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Abstract

Negative symptoms (e.g., asociality and anhedonia) are a distinct symptomatic domain that has 

been found to significantly affect the quality of life in patients diagnosed with schizophrenia. 

Additionally, the primary negative symptom of asociality (i.e., withdrawal from social contact that 

derives from indifference or lack of desire to have social contact) is a major contributor to poor 

psychosocial functioning and has been found to play an important role in the course of the 

disorder. Nonetheless, the pathophysiology underlying these symptoms is unknown and currently 

available treatment options (e.g., antipsychotics and cognitive-behavioral therapy) fail to reliably 

produce efficacious benefits. Utilizing rodent paradigms that measure social behaviors (e.g., social 

withdrawal) to elucidate the neurobiological substrates that underlie social dysfunction and to 

identify novel therapeutic targets may be highly informative and useful to understand more about 

the negative symptoms of schizophrenia. Accordingly, the purpose of this review is to provide an 

overview of the behavioral tasks for assessing social functioning that may be translationally 

relevant for investigating negative symptoms associated with schizophrenia.
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1. Introduction

Primary negative symptoms (i.e., blunted affect, alogia, asociality, avolition, and anhedonia) 

are a rather common feature of schizophrenia that represents a distinct and important 

therapeutic domain (Kirkpatrick et al., 2006). These symptoms affect approximately one-

third of patients with the illness and the severity of the negative symptoms is often 

associated with the course of the illness, as well as the patients' function and quality of life 

(Breier et al., 1991; Fenton and McGlashan, 1991; Katschnig, 2000; Norman et al., 2000). 
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Additionally, the effectiveness of currently available treatment options (e.g., antipsychotics, 

cognitive-behavioral therapy, and psychosocial treatments) has been found to be inadequate 

(Keefe et al., 1999; Leucht et al., 2009; Swartz et al., 2007; Wykes et al., 2008).

The negative symptom of asociality (i.e., withdrawal from social contact that derives from 

indifference or lack of desire to have social contact) is a core behavioral feature in 

schizophrenia that contributes significantly to poor psychosocial functioning (Puig et al., 

2008). Social withdrawal emerges during the premorbid stage, worsens during the 

prodromal period, and generally persists throughout the course of the illness (Bellack et al., 

1990; Cannon et al., 1997; Harvey et al., 2006; Morrison and Bellack, 1987; Pogue-Geile 

and Harrow, 1985). Further, high levels of social withdrawal have been associated with 

longer and more debilitating prodromal periods (Binder et al., 1998; Cullen et al., 2011). 

Although it is apparent that asociality plays an important role in the course of schizophrenia, 

the processes that underlie social withdrawal are not well understood. Thus, tests that assess 

different aspects of social engagement may be essential in elucidating the neurobiological 

substrates that underlie the negative symptoms of schizophrenia as well as to identify novel 

targets for future drug discovery.

Modeling symptoms of schizophrenia, in general and the negative symptoms, in particular, 

in animals is challenging because of the relatively poor understanding of the etiology and 

pathophysiology of the illness, as well as the human nature of the illness (Nestler and 

Hyman, 2010; Wilson and Terry, 2010; Van den Buuse et al., 2005). Nonetheless, efforts 

have been made to develop appropriate paradigms for various negative symptoms of 

schizophrenia including social withdrawal (Desbonnet et al., 2012; Ellenbroek and Cools, 

2000; Neill et al., 2010). As rodents exhibit a structured and stable degree of social behavior, 

measuring social behavior in rats and mice is relatively straightforward (Ellenbroek and 

Cools, 2000; Meaney and Stewart, 1981). The aim of this review is to discuss the social 

interaction task as a behavioral paradigm for investigating aspects of social withdrawal 

relevant to the symptoms associated with schizophrenia. We examine several 

pharmacological and neurodevelopmental models that exhibit deficits in social interaction as 

well as the possible neurobiology underlying rodent social behaviors measured throughout 

the task. Additionally, other models of social behaviors that may further our understanding 

of social dysfunction are identified in a brief discussion.

2. Social interaction

2.1. Social interaction task

Social behaviors refer to behaviors that occur when two or more individuals of the same 

species interact. Rodents are highly social animals and when placed into an area in which 

territory has not been established, they socially engage with one another displaying a 

number of behavioral acts that can be quantitatively measured (Sams-Dodd, 1995b). These 

include both playful and aggressive acts such as pouncing, chasing, social grooming, 

crawling over/under, charging, boxing, wrestling, pinning, anogenital sniffing, and biting 

(Vanderschuren et al., 1997). Further, social interaction appears to be rewarding to rodents, 

with behaviors increased by social deprivation and reduced by social satiation (Calcagnetti 
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and Schechter, 1992; Humphreys and Einon, 1981; Panksepp and Beatty, 1980). Currently, 

rat and mouse social interaction are tested in several ways.

The social interaction task was initially described for the use of measuring anxiety (File and 

Hyde, 1978). Social interaction is typically assessed by placing a pair of unfamiliar rodents 

into an arena under bright lighting condition with an observer scoring the amount of time 

animals spend engaged with one another (File, 1980). However, with very simple 

modifications, such as extensive habituation to the arena, close weight-matching of the 

animals, low lighting conditions and ad-libitum food availability, the task actually 

minimizes the anxiety-related components of the social interaction task and becomes more 

relevant to assessing the preference of rodents to engage in social behaviors (File and Hyde, 

1978; Lee et al., 2005; Vanderschuren et al., 1997). A significant reduction in social 

interaction by test subjects is often interpreted as social withdrawal (Sams-Dodd, 1995b; 

Sams-Dodd, 1996). The social interaction test is typically hand-scored but can also be 

automated via video-tracking systems, however these systems may be limited by the 

inability to distinguish aggressive from non-aggressive behaviors, passive interaction (i.e., 

rats sitting or lying close together, yet there is no other interaction between them) from 

active interaction, as well as which animal initiates the behavior, which are all critical 

features of the analysis (Lee et al., 2005; Sams-Dodd, 1995a). Importantly, male rat social 

interaction, if performed under non-anxiogenic conditions as described above, is also not 

related to the level of maternal behavior rat pups experience postnatally in distinction to 

anxiety and depressive phenotypes (Lee et al., 2007; Weaver et al., 2006).

Another version of the task utilizes an arena divided into several chambers and the time the 

rodent (typically mice) spends in the chamber with a caged unfamiliar conspecific and the 

empty chambers is scored (Moy et al., 2004). This measure of behavior has been termed 

social approach and preference for the empty chamber is thought to reflect social avoidance. 

This task can also be automated for a more objective approach as well as to allow high-

throughput scoring (Nadler et al., 2004). The paradigms previously described are commonly 

utilized, though other variants have been described in the literature. For example, 

Bitanihirwe and colleagues described a paradigm in which a Y-maze was employed to 

analyze the time animals spent interacting with a caged conspecific versus a caged “dummy” 

rat (Bitanihirwe et al., 2010).

While the original intent of social interaction testing was to examine anxious phenotypes, 

performing either procedure above under less anxiogenic conditions can provide a good 

indication of rat or mouse social motivation, which may have relevance to the social desire 

of people with schizophrenia especially if performed in etiologically appropriate animal 

models as discussed below.

2.2. Pharmacological models that exhibit altered social interaction

Several psychotomimetic agents induce deficits in social interaction and therefore may 

provide valid pharmacological models of social withdrawal with possible relevance to 

schizophrenia (Table 1). Phencyclidine (PCP) is a non-competitive NMDA receptor 

antagonist that elicits psychotic behaviors resembling schizophrenia in healthy individuals 

as well as mimicking several negative and cognitive symptoms associated with the disorder 
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(Luby et al., 1959). Additionally, PCP is also known to exacerbate symptoms of patients 

diagnosed with schizophrenia, thus the agent has been used as one of the primary 

psychomimetic models in schizophrenia research (Javitt and Zukin, 1991; Malhotra et al., 

1997). In accordance, PCP has been found to reliably produce social interaction deficits in 

rodents when experimental conditions favor social exploration by limiting aversive stimuli 

(e.g., bright lighting) that could produce anxiety (Gururajan et al., 2010; Sams-Dodd, 

1995b). Indeed, numerous studies have found a dose-dependent reduction in social 

behaviors of adult male rats following acute, subchronic and chronic exposure to PCP (0.5–

30 mg/kg) during a social interaction task and in female rats following subchronic exposure 

(Bruins Slot et al., 2005; Lee et al., 2005; Sams-Dodd, 1995a; Sams-Dodd, 1996; Seillier et 

al., 2013; Snigdha and Neill, 2008). One study also found that subchronic treatment (15 

days) with 10 mg/kg of PCP increased aggressive responses (Audet et al., 2009). 

Furthermore, the deficits in sociality could be observed as late as 6 weeks posttreatment 

following sub-chronic administration (Snigdha and Neill, 2008). While PCP has been shown 

to decrease social interaction time, Lee and colleagues also found that PCP administration 

modified the quality of social behavior. Rats treated with PCP showed a reduction in contact 

behaviors and an increase in non-contact behaviors. Interestingly, oxytocin administration 

into the central nucleus of the amygdala reversed this shift in behavioral quality (Lee et al., 

2005). Acute and subchronic PCP administration (5–10 mg/kg) has also been found to be 

effective in reducing social interaction in mice, with deficits lasting for up to 28 days 

following subchronic treatment (Haller et al., 2005; Qiao et al., 2001). Furthermore, 

exposure to PCP during early and late development produced long-term deficits in social 

interaction in adult rodents (Nakatani-Pawlak et al., 2009; White et al., 2009).

The inference that non-competitive NMDA receptor antagonism in rodents produce deficits 

in social interaction is further supported by studies utilizing similar agents, dizocilpine 

(MK-801) and ketamine which also produces psychosis and negative-like symptoms in 

healthy human subjects (Krystal et al., 1994; Lahti et al., 1995a; Lahti et al., 1995b). For 

instance, acute and subchronic treatment of MK-801 (0.1–0.3 mg/kg) has been shown to 

reduce social interaction in adult male rats and mice (de Moura Linck et al., 2008; Matsuoka 

et al., 2008; Rung et al., 2005). Further, acute and subchronic administration of ketamine (7–

30 mg/kg) impaired social interaction in adult male rats (Becker et al., 2003; Silvestre et al., 

1997; Uribe et al., 2013). The deficits in social interaction observed in rodents following 

PCP and other NMDA receptor antagonists seem to correlate to the PCP- and ketamine-

induced social withdrawal seen in humans, further supporting social interaction as readout 

for investigating negative symptoms associated with schizophrenia, more specifically 

asociality (Sams-Dodd, 1995b).

Amphetamine produces hallucinations and delusions in healthy human subjects, thus is 

another primary psychomimetic model in schizophrenia research (Snyder, 1973). However, 

studies suggest that amphetamine does not mimic the social deficits seen with PCP and has 

even been suggested to produce improvements of these symptoms (Javitt, 1987; 

Lindenmayer, 1995). This has been supported in several rodent studies which reported that 

acute and subchronic treatment with amphetamine (4–17 mg/kg) had little effect on social 

interaction in male rats, and was even suggested to increase social interaction in a study by 

Guy and Gardner (Der-Avakian and Markou, 2010; Guy and Gardner, 1985; Sams-Dodd, 
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1995a; Sams-Dodd, 1996). There has also been evidence that exposure to amphetamine (4–8 

mg/kg) decreases social interaction in rats, however theses studies were done using an 

intruder paradigm (i.e., test animal is placed into a stable home colony) used to measure 

territorial aggressive behaviors instead of a familiar non-territorial environment optimal for 

testing non-aggressive social behaviors (Gambill and Kornetsky, 1976; Steinpreis et al., 

1994; Thurmond, 1975). The pharmacological manipulations listed above support the 

validity of the rodent social interaction task as a behavioral paradigm for studying social 

deficits that may be associated with schizophrenia, as the social behaviors observed in the 

rodents after administration correspond with those seen in healthy human subjects following 

administration.

Antipsychotic drugs are often used to establish the predictive validity (i.e., the degree to 

which the model can be used to predict efficacy of a new therapeutic agent in humans) of 

animal models of schizophrenia (further discussed in section 2.4). The ability of typical and 

atypical antipsychotics to reverse PCP-induced social deficits has been found to be 

dependent on the agent, dose and length of treatment. In male rats, subchronic treatment (3 

days) with haloperidol (0.01–0.64 mg/kg), clozapine (0.16–10 mg/kg), olanzapine (0.16–2.5 

mg/kg), and quetiapine (0.16–10 mg/kg) had no effect on active social interaction deficits 

produced by subchronic PCP treatment (2.0–2.5 mg/kg) and was even found to further 

suppress interaction in some instances (Bruins Slot et al., 2005; Sams-Dodd, 1996; Sams-

Dodd, 1997). Conversely, subchronic treatment with risperidone (0.02–0.63 mg/kg), 

aripiprazole (0.04–0.16 mg/kg), and sertindole (0.01–2.5 mg/kg) partially reversed PCP-

induced social deficits dose-dependently. In the same studies, chronic antipsychotic 

treatment (21 days) showed similar results, with haloperidol, olanzapine and quetiapine 

having no effect on PCP-induced active social interaction in male rats while sertindole 

reversed the social deficits. However, chronic treatment with risperidone no longer effected 

active social interaction, while chronic treatment with clozapine was able to partially reverse 

social deficits produced by PCP. Interestingly, most of the agents produced a minor yet 

significant dose-dependent increase in passive social interaction, however these effects were 

seen in both vehicle and PCP-treated rats thus the effects were most likely not specific to 

PCP-induced social withdrawal (Sams-Dodd, 1997).

In a study using female rats, treatment with ziprasidone (2.5 mg/kg) was found to reverse 

enduring PCP-induced social deficits, while haloperidol (0.05 mg/kg) and clozapine (2.5 

mg/kg) were ineffective (Snigdha and Neill, 2008). In another study, haloperidol (1–3 

mg/kg) had no effect on persistent social deficits produced by administration of PCP for 14 

days in male mice, whereas subchronic treatment (7 days) with clozapine (10 mg/kg) 

attenuated these deficits (Qiao et al., 2001). Clozapine (0.3–3 mg/kg) also significantly 

reversed social interaction impairments in adult male mice induced by neonatal 

phencyclidine treatment (Nakatani-Pawlak et al., 2009).

Studies of antipsychotics in other rodent models of NMDA antagonism also produced 

inconsistent results. Acute treatment with clozapine (1–3 mg/kg) was found to significantly 

reverse the MK-801-induced (0.6 mg/kg) reduction in social encounters in male rats 

(Gururajan et al., 2011). Conversely, clozapine (2 mg/kg) was unable to reverse MK-801-

induced (0.3 mg/kg) social deficits in male mice (de Moura Linck et al., 2008). Additionally, 
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subchronic treatment (10 days) with clozapine (0.5 mg/kg) and risperidone (0.2 mg/kg) was 

found to increase non-aggressive social behaviors following administration of ketamine (30 

mg/kg for 5 days), while subchronic haloperidol (0.075 mg/kg) had no effect (Becker and 

Grecksch, 2004). However, in the same study, subchronic treatment with diazepam (0.5 

mg/kg) produced results similar to those seen by clozapine and risperidone suggesting that 

the effects of the atypical antipsychotics may be anxiolytic in nature instead of due to a 

specific neuroleptic effect.

Thus, social impairments in rats and mice can be induced by administration of 

psychostimulants that act through glutamate receptor antagonism and second generation 

antipsychotic drugs appear to reverse many of the social interaction deficits, although results 

are not consistent. It is also important to note that the positive effects of anti-psychotic 

treatment on PCP are acute and studies have not yet been able to measure any long-term 

effects of treatment. This would suggest limited predictive validity (validity that is limited to 

particular classes of compounds) and thus these pharmacological models may not be useful 

for identification of a novel class of compounds (Floresco et al., 2005; Sams-Dodd, 1998).

2.3. Neurodevelopmental models that exhibit altered social interaction

Several studies have shown that maternal stress, maternal infection and obstetric 

complications increase the risk of a child developing schizophrenia later in life, possibly due 

to disruption in neurodevelopment (Brixey et al., 1993; reviewed in Markham and Koenig 

(2011)). A number of rodent neurodevelopmental models designed to mimic these insults 

result in altered social interaction, therefore may provide etiologically appropriate models 

for understanding social withdrawal associated with schizophrenia (Table 2). For example, 

gestational disruption of neurodevelopment by treating pregnant rat dams with 

methylazoxymethanol acetate (MAM) on gestational day 17 (GD17) reduced active social 

interaction in young adult male offspring (Flagstad et al., 2004). In another study, neonatal 

ibotenic acid lesion of the ventral hippocampus on postnatal day 7 (PND7) significantly 

reduced active social interaction at both PND 35 and PND 65 in male rats compared to 

sham-treated controls, although the reduction may have been indirectly caused by an 

anxiogenic effect of the lesion as lesioned rats also had a significant reduction in time spent 

in the center of the arena (Sams-Dodd et al., 1997).

Several prenatal and neonatal rodent immune challenge models are also associated with 

deficits in social interaction. For instance, prenatal exposure to the viral mimic 

polyriboinosinic–polyribocytidilic acid (Poly-I:C) on GD 17 led to significant deficits in 

social interaction in both adult female and male mice, as test animals displayed no 

preference towards an unfamiliar conspecific versus a dummy rat (Bitanihirwe et al., 2010). 

Another study found that male and female mice born to mothers infected with human 

influenza virus (GD 9) also showed a significant reduction in social interaction, although 

this may be an effect of anxiety as test subjects had a significant reduction in the time spent 

in the center zone during an open field task (Shi et al., 2003). In another study, prenatal 

exposure to lipopolysaccharide (LPS; GD 9) reduced play behavior in preadolescent male 

rats as well as significantly decreased social interaction in adult male rats (Kirsten et al., 

2010). Additionally, there was no evidence that the effects on social interaction were a 
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product of anxiety as no alterations were observed during plus maze studies. In a study by 

Lancaster and colleagues, neonatal Borna disease virus (BDV) infection was found to 

significantly reduce active social interaction in male rats both at PND 90 and PND 180 

compared to controls, though the amount of time the test animals followed their unfamiliar 

conspecific was significantly increased (Lancaster et al., 2007).

There have also been a number of rodent models of prenatal and postnatal stress developed 

that produce impaired social interaction. For example, exposure of pregnant mice to restraint 

stress twice a day for 30 min, beginning on GD 7 and continuing until delivery, was shown 

to significantly reduce social interaction in young adult male offspring (Matrisciano et al., 

2012). In studies performed in our lab, prenatal exposure in utero to a series of unpredictable 

stresses during the third week of gestation significantly reduced social interaction in both 

adolescent (PND 35) and young adult (PND 56) male rats (Lee et al., 2007). Furthermore, 

the quality of social interaction was diminished as prenatally stressed rats spent a 

significantly larger percentage of their social interaction time engaged in non-contact 

behavior (e.g., following) compared to controls who spent the majority of social interaction 

time engaged in contact behaviors (e.g., sniffing, crawling). It is unlikely that the 

impairments in social interaction were a product of anxiety as male rats exposed to variable 

prenatal stress perform similarly to controls during behavioral assays designed to measure 

anxiety (Lee et al., 2007; Wilson et al., 2013). There have also been several studies reporting 

altered social behaviors in rodents exposed to social isolation during adolescence. Isolation 

rearing has consistently been found to increase aggressive behaviors in male rats; however 

the effect on non-aggressive behaviors has been less consistent with some studies showing a 

significant decrease in social interaction while others found a significant increase in social 

behaviors (Lukkes et al., 2009; Meng et al., 2010; Van den Berg et al., 1999; Zhao et al., 

2009). One possible reason for the contrasting results may be due to the inconsistent period 

of time rats were socially isolated (2–8 weeks). It is also possible that the results are a 

product of the anxiogenic-like behaviors induced by isolation rearing shown in several of the 

studies and thus do not accurately reflect social behaviors. Future studies focusing on a 

critical time window at which development is most sensitive to social isolation may provide 

further clarity to the effects of social isolation on social interaction behaviors (Meng et al., 

2010).

Relatively few studies have been published analyzing the effects of antipsychotics on social 

withdrawal associated with rodent neurodevelopmental models of schizophrenia and these 

results have shown a lack of effect for both typical and atypical agents. For instance, chronic 

clozapine (0.63–2.5 mg/kg) was unable to reverse social deficits induced by neonatal ventral 

hippocampal lesion in male rats (Sams-Dodd et al., 1997). Moreover, we found that 

subchronic treatment with haloperidol (0.3 mg/kg) for 7 days failed to improve the social 

withdrawal exhibited by rats exposed to a variable prenatal stress paradigm.

The ability of neurodevelopmental models to produce deficits in social interaction further 

supports the validity of the behavioral task for investigating social withdrawal associated 

with schizophrenia and the presence of these deficits in both adolescent and adult rodents 

furthers supports the validity of the task as social deficits are observed in schizophrenic 

patients before, during and after the first psychotic episode. Additionally, compared to the 
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pharmacological models previously mentioned, neurodevelopmental models may be more 

appropriate in elucidating the neuropathology that underlies social dysfunction and 

identifying novel therapeutic targets due to the lack of etiological validity of 

pharmacological models as well as the limitations related to a novel therapeutic agent 

directly attenuating the effects of the animal manipulation itself (i.e., the drug-related effect) 

instead of what may be disrupted in schizophrenia (Floresco et al., 2005).

2.4. The use of antipsychotics for predictive validity of social interaction tasks

The ability of antipsychotic drug treatment to ameliorate behavioral deficits associated with 

rodent models of schizophrenia is often used to determine predictive validity. However, the 

use of these agents to establish predictive validity of models of negative symptoms is not 

likely to be applicable. While the introduction of second-generation antipsychotics 

suggested a breakthrough in the treatment of negative symptoms, accumulated results from 

several clinical studies suggest that currently available treatment options have minimal 

benefits for these symptoms with studies consistently showing either small effect sizes or 

inconsistent results (Carpenter and Koenig, 2008; Erhart et al., 2006; Leucht et al., 1999). 

Additionally, the few beneficial effects observed in patients seem to be coupled to a 

reduction in positive symptoms (Tandon et al., 2010). Similarly, as discussed in the previous 

Sections 2.2 and 2.3, rodent studies to determine the ability of antipsychotics to ameliorate 

deficits of social interaction in models of schizophrenia also produce inconsistent results 

with slight effects.

While the inconsistent results of antipsychotic drugs on rodent social interaction may be 

reflective of the modest and diverse effects of these agents on negative symptoms associated 

with schizophrenia, it is important to recognize that the interpretation of results may be 

influenced by several factors. Stereotypic behaviors, anxiety and locomotor activity can 

often be influenced by antipsychotic treatment. The social interaction behavioral task is 

advantageous in that it is possible to measure several behavioral parameters in a single 

experiment; however it is possible for these parameters to interact ultimately leading to false 

positive results for a specific parameter. Further, as the specificity by which a drug can 

alleviate behaviors resulting from pharmacological or neurodevelopmental manipulations is 

often evaluated by comparing the drug's effects on vehicle or untreated rodents, it is 

sometimes difficult to separate specific from non-specific effects (Sams-Dodd, 1997).

2.5. Neurobiology of social interaction relevant to schizophrenia

Several neurotransmitter systems have been implicated in the mediation of social interaction 

behaviors. As stated previously several pharmacological compounds (e.g., PCP and 

amphetamine) have been found to disrupt social interaction in rodents, providing 

pharmacological evidence that the dopaminergic, glutamatergic systems, and possibly the 

cholinergic and norepinephrine system play an important role in social behaviors (Javitt, 

2007; Snyder, 1972; Thomsen et al., 2009). Additionally, it has also been found that 

injections of GABAergic agonists increase social interaction implicating a role of the 

GABAergic system (Corbett et al., 1991). In addition, neuropeptides have also been found to 

be an important mediator of social behavior (Adkins-Regan, 2009; Carter et al., 2008). In 

male rats, central administration of oxytocin exerted a dose dependent response on social 
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memory (Popik and van Ree, 1991). Additionally, oxytocin and arginine vasopressin 

administration in the olfactory bulb was found to facilitate and prolong social recognition 

(Dluzen et al., 1998a). Furthermore, it was found that the norepinephrine system of the 

olfactory bulb mediated the effects of oxytocin arginine vasopressin on social recognition 

(Dluzen et al., 1998b).

It is not surprising that studies have revealed the role of several regions of the forebrain 

(e.g., amygdala, hippocampus, and frontal cortex) as well as regions of the hindbrain in the 

modulation of rodent social interaction (see review, File and Seth, 2003). The amygdala is 

known to play an important role in mediating changes in anxiety and thus has been 

implicated in the neurobiology underlying anxiety-like behaviors in rodents during the social 

interaction task. Additionally, several studies have shown that GABAergic and serotonergic 

modulation of the amygdala may underlie these behaviors. For instance, depletion of 

amygdaloid serotonin (5-HT) concentrations results in decreased social interaction (File et 

al., 1981). In another study, infusion of the selective 5-HT1A receptor agonist, 8-OH-DPAT 

caused an overall reduction in levels of social investigation, while the benzodiazepine 

receptor agonist, midazolam, increased social interaction suggesting an anxiolytic effect 

(Gonzalez et al., 1996). The amygdala has also been implicated in mediating social play 

during social encounters with increased endocannabinoid signaling enhancing social play, 

possibly through interaction with opioid and dopaminergic neurotransmission (Trezza et al., 

2012). Our studies in PCP and prenatally stressed rats targeted amygdala for infusions of 

oxytocin to reverse social deficits and emphasize the role of the amygdala in social 

interaction behaviors (Lee et al., 2005, 2007).

The hippocampus has also been implicated in the control of anxiety and is thought to play a 

possible role in social behavioral responses in the social interaction task. Stimulation of 

benzodiazepine receptors via bilateral injection of midalzolam into the dorsal hippocampus 

significantly increased social interaction in rats (Gonzalez et al., 1998). Lesione studies 

showed varied responses as male rats lesioned with ibotenic acid in the ventral or dorsal 

hippocampus at 8 weeks of age showed no changes in social interaction, while male rats 

lesioned at 8 months of age produced a significant increase in social interaction (Becker et 

al., 1999; Deacon et al., 2002). Another study found that hippocampal neurons discriminate 

between rats and inanimate objects although they did not discriminate between individual 

rats (von Heimendahl et al., 2012). In the same study it was also found that social encounters 

did not induce c-Fos expression in the hippocampus, however there was a social interaction-

specific expression in the basolateral amygdala.

The prefrontal cortex and cerebellum have also been implicated in playing a role in social 

interaction. Lesion of the cerebellar fastigial nucleus, but not of the cerebellar cortical, 

resulted in significant reductions in social interaction suggesting that ascending fastigial 

projections to limbic structures may mediate social interaction (Berntson and Schumacher, 

1980). Prefrontocortical dopamine loss by injection of 6-hydroxydopamine significantly 

reduced social interaction in rats, with more extensive impairment in social behaviors among 

adolescent rats compared to adult rats (Fernandez Espejo, 2003). Another study found that a 

coronal transection, separating the medial prefrontal cortex (MPFC) from the basal ganglia, 

significantly enhanced social interaction in male rats without affecting locomotor activity 
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(Gonzalez et al., 2000). In another study, ibotenic acid lesion of the MPFC (including 

prelimbic, infralimbic and anterior cingulate) significantly increased active time in social 

interaction in rats when tested under bright lighting conditions in a novel environment, while 

MPFC lesions had no effect on social interaction when test parameter included low lighting 

in a familiar environment (Shah and Treit, 2003). Additionally, using novel optigenetic 

tools, it has been found that elevations in the cellular balance of excitation and inhibition 

within the mouse medial prefrontal cortex produce profound, yet reversible, impairments in 

social function without motor abnormalities or increased anxiety (Yizhar et al., 2011; 

Yizhar, 2012).

Demonstrating construct validity for animal models of schizophrenia is difficult as 

neurobiological substrates underlying the deficits associated with schizophrenia have not 

been clearly established (Wilson and Terry, 2010). However, the suggested neurobiology 

underling the deficits in social interaction behaviors in rodents are similar to 

pathophysiological features observed in schizophrenia. The hippocampus, amygdala, 

prefrontal cortex and cerebellum have all been implicated in the pathophysiology of 

schizophrenia (Goghari et al., 2010; Yeganeh-Doost et al., 2011). Additionally, there is a 

large amount of evidence suggesting alterations in several neurotransmitter systems in 

schizophrenia including the dopaminergic, serotonergic, GABAergic and glutamatergic 

system (Carlsson et al., 2001). Postmortem studies also suggest that oxytocin 

neurotransmission may be altered in schizophrenia (Bernstein et al., 1998; Mai et al., 1993). 

The medial prefrontal cortex and amygdala have been highlighted as playing a specific role 

in social processing (Amodio and Frith, 2006; Habel et al., 2007). Postmortem studies of 

patients diagnosed with schizophrenia suggest alterations in PFC inhibitory 

neurotransmission (Hashimoto et al., 2003; Lewis et al., 2005). Also, studies in patients 

diagnosed with schizophrenia have shown that amygdala volume and activation are 

associated with emotional processing deficits and severity of negative symptoms (Gur et al., 

2002, 2004). Collectively, these studies further support the validity of the social interaction 

task for studying negative symptoms associated with schizophrenia.

2.6. Other behavioral paradigms of social behaviors

In humans, the ability to socially interact appropriately requires the capability to construct 

mental representations about others, oneself, and relations between others and oneself, 

termed social cognition (Adolphs, 2001). Patients diagnosed with schizophrenia have been 

found to display deficits in several domains of social cognition including social knowledge, 

social perceptions, theory of mind (i.e., the ability to understand the behavior and intentions 

of others in terms of their mental state), and emotional processing (Archer et al., 1994; 

Corrigan and Addis, 1995; Corrigan and Green, 1993; Greig et al., 2004). Therefore, animal 

paradigms that are capable of measuring different components of social behaviors (e.g. 

social memory and social motivation) may be useful in further understanding the social 

deficits that are associated with schizophrenia.

2.6.1. Social recognition—Social recognition, also termed social novelty discrimination 

or social memory, relies on the ability of the experimental rodent to recognize a conspecific 

as familiar indicated by either a reduction in social interaction with the familiar conspecific 
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or preference for socially interacting with a non-familiar conspecific (Engelmann et al., 

1995; Kaidanovich-Beilin et al., 2011). While not as well studied as social interaction, there 

have been several research studies analyzing impaired social recognition in animal models 

of schizophrenia. For example, acute treatment with MK-801 (0.1 mg/kg) produced 

diminished discriminative capabilities for a familiar versus novel conspecific in both male 

rats and mice (Zou et al., 2008). Additionally, pretreatment with clozapine (0.3–1 mg/kg), 

but not haloperidol (0.01–0.1 mg/kg), significantly attenuated the effects of MK-801 in male 

rats (Shimazaki et al., 2010). In a study by Harich and colleagues, treatment with PCP (10 

mg/kg) on PND 7, 9, and 11 significantly reduced exploration of a novel juvenile in adult 

male rats (Harich et al., 2007). In the same study, acute treatment with clozapine (3 mg/kg) 

significantly enhanced novelty discrimination indices in rats neonatally treated with PCP, 

though clozapine was found to inhibit social interaction in both PCP-naive and PCP-treated 

rats. In another study, vasopressin deficient Brattleboro rats which have previously been 

shown to have several natural schizophrenia-like deficits, exhibited impaired social 

discrimination that could be restored by acute administration of 10 mg/kg clozapine (Feifel 

et al., 2009). Therefore, the results suggest validity of social recognition paradigms for 

studying social deficits associated with schizophrenia. Additionally, it is possible that 

paradigms of social recognition may further our understanding of the different underlying 

mechanisms involved in social interaction and social memory, as well as provide useful 

information on how these social components differ in their susceptibility to therapeutic 

treatments (e.g. antipsychotics).

2.6.2. Social conditioned place preference—Conditioned place preference is one of 

the most popular paradigms for studying motivation and reward (for review see Tzschentke, 

2007). In studies using social interaction for conditioning, both rats and mice prefer an 

environment in which a social partner was previously located regardless of age (e.g., 

adolescent and adult), suggesting a rewarding aspect of social interaction (Calcagnetti and 

Schechter, 1992; Panksepp and Lahvis, 2007; Stewart and Grupp, 1985). Unfortunately, 

relatively few studies have been published analyzing social conditioned place preference in 

animal models of schizophrenia. In one study, subchronic treatment (7 days) with 5 mg/kg 

PCP was found to significantly decrease preference for the social chamber in male rats 

(Schwabe et al., 2006). In another study, socially-conditioned wild-type mice had a strong 

preference for the location where social interactions took place, whereas mice with 

disrupted-in-schizophrenia-1 Gln31Leu polymorphism spent more time in the compartment 

where they were isolated during the conditioning sessions (Lipina et al., 2013). These results 

suggest that the social conditioned place preference task may also be useful for studying 

social deficits associated with schizophrenia; however more specific studies are necessary to 

determine the validity of the paradigm. Additionally, similar to the social interaction task, 

controlling for factors such as anxiogenic-like behaviors or hyperactivity is necessary for 

accurate behavioral assessment.

2.6.3. Social empathy—Recent studies suggest the possibility that social empathy occurs 

in rodents and describe behavioral paradigms that may be capable of quantifying this 

behavior (for review see Panksepp and Lahvis, 2011). In one experimental procedure, 

experimental mice observed distressed conspecifics undergoing a series of tone-shock foot 
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pairings (Chen et al., 2009). Experimental mice had significant changes in heart rate when 

distress vocalizations were emitted from con-specifics as well as increased freezing 

responses to environmental cues that predicted social distress. Additionally, genetic 

background was found to substantially influence the magnitude of these responses. In 

another experimental procedure, experimental rats were placed in an arena with a cagemate 

trapped in a restrainer (Ben-Ami Bartal et al., 2011). Experimental rats learned to 

intentionally open the restrainer to free their cagemate but left empty or object-containing 

restrainers alone. While the results of this specific procedure could be interpreted as social 

empathy, as previously stated social interaction appears to be rewarding in rodents and thus 

cannot be ruled out as a possible underlying motivation for opening the restrainer. A 

considerable amount of research is still required to further our understanding of the 

behaviors observed in these paradigms, however if valid, the paradigm could prove to be 

crucial in elucidating the underlying mechanisms involved in social cognition.

2.6.4. Social communication—Social communication is an important component of 

successful social interactions and has been found to be affected in a number of 

neuropsychiatric disorders including schizophrenia and autism (DeLisi, 2001; Frith and 

Happé, 1994). In rodents, pups often emit ultrasonic vocalizations as an early 

communicative behavior between pup and mother, which increase when exposed to stressors 

(Goodwin et al., 1994; Shair, 2007). Additionally, complex vocalizations are emitted by 

juveniles engaged in social interactions as well as adult males in response to female 

pheromones (Knutson et al., 1998). Interestingly, one study found that ultrasonic 

vocalizations were a strong predictor of the extent of social interaction in mice (Panksepp et 

al., 2007). Therefore, it has been suggested that measures of ultrasonic vocalization may be 

useful in studying deficits in social communication. In one model of schizophrenia, 

offspring of pregnant rats administered poly I:C (4.0 mg/kg; GD 15) were found to have 

increased affective ultrasonic communication during fear learning (Yee et al., 2012). In 

another model, pups prenatally exposed to LPS (100 µg/kg; GD 15 and 16) had a significant 

decrease in the number and duration of ultrasonic vocalization calls at PND 3 and PND 5 

(Baharnoori et al., 2012). Further, clozapine (10 mg/kg) but not haloperidol (0.2 mg/kg) 

significantly enhanced isolation-induced pup ultrasonic vocalization calls (Li et al., 2011). 

Unfortunately, however, it is premature to suggest that this endpoint has significant 

relevance to any aspect of schizophrenia symptomatology and further studies will be needed 

to gain a clearer understanding of the relationship between vocalizations and social 

behaviors later in life.

3. General discussion

Positive social interactions are essential for the emotional well-being, healthy development, 

and reproductive success of both humans and animals. Rodent paradigms that evaluate 

social behaviors are necessary to identify the mechanisms that underlie social dysfunction. 

As the negative symptom, asociality, is a core behavioral feature in schizophrenia, social 

behavioral paradigms may prove useful in investigating the negative symptoms associated 

with schizophrenia as well as discovering novel therapeutic treatments.
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A number of rodent pharmacological and neurodevelopmental models of schizophrenia 

produce deficits in social interaction. To date, the most well studied of the models is 

pharmacological treatment with the psychotomimetic agent, PCP. PCP has consistently been 

found to induce social withdrawal in rodents whether administered acutely or chronically, 

producing enduring deficits lasting at least six weeks following withdrawal (Sams-Dodd, 

1995a, b, 1996; Snigdha and Neill, 2008). However, while the results of pharmacological 

models support the face validity of the behavioral task for investing social withdrawal 

associated with schizophrenia, neurodevelopmental models may be more appropriate as they 

are etiologically valid and may be useful when studying the course of the negative 

symptoms. Whereas, pharmacological models produce deficits that endure for several 

weeks, neurodevelopmental models are capable of producing lasting deficits observed from 

preadolescence through late adulthood. Additionally, in drug development, pharmacological 

models have limitations related to the novel therapeutic agent directly attenuating the effects 

of the compound used for animal manipulation itself. Further, neurodevelopmental animal 

models also produce abnormalities in multiple neural systems associated with schizophrenia; 

thus, better approximating the pathophysiology of the disorder.

There is also evidence that treatment with atypical anti-psychotics is capable of reversing the 

social deficits associated with the models of schizophrenia supporting predictive validity of 

the model (Qiao et al., 2001; Sams-Dodd, 1996). However results of these studies were 

inconsistent. This is not surprising as results of studies analyzing antipsychotic use for 

negative symptoms in patients with schizophrenia have also been inconsistent, with the 

effectiveness of the treatment found to be inadequate (Erhart et al., 2006; Leucht et al., 

1999). While it is necessary to determine the predictive validity of animal models that 

exhibit social deficits associated with schizophrenia, it may not be feasible until more 

effective therapeutics are developed which consistently reduce negative symptoms such as 

social withdrawal in schizophrenia patients.

Determining construct validity of social deficits produced by rodent models of schizophrenia 

is difficult since the processes that underlie social interaction are not well understood. 

Additionally, as schizophrenia is associated with dysfunction of several neurotransmitter 

systems as well as a wide range of symptoms it becomes difficult to separate out the precise 

mechanism of action of a specific deficit associated with the disorder. Nevertheless, the 

social interaction task appears to have validity for some pathophysiological features of 

schizophrenia that may be related to negative symptoms. For instance, hippocampus, 

amygdala, prefrontal cortex and cerebellum have been implicated in playing specific roles in 

both social interaction and negative symptoms (File and Seth, 2003; Goghari et al., 2010; 

Yeganeh-Doost et al., 2011). Additionally, there is a large amount of evidence suggesting 

several neurotransmitter systems (e.g., dopaminergic and glutamatergic) involved in social 

interaction are also altered in schizophrenia (Carlsson et al., 2001).

It is also important to note that deficits in social interaction have also been observed in 

several purported rodent models for autism (Moy and Nadler, 2008; Patterson, 2011). This is 

not surprising as social dysfunction is a central feature of the disorder (Volkmar, 2011). Due 

to the similarities of the social deficits produced by rodent models of schizophrenia and 

autism, the behavioral paradigms may not be able to differentiate between the social 
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dysfunction associated with the two disorders. Thus, while the social interaction task may be 

useful in investigating the negative symptoms associated with schizophrenia, the behaviors 

more likely reflect a general social dysfunction associated with several neuropsychiatric 

disorders. Though, once therapeutic agents become available to treat the negative symptoms 

associated with schizophrenia and/or the social dysfunction associated with autism, it may 

be possible to determine differences (if any) between the social deficits observed in animal 

models of the two disorders.

Nonetheless, studies of the social interaction task support the paradigm for investigating the 

negative symptoms of schizophrenia, particularly asociality. However, the ability to socially 

interact appropriately requires intact social cognition. Utilizing several rodent paradigms 

that are capable of measuring different components of social behaviors may further our 

understanding of the different underlying mechanisms involved in social behaviors, how the 

components interact, and how the components differ in their susceptibility to therapeutic 

treatments.
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