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Abstract

To test for adaptive compensatory changes that may have occurred in the functional activity of somatodendritic 5-HT receptors1A
Ž .during the development of constitutiveAknockoutB mice lacking the 5-HT receptor subtype 5-HTyry KO , we assayed for1B 1B

Ždecrease in body temperature induced by an acute subcutaneous injection of the 5-HT receptor agonist, 8-hydroxy 2 di-n-1A
Ž . Ž . w Ž .propyl amino tetralin 8-OH-DPAT , either alone or in the presence of a selective 5-HT receptor antagonist,N- 4- 2-methoxyphenyl -1A

x Ž . Ž .1-piperazinyl -N- 2-pyridinyl cyclo-hexanecarboxamide WAY 100635 . We compared dose–response curves, time course study,
Ž . Ž .calculated ED values potency , maximal response to 8-OH-DPAT efficacy as well as measurements of the dose-dependent blockade50

of this response by WAY 100635 between wild-type controls and mutant mice. We found a higher efficacy of 8-OH-DPAT-induced
hypothermia in 5-HT yry KO compared to wild-type mice suggesting that an adaptive thermoregulatory process involving the1B

functional activity of somatodendritic 5-HT receptors is altered in mutant mice lacking 5-HT receptors.q2001 Elsevier Science B.V.1A 1B

All rights reserved.
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1. Introduction

Ž .Knockout 5-HT yry KO mice lacking the sero-1B
Ž .tonin 5-hydroxytryptamine 5-HT receptor subtype have1B

Žbeen generated by homologous recombination Saudou et
.al., 1994 . Neurochemical studies comparing mutants to
Ž .wild-type WT littermates have confirmed the inhibitory

role exerted by 5-HT autoreceptors on 5-HT release at1B
Žbrain serotonergic nerve terminals Pineyro et al., 1995,˜

.Trillat et al., 1997; Malagie et al., 2001 . The mutants´
develop and mature normally. However, since the gene is
missing throughout the development of these mutants,
adaptive compensatory changes may occur in the expres-
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sion and function of other receptors of neurotransmitters.
For example, it has recently been shown that 5-HT1B

yry KO mice have heightened dopaminergic activity in
the brain which may underlie their increased vulnerability

Ž .to drugs of abuse Scearce et al., 1998 .
Another serotonergic receptor subtype, the 5-HT re-1A

ceptor could also be involved since, when located presy-
naptically, it exerts a role similar to that of the terminal
knocked out 5-HT receptor, i.e., an inhibitory feedback1B

control on the release of 5-HT. Binding studies have failed
to reveal such compensatory changes regarding the density

Ž .of 5-HT receptors Saudou et al., 1994 . However, eval-1A

uation of the functional activity of somatodendritic 5-HT1A

receptors may be more appropriate to check for putative
compensatory modifications in these mutants. These au-
toreceptors are located on cell bodies and dendrites of

Žserotonergic neurons in the midbrain raphe nuclei Verge´
.et al., 1985 . It is widely accepted that in the mouse,

activation of these somatodendritic autoreceptors mediates
the thermoregulatory response to 5-HT receptor agonists,1A
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Ž Ž . Ž .8-hydroxy-2 di-n-propyl amino tetralin 8-OH-DPAT ip-
Žsapirone, flesinoxan Goodwin et al., 1985; Martin et al.,

.1992; Forster et al., 1995; Olivier et al., 1998 . Indeed,
lesioning central serotonergic neurons either by the intrac-
erebroventricular infusion of the neurotoxin 5,7-dihydroxy-
tryptamine or byp-chloro-phenylalanine-induced 5-HT de-
pletion abolished the hypothermic response to 8-OH-DPAT
Ž .Goodwin et al., 1985; Martin et al., 1992 .

In the present study, we investigated whether or not the
changes in thermoregulatory responses mediated by the
functional activity of somatodendritic 5-HT receptors1A

could have compensated for the absence of terminal 5-HT1B

autoreceptors in adult constitutive 5-HTyry KO mice.1B

2. Materials and methods

2.1. Animals

The founders of the wild-type and mutant colonies used
in the present study were the product of heterozygous
mattings made at the animal facility of Columbia Univer-
sity. These founders were shipped to France and their
offsprings were bred and reared in independent colonies.
Wild-type and 5-HT receptor knockout mice are male1B

and female mice, 9–11 weeks old, and obtained on a pure
129rSv genetic background. Group-housed mice were kept
in standard cages on a 12:12-h light–dark cycle with light
onset at 7 a.m. with a free access to food and water. Mice
were housed in groups of eight at an ambient temperature
of 22"18C for at least 2 h before measurement of body
temperature and drug administration.

2.2. Drugs

The following drugs and chemicals were used in this
Ž .study: 8-hydroxy-2- di-n-propylamino tetralin hydrobro-

Ž . Žmide, the racemic mixture"8-OH-DPAT Sigma–Al-
. � w Ždrich–RBI, L’Isle D’Abeau Chesnes, France ;N- 4- 2-

. x Ž .methoxyphenyl -1-piperazinyl -N- 2-pyridinyl cyclo-he-
4xanecarboxamide, 3HCl WAY 100635 from Wyeth

Ž . ŽResearch Maidenhead, UK . WAY 100635 0.01 and 0.1
. Ž .mgrkg or vehicle was administered subcutaneously s.c.

30 min before the s.c. injection of standard challenge dose
Ž .of 8-OH-DPAT 0.05, 0.1, 0.2, 0.4 or 0.6 mgrkg as

Ž .previously described Trillat et al., 1998 .

2.3. 8-OH-DPAT-induced hypothermia in mice

Body temperature was measured in gently restrained
Žmice by inserting a thermistor probe Electrotherm M99,

.Paris, France , lubricated with petroleum jelly before each
use, for a length of 2 cm into the rectum of mice. Digital
recordings of the temperature were obtained with an accu-
racy of "0.18C as indicated in technical specifications of
the instrument. The measurement was performed from

13:00 to 17:00 h. The results are expressed as means"

S.E.M.
To set up the receptor agonist–antagonist study, vehicle

Ž .or WAY 100635 was administered firstat t , then0
Ž .8-OH-DPAT 30 min later at t . Temperatures were then30

measured immediately before each drug administration and
at 15, 30, 45 and 60 min after 8-OH-DPAT injection. The
hypothermic response to 8-OH-DPAT was measured as the
maximal decrease in body temperature recorded in this

Žlatter period as previously described Bill et al., 1991;
.Trillat et al., 1998 .

2.4. Statistical analysis

All the statistical analyses were performed by using the
Žcomputer software Statview 4.02 Abacus concepts, Berke-

.ley, CA, USA . The effects of drugs on rectal temperature
were calculated to yield a theoretical maximum effect
Ž . Ž .efficacy as described by Tallarida and Murray 1987 .

ŽThe ED values doses of 8-OH-DPAT that elicits a50
.half-maximal reduction of basal body temperature and

95% confidence intervals were determined by calculating
Žthe functional response for each 8-OH-DPAT dose based

.on the maximum effect being 100% , converting the data
to log values by using the computer software Prism 2.0
Ž .GraphPad Software, San Diego, USA . Tests for paral-
lelism and potency ratios were calculated according to the

Ž .method of Tallarida and Murray 1987 .
The dose response of 8-OH-DPAT was also analyzed

Ž .by a two-way analysis of variance ANOVA with the
Ž .drug treatment vehicle or 8-OH-DPAT and the mice’s

Ž .genotype wild-type or knockout as main factors. The
effects of WAY 100635 on the 8-OH-DPAT-induced hy-
pothermia were analyzed by using a three-way ANOVA

Žwith 5-HT receptor antagonist pre-treatment: vehicle or1A
. ŽWAY 100635 , 5-HT receptor agonist treatment: vehi-1A

. Žcle or 8-OH-DPAT and the mice’s genotype wild-type or
.knockout as main factors, followed by a Fisher’sAPro-

Ž .tected Least Significant DifferenceB PLSD post-hoc test.
Statistical significance was set atP-0.05.

3. Results

Comparison of the effects of various doses of selective
5-HT receptor agonist 8-OH-DPAT on body temperature1A

between wild-type and 5-HT receptor knockout mice1B
Žindicates that, in both genotypes, 8-OH-DPAT 0.05–0.6

.mgrkg s.c. produced a significant dose-dependent de-
crease in body temperature in the range of 8-OH-DPAT

Ž .doses studied Fig. 1A . Statistical analysis of the hy-
pothermic response to 8-OH-DPAT by a two-way ANOVA

Ž Žrevealed significant main effects of drug treatmentF 5,
. . Ž Ž .112 s46.07, P-0.001 and genotype factorF 1,112

. Ž Ž .s6.61, P-0.05 , and a significant interactionF 5,112
.s2.21, P-0.05 . In each strain, post-hoc comparisons
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Fig. 1. Comparison of the maximal changes in body temperature induced by various doses of the selective 5-HT receptor agonist 8-OH-DPAT in1A
Ž . Ž . Ž . Žwild-type WT; ' and 5-HT receptor knockout 5-HT yry KO; B mice. A Dose–response curves of 8-OH-DPAT induced hypothermia 0,1B 1B

. Ž .0.05, 0.1, 0.2, 0.4 and 0.6 mgrkg, s.c. . Results are expressed at the maximal decrease in rectal temperature, i.e., 30 min after 8-OH-DPAT injection.B
Ž . ŽTime course of the hypothermic response to vehicle WT: open triangle; KO: open square or 8-OH-DPAT 0.6 mgrkg, s.c.; WT: filled triangle; KO:

. Ž .filled square . Values are means"S.E.M. of body temperature for 10–12 mice per group. Vehicle was administered att first arrow and 8-OH-DPAT0
Ž .30 min later second arrow . †P-0.05 for comparison between 5-HTyry KO and WT mice at either 15 or 30 min post-8-OH-DPAT injection1B

Ž . ) ))two-way ANOVA followed by post-hoc Fisher’s PLSD t test .P-0.05 and P-0.01 compared to vehicle-treated mice.

indicated that, in wild-types, there is no significant change
in body temperature at 0.05 and 0.1 mgrkg 8-OH-DPAT
compared to vehicle, while decreases is observed at 0.2
Ž) . Ž)) . Ž)) .P-0.05 , 0.4 P-0.01 and 0.6 P-0.01
mgrkg 8-OH-DPAT. In mutants, there is no significant
change in body temperature at 0.05 mgrkg 8-OH-DPAT
compared to vehicle, while decreases is observed at 0.1
Ž) . Ž)) . Ž)) .P-0.05 , 0.2 P-0.01 , 0.4 P-0.01 and 0.6
Ž)) .P-0.01 mgrkg 8-OH-DPAT. The ED values and50

Ž .95% confidence intervals are 0.13 0.07–0.23 and 0.28
Ž . Ž .0.06–0.42 mgrkg, s.c. when calculated 30 min after
drug administration in WT and 5-HT yry KO mice,1B

respectively.
Furthermore, the time course of the hypothermic re-

Ž .sponse to 8-OH-DPAT 0.6 mgrkg, s.c. indicates that
8-OH-DPAT induced a rapid decrease in body tempera-
ture, the largest decrease in body temperature being mea-
sured at 30 min after 8-OH-DPAT injection in both WT

Ž .and mutant mice Fig. 1B . These hypothermic responses
to 8-OH-DPAT were maximal at a dose as low as 0.2
mgrkg in WT mice and at 0.6 mgrkg in 5-HT yry1B

ŽKO mice Fig. 1A and B:y2.18C, andy3.18C, respec-
.tively; P-0.05 . Time-dependent study of body-tempera-

Žture in vehicle-treated wild-type and knockout mice Fig.
. Ž .1B shows that i basal temperature did not differ between

Ž Žthe two strains conversely to a recent report Bouwknecht
. Ž .et al., 2001 , and ii the stress due either to the rectal

insertion of the thermistor probe or to the subcutaneous
injections did not cause changes in basal body temperature.

Statistical analysis of the hypothermic response to 8-
OH-DPAT in the presence of WAY 100635 by a three-way
ANOVA revealed significant main effects of pre-treatment
Ž Ž . . Ž Ž .F 1,220s35.9, P-0.001 , treatmentF 5,220s60.9,

. Ž Ž .P-0.001 and genotype factorF 1,220s9.17, P-
.0.01 . Thus, pretreatment with the selective 5-HT recep-1A

Ž .tor antagonist, WAY 100635 0.01 and 0.1 mgrkg 30

min before 8-OH-DPAT markedly and dose-dependently
antagonized the 8-OH-DPAT-induced hypothermia in the

Ž .two strains of mice studied Fig. 2 . WAY 100635, at the

Fig. 2. Effects of the selective 5-HT receptor antagonist WAY 1006351A

on 8-OH-DPAT-induced hypothermia in wild-type and 5-HT receptor1B
Ž .knockout mice. WAY 100635 0.01 or 0.1 mgrkg was administered

Žsubcutaneously 30 min before 8-OH-DPAT 0.05, 0.1, 0.2, 0.4 or 0.6
.mgrkg . Bars represent means"S.E.M. of body temperature for 10–12

mice per group. Body temperature was recorded immediately before each
drug administration as well as 15 and 30 min following 8-OH-DPAT

Ž . winjection. Mice were treated either with 8-OH-DPAT square or WAY
x Ž . w100635 0.01 mgrkgq8-OH-DPAT circle or WAY 100635 0.1

x Ž . ) )) )))mgrkgq8-OH-DPAT triangle . P-0.05, P-0.01 and P-
Ž0.001 when compared to vehicle-treated controls one-way ANOVA

.followed by Fisher’s PLSDt-test .



( )A.M. Gardier et al.rEuropean Journal of Pharmacology 421 2001 171–175174

Ž .highest dose administered 0.1 mgrkg , in 5-HT yry1B

KO mice, but not in wild-type controls, appears to block
statistically the response to doses of 8-OH-DPAT as low

Žas 0.05 and 0.1 mgrkg P-0.05 and P-0.01, respec-
.tively . This blockade induced by WAY 100635 had a

Ždifferent profile in WT mice. Indeed, WAY 100635 0.1
.mgrkg did not block the effects of low doses of 8-OH-

DPAT, but blocked those measured when 8-OH-DPAT
Ž .was administered at a higher dose 0.2 mgrkg; P-0.001 .

4. Discussion

The functional activity of somatodendritic 5-HT re-1A

ceptors is modified in 5-HT yry KO mice when1B

compared to wild-type littermates. Although basal body
temperature is unchanged in mutants, when they are chal-
lenged with 8-OH-DPAT, an alteration of thermoregula-
tion becomes apparent. The estimated ED values for50

Ž8-OH-DPAT-induced hypothermia are different 0.13 and
.0.28 mgrkg, in WT and mutant mice, respectively , but

confidence intervals of these values overlapped. Thus, the
potency of 8-OH-DPAT in inducing hypothermia is similar
in both strains. However, the maximum of the hypothermic
response to 8-OH-DPAT occurred at a 0.2 mgrkg dose in

Ž . Ž .WT mice y2.18C and at 0.6 mgrkg in mutantsy3.18C .
These results suggest that 8-OH-DPAT has asimilar
potency in both mice’s strains, but ismore efficacious in
5-HT yry KO than in WT in inducing hypothermia.1B

Furthermore, pretreatment with the selective 5-HT1A

receptor antagonist, WAY 100635, antagonized dose-de-
pendently the 8-OH-DPAT-induced hypothermia in the

Žtwo strains in agreement with previous report Forster et
.al., 1995; Trillat et al., 1998 . In mutants, WAY 100635, at

Ž .the highest dose tested 0.1 mgrkg , blocked the response
to doses of 8-OH-DPAT at doses as low as 0.05 and 0.1

Ž .mgrkg. In WT mice, WAY 100635 0.1 mgrkg did not
block the effects of low doses of 8-OH-DPAT, but blocked

Ž .those of an intermediate dose 0.2 mgrkg . As for the
dose-response study, these data indicate that WAY 100635
was more efficacious in antagonizing 8-OH-DPAT-in-
duced hypothermia in mutants than in WT mice.

Thus, in the absence of terminal 5-HT autoreceptors1B

in adult constitutive 5-HT yry KO mice, the func-1B

tional activity of the somatodendritic 5-HT receptor1A

subtype is altered. These changes could result from the
absence of 5-HT receptor throughout the development of1B

KO mice and will influence the phenotype of the adults.
These mutants are known to be more reactive, less anxious
than WT controls, and display increased vulnerability to
stressful situations such as the isolation, the stress gener-

Žated by the intruder, and novel environments Saudou et
.al., 1994; Ramboz et al., 1996; Zhuang et al., 1999 . Our

assertion regarding the present data must be confirmed by
studying 8-OH-DPAT-induced hypothermia following its

Žinjection into the dorsal raphe nucleus Higgins et al.,

. Ž . Ž1988 or intracerebroventricularly icv in mice Goodwin
.et al., 1985 .
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