the same room. If so, separate the containers from one another using a dark
screen so that the animals will not see each other during the procedure.

Prepare video camera(s) in front of the containers so that every camera perceives one or more containers in a way that will allow the clear
observation of the animals’ behavior later on while viewing the footage.

Prepare clean drying cages, heat lamps and heat pads for the animals that have finished the procedure to avoid hypothermia. Make sure the
bottom of the cage has blotting paper and change it when it gets wet. Do not place the cages in the testing room.

NOTE: Make sure not to mix animals from different home cages while they are staying in the transient drying cages.

2. Animal Handling Prior to Testing

N =

3.

House animals in a room with a 12 hr light/dark cycle.

During the days of the experimental procedure give the animals free access to food and water, except for the specific time spent in the
procedure room.

When using rats, handle the animals for about 2 min daily, 5 days prior to the beginning of the experimental procedure.

3. Training Procedure

The procedure is carried out differently for rats and mice.

NOTE: For both mice and rats, watch the animals while they are in the water at all times. In case an animal appears in serious distress (e.g. very
tired, cannot stay up float) remove the animal from the water and exclude it from the experiment.

1.

For mice — There is one session 6 min long, divided into pretest (the first 2 min) and test (the last 4 min).

1. In order for the mice to get acclimated to the testing environment, transport the animals in their home cages at least 30 min prior to
behavioral testing to the waiting room.

2. Fill the cylinders with tap water at 25 °C and adjust the water depth according to the mouse’ size, so that it cannot touch the bottom of
the container with its hind legs.

3. Mark the cylinder with the animal number for the purpose of the identification of the animal later on while viewing the footage.

4. Turn on the video cameral/s and then place each mouse in the water filled cylinder container for 6 min.

5. After 6 min have elapsed, turn the camera/s off, remove the mouse from the container and place it in the transient drying cage with the
heat lamp above it and the heat pad under it. The mice should be closely and continuously monitored while recovering in this cage. For
this purpose it is possible to place a thermometer at the level of the mice to make sure the temperature in the cage does not exceed
37 °C. Also, place the cage such that not all of it falls under the lamp or over the pad; this allows the mouse to move to a cooler area if
desired.

6. Change the water after every session to avoid any influence on the next mouse.

2. Forrats — There are 2 sessions, 24 hr apart. The first session is the pre-test stage (15 min) and the second session is the test stage (5 min).

1. In order for the rats to get acclimated to the testing environment, transport the animals in their home cages at least 30 min prior to
behavioral testing to the waiting room.

2. Fill the cylinders with tap water at 23 + 1 °C and adjust the water depth according to the rat’s size, so that it cannot touch the bottom of

the container with its hind legs.

Mark the cylinder with the animal number for the purpose of the identification of the animal later on while viewing the footage.

Place each rat in the water filled cylinder container for 15 min.

After 15 min have elapsed remove the rat from the container and place it in the transient drying cage with the heat lamp above it and

the heat pad under it. The rat should be closely and continuously monitored while recovering in this cage. For this purpose it is possible

to place a thermometer at the level of the rat to make sure the temperature in the cage does not exceed 37 °C. Also, place the cage
such that not all of it falls under the lamp or over the pad; this allows the rat to move to a cooler area if desired.

6. Change the water after every session to avoid any influence on the next rat.

NOTE: This is the end of the pretest stage.

7. Twenty-four hours later, in order for the rats to get acclimated to the testing environment, transport the animals in their home cages at
least 30 min prior to behavioral testing to the waiting room.

8. Fill the cylinders with tap water at 23 + 1 °C and adjust the water depth according to the rat’s size, so that it cannot touch the bottom of
the container with its hind legs.

9. Mark the cylinder with the animal number for the purpose of the identification of the animal later on while viewing the footage.

10. Turn on the video cameral/s and then place the rat in the water filled cylinder container for 5 min. Make sure that each rat is tested in
the same container and position in the room as the previous day.

11. After 5 min have elapsed turn the camera/s off, remove the rat from the container and place it in the transient drying cage with the heat
lamp above it and the heat pad under it. The rat should be closely and continuously monitored while recovering in this cage. For this
purpose it is possible to place a thermometer at the level of the rat to make sure the temperature in the cage does not exceed 37 °C.
Also, place the cage such that not all of it falls under the lamp or over the pad; this allows the rat to move to a cooler area if desired.

12. Change the water after every session to avoid any influence on the next rat.

ok
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NOTE: This is the end of the test stage.

4. The Behavioral Coding

For mice, code the last 4 min defined as the test stage. For rats, code the 5 min of the test stage.

1. Code the duration of time spent as “Immobile” if the mouse is floating with the absence of any movement except for those necessary for
keeping the nose above water.

2. Code the duration of time spent as “Struggling/climbing” if quick movements of the forelimbs are observed such that the front paws break the
surface of the water.

3. Code the duration of time spent as “Swimming” if movement of forelimbs or hind limbs in a paddling fashion is observed.
NOTE: It is possible to use an alternative way to code these behaviors, this includes a time-sampling method. Rate the swimming, struggling
or immobility as the frequency of episodes at 5 sec intervals throughout the test session.

Representative Results

The following results are based on unpublished data from our lab. In this experiment, adult ICR female mice were tested after 3 weeks of
treatment with the selective serotonin reuptake Inhibitor (SSRI) escitalopram or novel herbal anti-depressive and anti-anxiety treatment (NHT)
(for additional information regarding the herbal treatment, see 12'27'28). One-way ANOVA revealed that the treatment reduced depressive-like
behavior in the FST [F(2,58) = 4.88, p <0.05]. One-sided Dunnet analysis revealed that treatment with either escitalopram or the NHT reduced
depressive-like behavior in the FST (see Fig. 1A for post hoc comparisons). The treatment also increased struggling behavior in the FST
[F(2,58) = 4.36, p <0.05]. One-sided Dunnet analysis revealed that treatment with escitalopram increased struggling behavior in the FST (see
Figure 1B for post hoc comparisons). The treatment had no effect on swimming behavior [F(2,58) = 2.89, p >0.05, Figure 1C].

wk

160 [
140 I
120
100 L ;

Saline Herbal Escitalopram
Treatment

re 1A: Representative results of the effects of the NHT and escitalopram treatment (3 weeks) on immobility time in the FST (N: NHT
, escitalopram = 19, control = 21). *p <0.05, **p <0.005.
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Figure 1B: Representative results of the effects of the NHT and escitalopram treatment (3 weeks) on struggling time in the FST (N: NHT
=19, escitalopram = 19, control = 21). *p <0.05, **p <0.005.
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re 1C: Representative results of the effects of the NHT and escitalopram treatment (3 weeks) on swimming time in the FST (N: NHT
, escitalopram = 19, control = 21).
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The FST is used to monitor depressive-like behavior and is based on the assumption that immobility reflects a measure of behavioral despair

%, The main advantages of this procedure lie in its relatively easy operation and fast results. Moreover, its sensitivity to a broad range of
antidepressant drugs that makes it a suitable screening test is one of the most important features leading to its high predictive validity 2
Importantly, this test can also differentiate between drugs that are not aimed for the treatment of depression such as benzodiazepines, WhICh
have been shown to possess anti-anxiety effects 330 Another example of the value of the FST in the study of depression, which also contributes
to its face validity, is the fact that models of predisposition to depression were found to influence the immobility behavior. For example, its use as
a marker of depressive-like behawor in genetic research. Genetic animal models of depression have been successfully breeding rodents on the
basis of their immobility in the FST suggestlng that immobility is determined by a heritable trait, although some strains have shown innately
high immobility in the FST* Addltlonally, it is important to mention that genetic models that are not based on the performance in the FST
were also found to be successful in providing valid models for studying depressive-like behavior %36 1 addition to the genetic research, the
immobility behavior in the FST has been shown to be influenced in several anlmal models that are linked with predisposition to depression, such
as early exposure to stress ¥, clinical diabetes ***° and acute drug withdrawal*’
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Despite its appeal, reservations regarding its construct validity that cast doubt on it being a model for depression have also been raised. For
example, the issue of chronic augmentation is problematic in this test because in real life patients need to be treated for at least several weeks
before they experience any relief from their symptoms 4244 That raises the question of whether immobility in the FST and depression share

the same long-term adaptive changes in neuronal circuitry that underlie the effects of antidepressants in humans. With that said, it is important
to mention that several recent studies have shown effects of antidepressants in this test following chronic treatment at much lower doses than
those needed to induce effects after acute augmentation 2445 Another much-discussed issue is the precise meaning of the immobility behavior
as a measure that reflects the symptoms of depression 825 tis important to note that the immobility in these tests seems to be the result of an
inability or reluctance to maintain effort rather than a generalized hypoactivity. This is of special importance due to the fact that patients suffering
from depression show psychomotor impairments, particularly in those tests requiring the duration of effort 8 The active behaviors in this model
(i.e. struggling and swimming) could potentially lead to escape and as a result decrease stress, whereas the passive behavior (i.e. immobility)
may preserve energy while waiting for a possible escape. The animal’s choice of behavior varies and depends on numerous factors (e.g. pre-
exposure, energy status, treatment, efc.). SSRIs have shown to postpone the transition from active to passive coping strategies, whereas factors
that were found associated with depression accelerate this transition '8 Moreover, few questions have been raised regarding immobility as a
learned process, meaning that the animal might learn that the best solution would be to be passive and wait to be removed from the water, what
has been described as learned immobility 4739, However, one might claim that this view leads to an anthropomorphic perspective of this model.
In addition, negative correlation between longer immobility duration and stress hormones was not found 8031 Furthermore, SSRIs were found to
reduce immobility in a single test session following chronic administration in rats %2 or even following acute administration in mice ® suggesting
that where SSRIs are concerned learned immobility does not seem to play a role.

Another important notion is the role of the active behaviors during the FST. Although immobility is the behavior that is usually presented

in articles, the other two measures have also been shown to be significant. Specifically, antidepressants that increase serotonergic
neurotransmission led to Ionger swimming durations whereas those that were found to increase catacholaminergic neurotransmission led to
longer struggling durations S This may help us to differentiate the neurochemical mechanisms underlying this behavior in different experiments.
This was observed mainly in rats 5356 and may be the cause that in our results exposure to the SSRI escitalopram resulted in the increase of the
struggling but not the swimming behavior.

In addition, due to the fact that some antidepressants are known for reducing locomotor activity '8 and also that drugs such as psychomotor
stimulants were found to reduce immobility in the FST ™ 031 bhut are not effective for treating depression, it is recommended to preform
locomotor activity tests in addition to the FST to rule out that the basal activity level is not the determining factor in this model. Moreover, due the
aversiveness of the FST, it is important to take into account possible influences it might have on brain structure/function if brain analyses are to
be carried out following this procedure. Also when preforming a number of behavioral tests, if the other paradigms are not considered stressful, it
is recommended that the FST will be the last assay that is carried out.

Last, although in the past the scoring in this procedure was submitted to the possibility of bias by the experimenter, it is becoming more and more
common to use designated software that eliminates this disadvantage 125758
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