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ABSTRACT: Prepulse inhibition (PPI) is a model of sensorimotor gating, a
sensory filtering mechanism which is disrupted in schizophrenia. Here,
investigation of the role of the serotonin-1A (5-HT1A) receptor in the regulation
of PPI in two mouse strains, C57Bl/6 and Balb/c, was used to address findings in
the PPI literature on species and mouse strain differences that question the
usefulness of PPI as a cross-species preclinical test. Although the full 5-HT1A
receptor agonist, 8-OH-DPAT, induced markedly different strain-specific
responses in PPI, other selective 5-HT1A receptor ligands with partial agonist
or antagonist activity elicited similar effects across strains. Pretreatment with the
serotonin precursor, 5-HTP, to increase serotonergic activity in the brain, unmasked a decrease in PPI caused by 8-OH-DPAT in
C57Bl/6 mice. Pretreatment with the serotonin synthesis inhibitor, PCPA, to decrease serotonergic activity in the brain,
unmasked an 8-OH-DPAT-induced increase in PPI in this strain. These studies show that the strain-dependent involvement of 5-
HT1A receptors in PPI can be modulated by the type of 5-HT1A ligand used, or increasing or decreasing serotonin levels in the
brain. These results help to clarify some of the mouse strain and species differences in PPI regulation and strengthen its
usefulness as a cross-species measure of sensorimotor gating.
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Prepulse inhibition (PPI) is a widely used behavioral model
of sensory gating, a filtering mechanism that is disrupted

(i.e., reduced) in schizophrenia and other psychiatric and
neurological illnesses.1,2 The principle of PPI of acoustic startle
is that the startle response, which is elicited by a short loud
sound pulse, can be inhibited if it is preceded by a low-intensity
prepulse sound, which presumably initiates a short-term
inhibitory response to prevent sensory flooding and to allow
focused attention.3,4 While the startle response is mediated by a
simple ponto-medullary brain circuit, regulation of PPI is more
complex and involves a number of other brain regions, such as
the superior colliculus and pedunculopontine tegmental
nucleus.3 The set-point and activity of these circuits is
modulated by numerous forebrain regions, including the
nucleus accumbens and hippocampus.3,5 At the same time,
multiple neurotransmitter systems in the brain have been
implicated in the modulation of PPI, including receptors of the
dopamine and serotonin systems.6,7

PPI is often referred to as a “cross-species” phenomenon, and
this has been generally accepted as being one of its advantages.
Indeed, methodology for PPI of acoustic startle is remarkably
similar between humans and animals, except that eye-blink
startle responses are most commonly used in humans versus
whole-body startle in small animals. An attractive extension of
this similarity has been that pharmacological PPI studies in
experimental animals may have direct relevance to humans and,
more specifically, psychiatric illness.6,8 However, it is becoming
increasingly clear that the effects of some drugs to modify PPI
appear to differ markedly between humans and rodents9 or
even between rats and mice or between mouse strains. For

example, while the disruption of PPI after treatment with the
dopamine receptor agonist, apomorphine, has been widely used
as a model of dopaminergic involvement, apomorphine appears
to have no effect on PPI in some substrains of rats.10 Similarly,
dopaminergic stimulation with amphetamine treatment had
species and strain-specific effects on PPI: no effect in normal
women, disrupted PPI in female Sprague−Dawley rats, and
increased PPI in Long−Evans rats.11 Further, low doses of the
NMDA receptor antagonist, ketamine, caused an increase of
PPI in men,12 whereas ketamine disrupted PPI in rats and
mice.13 Finally, the prototypical 5-HT1A receptor agonist, 8-
hydroxy-dipropylaminotetralin (8-OH-DPAT) reduced PPI in
rats but not in mice.14

Observations such as these and others6 can be seen as
challenging the concept of PPI as being a reliable cross-species
phenomenon and, consequently, its applicability to study
mechanisms involved in psychiatric illness and drug develop-
ment.2,15,16 We were interested to pursue this question and
used the involvement of 5-HT1A receptors in PPI in two strains
of mice, C57Bl/6 and Balb/c, as a model system. There is
considerable evidence for a role for 5-HT1A receptors in
psychiatric illnesses, such as schizophrenia, and the action of
some antipsychotic drugs. For example, post-mortem studies
have shown altered expression of 5-HT1A receptors in
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Figure 1. Effects on prepulse inhibition of acoustic startle (PPI) of different doses of the 5-HT1A receptor agonist, 8-OH-DPAT, the 5-HT1A receptor
partial agonists, buspirone, BMY7378, MDL73,005EF, NAN-190 and S15,535, and the 5-HT1A receptor antagonist, WAY100,635. Drugs were tested
in Balb/c mice (left column of graphs) or C57Bl/6 mice (right column of graphs). Data are presented for each level of prepulse (2, 4, 8, or 16 dB
over background noise). *P < 0.05 for differences with responses seen after saline treatment. For numbers of animals per group, see Table 1.
Treatment with 8-OH-DPAT and BMY7378 caused an increase of PPI in Balb/c mice (top left box) but not C57Bl/6 mice. Treatment with
WAY100,635 and NAN-190 caused an increase in PPI in C57Bl/6 mice (bottom right box) but not Balb/c mice.
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schizophrenia17,18 and some atypical antipsychotic drugs have
high affinity for this receptor subtype.17,19 Previous studies by
us and others have consistently shown that administration of 8-
OH-DPAT robustly reduces PPI in Sprague−Dawley rats, an
effect that was mediated by an interaction with 5-HT1A
receptors and not 5-HT7 receptors, and which most likely
involved downstream activation of dopaminergic activity.14,20

However, 8-OH-DPAT did not have significant effects on PPI
in C57Bl/6 mice, the most commonly used background strain
for knockout and transgenic modifications. In contrast, in Balb/
c mice and 129sv mice, 8-OH-DPAT induced a marked
increase in PPI.14,20,21 It should be noted that the increase of
PPI after 8-OH-DPAT administration was not present in 5-
HT1A receptor knockout mice on a 129sv background,22,23

indicating this effect was indeed mediated by 5-HT1A receptors.
C57Bl/6 mice and Balb/c mice differ in a polymorphism in the
tryptophan hydroxylase 2 (TPH-2) gene, resulting in lower
serotonin synthesis in the brains of Balb/c mice compared to
C57Bl/6 mice.24−26 This specific neurochemical difference
could provide an explanation for differential drug effects seen in
these mouse strains and, ultimately, could serve as an example
of possible differences in central neurotransmitter activity
explaining apparent species differences in the effects of drugs on
PPI, including in humans.
The aim of the present pharmacological analysis was to

investigate if there were conditions under which 8-OH-DPAT
administration would result in a “ratlike” disruption of PPI in
either C57Bl/6 mice, Balb/c mice, or both strains. Additionally,
we aimed to investigate if, in C57Bl/6 mice, we would be able
to elicit “Balb/c-like” PPI responses. Three specific experiments
were carried out: first, we compared a series of 5-HT1A receptor
ligands with differential intrinsic activities, ranging from the full
agonist, 8-OH-DPAT, through a range of partial agonists, to the
antagonist, WAY100,635. It was hypothesized that different
serotonergic activity in C57Bl/6 versus Balb/c mice would
result in some of these drugs being effective in the former and
other drugs being effective in the latter strain. More specifically,
because of higher serotonergic activity hypothesized to occur in
C57Bl/6 mice, it was predicted that drugs with higher intrinsic
activity would have little effect in this strain as opposed to
Balb/c mice. Conversely, drugs with 5-HT1A receptor
antagonist properties might have effects in C57Bl/6 but not
in Balb/c mice where serotonergic activity is hypothesized to be
lower due to the low-activity TPH-2 polymorphism. In the
second experiment, we assessed whether increasing serotoner-
gic activity by pretreatment of animals with the 5-HT precursor,
5-hydroxytryptophan (5-HTP),27,28 would alter the effects of 8-
OH-DPAT on PPI. This pretreatment was predicted to alter
the effect of 8-OH-DPAT in Balb/c mice to resemble that seen
in C57Bl/6 mice. Conversely, in the third experiment, we
investigated whether reduction of serotonergic activity by
pretreatment with the serotonin synthesis inhibitor, para-
chlorophenylalanine (PCPA),29 would alter effects on PPI. This
pretreatment was predicted to alter the effects of 8-OH-DPAT
in C57Bl/6 mice to resemble those seen in Balb/c mice.
The results identify a number of possible mechanisms that

could explain mouse strain differences in PPI regulation, at least
those involving 5-HT1A receptor activation. In a broader
context, the results support PPI as a behavioral test with cross-
species applicability. Published or novel experimental PPI
findings apparently contradicting this concept may be explained
by differences in endogenous neurotransmitter activity, the
types of drugs used, or receptor binding levels.

■ RESULTS

Experiment 1: Effects of a Range of 5-HT1A Receptor
Ligands with Differential Intrinsic Activities on PPI. As
per previous findings, administration of 8-OH-DPAT differ-
entially affected PPI between Balb/c and C57Bl/6 mice (dose
× strain interaction: F(3,39) = 3.0, P = 0.044). In Balb/c mice,
8-OH-DPAT increased PPI (F(3,21) = 8.5, P = 0.001). The
PPI increase was significant for the 5 mg/kg dose at the PP4,
PP8, and PP16 levels (Figure 1). There was no significant effect
of 8-OH-DPAT on PPI in C57Bl/6 mice (Figure 1).
Administration of 0.04 mg/kg of the partial agonist

BMY7378 had no effect on PPI (Figure 1). In contrast,
administration of 0.2 mg/kg BMY7378 caused a disruption of
PPI which was dependent on mouse strain and prepulse
intensity (dose × PP × strain interaction: F(4.0, P = 0.009;
dose × strain interaction: F(1,43) = 13.1, P = 0.001). The effect
of this dose was significant in Balb/c mice (main effect of dose:
F(1,20) = 25.0, P < 0.001; dose × PP interaction: F(3,60) =
5.5, P = 0.002; P < 0.05 at PP2, PP4, and PP8) but not in
C57Bl/6 (Figure 1). There was no effect of 1 mg/kg BMY7378.
In contrast, the 5 mg/kg dose of BMY7378 increased PPI
(main effect of dose: F(1,20) = 10.4, P = 0.001) and an
interaction of dose × PP × strain (F(3,60) = 3.1, P = 0.032)
suggested a different pattern across prepulse intensities between
the strains. Indeed, in Balb/c mice, 5 mg/kg of BMY7378
increased PPI at the PP8 and PP16 levels but there was no
significant effect at any specific prepulse intensity in C57Bl/6
mice (Figure 1).
Treatment with buspirone appeared to have an effect on PPI

which was dependent on the prepulse intensity (dose × PP:
F(9,198) = 2.5, P = 0.011). Further analysis showed that at
PP2, but not any of the other prepulse intensities, there was a
significant main effect of dose (F(3,66) = 4.7, P = 0.001).
However, none of the individual buspirone doses had
significant effects at this prepulse intensity in either strain
(Figure 1).
Treatment with MDL73,005EF or S15,535 had no significant

effect on PPI (Figure 1). NAN-190 had a differential effect on
PPI in C57Bl/6 vs Balb/c mice (dose × strain interaction:
F(3,132) = 3.1, P = 0.030). Analysis per strain revealed a
significant effect of dose in C57Bl/6 mice (F(3,69) = 17.5, P <
0.001) but not Balb/c mice (Figure 1). Subsequent analysis at
each dose showed significant increases in PPI in C57Bl/6 mice
after treatment with 1 mg/kg (F(1,23) = 38.0, P < 0.001) or 5
mg/kg of NAN-190 (F(1,23) = 12.7, P < 0.002). This effect
was seen at all prepulse intensities for the 1 mg/kg dose and at
the PP2, PP4, and PP8 intensities for the 5 mg/kg dose (Figure
1).
After administration of the 5-HT1A antagonist, WAY100,635,

an interaction of dose and prepulse intensity was found
(F(9,126) = 2.3, P = 0.018). Further analysis at individual
prepulse intensities revealed an interaction between dose and
strain, which was significant at PP16 (F(3,42) = 4.6, P = 0.007)
and was at the trend level at PP8 (F(3,42) = 2.7, P < 0.058). In
Balb/c mice, none of the WAY100,635 doses caused significant
effects on PPI at PP16. However, in C57Bl/6 mice, both the 1
and 5 mg/kg doses of WAY100,635 significantly increased PPI
at PP8, while the 1 mg/kg dose increased PPI at PP16 (Figure
1).

Experiment 1: Effects of a Range of 5-HT1A Receptor
Ligands with Differential Intrinsic Activity on Startle
Responses. Administration of 8-OH-DPAT induced a slight,
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but significant decrease in average startle amplitudes (main
effect of dose: F(3,42) = 3.1, P < 0.036). Analysis of the effects
of individual doses showed significant reductions in startle
amplitudes after treatment with 5 mg/kg of 8-OH-DPAT
(F(1,14) = 8.8, P = 0.010), but not the lower doses. There was
no interaction of the effect of 8-OH-DPAT with strain (Table
1).

Administration of BMY7378 also caused a decrease in startle
amplitudes at 0.2 mg/kg (F(1,45) = 20.9, P < 0.001), 1 mg/kg
(F(1,45) = 10.8, P = 0.001), and 5 mg/kg (F(1,22) = 7.7, P =
0.011). There was no interaction with strain at any of these
doses, suggesting a similar effect in Balb/c and C57Bl/6 mice
(Table 1).
Administration of buspirone had no significant effect on

startle amplitudes (Table 1). In contrast, treatment with
MDL73,005EF dose-dependently affected startle amplitudes

(F(3,42) = 21.4, P < 0.001). Further analysis at each dose only
revealed a dose × strain interaction for the 0.2 mg/kg dose
(F(1,14) = 5.0, P = 0.043). There were no significant effects
when data from either Balb/c mice or C57Bl/6 mice were
analyzed separately (Table 1).
Similar to most of the other compounds, administration of

S15,535 reduced startle amplitudes (main effect of dose:
F(3,66) = 5.3, P = 0.003), an effect that was significant for the 1
and 5 mg/kg doses (F(1,22) = 10.4 and 13.5; P = 0.004 and P
= 0.001, respectively) (Table 1).
Administration of NAN-190 also dose-dependently reduced

startle amplitudes (F(3,132) = 5.2, P = 0.002), and this was
significant for the 1 and 5 mg/kg doses (F(1,44) = 5.7 and
10.8; P = 0.021 and P = 0.002, respectively, Table 1). There was
no significant effect of treatment with the antagonist
WAY100,635 on startle amplitudes (Table 1).

Experiment 2: Effect of 5-HTP Pretreatment on 8-OH-
DPAT-Induced PPI Changes. There was no difference in PPI
between the first and second 8-OH-DPAT session in the cohort
of 8-OH-DPAT/vehicle/8-OH-DPAT-treated mice. However,
a treatment × strain interaction (F(1,20) = 5.7, P = 0.027)
reflected a tendency in C57Bl/6 mice for PPI to be slightly
higher in the second PPI session than in the first session
(F(1,11) = 7,8, P = 0.017) with no significant change occurring
in Balb/c mice. The cause of this change in C57Bl/6 mice is
unclear but could reflect habituation to repeated testing within
the relatively short time frame of this protocol.
In the cohort of 8-OH-DPAT/5-HTP/8-OH-DPAT-treated

mice, there was no significant difference in PPI tested before
and after 5-HTP treatment. In contrast, in the third cohort of
saline/5-HTP/saline-injected mice, there was a strain-depend-
ent increase in PPI after 5-HTP pretreatment (treatment ×
strain interaction: F(1,22) = 10.9, P = 0.003). Further analysis
revealed a highly significant increase in PPI in C57Bl/6 after 5-
HTP treatment (F(1,11) = 23.7, P < 0.001) but no effect in
Balb/c mice (Figure 2). To ascertain that this change from
before versus after 5-HTP treatment was not simply the
habituation observed in the first cohort, combined analysis of
the first and third cohort revealed a significantly greater change
in PPI from the first to the second PPI session after 5-HTP
pretreatment compared to saline (F(1,22) = 7.2, P = 0.013).
The aforementioned increase in PPI in C57Bl/6 mice in the

third cohort after 5-HTP pretreatment was not seen in the
second cohort. Because the latter animals were injected with 8-
OH-DPAT, their second PPI session may in fact represent a
disrupted PPI compared to the high PPI levels seen in the third
cohort, which was injected with saline. Indeed, in C57Bl/6 mice
from the second and third cohorts, both of which received 5-
HTP treatment, comparison of data from the second PPI
session revealed a significantly lower PPI in the mice injected
with 8-OH-DPAT than those injected with saline (main effect
of 8-OH-DPAT: F(1,22) = 4.8, P = 0.040; 8-OH-DPAT × PP
interaction: F(3,66) = 4.1, P = 0.010; P < 0.05 at PP4, PP8, and
PP16). Thus, in C57Bl/6 mice, the lack of effect of 8-OH-
DPAT treatment on PPI (see Figure 1) was reversed into a
marked 8-OH-DPAT-induced disruption of PPI after 5-HTP
treatment (Figure 2).
Startle amplitudes were higher in the second PPI session

compared to the first (F(1,20) = 7.1, P = 0.015), irrespective of
whether mice received 8-OH-DPAT before and after vehicle
treatment, 8-OH-DPAT before and after 5-HTP treatment, or
saline before and after 5-HTP treatment (Table 2).

Table 1. Average Startle Responses in Balb/c Mice and
C57Bl/6 Mice after Treatment with Different 5-HT1A
Receptor Ligandsa

Balb/c C57Bl/6

8-OH-DPAT (n = 8) (n = 8)
0 (saline vehicle) 470 ± 88 365 ± 43
0.2 mg/kg 389 ± 68 299 ± 38
1 mg/kg 296 ± 55 354 ± 40
5 mg/kg 322 ± 63* 279 ± 40
BMY7378
0 (saline vehicle) 243 ± 19 (n = 23) 301 ± 27 (n = 24)
0.04 mg/kg 302 ± 47 (n = 11) 292 ± 36 (n = 12)
0.2 mg/kg 188 ± 16 (n = 23)* 276 ± 25 (n = 24)*
1 mg/kg 205 ± 20 (n = 23)* 260 ± 23 (n = 24)*
5 mg/kg 163 ± 13 (n = 12)* 240 ± 24 (n = 12)
buspirone (n = 12) (n = 12)
0 (saline vehicle) 372 ± 28 362 ± 30
0.2 mg/kg 375 ± 42 368 ± 22
1 mg/kg 270 ± 37 371 ± 38
5 mg/kg 332 ± 46 325 ± 38
MDL73,005EF (n = 8) (n = 7)
0 (saline vehicle) 307 ± 41 271 ± 49
0.2 mg/kg 411 ± 71 239 ± 29
1 mg/kg 293 ± 44 266 ± 72
5 mg/kg 314 ± 57 188 ± 44
S15,535 (n = 12) (n = 12)
0 (saline vehicle) 309 ± 22 317 ± 28
0.2 mg/kg 310 ± 37 272 ± 44
1 mg/kg 273 ± 27 258 ± 35*
5 mg/kg 278 ± 30 216 ± 37*
NAN-190 (n = 23) (n = 24)
0 (saline vehicle) 231 ± 21 266 ± 22
0.2 mg/kg 189 ± 13* 276 ± 22
1 mg/kg 189 ± 14* 239 ± 19
5 mg/kg 156 ± 11* 243 ± 24
WAY100,635 (n = 8) (n = 8)
0 (saline vehicle) 311 ± 50 280 ± 28
0.2 mg/kg 268 ± 37 374 ± 45
1 mg/kg 245 ± 66 300 ± 35
5 mg/kg 225 ± 34 291 ± 34

aData are mean arbitrary units ± SEMs for the numbers of animals
indicated per strain. *P < 0.05 for differences with values obtained
after saline treatment as shown by ANOVA of data from individual
strains.
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5-HTP treatment significantly increased serotonin levels in
the hippocampus by 70−110% compared to control values
(Figure 3). There were no differences in the extent of this effect
between Balb/c and C57Bl/6 mice. There were also no
differences between the magnitude of the 5-HTP effect

between mice subsequently tested with 8-OH-DPAT or saline
(Figure 3).

Experiment 3: Effect of PCPA Pretreatment on 8-OH-
DPAT-Induced PPI Changes. In mice chronically pretreated
with vehicle, there was a strain-dependent effect of 8-OH-
DPAT administration on PPI (F(1,19) = 7.1, P = 0.015)
reflecting the expected increase in PPI in Balb/c mice (effect of
dose: F(1,9) = 7.7, P = 0.021; 8-OH-DPAT × PP interaction:
F(3,27) = 3.1, P = 0.043; P < 0.05 at PP4) with no effect in
C57Bl/6 mice (Figure 4). The effect of 8-OH-DPAT in this
cohort of Balb/c mice appeared to be smaller than that in
Experiment 1 (Figure 1), which could have been caused by the
repeated gavage treatment.

Figure 2. Effect of pretreatment with the serotonin precursor, 5-HTP,
on the action of 5 mg/kg of 8-OH-DPAT on PPI in Balb/c mice (left
panels) and C57Bl/6 mice (right panels). Data are presented for each
level of prepulse (2, 4, 8, or 16 dB over baseline). Top panels show the
effects of 8-OH-DPAT (DPAT) on PPI 1 day before (white bars) and
1 h after (black bars) treatment with saline (DPAT sal DPAT). Middle
panels show the effects of 8-OH-DPAT (DPAT) on PPI 1 day before
(white bars) and 1 h after (black bars) treatment with 5-HTP (DPAT
5-HTP DPAT). Bottom panels show baseline PPI after injection of
saline 1 day before (white bars) and 1 h after (black bars) treatment
with 5-HTP (sal 5-HTP sal). *P < 0.05 for differences from the first
PPI session in the same animals. #P < 0.05 for differences between PPI
after 8-OH-DPAT treatment in 5-HTP-treated mice and the
corresponding control group (saline) PPI in 5-HTP-treated mice of
the same strain. For numbers of animals per group, see Table 2.
Injection of 8-OH-DPAT induced a decrease in PPI in C57Bl/6 mice
treated with 5-HTP. There was no such effect without 5-HTP
treatment or in Balb/c mice.

Table 2. Average Startle Amplitudes in Balb/c Mice and
C57Bl/6 Mice after Treatment with Saline or 8-OH-DPAT
with or without Treatment with Saline or 5-
Hydroxytryptophan (5-HTP)a

Balb/c C57Bl/6

8-OH-DPAT−saline−8-OH-DPAT
before 179 ± 38 217 ± 33
after 196 ± 46 237 ± 31
8-OH-DPAT−5-HTP−8-OH-DPAT
before 179 ± 40 165 ± 27
after 240 ± 49 319 ± 59
saline−5-HTP−saline
before 163 ± 29 263 ± 38
after 180 ± 46 322 ± 29

aData are mean arbitrary units ± SEMs for n = 10−12 mice per group.
For statistical comparisons, see text.

Figure 3. Effect of the serotonin precursor, 5-HTP (top panels), or the
serotonin synthesis inhibitor, PCPA (bottom panels) on 5-HT levels
in the hippocampus of Balb/c mice and C57Bl/6 mice. *P < 0.05 for
difference with saline- or SSV vehicle-treated controls. Treatment with
5-HTP induced a significant increase, whereas PCPA induced a
significant decrease in 5-HT levels.
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In mice chronically treated with PCPA, there were no
differences in PPI in saline-injected mice compared to the
control session before PCPA treatment commenced, indicating
that PCPA did not affect baseline PPI (Figure 4). After PCPA
treatment, PPI was significantly increased by 8-OH-DPAT
administration (F(1,19) = 15.7, P = 0.001). However, unlike
the result in vehicle-pretreated mice (see above), there was no
statistically differential effect between the strains (as indicated
by a lack of 8-OH-DPAT × strain interaction) and further
ANOVAs were done comparing the effects of 8-OH-DPAT in
each strain after PCPA pretreatment versus vehicle pretreat-

ment. In Balb/c mice, this analysis showed the expected
increase of PPI after 8-OH-DPAT treatment (dose effect:
F(1,18) = 15.5, P < 0.001; 8-OH-DPAT treatment × PP:
F(3,54) = 4.8, P = 0.005), and a lack of a PCPA pretreatment ×
8-OH-DPAT treatment interaction confirmed that there was no
statistically significant change in the action of 8-OH-DPAT on
PPI in Balb/c with or without PCPA pretreatment. In contrast,
in C57Bl/6 mice, there was a significant interaction between
PCPA pretreatment and 8-OH-DPAT treatment (F(1,20) =
6.6, P = 0.019). While there was no effect of 8-OH-DPAT in
these mice after saline pretreatment (see above), after PCPA
pretreatment, PPI was significantly increased in C57Bl/6 mice
by 8-OH-DPAT injection (main effect: F(1,10) = 7.9, P =
0.019; 8-OH-DPAT × PP interaction: F(3,30) = 3.3, P = 0.033;
P < 0.05 at PP2, PP4, and PP8).
In animals chronically pretreated with saline, startle

amplitudes tended to be higher in C57Bl/6 mice than in
Balb/c mice (F(1,19) = 5.5, P = 0.030). 8-OH-DPAT
significantly reduced startle amplitudes in both strains in this
condition (main effect: F(1,19) = 30.5, P < 0.001). In the
animals chronically pretreated with PCPA, startle amplitudes
were again higher in C57Bl/6 mice than in Balb/c mice
(F(1,22) = 9.3, P = 0.006). In this group of mice, there were no
differences in startle amplitudes after saline injection between
PCPA treatment and baseline (Table 3). In the third group of
mice, which was pretreated chronically with PCPA, 8-OH-
DPAT significantly reduced startle (F(1,19) = 38.2, P < 0.001).

PCPA treatment caused a modest, but significant reduction
of serotonin levels in the hippocampus (20−40% compared to
control values). There were no differences in the effects of
PCPA between Balb/c and C57Bl/6 mice or between mouse
groups subsequently tested with 8-OH-DPAT or with saline
(Figure 3).

■ DISCUSSION
In this study, we used the previously described strain
differences in the effects of 8-OH-DPAT on PPI between
Balb/c mice and C57Bl/6 mice as a tool to explore the role of
5-HT1A receptors in PPI and to investigate if there were
conditions under which we could alter strain-specific responses
to resemble those of the opposite strain. Ultimately, the
background to these studies was the validity of PPI as a cross-
species phenomenon, which has been questioned by several
disparate pharmacological study findings in humans, rats, and

Figure 4. Effects of pretreatment with the serotonin synthesis
inhibitor, PCPA, on the action of 5 mg/kg 8-OH-DPAT on PPI in
Balb/c mice (left panels) and C57Bl/6 mice (right panels). Data are
presented for each level of prepulse (2, 4, 8, or 16 dB over baseline).
Top panels show baseline PPI after injection of saline (white bars) and
the effects of 8-OH-DPAT (DPAT, black bars) after treatment with
SSV vehicle (Sal Veh DPAT). Middle panels show baseline PPI after
injection of saline before (white bars) and after (black bars) treatment
with PCPA (Sal PCPA Sal). Bottom panels show baseline PPI after
injection of saline (white bars) and the effect of 8-OH-DPAT (DPAT,
black bars) after treatment with PCPA (Sal PCPA DPAT). *P < 0.05
for differences with the first PPI session in the same animals. For
numbers of animals per group, see Table 3. Injection of 8-OH-DPAT
induced an increase of PPI in C57Bl/6 mice after treatment with
PCPA but not saline. PCPA treatment did not alter the effects of 8-
OH-DPAT in Balb/c mice.

Table 3. Average Startle Amplitudes in Balb/c Mice and
C57Bl/6 Mice after Treatment with Saline or 8-OH-DPAT
with or without Treatment with Parachlorophenylalanine
(PCPA)a

Balb/c C57Bl/6

saline−vehicle−8-OH-DPAT
before 155 ± 23 269 ± 4
after 80 ± 20 210 ± 44
saline−PCPA−saline
before 186 ± 26 289 ± 43
after 152 ± 23 302 ± 31
saline−PCPA−8-OH-DPAT
before 180 ± 22 234 ± 46
after 84 ± 12 174 ± 39

aData are mean arbitrary system units ± SEMs for n = 10−12 mice per
group. For statistical comparisons, see text.
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mice. Here, we show that either the properties of the drugs
used to modulate PPI, or the background activity of the
relevant neurotransmitter system, that is, 5-HT in this case,
greatly affects the directions of the changes in PPI. These
effects were independent of changes in startle elicited by some
of the treatments.
The first series of experiments included a range of 5-HT1A

receptor ligands which are commonly used as a full agonist (8-
OH-DPAT), a silent antagonist (WAY100,635) or partial
agonists. Grouping the results by their strain-specific actions
(Figure 1) revealed a continuum from 8-OH-DPAT and
BMY7378 inducing significant increases in PPI in Balb/c, but
not C57Bl/6 mice, to NAN190 and WAY100,635 inducing
increases in PPI in C57Bl/6 but not Balb/c mice. Buspirone,
MDL73,005EF, and S15,535 had little effect on PPI in either
strain.
The differential effects of 8-OH-DPAT in Balb/c and C57Bl/

6 mice are similar to our previous findings.14,20 The similar
action of BMY7378 on PPI has not been reported before. This
drug has been introduced as a 5-HT1A receptor partial agonist,
with effects similar to 8-OH-DPAT on 5-HT1A autorecep-
tors30,31 but antagonist properties on behavioral effects
dependent on 5-HT1A heteroreceptors.32−34 By analogy, this
would suggest that the actions of 8-OH-DPAT on PPI in Balb/
c mice are mediated by 5-HT1A autoreceptors. However, it is
then surprising that none of the other 5-HT1A receptor partial
agonists increased PPI in this strain. It is possible that the high
affinity of BMY7378 for α1D adrenoceptors35 plays a role in its
effects on PPI but an involvement of this receptor subtype in
PPI has not been demonstrated before and would need further
experiments to confirm.
The effects of the various 5-HT1A receptor ligands on PPI in

Balb/c mice contrasted sharply with their effects in C57Bl/6
mice. In the latter strain, both the 5-HT1A receptor antagonist,
WAY100,635 and the partial agonist, NAN-190 increased PPI
with the other drugs not having effects. One explanation for the
effects of these drugs is that C57Bl/6 mice display high tonic
serotonergic activity, which presumably via 5-HT1A receptor-
mediated stimulation of dopamine release in these animals,
leads to relatively low PPI. Indeed, C57Bl/6 mice have been
shown to have low resting PPI compared to many other mouse
strains,36 although this was not consistently seen in the present
study when C57Bl/6 and Balb/c mice were compared (Figure
1). The presence of 5-HT1A receptors has been demonstrated
in the ventral tegmental area (VTA)37 and administration of a
selective 5-HT1A receptor antagonist decreased the number of
spontaneously active A10 DA neurons and their degree of
bursting in this region.38 By antagonizing 5-HT1A receptors,
treatment with WAY100,635 might reduce mesolimbic
dopamine release and, consequently, increase PPI similar to
what has been shown with antipsychotic treatment in this
strain.39 The similarity of the effects of NAN-190 with those of
WAY100,635 suggest that NAN-190 acts as a 5-HT1A receptor
antagonist in this environment. NAN-190 has been shown to
display 5-HT1A receptor agonist properties in some in vivo
paradigms but antagonist properties in others.40−43 However,
an additional action of NAN-190 at dopamine autoreceptors44

and α1 adrenoceptors45,46 cannot be excluded. Both receptor
systems are clearly involved in the regulation of PPI.6

While BMY7378 mimicked the action of 8-OH-DPAT on
PPI in Balb/c mice and NAN-190 mimicked the action of
WAY100,635 on PPI in C57Bl/6 mice, it is somewhat
surprising that none of the other putative 5-HT1A receptor

partial agonists (buspirone, MDL73,005EF, S15,535) had
effects on PPI in either strain. Previous studies have shown
either agonist or antagonist effects of buspirone,
MDL73,005EF, and S15,535 depending on the experimental
conditions.42−44,47−50 One explanation for their lack of effects
on PPI could be that these compounds display a mix of
agonist/antagonist properties in the experimental conditions
used here that essentially cancel each other out. In other words,
while a 5-HT1A receptor agonist action predominates for
BMY7378 and a 5-HT1A receptor antagonist action predom-
inates for NAN-190, the other compounds may have mixed
actions that preclude a clear “net” effect on PPI under the
present conditions. The lack of effect of buspirone on PPI in
C57Bl/6 mice is consistent with an earlier report,39 although
this compound was not tested in Balb/c mice. The effects of
MDL73,005EF and S15,535 on PPI have not been described
before.
To investigate further differences between Balb/c mice and

C57Bl/6 mice in PPI regulation, we treated each strain of mice
with the 5-HT precursor, 5-HTP to increase,27,28 or the
tryptophan hydroxylase inhibitor, PCPA, to decrease serotonin
synthesis and, presumably, serotonergic activity,29 and tested
the effects of 8-OH-DPAT on PPI. 5-HTP pretreatment
increased baseline PPI in C57Bl/6 mice, as measured after an
acute saline injection. Compared to this 5-HTP-induced higher
baseline, a parallel cohort of 5-HTP plus 8-OH-DPAT-treated
mice showed a significantly lower level of PPI, suggesting that
after 5-HTP pretreatment, it is possible to induce disruption of
PPI in C57Bl/6 mice by acute treatment with 8-OH-DPAT.
This is diametrically opposite to the commonly observed PPI-
increasing effect of 8-OH-DPAT in mice, including in Balb/c
mice in the present experiments (Figure 1), and is akin to the
effect of 8-OH-DPAT in the majority of published studies in
rats. 5-HTP treatment had no effect in Balb/c mice.
While 5-HTP pretreatment was used to enhance serotonin

synthesis in the brain, the reverse experiment was to reduce
serotonin synthesis by PCPA pretreatment. In C57Bl/6 mice
pretreated with PCPA, 8-OH-DPAT induced an increase in
PPI. As expected, 8-OH-DPAT already had this effect in
control Balb/c mice and PCPA did not alter this. Together with
the other results obtained in this study, these data indicate that
in C57Bl/6 mice, the effects of 8-OH-DPAT can be made to
increase PPI (in the case of PCPA pretreatment), decrease of
PPI (in the case of 5-HTP pretreatment), or have no apparent
effect (no pretreatment) (Figure 5). This shift in the action of
8-OH-DPAT resembles that of a shift of the effects of 5-HT1A
receptor ligands from an increase in PPI in Balb/c mice (seen
after 8-OH-DPAT and BMY7378) to an increase in PPI in
C57Bl/6 mice (seen with NAN-190 and WAY100,635). Thus,
the latter effect may be explained by high serotonergic activity
that masks 8-OH-DPAT-induced increases in PPI in C57Bl/6
mice and that can be reinstated by reducing serotonergic
activity with PCPA (Figure 5). As an extension of this idea, it
can be speculated that the apparent lack of effect of 8-OH-
DPAT on PPI in C57Bl/6 is in fact a mix of a “Balb/c-like”
increase and a “ratlike” decrease of PPI. This would also explain
how further increasing serotonergic activity in this strain with 5-
HTP unmasks a “ratlike” effect, whereas reducing serotonergic
activity with PCPA unmasks a “Balb/c-like” effect of 8-OH-
DPAT (Figure 5). It would be of interest to test the effects of
different 5-HT1A receptor ligands after 5-HTP or PCPA
treatment in C57Bl/6 and Balb/c mice. The prediction
would be, that the effects of these other drugs would be
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altered by increasing or decreasing endogenous 5-HT synthesis,
similar to the shift in the effects of 8-OH-DPAT. In Balb/c
mice, which are known to have a polymorphism in Tph2,
resulting in lower serotonin synthesis in the brain,24−26 it was
not surprising that PCPA treatment had no further effect.
Surprisingly, however, unlike our prediction (see the
introduction section), treatment with 5-HTP, in an attempt
to “boost” serotonin synthesis, also did not alter the responses
of these animals to 8-OH-DPAT. It is possible that higher
doses or more prolonged 5-HTP treatment are needed in Balb/
c mice to significantly enhance low serotonin synthesis and
further experiments are needed to clarify this (Figure 5).
PPI is a stable phenomenon over repeated consecutive daily

testing.51−53 It is therefore unlikely that the effects of 5-HTP or
PCPA can be explained by changes in PPI over the repeated-
dosing protocol or that differences in the lengths of the
experiments played a major role in the results obtained with 5-
HTP and PCPA. Nevertheless, further studies could include
repeated saline injections to control for time-related changes in
baseline PPI.
The neuroanatomical/functional explanations for these shifts

in the directions of effects between one ligand under different
conditions (see 8-OH-DPAT between control, 5-HTP pretreat-
ment, and PCPA pretreatment conditions, Figure 5) or
between different ligands with a range of partial agonist
activities, remains to be elucidated. One possibility is that the

effect of a given 5-HT1A receptor ligand on PPI is a mix of
actions at 5-HT1A autoreceptors on raphe nucleus cell bodies
and 5-HT1A heteroreceptors elsewhere in the brain. The latter
could include 5-HT1A receptors in other systems involved in
PPI regulation, such as the mesolimbic dopamine system in the
VTA (e.g., ref 37; however, see ref 54), or the prefrontal cortex
(e.g., ref 55). The present results suggest that the net result on
PPI of activating this mix of 5-HT1A auto- and heteroreceptors
at different sites may depend on endogenous serotonergic
activity. It would be of great interest to distinguish the
activation of these different populations of 5-HT1A receptors,
for example, by microinjection studies,56 selective lesion
studies,57 or using ligands with preferential pre- versus
postsynaptic actions.58 Alternatively, recently introduced
genetically modified mice with selective 5-HT1A auto- or
heteroreceptor inactivation could be used to dissect the relative
contribution of these receptor subpopulations in PPI
regulation.59,60 Such experiments might also further clarify the
marked differences between C57Bl/6 mice and Balb/c mice.
Increasingly, and also shown in the present study, it is

becoming clear that PPI changes in one and the same species/
strain can be in either direction, most likely mediated by
differential involvement of regional populations of a given
receptor, a number of regulatory inputs from brain regions
other than the nucleus accumbens, or neurotransmitter systems
other than dopamine. Thus, it is the relative contribution of
these inputs that ultimately determines the direction of PPI
changes and results in the predominant response seen in
particular species or strains. This means that PPI can still be
considered a “cross-species” phenomenon. However, the
relative and species-specific contribution of one or more of a
large number of modulatory systems needs to be taken into
account when interpreting the data. This is important not only
for the study of fundamental brain mechanisms involved in
disruptions of PPI, for example, as seen in schizophrenia, but
also for drug development. In the latter case, effects on PPI of
new compounds that act on a number of neurotransmitter
receptor systems are likely to be multidimensional and may
make it more complicated to extrapolate the results from
preclinical experiments to the clinic.

■ METHODS
Animals. Male Balb/c mice and C57Bl/6 mice were obtained from

Monash Animal Services, Monash University, Australia. The animals
were 10−14 weeks of age at the time of PPI studies. They were housed
in groups of 3−5 in standard mouse cages, with free access to standard
pellet food and water. The mice were maintained on a 12-h light−dark
cycle (lights on at 06:30), at a constant temperature of 22 ± 2 °C. All
treatments and experimental protocols were in accordance with the
Australian Code of Practice for the Care and Use of Animals for Scientif ic
Purposes (1990) set out by the National Health and Medical Research
Council of Australia.

Prepulse Inhibition (PPI). PPI of the acoustic startle response was
measured with eight automated startle chambers (SR-Lab; San Diego
Instruments, San Diego, CA) as previously described.61,62 Briefly, mice
were placed individually into a transparent Plexiglas cylinder in a
sound-attenuating cabinet. The cylinder had a piezoelectric movement
sensor mounted underneath to record startle responses, expressed in
arbitrary SR-Lab system units. Irrespective of their treatment, all mice
underwent the same PPI session, which comprised 104 trials presented
with variable intertrial intervals (8−27 s), including 32 pulse-alone
trials (4 blocks of 8115 dB trials) and 64 prepulse−pulse trials. The 32
115 dB pulse-alone trials were delivered as one block of 8 at the start,
one block of 8 at the end, and 16 trials pseudorandomly mixed into the
main part of the PPI session. This sequence of pulse-alone trials was

Figure 5. Hypothesized interactions of the serotonin system, 5-HT1A
receptor activation/inhibition, and prepulse inhibition. (1) In C57Bl/6
mice, serotonergic activity is higher but 8-OH-DPAT has no apparent
effect on PPI because it induces both an increase and a decrease in PPI
that cancel each other out. (2) Increases in serotonergic activity in
response to treatment with 5-HTP in C57Bl/6 mice unmask a “ratlike”
decrease/disruption of PPI. (3) A decrease in serotonergic activity in
C57Bl/6 mice in response to treatment with PCPA unmasks a “Balb/
c-like” increase in PPI. (4) Because of a polymorphism in the
tryptophan hydroxylase 2 gene, Balb/c have lower serotonergic activity
compared to C57Bl/6 mice and show an 8-OH-DPAT-induced
increase in PPI. (5) 5-HTP treatment at the present dose is not able to
increase serotonergic activity sufficiently in Balb/c mice to unmask a
“C57Bl/6-like” effect of 8-OH-DPAT. (6) Reducing serotonergic
activity in Balb/c mice further with PCPA does not alter PPI responses
to 8-OH-DPAT. In this scheme, blocking high baseline serotonergic
activity in C57Bl/6 with a 5-HT1A receptor antagonist elicits a “Balb/c-
like” increase in PPI. This was observed with WAY100,635 and NAN-
190 in the present experiments.
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included to allow calculation of startle habituation although that
parameter was not included in the present results. In addition to 16
115 dB pulse-alone stimuli, the middle 88 trials consisted of
pseudorandom delivery of 8 trials during which no stimulus was
delivered, and 64 prepulse−pulse trials. “No stimulus” trials were
included to monitor if there were gross motor side effects of the drug
treatments that could interfere with the startle responses. Prepulse−
pulse trials consisted of a prepulse (PP) of an intensity of 2, 4, 8, or 16
dB above the 70 dB background (PP2, PP4, PP8, or PP16,
respectively, 8 trials at each intensity), followed by a designated
interstimulus interval (ISI) and then the 115 dB startle pulse. We used
two ISIs, 30 and 100 ms, between the onset of the prepulse and the
onset of the startle pulse.63 Because there were few effects of the
various drugs on PPI at the 30 ms ISI, only data obtained with the 100
ms ISI are presented here.
In prepulse inhibition studies, startle must be presented. While PPI

is calculated as percentage of startle responses, extremely high or low
startle values may skew the PPI results. Average startle was calculated
from all 4 blocks of pulse-alone trials. However, for the calculation of
% PPI, only the 16 pulse-alone trials in the main component of the
session were used. The % PPI was calculated as [(pulse-alone trials
startle response amplitude − prepulse−pulse trials startle amplitude)/
(pulse-alone trials startle amplitude)] × 100%.
Experiment 1. Drugs were dissolved or diluted in saline to doses

that were selected on the basis of the literature (see below). All drugs
were administered intraperitoneally in a volume of 10 mL/kg. In a
randomized, crossover protocol, all mice in each cohort of C57Bl/6
and Balb/c mice received all doses of one particular drug, with 3−4
days allowed between each PPI session. Mice were not reused for
other drug treatments or experiments after this sequence of PPI tests.
Drugs in Experiment 1 included the 5-HT1A receptor agonist, 8-

OH-DPAT ((±)-8-hydroxy-2-(dipropylamino)tetralin, Tocris, Bristol,
U.K.),14,20,22 the 5-HT1A receptor antagonist, WAY100,635 (N-[2-[4-
(2-methoxyphenyl)-1-piperazinyl]ethyl]-N-2-pyridinylcyclohexane car-
boxamide maleate salt, Sigma-Aldrich),64 and the 5-HT1A receptor
partial agonists buspirone (N-[4-[4-(2-pyrimidinyl)-1-piperazinyl]-
butyl]-8-azaspiro[4.5]decane-7,9-dione hydrochloride, Sigma),41,65

BMY7378 (8-[2-[4-(2-methoxyphenyl)-1-piperazinyl]ethyl]-8-
azaspiro[4.5]decane-7,9-dione dihydrochloride, Sigma),30−34

MDL73,005EF (8-[2-(1,4-benzodioxan-2-ylmethylamino)ethyl]-8-
azaspiro [4.5]decane-7,9-dione hydrochloride, Tocris),42,49 NAN-190
(1-(2-methoxyphenyl)-4-[4-(2-phthalimido)butyl]piperazine hydro-
bromide, Sigma),40−43 and S15,535 (1-(2,3-dihydro-1,4-benzodioxin-
5-yl)-4-(2,3-dihydro-1h-inden-2-yl)-piperazine, Sigma).43,47,48,50

Based upon previous literature (see above) all drugs were
administered at 0 (saline vehicle), 0.2, 1, and 5 mg/kg doses, except
BMY7378. Initial experiments with the latter drug showed marked
effects at the lowest dose, whereupon a second cohort of mice was
treated with 0 (saline vehicle), 0.04, 0.2, and 1 mg/kg. Data from these
two cohorts were then combined. The total number of BMY7378-
treated mice per strain therefore depended on the dose: for all doses, n
= 24, except 0.04 and 5 mg/kg for which n = 12. For all other drugs
there were 8−12 animals per strain per cohort, except for the NAN-
190 treatment, which was tested in the same dose range in two
cohorts, the data from which were then combined to result in n = 24.
Experiment 2. Balb/c and C57Bl/6 mice were twice tested for

PPI. The first session was a control session without 5-HTP treatment.
The second session, the next day, was carried out 1 h after
intraperitoneal injection of either 100 mg/kg of 5-HTP66,67 (Sigma)
or saline. Immediately before each PPI session, mice were injected
with either 5 mg/kg 8-OH-DPAT or saline. Thus, there were three
cohorts of 10−12 mice of each strain: cohort 1 received 8-OH-DPAT
on day 1 followed on day 2 by 8-OH-DPAT after saline pretreatment;
cohort 2 received 8-OH-DPAT on day 1 followed on day 2 by 8-OH-
DPAT after 5-HTP pretreatment; cohort 3 received saline on day 1
followed on day 2 by saline after 5-HTP pretreatment. Because of the
short time-course of action of 5-HTP, in a separate session 1 week
after the PPI tests, mice were once again injected with saline or 5-HTP
and were killed 1 h later by cervical dislocation. This way, central 5-HT
levels could be assessed with a similar time-course as the behavioral

experiments. As a representative brain region with high levels of 5-HT,
the hippocampus was rapidly dissected and frozen on dry ice for the
analysis of 5-HT levels.

As outlined above, these studies with 5-HTP pretreatment were
done in three parallel cohorts of mice. To ascertain that the apparent
induction of an 8-OH-DPAT-induced PPI disruption in C57Bl/6 mice
could also be seen in one and the same cohort, we did an additional
pilot experiment (n = 4 mice). On the first day, C57Bl/6 mice received
saline and were tested for PPI. The next day, mice were first treated
with 5-HTP as described above and, 1 h later, received saline and again
were tested for PPI. Immediately after this PPI session, animals were
injected with 8-OH-DPAT and retested for PPI. The results from this
pilot cohort showed that baseline (saline) PPI at the 100 ms ISI went
from 36.3 ± 6.3% to 61.6 ± 8.8% after 5-HTP treatment, similar to the
data in Figure 2. In these animals, 8-OH-DPAT treatment reduced PPI
to 39.6 ± 8.6%, confirming that 8-OH-DPAT can induce a “ratlike”
disruption of PPI in C57Bl/6 mice provided they are given 5-HTP
pretreatment, which significantly boosts 5-HT levels in the brain
(Figure 3).

Experiment 3. Balb/c and C57Bl/6 mice were twice tested for
PPI. On the first day, the animals were injected intraperitoneally with
saline (to control for potential injection effects) and tested for PPI. On
day 2, 3, and 4, mice were treated by gavage with 100 mg/kg
PCPA25,68 (Sigma) in standard suspension vehicle (SSV, 0.4% Tween
80, 0.5% benzylalcohol, 0.9% NaCl, 0.5% carboxymethyl-cellulose
sodium, all compounds from Sigma) or SSV only. Twenty-four hours
after the last PCPA treatment, mice were intraperitoneally injected
with saline or 5 mg/kg 8-OH-DPAT and again tested for PPI. Thus,
there were three cohorts of 10−12 mice of each strain for Experiment
3: cohort 1 received saline on day 1, SSV on days 2, 3, and 4, and 8-
OH-DPAT on day 5; cohort 2 received saline on day 1, PCPA on days
2, 3, and 4, and saline on day 5; cohort 3 received saline on day 1,
PCPA on days 2, 3, and 4, and 8-OH-DPAT on day 5. All cohorts
were tested in parallel. Within 1 h after the PPI session on day 5, all
mice were killed by cervical dislocation and the hippocampus was
rapidly dissected and frozen on dry ice for the analysis of 5-HT levels.

5-HT ELISA. Brain samples from 5-HTP and PCPA-treated mice
were stored at −80 °C until they were assayed for serotonin content
using Serotonin ELISA kits (Labor Diagnostika Nord, Nordhorn,
Germany). Samples were briefly thawed on ice and 500 μL of 0.1 N
perchloric acid (BDH Laboratory Supplies, Poole, England) was added
to each sample. The samples were then homogenized and centrifuged
(5 min, 4 °C, 15 500g), and the supernatants were used in the assay.
Standards of known serotonin concentrations were diluted in 0.1 N
perchloric acid. The serotonin in the standards and samples was
acetylated prior to the immunoassay itself to enable antibody
detection. ELISA plates were read at 450 nm, and the serotonin
content of the samples was extrapolated by comparing the optical
density of the samples (mean of duplicates) to that of the standard
curve (GraphPad Prism 4, GraphPad Software, San Diego, CA).
Because the 5-HT assays were done over multiple plates and at
different times, all data are expressed as percentages of the controls run
on the same day/plate to compensate for variability across assay days.

Statistical Analysis. All data are expressed as mean ± standard
error of the mean (SEM). Differences between groups were assessed
by analysis of variance (ANOVA) with repeated measures where
appropriate. Thus, between-group factors were strain (Balb/c vs
C57Bl/6), while within-group repeated measures were dose or
prepulse intensity. The effects of BMY7378 were analyzed for each
dose separately, as not all animals received all doses. In Experiment 1,
the effects of the various drug doses were compared to PPI and startle
after saline injection in the same animals, thus using each mouse as its
own control. In Experiments 2 and 3, changes in PPI after
experimental treatments (vehicle, 5-HTP, or PCPA) were compared
to those before treatment.
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