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Abstract 

Recent behavioral research suggests that empathic behaviors may not be limited 

to humans and higher-order primates.  In mice, pain directed behavior appears to be 

modulated based on the presence and pain status of a conspecific.  However, additional 

indicators of social attachment have yet to be demonstrated in the mouse model.  The 

present study attempts to determine if mice exhibit additional empathy-like behaviors 

found in other social models.  Involvement of the social neuropeptide oxytocin is also 

evaluated.  Results indicate that pain experienced by a familiar cagemate serves as an 

effective social cue for eliciting approach behavior in female mice, but does not affect 

male behavior.  Furthermore, elevated levels of oxytocin appear to attenuate female 

approach behavior.  Study limitations and future directions are discussed. 

 

Introduction 

 The body’s reaction to physical damage, which we call pain, is a unique sensory 

adaptation that manifests itself in multiple ways.  In addition to a physical sensation, pain 

often precipitates a psychological and behavioral response (Basbaum, 2000). Although 

there is a great deal of individual difference in response to pain, organisms appear to 

share a common repertoire of distinct pain behaviors.  Humans, for example, respond to 

pain using verbal and nonverbal expressions.  These pain behaviors are useful not only 

because they allow an individual to quickly protect and treat a site of potential injury, but 

also elicit help from other close members in their social network (Sternberg, 2007). 

 Thus, pain appears to serve a socially adaptive function.  Specifically, pain 

appears to act as a distinct social cue, mediating interactions between members of a social 
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species.  The ability to perceive these social cues is commonly called “empathy.”  

Proximal empathy, or the “mirroring of complex emotional states in another” has been 

proposed as a uniquely human ability (Decety and Jackson 2004). Studies using various 

animal models, however, suggest that alternative forms of empathy may exist in 

additional social species (Langford et al., 2006; Young et al., 2001; Lim and Young, 

2006).  

 We propose that pain serves as a distinct social cue in mice, eliciting specific 

empathetic behavior. In this study we intend to show that the presence of a familiar 

individual in pain increases a mouse’s social approach behavior compared to a condition 

where pain is absent from the social interaction.  We also endeavor to study the 

involvement of the neuropeptide oxytocin, which has been implicated in complex social 

behavior.  Finally, we plan to explore possible sex differences relating to social approach.  

 

The Evolution of Empathy in Humans 

 As socially adept beings, humans have developed an ability to determine 

emotional and sensory states in social peers, which is commonly referred to as empathy 

(Singer et al., 2004).  While this phenomenon plays a fundamental role in human social 

interaction, the evolutionary adaptiveness of empathy is unclear.  Some argue that 

empathy evolved in social species as an integral component of altruism, or the set of 

behaviors that cause an individual to “benefit another…at a cost to [the] self.” (Pinker, 

1997). 

 From an evolutionary perspective, altruism appears to be counterproductive.  

Dawkins poses an important question: If evolutionary development has been dictated by 
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the “selfish” actions of genes competing for limited resources, why do altruistic 

behaviors exist?  One theory requires that altruism be defined on two levels.  Although 

these actions are selfless on a behavioral level, altruism ultimately benefits the prospects 

of survival (and reproduction) of the altruistic individual (Dawkins, 1989).  For example, 

familial altruism is thought to have evolved because family members benefit from 

protecting those who share their genes.  Even though the individual may perish, by 

protecting relatives with related genes a part of the individual’s own genetic material will 

remain within the larger population’s gene pool.  Pinker states that this is the reason why 

familiar closeness appears to dictate the degree of altruistic behavior between humans.  

Parents, for example, tend to sacrifice more for their children than for their nieces or 

nephews (Pinker, 1997). 

Similarly, reciprocal altruism, or the tendency to help a non-related member of a 

social group, is believed to increase an individual’s chances of survival.  For example, 

certain species of primates have evolved to groom one another for harmful parasites.  

This reciprocal behavior increases the rate of survivability for each member in the 

collective group by protecting against parasitic disease.  As a result, the social trait is 

preserved in the population (Dawkins, 1989). 

 Social phenomena like familial and reciprocal altruism only work when 

constituent members of a community can reasonably rely on one another for 

reciprocation (Pinker, 1997).  Theorists believe that over the course of our evolutionary 

development, individuals evolved to cheat reciprocal systems.  Returning to the example 

of reciprocal grooming, a selfish individual will spend less time grooming, instead 

spending more time being groomed by others.  It follows that this individual, left 
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unchecked, will benefit from the preexisting social system.  As a result, subsequent 

generations will mirror this dominant phenotype, eventually eliminating empathetic 

behavior from the population.  Because altruism continues to persevere in social 

organisms, however, there must be a check against individual selfishness.  Pinker 

proposes that social animals have evolved a “cheater-detector” that helps protect the 

majority of an altruistic group against selfish individuals.  This cheater detector allows 

altruistic members of a social group to judge and punish selfish behavior exhibited by 

individuals (Pinker, 1997). 

 One possible explanation for the evolution of empathy, therefore, is its ability to 

function as a cheater-detector in social hierarchies.  Looking at the human literature, 

people use distinct social cues as a way to determine another’s intent (Ekman and 

Friesen, 1969).  Specifically, recognition of social cues is primarily achieved in the visual 

modality, although there is also evidence that auditory signals also serve as reliable 

indicators of honest intent (Scherer et al., 1985; Ekman et al., 1992).  As a result, facial 

expressions are among the most important clues that humans use to determine the 

intentions of another (Barton et al., 2002).  Due to their complexity, facial expressions are 

hard to fake.  One physiological study found that fake facial expressions utilize different 

groups of facial muscles and brain circuitry than genuine ones.  Unlike a real smile, 

which follows activation in the limbic system, a superficial smile arises from activity in 

the cerebral cortex (Damasio, 1994).  This observation appears to explain why many 

individuals can tell the difference between a fake and a genuine smile.  Deception studies 

reveal that facial expressions are linked to intent.  Ekman and Friesen (1969) found that 

when individuals are insincere they attempt to mask “true” facial expressions as a way to 
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express an artificial emotion.  In most cases, however, the study found that observers 

were able to tell an individual was lying due to the subject’s phony expression (Ekman 

and Friesen, 1969; Ekman and Friesen, 1975; DePaulo et al., 2003).  Like smiling, other 

genuine emotions including anger, fear and sadness utilize a separate set of involuntary 

facial muscles following activation in the limbic system (Damasio, 1994; Fridlund, 

1997).   

  While facial expressions are only one set of cues that humans use in social 

interactions, signals like these appear to be necessary for interpersonal bonding.  Autistic 

spectrum disorders are marked by severe impairments in emotional and gestural 

behaviors, social interaction, and cognitive function (Berk, 2003). Looking specifically at 

the human ability to read facial expressions, researchers find that normal infants spend 

significantly greater amounts of time looking at their parents’ faces than autistic infants.  

Furthermore, autistic children are less attentive, joyful, and anticipatory in their reactions 

to facial stimuli after the first six months of development. These behavioral abnormalities 

result in decreased social interaction between the mother and child, which subsequently 

appears to disrupt infant-mother attachment (Travarthan and Daniel, 2005).  

 Language studies dealing with autism-spectrum disorders further indicate that 

autistic children have trouble with the concept of mental states.  Studies have found that 

autistic individuals rarely use descriptive words such as “feel,” “believe,” “think,” 

“know,” and “pretend.”  In normal individuals, these types of words are most often used 

in describing the intentions in other people.  Linguists infer that this lack of descriptive 

vocabulary belies an underlying unawareness of mental states (Berk, 2003). 
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 Findings like these have lead researchers to conclude that an inability to 

empathize may lead to social dysfunction.  Theorists suggest that empathy is necessary 

for proper social interaction because it allows an individual to correctly identify complex 

social cues, including facial expressions (Lombardo et al., 2007; Travarthan and Daniel, 

2005).  Consequently, the inability to perceive overt social cues exhibited by others leads 

to difficulty perceiving underlying emotional and intentional states, which in turn upsets 

the formation of social bonds. 

 In addition to cue processing, evolutionary psychologists suggest additional 

reasons why empathy may have evolved in humans.  First, empathy is dictated by a set of 

specific social interactions.  As a result, an empathic emotional state may serve as a form 

of social motivation.  By identifying with another’s suffering, for example, an individual 

may be more motivated to aid an afflicted partner (Eisenberg and Morris, 2001; Brothers, 

1989).  Second, empathy may enhance a social group’s ability to learn from each other’s 

mistakes.  Studies have found that an individual will most likely seek to avoid an object 

after seeing that object cause pain in another individual.  While this vicarious or 

associative learning ability can occur without an emotional reaction, empathetic 

responses may make a learning experience more poignant (Brass and Heyes, 2005; 

Keysers and Perrett, 2004). 

  

Empathy as a Human Ability 

 Unfortunately, given the close interrelatedness between empathy and other social 

behaviors, experts continue to struggle to find a clear, overarching definition.  In spite of 

conflicting theories regarding the nature of empathy, a growing number of researchers 
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agree that there is sufficient evidence for a uniquely human type of empathic response.  

Often referred to as “proximal” empathy in humans, this ability is defined by some as a 

“psychological inference” that utilizes observation, memory, knowledge, and reasoning 

to divine the thoughts and feelings of others in the social environment (Ickes, 1997). 

Decety and Jackson (2004) further define empathy in humans as three different sets of 

processes: First, empathy is an emotional response dictated by actions or expressed 

feelings in another.  Second, empathy includes an ability to know what another person is 

feeling.  Finally, human empathy appears to include intention.  In other words, an 

individual must be motivated to respond to an individual in distress (Decety and Jackson, 

2004).   

 It is important to note that unlike other social behaviors demonstrated in animal 

models, human empathy is defined by an ability to mentalize.  Mentalization, or theory of 

mind, is defined as the ability to attribute mental states, including beliefs, intents, and 

desires, to oneself and others.  Furthermore, theory of mind includes the ability to 

understand that others have separate beliefs, desires and intentions (Premack and 

Woodruff, 1978). While an impressive amount of subsequent research has further 

clarified theory of mind using both human and non-human primate models, it is sufficient 

for this discussion to understand that proximal empathy requires a functional theory of 

mind. 

 Proximal empathy has been further defined by specific responses observed in the 

human brain using neuroimaging techniques (de Vignemont and Singer, 2006).  

Specifically, this type of empathy appears to relate to other higher-order cognitive 

abilities, including intentionality and mimicry.  With the aid of fMRI, studies have found 
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that the human brain implicitly predicts intentions of others based on observations of 

their biological motion (Kozlowski and Cutting, 1978; Dittrich et al., 1996).  Similar 

activation in human muscles indicates that humans also mirror motor actions in others.  

Researchers have found that motor evoked potentials in various parts of a subject’s body 

mirror target body parts that are shown to be moving (Preston and de Waal, 2002).  These 

findings indicate an implicit ability to predict outcomes both in the physical world and in 

the intentions of others.  

 Mimicry, or a specific pattern of cognitive activation in the brain that follows the 

perception of an object or action of another, is also found to occur in humans.  

Neuroimaging studies have shown that areas of the brain corresponding with a motor 

action activate when viewing both intentional (Rizzolatti and Craighero, 2004; Buccino et 

al., 2004) and unintentional actions in others (Buccino, Baumgaertner, Colle, 2007).  

Similarly, areas of the brain related to the generation of facial expressions become 

activated when a subject views other faces (Lee, Josephs, Dolan, 2006). Based on these 

findings, theorists propose a perception-action model, which states that perception and 

motor activity are linked by a common cognitive pathway (Allport, 1987).   More simply, 

this evidence indicates that humans are “genetically hardwired” to predict potential 

outcomes in both the physical and social environment (Decety and Jackson, 2004).  

 While proximal empathy appears to be closely related to other social behaviors 

like mimicry, intentionality, and theory of mind, additional studies have justified it as a 

distinct social ability.  Singer et al. (2006), for example, found that individuals 

demonstrate isomorphic patterns of activation in specific brain areas when viewing an 

emotional or physical state in another as when they are experiencing the state themselves.  
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Similar results have been found in related studies, where experimental manipulations 

included stimuli that elicited feelings of disgust (Wicker et al., 2003); touch sensation, 

(Keysers et al., 2004) and pain (Singer et al., 2004; Botvinick et al., 2005).  Like mimicry 

or intentionality, these findings indicate that empathy is a hardwired neurobiological 

response triggered by social cues.   

 

Evidence for a Link between Pain and Empathetic Response in Humans 

 Like other social cues, pain can serve as an effective signal for empathetic 

response.  By using pain as an experimental manipulation researchers have begun to map 

the underlying neurobiological substrates of human empathy.  In one study, researchers 

were able to show that an individual experienced activation in the posterior insula, 

sensorimotor cortex, and caudal anterior cingulate cortex (ACC) following the 

administration of a painful stimulus (Singer et al., 2004). Surprisingly, subjects in 

emotionally close relationships showed similar activation profiles after witnessing their 

partner in pain.  Comparative analysis revealed a distinct overlap between experimental 

conditions: In both the experienced and vicarious pain groups, subjects demonstrated 

activation in the rostral ACC and anterior insula (AI).  Based on this evidence, the 

authors conclude that these areas of the brain serve as integral parts of a shared pain 

pathway.  Specifically, activation in the ACC and AI are found in both experimental 

conditions.  This shared activation pattern is explained by Morrison (2004) as a correlate 

of the motivational-affective dimensions of pain.  In other words, it appears that 

activation in the ACC and AI are correlated with the psychological aspects of the pain 

experience, including cognitive evaluation, affective response, and subjective feelings of 
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discomfort (Morrison, 2004).  Likewise, additional areas of activation found in the 

experienced pain condition (i.e., the posterior insula (PI) and sensorimotor cortex (SC)) 

are believed to correspond with the physical, sensory dimensions of pain.  Thus, while 

the physical pain condition involves activation in all of these brain areas, the vicarious 

pain condition elicits no activation in either the PI or SC (Singer et al., 2004; Morrison, 

2004).  

 Additional studies have further defined the connection between perceived pain 

cues and empathic response.  One study found that a partner in pain does not have to be 

emotionally close to an individual in order to generate feelings of empathy (Botvinick et 

al., 2005).  Specifically, these authors were able to replicate Singer et al.’s (2004) 

experimental paradigm with one important substitution.  Instead of using close partners, 

the authors used photographs of unfamiliar individuals in pain as the empathic stimuli.  

Surprisingly, they found that individuals still demonstrated empathetic activation in the 

ACC and AI.  Similarly, a study conducted by Morrison (2004) found that simply 

viewing a needle penetrating a human hand activated the same neural pathway implicated 

in the psychological pain response (Morrison, 2004). 

 These neuroimaging studies suggest that pain and empathy are linked; based on 

these results it appears that observed pain stimuli directly elicit an “empathetic” pattern 

of activation in specific regions of the human brain.  Furthermore, these findings suggest 

that empathy may occur without higher-order cognitive processes.  Thus, this 

“perceptual” pattern of empathic response is similar to brain activation patterns observed 

in human perceptual motor response (see Allport, 1987).  Like motor perception and 
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subsequent motor response, pain perception and subsequent empathic response appear to 

be inextricably linked on a basic level. 

 Based on evidence indicating that observed pain can elicit empathy, researchers 

were interested in identifying whether the inverse relationship can also be observed.  

Namely, can empathic emotional states modulate pain response?  Recent evidence 

suggests that humans respond differently to pain stimuli when they are empathizing with 

another than when they are emotionally indifferent.  A study conducted by Loggia, 

Mogil, and Bushnell (2007) found that people reported feeling more pain in response to a 

nociceptive stimulus after forming a social bond with a partner.  Specifically, the authors 

used an actor to either elicit or reduce empathic feelings in a subject before testing the 

individual’s pain response.  In the high empathy condition, the confederate told a 

fictional story about recently losing a loved one in a car accident.  In the low empathy 

condition, the actor told a story about robbing a blind man.  Surprisingly, there was a 

significant correlation between the high empathy condition and an increased sensitization 

to subsequent pain stimuli (Loggia, Mogil, and Bushnell, 2007). 

 Essentially, a bidirectional relationship between perceived pain stimuli and 

empathic mental states appears to exist.  Furthermore, this evidence suggests that human 

empathy includes a basic physiological linkage between perceptive and emotional states.  

On the one hand, pain serves as a distinct social cue, eliciting empathic response on a 

neurological level.  On the other hand, empathic emotional states influence the nature of 

an individual’s pain experience. 
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Evidence for Empathy-Like Behaviors in Non-Human Models 

 Although most humans appear to have a capability for complex empathic 

response, autistic clinical populations demonstrate an inability to utilize proximal 

empathy in social interactions (Lombardo et al., 2007). In order to understand how autism 

results in empathic dysfunction, therefore, the specific mechanisms of empathy must be 

further characterized.  To study behavioral substrates of this phenomenon, behavioral 

neuroscientists use additional species of non-human animals as models.  This type of 

research raises an important question: Are non-human animals capable of experiencing 

empathy?  One fundamental problem with ascribing empathic states to animals is 

definition.  While narrow definitions of empathy require complex cognitive processes 

like theory of mind, more general definitions classify empathy as a type of social 

communication.  For example, Preston and de Waal (2002) define empathy in the 

following general terms: 

  “Any process where the attended perception of the object’s state generates a state 

 in the subject that is more applicable to the object’s state or situation than to the 

 subject’s own prior state or situation.”   

  This broad definition includes additional empathy-like behaviors, including 

sympathy and emotional contagion. Singer et al (2004) define sympathy as “adopting a 

particular affective state based on the affective state of another.”  While sympathy is 

closely related to empathy, the lack of an isomorphic change in emotion to match a 

conspecific’s indicates an important dichotomy.  Similarly, emotional contagion (EC) is 

marked by affect sharing without knowledge of a self/other distinction.  In other words, 

emotional contagion is similar to empathy, but can operate without the presence of an 
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evolved theory of mind (Singer et al., 2004).  Despite subtle differences in definition, the 

social phenomena empathy, sympathy, and EC are closely linked to one another, helping 

to create a psychological linkage between two individuals (Langford et al., 2006). 

 Regarding a strict interpretation of empathy (i.e., the proximal model) there is 

little evidence that empathy occurs in species other than human and higher-order primates 

(Langford et al., 2006; Preston and de Waal, 2002).  By expanding the definition of 

empathy to include other related social behaviors, however, non-primate animal research 

becomes viable as an additional strategy to identify mechanisms involved in human 

empathic response.  Recent findings suggest that additional social species employ 

empathy-like behaviors in order to form attachments with others in their social 

environment.  Before these social attachment behaviors can be compared across different 

animal models, however, a common rubric must be adopted. One heuristic model 

characterizes three different prerequisite criteria necessary for the existence of social 

bonds in a given animal model.  First, an individual must be motivated to approach and 

engage another individual in a social capacity.  Second, the organism must form a social 

memory of the other individual, in order to recall that individual at a later time.  Finally, 

the organism needs to show preferential interactional behavior towards the preferred 

conspecific (Lim and Young, 2006). 

 Within the social attachment literature there are specific species of animals that 

appear to exhibit all three criteria.  As a result, these model species have proven to be 

valuable in helping researchers understand the behavioral substrates involved with social 

bond formation.  The most well-studied model animals are microtine rodents, or voles. 

Voles display a large variation in social behavior between species, ranging from the 
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highly social, monogamous Microtus ochrogaster (prairie vole) to the solitary, 

promiscuous M. montanus (montane vole).  Following a bout of mating, prairie voles 

form long-term monogamous pair bonds with one another.  This social bond is defined in 

several ways.  First, following a bout of mating, prairie voles develop a distinct selective 

mating preference towards their chosen partner.  When placed with other sexually viable 

members of the opposite sex, these voles selectively seek out and mate with their prior 

sexual partner (Young et al., 2001, Lim and Young, 2006).  A study conducted by Wang, 

Hulihan, and Insel (1997) shows that male voles exhibit mating-induced aggression 

towards conspecific strangers of both sexes.  Whereas virgin males appear to be highly 

affiliative members of a family community, following intercourse males undergo a 

“behavioral transformation.”  The authors conclude that this set of specific behavioral 

changes observed in the male vole following mate selection are the result of an 

evolutionary “monogamous life strategy,” in which the male demonstrates behaviors 

relating to mate and territory guarding (Wang, Hulihan, Insel 1997).   

 Conversely, a behavioral transformation following an act of mating is absent in 

promiscuous species of voles, including montane voles.  Furthermore, montane voles 

spend little time interacting with conspecifics in a laboratory setting and show no sign of 

mating preference.  This behavioral dichotomy has led researchers to conclude that 

mating-specific aggressive behavior is exclusively associated with social bond formation 

(Insel et al., 1994).   In other words, changes in a social male vole’s behavior has a 

socially-mediated effect on subsequent mating preference in both the male and the female 

member of the dyad, strengthening the relationship between the couple.  If this 

interpretation is valid, it follows that male vole aggressive behavior can be considered as 
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a social cue.  Evidence for social cues in voles is interesting because it suggests that these 

species are capable of perceiving one another’s behavior and modifying their own 

behavior accordingly.  In other words, these animals appear to use empathy-like 

behaviors to form and maintain social bonds.   

 

Evidence for a Link between Pain and Empathetic Response in Mice 

 Additional evidence suggests that mice are also capable of demonstrating and 

perceiving empathy-like behavior.  Recently, one team found evidence for a link between 

observed pain cues and pain response behavior in mice similar to that found in humans.  

As is found in human studies (Singer et al., 2004), pain behavior in mice changes 

depending on the presence and emotional state of a familiar conspecific.  After being 

injected with a noxious chemical, mice exhibited more pain behavior in the presence of a 

familiar “cagemate” than in an unfamiliar or isolated social condition.  Additionally, if 

two cagemates were simultaneously administered a pain stimulus they demonstrated 

significantly more pain behavior than when only one mouse was in a pain state (Langford 

et al, 2006).   

 Langford et al. conclude that these findings provide sufficient evidence to support 

a broader definition of empathic response that extends to other species of non-human 

mammals.   It is important to note that the authors employ a more general interpretation 

of “empathy” in making this claim, conceding that there is no evidence for proximal 

empathic behavior in mice.  Nevertheless, mice appear to modulate their own emotional 

states based on the emotional states of a social conspecific.  Based on these findings, 

Langford et al. suggest that all mammals may demonstrate social behaviors relating to a 
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low-level, “perceptual” form of empathy.  While additional research is needed to justify 

this claim, the team’s findings suggest that, at the very least, the relationship between 

empathic response and observed pain cues demonstrated in the human literature appears 

to extend to other social species, including voles and non-human primates (Langford et 

al, 2006; Rosenblum et al., 2002; Lim and Young, 2006, Burbach et al., 2006).  

 

Neuroendocrine Substrates of Empathy 

 While Langford et al. provide sufficient behavioral evidence to suggest that mice 

demonstrate perceptual empathy, additional research is needed to identify the underlying 

physiological mechanisms involved in these overt social behaviors.  The discovery of 

social and nonsocial species of voles has given behavioral neuroscientists an opportunity 

to compare underlying biological mechanisms involved with social behaviors.  Two 

neuropeptides, oxytocin (OT) and vasopressin (AVP) are of particular interest because 

they have been found to regulate social bonding behavior in mammalian models.  While 

each neuropeptide is found to serve multiple functions in both sexes, specific areas of the 

brain appear to contain receptors that bind the neuropeptides and modulate complex 

social behaviors (Bielsky and Young, 2004).  Thus, both OT and AVP appear to be 

necessary for social attachment. This similarity in function is most likely explained by a 

common evolutionary history; vasopressin is thought to be derived from a mutation in the 

OT gene, explaining the almost identical structures between the two neuropeptides.  In 

addition to sharing similar structures, both OT and AVP are produced in the same areas 

of the hypothalamus.  Unlike OT, however, AVP is also produced in extrahypothalamic 
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neurons, including those found in the stria terminalis and the medial amygdala (de Vries 

and Miller, 1998).  

 OT and AVP are involved with multiple functions in physiological systems.  OT 

regulates peripheral circulation, lactation, and uterine contractions during labor.  AVP 

serves as an anti-diuretic hormone in the kidney.  The presence of AVP and OT in the 

paraventricular and supraoptic nuclei of the hypothalamus, however, implicates them as 

neuromodulators of social behavior, including empathic response.  It is important to note 

that OT and AVP appear to follow a different pattern of expression by sex.  These sex 

differences include the number and location of complimentary receptors found 

throughout the brain, as well as the role that each neuropeptide plays in regulating social 

behavior (de Vries and Miller, 1998).  Specifically, OT appears to play a more significant 

part in regulating social attachment in females, while AVP appears to be primarily 

responsible for male social bond formation (Goodson and Bass, 2001). 

 Using Lim and Young’s heuristic as a framework, researchers have used multiple 

animal models to explore OT’s and AVP’s involvement with social attachment.  The 

resulting neurophysiological evidence suggests that both OT and AVP are involved in all 

three levels of social bond formation (Bielsky and Young, 2004; Lim and Young, 2006). 

Looking at the first level of bond formation, social approach, OT has been shown to 

facilitate female approach behavior in rodents (Burbach et al., 2006).  This evidence has 

been corroborated by pharmacological manipulations using multiple animal models.  

Subcutaneous injections of OT in monogamous female gerbils, for example, significantly 

increase social approach behavior (Razzoli et al., 2003).  Studies with macaque monkeys 

find non-human primates differ in blood-borne OT levels depending on their levels of 
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affiliative behavior.  Specifically, Bonnet monkeys (a highly social type of macaque 

monkey) have significantly higher level of OT in the cerebrospinal fluid (CSF) compared 

to the relatively antisocial pigtail macaque (Rosenblum et al., 2002). 

 While OT appears to play a larger part in female social response, pharmacological 

manipulations reveal that the presence of OT in male animals may also impact social 

approach behavior.  For example, Witt et al. (1992) found that an infusion of OT directly 

into the brain increased social contact time between unfamiliar adult male rats (Witt et 

al., 1992).  A molecular manipulation of OT using male knockout mice (KO), however, 

produced a null effect—the authors found that male OT KO did not show any differences 

in their social approach behavior compared to wild-type strains (Crawley et al 2007).    

 Conflicting data from the pharmacological and molecular literature suggest that 

OT may have sex-specific effects; if oxytocin dictates female approach behavior, it does 

not appear to play a central role in dictating social approach behavior in male rodents.  

Instead, OT appears to help male rodents establish social memory (the second component 

of Lim and Young’s heuristic model) (Crawley et al., 2007).  These findings have lead 

researchers to study AVP as an alternative mechanism to male social approach behavior.   

 Like OT in the female system, AVP appears to regulate social approach behavior 

in male rodents.  Winslow and Insel (1993), for example, find that social behavior in 

male voles does not appear to respond to increasing levels of OT. Using an AVP 

manipulation however, the authors find that the presence of this neuropeptide regulates 

social approach behavior (Winslow and Insel, 1993).  Additional pharmacological 

research confirms that vasopressin plays a significant role in modulating social approach 

behavior in males.  Young et al. (1999) find that centrally-infused doses of AVP increase 
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the amount of social interaction in social prairie voles, but do not increase the interaction 

levels in antisocial montane voles.  This evidence suggests that there are structural 

differences between social and antisocial species.  The presence of AVP has also been 

manipulated using molecular techniques.  In mice engineered to express additional AVP 

receptors, for example, researchers demonstrated that AVP injections result in increased 

social contact between males (Young et al., 1999). Landgraf et al. (2003) replicated this 

paradigm in rats, while Pitkow et al. (2001) were able to show that the same effect occurs 

in prairie voles.  Unfortunately, molecular studies using vasopressin knockouts are rare 

because vasopressin helps to regulate water homeostasis in mammals.  There has been 

some success, however, in knocking out one type of vasopressin receptor, V1aR.  These 

vasopressin knockout studies demonstrate that vasopressin appears to regulate social 

approach.  Using V1a receptor knockouts, for example, Egashira et al. (2007) show that a 

lack of an AVP receptor significantly decreases social interaction time in males compared 

to wildtype controls (Egashira et al., 2007).  Replicating these findings is difficult, 

however, because V1aR knockouts are perpetually thirsty.  As a result, survivability rates 

are low in knockouts (Hiroyama, 2007; Kushner, 2007- personal correspondence). 

 It is important to note that in the aforementioned studies, control conditions were 

used to rule out potential confounds created by general arousal or novel stimuli.  

Experimental animals did not deviate from controls in their willingness to explore novel 

objects, for example, indicating that OT and AVP do not play a part in overall 

exploratory behavior or general arousal.  Furthermore, conflicting evidence in the OT 

approach literature suggests that the neuropeptides may not serve a critical role in 

dictating willingness to initiate first contact.  Alternatively, neuroscientists like Young et 
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al. (2001) propose that these neuropeptides are involved more with the second step in the 

social bond heuristic—social memory formation.   

 Physiological analyses of rodents have found that pheromonal cues appear to play 

an important part in social recognition.  In mice, for example, the vomeronasal organ 

projects to the accessory olfactory bulb and is believed to process pheromone 

information.  From the accessory olfactory bulb, neural projections lead directly to the 

amygdala.  As a result, there are implications that pheromones elicit social emotions and 

social memory in mice (Lin et al., 2005).  

 In addition to pheromonal cues, recent pharmacological research manipulating OT 

suggests that this neuropeptide is also a necessary component of social recognition 

behavior.   Behavioral studies quantify social recognition based on the amount of time 

that model animals spend identifying a conspecific.  Familiar individuals engage in 

relatively little approach and recognition behaviors (i.e., sniffing, touching, etc.) 

compared to strangers. By comparing the amount of time that rats spent with familiar 

conspecifics, researchers have found that rats who received a central injection of oxytocin 

spend less time exploring a familiar conspecific, or “cagemate” (Dantzer et al., 1987).  A 

second study that included a second novel encounter with an unfamiliar conspecific as a 

control produced similar results (Popik, 1992).  Specifically, the author found that the 

presence or absence of OT does not impact a subject’s approach towards a novel 

individual, but results in decreased interaction in a familiar dyadic interaction.  Both 

studies indicate that OT increases a subject’s social memory, which leads to an inhibition 

of social exploratory behavior.  
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  Molecular manipulations using OT KO mice reveal similar behavioral patterns.  

Control conditions reveal that OT KO perform normally in general learning or memory 

tasks.  Yet these mice do not appear to recognize familiar individuals.  Specifically, mice 

without OT spend significantly more time exploring familiar conspecifics, suggesting 

that the lack of OT creates a social deficit.  Further evidence includes exogenous 

injections of OT.  After receiving exogenous OT in the medial amygdala, for example, 

OT KO mice show an immediate change in their social responses by recognizing a 

conspecific and spending significantly less time exploring the other individual (Ferguson 

et al., 2000). 

 In addition to finding behavioral differences between OT KO and wildtype (WT) 

mice, these molecular manipulations reveal that OT deficiency leads to an alternate 

activation profile in the brain during a social encounter.  To garner physiological 

evidence, researchers have compared cellular activation profiles between subjects in 

control and experimental conditions using c-fos (fos) immunohistochemistry.  In essence, 

fos is a byproduct of activated neural cells that can be stained to show active areas of the 

brain.  In one experiment, WT mice demonstrated robust fos expression in the medial 

amygdala, while KO mice showed a distinct lack of fos expression in the amygdalar 

region.  These differences indicate that there was a lack of amygdala activity in the KO 

condition.  Instead, other regions of the KO brain showed abnormally high activity, 

including the cortex and hippocampus.  After OT was reintroduced into the amygdala via 

injection, however, both recognition behavior and amygdalar activity were restored.  

Additionally, the increased cerebral activation found in the knockout condition was 

eliminated after exogenous OT was introduced. Based on behavioral and physiological 
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evidence, the presence of OT appears to activate specific cognitive systems involved with 

social recognition.  Likewise, in conditions where OT is absent, there appears to be an 

alternative activation profile corresponding with a lack of social recognition behavior 

(Ferguson et al., 2000).  Interestingly, neuroimaging studies using autistic populations 

find that these individuals show similar recognition deficits to those demonstrated by KO 

mice during a social interaction (Schultz et al., 2000).  Compared to control subjects, 

autistic individuals exhibit high neural activation in the inferior temporal gyrus and low 

activation in the right fusiform gyrus when viewing a facial stimulus.  Based on these 

imaging studies, the authors conclude that the autistic brain processes social information 

as object information.  Consequently, autistic individuals may have trouble recognizing 

familiar individuals. 

 Vasopressin has also been implicated in rodent social recognition.  Studies using 

vasopressin V1aR antagonists have shown that these compounds block social recognition 

in male rats, while V1aR agonists facilitate social recognition behavior (Dantzer et al., 

1987).  Similarly, studies using V1aR KO find that male mice do not appear to be able to 

recognize a familiar conspecific even after repeated exposure.  Following viral vector 

gene therapy, however, these animals appear to regain social recognition ability.  These 

data suggest that AVP may also be used as a possible therapy for autistic spectrum 

disorders (Bielsky et al., 2004).     

 Finally, OT and AVP have been implicated in social bond formation, the third and 

final part of Lim and Young’s social heuristic.  According to the authors, once motivation 

(indicated by social approach behavior) and social recognition are established, a bond 

may subsequently form.  Social bonds are measured by both degree of preferential 
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selectivity and persistence in a varying social environment (Lim and Young, 2006). 

Research using different species of voles, for example, find that monogamous species 

demonstrate a preference towards selecting a familiar mate over a new partner.  

Furthermore, these studies show that OT and AVP are necessary for adult pair bond 

formation following copulation.  In nature, monogamous prairie voles consistently form 

dyads following mating, while promiscuous montane voles do not (Young et al., 2001).   

In the laboratory, OT and AVP antagonists appear to attenuate bond formation in female 

and male prairie voles, respectively (Cho et al., 1999, Young et al., 2001). Conversely, 

administration of a V1aR agonist increases social behavior in monogamous male voles, 

but has no effect in males of non-monogamous species (Young et al., 1999).  

 In summary, behavioral and pharmacological studies indicate that both OT and 

AVP are necessary for social behavior in multiple social models.  This research is 

particularly relevant because clinical studies have also implicated AVP and OT in 

regulating human social interactions, including empathic response.  In autistic 

populations, researchers have found a correlation between decreased levels of OT in the 

blood and increased dysfunction in social behaviors.  Autistic children, for example, 

show significantly decreased levels of OT compared to normal controls (Modahl et al., 

1998).  Furthermore, some studies have found that injections of exogenous OT appear to 

enhance aspects of social cognition in autistic individuals, implying that abnormal levels 

of oxytocin may lead to a dysregulation of social behavior in autistic individuals (Bartz et 

al., 2006).  It is important to note that autism is a complex dysfunctional disorder, with 

little overlap between individuals in terms of neurochemical, neurophysiological, or 

neuroanatomical profiles.  In spite of these individual differences, however, researchers 
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may be able to more fully understand the emergence of autistic social dysfunction by 

identifying common biological substrates of social behavior (Lim and Young, 2006). 

 

Sex Differences in Animal Social Behavior  

  Based on animal studies, it is apparent that OT and AVP operate differently in 

males and females.  In addition to being implicated in the regulation of social attachment, 

OT and AVP have also been found to correlate with other sexually dimorphic social 

behaviors, including animal stress response.   For example, neuroendocrinological studies 

using rats have found that females appear to have a more exaggerated OT response 

following a stressful event than males.   As part of the sympathetic stress response, 

oxytocin appears to have inherent anti-anxyolitic properties in rodents (Dreifuss et al., 

1992; Uvnas-Moberg, 1997). Additionally, studies find that estrogen appears to 

positively modulate oxytocin’s parasympathetic effects (Jezova et al., 1996).  Conversely, 

it appears that the presence of androgens in the male system inhibits OT release during 

times of stress (McCarthy 1995).  Like OT in the female system, the social effects of 

AVP appear to be activated by the presence of androgens (Insel et al., 1994).   

 Reviewing data in both the social attachment and stress literature, Taylor et al. 

(2000) conclude that OT and AVP form a common link between social attachment and 

stress response.  Namely, it appears that differences in neuropeptide distribution explain 

sex differences in both types of behavior.  Thus, while many studies have explained stress 

behavior in terms of a “fight-or-flight” theory, recent research has found that females 

tend to adopt an alternative model of response to environmental stressors.  Researchers 

call this alternative set of stress responses the “tend-and-befriend” model (Taylor et al., 
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2000).  In evolutionary terms, females have traditionally needed to respond differently 

than males in times of threat.  Since female mammals spend a large period of their adult 

lives either pregnant or caring for young, a set of stress responses that maximizes the 

survival of both the individual and offspring would be evolutionarily favored.  Since 

fighting or fleeing would put immature offspring in harm’s way, females would not be as 

likely to benefit from fighting or fleeing in the face of danger.  Studies looking at fighting 

behaviors between sexes appear to confirm this theory.  Female fighting is confined to 

situations requiring defense, while males fight in a variety of social situations (Archer, 

1990; Hyde, 1984).   

 Like fighting, fleeing behavior would not be evolutionarily beneficial to female 

rodents because young are not highly mobile.  Behavioral data indicate that female 

rodents instead prefer to congregate together to form large groups of individuals during 

times of stress.  This behavior was thought to develop as protection against predators due 

to the relative safety of larger numbers.  Sex-specific crowding behavior has been 

observed in primates (Hill and Dunbar, 1998) as well as rodents (Brown, 1995).  The 

latter study found that intentional cage crowding impacts stress response differently 

between sexes in animal models.  Specifically, female rats were found to be less stressed 

in a crowded environment than males, as reflected by plasma corticosterone assay 

analysis (Brown, 1995).  Corticosterone is a rodent-specific stress steroid that is released 

in higher levels from the adrenal gland following stressful events.  Additionally, 

communal caging is reported to increase a female rat’s lifespan by forty percent (Taylor 

et al., 2000).  This research is valuable because a “tend-and-befriend” model of stress 

response may further characterize sex differences in human social behavior, including 
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empathic behavior.  As in rodents, OT levels appear to correlate with affiliative behaviors 

and affectionate contact in humans (Uvnas-Moberg et al., 1999).  Human females, for 

example, have been found to affiliate more with members of the same sex than males.  

Additionally, women maintain larger social networks and care more about these networks 

than men (Wethington et al., 1987).  During stressful periods, women are more inclined 

to affiliate with other women (Schachter, 1959).  This includes a greater tendency to 

mobilize social support, as well as a greater propensity to admit receiving social help and 

support from others (Belle, 1987).  

 Based on this evidence, it appears that the presence of OT may at least partly 

explain sex differences observed in both animal and human social group preference.  

More research is needed, however, to further characterize sex differences pertaining to 

animal social behavior. 

 

Our proposed study 

 After reviewing the relevant literature it is apparent that empathy is a complex 

phenomenon.  Although proximal empathy appears to be a uniquely human ability, there 

is sufficient evidence in the animal literature to suggest that empathetic behaviors are 

conserved across different social species.  These alternative forms of empathetic 

behaviors merit further study.  In light of Langford et al.’s (2006) findings we propose 

that additional research is needed to further determine the nature of empathy in mice.   

 Using Mus musculus as our model, we intend to explore the behavioral and 

neurobiological substrates of social approach behavior.  Specifically, we are interested in 

determining whether the presence of pain is sufficient to impact perceptual empathic 
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behaviors illustrated by Langford et al. (2006).  Based on their findings, we hypothesize 

that pain will serve as an effective social cue in mice, eliciting specific empathetic 

behavior in social interactions between cagemates.  Using a novel paradigm to measure 

social approach behavior, our first proposed experiment will investigate whether the 

presence of a familiar conspecific in pain can impact a target subject’s social approach 

behavior.  We believe that a target will demonstrate increased social approach behavior in 

the presence of an afflicted conspecific as compared to a pain-free control condition.   

 In addition to exploring neurological substrates of social interaction, we are 

interested in documenting any possible social behavioral differences that may arise based 

on sex.  Using previous findings in the stress and social approach literature as a 

theoretical basis, we propose that females will demonstrate significantly more approach 

behavior when a cagemate is in pain than males.  Our first experiment will test this theory 

by manipulating the presence of pain between sexes and comparing subsequent social 

approach behaviors.  

 We also intend to manipulate levels of the neuropeptide OT to study its impact on 

female social approach behavior.  We will accomplish this goal using a specific 

pharmacological manipulation: By subcutaneously administering an exogenous OT 

agonist we predict that an increase in OT will result in increased social approach behavior 

in female mice.  In short, we predict that this manipulation will result in exaggerated 

levels of exhibited social approach behavior. 
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Methods 

Subjects 

 Experiment 1- Our first study consisted of 18 male and 39 female mature CD-1® 

mice (obtained from Harlan Sprague–Dawley, Indianapolis, IN) randomly selected for 

the purposes of our study. Animals were housed in a light- (12:12 h, lights on at 08:00) 

and temperature- (20 °C) controlled environment with food (Harlan Teklad 8604) and tap 

water available ad libitum.  All procedures were reviewed and approved by the Haverford 

College Animal Care and Use Committee. 

 Experiment 2- Our second experiment compared social approach behavior 

between CD-1 females (n=79; obtained from Harlan Sprague–Dawley, Indianapolis, IN) 

in either a drug or control condition.  Animal handling procedures mirrored those 

stipulated in experiment 1.  

Materials 

 Common materials (Experiments 1 & 2) - An elevated plus maze (EPM) was 

modified to create a suitable environment for our novel social approach paradigm used in 

both studies.  Specifically, the open arms of the EPM were removed and open arm 

entrances were taped in order to create a closed alleyway. Two chicken-wire mesh inserts 

were then placed 7 cm from either end of the alley (lengthwise) to create two identical 

holding cells. The remaining alley (free alley) was then subdivided into two areas: One 

bin corresponded with the proximal area near the prison mesh, and extended ten cm from 

the prison mesh.  The second free area encompassed the remaining alleyway between the 

proximal bin’s line of demarcation and the control mesh.  Bins were marked using white 

electrical tape.  To discourage subjects from crossing into and out of the holding cells, 
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four plastic inserts were installed to create a ceiling for both of the holding cells, as well 

as a significant portion of the free alley (Appendix, Figure 1). 

 The approach apparatus was then installed under an infrared light and infrared 

camera that were mounted on top of the behavioral alley.  The camera was used to record 

subsequent behavior, backed up to a hard drive for later analysis using Media Cruise 

video software.   

 0.9% acetic acid and injection materials (syringes and 25 gauge needles) were 

used to induce a pain state in pain condition subjects.  Following behavioral testing, 

subjects serving in the pain condition were sacrificed by CO2 asphyxiation. 

Specific materials required for experiment 2- To create a pharmacological 

manipulation targeting OT, 2mg*kg-1 dose of oxytocin acetate salt hydrate (Sigma, St. 

Louis, MO, USA) was administered via intraperitoneal injection.  

 

Procedure 

 Experiment 1- To determine the presence of empathetic behavior in mice, we 

tested subjects in same-sex dyads.  In each run, the free mouse (target) was placed in the 

free alley.  After a twenty-minute habituation period a second mouse (enclosed mouse) 

was placed in one of the two holding cells to serve as a social conspecific.  In this 

experiment all enclosed mice were familiar with targets, since both subjects were co-

housed for a minimum of one week before behavioral testing began.  Conspecific status 

varied by the presence or absence of pain.   In the no-pain control condition the enclosed 

mouse was simply placed in the holding cell after the habituation period.  In the pain 

condition the conspecific received an intraperitoneal injection (10 ml/kg) of dilute (.9%) 
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acetic acid three minutes prior to the end of the habituation period and placed in the 

holding cell at the start of the behavioral observation period.  The intraperitoneal 

injection given to mice in the pain condition caused subjects to exhibit marked pain 

behavior called “writhing.”  Specifically, the dilute acetic acid delivered via injection 

inflames the peritoneal wall, causing a mouse’s abdominal muscles to cramp.  This 

cramping causes mice to stretch out, or “writhe”.  The stretching behavior that mice 

exhibit is then operationalized as pain behavior. 

 Subsequent approach behavior exhibited by the target was recorded for thirty 

minutes, after which time the afflicted conspecific was either sacrificed (pain condition) 

or returned to its holding cage to serve as a stimulus (enclosed mouse) in the no-pain 

condition.  Targets were marked and returned to their holding cages to serve as enclosed 

mice in subsequent pain condition runs.   

 Approach behavior was coded using two different measures of proximity.  First, 

the thirty minute observation session was divided into twenty-second epochs.  Every 

twenty seconds a score was generated based on the animal’s position in the alley.  For 

definitional simplicity this method will be referred to as the “proximal bin” measure.   

Scores were based on the target’s proximity to the victim: A score of “one” corresponded 

with a clearly delineated proximally-positioned bin, situated ten cm from the prison 

mesh.  A score of “zero” was recorded if the mouse was positioned in the larger, distal 

bin (Appendix, figure 1).  Behavioral coding consisted of determining the “total 

proximity score” based on the number of proximal bin scores counted over a thirty-

minute observation period.   
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 A second coding technique was correlated with a target’s interaction with mesh 

dividers separating the free alley from either of the two holding cells.  Specifically, the 

total amounts of time a target spent physically interacting with either mesh divider (i.e., 

gnawing, climbing, sniffing, pawing, etc) were separately timed.  By subtracting the time 

a target spent interacting with the empty holding cell mesh from the time the target spent 

interacting with the mesh of the victim’s cell, a second correlate of empathetic approach 

behavior was quantified.  For definitional simplicity this method will be referred to as the 

“proximal interaction” measure.  

 

 Experiment 2- In order to understand the function of OT in female social 

approach behavior, we pharmacologically manipulated levels of OT in female CD-1 

mice.  Specifically, we prepared a 2mg*kg-1 dose of oxytocin acetate salt hydrate (Sigma, 

St. Louis, MO, USA). An OT+ condition was created by subcutaneously injecting the 

exogenous OT compound into the subjects.  We then compared subsequent social 

behavior between CD-1 controls and OT+ conditions using an identical behavioral 

procedure to experiment one.  We predicted that OT+ females would demonstrate 

increased social approach behavior as compared to the CD-1 female controls.   
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Results 

Experiment 1 

Data analysis of the first experiment yielded several findings that correspond with 

expected behavioral hypotheses.  For example, analysis of the proximal bin data from 

female subjects in study one reveals that female CD-1 mice in the pain condition (M= 

39.85, SD= 14.050) spent significantly more time in the proximal bin adjacent to the 

target cagemate (t (37) =-2.130, p=.040) than female CD-1 mice who were not in pain 

(M= 30.84, SD=12.235) (Graph 1). 

Interaction behavior between free and target mice were quantified a second way. 

By calculating the difference between the amount of time spent in contact with the 

proximal cage mesh and the amount of time spent in contact with the distal control mesh, 

a time difference score was generated. Analysis of these data using a two-way ANOVA 

produced a promising trend. Female mice in the pain condition appear to spend more 

time in contact with the proximal cage mesh adjacent to the target mouse than female 

mice in the no pain. Due to the large amount of deviation between samples, however, this 

data did not reach significance (F (1, 53) =1.052, p=.310).  

Analysis of the male data suggests that male CD-1 mice do not demonstrate 

increased approach behavior when they are placed in proximity to a conspecific.  An 

independent t-test analysis of male CD-1 data in experiment one found no difference in 

behavior by pain condition either in the proximal bin (t (18) =-.503, p=.622) or time 

difference (t (18) =.392, p=.701) measures.  Based on these results, it would appear that 

there is a significance sex difference between CD-1 mice in terms of the amount of time 

spent in proximity to cagemates by pain condition (Graph 1).   
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The lack of significance in male behavioral data allowed us to focus on further 

defining social approach behavior using female mice in the second study.  To elaborate 

on a potential sex difference in social approach behavior, however, we ran an additional 

mixed factorial analysis using both male and female data from the first study.  In this 

analysis we decided to analyze the “time difference” data as two sets of separate 

measures.  Rather than computing an overall time difference (proximal side time – distal 

side time), we analyzed these measures separately in order to produce a new “side” 

condition (proximal side time or distal side time). Using a mixed factorial ANOVA, we 

determined that there was a significant within-subjects effect by cage side (F (1, 35) = 

46.024, p<.0001).  This finding indicates that both male and female subjects preferred to 

interact with the proximal mesh (M= 421.904, SEM= 30.197) over the distal mesh (M= 

182.959, SEM= 17.106) (Graph 2).  Furthermore, between-subjects analysis revealed a 

significant sex difference in the amount of time that subjects spent interacting with the 

proximal cage mesh (F(1,35)=10.163, p=.003).  Specifically, female mice spent more 

time in contact with the proximal cage mesh adjacent to the target mouse (M=356.918, 

SEM=23.237) than male mice (M= 247.944, SEM= 25.070) (Graph 3). 

 

Experiment 2 

Bin data from the second experiment incorporated all female subjects from the 

first study as well as additional subjects added to the pain and no pain conditions.  The 

results were computed using a two-way ANOVA, which compared differences between 

subjects by pain condition (pain, no pain) and neuropeptide status (control, OT+).  

Additionally, we evaluated possible interaction effects (pain condition X neuropeptide 
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status).  Based on the available proximal bin data, it appears that there were no main or 

interaction effects.  Specifically, we found no differences in the proximal bin scores 

between subjects in the pain and no pain condition (F (1, 75) = 2.187, p=.143).  

Similarly, the main effect of drug administration yielded insignificant differences (F (1, 

75) =.190, p=.664), indicating that mice that received an injection of OT spent a similar 

amount of time within the boundaries of the proximal bin as mice that did not.  Finally, 

no interaction effect between pain condition and neuropeptide status was found (F (1, 75) 

= .575, p=.451).  

 A second two-way ANOVA was performed using the time difference data (the 

time spent at the proximal mesh minus the time spent at the distal mesh) for all female 

subjects (n=79). The main effect of condition did not reach significance (F (1, 75) = .734, 

p=.394).  Similarly, the main effect of drug administration yielded insignificant 

differences (F (1, 75) =2.322, p=.132).  Finally, no significant interaction effect (pain 

condition x neuropeptide status) was found (F (1, 75) = 1.095, p=.299). 

 Finally, a mixed factorial analysis was performed to determine if there were any 

significant differences among female conditions.  Using all female data from study one 

and two, we split the total amounts of time that mice spent in contact with either the 

proximal or distal mesh for repeated measures analysis.  Analysis of repeated measures 

produced a significant side effect (F(1, 75)= 64.83, p<.0001), indicating that in general 

female subjects spent considerably more time in proximity to the target (M= 367.874, 

SEM=21.472) than at the distal mesh (M=168.310, SEM= 10.279) (Graph 4).  Additional 

tests of between-subject effects averaged across side revealed a strong drug effect 

between conditions (F (1, 75) =17.344, p<.0001) as well as an interaction effect between 
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pain and drug conditions (F (1, 75) =7.219, p<.01).  When interpreted together, these data 

indicate that the injection of OT decreased the tendency for female subjects to spend time 

at either mesh end: Mice without the drug (M=434.199, SEM=30.562) spent significantly 

more time in contact with the proximal mesh than mice with the drug (M=301.550, 

SD=30.167) regardless of pain condition.  Similarly, mice without the drug (M=196.870, 

SD=14.630) spent significantly more time in contact with the distal mesh than mice with 

the drug (M=139.750, SD=14.442) regardless of pain condition (Graph 5).   
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Discussion 

 In order to further define empathetic behavior in the Mus musculus model, this 

study had three main objectives.  Although previous researchers have demonstrated that a 

mouse’s pain response is modulated by the presence and pain state of an afflicted 

cagemate (Langford et al., 2006), the extent that these animals demonstrate additional 

empathy-like behaviors found in other social models is unclear (Young et al., 2001; 

Young et al., 1999; Cho et al., 1999).  In order to further investigate social approach 

behavior we devised a novel behavioral paradigm to measure the degree of physical 

proximity between two familiar mice in a social environment.  

 Furthermore, we wanted to determine whether pain was an effective social cue for 

eliciting social behavior.  In the first study we attempted to accomplish this objective by 

comparing our devised measures of proximity between pain conditions.  We 

hypothesized that a target would be more likely to approach and remain in close 

proximity to an afflicted cagemate than a subject in the no pain condition.   

 Our third objective was to define the biological substrates involved in an empathic 

response.  Using methodologies similar to those employed in previous oxytocin 

manipulation studies (Boccia et al., 1998; Petersson et al., 1997; Razzoli et al., 2003; 

Rosenblum et al., 2002), we sought to accomplish this goal in two ways.  First, we were 

interested in discovering potential differences between the sexes in the manifestation of 

empathic social behavior.  We expected that females would demonstrate significantly 

more approach behavior in the pain condition than males. Secondly, by manipulating 

endogenous levels of the neuropeptide OT we sought to document its impact on female 

social behavior.  Based on previously reported findings (Burbach et al., 2006; Razzoli et 
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al., 2003), we expected to find that an increase in OT would result in an exaggerated level 

of social approach behavior in female mice that were in the presence of an afflicted 

cagemate. 

 

Study 1 

 Based on results from the first experiment, there appears to be a 

significant sex difference in the amount of time that mice interact with familiar 

conspecifics.  Specifically, the proximal bin data show that females spend significantly 

more time near a conspecific when that individual is in pain.  Likewise, a trend in the 

proximal interaction data indicate that there may be behavioral differences between pain 

conditions in the female data set, although these data failed to reach significance in our 

preliminary studies.  Further observation did not reveal a bimodal trend in any of our 

behavioral data, indicating that our subjects produced a high amount of individual 

variance in the proximal interaction measure.  Additional testing with more female 

subjects may reduce this variance in future studies. 

   Importantly, neither the proximal bin data nor the proximal interaction data 

reflected significant trends in the male data, supporting our second hypothesis that sex 

appears to influence a mouse’s proximal social behavior. This conclusion is based on two 

different sets of data.  First, females spent significantly more time in the proximal ten cm 

bin when their partner was in pain, whereas males did not appear to differentiate between 

afflicted and unaffected cagemates.  Additionally, there was a significant difference in the 

proximal interaction measure: Overall, females spent more time interacting with the 

proximal cage mesh than males.   
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 The current data from study one appear to support our expectation that females 

spend an overall greater amount of time in proximity to an afflicted cagemate than a non-

suffering partner.   Specifically, the data demonstrate that females are more likely to 

remain in close proximity to an afflicted partner than male mice.  Furthermore, 

preliminary behavioral testing using male mice did not yield any significant changes in 

approach behavior, indicating that males ignore their cagemate regardless of pain 

condition.  This observed sex difference corresponds with previous social approach 

studies using rodents (Bielsky and Young, 2004; Burbach et al., 2006; Taylor et al., 

2000).   

 

Experiment two 

 Neither proximal measure of social approach behavior yielded a significant trend 

toward group differences in the second study, suggesting that our exogenous OT 

manipulation did not significantly alter female social approach behavior.  Interestingly, 

the proximal interaction data indicate a drug effect.  When we analyzed the proximal 

interaction data, we found that mice in the OT+ condition demonstrated lower scores than 

control subjects. These scores indicate that OT+ subjects demonstrate significantly less 

proximal interaction than control subjects.  The data also show that OT+ subjects spend 

less time exploring the distal mesh than controls.  Taken together, these measures also 

suggest that our dose of oxytocin may have served as a confound by limiting subject 

locomotor activity.   

Observations corroborate this potential explanation for our data. After reviewing 

several of the behavioral videos it appears that our drug manipulation may have reduced 
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subject movement.  When we compared these subjects with those in the other conditions, 

we saw a significant difference in the amount of movement exhibited by OT+  target 

mice.  Within the OT+ condition, subjects appeared markedly more lethargic or 

immobilized in many of the behavioral runs than subjects who did not receive OT 

injections.   

 A review of the relevant oxytocin literature indicates that high dosages of the 

neuropeptides oxytocin and vasopressin have resulted in reduced locomotor activity in 

female (Petersson et al., 1998) and male (Uvnäs-Moberg, 1994) rats, respectively.  

Although there does not appear to be any literature pertaining to an OT dose-response 

curve using female mice, it is possible that the decreased behavior we observed in the 

OT+ subjects can be explained in terms of motoric side effects produced by our 

exogenous OT manipulation.  In other words, the lower proximal interaction scores we 

observed may be indicative of a general reduction in locomotor activity documented in 

previous studies, rather than a specific reduction in social approach behavior.  To test this 

theory, additional studies should establish an OT dose-response curve using varying 

doses of OT and comparing subsequent behavioral differences by drug condition.  If the 

proximal interaction data remain unchanged between conditions, then this potential 

motoric confound could be eliminated. 

 

Assessment of Evidence for Empathic Behavior- Study Limitations and Future Directions   

 After interpreting the results, it is necessary to determine whether mice 

demonstrate similar empathic behaviors as other social species, including non-human 

primates and prairie voles.  Comparing our results to the social attachment heuristic 
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proposed by Lim and Young (2006), there is a tenable argument that pain has the 

potential to serve as an effective social cue for eliciting empathic response in female 

mice.  Our data indicate that female subjects appear to be more motivated to approach 

familiar individuals when they are in pain than when they are not; this behavior could be 

used to support the first level of social interaction in Lim and Young’s model (2006).  It 

is important to note that our study was limited to exploring the first step in social 

attachment heuristics, however.  In order to fully characterize a similar type of social 

attachment found in research using other social species (Young et al., 2001; Young et al., 

1999; Cho et al., 1999), evidence for social memory recognition and social bond 

formation must also be documented in mice.  

 One way to accomplish these additional objectives is to implement a forced-

choice paradigm.  In our behavioral paradigm, for example, the insertion of a second, 

unfamiliar mouse into the second adjacent holding area would force a target subject to 

choose between a familiar and an unfamiliar conspecific.  If targets pick the familiar 

conspecific, this behavior would demonstrate effective social recognition, as well as a 

persistent preference to select a familiar partner in a more complex social environment. 

Unfortunately, project time constraints limited our ability to further substantiate 

many of the promising (albeit non-significant) trends that were found in our data.  

Additionally, the apparent presence of a confound in the second study disrupted our 

attempts to study female empathic response to a pain stimulus in terms of the presence or 

absence of oxytocin.  Still, our present data invite speculation.  For example, observed 

sex differences in approach behavior raise the possibility that OT may play a significant 

role in social bond formation.  A causal relationship has been found between levels of OT 
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and affiliative behavior in other social species, including prairie voles and non-human 

primates (Rosenblum et al., 2002; Lim and Young, 2006, Burbach et al., 2006).  While 

we were not able to conclusively demonstrate a link between OT and social behavior in 

mice, the OT manipulation we chose for our study may have produced a drug effect.  To 

eliminate this potential confound, we suggest that the drug study be repeated using lower 

doses of exogenous OT.  Additional research could establish an OT dose-response curve 

in mice, for example, that would test dosage effects of the drug on subsequent social 

behavior.   

In addition to testing more female subjects, future studies could test male subjects 

in an OT+ condition.  While the majority of the social neuropeptide literature states that 

there are specific sex differences in OT’s effect on social attachment, there is evidence 

indicating that OT may enhance male social approach behavior (Witt et al., 1992).  If the 

OT treatment fails to effect male social behavior, the presence of OT may explain 

behavioral differences observed between sexes. 

Alternatively, the importance of OT in regulating female social behavior could be 

further characterized by comparing differences in social approach behavior between 

female CD-1 mice and OT KO mice.  If the behavior we are observing is in fact due to 

differences in the levels of oxytocin, it would be reasonable to conclude that wildtype 

female mice demonstrate significantly more approach behavior than OT KO subjects.  

Furthermore, OT deficient females would presumably resemble male subjects in their 

social approach behaviors.  
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Although there is sufficient precedent in the social literature to interpret our 

findings as empathetic behaviors, there are several other potential alternative 

explanations for our data.  One alternative explanation for our findings could be 

attributed to stress-induced sexually dimorphic social behavior.  Specifically, the pain 

manipulation we used may have created a high-stress state in our pain condition subjects 

that differed significantly from our no pain condition.  Previous studies have found that 

females tend to adopt an alternative behavioral response to high-stress states that Taylor 

et al. (2000) have dubbed a “tend-and-befriend” model of stress response.  Among these 

observed behaviors, females prefer to crowd together in the presence of a threat (Hill and 

Dunbar, 1998; Brown, 1995).  Conversely, males do not appear to congregate in a high-

stress environment.  Instead, research suggests that they adopt a more traditional “fight-

or-flight” behavioral response in a high-stress situation (Taylor et al., 2000).   

  If the significant difference we observed in social approach behavior between 

pain and no pain conditions is due to stress, then it would appear that the presence of an 

afflicted conspecific acts as a significant environmental stressor. At the present time, it is 

impossible to determine whether our data indicate a stress response or empathic behavior 

in either male or female subjects.  To test for the possibility of stress-directed behavior, a 

plasma corticosterone (CORT) assay could be used to determine if there are differences 

in subject stress levels between pain conditions.  As a product of the sympathetic 

response in rodents, CORT is a stress steroid that is secreted by the adrenal gland in 

higher amounts following a stressful event.  By comparing levels of CORT between 

conditions following behavioral testing, we could determine if there are stress differences 

between pain conditions.  If no significant differences in CORT levels are found, then 
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approach behavior may be more reasonably explained as part of an empathic response.  

Alternatively, if a significant difference in the CORT data is observed then a subject’s 

approach behavior to a conspecific may be better characterized as a stress response than 

as empathic behavior. 

Similarly, specific levels of OT appear to correlate with stress levels in both 

female (Brown, 1995) and male (Engelmann et al., 2006) animals.  Although small 

dosages of OT have been found to have anxiolytic properties (Blume et al., 2008; 

Petersson et al., 1997), a higher dosage of exogenous oxytocin appears to act as an anti-

anxyolitic, inducing lethargy and reduced movement in both male and female subjects 

(Dreifuss et al., 1992; Uvnäs -Moberg, 1997; Petersson et al., 1998; Uvnäs-Moberg, 

1994).  As a result, the reduced approach behavior that we observed in female subjects 

following an exogenous OT injection may simply reflect the effects of an anti-anxyolitic 

drug on female stress response.  

A second blood corticosterone (CORT) assay could be used to determine if 

oxytocin modulates mouse stress response in a social approach paradigm.  Similar to our 

proposed CORT protocol for our first study, future OT manipulations could employ a 

CORT assay procedure to rule out potential stress confounds. For example, if female 

subjects demonstrate similar levels of CORT in the OT+ condition as in the control 

condition then potential anxiolytic or anti-anxiolytic effects of the exogenous OT 

manipulation could be discounted as potential explanation for female approach behavior. 

In addition to a potential stress effect, a second alternative explanation for 

observed interaction behavior between female mice may be due to a novelty effect.  

Although we included a second control mesh in an attempt to create similar conditions on 
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either end of the free alley, it is still unclear whether female mice were demonstrating 

empathic behavior towards a familiar cagemate or simply remaining in closer proximity 

to an interesting social stimulus. By replicating the behavioral experiment using a forced-

choice paradigm the novelty effect could be eliminated as a potential explanation for 

observed approach behavior.  For example, rather than maintaining an imbalance in the 

social stimuli between sides (i.e., one side of the alley containing a mouse with the other 

side remaining empty), future research could add a second, stranger conspecific to the 

distal alley side.  By eliminating social differences between alley sides, subsequent 

behavioral testing could determine the extent that mice remain in proximity to a familiar, 

versus novel conspecific.   

Alternatively, the proximal interaction measure could be eliminated from future 

analyses.  While the proximal interaction measure was implemented in the previous 

studies as a way to corroborate our proximal bin measure, it produced ambiguous results.  

Specifically, there was a discrepancy in the data pertaining to alley side.  While the 

differences in time between contact with the proximal and distal mesh yielded non-

significant findings (i.e., no differences by sex), a repeated measures analysis of the 

proximal mesh data revealed that females spent more time in close proximity to a 

cagemate than males.  Based on these conflicting results, the extent that the proximal 

interaction measure serves as an effective indicator of social approach behavior is 

uncertain.  As a result, researchers may wish to eliminate this second behavioral measure 

from future experiments. 

While our research demonstrates evidence for empathy-like behavior in mice, the 

underlying mechanisms of empathic communication are still unknown at this time.  
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Although Langford et al. (2006) have demonstrated that pain modulation in mice is 

primarily communicated via the visual modality, alternative social cues have yet to be 

fully discounted from rodent empathetic communication.  For example, neonatal mouse 

pups are capable of communicating distress via ultrasonic vocalizations (USVs) 

(Sternberg et al., 2005).  Furthermore, adult male mice have been found to produce USVs 

in the presence of a sexually viable female (Wysocki and Lepri, 1991).  If mice use USVs 

to communicate both pain and affiliative signals, these cues may also be important in 

initiating empathic behavior.  Future experimental paradigms could account for possible 

ultrasonic communication between cagemates by recording and evaluating USVs. 

Additionally, pheromonal communication may also be responsible for the 

transmission of empathic signals between familiar mice.  For example, behavioral 

researchers have found that the mammalian vomeronasal organ (VNO) is a specialized 

structure that is responsible for perceiving and transmitting pheromonal information to 

the brain.  When this structure is damaged, a mouse’s subsequent social identification 

abilities become impaired.  These abilities include resident-intruder identification (an 

indicator of aggression behavior) and receptive female identification (an indicator of 

sexual behavior) (Brennan and Keverne, 2004).  If mice are able to elicit social signals 

using pheromones, empathic behaviors may also be dependent on pheromonal 

communication.  Future research could determine whether or not mice use pheromonal 

communication to elicit social approach behavior by creating a VNO-impaired condition 

(i.e., by surgically impairing the VNO in subjects) and comparing subsequent approach 

behavior to a VNO-intact control group. 
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Finally, future research may determine the biological correlates of observed social 

approach behavior in mice by using immunostaining techniques.  Specifically, 

immunohistochemical staining for oxytocin receptors (OTR) could be used to identify 

differences in the number and physical grouping of these social neuropeptide receptors 

between animals that show social approach behavior (i.e., female mice) and animals that 

do not (i.e., male mice).  In other words, immunostaining could show if animals who 

demonstrate social approach behavior have more OTR than animals who do not, as well 

as highlighting any potential differences in the location of OTR in the brain.  

Additionally, immohistochemistry for c-fos (a byproduct of neural activation) could 

determine which specific brain areas are activated in animals that demonstrate social 

approach behavior.  If social approach behaviors produce greater neural activation in 

areas involved with motivation and reward, for example, then this evidence would 

suggest that mice find familiar social contact to be rewarding, and lend additional support 

to a physiological theory of empathy.  Interestingly, reward pathway activation has been 

linked to increased social approach behavior in other social species models (Depue and 

Morrone-Strupinsky, 2005; Campbell, 2007). 

In summary, our findings appear to support Langford et al.’s (2006) claim that 

there is a universal mammalian empathic response.  While the collected empathy 

literature indicates that proximal definitions of this social phenomenon pertain only to 

human beings, our work with Mus musculus lends additional support to theories that 

suggest aspects of empathetic behavior may be found in additional mammalian models.   

At the present time there are still several alternative explanations that could validly 

explain our collected data. If future research is able to eliminate these alternative 
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explanations for social approach behavior, however, then the mouse could be used as a 

powerful model for investigating common biological substrates of social behavior. 
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Graphs 

 
 
Graph 1- This graph shows the significant sex difference found in our proximity bin 
data.  Specifically, target females (n=22) spend significantly more time in the proximal 
bin when the enclosed mouse is in pain than when the enclosed mouse is not in pain.  
Interestingly, this proximity preference is not replicated by males (n=18). 

 

 
 
Graph 2- A repeated measures analysis by side indicates that both male (n=18) and 
female (n=22) subjects interacted more with the proximal mesh than the distal mesh.  
While this data could indicate empathy-like approach behavior, a novelty effect could 
also explain the significant difference by cage side (see discussion). 
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Graph 3- This graph further highlights difference in proximal interaction behaviors 
between sexes.  Based on our between-subjects analysis of the data from the first study, 
female subjects (n=22) interact more with the proximal mesh than male subjects (n=18).  
This finding suggests that empathic approach behaviors in mice may be limited to 
females. 
 

 
 
Graph 4- Analysis of the proximal interaction data from our second study replicates 
findings in study one (see Graph 3).  Specifically, a repeated measures analysis of 
females in study two found that subjects prefer to interact with the proximal cage mesh 
over the distal cage mesh.  This finding strengthens our hypothesis that female mice may 
exhibit empathy-like approach behaviors towards familiar conspecifics.  
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Graph 5- This graph shows both the main drug effect and interaction effect (pain 
condition x drug condition) found in the second study data.  Essentially, it appears that an 
injection of OT decreased a female’s tendency to interact with both the proximal and 
distal mesh regardless of pain condition.  In other words, mice in the control condition 
spent significantly more time in proximity to a conspecific in both pain conditions.  
Similarly, control subjects also interacted more with the distal cage mesh than OT+ 
subjects.  While this evidence could indicate that elevated levels of OT appear to 
attenuate female approach behavior, the marked reduction of mesh interaction found in 
the OT+ condition suggests that our drug manipulation may have had unforeseen motoric 
effects (see discussion). 
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Appendix 

 
 
 
 

Figure 1 
 

 
 

 
 

Distal Bin 
(Score “0”) 

Proximal Bin 
(Score “1”) 

Empty Cage Mouse Cage Free Alley 

Figure 1- A diagram depicting our novel behavioral paradigm.  Proximal bin scores are 
generated when the target mouse is located in the proximal bin area (on the right end of 
the free alley), but not when the mouse is in the distal bin area of the free alley.  
Similarly, interaction with the proximal mesh (that borders the mouse cage area) 
generates a proximal interaction time score.  Finally, interaction with the distal mesh 
(bordering the empty cage) generates a second, distal interaction time score.  Bin 
measurements were computed every twenty seconds during a thirty-minute behavioral 
observation period.  Proximal and distal interaction scores were continuous time 
measures. 
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