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The global prevalence of psychiatric disorders that result
in abnormal social behaviors has sparked the desire to
model and study these behaviors in rodent models of brain
diseases. According to recent estimates, approximately 1 in
160 individuals has autism spectrum disorder, 350 million
are diagnosed with depression, 21 million people are
schizophrenic, and 10% have attention deficit or attention
deficit hyperactivity disorder [1–4]. Individuals diagnosed
with these disorders often exhibit atypical social behaviors
[for example 5–8].
One of the major challenges to studying these diseases
in animal models is that the cellular and molecular
underpinnings are still unknown. Currently there are
no objective tests for their diagnosis and most of the
diagnostic criteria consist of behavioral abnormalities
and self reported emotions. With these challenges to
overcome, many of the current animal models consist of
genetic manipulations of genes that have been identified
to correlate with these diseases or likely candidate
genes based on their known roles in neuronal function.
Since mice have been the model rodent of choice for
genetic manipulations, most of the genetic models for
neuropsychiatric and neurodevelopmental disorders are
mouse models [9–11]. The problem with the majority of
these models being mouse models is that mice are not an
ideal system for the study of complex social behaviors,
similar to those that are disrupted in these illnesses. This
is particularly apparent with the study of juvenile play
fighting. As opposed to many of the behavioral tests used
to asses animal models of psychiatric disorders, such as
learned helplessness or forced swim tests, play fighting is
part of the normal behavioral repertoire of many animal
species [12], and there are many similarities between this
behavior in humans and non-human animals [13]. Both
human children and juvenile rats will have deficits later in
life if they are deprived of the opportunity for play fighting,
and there is a shared sex difference in which both boys
and ale rats exhibit higher levels of play fighting relative to
females [14–22].
In a comparison of play fighting complexity between rats
and mice, rats were given a complexity score of 0.94,
the highest score out of all of the rodents included in the
analysis, while mice received a score of 0.13, the second
lowest score [19]. Importantly, the aforementioned study
included an analysis on wild mice, which may
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engage in play fighting more than the inbred strains used
for most genetic models [20]. In a particularly interesting
study, Poole and Fish [21] compare play between
laboratory rats and mice and demonstrate that mice did not
demonstrate social play behavior even when solicited for
play by a rat.
Recently, there has been an increase in studies
demonstrating a very complex form of social behavior in
rodents, empathy. This is another behavior that is disrupted
in mental illnesses [22]. In mice these studies have been
an expansion of the traditional Pavlovian fear conditioning
paradigm in which one animal receives a foot shock paired
with a cue, thus learning to freeze when presented with
the cue in the absence of the shock [23]. In the empathy
paradigm, another animal watches this fear conditioning
procedure and exhibits signs of distress, including freezing
and heart deceleration, however not all strains of mice
exhibit these behaviors [24,25]. The paradigms that have
been employed in rats have been a little more sophisticated
in that they do not rely on one animal observing another
in pain, rather the observer watches another animal in
non- painful distress and then works to rescue the other.
In one example, rats learned to rescue a conspecific from a
restraint chamber, while in another a rat learned to rescue
a conspecific soaked in water [26,27]. In both cases, the
rats helped the conspecific before attempting to retrieve a
food reward [26,27]. It will be interesting to see whether
the typically less social mice would be willing to help a
conspecific before seeking a food reward or if they would
have a reaction to a conspecific in an unpleasant situation
in the absence of physical pain.
CRISPR (clustered regularly interspaced short palindromic
repeats) gene-editing technology presents an excellent
opportunity to generate genetic models of psychiatric
illnesses in rats where complex social behaviors can be
readily analyzed [28]. This technology has the added
benefit of being generated in outbred strains rather than
generating inbred rat strains, which helps to ensure that
naturally occurring behaviors, such as juvenile play
fighting will not be lost through inbreeding. To make
better use of the already existing genetic mouse models
of psychiatric diseases, backcrossing to wild mice could
help to regain some of the social behaviors that have been
lost through numerous generations of inbreeding [29].
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Incorporating these techniques to generate better models
of psychiatric illnesses will help to incorporate models of
complex social behavioral disruptions in these diseases to
aid in our understanding of the social brain and how social
networks dysfunction in disease.

19. Pellis null, Iwaniuk null. The roles of phylogeny and
sociality in the evolution of social play in muroid rodents
Anim Behav 1999; 58: 361–373.

References

21. Poole TB, Fish J. An investigation of playful behaviour in
Rattus norvegicus and Mus musculus (Mammalia) J Zool
2009; 175: 61–71.

1. Organization WH, others. Meeting report: autism spectrum
disorders and other developmental disorders: from raising
awareness to building capacity: World Health Organization,
Geneva, Switzerland 16-18 September 2013.
2. http://www.who.int/mediacentre/factsheets/fs369/en/
3. http://www.cdc.gov/ncbddd/adhd/timeline.html

20. Wolff RJ. Solitary and social play in wild Mus musculus
(Mammalia) J Zool 2009;195: 405–412.

22. Decety J, Moriguchi Y. The empathic brain and its dysfunction
in psychiatric populations: implications for intervention
across different clinical conditions. Biopsychosoc Med
2007;1:22.

4. h t t p : / / w w w. w h o . i n t / m e n t a l _ h e a l t h / m a n a g e m e n t /
schizophrenia/en/

23. Kim JJ, Jung MW. Neural circuits and mechanisms involved
in Pavlovian fear conditioning: a critical review. Neurosci
Biobehav Rev 2006;30: 188–202.

5. Cordier R, Bundy A, Hocking C, Einfeld S. Empathy in
the Play of Children with Attention Deficit Hyperactivity
Disorder. OTJR Occup Particip Health 2010; 30:122–132.

24. Chen Q, Panksepp JB, Lahvis GP. Empathy is moderated by
genetic background in mice. PloS One 2009;4: e4387.

6. Jordan R. Social play and autistic spectrum disorders:
a perspective on theory, implications and educational
approaches. Autism Int J Res Pract 2003;7:347–60.

25. Jeon D, Kim S, Chetana M, Jo D, Ruley HE, Lin S-Y, et al.
Observational fear learning involves affective pain system
and Cav1.2 Ca2+ channels in ACC. Nat. Neurosci 2010;13:
482–488.

7. Møller P, Husby R. The initial prodrome in schizophrenia:
searching for naturalistic core dimensions of experience and
behavior. Schizophr Bull 2000;26: 217–232.

26. Ben-Ami Bartal I, Decety J, Mason P. Empathy and prosocial behavior in rats. Science. 2011;334:1427–30.

8. Strous RD, Alvir JMJ, Robinson D, Gal G, Sheitman B,
Chakos M, et al. Premorbid functioning in schizophrenia:
relation to baseline symptoms, treatment response, and
medication side effects. Schizophr. Bull 2004;30: 265–278.
9. Nomura J, Takumi T. Animal models of psychiatric disorders
that reflect human copy number variation. Neural Plast 2012;
2012: 589524.
10. Seong E, Seasholtz AF, Burmeister M. Mouse models for
psychiatric disorders. Trends Genet TIG 2002;18:643–650.
11. Nestler EJ, Hyman SE. Animal models of neuropsychiatric
disorders. Nat Neurosci 2010;13:1161–169.
12. Graham KL, Burghardt GM. Current perspectives on the
biological study of play: signs of progress. Q Rev Biol
2010;85:393–418.

27. Sato N, Tan L, Tate K, Okada M. Rats demonstrate helping
behavior toward a soaked conspecific. Anim. Cogn.
2015;18:1039–47.
28. Shao Y, Guan Y, Wang L, Qiu Z, Liu M, Chen Y, et al.
CRISPR/Cas-mediated genome editing in the rat via direct
injection of one-cell embryos. Nat. Protoc. 2014;9:2493–
512.
29. Chalfin L, Dayan M, Levy DR, Austad SN, Miller RA, Iraqi
FA, et al. Mapping ecologically relevant social behaviours
by gene knockout in wild mice. Nat. Commun. 2014;5:4569.

Correspondence to:
Kathryn J Argue
Department of Pharmacology and Program in Neuroscience,
University of Maryland

13. Power TG. Play and Exploration in Children and Animals.
Psychology Press; 1999.
14. Pellegrini AD. The role of play in human development. New
York: Oxford University Press; 2009.
15. Arthur M, Bochner S, Butterfield N. Enhancing peer
interactions within the context of play. Int. J Disabil Dev
Educ 1999;46: 367–81.
16. Gruendel AD, Arnold WJ. Effects of early social deprivation
on reproductive behavior of male rats. J Comp Physiol
Psychol 1969; 67:123–128.
17. Pellis SM, Pellis VC, Bell HC. The function of play in the
development of the social brain. Am J Play 2010; 279–296.
18. van den Berg CL, Hol T, Van Ree JM, Spruijt BM, Everts
H, Koolhaas JM. Play is indispensable for an adequate
development of coping with social challenges in the rat. Dev.
Psychobiol. 1999; 34:129–138.

Curr Neurobio 2015 Volume 6 Issue 1

10

