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Table 4.1.  Abbreviations 

Region Abbreviation
Cortex  
 cingulate cortex 1 Cg1 
 cingulate cortex 2 Cg2 
 prelimbic cortex PrL 
 infralimbic cortex IL 
Striatum  
 caudate putamen CPu 
Lateral Septum LS 
Bed Nucleus of the Stria Terminalis  
 anterior BSTA 
 posteromedial BSTPM 
 posterointermediate BSTPI 
 posterolateral BSTPL 
Amygdalostriatal Transition Area AStr 
Amygdala  
 anterior lateral La 
 anterior medial MeA 
 intercalated I 
 anterior basolateral BLA 
 central Ce 
 anterior basomedial BMA 
 posterior lateral La 
 posterior medial MeP 
 ventral basolateral BLV 
 posterior basomedial BMP 
 posterior basolateral BLA 
 posterior lateral cortical PLCo 
 posterior medial cortical PMCo 
Hippocampus  
 dentate gyrus DG 
 subiculum S 
Hypothalamus  
 anterior AH 
 lateral LH 
 paraventricular Pa 
 suprachiasmatic SCN 
 lateral ventromedial VMHL 
 medial ventromedial VMHM 
 arcuate Arc 
Superior Colliculus, superficial gray layer SuG 
Periaqueductal Gray PAG 
Raphe  
 median raphe MnR 
 paramedian raphe PMnR 
 dorsal raphe DR 
Central Gray CG 
Nucleus of the Solitary Tract Sol 

 

Abbreviations match those used in A stereotaxic atlas of the golden 
hamster brain (Morin and Wood, 2001). 
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Table 4.2. 125I-sauvagine binding to CRFR1 and 
CRFR2 in Syrian hamster brain 

Region CRFR1 CRFR2 

Cortex   
cingulate cortex 1 ++ +/-
cingulate cortex 2 ++ +/-
prelimbic cortex +++ +/-
infralimbic cortex ++ +/-

Striatum   
caudate putamen + +/-
ventral striatum + +/-

Lateral Septum + +++ 

Bed Nucleus of the Stria Terminalis   
anterior + +/-
posteromedial + +/-
posterointermediate + +/-
posterolateral + +

Amygdalostriatal Transition Area ++ + 

Amygdala   
anterior lateral ++ ++
anterior medial ++ +/-
intercalated + +++
anterior basolateral + +
central +/- +
anterior basomedial +++ +
posterior lateral + +
posterior medial + +/-
ventral basolateral +++ +
posterior basomedial +++ +
posterior basolateral + +
posterior lateral cortical ++++ ++++
posterior medial cortical +++ ++

Hippocampus   
CA1 +/- +/-
CA2-3 +/- +/-
dentate gyrus +/- +/-
subiculum + +/-

Hypothalamus   
anterior + +/-
lateral + +
paraventricular + +/-
suprachiasmatic + +/-
lateral ventromedial + +
medial ventromedial +/- +
arcuate +/- +/-

Superior Colliculus, superficial gray layer ++++ +/- 

Periaqueductal Gray + + 

Raphe   
median raphe +/- +/-
paramedian raphe +/- +
dorsal raphe + +

Central Gray +/- +/- 

Unidentified* ++ ++++ 

Nucleus of the Solitary Tract +/- + 

 
 

CRFR1 and CRFR2 distribution throughout various brain sites as 
determined from optical density measurements.  Values are presented 
according to percentile distributions: ++++ very dense binding 
(≥65%), +++ dense binding (<65%, ≥45%), ++ moderate binding 
(<45%, ≥25%), + light binding (<25%, ≥5%), +/- sparse or no binding 
(<5%).   
 

*Appears to overlap with areas labeled as pre- and post-subiculum on 
a Syrian hamster atlas (Morin and Wood, 2001), but positive 
identification of this site is yet unknown.   
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ABSTRACT 

 When a male Syrian hamster is defeated in an agonistic encounter, it will 

subsequently fail to display territorial aggression and will, instead, display submissive 

behavior in the presence of a non-aggressive intruder, a response known as conditioned 

defeat (CD).  Previous research in our laboratory has suggested roles for corticotropin 

releasing factor (CRF) receptor subtypes in the acquisition and expression of CD.  The 

current study investigated whether CRF receptor binding in brain sites important for fear 

conditioning, expression of unconditioned fear, and defensive behavior.  Tissue was collected 

at two time-points following defeat (24 and 72 hr), and autoradiography was performed for 

CRF type 1 and type 2 receptor binding.  Analysis revealed no significant differences 

between winners, defeated hamsters, or controls at either time point in any brain area 

investigated.  While it is acknowledged that an exhaustive examination of autoradiography 

results may reveal a yet-undiscovered effect, it is likely that alterations following social 

interaction reflect a change in peptide availability than receptor binding.  Finally, directions 

for further investigation are discussed.   
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INTRODUCTION 

When a male Syrian hamster (Mesocricetus auratus) is defeated in an agonistic 

encounter, it will subsequently fail to display any territorial aggression in future social 

encounters.  A defeated hamster will instead subsequently show increased submissive 

behavior, even when these encounters occur in its own home cage against a smaller, non-

aggressive intruder (Potegal et al., 1993).  This change in behavior is termed conditioned 

defeat (CD).  In addition to this striking behavioral change, defeated hamsters exhibit 

increased plasma adrenocorticotropic hormone (ACTH) and cortisol (CORT) concentrations 

following a social encounter (Huhman et al., 1990; Huhman et al., 1991; Huhman et al., 

1992), whereas dominant hamsters do not.  These behavioral and physiological changes have 

led to investigation of CD as both a model of stress and of fear conditioning.  These 

investigations have suggested, among other things, a role for corticotropin releasing factor in 

the expression and possibly the acquisition of CD.   

Corticotropin releasing factor (CRF) is a 41-amino acid peptide (Vale et al., 1983) 

located in the anterior pituitary and throughout the brain (Chappell et al., 1986; Eckart et al., 

1999; Eckart et al., 2002).  It has many behavioral and physiological effects, including 

increased anxiety-like responding, increased arousal and hypothalamo-pituitary-adrenal 

(HPA) axis activation (Jezova et al., 1999).  CRF is a critical component of the HPA axis 

response to stress, which has a number of effects including gluconeogenesis (to sustain the 

“flight or flight” response), reduced inflammation, as well as negative feedback to the brain 

to control these peripheral responses.  In addition to the critical role of CRF in the HPA axis 

response to stress, CRF peptides and receptors are distributed throughout the brain 

(Bittencourt and Sawchenko, 2000; Lewis et al., 2001; Reyes et al., 2001; Dautzenberg and 



 

 

84

Hauger, 2002; Eckart et al., 2002; Reul and Holsboer, 2002), suggesting a wider role for this 

peptide.  Consistent with this view, numerous studies have demonstrated extrahypothalamic 

actions of CRF in various fear conditioning paradigms (Steckler and Holsboer, 1999; 

Radulovic et al., 1999b; Takahashi, 2001) and in learning and memory tasks such as visual 

discrimination, spatial learning, and inhibitory avoidance (Eckart et al., 1999; Landgraf, 

2001; Dautzenberg and Hauger, 2002; Eckart et al., 2002; Grammatopoulos and Chrousos, 

2002).   

Previous research in our laboratory (Jasnow et al., 1999; Jasnow et al., 2004b; 

Cooper and Huhman, 2005a) has indicated that nonselective CRF receptor (CRFR) 

antagonists can attenuate the expression of conditioned defeat.  We have also shown that ICV 

administration the nonselective receptor agonist rat/human CRF enhances CD and possibly 

territorial aggression in hamsters that have not previously been defeated (A.N. Faruzzi, M.A. 

Cooper, and K.L. Huhman, submitted).  In addition, we have reported that administration of 

the nonspecific CRF receptor antagonist D-Phe CRF (12-41) or the CRFR2-specific 

antagonist antisauvagine-30 attenuates the expression of CD (Jasnow et al., 1999; Jasnow et 

al., 2004b; Cooper and Huhman, 2005a), while the CRFR1 specific antagonist CP-154,526 

does not (Jasnow et al., 1999; Cooper and Huhman, 2005a).   

After an acute defeat, the behavioral change observed in hamsters is noticeable 24 

hours later and is long-lasting (Huhman et al., 2003).  It would therefore be reasonable to 

assume that there are long-term changes occurring in the brain that support the prolonged 

behavioral response known as conditioned defeat.  It is already clear that CRF transmission 

plays a role in modulating the acquisition and expression of CD, so it is possible that some of 

these changes are occurring at the level of CRFRs.  The purpose of the current experiment 
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was to determine whether there are differences in CRF receptor binding at several time-

points post-defeat in dominant, subordinate, and isolated hamsters, and if those differences 

are reflective of changes in CRFR1 or CRFR2 receptor densities. 

METHODS 

Subjects 

Male Syrian hamsters were purchased from Charles River Laboratories.  

Experimental animals were three to four months old and weighed 120-140 g at the start of the 

study.  These animals were individually housed for 10 days to two weeks prior to testing in a 

temperature controlled (20ºC ± 2º) colony room and were maintained on a 14:10h light:dark 

cycle.  Older animals that weighed 160-180g were housed individually and used as resident 

aggressors for defeats.  Younger animals (two months) that weighed 100-110g were group-

housed (five animals per cage) and were used as non-aggressive intruders during social 

interaction.  All animals were housed in polycarbonate cages (20 x 40 x 20 cm) with corncob 

and cotton bedding materials and wire mesh tops.  Food and water were available ad libitum.  

The cages of experimental animals and resident aggressors were not changed for at least one 

week prior to testing to allow the animals to scent mark their territory.  All testing and tissue 

collection occurred within the first three hours after the onset of the dark phase of the 

light:dark cycle in order to minimize circadian variation of the dependent measures.  All 

experimental animals were handled daily for one week prior to training in order to habituate 

them to the stress of being handled by the experimenter.  Different groups of hamsters were 

used for each experiment.  All procedures and protocols were approved by the Georgia State 

University Institutional Animal Care and Use Committee.   

 



 

 

86

Social Interaction 

 Hamsters were weight-matched into three groups: winners, controls, and defeats.  

Social interaction for the winners group consisted of one 15-min interaction with a smaller, 

group-housed intruder.  The resident-intruder model was chosen over a neutral arena to 

increase the chance of attaining each group’s desired outcome, and it most closely resembles 

the conditioned defeat model.  During the 15-min encounter, the resident experimental 

animal attacked the intruder and attained dominance.  Social interaction for the defeat group 

consisted of one 15-min interaction as an intruder in the cage of a resident aggressor.  A 

single 15-min social defeat is sufficient to produce CD (Potegal et al., 1993).  Treatment for 

control animals consisted of being placed in a resident aggressor’s cage alone for 15-min, 

during which time the experimental hamster is exposed to the resident aggressor’s bedding 

but is not attacked. 

Tissue Collection 

 After behavioral training, animals were sacrificed by rapid decapitation.  Weight-

matched winner, control, and defeat groups were each divided into two tissue collection 

groups.  According to group assignment, tissue was collected at either 24 or 72 hours post-

training.  24-hr post-training was chosen because that is when CD is observed, suggesting 

that any changes in receptor densities that may occur to support CD may have occurred by 

this time point.  72-hr was chosen because CD has been shown to occur up to 33 days post-

defeat (Huhman et al., 2003), so long-term changes in receptors may not be evident until a 

later time point. 

Following decapitation brains were extracted and flash frozen on dry ice before being 

stored in a -80°C freezer.  Tissue was sliced on a cryostat at 20 µm.  Five sets of sequential 
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sections targeted at specific points in the brain were collected and mounted on Fisher 

Superfrost slides and stored in a -80°C freezer until autoradiography was performed.  Two 

adjacent sets of sections were processed each for CRFR total binding or CRFR2 binding, 

similar to previously described protocols (Sanchez et al., 1999; Lim et al., 2005), and 

remaining sets were stained or reserved.  

CRF Receptor Autoradiography   

Autoradiography procedures were performed similarly to those described previously 

(Sanchez et al., 1999; Lim et al., 2005) and are described briefly here.  Receptor 

autoradiography was performed with [125I-Tyr0]-sauvagine, which has high affinity for both 

CRFR1 (Kd=0.2-0.4 nM) and CRFR2 (Kd=0.1-0.3 nM) (Grigoriadis et al., 1996; Primus et 

al., 1997).  To identify CRFR2 binding sites, [125I-Tyr0]-sauvagine was combined with an 

excess of unlabeled CP-154,526, a CRFR1-selective antagonist (Schulz et al., 1996).  To 

identify CRFR1 binding sites, optical density readings of total CRFR binding minus specific 

CRFR2 were used.  The subtraction technique is further described below in Data Analysis. 

Slides were thawed at room temperature until dry and lightly fixed for 2 min in 0.1% 

paraformaldehyde-PBS solution (pH 7.4).  Slides were rinsed twice in 50 mM Tris base (pH 

7.4) solution for 10 min each, and then incubated in tracer for 60 min.  Tracer buffer 

consisted of a 50 mM Tris base, 10 mM MgCl, 0.1% bovine serum albumin, 0.05% 

bacitracin, plus 0.2 nM [125I-Tyr0]-sauvagine (PerkinElmer/NEN, Boston, MA), which binds 

both CRFR1 and CRFR2.  Following incubation, slides were rinsed with 50 mM Tris base 

plus 10 mM MgCl (pH 7.4) for 3x5 min, plus 30 min with stirring on a stir plate with a 

magnetic bar.  Slides were then dipped in deionized H2O, blown dry with cool air, and 

apposed to Kodak MR film for 72 hr with [125I] microscale standards (PerkinElmer/NEN).   
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CRFR2 Autoradiography   

An adjacent set of slides were processed at the same time for CRFR2 receptor sites.  

CRFR2 binding was measured as described above, with the addition of unlabeled CP-

154,526-1 (butyl-[2,5-dimethyl-7-(2,4,6-trimethylphenyl)-7H-pyrrolo[2,3-d]-pyrimidin-4-

yl]-ethylamine), a selective CRFR1 antagonist, which was kindly provided by Michael J. 

Owens, Ph.D.  The concentration of CP-154,526 used in this study was 1 µM, which 

competes with [125I-Tyr0]-sauvagine for CRFR1, but not CRFR2, binding sites because the Ki 

for inhibition of binding by [125I-Tyr0]-sauvagine to CRFR2 is greater than 10 µM (Schulz et 

al., 1996).  This protocol has been successfully used to assay rat, hamster, monkey, and vole 

tissue (Sanchez et al., 1999; Skelton et al., 2000; Lim et al., 2005).  

Data Analysis   

Third and fourth sets of adjacent slides were stained for AChE and thionin to better 

delineate brain regions (specifically AChE for amygdalar subnuclei) for image analysis.  

Total CRFR binding, CRFR2 binding and nonspecific binding were quantified using MCID 

Basic v. 7.0 (Imaging Research Inc., Ontario, Canada).  AChE- and thionin-stained sections 

were used to delineate the borders of brain regions of interest before sampling.  

Measurements were averaged for each brain region across two or three sections.  Optical 

density readings were measured in decompositions per minute per milligram tissue (dpm/mg) 

based on a known set of [125I] microscales exposed on each film.   

Specific CRFR2 binding values were obtained by subtracting background values from 

each section and then nonspecific binding values from [125I-Tyr0]-sauvagine binding in the 

presence of 1 µM CP-154,526.  Specific CRFR1 binding values were calculated by 
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subtracting background values from each section and nonspecific binding, and then 

subtracting corrected CRFR2 binding 

Statistics  

The following equations were used to obtain the corrected values for each CRFR1 

and CRFR2: (R2-background)=R2 corrected value; (R1R2-background-R2corrected 

value)=R1 corrected value.  The corrected values for each region were averaged for each 

animal, and an overall mean and standard error was calculated across animals in each group 

for each brain region.  Means were then compared using a one way analysis of variance.  

Alpha was set at 0.05. 

RESULTS 

 The following regions were quantified: lateral septum (LS), posterolateral bed 

nucleus of the stria terminalis (BSTPL), lateral amygdala (La), and piriform cortex (Pir).  Of 

these regions (LS, BSTPL, La, Pir), no significant differences in binding were found 

(CRFR1: F(5,47)=0.76), F(5,22)=0.58, F(5,23)=0.22, F(5,23)=0.88, respectively; CRFR2: 

F(5,48)=1.09), F(5,23)=1.42, F(5,23)=0.51, F(5,23)=1.04, respectively; p>0.05).  Non-

statistical analysis of other brain sites (including periaqueductal gray (PAG) and dorsal raphe 

(DR)) revealed no differences in CRFR1 or CRFR2 binding, and no more measurements 

were recorded. 

DISCUSSION 

The current study revealed no differences in CRFR1 or CRFR2 binding between 

winners, controls, and defeated hamsters in a number of sites analyzed.  The most 

parsimonious interpretation of these data is that there are no changes in CRFR1&2 binding 

following acute defeat.  There are many references to CRF or CRF-like peptide changes 
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following various stressors (Chappell et al., 1986; Watts, 1996; Hatalski et al., 1998; Hsu et 

al., 1998; Helmreich et al., 1999; Jezova et al., 1999; Hsu et al., 2001).  On the contrary, 

there are fewer examples of changes in receptor binding (see Fuchs and Flugge, 1995).  

Although it may be that little research has been dedicated to examining binding sites for 

CRF-like peptides following stress, it is possible that this bias in the literature suggests that 

changes in peptide availability following stress are more likely to occur than are changes at 

the level of CRF receptors. 

It is also possible, of course, that CRF receptors are altered by defeat and that the 

current design did not reveal this change.  While it is possible that there were problems at the 

level of the assay performed, it is more likely that the behavioral design was not conducive to 

detecting changes.  Instead of collecting tissue at time points following the initial defeat, the 

tissue could have been collected at various time points following a 5-min CD test (exposure 

of a defeated hamster to a non-aggressive intruder).  If CRF peptide availability increases in 

defeated hamsters, increased CRF peptide release during CD testing might result in 

decreased binding of 125I-sauvagine (during autoradiography) compared to controls because 

those binding sites are already bound by endogenous CRF.   

Although it is possible that an exhaustive analysis of the autoradiography data might 

reveal an effect that has not been observed thus far, analysis was focused on limbic sites 

previously associated with defeat, particularly the BSTPL (Jasnow et al., 2004b; Cooper and 

Huhman, 2005a), and with fear conditioning (LeDoux, 2000; Blair et al., 2001; Repa et al., 

2001), as well as the LS, DR, and PAG, which is associated with defensive behavior.  The LS 

is involved in the control of agonistic behavior in hamsters (Kollack-Walker et al., 1997; 

Delville et al., 2000) and in fear conditioning (Campeau et al., 1997; Vouimba et al., 1998; 
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Desmedt et al., 1999; Vouimba et al., 1999; Radulovic et al., 2000).  The DR is also involved 

in fear circuitry and is a known site for CRF modulation of serotonin (Price et al., 1998; 

Kirby et al., 2000; Hammack et al., 2002; Thomas et al., 2003; Waselus et al., 2005).  

Finally, the PAG is important for fearful/defensive responses (Misslin, 2003; Vianna and 

Brandao, 2003; Vianna et al., 2003).  It was expected that any differences in binding between 

groups would be evident in one of these sites hypothesized to be important in CD and 

dominance/subordinance formation.  It is possible that changes may have occurred in a site 

we did not anticipate and would only be discovered during an analysis of numerous brain 

sites.  Though this may be performed at a later date, an analysis of the data at that level is 

beyond the scope of this study. 

It is more likely, however, that a change in peptide availability and not a change in 

available binding sites accounts for defeat-induced behavioral changes mediated by CRF.  

This conclusion is drawn from the fact that exogenous CRF administration enhances 

submissive behavior in suboptimally defeated hamsters.  These hamsters, when given 

vehicle, do not show CD, suggesting that changes did not occur following the previous defeat 

that could support an alteration in subsequent behavior.  However, central administration of 

ovine CRF to these hamsters before exposure to a non-aggressive intruder has dramatic 

effects on subsequent behavior (i.e., they exhibit high levels of CD).  Therefore, it appears 

that changes in binding availability may not be occurring following defeat and that increases 

in submissiveness are only observed if the quantity of available peptide increases.   

Overall, this experiment does not reflect a dead-end but a point at which we can 

reconsider potential mechanisms and ways to investigate them.  Hopefully, future 
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experiments will provide more information toward understanding the role of CRF receptors 

in agonistic behavior. 

ACKNOWLEDGEMENTS 

The authors would like to thank Kate Sharer, Miranda M. Lim, PhD., Hemanth P. 

Nair, PhD., Lorra Miller, and the Young Laboratory at Emory University for assistance and 

training in the autoradiography performed in this study.  We would also like to thank Lauren 

Zelinski, and Alisa Norvelle, for assistance with behavior and tissue staining.  CP-154,526 

was kindly provided by Dr. Michael J. Owens at Emory University, Atlanta, GA.  Support 

for this research was provided by MH62044 to KLH, xxxxxxx to LJY, and is supported in 

part by the STC program of the NSF under agreement #IBN-9876754. 

 



 

 

93

GENERAL DISCUSSION 

Synthesis of the Dissertation 

The goal of this project was to investigate the role of CRF type 1 and 2 receptors in 

CD and to identify neuroanatomical locations where CRF may be acting.  The first study 

showed that exogenous administration of a non-specific CRF agonist enhances the 

expression of submissive, and possibly aggressive, behavior in hamsters that have previous 

social experience.  Submissive behavior is increased in hamsters receiving suboptimal (less 

than the standard 15-min) defeat training sessions, while aggressive behavior appears to be 

increased in hamsters not previously subjected to defeat during the experiment.  The second 

study aimed to differentiate which receptor subtype, CRFR1 or CRFR2, mediates effects of 

r/hCRF on agonistic behavior by giving CRFR subtype-specific agonists before testing.  This 

study also aimed to further examine effects of CRF on aggressive behavior with additional 

control.  Further, experiments were performed to determine whether observed effects on 

submissive and aggressive behavior were specific to agonistic behavior or if they resulted 

from general increases in anxiety-like behavior.  The results of this study strongly suggest 

that CRFR1 mediates effects of CRF on agonistic behavior, that the effects are modulated by 

previous social experience, and that the effects do not appear due to increased anxiety-like 

behavior.  The third and fourth studies aimed to describe the localization of CRFR subtypes 

throughout hamster brain and to determine whether there are social experience-induced 

changes in receptor binding of a radiolabeled ligand (possibly indicating increases in binding 

availability for endogenous CRF ligands).  While we successfully mapped CRFR subtypes 

throughout the hamster brain, thereby identifying potential areas of CRFR1 activity related to 

agonistic behavior and CD, we did not see changes in receptor binding 
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following winning or losing an acute agonistic encounter compared to controls.  Though 

other possibilities for this lack of change are also proposed in study four, it is suggested that 

any changes in CRF neurotransmission are not at the level of the receptor but at the level of 

the peptide.  This possibility is supported by numerous reviews of stress-induced changes in 

CRF peptide or mRNA expression (Chappell et al., 1986; Watts, 1996; Hatalski et al., 1998; 

Hsu et al., 1998; Helmreich et al., 1999; Jezova et al., 1999; Hsu et al., 2001).   

 The most important relationship highlighted by these results is that CRFR1 activity 

enhances the expression of agonistic behavior and that this increase appears to be modulated 

by the animal’s previous social experience.  In contrast to this finding, other research in our 

laboratory has revealed a relationship between CRFR2 and submissive behavior.  

Administration of non-specific or CRFR2-specific antagonists, either ICV or directly into the 

BST, attenuate the acquisition and expression of CD while administration of a CRFR1-

specific antagonist does not (Jasnow et al., 1999; Jasnow et al., 2004b; Cooper and Huhman, 

2005a; Cooper and Huhman, 2005b).  This seeming contradiction may indeed indicate that 

CRFR1 and CRFR2 are involved in different aspects of the learning and the display of 

situation-appropriate agonistic behaviors.  Because CRFR2 antagonists reduce the acquisition 

of CD while neither CRFR1 agonists or antagonists (Jasnow et al., 1999; Cooper and 

Huhman, 2005b) affect acquisition, CRFR2 could be involved in memory formation and 

retrieval of social defeat.  CRFR1 could then be involved in the expression of specific 

agonistic behaviors after learning and retrieval have occurred.   

The idea that CRFR1 is involved in the output of behavioral responses predetermined 

by previous social experience raises questions about where and how CRFR1 is affecting the 

expression of agonistic behavior.  While it is not possible with the current data to outline 
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specific pathways and mechanisms involved, examining the distribution of CRFR1 in the 

context of the neural control of agonistic behavior suggests possible directions for further 

investigation.  The first question to address is at what point in the expression of agonistic 

behavior CRFR1 might be playing a role.  Siegel et al. (1999) proposed two classes of 

pathways involved in the “attack response” that may be applicable to this discussion.  The 

first pathway is involved in “mediating expression,” that is, acting at the level of neural 

signals necessary for carrying out motor and autonomic responses.  The second pathway is 

involved in “modulating expression,” or modulating a “threshold” for eliciting the expression 

of agonistic behavior (i.e., suppression or facilitation of behavioral output).  If CRFR1 are 

involved at the level of “mediating expression,” then blocking CRFR1 should block the 

expression of agonistic behavior.  However, this role is not likely because administration of 

the CRFR1-specific antagonist CP-154,526 does not affect CD (Jasnow et al., 1999; Cooper 

and Huhman, 2005b).  A more likely role for CRFR1 lies at the level of “modulating 

expression” of agonistic behavior by affecting “thresholds,” via some unknown pathway, 

necessary for the display of agonistic behavior.  Because oCRF (a CRFR1-specific agonist) 

increases agonistic behavior in suboptimally defeated hamsters, it is possible that the 

concomitant increase of CRFR1 activity is occurring at the level of this/these unspecified 

“threshold(s).”  By doing so, oCRF may be facilitating the attainment of a necessary 

threshold for initiating the expression of agonistic behavior.  On the other hand, CRFR1 

antagonists have no effect on the expression of submissive behavior in optimally (15-min) 

defeated hamsters.  It is possible that these hamsters have undergone changes at this 

“threshold” level or at a level downstream of this point such that CRFR1 activity is no longer 

necessary to elicit the expression of agonistic behavior.   
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Although it is not clear where CRFR1 activation is occurring to affect agonistic 

behavior, the idea that CRFR1 is modulating the expression of agonistic behavior (as 

discussed above) helps to narrow the list of potential sites of action.  According to Siegel et 

al. (1999), the location where “modulation of expression” occurs is likely to be limbic.  Of 

the limbic sites thought to be involved in aggressive and defensive behavior in hamsters, the 

LS shares reciprocal connections with the AH (the latter is considered the center of the neural 

network controlling offensive aggression in hamsters and in other species; Albert and Walsh, 

1984; Siegel et al., 1999; Delville et al., 2000) and shows increases in c-fos mRNA following 

acute defeat (Kollack-Walker and Newman, 1995; Kollack-Walker et al., 1997).  

Additionally, CRFR1 binding was observed in the LS in the current study, confirming the 

existence of CRFR1 in this structure.  Thus, the LS is a possible site of action for CRFR1 

binding in enhancing agonistic behavior.  Perhaps the LS is exerting inhibitory control on 

aggressive behavior that is enhanced by CRFR1 binding in previously defeated hamsters, 

thereby facilitating the suppression of aggressive behaviors to allow for enhanced expression 

of defensive behavior.  On the other hand, CRFR1 binding may be lower in hamsters that 

have not been defeated, thereby facilitating the expression of aggressive behavior.   

Another limbic site involved in both aggressive and defensive behaviors is the BST.  

Acutely defeated hamsters express increases in c-fos mRNA in the BST (Kollack-Walker and 

Newman, 1995; Kollack-Walker et al., 1997), which, like the LS, shares reciprocal 

connections with the AH (Delville et al., 2000).  The BST also expresses c-fos 

immunolabeling following a display of offensive aggression (specifically in the 

posteromedial division of the BST; Delville et al., 2000).  Because CRFR1 are expressed 

throughout the BST in hamster, the BST may be another possible site of CRFR1 activity 
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involved in enhancing agonistic behavior.  Presently, it is difficult to propose a mechanism 

for these actions.  However, the reciprocal connections between the BST and AH enter the 

posterior BST, and c-fos immunolabeling after offensive aggression occurs in the BSTPM 

(Delville et al., 2000).  Additionally, increases in c-fos mRNA expression following acute 

defeat occur in the BSTA.  It is therefore possible that the BSTPM and BSTA are potential 

sites of CRFR1 binding for enhancing aggressive or defensive behavior, respectively. 

It is likely that there are other possible sites of action, or different sites for particular 

aggressive and defensive behaviors, where CRFR1 activity can alter agonistic behavior in a 

modulatory fashion.  However, these hypotheses allow for continued investigation of this 

phenomenon in an effort to further examine the role of CRFR1 in the enhancement of 

agonistic behavior.   

Future Directions 

The LS is the most straightforward place to begin an investigation of other limbic 

sites that may mediate the effects of CRFR1 activation on agonistic behavior.  Similar to the 

experimental design used in the agonist studies in the current project, hamsters could be 

implanted with a guide cannula into the LV and the LS.  By injecting a CRFR1 antagonist 

(like CP-154,526) into the LS prior to ICV injection of oCRF, CRFR1 in the LS should be 

effectively blocked by the antagonist, preventing binding of oCRF.  If the LS is the site 

where CRFR1 activation is occurring to enhance agonistic behavior, enhancement should not 

occur in hamsters receiving CP-154,526.  Figure 1 of the Appendix proposes potential 

pathways that originate in the LS.   

Assuming the LS is the site of CRFR1 activation, its reciprocal connections with the 

AH would provide a pathway for the enhancement of aggressive behavior.  It is possible that 
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inhibitory control of aggressive behavior from the LS to the AH may be “turned off,” or 

inhibited, by CRFR1 activation in the LS in animals that have not been previously defeated.  

In this way, aggressive behavior is not being suppressed (and may actually be increased).  

Conversely, CRFR1 activation in a previously defeated hamster may facilitate inhibition of 

aggression through LS AH connections, decreasing the likelihood of displaying aggressive 

behavior.  Assuming the enhancing effects of CRFR1 activity on aggressive and submissive 

behavior are occurring via the same site of action, it is possible that connections from the LS 

to the AH also activate mechanisms that initiate defensive behavior.  This idea is supported 

by the fact that c-fos mRNA increases in the AH in hamsters following acute defeat 

(Kollack-Walker and Newman, 1995; Kollack-Walker et al., 1997).  Alternatively, another 

possible pathway for activating defensive behavior could be through LS  extended 

amygdala connections.  In particular, the Ce or BSTL, both of which are involved in 

initiation of autonomic and endocrine responses to stress, may be important for activating 

defensive behavior.  As it is difficult to differentiate brain regions involved in stress 

responding from specific regions involved only in defensive behavior (Kollack-Walker and 

Newman, 1995; Kollack-Walker et al., 1997), it is likely that defensive behavior in 

submissive hamsters is modulated by the same upstream sites that are stimulating the 

accompanying stress response.  Potential candidates include Ce, BSTPL, IL, LS, and DR.  

These sites provide potential targets to further map out the circuitry controlling the effect of 

CRFR1 activation on agonistic behavior.  Finally, once it is determined to where the LS is 

projecting to affect agonistic behavior, it will be necessary to determine, on a molecular 

level, how CRFR1 binding is activating these pathways and how previous social experience 

is modulating its effects.   
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A similar experimental design to that described above could be applied to 

investigation of the BST in mediating the effects of CRFR1 activation on agonistic behavior.  

However, this approach is complicated by the fact that CRFR1 activity could be occurring in 

discreet, and possibly multiple, subdivisions of the BST to enhance the experience-

appropriate behavior.  Connections between the BSTP and AH could mediate enhancement 

of aggressive behavior in hamsters that have not been previously defeated.  If so, the 

enhancement of aggressive behavior may be blocked by CP-154,526 injection into the 

BSTPM prior to ICV injection of oCRF.  Investigating the site of action of CRFR1 activation 

on defensive (or submissive) behavior is more complicated.  Increased c-fos mRNA 

expression has been observed in the BSTA following defeat, making this site a possible 

candidate for oCRF binding.  However, because defensive behavior and stress response 

circuitry are likely overlapping, the BSTPL may be a possible site of action due to its 

connections to the stress system (Walker and Davis, 1997; Davis et al., 1997; Davis and Shi, 

1999; Lang et al., 2000).  Therefore, both the BSTPL and the BSTA (specific anterior 

subdivision unknown) are candidates for receiving CP-154,526 prior to ICV oCRF.  Figure 2 

of the Appendix proposes potential pathways that originate in the BST.  If antagonism of 

CRFR1 in one of these sites blocks enhancement of submissive behavior by oCRF in 

previously defeated hamsters, further investigation can commence as to the specific 

molecular mechanisms involved in this effect and how previous social experience modulates 

this outcome.  In the event that antagonism of CRFR1 in both BSTA and BSTPL block 

enhancement of submissive behavior, it is possible that there are connections from or 

between these two sites that are involved in the control of this effect.   
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As stated previously, these are only starting points for further investigation.  Despite 

the numerous findings of this project, an understanding of CRF enhancement of agonistic 

behavior is far from being attained.  I have essentially come a long way to know virtually 

nothing about this phenomenon, but I look forward to the challenge of one day answering 

these questions. 
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Figure A.1.  Represents potential circuitry involved in the control of agonistic behavior by 
CRFR1 in the LS.  In non-defeated hamsters, CRFR1 activity blocks the inhibitory control of 
the LS over the AH, which allows for the expression of aggressive behavior.  Conversely, in 
previously defeated hamsters, CRFR1 in the LS results in inhibition of aggressive behavior 
by inhibiting the AH.  Additionally, projections from the LS to stress circuitry (such as the 
extended amygdala and other sites) would likely mediate the effects of CRFR1 on defensive 
behavior (these projections may be direct or indirect).   
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Figure A.2.  Represents potential circuitry involved in the control of agonistic behavior by 
CRFR1 in the BST.  In previously defeated hamsters, CRFR1 activation could be occurring 
in the BSTPL, initiating stress-responsive behavior (including defensive behavior).  In non-
defeated hamsters, CRFR1 activity could be occurring in the BSTPM, and projections to the 
AH would then initiate aggressive behavior.  Another possibility for the initiation of 
agonistic behavior in defeated hamsters is that CRFR1 binding is occurring in the BSTA, 
which may have projections to the appropriate subregions of the BSTP to block aggressive 
behavior in previously defeated hamsters while indirectly activating defensive behavior via 
the BSTPL (or the BSTPL may be directly activated by concomitant binding at CRFR1 in 
that subregion). 
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