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Short Abstract: Mice exposed to chronic psychosocial stress and repeated social defeat develop submissive phenotypes and display depressive-like behaviors.

Long Abstract:

Social conflict is a natural occurrence in the lives of animals and humans and the negative emotions provoked by the failure of social support are considered to be the main causes of depression in humans.  Continual or chronic social conflicts between two individuals that share a common territory develop a dominant-subordinate relationship as these individuals accumulate social victories or defeats and become winners or losers.  Social stress arises in both participants of the interaction; however, the stress consequences are more severe in the defeated, subordinate animals.  To establish a dominant-submissive relationship, a male CD-1 mouse is singly housed in a large cage for 2-4 weeks.  After the acclimation period, a perforated divider is added to separate the cage into two compartments and a smaller C57Bl6/J male mouse is placed in the empty compartment.  The divider is removed 5 min/day and social/agonistic interactions between the two male mice are recorded and analyzed for aggressive, submissive and exploratory behaviors.  Between agonistic interactions the perforated divider allows the defeated animal to be exposed to olfactory, visual, and auditory cues from the dominant animal providing a chronic social stress on the submissive mouse. As the intruder mouse accumulates social defeats, displays of submissive behaviors rapidly increased during the interaction period. After 14 daily agnostic interactions measures for anhedonia and anxiety are made in the intruder C57Bl6/J mouse.  Chronic social stress leads to the development of depressive pathology and anxiety in mice that accumulated social defeat.

Text:

Repeated social defeat was used to induce a depressive-like phenotype in intruder mice during the social conflict (SC) induction phase.  Aggressor CD-1 male mice are single housed in a large polycarbonate cage (24.0 cm x 46.0 cm x 15.5 cm) for 2–4 weeks with bedding incompletely refreshed once per week.  

This acclimation period allows the CD-1 male mouse to establish his territory within the cage.

After the two to four week period, the cage is divided in half by a 1/8-inch thick perforated transparent polycarbonate partition creating two separate housing compartments.

On one side is housed the resident CD-1 mouse, on the other side we place an intruder C-57BL6/j male mouse.

The partition allows olfactory, visual, and auditory communication between the two male mice but prevents tactile contact.  

Testing commenced after a two-day accommodation period.  

The partition was removed for 5 min/day for 14 consecutive days (between 1600 h and 1800 h) to allow agonistic encounters between the mice.  

After each interaction period, the partition was replaced with the aggressor male returned to his initial compartment.  

Interaction periods were videotaped under red light and later analyzed by an unbiased observer for aggressive, submissive, and exploratory behaviors.  

Aggressive behaviors included approaches made by the intruder C57 mouse towards the resident CD-1, tail rattles, and winning a conflict or agonist interaction.  

Submissive behaviors include withdrawals made by the C57 intruder in response to an approach initiated by the CD-1 mouse, freezing behaviors, and conflict losses.  

Subsequently a battery of behavioral tests is conducted to further elucidate the affective phenotype of mice that accumulated repeated social defeats. 

In between conflict periods we measured exploration, preference for a sweet solution and anxiety. To measure exploratory activity, we placed mice in a novel cage for 1 h and measured the distance traveled.  We use the saccharin preference test as a measure for hedonic behavior. To measure anxiety-like behavior, we utilize the Light-Dark Box test, a commonly used behavioral test in which mice are allowed to explore a box consisting of a light and a dark compartment.  Mice are crepuscular animals that are naturally drawn to darker rather than lighter areas.  The amount of time spent in the dark and the frequency of visits to the light can be used to measure anxiety-like behavior in mice.
Part 7: Representative Results:  The procedure consistently yields a subordinate/submissive phenotype in the experimental intruder mice. As male mice accumulate social defeat their aggressive behaviors rapidly decline and their displays of submissive behavior rapidly increase.  Furthermore, repeated experiences of social defeat induced anhedonia, measured by decrease in saccharin preference and novel cage exploration, and increased anxiety-like behaviors.  

Discussion:
Our experiments utilized daily social defeat in combination with chronic non-tactile exposure to dominant males to induce a depressive-like phenotype in subordinate male mice.  Numerous methods have been utilized to induce depressive-like behaviors in rodents, including chronic unpredictable mild stress and chronic restraint stress.  However, these paradigms lack important psychosocial components of the etiology of human depression.  Because many if not most of the stressful life events experienced by humans are social in character, ethologically relevant animal models based on social conflict may be particularly useful in determining how differential social experiences alter the brain and subsequent behavior.
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