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Corticotropin-releasing factor (CRF) is released in response 
to various stressors and regulates adrenocorticotropin se- 
cretion and glucocorticoid production. In addition to its en- 
docrine functions, CRF acts as a neuromodulator in extra- 
hypothalamic systems and has been shown to play a role in 
behavioral responses to stress. CRF overproduction has been 
implicated in affective disorders such as depression and 
anorexia nervosa. A transgenic mouse model of CRF over- 
production has been developed in order to examine the en- 
docrine and behavioral effects of chronic CRF excess. CRF 
transgenic animals exhibit endocrine abnormalities involving 
the hypothalamic-pituitary-adrenal axis such as elevated 
plasma levels of ACTH and glucocorticoids. The present 
series of experiments tested the hypothesis that chronic 
overproduction of CRF throughout the life-span of these an- 
imals may lead to an anxiogenic behavioral state. CRF trans- 
genie mice and normal littermate controls were tested by 
measuring locomotor activity in a novel environment and 
through the use of an elevated plus-maze as indices of anx- 
iety. CRF transgenic animals exhibited an increase in anxi- 
ogenic behavior, an effect known to occur following central 
administration of CRF in mice and rats. Injection of the CRF 
antagonist a-helical CRF 9-41 into the lateral cerebral ven- 
tricles reversed the anxiogenic state observed in the CRF 
transgenics. This finding supports the possibility that central 
CRF overproduction may mediate the anxiogenic behavior 
exhibited in this animal model. Thus, CRF transgenic mice 
represent a genetic model of CRF overproduction that pro- 
vides a valuable tool for investigating the long-term effects 
of CRF excess and dysregulation in the CNS. 

[Key words: ACTH, anxiogenic, behavior, corticotropin-re- 
leasing factor, depression, glucocortkoids, rodents, trans- 
genie] 

Corticotropin-releasing factor (CRF) is a 4 1 -residue hypotha- 
lamic peptide that stimulates the secretion and biosynthesis of 
pituitary ACTH leading to increased adrenal glucocorticoid pro- 
duction. CRF was originally isolated and characterized on the 
basis of this role in the hypothalamic-pituitary-adrenal (HPA) 
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axis (Vale et al., 198 1). More recently, however, CRF has been 
found to be distributed broadly within the CNS as well as in 
extra-neural tissues such as the adrenal glands and testes (Swan- 
son et al., 1983; Suda et al., 1984; Fabbri et al., 1990) where 
it may also act as a paracrine regulator or neurotransmitter. In 
addition to its critical role of mediating HPA axis activation, 
CRF has been shown to modulate behavioral changes that occur 
during the stress response. Many of these behavioral changes 
have been shown to occur independently of HPA activation in 
that they are insensitive to dexamethasone treatment and hy- 
pophysectomy (D. R. Britton et al., 1986; K. T. Britton et al., 
1986a; Berridge and Dunn, 1989). In addition, direct infusion 
of CRF into the CNS mimics autonomic and behavioral re- 
sponses to a variety of stressors (Sutton et al., 1982; Brown and 
Fisher, 1983; Stephens et al., 1988; Butler et al., 1990) and the 
peripheral administration of CRF or the CRF antagonist cY-hel- 
ical CRF 9-41 has failed to produce these changes, thus sup- 
porting a central role for CRF in such functions. 

Central administration of CRF in rodent animal models pro- 
duces effects that correlate with a state of anxiety such as a 
reduction in investigation of unfamiliar surroundings (Sutton et 
al., 1982; Sherman and Kalin, 1987; Berridge and Dunn, 1989; 
Butler et al., 1990), decreased sleeping (Sherman and Kalin, 
1987) enhanced fear responses (Sutton et al., 1982; Butler et 
al., 1990), decreased food consumption (Morely and Levine, 
1982) and suppressed sexual behavior (Sirinathsinghji et al., 
1983). These changes are similar to those behavioral changes 
that occur during acute and chronic stressors and parallel changes 
that occur in human affective disorders including major de- 
pressive disorder, panic disorder, and anorexia nervosa, sug- 
gesting a role for CRF in the pathophysiology of mental illness 
(Kaye et al., 1987; Gold et al., 1988b; Kathol et al., 1988; 
Nemeroff, 1988). CRF hypersecretion has been linked to a por- 
tion of those individuals diagnosed with major depression 
(Nemeroff et al., 1984) and while not all studies have supported 
the claim that cerebrospinal fluid CRF levels are altered in this 
group, most agree that HPA axis responsivity is abnormal and 
that a large portion of individuals diagnosed with depression 
have elevated cortisol levels (Roy-Byrne et al., 1986; Kling et 
al., 199 1). Moreover, in major depression (Holsboer et al., 1984) 
and panic disorder (Roy-Byrne et al., 1986) CRF administration 
results in a blunted ACTH response, suggesting that the pituitary 
is properly restrained, presumably by the negative feedback ef- 
fect of elevated levels of glucocorticoids. In view of these find- 
ings it has been suggested that the hypercortisolism in major 
depression is due to abnormal CRF secretion within the CNS 
(Gold et al., 1988a). 

A transgenic mouse model of chronic CRF hypersecretion has 
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recently been developed (Stenzel-Poore et al., 1992). These an- 
imals express high levels of ACTH and corticosterone through- 
out their life-span and develop a Cushing’s syndrome phenotype 
due to excess glucocorticoid production. Numerous CNS sites 
in the transgenic animals display elevated CRF gene expression, 
although plasma CRF levels are not elevated (Stenzel-Poore et 
al., 1992). The fact that plasma levels do not parallel the in- 
creased expression of CRF in the brain may indicate that ex- 
tra-hypothalamic sources of CRF transgene overexpression do 
not substantially contribute to plasma levels. In addition, since 
the CRF transgene is expressed in the pituitary, paracrine stim- 
ulation by locally synthesized CRF could provide a constant 
stimulus to corticotropes and result in elevated levels of ACTH 
without measurable changes in plasma levels of CRF. Thus, the 
fact that these animals show chronic overexpression of central 
CRF and hyperactivation of the pituitary-adrenal axis makes 
them a good model to investigate the role of CRF in long-term 
behavioral changes, particularly with respect to behavioral re- 
sponses to stress. 

In the present series of studies, the hypothesis that persistent 
central CRF hypersecretion produces anxiogenic behavior was 
tested. Measurements of behavioral responses to stress were 
made using two tests sensitive to the natural aversion of rodents 
for open spaces: the locomotor activity response in a novel 
environment and the elevated plus-maze (Pellow et al., 1985; 
Lister, 1987). The additive effect of social aggression on the 
performance of CRF transgenics was examined in order to de- 
termine the reactivity of these animals to a psychological stres- 
sor. Finally, to test whether brain CRF plays a role in mediating 
the altered behavior of the CRF transgenics, the protective ac- 
tions of the centrally administered CRF antagonist a-helical 
CRF 9-41 were examined. 

Materials and Methods 
Animals 
CRF transgenic mice were generated as previously described (Stenzel- 
Poore et al., 1992). Briefly, the CRF transgene was composed of the rat 
genomic CRF gene (Thompson et al., 1987) and the 5’ regulatory region 
was replaced by the mouse metallothionein- 1 gene (1.8 kilobase pairs, 
kbp) (Palmiter et al., 1983). The 3’ untranslated region of the human 
growth hormone gene (0.65 kbp) that contains a polyadenylation signal 
sequence (DeNoto et al., 1981) was ligated to the 3’ end of the CRF 
gene in order to ensure adequate RNA processing of the fusion gene. 
Transgenic mice (C57/B6 x SJL) were screened using the polymerase 
chain reaction (PCR) and transgene-specific primers to amplify tail DNA 
as previously described (Stenzel-Poore et al., 1992). A single transgenic 
founder male was used as the source of this transgenic line and thus all 
animals are descendant offspring. Adult male mice (transgenic and non- 
transgenic littermate controls) aged 2-9 months and weighing 25-30 gm 
were housed singly in a pathogen-free transgenic facility. Mice were 
given rodent chow and water ad libitum and kept on a 12 hr light/dark 
schedule with lights on from 0600 to 1800. 

Experiments involving animals were performed in accordance with 
the NIH guidelines for care and use of laboratory animals. 

Surgery and intracerebroventricular microinjections 
Surgery. Mice were anesthetized with ketamine/xylazine (50 mg/kg, SC) 
and mounted in a stereotaxic instrument with the incisor bar at -2.0 
mm. Mice were implanted with a single cannula placed in the right 
lateral ventricle. Guide cannulas (2.5 mm length, 26 gauge; Plastics 
One, Roanoke, VA) were positioned 1 .O mm above the lateral ventricle 
(AP at the bregma; DV 1.4 mm below the surface of the skull and ML 
1.1 mm lateral). The cannulas were fixed to the skull using three 1.6 
mm stainless steel screws and dental cement. Animals were allowed to 
recover from surgery for a minimum of 5 d before testing, during which 
time 30 gauge dummy cannulas were left inside the guide cannula. 

Brain cannula infusions. Intracerebroventricular (ICV) infusions were 

performed using 30 gauge infusion cannulas cut to extend 1.0 mm 
beyond the end of the guide cannula. Dummy cannulas were removed 
and replaced by the infusion cannulas that were fitted to PE-50 tubing 
and connected to a 50 ~1 syringe. The infusion samples were delivered 
in a 2.0 ~1 volume over 30 set using an automated infusion pump. 
Infusion cannulas were left in place for an additional 60 set to prevent 
efflux of infusion material and then replaced by the dummy cannulas 
for the duration of the experiment. To verify cannula placements, the 
brains were removed, fixed in 10% formalin/lO% sucrose, and frozen 
just prior to tissue sectioning on a freezing microtome. 

Behavioral tests 
Novel environment. A Plexiglas box (33 cm long x 23 cm wide x 20 
cm high) was equipped with two computer-interfaced, infrared photocell 
beams that trisected the length of the chamber. Mice were allowed to 
explore the box for 30 min, during which time horizontal locomotor 
activity as well as movement from one end of the box to the other was 
recorded. The boxes were cleaned with water following each use. Ex- 
periments designed to test the effect of social defeat stress were per- 
formed 3-5 min following exposure of the test animal to the stressor. 
The social defeat stress consisted of a brief encounter between a test 
male (intruder) and a resident male (resident) that has been housed with 
a family composed of a female and pups. The resident-intruder inter- 
action took place in the resident male cage, and in all cases the intruder 
was placed in the cage for < 1 min. At the first sign of aggressive behavior 
between two animals, the intruder male was removed from the resident 
cage and housed singly for 3-5 min before placement into the novel 
environment chamber to measure locomotor activity. 

Elevated plus-maze. The elevated plus-maze was employed as a val- 
idated animal model of anxiety that is based on the natural aversion of 
rodents to open spaces and is a model that is sensitive to the effects of 
both anxiolytic and anxiogenic agents in rats and mice (Pellow et al., 
1985; Lister, 1987; Onaivi et al., 1990). A four-arm radial maze con- 
sisting of two opposing enclosed arms (30 cm high x 30 cm long x 5 
cm wide) and two opposing exposed arms (30 cm x 5 cm) was elevated 
on a pedestal 30 cm above the surface of a table and situated in the 
center of a dimly lit room. Computer-interfaced, infrared photocell 
beams situated around the perimeter and diagonally across the center 
of the maze monitored the amount of time spent in each compartment 
and provided a gross measure of overall activity. Mice were placed in 
the center of the maze facing an enclosed arm to begin the 5 min test 
period and the apparatus was cleaned with wetted towels after each test. 
Tests involving brain cannula infusions were performed 5 min following 
the infusion ofthe test peptide or vehicle. The CRF antagonist a-helical 
CRF 9-4 1 (J. Rivier, The Salk Institute) (Rivier et al., 1984) is a com- 
petitive antagonist of CRF that blocks endocrine, behavioral, and au- 
tonomic functions of CRF (Brown et al., 1986; Rivier et al., 1986; 
Berridae and Dunn. 1987: Kalin et al.. 1988: Heinrichs et al.. 19921. 
The cu-lhelical CRF 9-4 1 antagonist was hissol;ed in acidified water (ph 
6.7) and animals were infused with 1 or 5 fig of a-helical CRF in a 2 ~1 
volume or given vehicle alone (2 ~1). 

Experimental design 
All behavioral tests were performed in a dimly lit room between 1900 
and 2400 during the active period of these animals. Two separate groups 
of mice were tested that had never experienced any form of behavioral 
testing prior to the studies described here. Group A was composed of 
10 transgenic and 12 nontransgenic animals that were untreated, and 
group B consisted of animals (18 transgenic and 17 nontransgenic) that 
were cannulated intracerebroventricularly and used to examine the effect 
of a-helical CRF 9-41. Both groups of mice were housed singly in 
microisolater cages. The mice were handled briefly the day prior to 
testing and the two behavioral tests were performed on separate days. 
The experiments were replicated twice using separate animals. Follow- 
ing a 2 month interval of no testing, a subset of group A mice (seven 
transgenic, six nontransgenic) were exposed to the resident-intruder 
social defeat stress and retested in the novel environment paradigm. 
The subset of mice had never previously been exposed to the resident- 
intruder stress prior to this study. 

ICV cannulations were performed on group B animals 1 week prior 
to behavioral testing. Infusions were performed in the home cage. At 
the time of testing, the dummy cannula was removed and replaced with 
the infusion cannula. Vehicle or a-helical 9-4 1 CRF was slowlv delivered 
in a 2.0 ~1 volume over a 30 set interval. To avoid leakage of&e infusion 
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Figure 1. Mean (GEM) locomotor activity (A) and crossover fre- 
quency (B) of control (squares; n = 10) and transgenic CRF (circles; n 
= 12) mice placed individually for 30 min in novel photocell cages. **, 
p i 0.01. 

material, the infusion cannula was left in place for an additional 60 set 
and then replaced with the dummy cannula. Treated animals were tested 
on the elevated plus-maze 5 min following the ICV infusion. 

Statistical analysis 
The overall two- and three-factor designs were analyzed by ANOVA 
with transgenic status and peptide treatment as between-subject factors 
and elapsed time as a repeated measure. Individual means (-tSEM) 
were compared using Newman-Keuls post hoc and Student’s t tests. 

Results 
Behavior of the CRF transgenics differed markedly from control 
animals in test situations designed to assess behavioral acti- 
vation and anxiogenic-like states. 

Novel environment 

Locomotor activity varied significantly [F(5,100) = 19.29, p 
< .OO l] with elapsed time, as did crossover activity [F(5,100) = 
25.73, p <.OOl]. Analysis of simple main effects indicated that 
CRF transgenic mice were less active during the first 5 min of 
the test (p < 0.01, Newman-Keuls test) but did not differ sig- 
nificantly from nontransgenic littermate controls at any subse- 
quent S min interval up to 30 min (Fig. 1). 

Effects of social defeat on locomotor activity in the novel 
environment 
Assessment of locomotor activity in the novel environment 
showed a clear reduction in locomotion among transgenic an- 
imals compared to controls. To test whether this behavioral 
difference could be exaggerated by social defeat stress, animals 
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Figure 2. Mean (+SEM) locomotor activity of untreated (open circles; 
n = 10) versus prestressed (solid circles; n = 6) control mice (A) and 
untreated (open squares; n = 12) versus prestressed (solid squares; n = 
7) CRF transgenic mice (B). Activity of individual mice was measured 
in novel photocell cages over a 30 min test period. **, p < 0.0 1 versus 
prestressed CRF transgenic mice. 

were tested in the novel environment immediately following 
social defeat by an aggressive male counterpart mouse. A sig- 
nificant effect was observed during the first 15 min of testing 
wherein transgenic animals were markedly hypoactive com- 
pared with prestressed transgenics (Fig. 2). 

Elevated plus-maze 
The percentage of time spent on exposed versus enclosed arms 
[F( 1,16) = 4.56, p < 0.051 and the overall activity [F( 1,16) = 
7.53, p < 0.021 were significantly reduced among CRF trans- 
genie mice relative to controls (Fig. 3). 
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B 
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Figure 3. Mean (+SEM) percentage of time spent on the open arms 
(A) and overall activity (B) of control (n = 8) or CRF transgenic (n = 
10) mice over a 5 min test on the elevated plus-maze. *, p < 0.05. 
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A velopment and the adult life-span of these animals. Behavioral 
alterations were observed in both the novel environment par- 
adigm and the elevated plus-maze. These effects appear to be 
due to central CRF expression, since pretreatment with the CRF 
antagonist a-helical CRF 9-4 1 reversed the anxiogenic-like state 
of the transgenic animals. 

The behavior of animals in the novel setting has been shown 
to be sensitive to the effects of acute, central administration of 
CRF (Sutton et al., 1982; Sherman and Kalin, 1987). These 
effects are known to occur in the absence of HPA activation (D. 
R. Britton et al., 1986; K. T. Britton et al., 1986a). In addition, 
while glucocorticoids regulate CRF in the hypothalamus, extra- 
hypothalamic sites of CRF expression have been found to be 
insensitive to alterations in peripheral glucocorticoid levels (Ko- 
vats and Mezey, 1987; Beyer et al., 1988; Swanson and Sim- 
mons, 1989; Frim et al., 1990; T. Imaki et al., 1991). The CRF 
transgenic animals represent an animal model wherein the trans- 
gene is not subject to the same regulatory controls of the en- 
dogenous CRF gene such as inhibition by increased levels of 
glucocorticoids and stimulation by catecholamines. Thus, these 
animals are exposed centrally to continuous CRF stimulation. 

Elevated CRF expression is accompanied by a marked sup- 
pression in locomotor activity when the animals are tested in a 
novel environment, a finding that parallels the novelty-depen- 
dent hypoactivity following central CRF infusion. This transient 
reduction in exploration is probably not a motor deficit since 
the locomotor activity of transgenic and littermate control mice 
did not differ following the initial 5 min measurement interval. 
Furthermore, the groups did not differ over the latter part of 
the measurement interval in crossover frequency, a measure of 
ambulation from one end of the testing environment to the 
other, suggesting that the activity observed resulted from a nor- 
mal pattern of exploration. The CRF transgenic group was rel- 
atively hypoactive during each of the six 5 min testing intervals 
relative to control mice, although a significant difference ap- 
peared only in the first 5 min interval, perhaps due to within- 
session habituation to the threatening impact of an unfamiliar 
environment that results following 15 min or less of exposure 
(Takahashi et al., 1989). Thus, among the CRF transgenics, 
continuous exposure to centrally derived CRF results in a be- 
havioral pattern similar to the anxiogenic-like effects of acute 
CRF administration. 

In order to investigate whether in this animal model the be- 
havioral effects of novelty could be potentiated by preexposure 
to a supplemental psychological stressor, the effect of a social 
defeat stressor upon locomotor activity in the novel environ- 
ment was tested. The locomotor hypoactivity of the CRF trans- 
genies compared with control animals subjected to the same 
compound stressor was more dramatic and more persistent than 
that induced by novelty alone. These results indicate that CRF 
transgenics display an exaggerated response to stress that is con- 
sistent with an increased anxiogenic behavioral state. 

The behavioral effects of central CRF injection in a variety 
of paradigms have been shown to be “anxiogenic-like” (Dunn 
and Berridge, 1990). The elevated plus-maze was employed as 
a validated animal model of anxiety that is predictive of drug 
responses in humans. This test, which is based on the natural 
aversion of rodents to open spaces, is sensitive to the effects of 
both anxiolytic and anxiogenic agents in rats and mice (Pellow 
et al., 1985; Lister, 1987; Onaivi et al., 1990) and to the stress- 
protective effects of a CRF antagonist (Heinrichs et al., 1992). 
As in the novel environment, clear group differences were ob- 

1 60 
+ 

LI 1 T 

0 1 5 0 1 5 
control CRF transgenic 

a-helical CRF 9-41 (ug ICV) 

B 

70 1 

0 1 5 0 1 5 
control CRF transgenic 

a-helical CRF 9-41 (ug ICV) 

Figure 4. Mean (+SEM) percentage of time spent on the open arms 
(A) and overall activity (B) during a 5 min test on the elevated plus- 
maze following pretreatment with CRF antagonist of both control (0, 
n = 7; 1 pg, n = 5; 5 pg, n = 5) and CRF transgenic (0, n = 7; 1 pg, n 
= 5; 5 pg, n = 6) mice. Statistical significance determined by Student’s 
t test; *, p < 0.05 versus vehicle-treated control group; +, p < 0.05 
versus vehicle-treated CRF transgenic group. 

Efect of ICV administration of a-helical CRF 9-41 on the 
elevated plus- maze 

The effect of ICV administration of a-helical CRF 9-41 was 
tested using the elevated plus-maze as a measure of anxiogenic 
behavior since this test is exquisitely sensitive to CRF agonist 
and antagonist effects (Heim-ichs et al., 1992; Pith et al., 1993). 
The reduced time spent on the open maze arms in vehicle- 
treated CRF transgenic mice relative to vehicle-treated controls 
[t( 12) = 1.8, p < 0.05, one-tailed] was completely reversed by 
ICV infusion of the CRF antagonist a-helical CRF 9-41 at a 
dose of 5 pg [F( 1,12) = 17.2, p < O.OOS] but not 1 Mg, 5 min 
prior to testing on the elevated plus-maze (Fig. 4A). The overall 
activity score in the elevated plus-maze among vehicle-treated 
CRF transgenic mice was suppressed relative to vehicle-treated 
controls [t( 12) = 1.97, p < 0.05, one-tailed] while neither 1 nor 
5 pg doses of a-helical CRF 9-41 altered activity significantly 
relative to the respective vehicle-treated groups (Fig. 4B). 

Discussion 

CRF transgenic mice exhibited increased behavioral reactivity 
to environmental stress consistent with the known stress-en- 
hancing effects of centrally administered CRF. This enhanced 
behavioral response to stress may result from a chronic state of 
CRF overproduction, a condition that occurs throughout de- 
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served between the CRF transgenics and control animals using 
this test paradigm. The percentage of time spent on the exposed 
versus enclosed arms was significantly reduced among the trans- 
genies compared with control animals, suggesting that this an- 
imal model exhibits a spontaneous anxiogenic-like state. 

To test whether such increased behavioral reactivity to en- 
vironmental stress was due, in part, to the expression of CRF 
in these transgenics, the CRF receptor antagonist a-helical CRF 
9-41 was infused into the lateral ventricles prior to testing in 
the elevated plus-maze. Administration of a 5 PLg dose of the 
antagonist reversed the significant decrease in the percentage of 
time spent on the exposed versus enclosed arms characteristic 
of the transgenic mice. It has been observed before that central 
administration ofa-helical CRF 9-4 1 in the rat attenuates stress- 
induced suppression of open arm exploration without altering 
activity on the plus-maze (Heinrichs et al., 1992). In the present 
experiments, this pattern of results suggests selective effects of 
the CRF antagonist on the behavioral response to stress as op- 
posed to nonspecific changes in motor performance. 

The ability of a-helical CRF 9-41 to inhibit the action of CRF 
differs according to the biological action of CRF being measured 
(Fisher et al., 199 1; Heinrichs et al., 1992). While ICV admin- 
istration of this receptor antagonist results in potent inhibition 
of CNS effects of CRF (K. T. Britton et al., 1986b; Berridge and 
Dunn, 1987; Kalin et al., 1988; Fisher et al., 1991; Heinrichs 
et al., 1992) only weak effects by a-helical CRF 9-4 1 have been 
reported on CRF-induced ACTH release (Brown et al., 1989; 
Heinrichs et al., 1992). In the study described here, an effect of 
the antagonist at the level of the pituitary seems unlikely, al- 
though we cannot completely rule out this possibility since pe- 
ripheral plasma ACTH levels following ICV injection of the 
antagonist were not determined. In view of previous studies 
showing that the anxiogenic behavioral effects of ICV CRF are 
independent of pituitary-adrenal activation (D. R. Britton et 
al., 1986; K. T. Britton et al., 1986a; Berridge and Dunn, 1989) 
and occur in experimental conditions designed to limit access 
of intracerebroventricularly injected CRF to the CNS (Tazi et 
al., 1987) it is likely that suppression of anxiogenic behavior 
by this CRF antagonist in the CRF transgenics is mediated 
centrally. In addition, although chronic elevations in ACTH or 
glucocorticoids during the life-span of the transgenics could con- 
tribute to their anxiogenic behavioral state, the fact that this 
behavioral state was reversed (as measured in the elevated plus- 
maze) within 5 min following ICV injection of the antagonist 
argues against effects solely mediated by these pituitary-adrenal 
hormones. Thus, the above findings support the hypothesis that 
CRF overproduction in the CNS in this animal model leads to 
increased anxiogenic-like behavior. 

The widespread distribution of CRF expression in brains of 
normal animals has led to a heightened interest in the role CRF 
plays in regulating and integrating complex behavior (Swanson 
et al., 1983; Imaki et al., 1989; J. Imaki, 1991). The relative 
importance of CRF located in distinct brain regions is unclear, 
although CRF injection into specific sites, such as the locus 
coeruleus (Butler et al., 1990) and amygdala (Weiss et al., 1986; 
Liang and Lee, 1988) has been implicated in effecting distinct 
behavioral responses. CRF expression in the transgenic model 
described here is clearly elevated in a number of sites in the 
brain although peripheral plasma levels of CRF do not appear 
to be elevated (Stenzel-Poore et al., 1992). It has been reported 
previously that the transgenic mice displayed markedly elevated 
signals for CRF mRNA in nearly all areas of expression shared 

in common with controls. In addition, CRF transgenic mice 
exhibited prominent mRNA signals in some regions acknowl- 
edged as sites of CRF expression in the rat that were not de- 
tectable in control mice, including the supraoptic and dorso- 
medial nuclei of the hypothalamus, lateral hypothalamic area, 
substantia innominata, vestibular complex, and the lateral re- 
ticular nucleus. Moreover, a number of regions not previously 
identified as sites of CRF gene or peptide expression in any 
species contained robust mRNA signals: the arcuate nucleus of 
the hypothalamus, the subfornical organ, lateral habenula, the 
granule cell layer of the dentate gyrus, the dorsal subiculum, 
and the deep nuclei of the cerebellum (Stenzel-Poore et al., 
1992). 

A number of workers have employed daily, repeated admin- 
istration of CRF as a means of modeling the chronic state of 
CRF activation reported to accompany psychopathology in hu- 
man clinical populations (Hotta, 199 1). By following this course 
for several days or weeks one can observe diminished weight 
gain, hypogonadism, and persistent HPA axis activation that 
parallel the pattern of psychiatric symptomatology during de- 
pression or anorexia nervosa. These findings are supported by 
the present data in which animals with an intrinsic overpro- 
duction of CRF exhibit unprovoked hyper-reactivity to envi- 
ronmental stressors. Furthermore, while these animals have a 
Cushing’s-like phenotype associated with glucocorticoid excess, 
the present anxiogenic state may be attributed to neurotropic 
actions of CRF within the brain since the reduction in explor- 
atory behavior in response to environmental stress of the trans- 
genie mice was reversed with a centrally administered CRF 
receptor antagonist. Hence, this new animal model is well suited 
for testing neurogenic hypotheses in the pathogenesis of human 
psychopathology. 
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