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Repeated DOI and SR 46349B treatments do not affect elevated
plus-maze anxiety despite opposite effects on cortical 5-HT,, receptors
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Abstract

We report the consequences of a 4-day treatment (b.i.d) with the 5-HT,, o5 5 receptor agonist 1-(2,5-dimethoxy-4-iodophenyl)-2-
aminopropane (DOI, 1.5 mg/kg) or the selective 5-HT,, receptor antagonist trans-4-[(32)3-(2-dimethylaminoethyl)oxyimino-3-(2-fluo-
rophenyl)propen-1-ylJphenol hemifumarate (SR 46349B, 7.5 mg,/kg) on (i) anxiety-related behaviour in an elevated plus-maze, and (ii)
specific [*H]ketanserin binding at central 5-HT,, receptors, in Roman rats. Neither DOI nor SR 46349B pretreatment affected the
behaviour in the open arms of the elevated plus-maze; however, DOI pretreatment promoted discrete changes in the closed arm entries.
The B, value of [*H]ketanserin bindi ng at cortical 5-HT,, receptors was decreased by repeated DOI pretreatment. Conversely, B,
but also Kp, values were increased by SR 46349B pretreatment. Thus, changes at central 5-HT,, receptors may occur without there
being changes in anxiety-related behaviour in the elevated plus-maze. © 1997 Elsevier Science B.V.
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RHA and RLA (Roman high- and low-avoidance) rats

1. Introduction

The lack of availahility of selective ligands for numer-
ous 5-HT receptor types has hampered the recognition of
their respective roles, if any, in the aetiology of anxiety.
Among these receptors, the 5-HT,, receptor is of interest
as early clinical data have suggested that its blockade
could lead to anxiolysis (Ceulemans et a., 1985). How-
ever, this suggestion emerged from studies involving ri-
tanserin, a 5-HT,, ,5 ,c receptor antagonist (Baxter et .,
1995). In keeping with the acute anxiolytic effect of
5-HT,5 ,c receptor blockade in animals (Kennett et al.,
1996), the hypothesis that 5-HT,, receptors do not medi-
ate the clinical effects of ritanserin is noteworthy. This
hypothesis is reinforced when one considers the results of
animal studies aimed at analysing the role of 5-HT,,
receptors in anxiety. Actually, acute administration of the
widely used 5-HT,, receptor agonist 1-(2,5-dimethoxy-4-
iodophenyl)-2-aminopropane (DOI) has been reported to
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exert anxiolytic, anxiogenic, or no effects at al (see
Griebel, 1995). However, the interpretation of DOI-related
studies is complicated by the finding that DOI also binds
to 5-HT,5,c receptors (Baxter et al., 1995), the acute
stimulation of which leads to anxiety (Kennett et al.,
1989). Moreover, acute administration of the preferential
5-HT,, receptor antagonists ketanserin and RP 62203
(Kennett, 1993) decreases or does not affect anxiety-re-
lated behaviours (see Griebel, 1995). This uncertainty con-
cerning the acute role of 5-HT,, receptors on anxiety
extends to repeated /chronic manipulations of this recep-
tor. The behavioural effects of repeated treatments with
selective 5-HT,, receptor antagonists in animal models of
anxiety have not yet been reported. Acute pretreatment (48
h beforehand) with the 5-HT,, ,5 5 receptor antagonist
mianserin or repeated pretreatment (last pretreatment 24 h
beforehand) with the 5-HT,, ,5 5 receptor antagonist ri-
tanserin has been shown to €elicit anxiolysis in the elevated
plus-maze (Benjamin et al., 1992; Wright et a., 1992), an
effect associated with 5-HT,, receptor down-regulation
(Leysen et al., 1986; Benjamin et al., 1992). However,
knock-out mice lacking 5-HT,. receptors display de-
creased anxiety in the elevated zero-maze (Tecott, 1996),
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thus questioning again the role of 5-HT,, receptorsin the
behavioural effects of ritanserin and mianserin.

The aim of this work was thus to investigate the effects
of repeated treatment with the selective 5-HT,, receptor
antagonist trans-4-[(3Z)3-(2-dimethylamino-
ethyl)oxyimino-3-(2-fluorophenyl)propen-1-yl]phenol
hemifumarate (SR 46349B; Rinaldi-Carmona et al., 1992
Rinaldi-Carmona et al., 1993a,b) in the elevated plus-maze
test of anxiety. In addition, because the effects of repeated
stimulation of 5-HT,, 5 ,c receptors on anxiety are not
yet known, the effects of SR 46349B were compared with
those of DOI. To verify that these treatments were en-
dowed with opposite effects on 5-HT,, receptors (Mc-
Kennaet al., 1989; Chaouloff et ., 1993; Rinadi-Carmona
et al., 1993a,b), [*H]ketanserin binding to cortical 5-HT,,
receptors was also studied. Lastly, to investigate whether
the effects of DOI and SR 46349B on elevated plus-maze
behaviours (if any) and 5-HT,, receptors depend on the
baseline levels of these variables, we performed our exper-
iments with Roman high- (RHA) and low-avoidance (RLA)
rats. Thus, using Roman rats (Bordeaux sublines), we
recently reported that RHA and RLA rats displayed high
and low cortical [*H]ketanserin binding and high and low
anxiety scores in the elevated plus-maze, respectively
(Kulikov et al., 1995). However, because of the high
number of animals required for the present study, we used
RHA and RLA rats of the origina subline (RHA /Verh
and RLA /Verh).

2. Materials and methods
2.1. Animals and housing conditions

The animals used in the present study have been bred
for one generation from rats of the RHA /Verh and
RLA /Verh lines, kindly provided by Dr P. Driscoll (Swiss
Federal Ingtitute of Technology, Zurich, Switzerland). Ani-
mals were weaned at 3 weeks and randomly housed, four
per cage, by line and sex. All cages were placed in aroom
with constant temperature (22+ 1°C) and a 12 h:12 h
cycle of illumination (lights on: 07.00 h).

2.2. Experimental procedure

When 10-12 weeks old, 36 males of each line were
weighed and injected i.p. either with vehicle (see below),
with DOI (1.5 mg/kg), or with SR 46349B (7.5 mg/kg)
for 5 days (n= 12/pretreatment group/line). The doses
of the compounds were chosen according to previous
studies (McKenna et al., 1989; Chaouloff et al., 1993;
Rinaldi-Carmona et al., 1993a,b). DOI (R.B.I., BioBlock,
IIkirch, France) and SR 46349B (Sanofi Recherche, Mont-
pellier, France) were dissolved in few drops of ethanol and
diluted as required in distilled water. Each treatment was
administered in the early afternoon of the first day, in the

early morning and afternoon of the second, third, and
fourth days, and in the early morning of the fifth day. Each
rat thus received one series of 8 treatments. On the sixth
day, the rats were submitted to an elevated plus-maze test
in the morning (24 h after the last drug injection) and were
killed by decapitation in mid-afternoon for the dissection
of frontal cortices.

2.3. Elevated plus-maze tests

The elevated plus-maze was made of Perspex® with 2
opposite open arms (45 X 10 cm), and 2 opposite closed
arms of the same size with walls 50 cm high. The arms
were connected by a central square (10 X 10 cm). In
addition, because the floor surface of the maze was smooth,
rubber ridges bordering the open arms (0.5 cm) were
added to provide additional grip for the animals. The
whole apparatus was elevated 66 cm above a white floor
and exposed to dim illumination (70 lux). The testing
procedure was similar to that previously described (Kuli-
kov et d., 1995; Ramos et al., 1997). Thus, vehicle-, DOI-,
and SR 46349B-treated RHA and RLA rats were randomly
placed in the central square of the maze, facing an open
arm. The number of entries onto and time spent on each
arm were then video-monitored for 5 min (an arm entry
being defined as al four feet on the arm). At the end of
each test, the rat was returned to its home cage. Note that
in our hands, such a procedure allows the detection of the
anxiolytic and anxiogenic effects of diazepam and
pentylenetetrazole, respectively (Ramos et al., 1997).

2.4. [*H] ketanserin binding assays

As stated above, vehicle-, DOI-, and SR 46349B-pre-
treated rats from each line (n= 12/drug treatment) were
killed 6 h after completion of the elevated plus-maze tests
(i.e. 30 h after the last drug injection). Frontal cortices
were rapidly dissected out and stored at —80°C until
analysis. Frontal cortices from 2 animals (same treatment,
same line) were pooled, and homogenised in 40 vol of
ice-cold Tris—HCI buffer (0.05 M, pH 7.7). Homogenates
were then centrifuged at 15000 X g for 15 min (4°C). The
resulting pellets were resuspended in 40 vol of buffer and
centrifuged, as mentioned above. The final pellets were
stored at —80°C until radioligand binding experiments
(Kulikov et a., 1995). The pellets were suspended in 40
vol of ice-cold Tris—HCI buffer (0.05 M, pH 7.7), and the
suspension (0.47 ml) was transferred to glass tubes. Radi-
oligand binding assays were performed by means of a
15-min incubation at 35°C in the presence of 0.25—-4 nM
[*H]ketanserin (63.7 Ci /mmol; Dupont/NEN, Les Ulis,
France). Non-specific binding was assessed by adding 10
uM methysergide (R.B.1., BioBlock, Illkirch, France) to
the test tubes. All assays were stopped by addition of 4 ml
of cold buffer followed by rapid filtration through What-
man GF /B glass fibre filters. The filters were then washed
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twice with 4 ml of the buffer, and radioactivity was
counted by liquid scintillation. Protein concentrations were
measured using bovine serum albumin as a standard (Brad-
ford, 1976). All samples were assayed in duplicate, and the
data analysed by means of Scatchard plots.

2.5. Satistics

The values are shown as means+ S.E.M. Percentages
of entries onto and time spent on open arms of the elevated
plus-maze were analysed by a Kruskal—Wallis analysis of
variance for non-parametric data. The other data (including
closed and total arm entries in the elevated plus-maze)
were compared by means of 2-way analyses of variance
(with the strain and the pretreatment as main factors)
followed, if significant (P < 0.05), by Tukey’s comparison
tests. For radioligand binding data, these analyses of vari-
ance followed linear regression analyses (least-squares
method) for determination of B, and K, values.

3. Results

3.1. Effects of DOI and SR 46349B pretreatments on body
weight in RHA and RLA rats

Analyses of the respective effects of the 4-day pretreat-
ments on body weight revealed no strain effect, but a
significant decrease in DOl-pretreated rats (0.6 + 0.3%
and 0.75 4 0.81% decreases in RHA and RLA rats, respec-
tively) and, to alesser extent, in SR 46349B-pretreated rats
(1.47 + 0.39% and 1.47 + 0.47% increases in RHA and
RLA rats), compared with vehicle-pretreated rats (4.18 +
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0.53% and 3.44 + 0.3% increases in RHA and RLA rats,
respectively; P < 0.01 for the differences with DOI and
SR 46349B in each strain). Actually, a significant decrease
in body weight occurred after the first injection of SR
46349B, whereas DOI decreased body weight until the
fourth injection (data not shown).

3.2. Effects of DOl and SR 46349B pretreatments on
elevated plus-maze behaviours in RHA and RLA rats

Neither the percent number of open arm visits nor the
percent time spent on open arms varied significantly among
the six rat groups (Fig. 1). However, when rats were
grouped by strain (RHA or RLA), the percent time spent
on open arms (but not the percent number of visits thereon)
was higher in RLAS(22.4 + 4.4) thanin RHAs (11.3 + 1.5,
P = 0.028). The influence of the strain factor extended to
the number of closed arm entries (F = 12.8, P =0.001),
and to the number of total arm entries(F = 7.3, P = 0.009),
with RLA rats displaying fewer closed and total arm
entries than RHA rats (Fig. 1). Lastly, there was a signifi-
cant strain X pretreatment interaction on the number of
closed arm entries (F = 5.43, P = 0.007), as illustrated by
the inhibitory effect of DOI on this variable in RLA rats
(Fig. D).

3.3. Effects of DOl and SR 46349B pretreatments on
[®H] ketanserin binding in frontal cortices of RHA and RLA
rats

As shown in Fig. 2, the pretreatment, but not the strain,
affected [*H]ketanserin binding at frontal cortex 5-HT,,
receptors (F = 28.1, P < 0.0001 and F =458, P=0.018
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Fig. 1. Effects of repested DOI and SR 46349B treatments in RHA and RLA rats exposed to a 5-min elevated plusmaze test. Values are the
means + S.EM. for 11-12 rats. © P < 0.05 for the effect of DOI in RLA rats; ** P < 0.01 for the strain effect in DOI-pretreated rats. See text for

strain-related differences.
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Fig. 2. Effects of repeated DOl and SR 46349B treatments on
[3H]ketanserin-specific binding in the frontal cortices of RHA and RLA
rats. Values are the means+ SEM. for 6 assays. * P<0.05and “ * P <
0.01 for the difference with vehicle.
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for B, and K, values, respectively). Actualy, DOI
pretreatment decreased B, valuesin both strains, whereas
the increase in B, €licited by SR 46349B (which was
associated with an increase in K, values) was significant
in RLA rats only (Fig. 2).

4. Discussion

We have previously reported that RLA rats (i) entered
more often, and spent more time, on the open arms of an
elevated plus-maze, and (ii) displayed decreased
[®H]ketanserin binding at cortical 5-HT,, receptors, com-
pared with RHA rats (Kulikov et al., 1995). In this study,
the percent time spent on the open arms of the plus-maze
was the sole variable that displayed a significant strain-de-
pendent profile. This discrepancy may be related to the
rats origin, as the present study used rats bred for one
generation from the original Verh sublines instead of rats
bred for years in our laboratory; however, factors of
environmental origin may also partly /totally underlie such
a discrepancy. Thus, subchronic stress (single housing)
was found to reduce and prevent the aforementioned anxi-
ety- and 5-HT,, receptor-related differences between Ro-
man lines, suggesting that RLA rats may be more sensitive
to stress than their RHA counterparts (Kulikov et al.,
1995). If true, repeated i.p. vehicleinjection, i.e. a paradigm
that may promote anxiety in the elevated plus-maze (Wright
et al., 1992), could underlie the discrepancy between our
past and present studies.

On repeated treatment, SR 46349 up-regulates 5-HT,,
receptors, as evidenced by radioligand binding and second
messenger studies (Rinadi-Carmona et al., 1993a,b). This
was confirmed in the present study where repeated pre-
treatment with SR 46349B increased the number of corti-
cal 5-HT,, receptors (in a strain-independent manner).
However, this pretreatment incressed the K, values of
cortical [*H]ketanserin-specific binding by 53-57% in Ro-
man rats. It is noteworthy that when administered accord-
ing to a schedule similar to that presented herein (except
for the route of administration: i.p. for p.o.), SR 46349B
(10 mg/kg) caused a non-significant 53% increase in the
K, values of cortical [*H]ketanserin binding (compared to
vehicle-treated controls) in mice (Rinaldi-Carmona et al.,
1993a) but not in rats (Rinaldi-Carmona et al., 1993b).

Repeated administration of SR 46349B affected neither
the number of open arm entries nor the time spent on the
open arms of the elevated plus-maze. This result contrasts
with that obtained in a study where repeated administration
of ritanserin was found, 24 h &fter the last treatment, to
promote anxiolysis in this test (Wright et al., 1992). The
comparison of studies is rendered difficult due to protocol
differences; however, the finding that repeated SR 46349B
administration on the one hand, and repeated ritanserin
administration on the other hand, exerted opposite effects
on cortical 5-HT,, receptors is noteworthy. Hence, this
could suggest that 5-HT,, receptor down-, but not up-reg-
ulation is a prerequisite for anxiolysis. Against this hypoth-
esis is the observation that repeated DOI administration
did not promote anxiolysis in the elevated plus-maze al-
though it markedly down-regulated 5-HT,, receptors (thus
confirming the results of previous studies: McKenna et a.,
1989; Chaouloff et al., 1993). Although the behavioura
impact of DOI-induced 5-HT,; ,c receptor down-regu-
lation (if any) is unknown, our study strongly suggests that
the anxiolytic effect of repeated ritanserin treatment is
mediated by 5-HT s, receptors. This suggestion is rein-
forced by the observation that the 5-HT,, receptor antago-
nist SR 46349B has only moderate affinity for 5-HT,.
receptors and weak affinity for the 5-HT,; receptor (as
assessed through rat stomach fundus preparations)
(Rinaldi-Carmona et al., 1992).

A differential effect of DOI on the number of closed
arm entries could be observed in RLA and RHA rats
exposed to the elevated plus-maze. A genetic variability in
the number of closed arms entered following acute DOI
administration has already been reported (in C57/BI6 and
DBA mice: Onaivi et al., 1995). Because this behaviour
reflects locomotor activity (Ramos et al., 1997), it suggests
that 5-HT,,, 5-HT,; and/or 5-HT,. receptor down-regu-
lation affects locomotor activity. However, repeated stimu-
lation of 5-HT 5 ,c receptors does not affect basal activity
(Freo et al., 1992), hence suggesting that 5-HT,, receptor
down-regulation may promote changes in locomotor activ-
ity.

In conclusion, our results show that repeated blockade
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of 5-HT,, receptors does not have any impact on rats
behaviour in the elevated plus-maze of anxiety athough it
promotes changes at the receptor level. Because different
models of anxiety capture different dimensions of emotiv-
ity (see Ramos et al., 1997), it remains to be investigated
whether our observation extends to other models of anxi-
ety, including those of conditioned anxiety.
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