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Abstract 

Schizophrenia involves positive, negative and cognitive symptoms, as well as 

comorbidity with anxiety and obsessive-compulsive disorder. Prepulse inhibition (PPI) of 

the startle response is a measure of sensorimotor gating that is impaired in schizophrenia 

and animal models of the disease. Remarkably, impaired PPI has been related to other 

schizophrenia-like features in rodent models, such as cognitive deficits and hyperactivity. 

However, it remains to be investigated whether deficient PPI and increased exploratory 

activity are associated in genetically heterogeneous (outbred) naïve animals. This study 

was undertaken to evaluate the relationships among PPI and other schizophrenia-

related symptoms, such as augmented exploratory activity, anxiety and compulsivity in 

the genetically heterogeneous (outbred) NIH-HS rat stock (HS) and in the genetically-

selected inbred Roman High-Avoidance (RHA) and Low avoidance (RLA) rats. Animals 

underwent the following tests: open-field (exploratory activity), elevated zero-maze 

(anxiety-like behavior), marble burying (compulsive-like behavior), and PPI. Three 

groups of HS rats were formed according to their PPI scores, i.e. Low-, Medium- and 

High-PPI. The HS Low-PPI group displayed higher exploratory activity in the open-field 

than the HS Medium-PPI and HS High-PPI groups. Likewise, compared with their RLA 

counterparts, RHA rats exhibited lower PPI and more intense exploratory activity in the 

open-field test. Correlational and factorial analyses of the whole HS sample and the 

RHA/RLA data globally corroborated the results of the PPI-stratified HS subgroups. 

These data suggest that such a consistent association between impaired PPI and 

increased exploratory activity in outbred HS and inbred RHA/RLA rats is a relevant 

parameter that must be taken into account when modeling clusters of schizophrenia-

relevant symptoms. 

Keywords: Prepulse inhibition, schizophrenia, exploratory activity, compulsive-like 

behavior, genetically heterogeneous rats, Roman rats 

 



 

3 
 

1. Introduction 

Schizophrenia is mainly characterized by the presence of three groups of 

symptoms: positive (hallucinations, delusions and disorganized behavior), negative 

(anhedonia, apathy, reduced affect display) and cognitive (impaired sensorimotor gating, 

attention and executive functions). Moreover, schizophrenia also shows comorbidity with 

anxiety and obsessive-compulsive symptoms (Braga et al., 2013; Buckley et al., 2009). 

The complexity and diversity of schizophrenia hinders the full modelling of the entire 

constellation of symptoms in rodents, although it is desirable to evaluate all putative 

animal models with the broadest range possible of disease-related phenotypes. 

Prepulse inhibition (PPI) of the startle response is a measure of sensorimotor 

gating, in which the magnitude of the startle is attenuated by the presence of a pre-

stimulus of lower intensity (Graham, 1975). Impaired PPI has been proposed as an 

endophenotype for schizophrenia (Braff et al., 2008), although such an alteration is also 

present in other psychiatric disorders. Interestingly, the administration of amphetamine, 

which is known to cause psychotic-like symptoms in humans (Kokkinidis and Anisman, 

1981; Snyder, 1973), disrupts PPI in humans (Hutchison and Swift, 1999; Kumari et al., 

1998) and rodents (Kinney et al., 1999; Swerdlow et al., 2007). Apart from PPI deficits, 

amphetamine also induces hyperactivity in rodents, in line with the disorganized behavior 

of schizophrenia (Alsene et al., 2010; Blanc et al., 1994; Dickinson et al., 1988; Ott and 

Mandel, 1995; Powell and Miyakawa, 2006; Swerdlow et al., 2002). The association 

between increased activity and impaired PPI has also been found in other well-

established animal models of schizophrenia, such as ventral hippocampal neonatal 

lesion (Tseng et al., 2009), NMDA infusion (Peleg-Raibstein and Feldon, 2006; Wang et 

al., 2015), NMDA-antagonist administration (Maple et al., 2017), genetic alterations in 

mice (Kulikov et al., 2016; Miyakawa et al., 2003; Munesue et al., 2010; Powell and 

Miyakawa, 2006; Takao et al., 2013; Young et al., 2014) and social isolation (Domeney 

and Feldon, 1998; Lukkes et al., 2009; Oliveras et al., 2016). Thus, as these studies 
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suggest, impaired PPI and excessive motor/exploratory activity may constitute relevant 

parameters that must be taken into account when modeling clusters of schizophrenia-

relevant symptoms. On the other hand, as mentioned above, compulsive and anxious 

behaviors have also been associated with schizophrenia, although research with rodent 

models has shown controversial evidence in that respect (Lindemann et al., 2008; 

McAuley et al., 2009). 

This study was undertaken to evaluate the relationships among PPI and other 

schizophrenia-related symptoms, such as augmented exploratory activity, anxiety, and 

compulsivity in the genetically heterogeneous NIH-HS outbred rat stock (HS) and in the 

genetically-selected inbred Roman High-Avoidance (RHA) and Low avoidance (RLA) 

rats. The RHA and RLA rats were bidirectionally selected and bred for their very good 

(RHA) vs. extremely poor (RLA) ability to acquire the two-way active avoidance task 

(Driscoll et al., 1998; Escorihuela et al., 1999; Río-Álamos et al., 2017; Steimer and 

Driscoll, 2005). Compared with their RLA counterparts, RHA rats show deficient PPI, 

impaired working memory (Oliveras et al., 2015) and reduced latent inhibition (Esnal et 

al., 2016; Fernández-Teruel et al., 2006). These divergent behavioral profiles, together 

with the reported between-strain differences in dopaminergic (Giorgi et al., 2007; Guitart-

Masip et al., 2008; Tournier et al., 2013), serotoninergic (Fomsgaard et al., 2017; Klein 

et al., 2014) and glutamatergic (Wood et al., 2017) systems, suggest that RHA rats may 

be a valid model for schizophrenia-related features.  On the other hand, the HS rats were 

developed to obtain a stock of rats as genetically heterogeneous as possible (Hansen 

and Spuhler, 1984). To this aim, a crossing of eight parental inbred strains was carried 

out, generating a higher genetic recombination pattern and phenotypic variability than 

those shown by the most commonly used laboratory rat strains (Hansen and Spuhler, 

1984). Since HS rats appear to show genetic variabilities more similar to human 

population, they constitute an excellent tool to study the neurobiological and genetic 

basis of both normal and abnormal (illness-related) complex traits (Baud et al., 2013; 
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Díaz-Morán et al., 2013). Furthermore, similar to findings with the Roman rats, studies 

with the HS rats have shown tight associations among impaired PPI and other 

schizophrenia-related symptoms, such as deficient working memory (Oliveras et al., 

2015) or reduced latent inhibition (Sánchez-González et al., 2016). These behavioral 

data suggest that HS rats stratified by low PPI may constitute a putative model of some 

schizophrenia-relevant features. It remains to be stablished whether exploratory activity 

in response to novelty, which is another schizophrenia-associated feature (Powell and 

Miyakawa, 2006), is also associated with PPI impairment in HS rats. 

In this study, HS rats underwent the following tests: (i) open-field (to assess 

exploratory activity), (ii) elevated zero-maze (to evaluate anxiety-like behavior), (iii) 

marble burying (to examine compulsive-like behavior), and PPI. The data obtained from 

HS rats were analyzed both in the whole sample and in three groups of rats stratified by 

Low-, Medium- and High-PPI. Moreover, the same procedures were used with inbred 

RHA vs. RLA rats, so that we would be able to see the generalizability of the association 

among PPI and the other phenotypes from the Roman rat strains to the outbred HS 

stock.  
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2. Materials and methods 

2.1. Subjects 

Naïve male HS (n=92), and inbred RHA (n=12) and RLA (n=12) rats, from the 

permanent colonies maintained at our laboratory (Medical Psychology Unit, Dept. 

Psychiatry and Forensic Medicine, School of Medicine, Autonomous University of 

Barcelona) since 1996 (RHA, RLA) and 2004 (HS), were used in this study.  They were 

aged 3-4 months, having a weight range of 250-350 g. They were housed in pairs of the 

same strain in macrolon cages (50 x 25 x 14 cm) and maintained with food and water ad 

libitum (standard animal chow). These animals were bred and reared in our laboratory 

at Autonomous University of Barcelona. They were 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%).  

The HS rat stock was derived from eight inbred rat strains by Hansen and Spuhler 

(Hansen and Spuhler, 1984). These eight parental strains were the MR/N, WN/N and 

WKY/N (whose ancestors trace back to the original Wistar stock), the M520/N and 

F344/N (established in the 1920s with an unknown origin), the M520/N and the ACI/N 

(hybrids between the August and Copenhagen stocks), the BN/SsN (derived from a color 

mutant from a stock of wild rats kept at the Wistar Institute), and the BUF/N strain. To 

establish our colony, we received 40 pairs of NIH-HS rats from Dr. Eva Redei (Center 

for Comparative Medicine, Northwestern University, Chicago, USA) in 2004.  

2.2. Experimental procedures 

All behavioral testing was carried out during the light cycle between 09:00-14:00 

h. Apart from the PPI test (see below), all the other test measures were taken by an 

expert observer, who was blind to group condition. After testing each rat, the 

corresponding apparatus was thoroughly wiped clean with 70% ethanol solution. In the 

marble burying test, new bedding was used for each animal and marbles were cleaned 

with a 70% ethanol solution between animals.  
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Experiments were performed in accordance with the Spanish legislation on 

“Protection of Animals Used for Experimental and Other Scientific Purposes” and the 

European Communities Council Directive (2010/63/EU) on this subject. Every effort was 

made to minimize any suffering of the animals used in this study. 

Figure 1 shows the experimental timeline. 

2.2.1. Open-Field 

The apparatus was a circular arena (diameter, 83 cm) walled by white walls 

(height, 34 cm) and divided into 19 equal sectors by lines drawn on the floor. The test 

was carried out in a black-painted testing room, dimly illuminated with white fluorescent 

light (65 lx at the level of the apparatus).  Each rat was individually placed in the periphery 

of the open-field, and behavior was videotaped and measured outside the testing room 

for 5 min. Total number of “exploratory activity” episodes (crossings + rearings), and 

“self-grooming” time were measured. The lower decile of the “grooming time” variable 

conformed the Low-Grooming (Low-Groom) group, the higher decile was for the H-

Grooming (High-Groom) group, while a Medium-Grooming (Medium-Groom) group was 

randomly drawn from the intermediate deciles.   

2.2.2. Elevated Zero-Maze 

The maze comprised a circular corridor (105 cm diameter; 10 cm width) made of 

black plywood, elevated to 65 cm above the ground, having two open sections and two 

enclosed ones (walls 40 cm height). It was situated in a black-painted testing room, dimly 

illuminated with red fluorescent light (50 lx at the level of the apparatus). Each rat was 

placed in an enclosed section of the zero-maze facing the wall and behavior was 

videotaped and measured outside the testing room for 5 min.  Measures taken were 

“time spent in open sections” and “number of head-dips” through the edge of the maze, 

as anxiety-related variables, as both parameters have previously been reported to be 

highly and positively correlated (r = 0.76; e.g. see (Martínez-Membrives et al., 2015)). 

Moreover, both measures have also been shown to be sensitive to anxiolytic and 
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anxiogenic pharmacological and non-pharmacological treatments, in a manner that is 

independent of their effects on locomotor activity (Braun et al., 2011; Oliveras et al., 

2016; Río-Ȧlamos et al., 2015; Shepherd et al., 1994). 

2.2.3. Marble Burying Test 

Four white polyethylene box cages measuring 40 x 40 x 40, containing 5 cm 

depth bedding were used. Above the bedding were placed 16 translucent, light-green 

glass marbles, 20 mm in diameter arranged in 4 rows of 4 marbles each. The boxes were 

situated in a black-painted testing room, dimly illuminated with white fluorescent light (65 

lx at the level of the apparatus). Each rat was placed in the center of the cage test for a 

15-min period of observation. The “% of buried marbles” (i.e. marbles covered at least 

two-thirds by bedding) were counted.  

2.2.4. Prepulse Inhibition Test 

Four sound attenuated boxes (SR-Lab Startle Response System, San Diego 

Instruments, USA) were used. Each box consists of a Plexiglas cylinder situated on the 

top of a platform with a sensor that detects the strength made by the rat in each trial. 

Two speakers situated 15 cm from each side of the cylinder deliver the acoustic stimuli 

and a white noise generator provides the background noise. Each box was constantly lit 

by a 10 W lamp. The data were transduced by an accelerometer into a voltage which is 

amplified, digitized and saved into a computer for analysis. The session started with a 5 

min habituation period in the startle chambers. Then, 10 “pulse-alone” trials (105 dB, 40 

ms) were delivered in order to obtain a stable baseline of startle. After this, each one of 

the six different types of trials are randomly administered 10 times (60 trials in total): 

1. Pulse-alone trials (105 dB 40ms, “startle response”, which was the variable used 

to calculate the percentage of prepulse inhibition (% PPI); see the formula below). 

2. Prepulses of 65/70/75/80 dB (20 ms) followed by the startle stimulus (105 dB, 40 

ms) with an inter-stimulus interval of 100 ms. 

3. No stimulus trials (background noise at 55 dB). 
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The interval between trials was 10–20 s with a mean of 15 s. The startle 

magnitude was recorded during 200 ms after the onset of the pulse. The %PPI for each 

prepulse intensity was calculated by applying the following formula:  

%𝑃𝑃𝐼 = 100 − (
𝑠𝑡𝑎𝑟𝑡𝑙𝑒	𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒	𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒	𝑜𝑛	𝑝𝑟𝑒𝑝𝑢𝑙𝑠𝑒	𝑡𝑟𝑖𝑎𝑙𝑠
𝑠𝑡𝑎𝑟𝑡𝑙𝑒	𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒	𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒	𝑜𝑛	𝑝𝑢𝑙𝑠𝑒	𝑡𝑟𝑖𝑎𝑙𝑠

𝑥	1008 

Subgroups of PPI were stratified according to their mean value between the two 

lower intensities of the PPI session (i.e. mean between the 65dB and 70dB). Lower pre-

pulse intensities, which are closer to the lowest threshold, are known to elicit lower levels 

of PPI (Swerdlow et al., 2001). Therefore, these pre-pulse intensities may be more 

sensitive to detect differences in information-filtering. The lower PPI decile conformed 

the Low-PPI group, the higher decile was for the High-PPI group, while a Medium-PPI 

group was randomly drawn from the intermediate deciles. 

2.3. Statistics 

All the analyses were performed employing the “Statistics Package for Social 

Sciences” (SPSS, version 17). 

For the analyses of the whole HS rat sample (n=92), Pearson’s correlation 

coefficients were performed among all the variables. Significance level was set at p 

<0.05. Factorial analysis (direct oblimin; oblique rotation) was also performed on data 

from the whole HS rat sample. 

For the assessment of PPI-stratified HS subgroups, One-Way ANOVAs were 

performed on all variables from the open-field, elevated zero-maze and marble burying 

tests, followed by Duncan’s multiple range tests. Significance level was set at p <0.05. 

For the analyses of RHA vs. RLA rat groups, Student’s t-tests were applied to the 

variables from the open-field, elevated zero-maze and marble burying tests. Significance 

level was set at p < 0.05. 
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3. Results  

3.1. Deficient PPI is associated with increased exploratory activity in the open-

field in HS and Roman rats 

Pearson’s correlations among variables from the 92 HS rats (Table 1) showed a 

significant negative moderate correlation between PPI and locomotor activity in the open-

field test (r = -.32, p<0.05). Accordingly, obliquely-rotated factor analysis (direct oblimin), 

which grouped the main behavioral variables of this study in 3 main factors, revealed a 

third factor comprising “OF_Activity” and “PPI” with loadings of -.76 and .77, respectively 

(Table 2). Otherwise, neither the anxiety- nor the compulsivity-like variables were 

associated with PPI in the correlational and factorial analyses. The first and the second 

factors will be dealt with in the following sections.  

After correlational and factorial studies, comparisons among the three PPI 

subgroups of HS rats and between both Roman strains were performed to further 

investigate the relationships among deficient PPI and other behavioral responses.  As 

expected, the division of HS rats in three subgroups according to PPI scores led to a 

significant GROUP effect on PPI [One-Way ANOVA; F(2,24) = 66.021, p = <.001; and 

Duncan’s test confirmed the expected trend, High-PPI > Medium-PPI > Low-PPI; Figure 

2a]. Furthermore, RHA showed poorer PPI than RLA rats [Student’s t-test; t(1,22) = 3.897, 

p = .001] (Figure 2b). With regard to exploratory activity in HS rats, one-way ANOVA 

revealed a significant GROUP effect on the “OF_Activity” variable [F(2,24) = 7.927, p = 

.002]. Duncan’s test confirmed that the Low-PPI group showed greater exploratory 

activity in the open-field test (Figure 3a) than both the Medium-PPI and High-PPI groups, 

while no differences were observed between the Medium-PPI and the High-PPI group. 

Similarly, RHA rats displayed a higher number of exploratory activity episodes in the 

open–field test than the RLAs [t(1,22) = -5.138, p = <.001] (Figure 3c). 
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3.2. Reduced PPI is related to a higher number of head-dips in the elevated zero 

maze in HS and Roman rats 

Correlational and factorial analyses showed no associations among PPI and 

anxiety-like behaviors measured in the elevated zero-maze, such as time spent in the 

open sections or number of head-dips (Table 1 and Table 2). On the other hand, the 

three subgroups of PPI-stratified HS rats did not differ in time spent in open sections of 

the elevated zero-maze [one-way ANOVA, F(2,24) = 1.882, p = .174] (Figure 4a), but there 

was a significant difference in the number of head dips [one-way ANOVA, F(2,24) = 3.441, 

p = .049]. Duncan’s test confirmed that the Low-PPI group showed a higher number of 

head dips in the zero-maze than the High-PPI group, while no differences were observed 

with the Medium-PPI and between the Medium-PPI and the High-PPI groups (Figure 4b). 

Likewise, and partly supporting these results, RHA rats (which are PPI-impaired) 

exhibited greater number of head dips [t(1,22) = -2.997, p = .009] and spent more time in 

the open sections of the elevated zero-maze than their RLA counterparts [t(1,22) = -2.428, 

p = .027] (Figure 4c,d). 

 

3.3. Impaired PPI is not linked to compulsive-like behaviors in HS and Roman rats 

As shown in Table 1, neither of the behavioral traits supposed to measure 

compulsive-like behaviors, i.e. “Time Spent Grooming” and “%Marbles”, were associated 

with PPI. Moreover, the PPI-stratified HS subgroups did not show significant differences 

either in the time spent self-grooming in the open-field [F(2,24) = 1.552, p = .232] (Figure 

3b) or in the percentage of buried marbles in the marble burying test [F(2,24) = 2.000, p = 

.157] (%Marbles, Low-PPI: 3.5 ±2.4; Medium-PPI: 22.9 ±10.7; High-PPI: 9.7 ±5.2). 

Regarding the Roman rats, RLAs showed longer time spent grooming in the open-field 

than their RHA counterparts [t(1,22) = 7.089, p = .010] (Figure 3d), while no between-strain 

differences were observed in the percentage of buried marbles [t(1,22) = 1.433, p = .171] 

(%Marbles, RHA: 11.5 ±3.7; RLA: 7.3 ±3.1). 
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3.4. Analysis of anxious-like and compulsive-like behaviors among HS rats 

The main aim of this study was to investigate the association among PPI and some 

possibly co-selected behavioral features. However, additional analyses of the anxiety 

and compulsivity-relevant variables were needed to confirm their meaning in this study. 

As depicted in Table 1, positive high correlations were found between time in open 

sections and head-dips (r = .74) in the elevated zero-maze test (see Table 1). 

Accordingly, obliquely-rotated factor analysis (direct oblimin) grouped these two 

variables in a first factor of “anxiety-related behaviors” with loading of .92 and .93, 

respectively (Table 2). Regarding the compulsive-like behaviors, a significant positive 

mild correlation between the time spent grooming and the percentage of marbles buried 

was found (r = .46; Table 1). Additionally, the second component of the factorial analysis 

included these two variables related to “compulsivity-like responses” with loadings of .83 

and .87, respectively (Table 2). The “baseline startle response” variable was not related 

to any of the three components of the factorial analysis (Table 2). The very low 

correlations observed among the three components of the factor analysis indicate that 

these three factors are essentially independent. 

Interestingly, confirming the results from the factor analysis (see the second 

factor in Table 2), one-way ANOVA of Grooming-stratified HS subgroups yielded a 

significant GROUP effect in the percentage of buried marbles [F(2,24) = 6.896, p = .004]. 

Duncan’s test revealed higher marble-burying behavior in the H-Groom rats than in the 

Medium-Groom and the Low-Groom groups, while no significant differences were found 

between the Medium-Groom and the High-Groom groups (%Marbles, Low-Groom: 2.8 

±1.8; Medium-Groom: 6.3 ±2.9; High-Groom: 36.8 ±11.9).  
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4. Discussion 

The purpose of this study was to evaluate, in naïve outbred (HS) and inbred 

(Roman) rats, the relationships among PPI and other behavioral traits that are relevant 

in schizophrenia, such as altered exploratory/locomotor activity, anxiety and compulsive-

like behavior. The present data suggest that augmented exploration is associated with 

deficient PPI in the genetically heterogeneous HS rats and the Roman rat strains.  

The HS Low-PPI group displayed higher exploratory behavior in the open-field 

test than the Medium-PPI and High-PPI groups. The negative relationship between PPI 

and open-field exploratory activity was also supported by the following findings: (i) a 

significant negative correlation (-0.32) between both measures in the whole HS rat 

sample (n=92); (ii) the fact that both variables grouped (with opposite sign) in the third 

factor of the factorial analysis; (iii) the fact that, compared with their RLA counterparts, 

RHA rats exhibited low PPI and increased exploratory behavior in the open-field test. 

The “low PPI – high exploratory activity” association has also been observed in rodent 

models of schizophrenia involving different manipulations or treatments. Examples of 

this are the social isolation syndrome (Domeney and Feldon, 1998; Lukkes et al., 2009; 

Oliveras et al., 2016), the ventral hippocampal syndrome (Peleg-Raibstein and Feldon, 

2006; Tseng et al., 2009; Wang et al., 2015), genetic mouse models (Kulikov et al., 2016; 

Miyakawa et al., 2003; Munesue et al., 2010; Powell and Miyakawa, 2006; Takao et al., 

2013; Young et al., 2014) or amphetamine administration (Alsene et al., 2010; Blanc et 

al., 1994; Dickinson et al., 1988; Ott and Mandel, 1995; Swerdlow et al., 2002). All of 

these models are characterized by an impairment of PPI and an increase of exploratory 

activity. However, to our knowledge, the present is the first study in which the “low PPI – 

high exploratory activity” association is reported in untreated rats (i.e. at baseline) 

derived from different sources and strains (i.e. HS rats derived from 8 inbred strains and 

inbred Roman rats, derived from Wistar rats). In this context, it is worth to mention that 

studies with HS rats stratified by their PPI levels have revealed positive associations 
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among PPI and spatial working memory (Oliveras et al., 2015) and latent inhibition 

(Sánchez-González et al., 2016). Thus, these clusters among PPI and other 

attentional/cognitive and exploratory activity traits, and their consistency across different 

rat strains (i.e. HS and Roman rats), suggest that PPI may be a suitable predictor of 

other behavioral phenotypes related to schizophrenia. 

No significant associations among PPI and anxiety-like behaviors were found in 

the correlational and factorial analyses. However, compared with the High-PPI group, 

the Low-PPI group showed an increased number of head dips in the elevated zero-maze, 

which may be indicative of lowered anxiety (Braun et al., 2011; Oliveras et al., 2016; Río-

Ȧlamos et al., 2015; Shepherd et al., 1994). Remarkably, similar to the Low-PPI group, 

RHA rats showed a greater number of head dips and spent more time in the open 

sections of the elevated zero-maze than RLA rats. These results agree with some 

previous studies reporting that deficient PPI is found in animals with low anxiety 

(Lindemann et al., 2008; McAuley et al., 2009).      

Regarding measures of compulsive-like behavior, i.e. self-grooming (Kalueff et 

al., 2015) and marble burying (Andersen et al., 2010), they did not show significant 

associations with PPI. Furthermore, self-grooming was increased in RLA vs. RHA rats 

but did not differ between the PPI-stratified HS subgroups. Thus, contrary to the finding 

that schizophrenic patients –characterized by PPI deficits– often present obsessive-

compulsive symptoms, in our HS rat sample compulsive-like behaviors were not 

associated with PPI levels (see Table 2). Remarkably, factor analysis of HS data 

revealed a strong positive relationship between self-grooming and marble burying, and 

this was confirmed by the comparison among grooming-stratified HS subgroups. Hence, 

these results suggest that both compulsive-like parameters are part of a common trait in 

the HS rats. This evidence agrees with previous studies using genetically-altered models 

of compulsivity in mice (Sungur et al., 2014) and rats (Bahi, 2016), which have also 

reported positive associations between both compulsive-like parameters.  
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As mentioned above, the evidence supporting the “low PPI – high exploratory 

activity” association is mostly derived from animals submitted to a variety of 

pharmacological and genetic manipulations, whereas there is a relative paucity of data 

derived from genetically heterogeneous (i.e. outbred) naïve animals, which has better 

translational value in view of the high genetic heterogeneity of the human population. 

Therefore, the present experiments performed in HS rats provide novel information that 

may be used to detect, in animal models, phenotypic traits (or clusters of them) that are 

reminiscent of schizophrenia-relevant symptoms. 
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Table legends 

 

Table 1. Pearson’s correlations among the main variables in the HS rats (n=92). 

“OF_Activity” refers to the number of activity episodes (crossings + rearings) in the open 

field. “OF_Grooming” corresponds to time spent self-grooming in the open field. 

“ZM_Osections”, time spent in the open sections of the elevated zero maze. “ZM_Hdips”, 

number of head dips in the elevated zero maze. “%MBT”, percentage of buried marbles 

in the marble burying test. “%PPI”, mean of the percentatge of pre-pulse inhibition at pre-

pulse intensities of 65 and 70 dB. “StartleR”, baseline startle response. *, p<0.05; ** 

p<0.01 (2-tailed). 

Table 2. Factorial analysis of the performance of HS rats (n=92).  Oblique three-

factor solution (direct oblimin) with the main selected behavioral variables (2 from each 

test except for the marble burying test) and correlations between factors. Only factors 

with eigenvalues greater than 1 are considered. Loadings >.40 are shown. 

Symbols/abbreviations as in Table 1.           
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Figure legends 

Figure 1. Experimental timeline. HS, RHA and RLA rats underwent three consecutive 

tests of exploratory activity (open field, elevated zero maze and marble burying test) 

before being tested for sensorimotor gating in the prepulse inhibition test (PPI). Each test 

was separated by a 7-day interval. The main variables of each test are indicated. As it is 

shown in the last arrows, HS rats were divided into Low-PPI, Medium-PPI and High-PPI 

to analyze their previous performance in the exploratory activity tests.  

Figure 2. Prepulse Inhibition Test. Mean ± SEM of the “% of PPI” averaged for the 65 

and 70 dB prepulse intensities in a) HS rats with Low-PPI (n=9), Medium-PPI (n=9) and 

High-PPI (n=9) and b) RHA (n=12) and RLA (n=12) rats.  *: p < 0.05 between the 

indicated groups (Duncan’s tests for “a” and Student’s t-test for “b”). 

Figure 3. Open Field. Mean ± SEM of a) number of exploratory activity episodes 

(crossings + rearings) and b) time spent self-grooming in HS rats with Low-PPI (n=9), 

Medium-PPI (n=9) and High-PPI (n=9). Mean ± SEM of c) number of exploratory activity 

episodes (crossings + rearings) and d) time spent self-grooming in RHA (n=12) and RLA 

(n=12) rats. *: p < 0.05 between the indicated groups (Duncan’s tests for “a” and 

Student’s t-test for “c” and “d”), ns: not significant. 

Figure 4. Elevated Zero Maze. Mean ± SEM of a) time spent in the open sections, b) 

number of head dips in HS rats with Low-PPI (n=9), Medium-PPI (n=9) and High-PPI 

(n=9). Mean ± SEM of c) time spent in the open sections, d) number of head dips in RHA 

(n=12) and RLA (n=12) rats. *: p < 0.05 between the indicated groups (Duncan’s tests 

for “b” and “c”, and Student’s t-test for “d” and “e”), ns: not significant. 
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Table 1. Pearson’s correlations of the main behavioral variables in the HS rat 
sample (n=92). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variables 1 2 3 4 5 6 7 

OF_Activity 1       

OF_Grooming -.13 1      

ZM_Osections .31** .06 1     

ZM_Hdips .26* .18 .74** 1    

%MBT .07 .46** -.07 -.03 1   
%PPI -.32** .11 .09 -.12 .04 1  

StartleR -.08 .08 -.11 -.17 .08 .09 1 
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Table 2. Factorial analysis of the main behavioral variables in the HS rat sample 
(n=92). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Factors 

Variables 1 2 3 

OF_Activity - - .-76 

OF_Grooming - .83 - 

ZM_Osections .92 - - 

ZM_Hdips .93 - - 

%MBT - .87 - 
%PPI - - .77 

StartleR - - - 

% of cumulative variance 28.61% 50.35% 66.56% 

Factor correlations 1   

 .05 1  

 .16 .08 1 



 

26 
 

Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 

 

 

 

 

 

 

 


