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INSEL, T. R. AND C. R. HARBAUGH. Central administration of corticotropin releasing factor alters rat pup isolation 
calls. PHARMACOL BIOCHEM BEHAV 32(1) 197-201, 1989.--Rat pups, when socially isolated, emit ultrasonic vocali- 
zations which are believed to indicate distress. This study investigated the effect of intracerebroventricular (ICV) adminis- 
tration of corticotropin releasing factor (CRF) on the production of ultrasonic isolation calls. Following a 2-minute baseline 
isolation test, rat pups (5-6 days old) were injected ICV with CRF or the CRF antagonist, a-helical CRF (9--41). Thirty 
minutes later, calls were significantly decreased following CRF (0. I and 0.01 p.g) and increased following the CRF 
antagonist (1.0 p.g). These effects were not explained by changes in locomotor activity, thermoregulation, or plasma 
glucocorticoid levels following peptide administration. Peripheral administration of CRF (I.0 and 10.0/.tg) did not alter the 
number of isolation calls. 
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CORTICOTROPIN releasing factor (CRF) is a 41 amino acid 
neuropeptide with endocrine, physiologic, and behavioral ef- 
fects related to stress (16,29). The endocrine effects of CRF, 
including the release of corticotropin (ACTH) and 
/3-endorphin, are mediated by selective membrane bound re- 
ceptors in the pituitary (8). Central administration of the 
peptide has been associated with physiologic changes re- 
sembling a stress response, such as increases in heart rate, 
blood pressure, and plasma levels of catecholamines (5). In 
addition, following intracerebroventricular (ICV) injections 
of CRF, dose-dependent increases in behavioral activation 
(27), enhanced response to novelty (4), and decreased food 
ingestion (18) and reproductive behavior (24) have been re- 
ported. These various behavioral effects are believed to be 
mediated by selective brain receptors (9), although the re- 
gional localization of the effects of exogenous peptide re- 
mains unclear (6). 

Recently, we reported a marked increase in brain CRF 
receptors in the developing rat (12). In the first week of 
postnatal life, CRF receptors were more than 300% of their 
adult level with an extremely dense distribution in striatum 
and cortex. In addition, many of these receptors were 
coupled to adenylate cyclase, suggesting that they were 
functional early in postnatal life. There is however, no avail- 
able information about behavioral or physiologic responses 
to centrally administered CRF in development. 

The studies described here investigate whether centrally 
administered CRF might have behavioral effects related to 
stress in infant rats. Although several of the measures of 
stress previously reported with CRF administration to adult 
rats, such as changes in exploratory behavior, food intake, 

or sexual behavior are not relevant to altricial infants, one 
reproducible behavior associated with the stress of isolation 
in the rat pup is a species-typical vocalization. Rat pup isola- 
tion calls are ultrasonic (35--45 kHz), monotonic sounds 
which are potent stimuli for maternal retrieval (2,25). They 
can be elicited within the first day of postnatal life and con- 
tinue throughout the first 2 weeks whenever a pup is sepa- 
rated from its littermates and mother (22). Several observa- 
tions link this behavior to stress or anxiety. Calls increase as 
environmental conditions become more harsh or novel com- 
pared to the maternal nest (l l). Anxiolytic compounds, such 
as the benzodiazepines, decrease the rate of calling (10,15), 
while anxiogenic compounds, such as pentylenetetrazol, in- 
crease the rate of calling (I 5). Furthermore, rat pups from an 
emotionally reactive inbred strain call more than their non- 
reactive congeners (14). On the basis of these observations, 
we predicted that CRF would increase the rate of ultrasonic 
isolation calls in the rat pup. 

METHOD 

Offspring of our Sprague-Dawley breeders (original stock 
from Taconic Farms, Taconic, NY) were used when either 5 
or 6 days old. Until the day of the experiment, pups were 
housed with both parents in a 55x31x21 cm cage kept in the 
colony room at 24°C with a 12-12 light-dark cycle. Parents 
were removed 45 minutes prior to testing. 

For baseline tests, each pup was removed from its litter- 
mates, weighed, and then placed for 2 minutes in the record- 
ing chamber. This chamber is a Plexiglas container (46×29 
cm) with a 5x5 cm grid drawn on the floor and a microphone 
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T A B L E  1 

M E A N S  ("- SEM)  V O C A L  A N D  L O C O M O T O R  S C O R E S  B E F O R E  A N D  A F T E R  ICV T R E A ' F M E N T S  

Dose (p.g) n Base Voc Post Voc Base Loc Post Loc 

Saline 13 134.6 ± 9.2 115.5 _+ I1.1 10.6 ± 3.9 12.1 _+ 3.9 
CRF0.1 9 120.5= 15.7 I I . 0=  3.8* 9 . 5 ± 3 . 2  4 .4_  + 1.0 
CRF0.01 7 115.4 = 8.7 50.3 = 11.2" 13.3 ±_ 2.2 12.3 _+ 2.6 
CRF 0.001 8 117.7 ± 17.4 62.2 ± 12.2 10.2 _+ 3.2 3.7 ± 1.6 
CRF - A 1.0 10 135.7 ± 19.5 162.9 = 27.7* 11.7 ± 4.2 13.8 _+ 4.2 
CRF0.01 + A 1.0 9 123.7 _+ 13.4 99.4 ± 14.5 3.1 ± 1.8 0.2 _+ 0. I 

*Signifies p<0.05 by post hoc comparison to saline. 
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FIG. 1. Change in vocalizations within 2-minute test period, 30 
minutes following ICV I /xl injection with saline, CRF (0.1, 0.01, 
0.001 p.g), a-helical CRF ( 1.0 p.g), or a-helical CRF ( 1.0/,~g) + CRF 
(0.01 p.g). Raw means are shown in Table I. Note that upward de- 
flection denotes decrease in number of calls. There is a significant 
overall effect for treatment, F(5,46)= 10.18, p=0.0001, with * indi- 
cating significant (o<0.05) differences from saline. 
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FIG. 2. Longitudinal recording of vocalizations "after saline or CRF 
(0.1 /.tg) ICV injection shows a significant difference between treat- 
ments, F( 1,3)=7.034, p =0.02, with CRF decreasing calls more than 
saline (* indicates p<0.05) at 20, 30, and 90 minutes. 

(Bruel and Kjaer  Model 4385, Copenhagen)  suspended 
within a parabolic ref lector  10 cm above the floor. At the end 
of  the 2-minute baseline test,  each pup was injected with 
peptide or  saline, then returned to its litter (without parents).  
Thirty minutes later, pups were  retested to assess t reatment  
effects. In a subsequent  longitudinal study, pups were in- 
j ec ted  in an identical fashion and then tested (for 2 minutes) 
at 10, 20, 30, and 90 minutes following t reatment  with inter- 
vals be tween  tests spent with li t termates. 

Ultrasonic calls were t ransformed by a digital sound spec- 
trum analysis system providing on-line the number  of  calls in 
each 2-minute session (7). Records were stored on a mag- 
netic disk to permit subsequent  analysis for the f requency 
range and relative power  of  each call. L o c o m o t o r  activity 
was recorded by visual scoring of  c rossovers  on the floor 
grid of  the recording chamber .  Room temperature  in all 
studies was 24°C. Pup temperatures  were recorded with both 
a skin probe (YSI-J-8443) and a rectal probe (YSI-K74367) at 
the end of  the isolation test. 

o - C R F  (1--41) and a-hel ical  C R F  (9-41) were obtained 
from Bachem (Torrance,  CA). C R F  was dissolved in phos- 
phate buffered saline (PBS); a-helical  C R F  was initially dis- 
solved in deionized water  at pH 8.0, then brought to a final 
concentra t ion in PBS. Saline was given in the form of  PBS. 

Peptides or  PBS were injected in a volume of 1 p.I using a 
30-g needle in unanesthet ized pups. At 6 days of  age, the rat 
skull is not complete ly  calcified and landmarks can be di- 
rectly visualized through the skin for percutaneous  injec- 
tions. To ensure that injections were  actually ICV, each in- 
jec t ion  included 20% India ink by volume. Immedia te ly  after 
the post t reatment  recording session, each pup was decapi- 
tated and the brain was inspected for injection site. Only data 
from pups with filling o f  at least one lateral ventr icle  were  
included in the analysis. Subcutaneous  injections were  given 
at the nape of  the neck in a volume of  100/,tl using a 30-g 
needle.  

Doses o f  C R F  were 0.001, 0.01, and 0.10 p.g/pup and for 
n-helical CRF was 1.0/.tg/pup. Between  7 and 13 pups were 
used at each dose (total n=56).  Each active t reatment  condi- 
tion included pups from at least three or  four litters. Saline 
controls ,  which were  drawn from li t termates of  pups receiv- 
ing active t reatment ,  represent  8 litters. Pups calling less that 
60 (n= 14) or  more than 260 (n=5)  t imes within the 2-minute 
baseline were  excluded to avoid floor or  ceiling effects in the 
analysis.  

Trunk blood was col lected in heparinized tubes for corti- 
cos terone  determinat ion.  After  blood was spun for 10 min- 
utes at 3,000 RPM, plasma was r emoved  and frozen at -20°C 
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TABLE 2 

CRF EFFECTS ON TEMPERATURE 

Baseline Post t reatment  

n Skin Rectal Skin Rectal 

Saline 7 30.7 - 0.47 30.6 _+ 0.18 29.8 ± 0.67 30.5 _+ 0.14 
CRF (0.1 ptg) 9 30.4 +_ 0.43 30.2 ± 0.23 29.7 __. 0.41 30.1 _+ 0.24 
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FIG. 3. Mean (±SEM) number of calls at baseline and 30 minutes 
following subcutaneous administration of saline, 1.0/xg CRF. or 10.0 
/xg CRF to 6-day-old pups. There are no significant differences in the 
rate of vocalization following peripheral administration of CRF. 
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FIG. 4. Mean (-SEM) plasma concentration of corticosterone fol- 
lowing either ICV or peripheral administration of CRF. Plasma 
levels of corticosterone are significantly increased (*signifies 
p<0.05) following peripheral but not central administration of CRF. 
These results, obtained from the same pups shown for vocalization 
data in Figs. 2 and 4, demonstrate a clear dissociation between call- 
ing rate and corticosterone changes following CRF administration. 

until assay. Corticosterone was measured by radioim- 
munoassay using reagents provided by Radioassay Systems 
Laboratory (Carson, CA). Sensitivity of this assay is 3.0 
ng/ml, with less than 1% cross reactivity with other steroids. 

Data were analyzed with one-way ANOVA for both 
baseline values and for change from baseline. When signifi- 
cant group effects were present, group differences were 
analyzed by posthoc Duncan's  Muliple Range test. 

RESULTS 

There were no significant group differences in baseline 
calling rate or locomotor scores (Table 1). Treatment was 
associated with significant group effects for vocalization, 
F(5,49)=9.17, p=0.0001, but not for locomotor scores, 
F(5,49)= 1.09, p=0.379, assessed by one-way ANOVA on 
change scores from baseline. 

Post hoc comparisons of the vocalization change scores 
disclosed significant differences (.o<0.05) between saline and 
both the 0.1 and the 0.01/zg doses of CRF (Fig. I). The rate 
of calling appeared to increase after administration of the 1.0 
p.g dose of the CRF antagonist; this change was significantly 
different from saline as well as all three doses of CRF. The 
CRF antagonist (1.0 ttg) effectively blocked the decrease in 
vocalization observed after CRF (0.01 p.g). Pups did not ap- 
pear sedated nor did they show any evidence of convulsant 
activity after any of the treatments. 

As the apparent decrease in vocalization following CRF 
might reflect fatigue following an initial increase in calling, 
an additional group of pups was recorded longitudinally fol- 
lowing either ICV saline (n=6) or 0.1 ~g CRF (n=6). As 

shown in Fig. 2, there is no evidence of an early burst of 
calling. The rate of calling decreased more with CRF than 
saline, F(I,3)=7.034, p=0.02, by repeated measures 
ANOVA examining changes from baseline. The rate of call- 
ing was significantly less (by post hoc test) in the CRF group 
at 20, 30, and 90 min following the ICV injection. 

To determine if the change in vocalization rate following 
ICV CRF was secondary to thermoregulatory effects of the 
peptide, both skin and rectal temperature were monitored 
after ICV administration of either saline or 0.1 p.g CRF. As 
shown in Table 2, there was no significant effect of centrally 
administered CRF on either skin or rectal temperature. 

Finally, we wished to investigate if the CRF effects fol- 
lowing ICV administration were due to a central target of 
action or secondary to transport of the peptide to a periph- 
eral site. We administered either 1.0 p.g CRF (n=8), 10.0/xg 
CRF (n=9), or saline (n=9) subcutaneously to 6-day-old 
pups. As shown in Fig. 3, peripheral administration of CRF 
did not significantly alter the rate of calling, F(2,23)=0.377, 
ns). 

To further rule out a peripheral site of action, corticoste- 
rone was measured in the trunk blood of pups used in the 
ICV as well as subcutaneous CRF vocalization studies. As 
shown in Fig. 4, treatment effects were significant, 
F(5,46)= 15.2, p =0.0001, but only peripheral CRF was asso- 
ciated with a significant (p<0.05 by post hoc test) increase in 
plasma corticosterone, although there was a trend for corti- 
costerone to increase following the highest dose of CRF 
administered ICV. 
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DISCUSSION 

On the basis of the substantial literature implicating CRF 
in the stress response, we predicted that centrally adminis- 
tered CRF would increase the rate of rat pup isolation calls. 
Contrary to this prediction, following ICV CRF, isolation 
calls were reduced in a dose-dependent fashion. As little as 
0.01 /xg CRF (roughly i p,g/kg) decreased the rate of calling 
by 70%. This decrease was blocked by simultaneous treat- 
ment with the CRF antagonist, a-helical CRF (9-41). The 
decrease in calls following CRF was not due to sedation, an 
increase in body temperature, or a direct peripheral effect of 
the peptide. 

The significant increase in calls after administration of the 
CRF antagonist is surprising. Most other recent behavioral 
studies with a-helical CRF (9-41) have not found intrinsic 
effects, although this analogue reverses stress-induced 
changes in aggression (29), feeding (17), and exploratory be- 
havior (3). In the original description of the endocrine effects 
of a-helical CRF (9-41), Rivier and colleagues noted that the 
peptide decreased ACTH as well as blocking CRF- 
stimulated or stress-induced increases in ACTH. In the pres- 
ent study, this CRF antagonist was significantly different 
from both CRF and saline. In fact, 8 of 10 pups receiving the 
CRF antagonist increased their rate of calling from baseline 
compared to 5 of 13 receiving saline. Thus, it apears that on 
this behavioral measure, this CRF analogue has an intrinsic 
effect which is opposite to the native peptide. 

During the first two postnatal weeks of the rat, plasma 
glucocorticoids are low and increase only slightly in re- 
sponse to several stressors (23). In spite of the very low 
levels of glucocorticoids, there is a modest but significant 
increase in response to social isolation throughout this rela- 
tively stress nonresponsive period (26). For this reason, one 
might presume that CRF in extra-hypothalamic sites would 
increase during isolation and that exogenous CRF would be 
associated with increased rates of ultrasonic isolation calls. 
How can the observed decrease in calls be explained? This 
decrease following CRF might be considered adaptive if a 
"stressed" quiet pup would be less likely to be detected by a 
predator. In fact, following several minutes of social isola- 
tion, the normal rate of calling decreases to about the level 
observed following CRF (author's unpublished data). One 
explanation for the paradoxical decrease in calling might be 
that CRF shuts down the behavioral response, shifting the 
pup prematurely into this prolonged isolation state. In other 
words, the rate of calling might vary as a U-shaped function 
with the level of distress--very low stress (following mor- 
phine or diazepam) and very high stress (following CRF) 

both associated with low rates of calling. One test of this 
hypothesis would be to administer CRF to "unstressed,"  
nonisolated pups. If the peptide is, in fact, associated with 
increased distress, then vocalizations might be expected to 
increase with CRF while they are virtually absent with 
saline. In fact, Panksepp and co-workers have presented 
preliminary evidence of just this sort with young chicks (191. 
Chicks normally emit fewer distress calls if a mirror is pres- 
ent. Following CRF administration, the rate of distress calls 
does not change for chicks in isolation but increases for iso- 
lated chicks presented with a mirror. 

Another possible explanation for the decrease in isola- 
tion calls following CRF is that the peptide has effects in 
development that are quite distinct from its role in the adult 
brain. Kalin has also found a decrease in distress calls fol- 
lowing central administration of CRF to young rhesus mon- 
keys (personal communication, 1988). Similarly, the alpha-2 
adrenergic antagonist yohimbine, which appears to have 
clinical "anxiogenic" effects in adults, decreases locomotor 
behavior and isolation calls in rat pups (Kehoe, in press). 
Presumably these paradoxical effects in development reflect 
immature receptors or incomplete postsynaptic circuitry. 
With CRF, however, the available evidence suggests that the 
receptors appear very early in development although the on- 
togeny of the pathways in CRF receptor fields may lag be- 
hind (12). 

The absence of significant effects following subcutaneous 
administration of CRF is somewhat surprising. In prelimi- 
nary studies, we have noted relatively high penetration of 
CRF across the blood-brain barrier until postnatal day 28. If 
only 0.1% of the peripherally administered dose of 10 /zg 
were to reach the central site of action, one would expect to 
observe a 70% reduction in the rate of calling. The failure to 
see any reduction in calling cannot be explained by a failure 
of absorption or rapid metabolism of the peptide, as cortico- 
sterone increases several fold in these animals, demonstrat- 
ing activation of the pituitary. It is certainly possible that 
CRF has a rate-increasing peripheral effect (suggested at the 
1.0/zg dose) which is counteracted by the central rate de- 
creasing effects at the higher dose. 

In summary, centrally administered CRF is associated 
with a decrease in the rate of isolation calls in 5-6-day-old-rat 
pups. This effect is not secondary to decreases in arousal or 
thermoregulatory capacity nor is it due to peripheral actions 
of the peptide. These results, along with the previous report 
of abundant CRF receptors in the rat pup brain, raise the 
possibility that CRF has an important physiologic role in 
development. 
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