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Abstract

Background—Obsessive compulsive disorder (OCD) is characterized by intrusive thoughts,
images, or impulses and/or repetitive stereotypical behavior. OCD patients exhibit reduced prepulse
inhibition (PPI), and symptom exacerbation following challenge with 5-HT1B receptor agonists.
Recently, gain-of-function alleles of the serotonin transporter (5-HTT) have been associated with
OCD. We tested the hypothesis that reducing 5-HTT function chronically, either genetically or via
serotonin reuptake inhibitor (SRI) treatment, attenuates PPI deficits and perseverative
hyperlocomotion induced by 5-HT1B agonists in mice.

Methods—Miice received subchronic or chronic pretreatment with the SRI fluoxetine, and acute
treatment with RU24969 (5-HT1A/1B agonist) or 8-OH-DPAT (5-HT1A agonist), and were assessed
for PPI, locomotor activity, and spatial patterns of locomotion. The same measures were evaluated
in 5-HTT wild-type (WT), heterozygous (HT), and knockout (KO) mice following RU24969
treatment. The effects of WAY 100635 (5-HTA antagonist) or GR127935 (5-HT1B/D antagonist)
pretreatment on RU24969-induced effects were evaluated. Finally, 5-HT1B binding and functional
coupling were assessed in 5-HTT-WT, -HT, and -KO mice, and normal fluoxetine-treated mice.

Results—Chronic, but not subchronic, fluoxetine prevented RU24969-induced PPI deficits and
perseverative hyperlocomotion. These RU24969-induced effects were mediated via 5-HT1B, and
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not 5-HT1A, receptors. 5-HTT-KO mice showed no effects of RU24969, and 5-HTT-HT mice
exhibited intermediate phenotypes. 5-HT1B binding and functional coupling were reduced in the
globus pallidus and substantia nigra of 5-HTT-KO mice.

Conclusions—Our results demonstrate that chronic, but not subchronic, fluoxetine treatment and
5-HTT knockout robustly attenuate 5-HT1B agonist-induced PPI deficits and perseverative
hyperlocomotion. These results may have implications for the etiology and treatment of OCD.
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5-HTT; antidepressant; OCD; PPI; 5-HT1B receptor

Introduction

Obsessive compulsive disorder (OCD) is characterized by the inability to inhibit intrusive and
distressing thoughts, images, or impulses and/or repetitive behaviors. Alterations in the
serotonergic system have been implicated in OCD, although the precise mechanisms
underlying these abnormalities have not been identified. Human pharmacological and genetic
(1,2) studies have implicated the 5-HT1B receptor (previously termed 5-HT1Dg) in the
pathophysiology of OCD. For example, challenge with 5-HT1B agonists has been shown to
exacerbate symptoms in OCD patients in many (3-6), but not all studies (7,8). Recent evidence
has also implicated gain-of-function alleles of the serotonin transporter (5-HTT) conferring
increased 5-HTT expression (9,10) or constitutive activity of 5-HTT (11,12) in OCD.
Furthermore, SRIs provide the only effective pharmacological monotherapy for OCD (13).

OCD has been associated with reduced prepulse inhibition (PPI) of the startle response (14,
15). PPI refers to the reduction in magnitude of the startle response that occurs when an abrupt
startling stimulus is preceded 30-500 msec by a barely detectable prepulse (16). PPI provides
an operational measure of sensorimotor gating, a central inhibitory process theorized to filter
out excessive sensory, motor, and cognitive information. Several neuropsychiatric disorders
are characterized by deficient PPI, including schizophrenia (17) and OCD (14,15). Numerous
animal studies have sought to elucidate the neural substrates underlying the PPI deficits in
schizophrenia by identifying the mechanisms by which psychotomimetic drugs disrupt PPI
(17,18), and antipsychotics prevent this effect (19,20). However, the PPI paradigm also
provides a model for studying the neural substrates of PPI deficits that characterize other
disorders, such as OCD.

In rodents, acute treatment with 5-HT1B agonists reduces PPI (21-23) and induces a long-
lasting and perseverative form of hyperlocomotion in which animals circle the perimeter of
the open field along a fixed path (24-26). The population of 5-HT1B receptors responsible for
these behavioral effects of 5-HT1B agonists is currently unknown. Some studies have
suggested that postsynaptic receptors mediate 5-HT1B agonist-induced hyperlocomotion,
since this effect is not attenuated by degeneration of serotonin neurons by 5,7-
dihydroxytryptamine (5,7-DHT)(27). However, 5,7-DHT-induced lesions are often
incomplete, complicating the interpretation of results.

The present studies tested the hypothesis that chronically reducing 5-HTT function, either with
chronic SRI treatment or genetic knockout of 5-HTT, would diminish the PPI deficits,
hyperlocomotion, and perseverative spatial locomotion patterns induced by the 5-HT1B
receptor agonist RU24969. Because only long-term SRI treatment reduces OCD symptoms,
we assessed the ability of both subchronic and chronic SRI pretreatment to block RU24969-
induced effects. Since RU24969 exhibits some affinity for 5-HT1A receptors (Ki=2.5nM) as
well as 5-HT1B receptors (Ki=0.38nM)(28), we also assessed the effects of the 5-HT 1A agonist
8-OH-DPAT on all measures, and the ability of the 5-HT1A antagonist WAY 100635 and the
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5-HT1B/D antagonist GR127935 to block RU24969-induced effects. 5-HTT-WT, -HT, and -
KO mice were tested similarly. Finally, 5-HT1B receptor binding and functional coupling were
also quantified.

BALB/cJ mice (Jackson Laboratories, Bar Harbor, ME) 8-12 weeks of age and weighing 20—
30g were used for fluoxetine studies. 5-HTT-WT, -HT and -KO mice on a mixed BALB/cJ x
129SvEV F2 background (~75% BALB/cJ) were derived from heterozygous crossings (29).
Female BALB/cJ mice were used for all experiments because this strain has been shown to
behaviorally respond to chronic SRI treatment (30), and males of this strain exhibit excessive
home-cage fighting. Mice were housed in groups of four to five with same-type mice and
maintained on a 12L.:12D schedule (lights on at 0600). Food and water were provided ad
libitum. Behavioral testing occurred during the light phase between 0600 and 1600. Animal
testing was conducted in accord with the NIH laboratory animal care guidelines and with
IACUC approval.

Fluoxetine (0 or 15mg/kg/day) was delivered ad libitum in the drinking water (0 or 120mg/L)
in opaque bottles, and changed weekly. RU24969 and 8-OH-DPAT were dissolved in 0.9%
saline as salt doses, and injected intraperitoneally (i.p.) and subcutaneously (s.c.), respectively.
Drug doses were selected based on the results of previous dose response studies (21,30). We
used RU24969 to stimulate rodent 5-HT1B receptors instead of human 5-HT1B (h5-HT1B)
agonists shown to exacerbate OCD, because human and rodent 5-HT1B receptors differ
profoundly in drug binding (31,32); for example, RU24969 exhibits >1000-fold higher affinity
for rodent 5-HT1B receptors than sumpatriptan (Ki=0.38 vs. 465nM)(28,31). WAY 100635
and GR127935 were dissolved in distilled water and injected s.c. Injections were administered
at a volume of 5ml/kg bodyweight with 1 cc syringes and 279 needles. For details regarding
chemicals see Supplement 1.

Behavioral Experiments

Experiment 1—Mice were pretreated subchronically (7 days average) with 0 or 15mg/kg/

day fluoxetine. Mice were then assessed for behavior following acute drug treatments (saline,
10mg/kg RU24969, and 1mg/kg 8-OH-DPAT) on three separate test days in a counterbalanced
fashion. On each day, mice received acute drug injection and were immediately assessed for
locomotion in the open field for 20 min, and then placed directly into startle chambers to assess
PPI. One day of rest separated each test day. Thus, the duration of pretreatment was 5, 7, and
9 days on the three test days.

Experiment 2—All aspects were identical to Experiment 1, except that mice were pretreated
chronically (28 days average) with 0 or 15mg/kg/day fluoxetine.

Experiment 3—5-HTT-WT, -HT, and -KO mice were assessed for behavior following acute
drug injection as described Experiment 1, except that mice did not receive fluoxetine
pretreatment.

Experiment 4—Muice were pretreated with acute injections of vehicle, Img/kg WAY 100635,
or 5mg/kg GR127935. Thirty minutes later, mice received acute drug treatment (saline or
10mg/kg RU24969) and were immediately assessed for behavior. Mice were tested on two
separate days and received the same pretreatment, but received the two treatments in a
counterbalanced fashion.
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The apparati and parameters used to measure PPl and locomotion are described in Supplement
1.

5-HT1B binding and functional coupling

[3H]5-CT—5-HT1B receptor binding was assessed by evaluating [3H]5-CT binding in the
presence of 8-OH-DPAT to block 5-HT1A receptors, and SB-269970 to block 5-HT7
receptors. Nonspecific binding was determined in the presence of the 5-HT1B/1D antagonist
GR127935.

[35S]GTP-y-S—5-HT1B receptor functional coupling was evaluated by assessing [3°S]GTP-
v-S binding in the presence or absence of the 5-HT1B agonist CP93129. Nonspecific binding
was determined in the presence of GR127935.

Optical densities of images were converted to nCi/mg tissue using a calibration curve generated
from coexposed microscale standards. For details regarding binding studies see Supplement
1.

Statistical analysis

Results

Analyses for all measures are described in Supplement 1.

Open field—Total distance traveled, total time in the center, and the spatial scaling exponent
“spatial d” were evaluated. Spatial d quantifies geometric patterns of locomotor activity, and
has been described in detail elsewhere (33). Briefly, spatial d measures the degree to which
consecutive movements are straight (d=1), meandering (d=1.5), or involve many directional
changes (d=2). For example, highly perseverative patterns of locomotion characterized by
straight paths along the perimeter of the open field are reflected by low spatial d values.

Startle—Prepulse inhibition and startle reactivity were analyzed.

Binding studies—Both [3H]5-CT and [3°S]GTP-y-S binding were evaluated.

Chronic, but not subchronic, fluoxetine treatment attenuates RU24969-induced PPI deficits

RUZ24969 robustly decreased PPI across subchronic fluoxetine pretreatment groups (F(1,28)=
52.70; p<.0001)(Figure 1a). 8-OH-DPAT increased PPI across subchronic fluoxetine
pretreatment groups (F(1,28)=6.30; p<.05). No main effect of pretreatment (F(1,23)=0.31;
p=0.58) was found, indicating that subchronic fluoxetine pretreatment had no effect on PPI.
One fluoxetine-pretreated outlier was removed from analysis.

Chronic fluoxetine pretreatment diminished the ability of RU24969 to disrupt PPI (Figure 1b)
as revealed by a treatment x pretreatment interaction (F(1,27)=9.40; p<.01). RU24969 reduced
PPI in both control-pretreated (F(1,14)=28.44; p<.0001) and fluoxetine-pretreated (F(1,13)

=9.76; p<.01) mice. However, following RU24969 treatment, control-pretreated mice showed
lower PPI levels than chronic fluoxetine-pretreated mice (F(1,27)=15.77; p<.001). Chronic

fluoxetine pretreatment had no effect on PPI in control-treated mice (F(1,27)=1.00; p=0.33).
A trend for a main effect for 8-OH-DPAT to increase PPI was found (F(1,27)=3.14; p=0.08).

No effects of pretreatment or treatment on startle reactivity were found which could have
confounded the interpretation of PPI results in any experiment. Experimental results for startle
reactivity are presented in Supplement 1.
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Chronic, but not subchronic, fluoxetine treatment prevents RU24969-induced hyperactivity
and perseverative locomotor paths

RU24969 induced hyperlocomotion across subchronic pretreatment conditions (F(1,28)
=19.01; p<.001)(Figure 2a). Although a trend for an interaction of treatment x pretreatment
was found, (F(1,28)=3.45; p=0.07), RU24969 increased locomation within both pretreatment
groups, and locomotion did not differ between pretreatment groups within treatment groups.
Furthermore, RU24969 induced straighter paths of locomotion (lower spatial d) across
pretreatment groups (F(1,28)=7.03; p<.01)(Table 1). 8-OH-DPAT reduced locomotion across
subchronic pretreatment conditions (F(1,28)=76.09; p<.0001), and induced more
circumscribed paths (higher spatial d) in control- but not fluoxetine-pretreated mice as revealed
by a pretreatment x treatment interaction (F(1,28)=7.76; p<.01) and Newman Keuls post-hoc
tests.

RU24969 induced hyperlocomotion in control, but not chronic fluoxetine-pretreated mice
(Figure 2b), as revealed by a treatment x pretreatment interaction (F(1,28)=9.58; p<.01).
Specifically, control-pretreated mice receiving RU24969 exhibited more locomotor activity
than chronic fluoxetine-pretreated mice receiving RU24969, and control-pretreated mice
receiving saline. In parallel, RU24969 induced straighter locomotor paths in control-pretreated,
but not fluoxetine-pretreated mice (Figure 3), as revealed by a main effect of treatment (F(1,28)
=5.65; p<.05), and a trend for a treatment x pretreatment interaction (F(1,28)=3.02; p=0.09).
Planned comparisons indicated that RU24969 reduced spatial d in control-pretreated mice (F
(1,14)=7.84; p<.01), but not in chronic fluoxetine-pretreated mice (F(1,14)=0.22; p=0.64). 8-
OH-DPAT reduced locomotion in mice overall (F(1,28)=11.57; p<.01), and had no effect on
spatial d (Table 1).

5-HTT-KO mice do not exhibit RU24969-induced PPI deficits, hyperactivity, or perseverative
locomotor paths

No significant interactions including genotype and treatment were identified for PPI. To test
our a priori hypothesis that reducing 5-HTT function would diminish the effects of RU24969,
we performed planned comparisons assessing pretreatment, treatment, and prepulse intensity
within each genotype. For 5-HTT-WT mice, a treatment x prepulse intensity interaction (F
(2,20)=4.82; p<.05) and Newman Keuls post-hoc tests showed that RU24969 reduced PPI at
the 3dB prepulse intensity (Figure 4a). No effects of RU24969 on PPI were found in 5-HTT-
HT or -KO mice. 8-OH-DPAT increased PPI at the 6 and 12dB prepulse intensities in 5-HTT-
WT and -HT mice, but had no effect in -KO mice, as indicated by a treatment X pretreatment
X prepulse intensity interaction (F(4,62)=3.80; p<.01) and post-hoc tests. One 5-HTT-WT and
one -HT outlier was removed from PPI analyses.

RU24969 induced hyperlocomotion in 5-HTT-WT and -HT, but not -KO mice (Figure 4b).
ANOVA found a treatment x genotype interaction (F(2,33)=7.59; p<.01), and post-hoc
ANOVASs showed that RU24969 increased locomotion in 5-HTT-WT (F(1,11)=27.08; p<.
001), and -HT (F(1,11)=9.41; p<.01), but not -KO mice (F(1,11)=2.65; p=0.13). Locomotor
activity levels differed between each genotype following RU24969 treatment, with 5-HTT-
WT mice showing the most and -KO mice showing the least locomation. Lastly, following
saline treatment, 5-HTT-KO mice showed lower levels of activity than -WT and -HT mice. 8-
OH-DPAT had no effect on locomotor activity, but a main effect of genotype (F(2,33)=4.03;
p<.05) and post-hoc tests showed that 5-HTT-KO mice showed lower levels of activity than -
WT and -HT mice overall.

RU24969 induced straighter locomotor paths in 5-HTT-WT, but not -HT or -KO mice, as
revealed by main effects of genotype (F(2,33)=6.42; p<.01), and drug (F(1,33)=9.44; p<.01),
and a trend for a treatment x genotype interaction (F(2,33)=2.74; p=0.07)(Table 1). Planned
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comparisons indicated that RU24969 induced straighter paths in 5-HTT-WT mice (F(1,11)
=10.10; p<.01). Additionally, a trend was found for RU24969 to induce straighter paths in 5-
HTT-HT mice (F(1,11)=4.37; p=0.06), but no effect of RU24969 on spatial d was found in -
KO mice (F(1,11)=0.02; p=0.90). Furthermore, RU24969-treated 5-HTT-WT mice exhibited
straighter paths than RU24969-treated -KO mice. ANOVA assessing the effects of genotype
and 8-OH-DPAT on spatial d found only a main effect of genotype (F(2,33)=4.44; p<.05), with
5-HTT-KO mice exhibiting reduced spatial d compared to -WT and -HT mice.

RU24969-induced PPI deficits and perseverative hyperlocomotion are mediated by 5-HT1B

receptors

GR127935 pretreatment blocked RU24969-induced PPI deficits, as revealed by an interaction
of pretreatment, treatment, and prepulse intensity (F(4,80)=4.97; p<.001)(Figure 5a). RU24969
reduced PPI in saline pretreated mice (F(1,13)=20.11; p<.001) and WAY 100635 pretreated
mice (F(1,13)=31.60; p<.0001). No significant effect of RU24969 on PPl was found in
GR127935 pretreated mice, although a trend was found for RU24969 to reduce PPI at the 3dB
prepulse intensity. Pretreatment did not alter PPI in saline-treated mice. However, within
RUZ24969-treated groups, GR127935 increased and WAY 100635 decreased PPI relative to
control at the 6dB and 12dB prepulse intensities (F(4,80)=3.50; p<.05).

GR127935 pretreatment blocked WAY100,635- and increased RU24969-induced
hyperactivity, as revealed by an interaction of pretreatment and treatment (F(2,40)=13.73; p<.
0001)(Figure 5b). RU24969 induced hyperactivity in saline pretreated mice (F(1,13)=12.36;
p<.01) and WAY 100635 pretreated mice (F(1,13)=69.33; p<.0001). No effect of RU24969
was found in GR127935 pretreated mice (F(1,14)=3.24; p=0.09). Pretreatment did not alter
locomotion in saline-treated mice; however, within RU24969-treated mice, all pretreatment
groups differed from one another.

Activation of 5-HT1B, but not 5-HT1A, receptors by RU24969 induced more perseverative
locomotor paths as quantified by spatial d (Table 1). ANOVA revealed an interaction of
pretreatment and treatment (F(2,40)=5.57; p<.01), and post hoc tests showed that mice
receiving WAY100,635 and RU24969 exhibited lower spatial d values than mice receiving
either treatment alone.

5-HT1B agonist-stimulated [3°S]GTP-y-S binding is reduced in 5-HTT-KO mice

CP93129-induced [3®S]GTP-y-S binding in the substantia nigra (F(2,13)=13.76; p<.001) and
globus pallidus (F(2,13)=10.55; p<.01) of 5-HTT-KO mice was reduced relative to 5-HTT-
WT and -HT mice (Figure 6a, Suppl. Fig. 1). However, chronic fluoxetine had no effect on
CP93129-induced [3®S]GTP-y-S binding in either brain region (see Supplement 2).

5-HT1B receptor binding is reduced in 5-HTT-HT and -KO mice

[3H]5-CT binding was reduced in the substantia nigra of 5-HT-HT (—44%)(F(1,5)=6.82; p<.
05) and 5-HTT-KO mice (—44%)(F(1,8)=7.75; p<.05) compared to 5-HTT-WT mice.
Furthermore, binding was reduced in the globus pallidus of 5-HTT-KO mice (—48%)(F(1,9)
=10.42; p<.01) and 5-HTT-HT mice (-51%)(F(1,6)=4.64; p=0.07; a trend), compared to 5-
HTT-WT mice (Figure 6b, Suppl. Fig. 2). However, chronic fluoxetine pretreatment had no
effect on [3H]5-CT binding in either brain structure (see Supplement 2).

Discussion

Here we report that both chronic fluoxetine treatment and genetic reduction of 5-HTT
expression prevent 5-HT1B agonist-induced PPI deficits, hyperlocomotion, and perseverative
locomotor paths in mice. We found that chronic (4 weeks), but not subchronic (1 week),
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fluoxetine treatment attenuated these RU24969-induced effects, which is consistent with the
time-course for SRIs to induce therapeutic effects in OCD. The effects of RU24969 on all three
measures were absent in 5-HTT-KO mice, and intermediate in 5-HTT-HT mice. Additionally,
we have replicated these behavioral effects in an independent group of animals. Furthermore,
we have demonstrated that all three behavioral effects of RU24969 require activation of 5-
HT1B, and not 5-HT1A, receptors. Finally, we found that genetically reducing 5-HTT
expression, but not chronic fluoxetine treatment, reduced 5-HT1B receptor expression and
functional coupling in the substantia nigra and globus pallidus. The present findings may have
implications for the etiology and treatment of neuropsychiatric disorders characterized by PPI
deficits and perseverative behaviors and treated with SRIs, including OCD.

Our present findings in mice parallel several observations in OCD patients. One, h5-HT1B
receptor agonists have been suggested to exacerbate symptoms in OCD patients (3-6). Two,
long-term SRI treatment provides effective treatment for OCD (13). Three, recent studies have
suggested that lower 5-HTT function might protect against OCD, while increased 5-HTT
function may be a risk factor for OCD (9-12). However, autistic patients also exhibit repetitive
motor symptoms that respond to chronic SRI treatment (34,35) and are exacerbated by h5-
HT1B receptor challenge (36,37). Furthermore, autistic spectrum patients have also been
suggested to exhibit PPI deficits (38), Thus, the present mouse model may provide insight into
several disorders characterized by these features, such as OCD and autism.

Our results indicate that chronic, but not subchronic, fluoxetine treatment prevents 5-HT1B
receptor-induced PPI deficits. RU24969 treatment reduced PP across all prepulse intensities
in pure BALB/cJ mice (Figure 1a), and decreased PPI only at the 3dB prepulse intensity in F2
(75%BALB/cJ, 25%129Sv) 5-HTT-WT mice (Figure 4a). We have previously shown that
RUZ24969 reduces PPI only at low prepulse intensities in 129Sv mice (21,39); thus, this
discrepancy was likely due to a strain difference. Chronic fluoxetine treatment might prevent
the behavioral effects of RU24969 by increasing extracellular serotonin levels, resulting in
desensitization of 5-HT1B receptors. For example, repeated 5-HT1B receptor stimulation
attenuates RU24969-induced hyperactivity (40). Neither subchronic nor chronic fluoxetine
treatment alone significantly altered PPI (Figure 1), consistent with previous reports in humans
(41) and animals (42,43). 8-OH-DPAT treatment increased PPI as previously reported (21,
39), regardless of fluoxetine treatment (Figure 1). Thus, any effects of RU24969 mediated by
5-HT1A receptors did not confound the interpretation of the present results.

Chronic, but not subchronic, fluoxetine treatment prevented RU24969-induced
hyperlocomotion (Figure 2). Subchronic fluoxetine treatment showed a trend to reduce
RU24969-induced hyperactivity. Thus, the attenuation of RU24969-induced hyperactivity by
fluoxetine appears to begin in the first week of treatment and develop progressively over four
weeks. 8-OH-DPAT reduced locomotion across pretreatment groups in both fluoxetine studies.
Although this reduction appears attenuated in subchronic fluoxetine-pretreated mice, this
difference was not significant and was not replicated in an independent experiment. In separate
studies, we also found that chronic fluoxetine treatment attenuated hyperlocomotion induced
by the 5-HT1A/B agonist/5-HT3 antagonist anpirtoline (44)(Suppl. Fig. 4).

Chronic, but not subchronic, fluoxetine treatment prevented the straight, perseverative paths
of locomotion induced by RU24969 (Table 1). Spatial d values have been shown to be
independent of the amount of locomotor activity (45). Furthermore, RU24969-induced
thigmotaxis was not observed because mice spent very little time in the center (<1 min.
average), including control-treated mice. Thus, RU24969 reduced spatial d, but did not alter
time spent in the center versus periphery due to a floor effect. In the subchronic fluoxetine
study, 8-OH-DPAT increased spatial d in mice receiving control pretreatment; however,
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RU249609 still significantly reduced spatial d in this group. 8-OH-DPAT also induced small
nonsignificant increases in spatial d in all other groups.

Our findings that pretreatment with GR127935, but not WAY 100635, prevents RU24969-
induced PPI deficits and perseverative hyperlocomotion show that activation of 5-HT1B, and
not 5-HT1A, receptors is required for these effects (Figure 5). This finding for locomotor
activity has been previously reported in C57BL/6 mice (24). Furthermore, RU24969-induced
hyperactivity (46) and PPI deficits (39) are absent in 5-HT1B-KO mice. RU24969 also exhibits
minor agonist activity at 5-HT2C receptors (Ki=150nM)(Peroutka 1986); however, 5-HT2C
activation is unlikely to be involved in RU24969-induced hyperlocomotion, which is unaltered
by the 5-HT2C antagonist SB242084 (47) or the 5-HT2A/C antagonist ritanserin (24). Our
present results suggest that both chronic fluoxetine and knockout of 5-HTT reduce RU24969-
induced PPI deficits and perseverative hyperlocomotion by reducing 5-HT1B receptor
function; however, reducing 5-HTT function also functionally desensitizes other receptor
populations including presynaptic 5-HT 1A receptors (48,49), which do not appear to influence
the RU24969-induced behavioral effects studied here. Finally, it is possible that the affinity of
8-OH-DPAT for 5-HT7 receptors (Ki=39nM) contributes to its effects in addition to its affinity
for 5-HT1A receptors (Ki=0.65nM)(50).

Recent findings have implicated gain-of-function 5-HTT alleles in OCD, suggesting that lower
functioning 5-HTT alleles protect against OCD. Our present findings in 5-HTT-WT, -HT- and
-KO mice appear consistent with these human genetic findings. 5-HTT-WT, but not -KO, mice
exhibited PPI deficits, hyperlocomotion, and reduced spatial d after receiving RU24969 (Figure
4, Table 1). Furthermore, RU24969 induced intermediate locomotor responses, and straighter
locomotor paths that approached significance in 5-HTT-HT mice. Across treatment conditions,
5-HTT-WT and -HT mice showed higher locomotor activity levels and straighter locomotor
paths compared to 5-HTT-KO mice, indicating that lower 5-HTT expression levels reduce
locomotion and induce more meandering locomotor paths. 8-OH-DPAT did not alter
locomotor activity or spatial patterns in any genotype. RU24969 reduced PPI at the 3dB
prepulse intensity in 5-HT-WT, but not -HT- or -KO mice. However, we can not rule out that
the nonsignificant reductions in PPI observed in 5-HTT-HT and -KO mice at the 3dB prepulse
intensity might have obscured PPI disruptive effects of RU24969. 8-OH-DPAT increased PPI
in 5-HTT-WT and -HT, but not -KO mice, although this finding can not account for the lack
of effect of RU24969 in 5-HTT-KO mice. The differential effects of RU24969 on PPI and
locomotor activity in 5-HTT-WT and -KO mice likely reflects lack of 5-HTT, and not flanking
alleles, because we obtained similar results in 5-HTTKO mice on a pure 129Sv background
(Suppl. Fig. 3; Suppl. Table 1) which lack flanking alleles, and in normal mice following
chronic fluoxetine treatment (Figures 1 & 2).

We sought to identify the populations of 5-HT1B receptors that were functionally desensitized
by reducing 5-HTT function. Activation of 5-HT1B receptors in the substantia nigra reduces
the tonic inhibition exerted by striatal projection neurons onto nigral dopaminergic neurons
(51), resulting in increased dopamine release into the striatum (52,53) which disrupts PPI
(18), and induces hyperlocomotion (54,55). Likewise, activation of 5-HT1B receptors in the
globus pallidus reduces tonic inhibition exerted by GABAergic striatal neurons onto pallidal
projection neurons (51), resulting in reduced PPI (18), and increased locomotion (56). Thus,
the observed reductions in 5-HT1B receptor binding and/or functional coupling in 5-HTT-HT
and -KO mice might underlie their attenuated behavioral responses to RU24969 (Figure 6).
Our present findings are also consistent with a previous report examining 5-HT1B binding and
functional coupling in 5-HTT-KO mice on a C57BL/6 background (48). However, we found
no changes in these measures in chronic fluoxetine-treated mice. Several possibilities could
explain this discrepancy. First, reductions in 5-HT1B binding and/or coupling could underlie
the reduced behavioral effects of RU24969 in 5-HTT-HT and -KO mice, or may be unrelated.
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Second, chronic fluoxetine treatment might functionally desensitize a different population of
5-HT1B receptors to achieve the same behavioral effects. For example, desensitization of 5-
HT1B receptors on glutamatergic neurons in the dorsal subiculum might reduce RU24969-
induced behavioral effects, since activation of these receptors induces dopamine release in the
ventral striatum (57). Lastly, reduction in 5-HTT function may reduce RU24969-meditated
effects by inducing changes downstream of the 5-HT1B receptor.

In summary, we have established for the first time that chronic SRI treatment and genetic
reduction in 5-HTT expression both prevent the PPI deficits, hyperlocomotion, and
perseverative locomotor paths induced by 5-HT1B receptor activation. Furthermore, we have
shown that chronic, but not subchronic, SRI treatment is required to attenuate these 5-HT1B-
mediated behavioral effects. These findings suggest that increased 5-HTT and/or 5-HT1B
receptor function, and their functional interaction, contribute to behavioral effects in an animal
model that is suggested to be relevant to the etiology of OCD. Accordingly, the 5-HT1B
receptor may provide a target for novel therapeutics for OCD. Future work will explore the
effects of 5-HT1B receptor ligands on PPI and perseverative hyperlocomotion in mice with
gain-of-function mutations in 5-HTT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(A) Percent prepulse inhibition is shown for BALB/cJ mice pretreated subchronically (one
week) with 0 (n=15) or 15 (n=15) mg/kg/day fluoxetine. (B) PPI is shown for BALB/cJ mice
pretreated chronically (four weeks) with 0 (n=15) or 15 (n=14) mg/kg/day fluoxetine. All mice
received saline, RU24969, and 8-OH-DPAT treatment. Chronic, but not subchronic, 15mg/kg/
day fluoxetine attenuated the PPI deficits induced by 10mg/kg RU24969. 8-OH-DPAT
increased PPl across all pretreatments. Values are means + SEM. Insets show data with prepulse
intensity collapsed. An asterisk (*) indicates a significant difference from saline-treated
animals within the same pretreatment group. A pound sign (#) indicates a significant difference
from control-pretreated animals within the same treatment group.
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Figure 2.

(A) Total locomotor activity is shown for BALB/cJ mice pretreated subchronically (one week)
with 0 (n=15) or 15 (n=15) mg/kg/day fluoxetine. (B) Total locomotor activity is shown for
BALB/cJ mice pretreated chronically (four weeks) with 0 (n=15) or 15 (n=15) mg/kg/day
fluoxetine. All mice received saline, RU24969, and 8-OH-DPAT treatment. Chronic, but not
subchronic, 15mg/kg/day fluoxetine blocked the locomotor hyperactivity induced by 10mg/
kg RU24969. 8-OH-DPAT reduced locomation across all pretreatments. Values are means +
SEM. An asterisk (*) indicates a significant difference from saline-treated animals within the
same pretreatment group. A pound sign (#) indicates a significant difference from control-
pretreated animals within the same treatment group.
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Figure 3.

Locomotor paths taken by BALB/cJ mice receiving chronic fluoxetine (0 or 15mg/kg/day)
pretreatment and RU24969 (0 or 10mg/kg) treatment are shown. Paths are representative for
spatial d values, but not locomotor activity levels or amount of activity in the center vs.
periphery. A control-pretreated mouse receiving RU24969 shows a highly perseverative
pattern of locomotion characterized by straight paths along the perimeter of the open field
(d=1.2). The remaining three mice show more meandering paths (d=1.4), and varying levels
of locomotor activity.
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Figure 4.

(A) Prepulse inhibition and (B) total locomotor activity of serotonin transporter -WT, -HT, and
-KO mice treated with control, RU24969, and 8-OH-DPAT. RU24969 reduced PPI only in 5-
HTT-WT mice at the 3dB prepulse intensity. 8-OH-DPAT increased PPI in 5-HTT-WT and -
HT, but not -KO mice. RU24969 increased locomotion in 5-HTT-WT and -HT, but not -KO
mice. Locomotion was reduced overall in 5-HTT-KO mice. Values are means £ SEM. An
asterisk (*) indicates a significant difference from saline-treated animals within the same
genotype. A pound sign (#) indicates a significant difference from 5-HTT-WT mice within the
drug treatment group.

Biol Psychiatry. Author manuscript; available in PMC 2010 March 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Shanahan et al.

Page 17

O saline
B 10 mg/kg RU24969

A Control ~ WAY100635, GR127935
S ' X
= i i : #
5 %0 : :
E 1 l 1
= 40] i : #
(0] | |
2 - i i
3 30 : # o
o ' '
o 207 ' '
X ' # :
107 ! !
0-

3 6 12 3 6 12 3 6 12
Prepulse Intensity (dB)

B #
20007
B 1750]
© 15007 s
12501
[&]
750
5001
250

#

m

Control WAY100635 GR127935

Distan

e
—
o
S
S

Figure 5.

(A) Prepulse inhibition and (B) total locomotor activity of BALB/cJ mice pretreated with
control (n=14), 1Img/kg WAY 100635 (n=15), or 5mg/kg GR127935, and treated with 0 or
10mg/kg RU24969 in a counterbalanced fashion. RU24969 treatment reduced PPl compared
to control treatment in control- and WAY 100635-pretreated, but not GR127935-pretreated
mice. 5-HTT-WT mice at the 3dB prepulse intensity. Within RU24969-treatment,

WAY 100635 pretreatment reduced PPl and GR127935 pretreatment increased PPI at the 6 and
12dB prepulse intensities. RU24969 increased locomotion in control- and WAY 100635
pretreated mice, but not GR127935 pretreated mice. Values are means = SEM. An asterisk (*)
indicates a significant difference from saline-treated animals within the same pretreatment
group. A pound sign (#) indicates a significant difference from all other pretreatment groups
within the same treatment group.
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Figure 6.

5-HT1B functional coupling as assessed by CP93129-induced [3°S]GTP-y-S binding (A), and
5-HT1B receptor expression as assessed by [3H]5-CT binding (B) is shown for 5-HTT-WT, -
HT, and -KO mice in the globus pallidus and substantia nigra. Quantification revealed
significantly decreased [3H]5-CT binding in 5-HTT-HT and -KO mice relative to 5-HTT-WT
mice. [3S]GTP-y-S binding was reduced in 5-HTT-KO mice relative to 5-HTT-WT and -HT
mice (*p<.05). For representative images, see Suppl. Figs. 1 and 2.
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Table 1
Spatial d values are shown for all experiments. In the subchronic fluoxetine study, RU24969 significantly reduced
spatial d (straighter paths) across pretreatment groups. Values are means £ SEM. An asterisk (*) indicates a significant
difference from saline-treated animals within the same pretreatment or genotype. A pound sign (#) indicates a significant
difference from either control pretreatment or 5-HTT-WT mice within the same drug treatment group.

Experiment Pretreatment Treatment Spatial d
Subchronic fluoxetine control saline 1.45+ .06
RU?24969 1.40 .05
8-OH-DPAT 1.78 + .05*
fluoxetine saline 1.50 + .06
RU?24969 1.38 .05
8-OH-DPAT 152+ .07"
Chronic fluoxetine control saline 1.71+ .06
RU?24969 1.55 + .06
8-OH-DPAT 1.73+.07
fluoxetine saline 1.74 + .06
RU24969 171+ .07*
8-OH-DPAT 1.81+.07
Serotonin transporter WT saline 1.50 +£.08
RU?24969 1.23+.07*
8-OH-DPAT 157 +.10
HT saline 1.63+.09
RU24969 1.41+.10
8-OH-DPAT 1.65+.09
KO saline 1.75+ .08
RU24969 1.76 £ .10*
8-OH-DPAT 1.92 +.06"
Antagonist study control saline 1.59 +.07
RU24969 1.61+.09
WAY 100635 saline 1.51+.05
RU24969 1.32 +.06**
GR127935 saline 1.61+.06
RU24969 1.66 = .07
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