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Effects of isolation rearing on cognition in rats 

Abstract 

Rationale: It has been suggested that the isolation rearing paradigm models certain 

aspects of schizophrenia symptomology.  Objective: This study aimed to investigate 

whether isolation rearing impairs rats’ performance in two models of cognition: the 

novel object recognition and attentional set-shifting tasks, tests of episodic memory and 

executive function respectively.  Methods: Two cohorts of female Hooded-Lister rats 

were used in these experiments.  Animals were housed in social isolation or in groups of 

five from weaning, post-natal day 28.  The first cohort was tested in the novel object 

recognition test with inter-trial intervals (ITI) of 1 min up to 6 hours.  The second cohort 

was trained and tested in the attentional set-shifting task.  Results:  In the novel object 

recognition test isolates were only able to discriminate between the novel and familiar 

objects up to 1 hour ITI, whereas socially reared animals remembered the familiar 

object up to a 4 hour ITI.  In the attentional set shifting task isolates were significantly 

and selectively impaired in the EDS phase of the task (p<0.01). Conclusions:  Rats 

reared in isolation demonstrate impaired episodic memory in the novel object 

recognition task and reduced ability to shift attention between stimulus dimensions in 

the attentional set-shifting task.  Since schizophrenic patients show similar deficits in 

performance in these cognitive domains these data further support isolation rearing as a 

putative preclinical model of the cognitive deficits associated with schizophrenia.   

 

Keywords Schizophrenia; Attentional set-shifting; Episodic memory; Female rat; 

Isolation rearing  
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Introduction 

Impaired cognitive function is a key characteristic of schizophrenia (see Sullivan et al., 

1994; Elvevag and Goldberg, 2000; Kuperberg and Heckers, 2000 for reviews) and is 

becoming increasingly important as impaired cognition has been implicated in social 

and vocational outcome (Marder and Fenton, 2004).  These cognitive symptoms can 

have a great detrimental effect on patients’ quality of life (Green, 1996; Green et al., 

2000) and can often persist when other symptoms may be improved with antipsychotic 

treatment (Marder and Fenton, 2004).  Both the novel object recognition and attentional 

set-shifting tasks have been highlighted by the MATRICS initiative as being relevant 

translational models for studying visual learning and memory and problem solving 

ability respectively pre-clinically (www.matrics.ucla.edu).   

The novel object recognition task (Ennaceur and Delacour, 1988) is a non-

spatial test of recognition memory which is ethologically relevant as it relies on the 

animal’s natural tendency to explore novel environments/objects.  This model is 

relevant to the disease since visual recognition memory is impaired in schizophrenic 

patients (Calkins et al., 2005).  The perceptual attentional set-shifting task investigates 

the ability of a rat to learn a rule and form an attentional set within the same sorting 

category (intra-dimensional shift - IDS), as well as the ability to shift attentional set 

between different sorting categories (extra-dimensional shift - EDS) (Birrell and Brown, 

2000).  It represents a rat analogue of the human Wisconsin Card Sorting Task (WCST, 

Berg, 1948) and CANTAB ID/ED task (Downes et al., 1989) in which schizophrenic 

patients exhibit impaired set-shifting (Kolb and Wishaw, 1983; Haut et al., 1996; 

Pantelis et al., 1999; Tyson et al., 2004).   
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Early observations of behaviour in rats reared in isolation led to the portrayal of 

the “isolation syndrome” (Hatch et al., 1965; Sahakian et al., 1977).  Rats reared in 

isolation from weaning until adulthood show several behavioural changes, consistently 

including increased locomotor activity, anxiogenesis, (Puglisi-Allegra and Oliverio, 

1983), enhanced sensitivity to psychoactive drugs such as amphetamine and cocaine 

(Jones et al., 1990; Smith et al., 1997) and sensorimotor gating deficits as measured by 

reduced pre-pulse inhibition (PPI) of a startle response (Geyer et al., 1993; Cilia et al., 

2001; 2005).  However, relatively few reports have investigated the effect of isolation 

rearing in cognition (Schrijver and Wurbel, 2001; Dalley et al., 2002; Weiss et al., 

2004, Li et al., 2007).  

The aim of these experiments was to investigate the effects of isolation rearing 

on cognitive performance in the novel object recognition and attentional set-shifting 

tasks in female rats.  These behavioural tests are of significant importance in modelling 

cognitive dysfunction associated with schizophrenia, and may be effectively employed 

to screen novel compounds with the potential to improve such symptoms. 

 

Materials and methods 

Subjects 

Two cohorts of female hooded-Lister rats (Harlan, UK) were used in these experiments.  

Both cohorts consisted of ten social and ten isolation reared subjects.  Animals weighed 

200-240g, were housed in a temperature controlled room (21± 2 °C) at humidity of 45-

55% and maintained on a 12/12hour light/dark cycle (lights on at 0700h).  All 

experimental procedures were performed during the light phase.  Rats were obtained at 

21-23 days post weaning and randomly allocated to one of two housing conditions.  
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Half were housed in groups of five in clear plastic cages (38 x 59 x 24 cm) and half 

were housed in individual opaque cages (25 x 35 x 24 cm) for a minimum period of 

6weeks before testing.  Rats could hear and smell other animals but could not see or 

come into physical contact with them.  Food intake was restricted to 90% of free 

feeding body weight for cohort 2, while cohort 1 had free access to food.  Both cohorts 

of animals were allowed ad libitum access to water.  All experimental procedures were 

carried out in accordance with the Animals (Scientific Procedures) Act UK (1986) and 

were approved by the University of Bradford ethical review process. 

 

Locomotor activity 

The locomotor activity (LMA) response to a novel environment was monitored using 

automated photocell cages.  The movement of each animal was monitored in a Plexiglas 

chamber (16 x 26 x 19 cm) covered with a compatible Plexiglas lid using AM1052 

Activity Monitor (Linton Instrumentation).  Counts were recorded using AmLogger 

software by means of photo beam interruptions within the chamber.  Activity was 

monitored every 5min over a 60-min period and summed to give a total count.  Both 

cohorts of animals were tested in these chambers. 

 

Novel Object Recognition Task 

Cohort 1 was tested in the novel object recognition (NOR) task as described by Grayson 

et al. (2007).  Following a 3-min habituation session on the day of testing each rat was 

placed into the NOR chamber and exposed to two identical objects (A1 and A2) for a 

period of 3 minutes.  The objects used were opaque plastic pyramids, small glass jars, 

cola cans and striped plastic bottles.  The heights of the objects were comparable (10 ± 
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2 cm) and they were heavy enough not to be displaced by the animals, to achieve this, 

some objects were filled with NaCl.  Objects were positioned 6 cm away from the walls 

of the box, in opposite corners.  The rats were then returned to their home cage for an 

inter-trial interval, the entire box was cleaned, both objects removed and one replaced 

with an identical familiar copy and one with a novel object.  For this study a range of 

inter-trial intervals (ITIs) were used (1 min, 1, 3.5, 4, 5 and 6 hours).  These intervals 

were chosen based on previous data from our laboratory, which showed that socially 

housed rats were able to discriminate between the novel and familiar objects up to an 

ITI of 3 hours (Sutcliffe et al., 2007).  It has also been previously shown that the 

discrimination ability of isolation-reared rats was impaired following an ITI of 1 hour 

(Bianchi et al., 2006).  Subsequently, only socially housed animals were tested at five 

and six hour ITIs to re-validate their inability to remember the familiar object at these 

times in this experiment.  Repeated testing of animals was necessary due to the limited 

number of animals with two ITI experiments conducted per week.  Following the 

respective ITI, rats were returned to explore the familiar (A) and novel object (B) in the 

test box for a 3-min retention trial.  The location of the novel object in the retention trial 

was randomly assigned for each rat using a Gellerman schedule.  All experiments were 

filmed and video recorded for subsequent behavioural analysis by an experimenter blind 

to the treatments.  Locomotor activity was also recorded; this was evaluated by scoring 

the total number of sectors or line crossings by the animal in both acquisition and 

retention trials.  The exploration time (s) of each object in each trial was recorded 

manually using two stopwatches and the following factors were calculated. 

E1 = the total exploration time of both objects in the acquisition trial (EA1 + EA2) 

E2 = the total exploration time of both objects in the retention trial (EA + EB).   
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D1 score = (EB-EA) and represents the difference in time spent exploring the novel and 

familiar objects. 

 

Attentional set-shifting 

Cohort 2 were trained and tested in the attentional set-shifting procedure as described in 

detail in McLean et al. (2008), except rats were tested on odour in simple discrimination 

and digging medium was the parameter used in the extra-dimensional shift.  It has been 

shown that rats find the difficulty of each discrimination change, i.e. medium to odour 

or odour to medium, equivalent (Birrell and Brown, 2000).  In all cases rats were tested 

in the attentional set-shifting procedure 24 hours after training.  The first stage of testing 

was the simple discrimination (SD), which was identical to the simple discrimination in 

the training session on the previous day, except new exemplars were used.  Testing 

continued until the rat reached a criterion of six consecutive correct responses.  For the 

compound discrimination (CD) a second dimension was introduced (medium), but the 

correct and incorrect exemplars remained the same (odour).  For the reversals the 

exemplars and relevant dimensions remained the same (odour) but the rats had to learn 

that the previously baited odour was now incorrect and the other odour was now the 

correct one.   New exemplars were used for the ID and ED shifts.  The specific 

exemplars used are shown in Table 1.  For the ED shift the previously irrelevant 

parameter (i.e. medium) was now relevant. 

 

Data and statistical analysis 

LMA data were analysed by Student’s unpaired t-test and were expressed as total counts 

in a 60-min period.  Set-shifting data for total trials to criterion (TTC) and exploration 
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of both bowls were arcsine transformed and analysed using repeated measures ANOVA  

with two factors, one within subjects (test: SD, CD, R1, IDS, R2, EDS, R3) and one 

between subjects (housing: social or isolate) followed by planned comparisons on the 

predicted means.  Data for the novel object task i.e. time at novel versus familiar was 

also analysed using planned comparisons on the predicted means. All data are presented 

graphically as observed means with SEMs. 

 

 

Results 

 

Locomotor activity 

Isolation reared rats exhibited a significantly larger locomotor response to a novel 

environment when compared with socially housed rats in both cohort 1: 1811 ± 149 

(social) cf. 2620.1 ± 191 (isolate) counts per 60 min (p<0.05) and cohort 2:  2247.7 ± 

166 (social) cf. 3141.9 ± 236 (isolate) counts per 60 min (p<0.01).  The number of line 

crossings in the novel object task were consistent at all inter-trial intervals with no 

significant difference between socials and isolates (data not shown). 

 

Exploratory activity during the acquisition trial of the novel object task 

Two socially housed rats (one at 4 h and one at 5 h ITI) and one isolation-reared rat (at 

4 h ITI) were excluded from analysis as they failed to move in the box in both the 

acquisition and retention trials therefore group sizes were 8-10 at each ITI.  There was 

no significant difference in time spent exploring the two identical objects during the 

acquisition trials at any of the ITIs tested in either socially housed or isolated rats (table 

2). 

 

Exploratory activity during the retention trial of the novel object task 



9 

Effects of isolation rearing on cognition in rats 

Socially housed rats (fig. 1a) explored the novel object more than the familiar object 

following a 1 minute [p<0.001], 1 hour [p<0.001], 3.5 hour [p<0.01] and 4 hour ITI 

[p<0.001] but not following a 5 [p=0.69] or 6 hour ITI [p= 0.66].  In contrast, isolation 

reared rats (fig. 1b) explored the novel object more than the familiar object following 

only a 1-minute ITI [p<0.001] and 1 hour ITI [p<0.001] and not following a 3.5 hour 

ITI [p=0.86] and 4 hour ITI [p=0.49].  This effect is also seen on the D1 score with 

isolated rats exhibiting a significantly lower D1 score than socially housed rats at ITIs 

of 3.5 and 4 hours [p<0.05 in both cases, table 3].  

  

Total exploratory activity 

Total exploration of both objects by socially housed rats in the acquisition trial was 

significantly reduced after the 5 hour [p<0.05] and 6 hour ITI [p<0.01] compared to the 

1 min ITI. This was also significantly reduced in isolates during the acquisition trial 

following a 1 hour [p<0.05], 3.5 hour [p<0.01] and 4 hour ITI [p<0.01] when compared 

to the 1 min ITI (table 4).  This effect was not seen during the retention trial i.e. the total 

exploration time was not significantly reduced when compared with the 1 min ITI in 

either socials or isolates. 

 

Attentional set-shifting performance 

A total of 17 rats from cohort 2 were successfully trained and tested, rats were excluded 

from the study due to non-completion of the training within a single session, as rats 

were required to complete the training simple discriminations within 30 trials.  Control 

rats did not require more trials to reach criterion in the EDS phase compared to the IDS 

phase; however, isolation-reared rats showed a selective deficit at the EDS stage of the 
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task requiring significantly more trials to reach criterion than socially-housed rats only 

at this stage of testing [p<0.01; fig. 2].  Isolates also showed the greatest exploration of 

both bowls before digging when compared to socials in the EDS phase [p<0.01; fig. 3].  

 

Discussion 

The aim of these experiments was to investigate the effect of isolation rearing on 

cognitive performance in the novel object recognition and attentional set-shifting tasks 

in female rats.  The results demonstrate that isolation reared rats from both cohorts 

showed hyperactivity when compared to socially housed controls. Since this is in 

agreement with previous results in ours (Smith et al., 1997) and many other laboratories 

(Bakshi and Geyer, 1999; Lapiz et al., 2003; Elliott and Grunberg, 2005; Bianchi et al., 

2006) this validated the isolation rearing paradigm used. The principal findings show 

that isolation reared rats exhibit reduced ability in the novel object recognition task and 

impaired set-shifting ability in the attentional set-shifting task when compared with 

socially reared controls.  Thus, socially housed animals could discriminate between the 

novel and familiar objects in the retention trial up to an inter-trial interval of 4 hours, 

whereas isolates could only discriminate between the novel and familiar objects up to a 

1 hour inter-trial interval.  In the attentional set shifting task isolates required 

significantly more trials to reach criterion selectively at the EDS phase of testing, when 

compared with socially housed animals indicative of a selective deficit in set shifting 

ability. 

Patients with schizophrenia exhibit impairments in face recognition and visual 

object recognition memory (Calkins et al., 2005).  In the current study rats reared in 

isolation exhibited a similar profile when tested in the novel object recognition 
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paradigm.  It is important to note that there was no significant effect on exploration of 

the two identical objects in the acquisition trial in either the socials or isolates, but that a 

selective deficit was observed only in the retention trial.  Thus, isolation reared female 

rats could differentiate between the novel and familiar objects after inter-trial intervals 

of 1 min and 1 hour but not at 3.5 and 4 hours.  This is supported by previous work 

showing that isolates were able to discriminate a novel object following a delay of 1 

minute (Lapiz et al., 2000), but not following a longer ITI (Bianchi et al., 2006) 

although further investigation would be required to ascertain the exact time at which the 

isolates lose their ability to discriminate between the novel and familiar objects, by 

examining a range of ITIs between 1 hour and 3.5 hours.  Our results disagree partially 

with Bianchi and colleagues (2006), as they found isolated male rats could not 

discriminate between novel and familiar objects after an ITI of 1 hour, whereas after 

this interval in our isolation-reared rats the ability to differentiate novel from familiar 

objects remained intact.  This may be due to the use of female rats in our study as we 

have previously shown that females can discriminate between novel and familiar objects 

following longer ITIs when compared to male rats (Sutcliffe et al., 2007). 

 Schizophrenic patients also exhibit selective deficits for the ED shift of the 

ID/ED task and WCST (Haut et al., 1996; Tyson et al., 2004; Jazbec et al., 2007).  The 

data herein show a similar profile in rats reared in isolation. Notably there were no 

differences between isolates and socials in any other part of the task including reversal 

learning, showing that reversal learning is not affected by isolation rearing.  This is in 

agreement with previous data from our laboratory in an operant lever pressing task 

(Abdul-Monim et al., 2006).  Our data is also supported by a study using an 8 arm 

radial maze to assess attentional set-shifting ability showing that isolates performed 



12 

Effects of isolation rearing on cognition in rats 

similarly in the acquisition and reversal phases but were impaired in attentional shifts 

(Schrijver and Wurbel, 2001).  This may be due to the different regions of the frontal 

cortex involved in reversal learning and attentional set-shifting. It has been shown that 

whereas lesions of the orbital prefrontal cortex in rats selectively disrupts reversal 

learning (McAlonan and Brown, 2003), lesions of the medial frontal cortex (mPFC) 

produce a selective deficit in the EDS (Birrell and Brown, 2000).  Consistent with a 

selective deficit at the EDS rats reared in isolation have been shown to exhibit structural 

abnormalities selectively in the mPFC (Silva-Gomez et al., 2003; Day-Wilson et al., 

2006).  Although a deficit in attentional set-shifting performance in isolation reared rats 

had previously been described by Schrijver and Wurbel (2001), our study differs in that 

we employed the Birrell and Brown (2000) method of attentional set-shifting and 

female, not male rats.  Schrijver and Wurbel used an 8-arm radial maze with spatial and 

non-spatial visual discriminations.  An additional interesting finding in our study was 

that isolates explored both bowls more before making a decision to dig.  This was 

measured by an increased number of visits to both bowls and could suggest that isolates 

are more indecisive or could be an indication that they cannot remember which is the 

correct parameter from the discovery trials.  We have also shown this effect in female 

rats treated sub-chronically with the psychotomimetic PCP (McLean et al., 2008).  

Further investigation is required to elucidate the relevance of this behaviour. 

Both forms of cognitive deficit shown in this study could be attributed to 

structural and neurochemical abnormalities previously demonstrated in rats reared in 

isolation.  Schizophrenic patients exhibit decreased dendritic spine density in both the 

hippocampus and medial prefrontal cortex (Glantz and Lewis, 2000).  These structural 

alterations are also seen in rats reared in isolation  (Varty et al., 1999; Silva-Gomez et 
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al., 2003; Day-Wilson et al., 2006) and are regions suggested to be involved in the 

novel object recognition and attentional set shifting tasks respectively (Clark et al., 

2000; Birrel and Brown, 2000).  More recently deficits in the novel object recognition 

task have been associated with structural alterations in hippocampal cytoskeletal 

microtubules (Bianchi et al., 2006).   

In conclusion, rats reared in isolation show deficits in recognition memory and 

executive function as demonstrated by impaired ability to discriminate between the 

novel and familiar objects in the retention trial of the novel object recognition test and 

poor performance in the EDS phase of the attentional set-shifting task.  The findings of 

this study support isolation rearing as a useful model for mimicking cognitive 

dysfunction with relevance to schizophrenia. 
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Tables 

 

 

Table 1  Specific exemplars used (presented in pairs) 

 

Dimension Pairing 1 (CD) Pairing 2 (IDS) Pairing 3 (EDS) 

Odour Rose = O1 

White flower = O2 

Green Meadow = O3 

Coconut = O4 

Orange = O5 

Almond = O6 

Medium 

 

Wood shavings = M1 

Cat litter = M2 

Small pebbles = M3 

Aspen = M4 

Fine sawdust = M5 

Wood blocks = M6 

 

 

Table 2  Time spent exploring the two identical objects during the acquisition trial of 

the novel object recognition task. 

 Exploration time (sec) 

 Social Isolate 

Inter-trial Interval Left Right Left Right 

1-min 14.6 ± 2.6 19.3 ± 2.6 18.1 ± 2.2 18.4 ± 3.1 

1-hour 12.1 ± 1.3 13.8 ± 1.5 12.3 ± 1.9 11.2 ± 1.6 

3.5-hour 12.2 ± 2.1 14.5 ± 1.9 9.5 ± 1.9 11.2 ± 1.0 

4-hour 10.3 ± 2.1 15.2 ± 2.8 8.8 ± 1.0 9.5 ± 1.0 

5-hour 10.9 ± 2.6  9.1 ± 0.7 Not tested Not tested 

6-hour 8.8 ± 1.1 10.4 ± 1.0 Not tested Not tested 

 

 

Table 3  D1 score in retention trial of novel object recognition task 

 D1 Score 

Inter-trial Interval Social Isolate 

1-min 12.6 ± 2.3 12.9 ± 2.4 

1-hour 9.7 ± 2.0 13.3 ± 2.4 

3.5-hour 8.5 ± 2.4   0.5 ± 2.2 * 

4-hour 8.2 ± 2.5   1.8 ± 1.5 * 

5-hour -0.6 ± 2.1 Not tested 

6-hour 0.7 ± 1.2 Not tested 
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Table 4  Total exploration times in both trials of novel object recognition task 

 Total exploration time (sec) 

 Acquisition Trial Retention Trial 

Inter-trial Interval Social Isolate Social Isolate 

1-min 33.9 ± 4.7 36.4 ± 4.6 18.9 ± 2.5 21.0 ± 3.0 

1-hour 25.9 ± 2.5   23.5 ± 3.5* 20.7 ± 2.2 26.5 ± 4.9 

3.5-hour 26.7 ± 3.2   20.7 ± 2.4** 24.7 ± 5.4 12.7 ± 3.1 

4-hour 25.6 ± 3.7   18.3 ± 1.4** 19.8 ± 3.2 9.5 ± 1.7 

5-hour  20.0 ± 3.0* Not tested 10.4 ± 2.6 Not tested 

6-hour  19.2 ± 2.0** Not tested 13.7 ± 2.2 Not tested 

 

 

 

 

 

 

 



23 

Effects of isolation rearing on cognition in rats 

Figures 
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Legends 

 

Table 1: Specific exemplars used in each phase of the attentional set-shifting task.  

Odours were applied around the rims of digging bowls which were filled with various 

digging media depending upon the phase being tested.  The significance of pairing 

within a test phase ensures that, for example, rose is always accompanied with white 

flower within a test trial [O = Odour, M = Medium]. 

 

Table 2: Time spent exploring the two identical objects during the acquisition trials. 

Data are expressed as the observed mean ± SEM (n=8-10). Both socially housed and 

isolated rats spent equivalent times exploring the two identical objects during the 

acquisition trials. 

 

Table 3: D1 score (time exploring novel – time exploring familiar objects) in the 

retention trial of the novel object recognition task for social and isolated rats.  Data are 

expressed as observed mean ± SEM (n=8-10). The D1 score was significantly reduced 

in isolates compared to socials at inter-trial intervals of 3.5 and 4 hours (*p<0.05). 

 

Table 4: Total exploration time of social and isolated rats in the novel object recognition 

task in both acquisition and retention trials.  Data are expressed as observed mean ± 

SEM (n=8-10). Total exploration time was significantly reduced when compared to the 

1-min ITI in socials at 5 and 6 hour ITIs, and in isolates at 1, 3.5 and 4 hour ITIs, in the 

acquisition trial (**p<0.01, *p<0.05). 
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Figure 1a: Retention trials for the novel object recognition task in rats reared socially 

with increasing inter-trial intervals. Data are expressed as the observed mean ± SEM 

(n=8-10). Exploration time of the novel object was significantly greater than the 

familiar object with ITIs of 1min to 4 hours (***p<0.001, **p<0.01). 

 

Figure 1b: The retention trials for the novel object recognition task in rats reared in 

isolation with increasing inter-trial intervals. Data are expressed as the observed mean ± 

SEM (n=8-10).  Exploration time of the novel object was significantly greater than the 

familiar object after 1 min and 1 hour ITIs (***p<0.001).  

 

Figure 2: The total trials to criterion in the attentional set-shifting task in isolation-

reared and socially reared rats. All data expressed as observed mean ± SEM (n=9 for 

isolates, n=8 for socials) of total trials to criterion.  Total trials to criterion was 

significantly greater in the isolates compared to the socials in the extra-dimensional 

shift phase (**p<0.01). 

 

Figure 3: The total frequency of exploration of both bowls before digging in the 

attentional set-shifting task in isolation-reared and socially reared female rats.  All data 

are expressed as observed mean ± SEM (n=9 for isolates, n=8 for socials) of frequency 

of exploration.  Frequency of exploration of both bowls was significantly greater in the 

isolates compared to the socials in female rats in the extra-dimensional shift phase 

(**p<0.01). 
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