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Abstract

The acoustic startle response and prepulse inhibition (PPI) of startle are measures related to
information processing, which is impaired in schizophrenia. Some studies have provided
inconclusive patterns of association between both measures in rodents. We assessed the
influence of baseline startle response on PPl in large samples of Roman high-(RHA) and low-
avoidance (RLA) rat strains and in genetically heterogeneous stock (HS) rats. Results show that
RHAs exhibit a PPl deficit compared to RLA rats, which is present regardless of the startle
response levels. HS rats were stratified in two sub-samples according to their high or low PPI
(HS-HighPPI or HS-LowPPI, respectively) scores, and then they were grouped by their differential
baseline startle amplitude (high reactivity —HR- or low reactivity —LR-) within each sub-sample.
Differences between high- and low-PPI-stratified HS rats remained regardless of their high or
low startle amplitude scores. Thus, the impairments in %PPI found in both RHA and HS-LowPPI
rats are present irrespective of the relatively high or low levels of startle amplitude in pulse-
alone trials. Another objective of the present study was to evaluate whether habituation to the
startling stimulus (i.e., pulse) depends on the initial baseline startle response. RLA rats
habituated to the startling stimulus more effectively than RHAs regardless of their baseline
startle responses. Conversely, there were no differences in startle habituation in the HS rats
grouped by their extreme scores of baseline startle. Altogether, these findings suggest a deficit
in information processing in RHA rats, which along with evidence indicating that this strain
displays other attentional/cognitive impairments, strengthens the validity of the RHA strain as a
putative model of schizophrenia-relevant features.
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Highlights:

RHA rats show a PPI deficit irrespective of the startle reactivity, compared to RLA rats.
RLA rats display higher startle response habituation to pulse-alone trials than RHA rats.
Samples of high/low %PPI HS rats remain different regardless of their startle reactivity.

There are no differences in startle habituation between the HS high- and low-baseline startle
subgroups



1. Introduction

Prepulse inhibition (PPI) and the acoustic startle response (ASR) are two measurements of two
neurobiological processes that are important to investigate sensorimotor gating and
information processing (Swerdlow et al., 2016). PPl is a phenomenon in which a weak stimulus
(prepulse) can attenuate the startle response elicited by a subsequent startling stimulus
(Swerdlow et al., 2001). ASR is a defensive response to a sudden stimulus that has been
extensively studied in many species from zebrafish to humans (Hantsoo et al., 2018). Regarding
schizophrenia, many studies have shown that schizophrenia patients display altered arousal
patterns to stimuli (Venables, 1966; San-Martin et al., 2020), which can be due to abnormalities
in the neuronal circuitry between the brainstem and the midbrain, which regulates the ASR
(Koch and Schnitzler, 1997).

The relationship between these two processes in rats has been studied in several papers.
According to some authors, baseline startle response and %PPI appear to be dissociable, as
suggested by manipulations that change baseline startle but not %PPI (e.g., Feifel et al., 2001;
Hoffman and Ison 1980, 1992; Rigdon, 1990; Swerdlow et al. 1986), treatments that alter %PPI
but not startle (e.g., Feifel et al., 2001; Furuya et al., 1999; Rigdon 1990; Swerdlow et al.,

1990), or interventions that lead to changes of baseline startle and %PPI either in the same or
opposite directions (e.g., Acriet al. 1995; al-Amin and Schwarzkopf 1996). According to other
studies, although individual startle amplitude and %PPI are not necessarily correlated (Feifel
1999; Feifel et al. 2001; Oliveras et al. 2015; Paylor and Crawley 1997), sometimes they may
show low positive associations (Logue et al., 1997; Oliveras et al., 2015; Sanchez-Gonzalez et al.,
2016).

In fact, Ison et al. (1997) showed a weak positive association between ASR and the percentage
of PPl in CBA/J mice stratified either by high or low baseline startle response. Moreover, recent
meta-analytical studies with mice have shown that (i) there is a moderate positive correlation
between percentage PPl and baseline startle amplitude (to a 110-dB startling stimulus) in a
subgroup of mice showing relatively low ASR amplitudes, (ii) there are no ASR-PPI correlations
when considering the intermediate and high ASR subgroups of mice, and (iii) there are negative
correlations between ASR amplitude and PPl in these two subgroups when the startling stimulus
is 120-dB (Shoji and Miyakawa, 2018). Other studies in mice have also shown that there is a
positive relationship between the response elicited by the prepulse and the percentage PPI, thus
mice with strong responses to the prepulse also have increased percentage PPl (Csomor et al.,
2005). Conversely, other studies have shown a negative correlation between ASR amplitude and
PPIlin mice and humans (Csomor et al., 2008). Thus, the above studies do not provide a definitive
answer to the issue of whether there is an association between ASR and PPI, because they have
mostly been carried out in specific mouse strains and because stratifying these animals in
subgroups according to their ASR levels the sign of the ASR-PPI association (i.e., correlations)
varies depending on the subgroup (Shoji and Miyakawa, 2018). Moreover, similar analyses in
humans have not yielded results that can be considered convergent with the above mouse
works (Csomor et al., 2008). In their review, Shoji and Miyakawa (2018) point out that there are
several factors such as strain, age, sex, species, type (and parametrical aspects) of stimuli, and
housing conditions that can induce alterations in both processes (for review see shoji and



Miyakawa (2018), and references therein). Thus, it is important to further explore the impact
that the startle response has on PPl scores considering the wide variety of factors that influence
PPI levels and the relevance that PPl has as an endophenotype of schizophrenia and other
psychiatric disorders (Shoji and Miyakawa, 2018; Swerdlow and Light, 2016).

Startle habituation has also been studied in many species, including Aplysia, C. Elegans, and rats
(Rankin et al., 2009). This process can be seen as an indicator of information processing, and it
has also been evaluated in schizophrenia patients with contradictory results (Hammer et al.,
2011). Thus, even though habituation is not an established biomarker of schizophrenia as PPI, it
can give valuable information about the mechanisms that animals use to filter out irrelevant
stimuli and focus on new or more relevant ones (Rankin et al., 2009).

Roman high-avoidance (RHA) and low-avoidance (RLA) rats have been psychogenetically
selected for good and poor two-way active avoidance acquisition in a shuttle box. Additionally,
some studies have focused on the startle response of these strains (Aguilar et al., 2000; Lépez-
Aumatell et al., 2009ab; Rio-Alamos et al., 2015; Schwegler et al., 1997). In all of these studies,
the RLA displayed an increase in the baseline startle response compared to the RHA rats. On the
other hand, many experiments have been carried out in our laboratory where RHA rats have
consistently exhibited a PPI deficit compared to the RLA rats (Oliveras et al., 2015; del Rio et al.,
2014; Rio-Alamos et al., 2019; Tapias-Espinosa et al., 2018, 2019).

The genetically heterogeneous HS rat stock (i.e., “National Institutes of Health Genetically
Heterogeneous Rat Stock”) was developed by Hansen and Spuhler(1984)through an eight-way
cross from eight inbred rat strains that have been bred for more than 60 generations. The HS
rats exhibit levels of PPl and baseline startle that are similar to those of the RLA rats. Moreover,
we have used the Roman rat strains and the HS rats to study a wide range of neurobehavioral
traits related to schizophrenia (e.g. Esnal et al., 2016; Fernandez-Teruel et al., 2006; Giorgi et al.,
2019; Oliveras et al., 2015, 2016, 2017; @sterbgg et al., 2020; del Rio et al., 2014; Sdnchez-
Gonzalez et al., 2016, 2020, 2021; Rio-Alamos et al., 2017, 2019; Sampedro-Viana et al., 2021;
Tapias-Espinosa et al., 2018,2019).

The main objective of the present work was to assess the influence of the baseline ASR on PPI
in large samples of the Roman rat strains and to explore whether the findings are generalizable
to HS rats selected for their high and low levels of PPIl. We also aimed at evaluating whether
there are differences in habituation of the startle response between rats with high levels of PPI
(i.e., RLA and high-PPI HS rats) and rats with low levels of PPI (i.e., RHA and low-PPI HS rats).



2. Material and Methods
2.1 Animals

The animals used were naive (untreated) males of the inbred Roman High- (RHA, n = 164) and
Low-Avoidance (RLA, n = 166) rat strains and the genetic heterogeneous rat stock (HS, “National
Institutes of Health Genetically Heterogeneous Rat Stock”; n = 348) from the permanent colonies
maintained at our laboratory (Medical Psychology Unit, Dept. Psychiatry, and Forensic Medicine,
School of Medicine, Autonomous University of Barcelona). These animals were derived from a
series of experiments carried out at our laboratory between 2014 and 2018, which involved
either naive (untreated) HS rats, naive RHA vs. RLA rats, or the comparison among the three
stocks (Esnal et al., 2016; Oliveras et al., 2015, 2016; del Rio et al., 2014; Rio-Alamos et al., 2015,
2019; Sanchez-Gonzalez et al., 2016; Tapias-Espinosa et al., 2018, 2019).

Rats were approximately 4 months old at the beginning of the experiment (weight range 320-
420 g). They were housed in same-sexed pairs in standard (50 x 25 x 14 cm) macrolon cages and
maintained under a 12:12 h light-dark cycle (lights on at 08:00 a.m.), with controlled
temperature (22 £ 2°C) and humidity (50—70%) and with free access to food and water.

The testing sessions (see procedure below) were performed from 9:00 to 18:00 h in such a way
that rats from each strain/stock were counterbalanced with respect to the day and the time of
the day of testing. The experiments were approved by the Committee of Ethics of the
Autonomous University of Barcelona following the European Communities Council Directive
(86/609/EEC) regarding the care and use of animals for experimental procedures.

2.2 Prepulse Inhibition (PPI)

PPI was conducted in four sound attenuated boxes (SR-Lab Startle Response System, San Diego
Instruments, US), where the animals were individually located in an acrylic cylinder, which was
situated in a dimly illuminated box and on the top of a platform with a sensor that detects the
strength made by the rat in each trial. Noise bursts were presented via a speaker mounted 15 cm
above the cylinder. After 5 min of habituation, the session continued as follows (see Figure 1):

- Baseline-1 (BL1) phase: 10 “pulse-alone” trials (105 dB (A), SPL, 40 ms; BL1) were
delivered to obtain a stable baseline of startle.

- Baseline-2 (BL2) and “prepulse + pulse” phase: One of the six types of trials were
randomly administered ten times (60 trials in total): (i) Pulse-alone trials (105 dB (A),
SPL, 40 ms (BL2), used to calculate the percentage of PPI); (ii) prepulse of 65/70/75/80dB
(A), SPL (20 ms) followed by the pulse stimulus (105dB(A), SPL, 40 ms) with an inter-
stimulus interval of 100 ms; or (iii) no-stimulus trials (background noise of 55dB).

- Baseline-3 (BL3) phase: Finally, 5 pulse-alone trials (105 dB (A), SPL, 40 ms; BL3) were
delivered.

The interval between trials was 15 s (range 10-20s). The %PPI for each prepulse intensity was
calculated by applying the following formula: %PPl=[100-(startle amplitude on prepulse
trials/startle amplitude on “BL2” pulse-alone trials x 100)].



2.3 Statistical Analyses

Firstly, we evaluated the whole sample of the Roman rats and HS rats in a repeated-measures
ANOVA with the levels for the 4 prepulse intensities as a within-subjects factor and the three
strains as a between-subjects factor. We also performed a repeated-measures ANOVA with the
3 types of baseline phases (BL1-3, see above) as a within-subjects factor. After that, unpaired
Student’s t-tests, with Welch correction in case of unequal variances, were applied to investigate
the differences among groups.

Then, we performed a repeated-measures ANOVA with the startle response in the 5 trial types
(Pulse-alone (BL2), PP65 - 80 + Pulse) as a within-subjects factor and the strains (RHA and RLA)
as between-subjects factor. Similarly, repeated-measures ANOVAs were used to evaluate the
percentage of PPl in the Roman rats. If there were statistically significant interactions or effects
of the groups/strains then we employed an unpaired Student’s t-test, with Welch correction in
case of unequal variance to elucidate if there were differences among groups. After that, we
included the startle reactivity selection (see below) as a between-subjects factor in the
repeated-measures ANOVA. Next, we conducted separated repeated-measures ANOVAs for
each baseline startle group. Finally, we applied Student’s t-tests, with Welch correction in case
of unequal variances, to investigate the differences among groups.

For the HS rats, in the first place, we divided them into 2 groups according to their high or low
PPI levels. Then we performed two repeated measures ANOVA with the PPI selection as a
between-subjects for the startle response in the 5 trial types and the percentage of PPI (within-
subjects factors). Then we created the groups according to their startle reactivity in the BL2
phase. After that, we carried out a repeated-measures ANOVA including both PPl and startle
reactivity selections. Then we conducted separate repeated-measures ANOVAs for each startle
reactivity group. Finally, we applied Student’s t-tests, with Welch correction in case of unequal
variances, to investigate the differences among groups.

Startle habituation was evaluated through repeated measures ANOVA separately for the Roman
rat groups with high or low baseline startle (sample size RHA= 122; RLA=124) with strain and
baseline startle selection as between-subjects factors and 5-trial blocks of the BL1-3 phases as a
within-subjects factor. Then separate repeated-measures ANOVAs for each baseline startle
selection were applied. Finally, we applied Student’s t-tests.

For the HS rats (sample size 176) selected for their %PPI levels and their baseline startle (see
below), we conducted a repeated-measures ANOVA with both PPl and baseline startle selections
as between-subjects factors and 5-trial blocks of the BL1-3 phases as within-subjects factor, and
then we conducted separate repeated-measures ANOVAs for each baseline startle group.
Finally, we conducted Student’s t-test with Welch correction to further explore the significant
effects.

In order to create the groups of high and low reactivity of the Roman rats, the sample of each
strain was divided into two halves (50™percentile) based on the startle reactivity scores during
the BL2 phase (RHA-HR: RHA rats with high reactivity to pulse-alone trials, n = 82; RHA-LR: RHA



rats with low reactivity to pulse-alone trials, n = 82; RLA-HR; RLA rats with high reactivity to
pulse-alone trials, n= 83; RLA-LR: RLA rats with low reactivity to pulse-alone trials, n= 83).

Similarly, to generate the HS groups with high and low PPl we divided the sample into two halves
(50™ percentile) based on total %PPI levels (i.e., %PPI averaged for the 4 prepulse intensities).
These two (HS-HighPPI, n =174, HS-LowPPIl, n = 174) groups were further stratified (50t
percentile) as HR or LR, i.e., high or low reactivity to pulse-alone trials during the BL2 phase,
respectively. Thus, HS groups were: HS-highPPI-HR, HS-highPPI-LR, HS-lowPPI-HR, HS-lowPPI-LR
(n =87/group).

Finally, in order to create the groups to study the habituation to the startling stimulus, the
Roman rats, and the HS rats with high and low %PPI, were divided into two groups (50t
percentile) based on the mean of the first 5 pulse-alone trials of the BL1 phase (RHA-HB: RHA
rats with high baseline startle response; RHA-LB: RHA rats with low baseline startle response(n
= 61/group); RLA-HB: RLA rats with high baseline startle response; RLA-LB: RLA rats with low
baseline startle response(n = 62/group); HS-HB: HS rats with high baseline startle response; HS-
LB: HS rats with low baseline startle response(n = 88/group)).

All the analyses were performed with SPSS 17 and a p-value < 0.05 was considered statistically
significant for the repeated-measures ANOVA and we adjusted with the Bonferroni correction
the two-sided p-value at p< 0.001for the multiple t-test comparisons.



3. Results

3.1 Comparison of RHA, RLA, and HS rats in the main variables of the PPI session

In Table 1 we present the values for the main variables assessed during the PPl session. The
overall repeated-measures ANOVA for the four prepulse intensities (within-subjects factor) and
the three strains (RHA, RLA, and HS) as between-subjects factor showed a significant “intensity
x strain” interaction (F(4.8, 1620) = 7.80 p < 0.001) as well as the “intensity” factor (F(2.4, 1620)
= 785.97 p < 0.001). Regarding the between-subjects factor we also observed a significant
“strain” effect (F(2, 675) = 63.00 p < 0.001). These results indicated that RLA and HS rats exhibit
higher scores than RHA rats through all prepulse intensities (see t-tests in Table 1).

The repeated-measures ANOVA for the three types of pulse-alone trials (BL1-3) revealed a
significant “trial-type x strain” interaction and a significant “trial-type” effect (F(2.9, 606.6) =
5.11 p £ 0.002, F(1.5, 606.6) = 224.18 p < 0.001, respectively). The “strain” factor was also
significant (F(2, 419) = 11.73 p < 0.001). In general, it is observed that in the variables that
evaluated the startle response in pulse-alone trials the RLA had higher values than the HS rats
(see t-tests in Table 1).

3.2 PPI differences between RHA and RLA rats as a function of low- and high- (BL2) reactivity
(LR and HR) to pulse-alone stimuli

Repeated-measures ANOVA was carried out with 5 types of trials (“PULSE” alone, PP65+P,
PP70+P, PP75+P, and PP80+P) as a within-subject factor and the strain (RHA and RLA) as
between-subjects factor (Figure 2A) shows significant “trial-type x strain” (F(1.5,478.3) = 5.55, p
< 0.001)and "trial-type” (F(1.5,478.3) = 359.12, p < 0.001) effects. The “strain” effect was not
significant (p=0.123; Figure 2A). To see whether the RHAs exhibited the expected PPI deficit
compared with RLA rats, we run a repeated-measures ANOVA with the percentage of prepulse
inhibition (%PPI) for each intensity as a within-subjects factor and the “strain” as a between-
subjects factor (Figure 2B). Significant “trial-type x strain” (F(2.6,865.8) = 7.73 p < 0.001), “trial-
type” (F(2.6,865.8) = 441.68, p < 0.001), and “strain” (F (1,328) = 38.28, p < 0.001), effects were
observed (Figure 2B). The Student’s t-tests revealed that the differences in %PPI between the
strains in all the prepulse intensities were significant after Bonferroni correction.

Repeated measures ANOVA (5 x 2 x 2) was carried out with 5 types of trials (“PULSE” alone,
PP65+P, PP70+P, PP75+P, and PP80+P) as a within-subject factor and the strain (RHA and RLA)
and the selection for BL2 startle reactivity (HR vs LR) as between-subjects factors (thus involving
RHA-HR, RHA-LR, RLA-HR and RLA-LR groups; Figure 2C, 2E). The results show a significant “trial-
type x strain” interaction (F(1.7,559.3) = 8.36, p < 0.001), a significant “trial-type x startle
reactivity” (F(1.7,559.3) = 167.38, p < 0.001), as well as a significant effect of the trial-type
(F(1.7,559.3) = 541.11, p < 0.001). The “strain” and “startle reactivity” factors were also
statistically significant (F(1,326) = 4.78, p< 0.029 and F(1,326) = 327.90, p< 0.001, respectively;
Figure 2A). The startle responses were reduced in RLA rats to a greater degree than in the RHA



rats (in PP65+P to PP80+P trials), although no differences were found in the pulse-alone trials
(see “PULSE”, Figure 2C, 2E).

To explore whether the RHAs exhibited the expected deficit in %PPI compared with RLA rats and
regardless of their BL2 startle reactivity, we run a repeated-measures ANOVA (4 x 2 x 2) with the
%PP| for each of the 4 prepulse intensities as a within-subjects factor and the “strain” and
“startle reactivity” (BL2) as between-subjects factors (thus involving RHA-HR, RHA-LR, RLA-HR
and RLA-LR groups; Figure 2D, 2F). The results revealed a significant “trial-type x strain”
interaction (F(2.7,875.7) = 7.96, p < 0.001), a significant “trial-type x startle reactivity”
interaction (F(2.7,875.7) = 10.05, p < 0.001) and significant effect of the trial-type (F(2.7,875.7)
= 454.86, p < 0.001). The between-subjects factors were also significant, “strain” (F(1,326) =
40.80, p <£0.001) and “startle reactivity” (F(1,326) = 19.95, p < 0.001, Figure 2D, 2F).

To better explore the above “trial-type x startle reactivity” effects and to elucidate the influence
of the “startle reactivity” on the PPl measures we conducted separate repeated-measures
ANOVA (on “startle amplitude” and on %PPI) for HR and LR groups.

ANOVA on startle amplitude of RHA-HR and RLA-HR rats (Roman rats with high reactivity in the
BL2 pulse-alone trials) (Figure 2C) revealed a significant “trial-type x strain” interaction (F(1.6,
266.5) = 3.75, p < 0.033), and a significant “trial-type” (F(1.6, 266.5) = 361.00, p < 0.001). The
“strain” effect was not significant (F(1,163) = 2.37 p < 0.125). These results indicate that there
are no significant between-strain differences in the overall (whole-session) startle response, but
there is a larger reduction of the startle response to prepulse+pulse (i.e., PP65+P to PP80+P)
trials in RLA rats, as indicated by the significant interaction. The results of the repeated-
measures ANOVA on %PPI for each prepulse intensity (as the within-subjects factor; Figure 2D)
revealed a significant “trial-type effect (F(2.3,377.4) = 244.38, p <0.001) and a significant “strain”
effect (F(1,163) = 11.13 p £ 0.001) (Figure 2D). We also performed t-tests for each trial type. The
results show that regarding the startle response amplitude (Figure 2C) there was no significant
difference, and only a tendency to significance appeared in the PP75+P trials (Figure 2C). In the
%PPI, there were significant differences between groups in the %PPI75, while in the other
prepulse intensities the differences didn't remain significant when the p-value was adjusted for
multiple comparisons (Figure 2D).

Repeated-measures ANOVA for the Roman rats that displayed low BL2 startle reactivity (RHA-
LR and RLA-LR) was also conducted (Figure 2E, 2F). The results for the startle amplitude in the 5
different trial types revealed a significant “trial-type x strain” interaction (F(2.5, 409.8) = 12.01,
p £0.001) and a significant trial-type effect(F(2.5, 409.8) = 290.90, p < 0.001). The “strain” effect
was also significant (F(1,163) = 4.24 p < 0.041) (Figure 2E).The results of the repeated-measures
ANOVA with the %PPI for each prepulse intensity (Figure 2F) as the within-subjects factor
revealed a significant “trial-type x strain” interaction (F(2.7,447.8) = 6.03 p < 0.001), a significant
“trial-type”(F(2.7,447.8) = 226.21 p £ 0.001), and a significant “strain” effect (F(1,163) =31.28, p
< 0.001; Figure 2F). There were differences in startle amplitude in three trial types (PP70+P,
PP75+P, PP80+P; Figure 2E), although only the PP70+P remained significant after the p-value
was adjusted for multiple t-tests comparisons (Figure 2E). Concerning %PPIl, there were
significant differences in all the intensities indicating a better PPl performance of the RLA-LR rats
(Figure 2F).



3.3 Between-strain differences in habituation to the pulse-alone stimuli, and influence of the
initial baseline startle (BL1) response amplitude

In order to explore whether there are differences in the habituation to the pulse-alone stimuli
across the session, we conducted a repeated-measures ANOVA with rats selected for their high
or low response in the first 5 pulse-alone trials (i.e., during BL1 phase; “baseline startle” factor)
of the session (Figure 3). The 50" percentile was the cut-off point, so rats below this percentile
were classified as a “low baseline startle” (RHA-LB, n=61 and RLA-LB, n=62), and rats with scores
higher than the 50* percentile were classified as “high baseline startle” (RHA-HB, n=61 and RLA-
HB, n=62). In the repeated-measures ANOVA, with the "baseline startle” selection (HB vs. LB)
and the “strain” (RHA, RLA) as the between-subjects factors, and the pulse-alone trials of the
whole session divided into 5 blocks of 5 trials (“trial-block” within-subjects factor; Figure 3), we
observed a significant “trial-block” effect (F(3,723.5) = 145.06, p < 0.001), as well as, the
interaction between “trial-block x baseline startle”(F(3,723.5) = 89.10, p < 0.001), and the “trial-
block x strain” (F(3,723.5) = 13.76, p < 0.001). Remarkably, the second-order interaction (trial-
block x baseline startle x strain) was also significant (F(3,723.5) = 6.00, p < 0.001). Overall, this
second-order interaction and the “trial-block x strain” interaction reflects that RLA rats
habituated better to the startling stimulus across the five 5-trial blocks, whereas the degree of
habituation across trial blocks was also depending upon the “baseline startle” selection factor
(indicated by the “trial-block x baseline startle” interaction). Finally, the “strain” and “baseline
startle” effects were also significant (F(1,242) = 16.26, p < 0.001; F(1,242) = 250.88, p < 0.001;
respectively), along with the interaction between these two factors (F(1,242) = 9.87, p < 0.001)
(Figure 3).

To more clearly elucidate the sources of the above second-order interaction, we conducted
repeated-measures ANOVA for the high (HR) and low (LR) baseline startle groups separately.
The analysis for the HB groups yielded a significant “trial-block x strain” interaction (Figure 3A),
as well as a significant “trial block” (F(3,359.2) = 10.27, p < 0.001 and F(3,359.2) = 128.93, p <
0.001, respectively). The results also show a significant effect of the strain (1, 121) = 16.20, p<
0.001; Figure 3A). The results of the rats with low baseline startle (LB) revealed a significant
“trial-block x strain” interaction (F (3.2, 387.7) = 6.71, p< 0.001), and a significant “trial-block”
(F(3.2,387.7) =21.03, p< 0.001). Within both HB and LB selection groups there were statistically
significant differences between strains (Figure 3A and 3B) that were mainly due to the effect of
the first 5-trial block, as indicated by the t-test.

3.4 PPl levels of outbred HS rats as a function of reactivity to the pulse-alone trials

In the second part of the study, with the HS rats, we classified the rats according to their %PPI
levels with the 50t percentile as the cut-off point to distinguish the low-PPI HS rats from the
high-PPI HS rats. Then for each %PPI group, the sample was divided into two halves according
to their “startle reactivity” during the BL2 pulse-alone trials.

Firstly, we run a repeated-measures ANOVA with the startle response amplitude to the 5 trial-
types as a within-subjects factor and the %PPI selection as between-subjects factors. The "trial-
type x PPl selection” interaction (F (1.3, 443.1) = 26.44, p < 0.001) and the “trial-type” effect (F
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(1.3, 443.1) = 266.51, p < 0.001) were significant (Figure 4A).For the percentage of prepulse
inhibition (%PPI; Figure 4B) we found a significant “trial-type x PPl selection” interaction (F (2.1,
741.4)=43.82, p £0.001) along with a “trial-type” effect (F (2.1, 741.4) = 447.73, p < 0.001). The
effect of “PPI selection” was also significant (F (1, 346) = 481.01, p < 0.001; Figure 4B).

When taking into account both the “PPl selection” and “startle reactivity” (BL2) selection
between-subjects factors, the repeated-measures ANOVA on startle amplitude for the 5 trial
types (Figure 4C, 4E) yielded a significant “trial-type x PPI selection x startle reactivity”
interaction (F (1.4, 493.4) = 15.19, p < 0.001). The “trial-type x PPl selection” and “trial-type x
startle reactivity” interactions were also significant (F (1.4, 493.4) = 40.69, p < 0.001, and F(1.4,
493.4) =173.33, p £0.001, respectively). The “trial-type” effect was also significant (F (1.4, 493.4)
= 410.18, p < 0.001). Regarding the between-subjects effects, we observed a global significant
effect of the “startle reactivity” factor (F(1,344) = 179.31, p £ 0.001) on startle amplitude (Figure
4C, 4E). Concerning the %PPl measure (Figure 4D, 4F) we found significant “trial-type x PPI
selection” and “trial-type x startle reactivity” interactions (F (2.2, 747.2) = 44.17, p £ 0.001, and
F(2.2, 747.2) = 4.64, p < 0.008, respectively), along with a “trial-type "effect (F (2.2, 747.2) =
451.36, p £ 0.001). The effects of both “PPI selection” and “startle reactivity” main factors were
also significant (F (1, 344) = 503.03, p < 0.001, and F(1, 344) = 17.77, p < 0.001, respectively;
Figure 4D, 4F).

To better study the above “trial-type x startle reactivity” effects and to elucidate the influence
of the “startle reactivity” (BL2) on the PPl measures we conducted separate repeated-measures
ANOVA (on “startle amplitude” and on %PPI) for HR and LR groups.

The repeated-measures ANOVA on startle amplitude (in the 5 trial types)of HS rats with high
startle reactivity (HS-highPPI-HR and HS-lowPPI-HR groups; Figure 4C) yielded a significant “trial-
type x PPl selection” interaction (F(1.4,244) = 27.02 p £ 0.001) and a significant “trial-type” effect
(F(1.4, 244) = 285.88 p < 0.001) (Figure 4C). The same analysis for the %PPI (Figure 4D) showed
a significant “trial-type x PPl selection” interaction (F(1.9,338.3) = 28.36, p < 0.001), a significant
“trial-type” effect (F(1.9,338.3) = 251.25, p £ 0.001) and a significant effect of the “PPI selection”
(F(1,172) = 328.19, p < 0.001; Figure 4D). The results of the t-tests revealed significant
differences between both groups in all the measures except in the pulse-alone trials (“PULSE”,
in Figure 4C). The differences were also significant in all the prepulse intensities regarding %PPI
(Figure 4D)

We run the same analyses for the HS rat sample with low startle reactivity (HS-highPPI-LR and
HS-lowPPI-LR groups, figure 4E-F). The repeated measures ANOVA for the startle amplitude in
the 5 different trial-types revealed a significant “trial-type x PPl selection” interaction (F(2.2,
385.3) = 65.73, p £ 0.001) and a significant “trial-type” effect (F(2.2, 385.3) = 533.67 p < 0.001)
(Figure 4E). The same analysis for the %PPI showed a significant “trial-type x PPl selection”
interaction (F(2.3,391.4) = 18.40, p < 0.001), a significant “trial-type” (F(2.3,391.4) = 213.85, p<
0.001) and a significant effect of the “PPI selection” (F(1,172) = 204.99, p < 0.001; Figure 4F). In
the Student’s t-tests, we observed significant differences in the pulse-alone trials (“PULSE”,
Figure 4E) and the trials with the two more intense prepulse (PP75+P and PP80+P, Figure 4E).
These differences suggest that the high-PPl group shows a greater response to pulse-alone trials
and a decreased response in the trials that the pulse is preceded by a prepulse of 75 dB and 80
dB. Furthermore, the differences in %PPI are significant for all the intensities (Figure 4E and 4F).
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3.5 Startle response habituation in HS rats stratified for high or low %PPI levels, and influence
of the initial baseline startle response amplitude

To see whether there are differences in habituation between the groups selected for differential
%PPI scores, we conducted the same ANOVA analysis (with the five 5-trial blocks as the within-
subject factor) for the HS rats that were initially selected for their %PPI scores and they were
also divided into two groups with high or low baseline startle amplitude (“baseline startle”
factor; HB and LB groups, respectively) in the first 5 pulse-alone trials of the session (Figure 5).
The results of the repeated-measures ANOVA revealed a significant “trial-block x baseline
startle” (F(3.2,545.5) = 63.89, p < 0.001), as well as a significant “trial-block” effect (F(3.2,545.5)
=90.36, p < 0.001) (Figure 5A, 5B).

The separate analyses for each baseline startle group (HB, LB) revealed that in HB rats (Figure
5A) there was a significant “trial-block” effect (F(3.1, 224.4) = 67.02, p < 0.001, Figure 5A). The
results of the analysis of LB rats showed a significant “trial-block” effect (F(2.7, 272.5) =12.78, p
<0.001) and a significant effect of the “PPI selection” (F(1,100) = 7.01, p <0.001) (Figure 5B).

3.6 Correlations

Finally, a correlational study with all the variables regarding baseline startle and %PPl was
carried out. The results are presented in Tables 2-5. Regarding the relation between baseline
startle (PULSE) and the percentage of PPl (%PP165,70,75 and 80), we observed low positive
coefficients among these variables, ranging from 0.22 to 0.33 in RHA rats, and from 0.15 to 0.28
in RLA rats. With regard to the correlation coefficients of %PPI and the startle response in each
block of five pulse-alone trials, we found low to moderate coefficients in RHA rats, ranging from
-0.02 to 0.29 (Table 2). Similarly, in RLA rats these coefficients range from -0.02 to 0.31 (Table
3). In both cases, blocks 3 and 4 of pulse-alone trials showed the higher coefficients as they
correspond to the BL2 phase of the test session (see Materials and Methods). We also found
moderate negative coefficients between the startle amplitude variables (PP65, 70, 75, 80 +P)
and their corresponding %PPI (%PPI65, 70, 75 and 80) with coefficients ranging from -0.27 to -
0.40, indicating that larger startle responses are associated with a low percentage of PPl in RHA
rats (Table 2). Similarly, in RLA the coefficients ranged from -0.25 to -0.47 (Table 3).

Similar to the Roman rats, in the HS rats selected for their high %PPIl, we have found an
analogous pattern in the correlation matrix (Table 4), since the correlation coefficients between
the PULSE and the %PPI for each prepulse intensity go from 0.16 to 0.27. The correlation
coefficients of the %PPI and the startle response in each block of five pulse-alone trials go from
-0.15 to 0.44, with the last three blocks showing the strongest relation among variables. Low but
significant negative correlation coefficients were also found between the startle amplitude
variables (PP65, 70, 75, 80 +P)and their corresponding %PPI variables (from -0.16 to -0.21, Table
3). In contrast, this pattern of correlations was not found in the HS rats exhibiting low levels of
%PPI (Table 5).
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4. Discussion

The present study shows that, compared to RLAs, the RHA rats display a PPI deficit irrespective
of the startle response levels to pulse-alone trials during BL2(“PULSE” in Figure 2C, E), although
the deficit in %PPl is more evident in rats that exhibit low startle reactivity during the BL2 phase
(i.e., RHA-LR vs RLA-LR groups; see Figure 2F compared with Figure 2D). Regarding the results of
the “BL2-startle reactivity” measure itself, we have found no differences between the Roman
strains in accordance with previous studies from our lab where no significant strain effects were
found in that measure, which is used to calculate the %PPI (Esnal et al., 2016; Oliveras et al.,
2015; Rio-Alamos et al., 2015; Tapias-Espinosa et al., 2019). This is so because startle responses
already show clear habituation in both Roman rat strains during the BL2 phase, as is evidenced
by the startle amplitude scores of both strains in trials blocks 3-4 in Figure 3A, B.

Concerning the startle habituation process, the present findings agree with previous studies
with the Roman rats showing that that RLA rats display higher startle response amplitudes to
pulse-alone trials than RHA rats, particularly at the beginning of the session (Aguilar et al., 2000;
Lépez-Aumatell et al., 2009ab; Rio-Alamos et al., 2015). Most importantly, the present is the
first time that a deficit in startle response habituation is shown in RHA vs. RLA rats using a large
sample of animals stratified according to their initial baseline startle amplitude (during the first
5-trial block of the session) and showing that irrespective of these initial startle responses RHA
rats exhibit a habituation deficit compared with their RLA counterparts (see Figure 3A-B). These
findings, along with the robust %PPI deficit of RHA rats, are consistent with previous studies
indicating that the RHA strain exhibits schizophrenia-relevant attentional and cognitive deficits
in several tasks, as compared to their RLA counterparts and other rat strains/stocks (Esnal et al.,
2016; Fernandez-Teruel et al., 2006; Martinez-Membrives et al., 2015; Oliveras et al., 2015,2016;
Rio-Alamos et al., 2019; Tapias-Espinosa et al., 2018, 2019). Thus, the results of RHA rats in PPI
and startle response habituation seem to suggest that there is a definite deficit in sensorimotor
gating and information processing in that rat strain. This is globally consistent with findings from
schizophrenia patients, in which a deficit in habituation of startle has repeatedly been found (in
most —though not in all- studies,e.g., Bolino et al., 1994; Geyer et al., 1990; Hammer et al., 2011;
Ludewig et al., 20033, b; Meincke et al.,2004; Mena et al., 2016; Takahashi et al., 2008). It seems
that such a habituation deficit might be more commonly found in studies specifically designed
to measure habituation rather than those that take habituation measures in the context of a PPI
session(e.g., see discussion by Ludewig et al. 2002). Nevertheless, we carried out a correlation
analysis (i.e., Pearson’s coefficients) between habituation and PPl percentages and we did not
observe any significant correlation among these measures in any of the strains(all coefficients
ranging from -0.04 to 0.17), suggesting that startle habituation and sensorimotor gating are two
different psychophysiological processes.

Secondly, and confirming the above findings from the Roman rats, the HS rats that have been
grouped according to their %PPI levels also show PPI differences when they are divided for their
BL2 high or low startle reactivity. In fact, the differences between the two selected (HS-High-PPI
and HS-Low-PPI) HS groups, regarding both the “startle amplitude” (i.e. PP65+P to PP80+P
measures) and %PPI, are maintained when they are further stratified by high (i.e., HR, Figure 4D)
or low (i.e., LR, Figure 4F) levels of startle reactivity during the BL2 phase. This, in turn, suggests
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that these PPI deficits of RHA and HS-lowPPlI rats are genuine alterations of sensorimotor gating
processes that are not interfered (at least at the group level) by the startle reactivity levels to
pulse-alone trials during the BL2phase.

Several studies have suggested that baseline startle reactivity (during the BL2 phase) can be a
confounding factor when interpreting the PPl scores (e.g., Csomor et al., 2008; Hince and Martin-
Iverson, 2005; Sandner and Canal, 2007; Scarborough et al., 2019; Shoji and Miyakawa, 2018;
Swerdlow et al., 2001; Yee et al., 2004; see also “Introduction”). Csomor et al. (2008) studied in
humans the influence of baseline startle dividing the sample into high and low startle groups.
They found that the low startle group had higher levels of %PPIl and that there was no significant
correlation between %PPI and startle response. However, the results were the opposite when
the absolute difference of PPI (i.e., the startle amplitude during “prepulse + pulse” trials) was
used, meaning that there was a significant positive correlation between the absolute score of
PPl and baseline startle at BL2. Remarkably, similar results were found in mice in the same study
(Csomor et al., 2008). As mentioned in the “Introduction”, factors such as age, strain, housing
conditions, and the features of the experimental session may have an important impact on %PPI
and startle levels, thus leading to this heterogeneous picture regarding the startle-PPI
association. Another relevant factor is the sex of the animals. In fact, regarding the Roman rats,
we have observed that adolescent and adult female rats exhibit lower PPI levels than their male
counterparts, while adult females also show lower baseline startle responses than adult males
(Oliveras et al., submitted). These results are in accordance with previous studies in rats
(Lehmann et al., 1999; for review see Hill, 2016) and in humans (Kumari et al., 2004).
Additionally, we are currently working on experiments to evaluate whether this low association
between startle response and %PPI, found in male Roman rats, is also present in female rats.

In the present study, we have shown that %PPI deficits are present in the RHA rats regardless of
the levels of the BL2 startle response (to pulse-alone trials at BL2)they display. Thus, our results
are similar to the results from other authors showing that %PPI levels are insensitive to the
startle reactivity (BL2) of the animals (Ison et al., 1997). Also supporting this notion, in several
pharmacological studies (Oliveras et al., 2017) with the Roman rat strains we found that some
drugs either decreased (DOI, apomorphine, haloperidol, clozapine) or increased (dizocilpine) the
startle response in pulse-alone trials without affecting strain differences in PPl measures, thus
suggesting that in these rats the influence of the startle response to pulse-alone trials on
sensorimotor gating is (if any) quite small. In a similar vein, other studies with rats, have shown
differences in %PPI with strains exhibiting similar levels of the startle response (for review see
Geyer et al., 2001 and Swerdlow et al., 2008, and the references therein).

Moreover, the statistical correlation between both variables is very modest (see Blumenthal et
al., 2004; Csomor et al., 2008; Ison et al., 1997; Scarborough et al., 2019; Shoji and Miyakawa,
2018; Yee et al., 2004, but also see Hince and Martin-Iverson, 2005), as also shown in the present
study (see Discussion below). So, there is not a clear consensus as to whether the impact of the
startle response amplitude on %PPI can be dismissed or, contrarily, researchers have to take it
into consideration when interpreting the %PPI results (Csomor et al., 2008; Hince and Martin-
Iverson, 2005; Shoji and Miyakawa, 2018).
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In the HS study, we have observed that the %PPI differences between the stratified HS-HighPPI
and HS-LowPPI subsamples are conserved regardless of the comparison involved HS rats with
high (Figure 4C, D) or low(Figure 4E, F) reactivity to the pulse-alone trials during the BL2 phase.
These results seem to be comparable to findings by Bast et al. (2001) showing that alterations
in startle reactivity are not always accompanied by alterations in PPl and suggest a relative
independence between both processes in the HS rats. This in turn is in line with the above-
mentioned %PPI findings from RHA vs. RLA rats and is also in accordance with other studies (Bast
et al., 2000; Caine et al., 1992; Wan et al., 1996; Zhang et al., 2000). In contrast with the above-
mentioned habituation results from RHA vs. RLA rats, we have found no differences in the
habituation curves across the five 5-trial blocks of pulse-alone trials between the HS high-
baseline (HB, Figure 5A)or low-baseline (LB, Figure 5B) startle subgroups.

To sum up, the results of the present study suggest that the RHA (vs. RLA) rats are a valid model
to detect deficits in sensorimotor gating since the reduced levels of %PPI in RHAs are observed
regardless of their high or low startle reactivity (to pulse-alone trials) in the BL2 phase. Likewise,
the findings from the HS rat study mostly replicate and extend such an independency of %PPI
from startle reactivity (to pulse-alone trials) in the BL2 phase, which provides evidence on the
generalization of the phenomenon.

Finally, the correlational study shows low associations among the variables measuring startle
response amplitude and the percentage of PPl (tables 2-4), whereas there are no significant
correlations in the HS-LowPPl rats (Table 5). Therefore, these results overall suggest a
predominant but low positive association between the startle response reactivity (at BL2) and
%PPI, which is in line with similar low-to-moderate associations we have observed in previous
studies using much smaller “n” than the present (Oliveras et al., 2015). Shoji and Miyakawa
(2018) also show a positive correlation between both measures, particularly in mice with low
startle reactivity. Ison et al. (1997) also carried out a correlational study with mice and rats and
they found no significant positive and no significant negative correlations, respectively.
Additionally, the authors report that the proportion of shared variance of both measures is less
than 10%, similar to findings from most previous reports as well as of the present study.

Thus, there is no consistent evidence across studies regarding the association and/or the
direction of this association between startle response reactivity and PPI. Such an inconsistency
may depend on different parameters used in the testing procedures, the levels of startle
reactivity or %PPI performance, as well as environmental, strain and species (i.e. mice, rats,
humans) differences (among others causes), such that the overall predominant picture seems
to be that of no association or rather low associations of both signs between these measures
(Csomor et al., 2008; Ison et al., 1997; Scarborough et al., 2019; Shoji and Miyakawa, 2018).

In conclusion, the present study shows for the first time that:

1) The PPI deficit of RHA (vs. RLA) rats is present irrespective of the acoustic startle response
levels (to pulse-alone trials) of the rats of both strains.

2) HS rats selected for their high or low scores of %PPI show similar differences in this measure
when they are grouped by their differential startle amplitude scores (at BL2). Thus, the %PPI
impairments found either in RHA and HS-LowPPI rats can be described as sensorimotor gating
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deficits, as they are present regardless of the increases or reductions in the startle amplitude to
pulse-alone trials during the BL2 phase. It seems important to underscore that this is the first
time that such an independency of these responses/measures (i.e., startle amplitude to pulse-
alone trials during the BL2 phase and %PPlI) is reported on the basis of large samples of these
two inbred rat strains and the outbred HS rat stock.

3) Regarding startle habituation, RLA rats habituated to the startling (pulse-alone) stimulus more
effectively than RHA rats regardless of the baseline startle responses of the strains. It seems
worth highlighting the robustness of these results, based on the use of a large “n”/strain and
the within-strain stratification on the basis of the baseline startle during the first 5-trial block.
This constitutes a novel finding which suggests a deficit in information processing in RHA rats,
and in turn adds to many previous findings indicating that this strain displays a variety of
attentional and cognitive impairments (along with many other neurobehavioral phenotypes)
that make it a putative model of schizophrenia-relevant features (Esnal et al., 2016; Fernandez-
Teruel et al., 2006; Giorgi et al., 2019; Martinez-Membrives et al., 2015; Oliveras et al., 2015,
2016, 2017; Rio-Alamos et al., 2019; Tapias-Espinosa et al.,2018, 2019). In HS rats, although
there seems to be a similar trend for differential habituation between HS-HighPPI-LB and HS-
LowPPI-LB (Figure 5B), the “PPI selection x block” interaction did not reach significance, which
precludes any conclusion about differential habituation.

4) Regarding the correlation study, we have found low correlational coefficients indicating that
we cannot completely rule out the baseline startle response as a lurking variable that has to be
controlled in order to measure its influence in PPl studies. However, although such a low
association may be true when taking into account individual scores to make correlations, the
present study shows that at the group level, and using large rat samples, there seems to be no
relevant interference (or influence) between startle response amplitude during BL2 (i.e., the
pulse-alone trials used for %PPI calculation) and %PPI levels.

These findings appear to be robust because both large samples and three different
strains/stocks of rats (one of them characterized by its high genetic heterogeneity —HS rats-)
have been used for the first time. Further studies with similarly large rat samples, and using
different rat strains/stocks, might shed light on the generalizability of the present findings.
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Figure Legends

Figure 1.-The structure of the PPl session (24 minutes) is represented. Following 5 min of habituation to the box, the
session can be divided into three parts or phases. In the first part (BL1), 10 pulse-alone trials were presented to
establish a baseline startle response. In the second part (Phase 2), pulse-alone (BL2) and prepulse + pulse trials (PPI
phase) were delivered randomly. Finally, in the third part of the session,5 pulse-alone trials were delivered. * The
mean of the scores of the first 5 pulse-alone trials (5-trial block 1) were used to divide the sample into two halves
(50th percentile; named High or Low baseline; HB, LB). ** The mean of the scores of the pulse—alone trials of this part
(5-trial blocks 3 and 4, i.e., BL2) were used to divide the sample into two halves (the cut-off point was the 50th
percentile; named High or Low reactivity, HR, LR).

Figure 2.- A) Mean + SEM of startle amplitude in pulse-alone (PULSE; BL2 phase) trials, as well as the startle amplitude
in PP65+Pulse to PP80+Pulse (PP65+P to PP80+P) trials in the Roman rats. B) Mean + SEM of the percentage of PPl in
“Prepulse + Pulse” trials at different prepulse intensities for the Roman rats. C) Mean + SEM of startle amplitude in
pulse-alone trials, as well as the startle amplitude in PP65+Pulse to PP80+Pulse trials in the Roman rats with high
reactivity to pulse alone trials. D) Mean + SEM of the percentage of PPl in “Prepulse + Pulse” trials at different prepulse
intensities in the Roman rats with high reactivity to pulse alone trials. E) Mean + SEM of startle amplitude in pulse-
alone trials, as well as the startle amplitude in PP65+Pulse to PP80+Pulse trials in the Roman rats with low reactivity
to pulse alone trials. F) Mean + SEM of the percentage of PPl in “Prepulse + Pulse” trials at different prepulse
intensities in the Roman rats with low reactivity to pulse alone trials. *p < 0.05, **p<0.01, ***p<0.001, “group x trial-
type” effect (repeated measures ANOVA). ### p<0.001 “strain” effect (repeated measures ANOVA). &Adjusted
p<0.001 significant t-tests.

Figure 3.- A) Mean + SEM of startle amplitude of the Roman rats with high baseline startle responses during the first
5 pulse-alone trials of the session. B) Mean + SEM of startle amplitude of the Roman rats with low baseline startle
responses during the first 5 pulse-alone trials of the session. ***p<0.001, “group x trial- block” effect (repeated
measures ANOVA). ## p<0.001 “strain” effect (repeated measures ANOVA).& p<0.001, statistically significant t-test.

Figure 4.- A) Mean + SEM of startle amplitude in pulse-alone trials, as well as the startle amplitude in PP65+Pulse to
PP80+Pulse trials in the HS selected for their extreme %PPI values. B) Mean + SEM of the percentage of PPl in
“Prepulse + Pulse” trials at different prepulse intensities in the HS selected for their extreme %PPI values. C) Mean +
SEM of startle amplitude in pulse-alone trials, as well as the startle amplitude in PP65+Pulse to PP80+Pulse trials in
HS rats with high reactivity in pulse-alone trials. D) Mean + SEM of the percentage of PPl in “Prepulse + Pulse” trials
at different prepulse intensities in HS rats with high reactivity in pulse-alone trials. E) Mean + SEM of startle amplitude
in pulse-alone trials, as well as the startle amplitude in PP65+Pulse to PP80+Pulse trials in HS rats with high reactivity
in pulse-alone trials ((n = 87 for both groups)). F) Mean + SEM of the percentage of PPl in “Prepulse + Pulse” trials at
different prepulse intensities in HS rats with high reactivity in pulse-alone trials. ***p<0.001, “trial-type x PPl selection
x baseline selection” or “trial-type x PPl selection” effect;).*#* p<0.001 “PPI selection” effect (repeated measures
ANOVA).&Adjusted p-value<0.001 significant t-test.

Figure 5.- A) Mean + SEM of startle amplitude of HS rats with high baseline startle responses during the first 5 pulse-
alone trials of the session. B) Mean + SEM of startle amplitude of HS rats with low baseline startle responses during
the first 5 pulse-alone trials of the session. ## p<0.01 “PPI selection” effect (repeated measures ANOVA).
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Table legends

Table 1.- Mean (+ SEM) of the main variables of the PPl session. BL1: startle response in the first 10 pulse-alone trials.
BL2: startle response in the 10 pulse alone trials that were randomly presented throughout the PPl phase (see “2.2
Prepulse inhibition” section). BL3: startle response in the last 5 pulse-alone trials delivered at the end of the PPI
session. %PP165-%PP180: percentage of PPI for the four prepulse intensities (65-80 dB). TOTAL %PPI: percentage of
PPl averaged across the four prepulse intensities.a,b : p<0.001 between groups with the same letter Student’s t-tests.

Table 2.-Pearson’s correlations coefficients among the main variables of the PPl session for the RHA rats. PULSE:
startle response in the 10 pulse alone trials that were randomly presented throughout the PPl phase(corresponds to
the BL2 phase). PP65+P-PP80+P: startle response amplitude in the trials where the “prepulse (65-80 dB) + pulse” was
presented.%PP65-%PP180: percentage of PPl for the four prepulse intensities (65-80 dB). PULSE BLOCK 1- PULSE
BLOCK 5: Startle response in pulse-alone trials grouped in 5-trial blocks across the whole PPl session. *, p < 0.05; **,
p <0.01.

Table 3.-Pearson’s correlations coefficients among the main variables of the PPl session for the RLA rats.
Abbreviations and symbols as in Table 2

Table 4.-Pearson’s correlations coefficients among the main variables of the PPI session for the HS rats with high
levels of PPI. Abbreviations and symbols as in Table 2

Table 5.- Pearson’s correlations coefficients among the main variables of the PPl session for the HS rats with low
levels of PPl.Abbreviations and symbols as in Table 2.
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Figure 1

PPI SESSION
Session Session
STARTS PHASE 1 PHASE 2 PHASE 3 ENDS
HABITUATION BL1 pha-se: 10 pl:J|Se- BL2 {PU.LSE) phallse: 10 pulse- BL3 phase: 5 pulse-
alone trials (5-trial alone trials (5-trial blocks 3 and alone trials (5-trial
No stimuli blocks 1 and 2)* 4) + Block 5)***
5 minutes RHA N=164, RLA PPl phase: Prepulse + Pulse trials
N=166, H5 N=348 (PPG5-80 + P)**
Time: 0’ > 24’
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Figure 3

Habituation: Roman rats with Habituation: Roman rats with low
high baseline startle 8 baseline startle
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Table 1

RHA (n=164) RLA (n=166) HS (n=348)

BL1 1557.22 (91.03) 1866.06 (100.39) @ 1424.08 (70.75)?

BL2 1012.70 (58.90) 1062.87 (56.60) @ 796.91 (44.68) 2

BL3 742.75 (50.86) 912.49 (74.75) @ 562.48 (47.37) ®

%PPI65 24.64 (2.30) 2b 38.36 (1.96) 46.29 (1.49)P

%PP170 36.20 (2.49) @b 54.93 (1.45) 2 60.91 (1.05)°

%PPI75 50.46 (1.83) 2b 64.18 (1.33) 2 69.42 (0.87)°

%PPI180 62.14 (1.51) @ 71.04 (1.16) 2 76.29 (0.74) @b

TOTAL %PPI 43.36 (1.82) @b 57.13 (1.29) @ 63.22 (0.92) ab

Table 2

RHA 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1.- PULSE 1
2.- PPE5+P 072" 1
3.- PP70+P 064" 090" 1
4.- PP75+P 067" 090" 092" 1
5.- PP8O+P 069" 089" 088" 093" 1
6.- %PPI65 033" 028" -023" -019° -019° 1
7.- %PPI70 034" 009  -027° -001  -001 073" 1
8.- %PPI75 027%  -018 025" 034" -028" 073" 071" 1
9.- %PPI80 022" 021" -026" -030" -040" 073" 071" 084" 1
10-PULSEBLOCK1  0.62” 050" 045" 052" 052"  0.02 022" 0.08 002 1
11-PULSEBLOCK2 067" 058" 051" 060" 058"  0.09 020" 0.02 002 079" 1
12-PULSEBLOCK3 095" 076" 069" 071" 068" 022" 029" 019° 002 054" 065" 1
13-PULSEBLOCK4 093" 078" 072" 075" 075" 018 024" 001 001 063" 061" 078" 1
14-PULSEBLOCK5  0.83"  0.68" 059" 059" 058"  0.02 021" 005 002 048" 058" 077" 0807 1
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Table 3

RLA 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1.- PULSE 1

2.- PP65+P 0.78" 1

3.- PP70+P 0.72"™ 0.89" 1

4.- PP75+P 0.69" 0.86" 0.92" 1

5.- PP80+P 0.72" 0.82"" 0.88™ 0.90"" 1

6.- %PPI65 0.28" -0.25™ -0.17 -0.16 -0.07 1

7.- %PPI70 0.21™ -0.25™ -0.42™ -0.34™  -0.18" 0.77" 1

8.- %PPI75 0.17 -0.23™ -0.31™ -0.46™  -0.22"" 0.70™ 0.77" 1

9.- %PPI80 0.15 -0.19 -0.27™ -0.32"  -0.47" 0.55" 0.66" 0.67" 1

10.- PULSE BLOCK 1 0.73" 0.62"" 0.59" 0.60" 0.59" 0.20" 0.18" 0.05 0.04 1

11.- PULSE BLOCK 2 0.72™ 0.64"" 0.67"" 0.69" 0.64" 0.19" 0.11 -0.03 -0.00 0.76™ 1

12.- PULSE BLOCK 3 0.93" 0.74" 0.72" 0.72" 0.67" 0.31" 0.25" 0.16 0.16 0.65™ 0.69" 1

13.- PULSE BLOCK 4 0.93" 0.73" 0.71" 0.71" 0.71" 0.29" 0.23" 0.15 0.11 0.71" 0.66™ 0.73" 1

14.- PULSE BLOCK 5 0.72" 0.62"" 0.60™" 0.60™" 0.63™ 0.19" 0.16 0.06 -0.02  0.59™ 0.56™ 0.617" 0.73™ 1
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Table 4

HSHIGH PPI 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1.- PULSE 1

2.- PP65+P 0.86™ 1

3.- PP70+P 0.88"™ 0.86™ 1

4.- PP75+P 0.88" 0.91" 0.87" 1

5.- PP80+P 0.82"" 0.84™ 0.88™" 0.90" 1

6.- %PPI165 0.22" -0.16" 0.04 0.04 0.03 1

7.- %PPI70 0.16" -0.02 -0.21™ -0.01  -0.10 0.47" 1

8.- %PPI75 0.17° -0.02 -0.02 -0.19"  -0.11 0.33" 0.40™ 1

9.- %PPI8O 0.27""  0.10 0.04 0.04 -0.18 0.29" 0.43™  0.53" 1

10.- PULSE BLOCK 1 0.59" 0.49™ 0.61"" 0.57"" 0.58™ 0.15° -0.03 -0.15 0.01 1

11.- PULSE BLOCK 2 0.72"" 0.60" 0.70™ 0.61" 0.62 0.18" 0.06 0.12 0.20" 0.63™ 1

12.- PULSE BLOCK 3 0.95" 0.81%" 0.82" 0.85" 0.75" 0.22" 0.14 0.14 0.27" 0577 071" 1

13.- PULSE BLOCK 4 0.94™ 0.81" 0.83" 0.81" 0.79" 0.20™ 0.17 0.17 0.23" 0.54" 064" 0.78" 1

14.- PULSE BLOCK 5 0.70"" 0.46™ 0.49" 0.46™ 0.49" 0.44™ 0.32" 0.32" 0.26" 0.41™ 0.73" 058" 0.73" 1
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Table 5

HS LOW PPI 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1.- PULSE 1

2.- PP65+P 0.93" 1

3.- PP70+P 0.95" 0.91™ 1

4.- PP75+P 0.93" 093" 0.95” 1

5.- PP80+P 0.90" 0.84” 0.95" 0.93" 1

6.- %PP165 0.12 -0.11 0.04 0.02 0.07 1

7.- %PPI70 0.10 0.01 -0.11  -0.04 -0.05 0.43" 1

8.- %PPI75 0.09 -0.00 -0.04 -0.16" -0.09 0.48™ 0.59™ 1

9.- %PPI80 0.12 0.08 0.00 -0.03  -0.17" 0.34™ 0.44™ 0617 1

10.- PULSE BLOCK 1 0.72"" 0.677 0.68" 0.67" 0.68" 0.03 0.07 0.02 -0.01 1

11.- PULSE BLOCK 2 075" 0.75” 0.76" 071" 0.73" -0.01 0.05 0.09 -0.00  0.74" 1

12.- PULSE BLOCK 3 0.97" 090" 0.94" 093" 0.90™ 0.11 0.08 0.08 0.11 0.70"  0.78" 1

13.- PULSE BLOCK 4 0.96" 0.89"" 0.88"" 0.87" 0.82" 0.12 0.11 0.10 0.13 0.69™ 0.64 0.85" 1

14.- PULSE BLOCK 5 077" 0.72” 0.79” 0.68" 0.74™ 0.09 0.03 0.14 0.09 0.62 0.72"" 074" 0.75" 1
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