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a b s t r a c t

The forced swim test in rodents has been widely used to evaluate potential effectiveness of antidepres-
sant medications since it was described in 1977 by Porsolt. In this test, a rodent is placed in a water
container, and its immobility time is measured. The immobility time indicates the level of inactivity,
interpreted as ‘hopelessness’, and has been shown to decrease when the rodent is treated with antide-
pressant medications. The simple measure of immobility time does not take into account intermediate
behaviors during testing (ranging from total immobility to extensive ‘struggling’ behavior) and does not
show normal Gaussian distribution in tested groups of rats.

We have previously developed a software allowing an observer to assign scores to the full range of
intermediate behaviors by continuously reporting the motion of the limbs using a joystick. Based on the
nimal model
omputer vision and automatic tools

joystick score, we have now developed an automatic tool that uses computer vision algorithm (CVA) to
analyze specifically the motion of the limbs and generate an objective, reproducible and automated score.

In the current study we have analyzed data obtained during the swim test using the traditional immo-
bility time, the joystick analysis and the new CVA method to test the distribution of scores in a group of 20
rats. In addition, we tested the effects of various medications using these different scoring methods. The

idate
repro
CVA method has been val
CVA method is objective,

. Introduction

For several decades, research communities and pharmaceutical
ndustries have used the forced swim test to evaluate potential new
ntidepressant medications (Borsini et al., 1991; Dhir and Kulkarni,
008; Porsolt et al., 1977a; Wong et al., 2000). The paradigm con-
ists of a pretest session, in which a rat is placed into a cylinder
lled with water for 15 min and a test session 24 h later, in which
he rat is placed again in the same tank for 5 min. The test is
ased on the observation that rats, following initial escape-oriented
ovements, develop an immobile floating posture in the water

ylinder. When they are placed again in the testing apparatus 24 h
ater, they resume this posture quickly. This posture was inter-
reted by Porsolt et al. (1977b) as reflective of the animal’s state
f despair, elicited by its perception of the hopelessness of the sit-
ation learned during the first session. The total amount of time in
hich the animal demonstrates this behavior is therefore measured
nd termed ‘immobility time’.
Acute administration of candidate compounds between the

wo exposures to the swimming tank may reduce or prevent
he development of such immobility (Porsolt et al., 1978). Tri-

∗ Corresponding author. Tel.: +972 8 934 4415; fax: +972 8 934 4131.
E-mail address: a.zangen@weizmann.ac.il (A. Zangen).

165-0270/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jneumeth.2009.03.003
d and positively correlated with the joystick score. Data obtained using the
ducible, and significantly reduces the time required for human analysis.

© 2009 Elsevier B.V. All rights reserved.

cyclic antidepressants, monoamine oxidase inhibitors, and atypical
antidepressants such as mianserine and iprindole, are all effective
in this paradigm (Borsini and Meli, 1988). However, there are sev-
eral shortcomings with the traditional type of measurement and
several compounds have been identified as generating false posi-
tive (Borsini and Meli, 1988; Delini-Stula et al., 1988; Panconi et al.,
1993) or negative (Lucki, 1997) results. In his original paper, Por-
solt described the immobility posture of the rat “only [as] those
movements necessary to keep its head above the water” (Porsolt et
al., 1977b). The amount of time that the animal spends immobile
can indicate, according to Porsolt, a state of despair in which the
rat has learned that escape is impossible. In order to remain afloat,
the animal makes certain, slight swimming movements that are
less relevant to its escape behavior, than active swimming using its
limbs. The observer in the traditional Porsolt test does not account
at all for the time the animal spends during the active behavior. In
order to monitor and measure other behaviors during the swim test
(including ‘intermediate’ behaviors that cannot be defined as clear
struggling or clear immobility), a more flexible measure is needed.

Some efforts to overcome these limitations and to enhance the
sensitivity of the traditional Porsolt paradigm have been previously

reported. Some methods try to give a broader definition to the
active part of the behavior. For example, Detke and Lucki (1996) and
Cryan et al. (2005) measured different types of behaviors, divided
into swimming, climbing and immobility. They define the behav-
ior for each interval of 5 s during the swim test, as one of the

http://www.sciencedirect.com/science/journal/01650270
http://www.elsevier.com/locate/jneumeth
mailto:a.zangen@weizmann.ac.il
dx.doi.org/10.1016/j.jneumeth.2009.03.003
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bove-mentioned three behaviors according to which was more
rominent in the 5 s period. This method was shown to allow detec-
ion of antidepressant effects of medications that were not effective
n the traditional scoring method.

Other methods attempted to make the measurement more phys-
cal and objective. Shimazoe et al. (1987) used tremor sensors
urrounding the cylinder to record water vibrations while rats were
wimming in it. De Pablo et al. (1989) measured the variation in
he frequency of the natural electromagnetic field of water induced
y movements of rats. Hedou et al. (2001) measured the distance
hat the animal moved using a special tracking system and software
Ethovision by Noldus). The advantage of such automated methods
s that they are not biased by subjective or inexperienced observers.
owever, the first two methods can measure only a defined area
f the water tank, and the third method measures only the total
ctivity or distance that the animal moved. There are situations in
hich the animal makes vigorous movements with its paws within

ne area of the swimming tank for long periods without significant
hanges in the position of the entire body, or with relatively small
ffects on water vibrations in other parts of the tank. Such periods
re not evaluated properly using the above-mentioned approaches.
n addition, all of these methods require complex, expensive, and
edicated equipment.

In our recent study (Gersner et al., 2005), we proposed the
oystick analysis, which allows measurements of the full range of
he intermediate behaviors (from total immobility to an exten-
ive struggling behavior), and was validated against the traditional
orsolt paradigm. The ability to generate any number between 0
nd 100 creates a continuous score rather than a binary score of
he activity and avoids labeling the behavior into three types as
n the method suggested by Detke and Lucki (1996). Unlike the
mmobility time measures, which did not show a normal Gaussian
istribution in tested groups of rats, the joystick score generated
normal Gaussian distribution, which is of a statistical value.

lthough the joystick score is valid, dependable and has been suc-
essfully used in recent works (Lewitus et al., 2008; Toth et al.,
008), it has disadvantages: it is time-consuming, and like all other
easures that are not automated, it involves subjective decisions

f the raters and therefore might be less reproducible and less
ccurate.

To overcome these problems and still measure accurately spe-
ific activity of the limbs only (and not the whole body due to the
aveats mentioned above), we have established a novel automated
ethod, which is based on the sensitive joystick score of limbs’

ctivity. Due to its length, measurement of the tail movements
ould be the dominant factor of activity and limbs movements
ould become negligible in the final score. Moreover, tail move-
ents is mostly required for animal’s balance and the aim of our
easurements is to monitor activity that is interpreted as ani-
al’s attempt and ‘motivation’ to struggle and escape from an

npleasant situation. We have therefore considered the tail move-
ents largely as unspecific behavior. Considering these goals, we

ooperated with ProTrack, a vision technology company, to cre-
te an automated measure based on a computer vision algorithm.
iven a video file shot from below the water tank we developed
software based on the following specifications: (1) score high

requency movements of the front and hind limbs; (2) disregard
hole-body turns and movements of the tail; (3) analyze videos

aped from a position below the water tank; (4) ignore noise factors
aused by water movement, differences in illumination and animal
eces in the water tank, so that these would not contribute to the

nal score.

Methods from computer vision using proprietary algorithms of
rotrack Ltd. were used to score the animal movement, thus achiev-
ng an objective and reproducible score that required only the video
le to be analyzed.
nce Methods 180 (2009) 82–86 83

2. Materials and methods

2.1. Animals

Male Sprague–Dawley (SPD) rats (300–310 g, 10 weeks old) were
supplied by the Animal Breeding Center of the Weizmann Insti-
tute of Science. They were maintained under a 12 h/12 h light dark
cycle (lights on at 8 a.m.). Food and water were supplied ad libi-
tum. Animals were housed in groups of three in Perspex cages
(18 cm × 26 cm × 40 cm). Testing was performed between 11 a.m.
and 2 p.m. All animal experiments were conducted according to
the Institutional Care and Use Committee, in complete accordance
with NIH guidelines for care and use of laboratory animals.

2.2. Forced swim test procedure

The water tank was similar to that described by Detke and Lucki
(1996). The cylinder tank (49 cm high and 19 cm in diameter, con-
structed at the Weizmann Institute of Science) contained water at
a temperature of 27 ◦C (2 ◦C above room temperature). The water
depth was about 30 cm and was individually calculated according
to the animal’s weight so that only the animal’s tail reached the
bottom of the tank.

In the first experiment for evaluation the distribution of activity
or immobility during the swim test, 20 rats experienced a single,
10 min exposure to the water tank.

In the second experiment for evaluation of medication activity,
an additional group of 24 rats were exposed to the water tank for
15 and 5 min on two consecutive days as described in the Porsolt
paradigm. After each exposure, rats were dried and returned to their
home cages. Medications were prepared and administered during
the period between the two sessions.

Desipramine, promethazine and fluoxetine were administered
i.p. in doses of 15, 10 and 20 mg/kg, respectively. Desipramine was
chosen as a tricyclic antidepressant drug whose action is known
to be detected in the Porsolt paradigm by simple measurement of
immobility time. Fluoxetine was chosen as a representative of the
SSRI family which was previously shown to be a false negative in
the traditional Porsolt paradigm (Lucki, 1997). Promethazine was
chosen as a stimulant drug which was shown to be a false positive
in the Porsolt paradigm (Delini-Stula et al., 1988).

Desipramine and fluoxetine were given 23, 5 and 1 h before the
test. Promethazine was given 1 h before the test (Nomura et al.,
1982) and animals in this group received saline injections 23 and
5 h before the test. Three saline injections were administered to the
control group. Each treatment group included six male SPD rats.

2.3. Scoring the behavior

Animals were observed and videotaped using a stable cam-
era placed underneath the transparent swimming tank. The video
conditions (mainly light, zoom and water transparency) were con-
trolled. The room was dark and two lamps providing deem light
were placed at opposite sides of the water tank, to illuminate the
animal.

The camera and zoom were consistently positioned to include as
much of the animal movement and as little of the cylinder tank walls
(that might produce reflections) as possible. Therefore, we centered
the camera below the cylinder so that the view width included the
full diameter of the cylinder base.
Three types of scoring were applied in each session.

2.3.1. Traditional Porsolt scoring
The immobility time was counted using a timer and shown

in seconds, as in the traditional Porsolt test. Measurements were
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indicated a significant main effect of treatment (F(3, 20) = 11.35,
p < 0.0001). Post hoc analysis revealed that the desipramine and
the promethazine treatment groups had significantly less immo-
bility time than that of the saline group (p = 0.001, p = 0.0001,
4 R. Gersner et al. / Journal of Neu

alidated by an additional (blinded) observer who measured immo-
ility time using the video recording of each test.

Immobility was defined as “floating motionless or making only
hose movements necessary to keep its head above the water”
Porsolt et al., 1978).

.3.2. Joystick scoring
The joystick scoring method has been described before (Gersner

t al., 2005). Briefly, taped films were transferred to a personal
omputer using Windows Movie Maker. The activity of animals
as scored continuously throughout the swim test by observers

blinded to the Porsolt scoring data), using a custom-designed
ode (Labview, National Instruments, Austin, TX). The joystick
made by the unit of logistics and research services of our depart-

ent) could be moved in two directions (forward and backwards).
his resulted in corresponding changes on a 0–100 visual-analog
cale.

Graphs of motion-to-time were generated according to joy-
tick movements. Motions of the front and hind limbs were scored
eparately. The guidelines for scoring were defined according to
he frequency and the amplitude (the change in the position of
he limbs in degrees) of movements (Gersner et al., 2005). The
ntermediate score was the sum of the areas under the curves
score integrated over time). The final score also took into account
he number of diving attempts. Each dive added 2500 points
o the score (a factor that adds approximately 5% to the aver-
ge score for each diving attempt). Therefore the final score
as:

core = area(front) + area(hind) + dives no. × 2500.

.3.3. Computer vision algorithm (CVA) scoring
The same taped films (30 frames per second) were analyzed

sing the novel CVA software developed with the ProTrack company.
hus, a numeric score was obtained automatically.

The video analysis process consists of a number of steps. First, a
igh-pass image filter is applied in order to reduce changes caused
y illumination variability. Second, image filters were used to ver-
fy that effects of water turbidity that contributes to movements in
he video, would not contribute to the final score. Then, the motion
nalysis is accomplished by filtering out the slow movement, which
sually originates from the whole-body motion, leaving the fast
ovements of the limbs and the tail. The slow movement filter-

ng also removes most of the movement produced by dirt and
eces, as their movement is slow as well. The movement detec-
ion is performed in predefined time windows, measuring the

otion frequency in each time window and filtering out the tail
ovement, as it is a fast-moving element that should not con-

ribute to the final score, as explained in Section 1. The score for
ach frame is the sum of the fast movements excluding the tail
rea.

The output of the program is a text file for each movie with a
core for each time interval as configured by the user, which sums
he score for the frames in the interval. The time intervals can range
rom 1 s to the full movie length. We display in our results a sin-
le interval of the test length (5 or 10 min according to the two
xperiments).

The final score we present takes into account the total CVA score
nd the number of diving attempts. Each dive adds 40,000 points

o the score (a constant factor based on CVA score range), as in the
oystick paradigm. Our tests show that the automatic score given to
struggling animal and to a diving animal is similar to the joystick

core (data not shown):

core = automatic score + dives no. × 40, 000.
nce Methods 180 (2009) 82–86

2.4. Statistical analysis

In the first experiment, we used the Shapiro–Wilk test for nor-
mal distribution (Shapiro and Wilk, 1965) that rejects a normal
distribution for p-value less than 0.05.

In the second experiment, one-way ANOVA followed by Fisher’s
least significant difference (LSD) post hoc test was applied. The
post hoc analysis of the desipramine, fluoxetine and promethazine
groups was always compared to the corresponding saline group.
p-Value of less than 0.05 was considered statistically significant.
Statistical analysis was done with a StatView 5.0 software.

3. Results

3.1. Distribution of the swimming scores using the different
analysis methods

In the first experiment we measured correlations between the
joystick score and the computer vision algorithm (CVA) score and
the distribution of results within a group of 20 rats that were placed
for 10 min in the swimming tank. All three scores: immobility time,
joystick score and the CVA score were computed for each rat in the
experiment. Because the CVA method was created to automate the
joystick score, we first tested the correlation between these two
methods. We found a significant positive correlation (p < 0.0001)
between the two scores (Fig. 1).

In accordance with our previous findings (Gersner et al., 2005),
we found that the immobility time (Fig. 2A) scoring did not show
a normal Gaussian distribution as revealed by the Shapiro–Wilk
test (p < 0.0001). In contrast, the joystick score was not significantly
different from a normal Gaussian distribution (Fig. 2B). Similarly
the CVA score resulted in a normal Gaussian distribution of the
data (Fig. 2C).

3.2. The effect of antidepressant medications on activity during
the swim test as measured by the various methods

In the second experiment we have used the traditional Por-
solt paradigm to evaluate the effect of desipramine, fluoxetine and
promethazine on the swimming behavior during a 5-min test (that
was performed 24 h after a 15-min exposure to the swimming tank).
The effect was measured by the three scoring methods: immobility
time, joystick score and CVA score (Fig. 3).

One-way ANOVA performed on the immobility times (Fig. 3A)
Fig. 1. Correlation between the joystick and the CVA scores. The joystick and the
CVA methods were applied on video recordings of the same rats (n = 20). The best
linear fit is presented.
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Fig. 2. The distribution of results based on measurements of the immobility time (A),
the joystick score (B), and the CVA score (C) in a population of 20 rats, is presented.
The line presents the best fitting normal curve, based on the average and the standard
deviation of the raw data obtained from 20 rats.
Fig. 3. Measurements of immobility time (A), joystick score (B) and CVA score (C)
in the Porsolt swim test. The acute effect of treatments with desipramine, fluoxe-
tine or promethazine are compared to saline-treated controls. *p < 0.05, **p < 0.01,
***p < 0.001.

respectively). The immobility time of the fluoxetine group was not
significantly different from that of the saline group.

One-way ANOVA performed on the joystick scores (Fig. 3B), also
revealed a significant treatment effect (F(3, 20) = 2.96, p = 0.05) and
the post hoc analysis revealed that activity in the desipramine and
the promethazine groups was significantly increased relative to the
saline group (p = 0.017, p = 0.038, respectively). However, in accor-
dance with the immobility time scores, the fluoxetine treatment
did not have a significant effect (relative to saline).

One-way ANOVA performed on the CVA scores (Fig. 3C) showed
a significant main effect of treatment (F(3, 20) = 9.79, p = 0.0004).
Post hoc analysis revealed that that activity in the desipramine and
the promethazine groups was significantly increased relative to the
saline group (p = 0.0003, p = 0.0012, respectively), while similarly
to the immobility and joystick scores, fluoxetine treatment did not
show a significant effect.

4. Discussion
Since it was first developed in 1977, the traditional forced swim
test has contributed significantly to the development of effective
antidepressant drugs (e.g. Hudson et al., 2003; Palaska et al., 2001).
However, the guidelines provided for determining immobility, and
thus for evaluating depressive-like behavior, overlook many inter-
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ediate behaviors which also deserve attention. Porsolt described
he immobility posture of the rat “only [as] those movements nec-
ssary to keep its head above the water” (Porsolt et al., 1977b).
owever, this definition fails to differentiate between animals that

truggled vigorously during their active periods, and those engaged
n small swimming movements. Moreover, the reliability of this test
s hampered to a certain extent since it generates a subjective score
ased upon binary interpretation by a rater of animal behavior. For
his reason, the new software analysis tool for the FST, an extension
f the joystick FST analysis, is suggested here as an alternative that
llows automatic (not depending on subjective interpretations of
ifferent raters) analysis of the full range of activity levels during
he swim test. Since the FST was developed, many researchers have

odified either the test itself (Detke and Lucki, 1996; Lucki, 1997),
r the way it was scored and analyzed (De Pablo et al., 1989; Hedou
t al., 2001; Shimazoe et al., 1987; Detke and Lucki, 1996) in order
o overcome the difficulties in the test described above.

The joystick FST was devised to enable detailed and continuous
coring while accounting for the range of intermediate behaviors.
lthough it is useful (e.g. Lewitus et al., 2008; Toth et al., 2008)
nd the scores provide a normal Gaussian distribution (unlike the
mmobility time scoring), the joystick FST is prone to the problems
f subjective scoring as well. Moreover, the analysis of activity of
ront and hind limbs performed by a rater in front of the computer
creen is time-consuming. To overcome these problems, the CVA
oftware was developed to automate the joystick score. This soft-
are automatically measures the various movements of an animal

hat has been videotaped during the FST. The difficulty in defining
ehavior as ‘swimming’ or ‘struggling’ as attempted in some soft-
are (e.g. Biobserve, Germany) is avoided by providing a continuous

core based on motion analysis centered on the relevant parts of the
nimal (the limbs, that are likely more relevant to expression of the
ttempt to struggle and escape from the unpleasant situation).

The method distinguishes the high frequency movement from
he lower frequency movement and allows separating the tail from
he limbs according to the object size. Theoretically the method
hould be useful for any application with a similar general idea,
ncluding measuring mice behavior in the swim test. However, since

ice are smaller, adjustments of sensitivity parameters might be
ecessary, and a setup with mice requires validation.

The new method replaces the traditional immobility score by
n active mobility score which allows rating the full range of
ctive behaviors, rather than the traditional binary (immobility or
obility) score. In the setup we use, our method did not show effec-

iveness of fluoxetine, as does the method of Detke and Lucki (1996).
owever, since the immobility score is widely used, an objective

est may be of great value, even if it is not sensitive to all antidepres-
ant drugs and despite the false positive and false negatives of the
wimming test that are known for several decades. The Detke and
ucki method groups behavior into three categories: immobility,
wimming and climbing which can be considered as intermediate
ehaviors, but can also be viewed as a way to label different types of
ehaviors and not necessarily the full range of ‘intermediate’ activ-

ties. The joystick and CVA methods, on the other hand, create a
ontinuous score ranging from totally inactive to fully active, with-
ut labeling the behavior into different types, avoiding the necessity

o determine the subjective boundaries between the behaviors and
llowing an automated objective measure.

An important goal of this study was to automate the joystick-
ased scoring system to allow faster, more reliable and reproducible
nalysis. It is important to note that the swim test is not only
nce Methods 180 (2009) 82–86

used to screen potential antidepressant drugs, but also to measure
depressive-like behavior in animal models. Therefore, an auto-
mated measure of limbs’ activity can be useful for evaluating or
developing animal models for depressive behavior.

In conclusion, the CVA software may allow researchers to con-
duct an accurate, objective, comprehensive, rapid and reproducible
behavioral analysis of the swim test.
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