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Parrish Waters – 27 January 2006

Repeated exposure to social stress has long-term effects on indirect markers of dopaminergic activity in brain regions associated with motivated behavior

Lucas LR, Celen, Tamashiro, RJ Blanchard, DC Blanchard, Markham, RR Sakai, BS McEwen 

2004 Neuroscience 124: 449-457
1. Social stress results from competition for resources

2. Dominant and Subordinate individuals are stressed by hierarchical social interactions

3. Social Hierarchy experiments can be designed to produce:

A. Dominant-Subordinate Relationships

B. Multiple Animal Hierarchies

1)  male,  male…  male

4. Chronic social stress paradigm

5. Multiple males with one female

6. Larger dynamic environment

A. Animals do not habituate

B. Tubes that connect the burrow with the surface are clear

A. Visible to other animals and experimenters

7. Establishes 1 Dominant with many subordinate males

A. Subordinate males also have a hierarchical order 

8. Length of Interaction – Acute vs Chronic

A. One Cycle - Chronic

1. 2 weeks in VBS

2. 1 Dominant male

1. 3 Subordinate males

3. 1 Female

B. Three Cycles – Repeated Chronic

1. 1st cycle: 2 wks; 2nd & 3rd 1week

2. 1 Dominant male

1. 3 Subordinate males

3. 1 Female

9. Single Male with female = control 
Subordinate Animals
10. Elevated B levels
11. Lower T levels
12. Lower Body Mass
13. Two Sub-Groups

A. Stress Responsive Subordinates

1) Response to restraint stress

B. Non-Responsive Subordinates

14. D1 and D2 receptor density (postsynaptic)

B. Negatively correlated with DA activity

15.  DAT binding density

16.  DAT density indirectly controlled by DA

C. Increased DA2 striatum decreases DAT
D. Increased DA1 & DA2 in NAcc increases DAT
17.  Stress positively regulate DAT in the NAcc

18.  ENK positively feeds back on SN/VTA to increase mesolimbic/nigrostriatal DA

E. ENK positively influenced by acute stress

19. After 7 days all males respond to restraint stress with elevated B

20.  After 14 days VBS some subordinate males respond less (or habituate)

21.  Repeated VBS stress elicits a blunted response in males

F. Subordinate becomes dominant in 2nd trial

A. Maintained position in 3rd trial

22.  Long-term effects of VBS stress were measured for behavior and neurochemistry 

23. Single Cycle VBS Stress

G. Sub Responsive males

A. Lower ENK mRNA NAcc core

24.  Repeated VBS Stress

H. Decreased ENK mRNA

A. No effect of social status

I. Subordinate (SRS and NRS) lower ENK mRNA in NACC shell

25.  B upregulates striatal ENK

26. One cycle VBS reduced DAT binding in Non-responsive subordinates in dlcPutamen

27. Repeated VBS stress reduced DAT binding in NAcc of subordinates (SRS and NRS)
28. Repeated trials elicit parallel decreases in DAT and ENK in NAcc shell

29. Repeated VBS stress decrease in D2R compared to single trial males

J. No change D1
K. No Effect of status on D2
Russ Carpenter – 3 February 2006
The effects of cortisol administration on social status and brain monoaminergic activity in rainbow trout Oncorhynchus mykiss
DiBattista JD, Anisman H, Whitehead M, Katie  M Gilmour 2005 J Exp Biol  208: 2707-2718

1. Social Hierarchy is evolutionarily conserved

A. Dominant status is characterized by greater number of attacks on subordinate individuals

B.  3D (or 2D) spatial position characteristic of dominant status is species specific

1) Dominant fish prefer lower central water column or tank

2. Chronic social subordination

A. Decreased food intake

1) Increased metabolic rates

2) Decreased growth rates

B.  Immune System suppression

C. Increased mortality

D. Increased basal glucocorticoid concentration

1) Cortisol in fish

3. Prior Residence – Territory Defense

4. Prior Social Experience

A. Direct experience

1) Winning and losing

B. Indirect experience –viewing others

5. Size

A. Large size often confers advantage

1) Depends on size differential

6. Physiological Condition

A. Motor and metabolic fitness

7. Physiological Condition

A. Motor and metabolic fitness may be dependent on Neural and Endocrine condition

B. Physical damage

1) Injury

1. Fin damage in fish

8. Endocrine Condition

A. High basal Glucocorticoid Levels tend to predispose individuals to subordinate social status

9. Neural Condition

A. Monoaminergic activity

1) Subordinate animals exhibit 5-HT turnover

1. Often elevated 5-HIAA

2) Exogenous elevation of 5-HT can reverse dominance relationships

3) 5-HT levels may predict rank

4) Rank-5-HT relationship may not be an intrinsic or measurable difference 

5) Differences in 5-HT function by social rank develops through social interaction 

10. Cortisol (F) treatment produced

A. Higher F… somtimes

B. Reduced growth in subordinate fish

1) Increased growth in dominant fish

C. Higher F increases subordinate status

1) In size matched or mismatched fish

2) Large fish are dominant 86% of the time in control interactions (no F)

3) Large fish are dominant only 40% of the time when treated with F

11. F+RU486 treatment produced

A. Elevated Cortisol (F)

B. Reduced growth in subordinate fish

1) and dominant fish

C. RU486 attenuated the influence of F to produce subordinate social rank

12. F treatment reduced telencephalic    5-HT and 5-HIAA

A. Elevated 5-HIAA/5-HT – real?

1) Reversed by RU486 (with F) ?

13. F treatment reduced hypothalamic    5-HT and 5-HIAA

A. Lower 5-HIAA/5-HT

B. Not reversed by RU486

14. F treatment reduced telencephalic    DOPAC? and DOPAC/DA

A. Not reversed by RU486 (with F)

15. F treatment reduced hypothalamic    DA and increased DOPAC

A. Increased DA activity;                    increased DOPAC/DA

B. Not reversed by RU486

Paul Tschetter – 17 February 2006

N-Methyl-D-Aspartate receptors in the amygdale are necessary for the acquisition and expression of conditioned defeat

Jasnow AM, MA Cooper, KL Huhman 2004 Neuroscience 123: 625-634

1. Prolonged response to social defeat

A. Syrian hamsters

1) Females have smaller response

a. E2 mediated

2. Unable to reverse subordinate social status

3. Absence of territorial aggression

A. Even in home territory

B. Repeated display of submissive and defensive behavior

4. Submissive to other subordinate individuals

5. Lasts 16 days to 1 month

6. Even without further defeat

7. First escape response defines acquisition of conditioned defeat

A. May occur in as little as 5 minutes

B. Two short bouts?

8. Defeated males have activated HPA axis

A. ACTH

B.  -endorphin

C. corticosterone

9. Defeated males have reduced T

10.  Amygdala regulates acquisition and expression

A. GABAA in CeA reduces duration of submissive behavior in defeated

11. CeA regulates BNST

A. CRF in BNST reduces submissive behavior of defeated males 

12.  CeA, lateral amygdala, BLA necessary for  acquisition of conditioned fear

A. Conditioned defeat is a subset of fear conditioning

13.  BLA important for plasticity underlying fear conditioning

14. NMDA antagonist AP5 into BLA Before defeat reduced submissive behavior

A. Dose-dependent response

15.  NMDA antagonist in BLA limited Acquisition of conditioned defeat 

A. NMDA antagonist into amygdala also blocks acquisition of both fear-potentiated startle and conditioned freezing

16. NMDA antagonist AP5 into BLA After defeat reduced submissive behavior

A. threshold response

17.  NMDA antagonist in BLA limited Expression of conditioned defeat 

18.  NMDA Receptors in BLA are necessary for Acquisition  and Expression of Conditioned Defeat

19.  NMDA Receptors in BLA may influence Consolidation?

20. NMDA receptors in BLA appear to be important for learning fear

A. Fear is an important component of subordinate social status

21.  NMDA in amygdala necessary for simple and complex conditions learned in social environment

A. Place in Social Hierarchy

B. Context of Social Hierarchy?

Angie Brown – 24 February 2006

Stress-induced changes in brain serotonergic activity, plasma cortisol and aggressive behavior in Arctic charr (Salvelinus alpinus) is counteracted by L-DOPA

Erik Höglund, N Kolm, Svante Wingerg 2001 Physiology and Behavior 74: 381-389
1. Aggression (main factor) determines rank order

A. Aggression is stressful

B. For Subordinate and Dominant

2. Dominant individuals are most aggressive

A. Subordinate status suppresses aggression

3. Latency to Attack is more important than Number of Attacks in determining Social Rank

4. Constant threat of aggression

5. Chronically elevated glucocorticoids

A. Aggression is stressful

B. For Subordinate and Dominant

1. Dominants have only short term elevation of glucocorticoids

6. Restricted and unpredictable access to food 

A. other resources

7. New opponent provokes more attacks from Dominant individuals

8. Stress inhibits new attacks toward a new opponent

9. New opponent inhibits attacks from chronically subordinate individuals

10.  With stress the low number of attacks from subordinates stay low

11.  L-DOPA does not influence the number of attacks

12. L-DOPA decreases the latency to attack in dominant fish

A. Latency is more important than the number of attacks for social status

13.  L-DOPA reinstates attack in stressed fish 

14.  Stress and L-DOPA do not influence attack latency in subordinate

A. Already slow to attack

15. L-DOPA diminishes F in subordinate males after stress

16.  L-DOPA increases DOPAC in brainstem hypothalamus (and DOPAC/DA) in dominant individuals

17.  L-DOPA reduced 5-HIAA in brainstem and hypothalamus (and 5-HIAA/5-HT) in subordinate animals

18. Vehicle treatment was stressful and inhibited aggression

A. Stress* inhibits aggression

19.  Dominant and Subordinate animals responded differently to intruder and to L-DOPA

20.  in Dominant animals L-DOPA have elevated DA  system activity but…

21.  in Subordinate individuals L-DOPA reduced 5-HT system activity 

Jodi Lukkes – 3 March 2006

Corticotropin-releasing factory type II (CRF2) receptors in the bed nucleus of the stria terminalis modulate conditioned defeat in Syrian hamsters (Mesocricetus auratus)

Cooper  MA, KL Huhman 2005 Behavioral N euroscience 1193: 1042-1051

1. Chronic Subordinate Status due to social stress

A. Increased HPA activity

B. Increased ACTH, cortisol, β-endorphin

C. Decreased food and water intake

D. Suppressed immune function

E. Decreased exploratory behavior

F. Increased anxiety

G. Decreased aggressive behavior

2. Amygdala

A. CeA (Central Nucleus)

1. Conditioned Aversive Events

2. Fear

3. Predictability

B. BNST (Bed Nucleus of the Stria Terminalis)

1. Unconditioned Aversive Events

2. Anxiety; Contextual Fear

C. More CRF2 in posterior BNST

3. BNST has both CRF1 and CRF2
4. CRF1 Receptors

A. Higher affinity for CRF

1. Activated by lower doses of CRF

B. Mediate pituitary HPA response

C. Anxiogenic

1. Block or KO CRF1 yields anxiolytic response

5. CRF2 Receptors

A. Causes shock induced freezing

1. Blocking CRF2 blocks freezing

B. Also causes acoustic startle

C. Plays a role in Learned Helplessness

1. PTSD

2. Both related to conditioned defeat

D. Also Anxiogenic

1. Antagonist Reduces anxious behavior on plus maze after restraint stress

2. Conflicting results

6. CRF antagonist (icv) blocks expression of conditioned defeat

7. But CRF1 antagonist (icv) does not reduce conditioned defeat 

A. Does reduce ACTH response

8. BNST is primary site for mediating the effect of CRF on Conditioned Defeat

9.  CRF receptors in CeA do not modulate conditioned defeat

10. CRF2 antagonist (icv) reduced duration of submissive behavior

A. Reduced expression of conditioned defeat

B. No effect other behaviors

C. CRF1 antagonist did not influence submissive behavior

11.  CRF2 antagonist (antisauvagine – ASV30) into BNST reduces duration of submissive behavior (must be given 15 min before) 
12. CRF2 in BNST modulates expression of Conditioned Defeat

A. But both CRF1 and CRF2 modulate stress induced changes in behavior

13.  CRF via CRF2 in BNST

A. GABAA in CeA

B. NMDA in BLA

C. Modulate acquisition of Conditioned Defeat

Travis Ling –  24 March 2006
Aggressive behavior in female golden hamsters: development and the effect of repeated social stress

Kereshmeh Taravosh-Lahn and Yvon Delville 2004 Hormones and Behavior  46: 428-435

1. Puberty causes changes in behavior of males

A. Play fighting changes to adult aggression

1) Juveniles reverse dominant-subordinate roles while play fighting

2) Play fighting focuses on cheeks and face

3) High levels of attacks and bites

B. Altered by environmental stimuli

C. Repeated exposure to social subjugation during early puberty speeds the onset of adult aggressive behavior

2. Aggression declines in  Adult Males

A. Fewer attacks

B. More assessment time

C. Bites focus on flanks, rump, belly

3. Social Rank reversals during fighting does not occur in Adults

4. Females Syrian Hamsters are Dominant to Males

5. More  aggressive

A. Aggression dependent on Reproductive condition

1) Estrous – reproductive behavior

2) Diestrous – no time devoted to reproductive behavior, more time for aggression

B. Dependent on age

6. Less vulnerable to social defeat

A. Can maintain proximity to dominant individual
B. Maintain proximity to arena of social engagement
7. Females maintain a level degree of attacks, pins and social contact during the course of puberty

8. Flank marking increases during puberty

A. More than in males

9.  Females attain adult aggressive styles significantly sooner than males

10.  Males do not habituate to repeated social exposure

A. It remains stressful

11. Females do habituate to repeated social subordination

A. Regardless of intensity

B.  It does not remain stressful

12. Females are more Aggressive than males

A. More efficient/focused aggression

B. Includes elements of play fighting

C. Sometimes flank marking is substituted for aggression

13. Females are Dominant to Males

Martin Telefont – 21 April 2006

Expanded characterization of the social interaction abnormalities in mice lacking Dvl1
Long JM, P LaPorte, R. Paylor and A Wynshaw-Boris 2004 Genes, Brain & Behav 3: 51-62
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1. 3 types in mice: Dvl1, 2, 3

A. 4 types in humans (add Dvl1L1)

2. Genes important in development

A. Dvl1 & 2 important for Neurulation

B. Dvl1 & 2 important for neural tube opening

C. Dvls critical for neural crest migration

1) Part of the Wnt signaling pathway

a. Interacts with CK1e (casein kinase)

D. Dvl2 important for cardiovascular output

3. Dvl1 knock out  = Dvl1-/-  (characterized in 1997 study)

A. Normal Reproduction – viable fertile

B. Normal CNS structure

C. Abnormal Social Interaction

1) Social Dominance – Whisker Trimming, subordinate behavior

2) Reduced nest building and huddling

3) Impaired sensorimotor gating – 

a. PPI: acoustic & tactile startle

4. Dvl1-/-  are Normal in the following characteristics (2004 results):

A. Appearance, BW, Tob, 

B. Sensorimotor & postural reflexes, Motor activity

1) Eye blink, ear twitch, sound orientation, rotorod, open field, wire hang, grip strength, 

C. Nociception

D. Calling rate

E. Spatial Learning, Social Recognition

F. Sensorimotor Gating: PPI

5. Dvl1-/-  NOT Normal:

A. Reduced Social Affiliation

1) Reduced nest building and huddling 

B. Reduced Social Status Interaction

1) No Dominant behavior

1. whisker trimming

2. Only dominant male trim others whiskers

b. Subordinate to Dvl1+/+ in dyad

1. Two males facing each other in a tube with a line in the middle

Are Hierarchies Fixed or Plastic?

6. Dvl1-/-  mice show no dominant behavior

A. Subordinate against Dvl1+/+ in dyad

1) Requires social pressure from dominant?

B. Show no dominant behavior in the absence of dominant male

1) No Whisker trimming in groups of all Dvl1-/- mice

2) No social pressure

3) Suggests fixed social rank due to Dvl1-/-

4) But…Does not show subordinate behavior

C.  Dvl1-/- have normal learning and social memory

1) No difficulty recognizing the socially dominant 

7. Genetically predetermined rank?

A. Subordinate submissive behavior can be displayed in response to social dominant or simply because it is the genetically determined behavior

B. Dominant behavior may also be proactive

1) Or in response to subordinate

C. In Social Groups – no individual is born dominant

1) Are some born permanently subordinate?
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