
675

Braz J Med Biol Res 34(5) 2001

Effects of diazepam and SB 206553 in SHR and Lewis ratsBrazilian Journal of Medical and Biological Research (2001) 34: 675-682
ISSN 0100-879X

Strain-dependent effects of diazepam
and the 5-HT2B/2C receptor antagonist SB
206553 in spontaneously hypertensive
and Lewis rats tested in the elevated
plus-maze

1Departamento de Farmacologia, Universidade Federal de Santa Catarina,
Florianópolis, SC, Brasil
2NeuroGénétique et Stress, INSERM U471-INRA, Bordeaux, France
3UCB Pharma, Preclinical CNS Research, Braine-L’Alleud, Belgium

R.N. Takahashi1,
O. Berton2,3,

P. Mormède2 and
F. Chaouloff2

Abstract

The 5-HT2B/2C receptor antagonist SB 206553 exerts anxiolytic effects
in rat models of anxiety. However, these effects have been reported for
standard rat strains, thus raising the issue of SB 206553 effects in rat
strains displaying different levels of anxiety. Herein, the effects of SB
206553 in a 5-min elevated plus-maze test of anxiety were compared
to those of the reference anxiolytic, diazepam, in two rat strains
respectively displaying high (Lewis rats) and low (spontaneously
hypertensive rats, SHR) anxiety. Diazepam (0.37, 0.75, or 1.5 mg/kg;
30 min before testing) increased in a dose-dependent manner the
behavioral measures in SHR, but not in Lewis rats. On the other hand,
SB 206553 (1.25, 2.5, or 5 mg/kg; 30 min before testing) failed to alter
the anxiety parameters in both strains, whereas it increased closed arm
entries in Lewis rats, suggesting that it elicited hyperactivity in the
latter strain. Accordingly, the hypolocomotor effect of the nonselec-
tive 5-HT2B/2C receptor agonist m-chlorophenylpiperazine (1.5 mg/kg
ip 20 min before a 15-min exposure to an activity cage) was prevented
by the 1.25 and 2.5 mg/kg doses of SB 206553 in Lewis rats and SHR,
respectively. Compared with SHR, Lewis rats may display a lower
response to benzodiazepine-mediated effects and a more efficient
control of locomotor activity by 5-HT2B/2C receptors.
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Introduction

Early reports that the acute peripheral
administration of the nonselective 5-HT2B/2C

receptor agonist m-chlorophenylpiperazine
(mCPP) promotes or exacerbates anxiety-
related behaviors in laboratory animals and

humans, respectively, have led to the sugges-
tion that these receptors - at least those lo-
cated in the hippocampus (1) - play a role in
the modulation of anxiety (for a review, see
2). The initial use of nonselective antago-
nists for 5-HT2B/2C receptors (3,4), followed
by analysis of the behavioral effects of SB
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200646A, a selective, albeit weak, antago-
nist of these receptors (5), has indicated that
blockade of 5-HT2B/2C receptors may actu-
ally be endowed with anxiolytic properties
(6). Such an intrinsic property of 5-HT2B/2C

receptor antagonists has raised interest with
regard to the therapy of anxiety disorders.
Accordingly, more potent antagonists have
been synthesized, among them SB 206553,
which displays both selectivity and high af-
finity for 5-HT2B/2C receptors (7). Studies
comparing the anxiolytic effects of SB
206553 with those of standard anxiolytics,
e.g., benzodiazepines, have concluded that
SB 206553 exerts anxiolytic effects in un-
conditioned (rat social interaction test, rat
elevated plus-maze test) and conditioned (rat
Geller-Seifter test, rat Vogel test, marmoset
conflict test) tests (7,8).

In a study aimed at comparing several
components of central serotonergic systems
in rat strains respectively displaying high
(Lewis rat) and low (spontaneously hyper-
tensive rat, SHR) anxiety in the elevated
plus-maze, it was found that the 5-HT2B/2C

receptor-mediated hypolocomotor effect of
mCPP (9) was of similar potency in these
two strains (10). The hypothesis that differ-
ences in anxiety between SHR and Lewis
rats are mediated by 5-HT2B/2C receptors (see
above) could not be examined because the
high anxiety levels of Lewis rats prevented
any inter-strain analysis of the anxiogenic
effects of mCPP in the elevated plus-maze
(10). However, since the completion of that
study, antagonists for 5-HT2B/2C receptors
such as SB 206553 have become available.
Thus, in the present study we examined the
hypothesis that the control exerted by 5-
HT2B/2C receptors on anxiety-related behav-
iors is of greater impact in Lewis rats than in
SHR. To this end, we assessed the behavior-
al effects of SB 206553 administration to
Lewis rats and SHR exposed to an elevated
plus-maze test, and compared these effects
to those elicited by the standard anxiolytic,
diazepam (11).

Material and Methods

Subjects

Male SHR and Lewis rats (IFFA CREDO,
Les Oncins, France), 6-8 weeks old on ar-
rival at our laboratory, were housed 3-4 per
cage with food and water ad libitum under
constant temperature (22 ± 2oC) and on a 12-
h light/12-h dark cycle (lights on at 7:00 h).
All rats, which were used only once, were
left undisturbed for at least 2 weeks before
the beginning of the experiments. The proto-
col followed the rules established by the
French legislation on animal welfare (publi-
cation J.O. 87-848).

Procedure

All experiments were performed between
13:00 h and 16:00 h. In a first series of
experiments, rats were pretreated ip (2 ml/
kg) either with vehicle (a few drops of Tween
80 in water) or with diazepam (0.37, 0.75, or
1.5 mg/kg in vehicle; Hoffmann-La Roche,
Basel, Switzerland), and returned to their
home cages for 30 min before being tested
for 5 min in an elevated plus-maze. In the
second series of experiments, rats were pre-
treated ip (2 ml/kg) either with the aforemen-
tioned vehicle or with SB 206553 (1.25, 2.5,
or 5 mg/kg in vehicle; SmithKline Beecham
Pharmaceuticals, Harlow, England) and re-
turned to their home cages for 30 min before
being tested for 5 min in the elevated plus-
maze. At the end of the latter test, rats
were injected ip (1 ml/kg) with either
0.9% NaCl or mCPP (1.5 mg/kg; RBI
Bioblock, Illkirch, France) and returned to
their home cages for another 20 min before
being placed in activity cages for 15 min.
The goal of this additional experiment was
to test the efficiency of SB 206553 as a 5-
HT2B/2C receptor antagonist. In all cases (first
and second series of experiments), the ani-
mals were randomly assigned an order of
testing.
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Material

As described previously (12), the elevated
plus-maze was made of Perspex, with four
elevated arms (66 cm from the floor) 44-cm
long and 10-cm wide. The arms were ar-
ranged in a cross-like disposition, with two
opposite arms being enclosed by 50-cm high
walls, and the two other arms being open,
having at their intersection a central square
platform (10 x 10 cm) which gave access to
any of the four arms. All floor surfaces were
black, and illumination was set at 70 lux.
Each rat was placed on the central platform
facing an open arm, and the number of en-
tries to, and time spent on, each arm was
assessed by video-recording. The activity
cages, similar to the home cages (to reduce
the impact of novelty), were placed inside a
rack (8-lux illumination) equipped with two
sets of infrared lights and photocell detec-
tors connected to a computer which recorded
the numbers of horizontal and vertical light
beam interruptions (12).

Statistical analysis

All results are reported as means ± SEM.
Because these data did not follow normal
distribution, in each strain, behaviors in the
open arms were compared by means of a
Kruskal-Wallis analysis followed, if signifi-
cant, by Dunn tests. The numbers of closed
and total arm entries in the elevated plus-
maze, and locomotor activity scores in the
activity cages, all following normality, were
compared by one-way ANOVA followed, if
significant, by Tukey�s multiple comparison
test.

Results

Behavioral effects of diazepam

As shown in Figure 1, diazepam treat-
ment (30 min before testing) did not affect
the number of open arm entries in Lewis rats,

although positive trends could be noted at
the highest dose. On the other hand, total
[F(3,34) = 3.33, P = 0.031], but not closed,
arm entries were affected by diazepam treat-
ment in this same strain, with the highest
dose exerting a significant stimulatory effect
(Figure 1). With regard to SHR, this treat-
ment affected both percent number of open
arm entries [H = 12.93, P = 0.0048] and
percent time spent in these arms [H = 14.41,
P = 0.0024]; actually, the 0.75 and 1.5 mg/kg
doses of diazepam significantly increased
these two variables (Figure 1). In addition,
the 0.75 mg/kg dose of diazepam was found
to decrease the number of closed arm entries
[F(3,34) = 2.89, P = 0.0498 for the overall
influence of diazepam], whereas total arm
entries remained unaffected by diazepam
treatment. Last, inter-strain comparisons be-
tween vehicle-treated rats revealed a higher
percent time spent in the open arms by SHR
compared to Lewis rats (Figure 1).

Behavioral effects of SB 206553

As shown in Figure 2, SB 206553 treat-
ment (30 min before testing) did not affect
the number of open arm entries of Lewis rats
and SHR; conversely, it exerted a significant
stimulatory effect on the number of closed
arms explored by Lewis rats [F(3,31) = 5.06,
P = 0.0057] and the total number of visits by
Lewis rats [F(3,31) = 3.43, P = 0.029] and
SHR [F(3,31) = 5.81, P = 0.0028]. Post hoc
tests indicated that the first and third doses of
SB 206553 on the one hand, and the second
and third doses of SB 206553 on the other
hand, increased closed arm exploration by
Lewis rats and total arm exploration by Lewis
rats and SHR, respectively (Figure 2). In that
series of experiments, open arm entries and
total arm exploration were found to be of
greater amplitude in SHR compared to Lewis
rats (Figure 2).

Figure 3 shows the effects of mCPP (1.5
mg/kg 20 min before testing) on vehicle- and
SB 206553-pretreated (35 min before mCPP)
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rats placed in activity cages for 15 min.
These animals were previously tested to
evaluate the effects of vehicle or SB 206553
in the plus-maze test. In each strain, the
experimental groups were found to differ
[F(4,36) = 12.95, P<0.0001 and F(4,36) =
7.35, P = 0.0002 for Lewis rats and SHR,
respectively], with mCPP decreasing loco-
motor activity in vehicle-pretreated rats (Fig-
ure 3). Actually, this inhibitory effect of
mCPP, which was found to be strain inde-
pendent (62 ± 9 and 44 ± 9% reductions in
the activities of SHR and Lewis rats, respec-
tively; P = nonsignificant), was prevented by
the 1.25 and 2.5 mg/kg doses of SB 206553
in Lewis rats and SHR, respectively (Figure

3). Moreover, the highest dose of SB 206553
was found to stimulate locomotor activity in
mCPP-treated Lewis rats, but not in their
SHR counterparts, when compared with rats
pretreated with vehicle first and then with
saline (Figure 3).

Discussion

The main goal of the present study was to
explore the acute consequences of 5-HT2B/2C

receptor blockade in Lewis rats and SHR
exposed to an elevated plus-maze test of
anxiety. For comparison, the behavioral ef-
fects of diazepam, a standard anxiolytic, were
also investigated. It was observed that diaz-

Figure 1 - Effects of diazepam
administered ip (30 min before
testing) in Lewis (LEW) and
spontaneously hypertensive rats
(SHR) tested for 5 min in the
elevated plus-maze. Results are
reported as the mean ± SEM for
9-10 rats. +P<0.05 for the inter-
strain difference between ve-
hicle-treated rats (Tukey test).
*P<0.05, at least for the effects
of diazepam against vehicle
(Dunn or Tukey test).
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Figure 2 - Effects of SB 206553
administered ip (30 min before
testing) in Lewis (LEW) and
spontaneously hypertensive rats
(SHR) tested for 5 min in the
elevated plus-maze. Results are
reported as the mean ± SEM for
6-10 rats. +P<0.05 for the inter-
strain difference between ve-
hicle-treated rats (Dunn or Tukey
test). *P<0.05, at least for the
effects of SB 206553 against
vehicle (Tukey test).

B
ea

m
 b

re
ak

s

40

30

20

10

0
0.00 0.00 1.25 2.50 5.00

SB 206553 (mg/kg)

0.9% NaCl mCPP (1.5 mg/kg)

LEW SHR
Figure 3 - Effects of m-chlorophenylpiperazine (mCPP)
and saline administered ip on vehicle- and SB 206553-
pretreated Lewis (LEW) and spontaneously hyperten-
sive rats (SHR) 20 min before testing in activity cages
for 15 min. These animals were immediately injected
with saline or mCPP after completion of the plus-maze
test (same rats as in Figure 2). Results are reported as
the mean ± SEM for 6-10 rats. +P<0.05 for the inter-
strain difference between vehicle-pretreated (mCPP-
injected) rats (Tukey test). *P<0.05, at least for the
difference from vehicle-pretreated (saline-injected) rats
(Tukey test).

*

*
*

*

+



680

Braz J Med Biol Res 34(5) 2001

R.N. Takahashi et al.

epam-treated Lewis rats, as opposed to diaz-
epam-treated SHR, did not display anxiolysis,
as assessed by the measurement of the per-
cent number of entries into, and percent time
spent on, open arms (11). It is intriguing to
note that genetically anxious rats did not
respond to diazepam, whereas SHR, which
display low anxiety (10,12), an observation
again confirmed herein, proved to be sensi-
tive to the anxiolytic. We previously reported
that 2 mg/kg of diazepam (ip, 30 min before
testing) triggered anxiolysis in both Lewis
rats and SHR, with the effect being stronger
in Lewis rats (12). On the basis of the present
observation that the 1.5 mg/kg dose of diaze-
pam tended to increase the number of open
arm entries by Lewis rats, it may be con-
cluded that Lewis rats are hyposensitive,
rather than resistant, to the anxiolytic effects
of diazepam (at least when compared with
SHR). In addition, it is noteworthy that i)
diazepam-treated SHR displayed lower lo-
comotion in the closed arms, thus indicating
that the diazepam-elicited increase in open
arm exploration was not due to some motor
stimulant effect, and that ii) diazepam-pre-
treated Lewis rats tended to display increased
closed arm exploration, in agreement with
our previous observation that a 2-mg/kg dose
of diazepam increased the number of closed
arm entries by Lewis rats in a strain-depend-
ent manner (12). The nature of the mechan-
isms underlying the hyposensitivity of Lewis
rats compared with SHR, with regard to the
anxiolytic effects of diazepam remains to be
determined. A first possibility is that this
hyposensitivity may be due to altered phar-
macokinetics of diazepam; it should be noted,
however, that the 1.5 mg/kg dose of diaz-
epam exerted significant stimulatory effects
on the number of total arm entries (a mixed
index of anxiety and activity; 12-14) in Lewis
rats, thereby indicating that a significant
amount of diazepam reached its central tar-
gets. Another mechanism could be a down-
regulation of benzodiazepine-binding sites
and/or a desensitization of benzodiazepine-

mediated functions compared with SHR. Un-
fortunately, the only information available
concerns benzodiazepine-binding sites in the
hypothalamus of Lewis rats compared with
Fischer 344 rats: actually, [3H]-flunitraze-
pam binding was found to be higher in the
former strain (15). However, whether such a
difference extends to limbic regions, espe-
cially those involved in the anxiolytic effects
of benzodiazepines in the elevated plus-maze
(e.g., basolateral amygdala, septum; 16,17)
when compared to SHR, remains to be ex-
plored.

In the present study, pretreatment with
the 5-HT2B/2C receptor antagonist proved to
be ineffective with respect to the plus-maze
behavior of Lewis rats and SHR, indicating a
lack of anxiolytic effect of SB 206553.
Whether such inefficiency is due to our ex-
perimental setting is unlikely since diazepam-
elicited anxiolysis could be observed in SHR;
however, because baseline anxiety levels in
SHR did differ between the two series of
experiments, the possibility that SB 206553-
elicited anxiolysis, if any, depends on base-
line levels of anxiety cannot be ignored. To
our knowledge, only one study has exam-
ined the consequences of SB 206553 treat-
ment on elevated plus-maze behaviors. In-
deed, it was observed that a 3-mg/kg dose,
but not 1- or 10-mg/kg doses, given ip 30 min
before testing, increased the number of open
arm and total arm entries (8). It is likely that
strain differences between the latter study
(Sprague-Dawley) and the present one par-
tially/fully account for these differences.
Moreover, the lack of an anxiolytic effect of
SB 206553 cannot be accounted for by the
drug preparation and/or the doses used; in-
deed, SB 206553 increased closed arm en-
tries in Lewis rats, and total arm entries in
Lewis rats and SHR. In keeping with past
evidence indicating that closed arm entries
are an index of locomotor activity (12-14),
elevated plus-maze experiments thus sug-
gested that the Lewis rat strain may be sensi-
tive to the hyperlocomotor effect of SB
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206553. This observation confirms the no-
tion that the effects of SB 206553 on anxiety
and locomotor activity may be independent
(7). In addition, the recent report that SB
206553 (1-4 mg/kg administered ip 30 min
before animal placement in activity cages)
did not affect the locomotor activity of
Sprague-Dawley rats (18) reinforces the
above hypothesis that the Lewis strain is
sensitive to SB 206553-elicited hyperactiv-
ity. Confirming the strain-dependent effect
of SB 206553 on closed arm entries, it was
observed that SB 206553 pretreatment was
more effective in Lewis rats than in SHR in
counteracting mCPP-elicited hypolocomo-
tion, a behavior thought to be mediated by 5-
HT2B/2C receptors (9). Thus, a 1.25-mg/kg
dose of SB 206553 was needed in Lewis rats
to prevent mCPP-induced hypolocomotion
while at least a double dose was necessary to
be effective in SHR. As indicated in Results,
such a strain-dependent difference could not
be accounted for by the strain differences in
the effects of mCPP since mCPP-elicited
hypolocomotion, expressed as percent de-

creases compared to saline-treated rats, did
not differ between SHR and Lewis rats (thus
confirming a previous report; 10). Mechan-
isms other than 5-HT2B/2C receptors which
could explain this strain-dependent differ-
ence in activity are unknown. However, re-
cent microdialysis and electrophysiological
studies have indicated that the blockade of 5-
HT2B/2C receptors by systemically adminis-
tered SB 206553 increases the basal firing
rate of ventral tegmental area and nigral
dopamine neurons and stimulates dopamine
release from accumbal and striatal nerve
terminals (19-21). Our study thus opens the
interesting possibility that the tonic inhibito-
ry control of mesolimbic and mesostriatal
dopaminergic systems by 5-HT2B/2C recep-
tors is more intense in Lewis rats than in
SHR.
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