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Review Article

Abstract

Context: The forced swim test (FST) is employed to examine depression and depressive-like behaviors in rodents, such as mice
and rats. In this test, increased periods of immobility and decreased swimming by the animal indicate heightened despair and
depression-like behaviors.

Evidence Acquisition: This review discusses the impacts of the animals' race, gender, age, and weight and environmental
factors like light, noise, and smell on the FST.

Results: Our review reveals that racial differences in rats and mice can influence their behavior. Differences in the nervous
system structure and sex hormones related to gender are also significant. Additionally, animals that are very young or old, and
those that are either very overweight or underweight, are unsuitable for the FST. Environmental factors such as light, noise, and
smell were identified as confounding factors that could influence the outcomes and compromise the study's reliability.
Conclusions: It is essential to consider these factors and enhance the conditions and environment to carry out a standardized
test. Furthermore, by acquiring more detailed information about these factors and minimizing or eliminating their effects,

studies can yield more reliable results.
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1. Context

Depression, or major depressive disorder, is linked to
mental, physical, and behavioral disturbances (1).
Symptoms in patients with depression vary widely and
include cognitive and memory impairments,
anhedonia, reduced energy, weight loss, a depressed
mood, and feelings of hopelessness (2). Similarly,
animals exhibit depression-like behaviors, such as
despair (3, 4), making animal models valuable for
research in this area. The forced swim test (FST), also
known as the behavioral despair test, is utilized to assess
depressive-like behaviors and the efficacy of
antidepressants in mice, rats, and other rodents (3, 5).
This test is favored for its low cost, reliability, sensitivity,
and specificity to antidepressants. During the FST,
researchers place the animal in a transparent tank filled
with water and observe its attempts to escape or avoid
drowning (6, 7). After being submerged, the animal will

vigorously attempt to escape before eventually ceasing
to move, remaining stationary except for the
movements necessary to keep its nose above water. This
immobility reflects a loss of hope in escaping the
stressful situation. Key variables measured in the test
include immobility, swimming, climbing, and diving
(7). These variables can be affected by various factors
that may skew the results. Therefore, this study aims to
explore the factors influencing animal behavior in the
EST, providing researchers with insights to achieve more
dependable outcomes by understanding and adjusting
these factors.

2. Evidence Acquisition

2.1. Factors Affecting FST

2.11. Race
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Behavioral variations are observed across a broad
spectrum of taxa. Furthermore, distinct behaviors have
been identified in different strains of rats, likely
attributable to structural and functional brain
differences (8, 9). Accordingly, behavior in the FST can
vary significantly depending on the animal's strain. For
instance, mice of various strains, without interventions
or treatments, have exhibited significant differences in
immobility times (3).

The Flinders sensitive line (FSL) and Wistar Kyoto
(WKY) strains have demonstrated more depressive-like
behaviors in the FST (10). However, WKY rats showed a
limited response to fluoxetine, a serotonergic
antidepressant, and an unusual increase in swimming
and climbing behaviors following treatment with
desipramine, a noradrenergic antidepressant (11). The
Long-Evans strain, commonly used to assess depressive-
like behaviors, exhibited more significant immobility in
the FST under chronic stress conditions compared to
Sprague-Dawley, Wistar, and Fisher 344 rats (12). Some
studies have suggested that strain differences indirectly
affect behavioral outcomes through their impact on
body weight (13). While the exact reasons behind these
behavioral variations remain unclear, it is evident that
strain differences in both rats and mice can influence
animal behavior and the outcomes of related tests (3).
Therefore, selecting the most appropriate animal strain
based on the study's specific goals and objectives is
crucial.

2.1.2. Gender

Behavioral variations between male and female
animals have been noted, stemming from differences in
the nervous system's structure, physiology, and brain
chemistry (14). Research has indicated that gender
impacts behavioral assessments in several ways,
including variations in serotonergic activity across
different brain regions and the influence of distinct sex
hormones (15). Such differences are also evident in the
FST (3). Female rats exhibited more swimming behavior
than males during the pre-test but demonstrated
increased floating time during the primary test.
Conversely, male rats displayed more climbing behavior
in pre-test and main-test sessions (15). In female rats, the
induction of chronic stress through isolation and
restraint during adolescence reduced active behaviors
in the FST, whereas it had no impact on male rats (16).
However, results vary, with some studies finding no
gender differences in behaviors among Brown-Norway,
Fisher 344, Lewis, WKY, and spontaneously hypertensive
strains (17, 18). Gender-related differences in response to
drug interventions in the FST have also been reported.

One study found that the antidepressant effect of
desipramine was significantly more significant in male
rats than female rats (19). Chronic treatment with
clomipramine, another tricyclic antidepressant, proved
effective in male rats exhibiting novelty-seeking
behaviors but did not affect females under similar
conditions (20). Female rats on a creatine-enriched diet
showed increased activity in the FST, whereas male rats
did not exhibit any changes (21). Therefore, it is
recommended to consider the gender of animals when
studying the effects of various drugs and, if possible, to
include both sexes in the research (3).

2.13.Age

Animals of varying ages exhibit distinct behaviors,
likely due to the development of the brain and
alterations in neuronal communication (22). Age,
alongside weight, is a crucial factor to take into account.
Young and old animals have demonstrated varied
responses in the FST. Rats first displayed floating
behavior at 21 days old, with this ability stabilizing as
they aged, particularly by 26 days. Sprague-Dawley male
rats aged 18 to 20 months showed reduced mobility in
the FST compared to younger rats aged 3 to 4 months (3).
In another study, adult male rats (90 days old) exhibited
greater immobility and less activity than juvenile rats
(35 - 37 days old) during the pre-test; similarly, in the
main test, both immobility and climbing behaviors
increased in the FST (23). It appears that sensitivity to
certain antidepressants varies with age. For instance,
chronic administration of paroxetine, a selective
serotonin reuptake inhibitor, induced a typical
antidepressant effect in adult rats in the FST but was
ineffective in adolescent rats (24). The efficacy of
tricyclic antidepressants, as well as epinephrine and
serotonin reuptake inhibitors, in improving depressive-
like behaviors was more pronounced in rats aged 4
weeks compared to those aged 40 weeks (25). Social
isolation and treatment with reserpine reduced
immobility in Swiss Webster rats aged 17 - 21 days but
had no impact on rats aged 26 - 30 in the FST (26).
Therefore, the selection of animals for the test should
avoid very young or ancient subjects, emphasizing the
importance of considering the rats' age, particularly in
long-term studies.

2.1.4. Weight

Various behavioral studies have employed animals of
different weights. Some research utilized rats within the
weight range of 150 to 175 g or 160 to 180 g (27), whereas
certain guidelines recommend a weight range of 275 -
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450 g (28). As such, diverse weight ranges have been
suggested for conducting behavioral tests. Notably, the
body weight of rats can significantly influence their
behavior in the FST. One primary reason weight impacts
behavioral assessments is its association with age, with
weight and age typically considered in conjunction (3).
Employing appropriate statistical analysis is a
recommended strategy to mitigate the influence of this
confounding factor (29).

2.1.5. Analysis Process

The FST should be administered by researchers who
must be made aware of the specifics of the research
process. Additionally, the camera placement used for
observing and recording animal behavior during the
experiments should be disclosed, whether positioned
above or to the side. Automated analysis is preferred
over manual analysis to minimize researcher bias and
enhance efficiency (3). Video recordings are generally
processed by software; however, if software analysis is
not feasible, manual analysis should be conducted by
researchers unaware of the experiment's details.

2.1.6. Light

Standard lighting conditions during the FST have
been shown to induce agitation and hyperactivity in
rats under chronic stress (30). Circadian rhythms also
play a role in influencing FST outcomes (31). For
instance, varying the light exposure from 10 - 14 hours
increased swimming duration in Wistar rats (32).
Moreover, subjecting animals to 14 hours of light and 10
hours of darkness, as opposed to 6 hours of light and 19
hours of darkness, produced an antidepressant effect in
male rats (33). Thus, chronic exposure to light without a
dark phase, as well as low light exposure during the
dark phase, can elevate depressive-like behaviors in the
FST (34, 35). Consequently, the lighting conditions
within the animal housing facility are crucial for
obtaining accurate FST results.

2.1.7. Atmospheric Pressure

Atmospheric pressure can impact behavioral tests. A
study demonstrated that reducing air pressure (20
hectopascals below normal atmospheric pressure) led
to increased immobility times in rats.

2.1.8. Noise

Findings indicated that exposing male rats to noise
for one hour did not affect their performance in the FST,
neither immediately nor 24 hours later (3, 36). However,
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other research has found that noise at 2 000 Hz[120 dB
increased the duration of immobility in the FST for
female rats, a response not observed in male rats (37).
Additionally, exposure to high-volume noise ultimately
resulted in heightened anxiety-like behaviors in rats
during behavioral assessments (38). Despite these varied
outcomes, the influence of noise on behavioral tests
must be considered. As such, the laboratory
environment should be kept completely silent with
minimal external movement. The testing room's door
should remain closed, and warning signs to ensure
quietness outside the testing area is advisable to reduce
the risk of errors. If creating a silent environment
during the FST is unfeasible, ambient noise might
distract the animals. A white noise generator set to a
volume at least 10 dB above the ambient noise level,
measured before the animals enter the room, can help
mitigate this issue (39).

2.1.9. Smell

Odor is another crucial factor influencing behavioral
tests. Rats tested in a water tank previously used by
other rats exhibited more immobility than those in a
tank with fresh water (40, 41). This behavior is believed
not to be due to contamination from feces or urine but
rather exposure to stress-inducing factors such as
pheromones released by rats during the FST (42).
Nonetheless, contamination from feces or urine cannot
be disregarded, as another study indicated that
exposure to urine from a prior rat increased immobility
(43). To prevent mice from coming into contact with
urine, feces, or other contaminants, it is recommended
to use clean and fresh water for each animal (3).

2.1.10. Time

Some studies suggest that time may also influence
the outcomes of the FST, with immobility being shorter
between 12:00-2:00 PM compared to 24:00 PM-2:00 AM
(44). Given the impact of the experiment's timing on
animal behavior, conducting all experiments under
consistent timing and conditions is advisable (39).
Additionally, the influence of different seasons on this
test has been examined. The research found that female
rats exhibited greater immobility in February and May
(mid-autumn and spring) compared to August and
November (mid-summer and fall), highlighting
seasonal effects on the test (45).

2.1.11. Pharmaceutical and Chemical Factors

Various drugs and chemicals have been shown to
affect the levels of immobility and activity in animals
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during the FST. For instance, a dose of 35 mg of ketamine
decreased immobility in the test (17). Ketamine's
antidepressant effects in the FST are believed to stem
from its impact on N-methyl-D-aspartate (NMDA)
glutamate receptors, an increase in brain-derived
neurotrophic factor, or activation of the mammalian
target of rapamycin in the prefrontal cortex (46).
Conversely, a 10 mg dose of citalopram did not decrease
immobility in the FST, possibly due to the single dosage
or the low drug dose (17). Amphetamine and caffeine
also reduced immobility in the FST (47) and
administering reboxetine for 14 days significantly
decreased immobility and increased climbing behavior
in rats (6). Furthermore, intraperitoneal injections of 30
mg/kg desipramine and 10 - 30 mg/kg imipramine also
reduced immobility (48). Thus, it is important to
consider the drugs used during experiments, especially
when employing various substances.

2.112. Test Room

The testing room must be completely quiet and well-
lit (3). It is advisable to leave animals out of the housing
facility and go to the test room. Instead, placing them in
a separate calm and quiet room (a waiting room) for a
few minutes is preferred (28, 39). During the
transportation of animals to the waiting and test rooms,
all potential stress and anxiety-inducing factors should
be eliminated or significantly reduced. If the FST is
conducted with a group of animals, they should be
brought into the test room individually. The subsequent
animal should only enter after the previous one has
completed the test and left the room, as the noise and
scent left by preceding animals could introduce errors
into the testing process (39). Therefore, allowing a break
between tests for each animal is beneficial, and
ensuring the test room is equipped with an effective
ventilation system is beneficial. Additionally, animals
should not be housed in the same room after
undergoing behavioral tests. Furthermore, to ensure
uniformity in the testing conditions, environmental
factors such as temperature, lighting, and ventilation in
the test room must be consistent for all animals (28, 39).

2.1.13. Water Tank

A cylindrical tank of glass or Plexiglas is needed to
conduct the FST. However, a Plexiglas tank is preferred
due to its higher resistance to the animal's frequent
movements inside the tank. It is also advisable to mark
the water level with a marker or similar tool to ensure
consistency  across  tests  without repeated
measurements, maintaining the same water height for

all animals (39). The tank's diameter and the water's
depth are critical factors that influence rat behavior.
Various protocols have recommended the water height
and tank diameter to be 30 - 60 cm and 20 - 30 cm,
respectively (3, 6, 7, 46). The water depth must be
adjusted according to the animal's size to prevent the
rat or mouse from touching the bottom of the tank with
its tail or legs or from escaping the tank. In the FST,
researchers should meticulously manage details and
minimize animal stress to achieve optimal results. If
multiple tanks are placed in proximity, dividers should
be used to prevent the animals from seeing each other.
Additionally, these separators should not reflect light to
avoid compromising the quality of recorded footage
(39). Contrary to previous practices, cleaning the tank
with detergents after each test is not recommended, as
this may introduce more variability in the results (3).

2.1.14. Water Temperature

Various studies have reported that the ideal
temperature for tank water ranges from 22 - 26°C, with
an average optimal temperature of 25°C (39, 46, 49). At
this temperature, immobility in mice decreases, while at
35°C, it increases. Conversely, rats exhibit increased
activity in cooler water temperatures and become more
inactive as the temperature rises. However, rats show
greater immobility at 19°C compared to the 25 - 30°C
range (3). It is crucial to ensure that water at the
appropriate  temperature is available before
commencing the test. If not, the necessary equipment,
such as ice, cold water, or hot water, should be prepared
to adjust the tank to the desired temperature. A simple
mercury thermometer can be used to measure the water
temperature (39). When using both hot and cold water
to adjust temperature, it's essential to first equalize the
tank's temperature by stirring, then place the
thermometer in the center of the tank at a depth of 25
cm (7). However, a water-resistant infrared thermometer
is preferred for its ability to quickly measure
temperature, thereby reducing the time needed to
conduct the test (39).

2.1.15. The Video Recording Device

The video recording device (camera) should be
positioned above or to the side of the FST area, and the
recording methodology must be detailed in reports (3).
To enhance video quality, positioning the camera closer
to the tank is advisable. If room light reflection is
intense, using a polarized lens filter is necessary. Real-
time scoring of rats without a video camera is
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discouraged due to the high difficulty, time
consumption, and increased likelihood of errors (39).

2.1.16. Paper Towels and Heating Device

Before returning the animals to their cages, it is
crucial to gently dry them with paper towels. While
using a heating device or lamp can be beneficial, care
must be taken to ensure the temperature does not
exceed 32°C (39). Consequently, a heating device or lamp
should be available in the test room, and animals should
be placed near it immediately after the test. Research
indicates that 30 minutes is an appropriate duration for
warming the animals, although the temperature should
be adjusted according to the animal's size (17). It is
advisable to position the heating device in a separate
room. Warming the animals right after the test helps to
prevent additional physical stress due to cold.

3. Conclusions

Numerous factors can serve as confounding variables
and influence the animals' responses during behavioral
tests like the FST. Factors such as age, gender, strain,
weight, and stress levels of the animals are crucial
considerations, along with environmental factors like
noise, light, odor, as well as water and ambient
temperatures, which must be carefully managed in
study designs. When a factor cannot be eliminated, it is
imperative to ensure consistent conditions across all
animals to prevent data distortion. Therefore, attention
to these factors is essential, as well as utilizing animals
in optimized conditions and an appropriate
environment for conducting standardized tests.
Furthermore, by gathering comprehensive information
about these factors and minimizing or eliminating their
effects, studies can yield more reliable outcomes.
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