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Abstract The tail suspension test is a behavioural pr mice) when forced to swim in a restricted space from
mary screen for detecting potential antidepressant drughich they cannot escape will, after an initial period of
In this test, a reduction of duration of immobility afteactivity, adopt a characteristic immobile posture called
treatment with imipramine is obtained in mice of th#ehavioural despair” (Porsolt et al. 1977, 1978, 1993).
NMRI strain but not of the CD1 strain. The present eXhe tail suspension test has been more recently proposed
periments evidence important differences between indirere immobility is induced in mice simply by suspend-
viduals of the latter strain in both the amount of immang them, for short periods, by the tail (Stéru et al. 1985).
bility observed in naive mice and the effects of three afhis test has been automated (ITEMATIC-TST) and
tidepressants. The reproducibility of the tail suspensianeasures duration of immobility and the power of the
induced behavioural despair was high in individual COfiovements of mice (Porsolt et al. 1993). The tail suspen-
male mice and allowed a preselection of spontaneaimn procedure bypass several problems of the swimming
high and low immobility scorers. Only the high immobilmodel: the immobility is objectively measured; no hypo-
ity scorers were responsive to imipramine (30 mg/kahermia is induced by immersion in cold water, and thus
desipramine (30 mg/kg) and paroxetine (10 mg/kg). Thteis considerably less stressful to experimental animals
percentage of spontaneous high immobility scorers whan the forced swimming test (Thierry et al. 1986).
higher in NMRI (50%) than in CD1 (20%) mice, justify- Marked differences exist between strains in both the
ing the use of the former strain for screening potentshount of immobility observed and the effects of a stan-
antidepressants. However, controlling for individual difard antidepressant drug imipramine. For example, base-
ferences in the spontaneous performance in this anitieé duration of immobility is higher in male CD1 than
model of depression may provide a useful tool to stuity NMRI mice in the forced swim test (Porsolt et al.
behavioural, neurochemical and neuroendocrine cort®78). The reverse situation occurs in the tail suspension
lates of antidepressant action. test (van der Heyden et al. 1987). Moreover, no effects of
) , ) imipramine could be observed by van der Heyden et al.
Key words Tail suspension test - Preselection - Mouse(1987) when using CD1 mice.
strains - Imipramine - Desipramine - Paroxe:fine Marked individual differences also exist within
strains. Our recent findings based on a selective breeding
- strategy of spontaneous “helpless” or “non-helpless”
Introduction CD1 mice show that performance in the mouse tail sus-
. ] ) _ pension test is under specific genetic control. Our results
Screening tests for antidepressants are either behavioglgd demonstrate that animals prone to be helpless but
or based on drug interactions (Willner 1990). In behayot “healthy” controls are sensitive to an antidepressant
ioural tests, the animals are generally placed in aversfygugeois et al. 1996).
situations which induce recognizable behavioural chang-—rhe purpose of this study was to find out whether the
es such as immobility. The effects of drugs on the ipreviously reported lack of efficacy of imipramine in the
duced behavioural changes are evaluated. Rodents fSuspension test might be due to the low degree of im-
J.-M. Vaugeois[(]) - G. Passera - F. Zuccaro - J. Costentin mobility of control mice, and to examine if the antide-
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stable. Finally, the noradrenaline reuptake inhibitor desi- 409 TAIL SUSPENSION TEST

pramine and the selective serotonin reuptake inhibitor O o1
paroxetine were tested in order to confirm the usefulness 30 B NWRI
of this selection procedure. 1

Materials and methods

FREQUENCY (%)

Animals

This study was in accordance with the Guidelines for the Use of
Animals in Research (French Decree n° 87.848). Two strains of
male mice were used: Swiss albino CD1 mice (Charles River,
Saint-Aubin lés Elbeuf, France) and NMRI mice (Iffa Credo, L'ar-
bresle, France) weighing 17 £+ 1 g when purchased. They were
housed in groups of 20 mice in Makrolon cages with free access to
food and water. Testing was performed between 0900 hours and
1700 hours during the light (0700-1900 hours) part of the day- DURATION OF IMMOBILITY (SEC)
night cycle.
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Imipramine (Ciba Geigy, France) was used in one experiment at B NMR

the 30 mg/kg dose, which was determined as effective in NMRI

mice in a previous study (van der Heyden et al. 1987). Imipramine
or NaCl 0.9% was injected IP 30 min prior to testing in a volume

of 0.2 ml per 20 g body weight. Paroxetine (Smithkline Beecham,

France) and desipramine (Ciba Geigy, France) were dissolved in
water and used at 10 mg/kg and 30 mg/kg, respectively.
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Tail suspension test

A computerized device (ITEMATIC-TST) developed by ITEM-
LABO (Le Kremlin-Bicétre, France) was used to measure the total
sum of periods of immobility (duration of immobility) in the tail - &§ & & L 0 L L L ¢
suspension test. Mice were suspended by the tail, using adhesive PN =3NS
Scotch tape, to a hook connected to a strain gauge that picked up DURATION OF IMMOBILITY (SEC)

all movements of the mouse and transmitted them to a central unit

which calculated the total duration of immobility during a 6-mi'n-_i . : o : ; ;

. " ; g. 1 Duration of immobility recorded in the tail suspension test
test. Six animals were tested at one time. and in the forced swim test. The forced swim test took place 4
weeks after the tail suspension test. Data are expressed as the fre-
quency distribution of 60 naive male CD1 or NMRI mice. Immo-
bility was recorded for a 6-min period in both tr:sts

61-90
-120
-150
-180
210 |
-240
-270
300
-330 -

o

®» 3

S L
(3¢

Forced swim test

The apparatus consisted of two Plexiglas cylinders (25 cm height,

10 cm internal diameter) placed side by side in a Makrolon cage . . . e
(38 x 24 x 18 cm) filled with water (8 cm height) at 21-23°C. TWﬁme mice,P > 0.05). The durations of immobility in the

mice were tested simultaneously for a 6-min period, but a ndi=min observation period in the tail suspension test in 60
transparent screen placed between the two cylinders prevemei@lye male CD1 or NMRI mice are shown in Fig. 1. The
e et Toaig e s g o et megmOBilty times were 79 % 6. ranging from 6 t0 199 s.
ments necessary to keepgits head abO\}e waterq Y For C_Dl mice and 111 +7 (Student’ﬂgst, P < 0'0.01).'
ranging from 9 to 218 s, for NMRI mice. The distribu-
o tions were unimodal, although skewed to the left with
Statistics CD1 mice, and differed significantly between each other
- . . (x2 test,P < 0.01). Hence, 20% of CD1 mice had a score
tset;"‘t“jﬁ"g"’t‘hﬁgﬁlf{;‘s?f the results was performed using ANQUA, below 35 s as compared to 8% of NMRI mice. The per-
centage of CD1 mice that had a score equal or greater
than 115 s was higher in NMRI (50%) than in CD1
Results (20%) mice. By comparison, the duration of immobility
in the 6-min observation period in the forced swim test
In the tail suspension test performed with CD1 mice rgmerformed later on the same 60 male CD1 or NMRI mice
domly removed from a cage, a pilot study showed no sé@e also shown in Fig. 1. The immobility times were
tistically significant decrease in duration of immobilit26 + 6, ranging from 100 to 301 s, for CD1 mice and
after treatment with imipramine (30 mg/kg): 35 = 9 a&07 + 7 (Student's-test,P < 0.05), ranging from 21 to
compared to saline: 59 + 6 (mean + SEM of groups 286 s for NMRI mice. The distributions did not differ
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Fig. 2 Immobility times of male CD1 mice tested daily during 5 = .
consecutive days. On first trial, scores of “low-immobility” mice 120+ H
(open squargswere less or equal to 15 s and scores of “high-im- N
mobility” mice (closed circles were above or equal to 115 s. Data 604 X
are mean + SEM values obtained from 12 mice per ¢roup
0.
240 - VEHICLE ~ DESIPRA.  PAROXET.
_ - Fig.4 The influence of pretest selection on desipramine or par-
o 180 _'I_ ! oxetine effects in the tail suspension test in male CD1 mice. Pre-
e test selection was the same as in Fig. 3. On day 3, mice were in-
g jected with desipramine (30 mg/kg IP), paroxetine (10 mg/kg IP)
F 1204 or vehicle (water IP) 30 min before the test. Tpen barsshow
E the duration of immobility in the pretest and tihetted bars that
= Hi T in the test. Data are mean = SEM values obtained from 17 (vehi-
2 60l cle) or 15 (treatments) mic€losed asteriskdenote a significant
= HI effect of vehicle (**P < 0.01) or drug (***P < 0.001) administra-
I——l—— tion
0 | LI LI
PRETEST IMIPRAMINE

the test with either NaCl 0.9% or imipramine
Fig. 3 The influence of pretest selection on imipramine effects {80 mg/kg). When the results of HI and LI mice were
the tail suspension test in male CD1 mice. Pretest session congishisidered separately, the tricyclic antidepressant was
ed of one trial on 2 consecutive days. For each selected mouse: . ' . . - .
“low-immobility” mouse (I) or “high-immobility” mouse HI), Seen to induce a decrease in the immobility score in the
the mean score was calculated and used as the pretest scorddlagroup and was ineffective in the LI group (Fig. 3). On
day 3, mice were injected with imipramine (30 mg/kg IP) 30 miday 3, scores of vehicle-injected mice did not change in
before the test. Data are mean + SEM values obtained from eighinparison with mean scores in trials 1 and 2 both in LI
g;'cfo_%%rl)%rrgﬁfbretes?sgﬁ’f: s statistical significant differencyice: 21 + 3 versus 24 * 2, respectively (mean + SEM of
groups of eight mice? > 0.05), and in HI mice: 159 £ 7
versus 150 + 16, respectively (mean £ SEM of groups of
significantly between each otheg2(test, P = 0.07). 12 mice,P > 0.05). Observations throughout this experi-
However, 10% of NMRI mice had a score below 115 s axent indicated that the percentage of mice that defecated
compared to only 1.7% of CD1 mice. during the test was twice in the HI group in comparison
From the above tail suspension test carried out in Ctithe LI group (21.6% versus 10.9% on day 1).
mice, we decided arbitrarily that the 20% of mice (i.e. 12 Desipramine (30 mg/kg) or paroxetine (10 mg/kg)
mice) showing the lowest immobility times would b&ere also administered in mice preselected according to
considered as “low-immobility” (LI, score35 s) and the the procedure used to study the effects of imipramine.
20% showing the highest immobility times (i.e. 12 micd&oth drugs decreased the duration of immobility in HI
would be considered as “high-immobility” animals (HImice, but had no significant effects upon the behaviour of
score=115 s). These HI or LI mice were tested again fbt mice in the tail suspension test. Whereas the injection
4 more consecutive days. A one-way ANOVA revealed vehicle did not alter the immobility in the HI group, a
no significant time effectR > 0.05) across trials in eithersignificant increase in the immobility time was observed
HI or LI groups of mice (Fig. 2). in the LI group used in this last experiment (Fig. 4).
In another experiment, 46 LI and 37 HI mice were se-
lected on day 1 from a sample of 186 tested mice. On gigcussion
following day, from 46 LI tested mice 20 mice score
below 35 s, whereas from 37 HI mice 25 mice scor@the tail suspension test in mice was originally de-
over 115 s. On day 3, mice were injected 30 min befaeribed by Stéru et al. (1985) as a screening procedure
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for evaluating antidepressant activity of drugs inspired. 1974). In line with our findings, Maudsley reactive
by Porsolt’s “behavioural despair” test or forced swimats, which have been genetically selected for their high
test. Both tests are based on the principle that mice, égfecation rate in an open field and which are consid-
posed to an aversive situation from which there is poed highly emotional, showed a higher degree of im-
escape, will, after periods of agitation, cease attempisbility in the forced swimming test than their coun-
to escape and become immobile. Many clinically effeterparts, the Maudsley non-reactive rats (Abel 1991).
tive antidepressants reduce the immobility that mietowever, further experiments would be performed in
display in both procedures. One important class of ardrder to search for a relationship between emotionality
depressants showing clear activity in the tail suspensamd immobility in the tail suspension test, because the
test but little activity in the forced swim test is that dhcreased defecation rates exhibited by rats in various
the selective serotonin reuptake inhibitors, which difests were not indicative of a general increase in emo-
ferentiate the tail suspension test from “behavioural denality in other situations (Armario et al. 1988; Abel
spair” test (Porsolt et al. 1993). Another difference b&991).
tween the two tests was suggested by the fact that imidn one experiment, a vehicle injection altered the be-
pramine clearly decreases the duration of immobilibaviour of “low-immobility” mice, indicating that injec-
displayed by NMRI mice in the tail suspension test btibns might differently affect mice responding to mild
shows no activity when using CD1 mice (van der Hegtressors with opposite active or passive strategies. The
den et al. 1987). Reciprocally, however, imipramine rgeneralization of this finding and the mechanisms under-
duces the duration of immobility displayed by CDlying this effect remain to be determined.
mice in the forced swim test but shows no activity The strain factor should be taken into account in at-
when using NMRI mice. The present experiments sugmpts to replicate results from one laboratory to anoth-
gest that individual differences in behaviour could egt. Mice of the CD1 strain exhibited marked variations in
plain this distinct sensitivity to imipramine between thieir response in the tail suspension test. This may ex-
two strains in these tests. plain the lack of efficacy of the antidepressant imipra-
The results obtained here are fully consistent withine previously reported in another study (van der Hey-
those previously reported by van der Heyden et den et al. 1987).
(1987). First, we confirm the lack of efficacy of imipra- A preselection procedure of animals makes the tail
mine in the tail suspension test when using CD1 micispension test feasible with CD1 mice. Many mice
Second, the baseline duration of immobility is higher showed a remarkable stability in their response when re-
male NMRI than in CD1 mice in the tail suspension tettsted. Stable behaviours have also been previously ob-
as previously demonstrated by these authors. We ebrved in the elevated plus maze test (Lister 1987) but
served in two experiments that repeated testing pernmitt others. In fact, it has been shown that rodents’ immo-
ted a preselection of spontaneous high immobility scduility in the forced swimming test may increase with ex-
ers called “high-immobility” mice. Only these “high-perience of the test (Nagatani et al. 1984; Armario et al.
immobility” mice would respond to the administratiori988; De Pablo et al. 1989; Marti and Armario 1993),
of imipramine. Two other antidepressants with differinguggesting the existence of a learned helplessness phe-
mechanisms of action, the noradrenaline reuptake inhitmmenon. However, the present results could be ex-
itor desipramine and the selective serotonin reuptake jrained by assuming that the helplessness of mice in the
hibitor paroxetine, decreased the duration of immobilitgil suspension test is a trait rather than a state-dependent
only in “high-immobility” mice. Previous studies usingnarker.
unselected NMRI mice had already mentioned the activ- Antidepressant drugs alleviate depressive symptoma-
ity of desipramine (Stéru et al. 1985) and paroxetit@ogy in depressed patients but not in healthy persons.
(Perrault et al. 1992) in the tail suspension test. THisr animal experimentation aimed at screening antide-
strongly suggests that the low baseline duration of ipressants, this has the following consequences: geneti-
mobility observed with the majority of individuals in thecally and/or environmentally manipulated models would
CDL1 strain precludes the observation of the expected leé- closer to the clinical situation than models based on
fect after treatment by imipramine and other antideprestandard laboratory strains. The present results showed
sants. that imipramine was active after a preselection procedure
The reverse situation occurs in the forced swim testhich retained spontaneous “high-immobility” CD1
i.e. the baseline duration of immobility is higher in malmice. Interestingly, evidence from family and twin stud-
CD1 than in NMRI mice (Porsolt et al. 1978). Our daias suggests that genetic factors play a role in the devel-
are also fully consistent with those previously reporteggment of affective disorders (Kendler et al. 1994).
by Porsolt and collaborators, and suggest that the saiffee selectively bred lines of spontaneous “helpless” and
explanation would satisfactorily fit with the observed rénon-helpless” CD1 mice (Vaugeois et al. 1996) may
sults. also provide a novel approach to investigate behavioural,
We observed that “high-immobility” mice defecatedeurochemical and neuroendocrine correlates of antide-
more than “low-immobility” mice. For rats, defecatiompressant action.
scores in an open field is considered to be a good mea-
sure of emotionality in aversive situations (Soubrié et
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