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COLE, B. J. AND G. F. KOOB. Corticotropin-releasing factor and schedule-induced polydipsia. PHARMACOL BIO- 
CHEM BEHAV 4"/(3) 393-398, 1994.-Two experiments examined the effects of ICV-administered corticotropin-releasing 
factor (CRF) and a-helical CRF (9-41), a CRF antagonist, on the performance of schedule-induced polydipsia (SIP). Infusions 
of CRF into the lateral ventricle dose-dependently (0.02, 0.1, and 0.5/~g) attenuated both the volume of water consumed and 
licking on a fixed-time 60-s schedule. This effect of CRF on schedule-induced drinking was accompanied by a reduction in 
the number of nose pokes made into the food tray, suggesting that CRF may attenuate SIP through an action on appetitive 
motivation. Neither the temporal distribution of responding nor the locomotor activity induced by the schedule was affected 
by CRF. In marked contrast to these effects of exogenous CRF on the performance of SIP, infusions of a-helical CRF (1, 5, 
and 25 #g) into the lateral ventricle did not affect the performance of schedule-induced polydipsia. The implications of these 
results for the hypothesis that SIP is a coping response to stress are discussed. 

Corticotropin-releasing factor a-Helical CRF Schedule-induced polydipsia Rat Stress 

C O R T I C O T R O P I N - R E L E A S I N G  F A C T O R  (CRF) is a 41- 
amino-acid polypeptide,  originally isolated and characterized 
on the basis o f  its ability to stimulate the release o f  adrenocor-  
t icotropic hormone  (ACTH)  from the anterior pituitary (59). 
In addit ion to its critical role in the activation o f  the hypothal-  
amic pituitary adrenal axis during stress (39,42,43), several 
lines of  evidence suggest that C R F  may also act in the central 
nervous system as a neurotransmitter .  For  example,  neuroana- 
tomical  studies have shown CRF-immunoreac t ive  neurons and 
fibres outside o f  the hypothalamus (53), and receptor-binding 
studies have shown CRF-binding sites heterogeneously distrib- 
uted throughout  the neuraxis (15,16). In addit ion,  electro- 
physiological studies have shown that CRF produces a pro- 
found depolarization and excitation o f  hippocampal  neurons 
(1) and increases the firing rate o f  norepinephrine (NE)- 
containing neurons in the locus coeruleus (60). 

At  the functional level, ICV administrat ion o f  CRF has 
been shown to produce a wide range of  behavioural  effects 
that are similar to those seen in stressful or  fearful situations. 
These include decreased locomotion in a novel open field (7), 
decreased exploratory behavior  (3), decreased responding in 
an operant  conflict paradigm (8) and on a condit ioned sup- 
pression schedule (13), and an increase in the acoustic startle 

reflex (33). These results have led to the suggestion that CRF 
plays a critical role in initiating behavioural  responses to 
stressful stimuli (28). 

Further evidence for a role of  CRF in the response to stress 
comes f rom the observations that CRF immunoreactivi ty and 
m R N A  are altered in discrete brain regions following exposure 
to stressors (11,25), and the evidence showing that a CRF 
antagonist,  a-helical CRF,  can attenuate many stress-induced 
behavioural  alterations. These include stress-induced anorexia 
(29), stress-induced reductions in exploratory behaviour (4), 
foot  shock-induced freezing (27), stress-induced sensitization 
o f  amphetamine-induced stereotypy (12), alcohol withdrawal-  
induced anxiety (2), and novelty-induced defensive-withdraw- 
al behaviour (54,55). 

The purpose o f  the present series o f  experiments was to 
examine the effects of  CRF and the CRF antagonist  t~-helical 
CRF on the performance of  schedule-induced polydipsia. This 
behavior develops when a food-deprived (but not  water- 
deprived) rat is exposed to a schedule in which small amounts  
o f  food are delivered intermittently. Such schedules result in 
the development of  excessive drinking during the intervals be- 
tween food delivery (20). The amount  o f  drinking is critically 
dependent upon the degree of  food deprivation and the inter-  
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food pellet interval (21). Although several hypotheses have 
been proposed to explain the occurrence of SIP, including 
dryness of the mouth following the ingestion of the food pellet 
(51) or adventitious reinforcement of licking (48), Falk has 
convincingly argued that such hypotheses, based on operant 
or homeostatic principles, cannot adequately explain the char- 
acteristics of SIP (22). Instead, Faik has argued that SIP may 
be an experimental analogue of the displacement behaviours 
described by ethologists (57). 

Both displacement activities and SIP (5) have been hypoth- 
esized to serve a stress- or arousal-reduction function. In the 
case of SIP, this theory is supported by the demonstration of 
lower levels of corticosterone in the plasma of rats that are 
allowed to drink, compared to those not given access to water 
during an intermittent food delivery schedule (5). However, this 
reduction in peripheral indices of stress (or arousal) appears to 
be specific to plasma corticosterone, since other peripheral indi- 
ces of stress, such as the levels of prolactin, norepinephrine, and 
epinephrine, are not lowered by drinking (14). 

Given the central role of CRF in initiating behavioural and 
endocrine responses to stress [see (19) for review], the effects 
of this peptide and the CRF antagonist on SIP have obvious 
relevance for the hypothesis that SIP is a coping response to 
stress. For example, if SIP serves to reduce an aversive state 
of high arousal, as indexed by high levels of plasma corticoste- 
rone, then CRF, which increases corticosterone levels, should 
enhance SIP. 

GENERAL METHODS 

Subjects 

Twenty-four male Wistar rats (Charles River strain, Kings- 
ton, N J) were used. They were housed three per cage in a 
temperature-controlled room with water freely available and 
the lights on from 0400 to 1600. 

Apparatus 

Four operant chambers (Colbourn Instruments, LeHigh 
Valley, PA) controlled on-line by a Control Universal System 
microcomputer (Paul Fray Ltd, Cambridge, UK) programmed 
in ONLIBASIC were used. Each operant chamber was en- 
closed in a sound-attenuating box and equipped with a loud- 
speaker which provided background white noise (70 dB). In 
the center of the front wall of each chamber was a food tray 
into which food reinforcement (45-mg food pellets, P. J. 
Noyes, Lancaster, NH) could be delivered. A photocell beam 
was located across the food tray so that nose pokes into the 
tray could be recorded. Situated 7 cm to the left of the food 
tray and 5 cm above the grid floor was a metal drinking spout, 
connected to a 50 ml glass burette, and a lickometer. The glass 
burette was filled with tap water, and the volume of water 
consumed could be measured to an accuracy of 0.1 ml. Situ- 
ated on the sides of the boxes were two photocell beams. They 
were located 1 cm above the grid floor and 8 and 20 cm from 
the front wall. 

Surgery 

To enable ICV administration of peptides, the rats were 
implanted with a stainless steel guide cannula aimed at the 
lateral ventricle. Rats were anaesthetized with sodium pento- 
barbital (50 mg/kg) and placed in a Kopf stereotaxic instru- 
ment fitted with atraumatic earbars. A 7-mm stainless steel 

guide cannula (23 gauge) was secured to the skull with three 
stainless steel screws and dental cement. The coordinates were 
anterior-posterior, - 0.6 mm from bregma; lateral, _+ 2.0 mm 
from the midline; and dorsal-ventral, - 3 . 2  mm from the 
skull surface, with the incisor bar set 5 mm above the inter- 
aural line (40). A 7-mm stylet was placed into the cannula, 
and the rats were allowed at least four days to recover from 
surgery before behavioural testing. 

Peptides and Injection Procedure 

Rat CRF and c~-helical CRF (9-41) were synthesized as pre- 
viously described using preparative purification techniques 
(43,44). CRF was dissolved in isotonic saline and c~-helical 
CRF (9-41) was dissolved in distilled water (pH 6.7). For ICV 
injections of CRF an 8-mm injector connected to approxi- 
mately 70 cm of calibrated PE 10 tubing was inserted. One 
microliter of CRF was then infused under gravity, by lifting 
the tubing above the head of the rat. For ICV injections of 
s-helical CRF the stylet was removed from the guide cannula, 
and an 8-mm (30 gauge) stainless steel injector connected by 
PE 10 tubing to a 10-ml Hamilton syringe was inserted. Five 
milliliters of s-helical CRF (9-41) was then infused by hand 
over an approximately 60-s period. These different methods 
of injections were used because of the viscosity of s-helical 
CRF. In both cases the injector was left in place for 30 s 
after the injection to prevent backflow before the stylet was 
replaced in the guide cannula. 

To verify cannula placements the rats were overdosed with 
sodium pentobarbital at the end of the experiment and in- 
jected ICV with 5 ml methylene blue dye. The brains were 
then removed and examined to check that the blue dye had 
spread bilaterally through the ventricular system. 

EXPERIMENT 1: EFFECTS OF CRF ON THE PERFORMANCE 
OF SCHEDULE-INDUCED POLYDIPSIA 

The first experiment investigated the effects of ICV admin- 
istration of CRF on the performance of SIP. It could be pre- 
dicted that like other drugs which can induce "anxiogenic-like" 
behavioural effects, such as the ~-carboline FG 7142 (36), 
CRF would cause a reduction in SIP. Alternatively, it could 
be hypothesized that CRF would actually enhance SIP, since 
it produces an aversive state of high arousal which can be 
reduced by excessive drinking (5). 

Procedure 

Twelve male Wistar rats weighing 220-240 g at the begin- 
ning of the experiment were used. The rats were briefly han- 
dled by the experimenter (5 rain) and then food-deprived to 
80% of their free-feeding weight over a seven-day period. The 
rats were then each fed 12 g of Purina Lab Chow per day for 
the duration of the experiment. 

On the first day of behavioural training the rats were 
placed into the operant chambers with the food trays contain- 
ing 30 food pellets. No behavioural data were recorded. On 
all subsequent sessions a single food pellet was delivered into 
the food tray every 60 s (fixed-time [FT] 60-s schedule). The 
following behavioural measures were recorded: 

1. The number of licks. 
2. The number of nose pokes into the food tray. 
3. The number of crossovers (a crossover was defined as 

breaking the two photocell beams located along the sides 
of the operant chambers consecutively). 

4. The volume of water consumed. 
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Each 60-s inter-food pellet interval was divided into six 
10-s time bins, and the number of behavioural responses that 
occurred in each of these time bins was recorded and summed 
for the whole session. 

The rats were tested on this schedule for 10 sessions. The 
rats which attained a criteria of drinking at least 10 ml/30-min 
session were then implanted with ICV cannulae, as described 
above (n = 8). They were then left for a 5-day postoperative 
recovery period before testing for a further 5 sessions on the 
FT 60-s schedule. Over the next 10 days the rats received a 
sequence of ICV infusions of CRF 30 min before testing. The 
doses used were 0, 0.02, 0.1, and 0.5 #g, and the order of 
doses was based on a 4 x 4 Latin Square. A Latin Square 
design, in which an equal number of animals receive each drug 
treatment on each test day, was used in these studies to control 
for possible tolerance or sensitization to the effects of the 
peptide. All ICV infusions were separated by two baseline 
sessions. 

Data analysis. The number of licks, nose pokes, and cross- 
overs were analysed with a two-way analysis of variance 
(ANOVA) with repeated measures on both time bin and dose, 
and the volume consumed was analysed with a one-way 
ANOVA with repeated measures on the factor dose. All analy- 
ses were performed both on the raw data and following a 
logarithmic (natural) transformation to control for possible 
skewed distribution (63). However, since the transformation 
did not affect the significance of any analysis, only the analy- 
ses performed on the raw data are reported. If a significant 
main effect was found in the ANOVA, specific comparisons 
of the means were made with Newman-Keuls post hoc tests 
(p < .05). Following a significant interaction, further analy- 
sis was made using analysis of simple main effects (63). 

Results 

As shown in panels B, C, and D of Fig. 1, the temporal 
distribution of licking, panel pushing, and activity in the sa- 
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FIG. 1. (A) The effects of CRF on total water consumption during 
the 30-min session. The error bars represent the SE. (B-D) The effects 
of CRF on the temporal distribution of licking (B), nose pokes (C), 
and crossovers (D) during the 60-s interpellet interval. 

line-treated animals of the present experiment was similar to 
that previously reported [e.g., (36)]. Specifically, licking was 
predominantly confined to the time bins immediately follow- 
ing the presentation of the food reinforcer, reaching a maxi- 
mum in the second time bin. This temporal pattern of re- 
sponding is a characteristic of all schedule-induced behavior 
(21). In contrast, nose pokes into the food tray were at their 
lowest level during the second 10-s interval, and then gradually 
rose throughout the remaining time bins. Crossovers also 
showed a characteristic temporal profile that was different 
from those found for licking and nose pokes. Specifically, 
crossovers were minimal during the first two time bins, then 
rose to a maximum in the fifth time bin, and then dropped 
during the last 10 s. 

As shown in panel A of Fig. 1, ICV infusions of CRF 
caused a dose-dependent reduction in the volume of water 
consumed during the 30-min session. ANOVA revealed a sig- 
nificant main effect of dose, F(3, 21) = 9.61, p < .001, and 
post hoc Newman-Keuls tests showed that both 0.1 and 0.5 
#g CRF significantly reduced the volume of water consumed. 
Panel B shows that CRF also dose-dependently reduced the 
number of licks. ANOVA revealed a significant main effect 
of time bin, F(5, 35) = 9.19, p < .001, and a significant 
Dose × Time Bin interaction, F(15, 105) = 4.43, p < .001. 
Analysis of simple main effects revealed that 0.1 and 0.5 #g 
CRF significantly reduced licking in the first two time bins, 
when the response occurs at its maximum rate (analysis of 
simple main effects and Newman-Keuls tests). 

Panel C of Fig. 1 shows that ICV infusions of CRF also 
caused a reduction in the number of nose pokes into the food 
tray. ANOVA revealed a significant main effect of Time Bin, 
F(5, 35) = 22.59, p < .001, and a significant Dose x Time 
Bin interaction, F(15, 105) = 4.25, p < .001. Further analy- 
sis revealed that in the last three time bins 0.5/~g CRF caused 
a significant reduction in nose pokes in the food tray (analysis 
of simple main effects and Newman-Keuls tests). Panel D of 
Fig. 1 shows that ICV infusions of CRF did not affect either 
the temporal distribution or the number of crossovers. 
ANOVA revealed a significant main effect of time bin, F(5, 
35) = 6.76, p < .001, but no significant main effect of dose 
or Dose x Time Bin interaction (both F ratios < 1). All of 
the food pellets were consumed by all of the rats in every 
session. 

In summary, this experiment has shown that ICV infusions 
of CRF cause a dose-dependent reduction in both the volume 
of water consumed and the number of licks. At the highest 
dose studied (0.5 #g), CRF also causes a reduction in the 
number of nose pokes into the food tray. Previous studies 
have shown that ICV infusions of CRF produce both stimu- 
lant (52) and "anxiogenic-like" (28) behavioural effects. The 
present results are therefore compatible with previous results, 
since drugs with purported "anxiogenic-like" behavioural ef- 
fects, such as the g/-carboline FG 7142 (36), and stimulants, 
such as amphetamine and caffeine [(24,34,41,46,47,62); but 
see (61)], have previously been shown to attenuate the perfor- 
mance of SIP. 

EXPERIMENT 2: EFFECTS OF t~-HELICAL CRF (9-41) ON 
PERFORMANCE OF SCHEDULE-INDUCED POLYDIPSIA 

The previous experiment has shown that ICV administra- 
tion of CRF dose-dependently attenuates the performance of 
SIP. Consequently, in experiment 2 the effects of the CRF 
antagonist a-helical CRF (9-41) on the performance of SIP 
were studied to examine whether endogenous CRF is involved 
in the maintenance of this behavior. 



396 COLE AND KOOB 

Procedure 

A separate group of 12 male Wistar rats weighing 220-240 
g at the beginning of the experiment were used. They were 
food-deprived and maintained under the conditions described 
for experiment 1. Following l0 acquisition sessions on the FT 
60-s schedule, the rats which consumed more than l0 ml/  
30-min session were implanted with ICV cannulae (n = 8) 
and then returned to the polydipsia schedule for 5 further 
sessions after a 5-day postoperative recovery period. Over the 
next 10 days the rats received a sequence of ICV injections of 
c~-helical CRF (9-41) 30 min before testing. The doses used 
were 0, 1, 5, and 25 #g/5 #1, and the order of doses was based 
on a 4 x 4 Latin Square. All ICV injections were separated 
by two baseline sessions. 

RESULTS 

AS in the previous experiment, all of the rats showed strong 
temporal patterns of responding (data not shown). However, 
as shown in Table 1, c~-helical CRF did not affect the volume 
of water consumed, the number of licks, the number of nose 
pokes in the food tray, or the number of crossovers (all F 
ratios including interactions < 1). 

In summary, this experiment has shown that ICV adminis- 
tration of the CRF antagonist does not affect the performance 
of SIP. These results therefore suggest that endogenous CRF 
is not involved in the maintenance of this behavior. 

DISCUSSION 

These experiments have shown that ICV administration of 
CRF causes a dose-dependent reduction in both the volume 
of water consumed and the amount of licking on a FT 60-s 
schedule. The attenuation of SIP by CRF does not appear to 
be a nonspecific disruption of behavior, since the characteris- 
tic temporal profile of adjunctive behaviour was not altered. 
Central administration of CRF also caused a reduction in the 
number of nose pokes made into the food tray. This effect 
was apparent following a dose of 0.1 /~g CRF, but was only 
statistically significant following 0.5/~g CRF. A certain degree 
of behavioural specificity in the effects of CRF on this sched- 
ule was demonstrated, since the number of crossovers was 
unaffected by any dose of CRF. In marked contrast to these 
effects of CRF, central administration of the CRF antagonist 
did not affect the performance of schedule-induced drinking, 
panel-pressing, or locomotor activity. 

Performance of SIP is critically dependent upon level of 
food deprivation (22), with greater levels of food deprivation 
resulting in higher levels of SIP. Because CRF has been shown 
to reduce deprivation-induced food consumption (31,37), it 
could be hypothesized that CRF attenuates the performance 
of SIP through an effect on appetitive motivation. Relatively 

high doses of CRF (minimum 1 #g) reduce deprivation- 
induced eating, although as this effect is accompanied by the 
induction of displacement behaviours, it may not be caused 
by an effect of CRF on hunger. Although the doses of CRF 
used in the present study have previously been demonstrated 
not to affect feeding behavior (31,37), some of the data in the 
present experiment appear to be consistent with an attenuating 
effect of CRF on appetitive motivation. For example, CRF 
dose-dependently decreased the number of nose pokes made 
into the food tray, although this behavioural measure may 
not reflect the level of hunger, particularly as all of the food 
pellets were eaten. 

Central administration of CRF has been shown to induce 
both behavioural activation and "anxiogenic-like" behavioural 
effects [reviewed in (19)]. Previous studies have also shown 
that other drugs which have stimulant or anxiogenic properties 
can also attenuate SIP. These include the benzodiazepine re- 
ceptor partial inverse agonist FG7142 (36); both direct and 
indirect dopamine agonists, such as amphetamine and apo- 
morphine (46,50,62); and caffeine (34). Similarly, behavioural 
manipulations that alter emotionality can attenuate SIP, al- 
though the effects of such manipulations have been examined 
primarily on the acquisition of SIP. Specifically, isolation 
rearing (26) and prior exposure to uncontrollable foot shock 
(6) have both been shown to attenuate the acquisition of SIP, 
although it should be noted that mild foot shock presented 
during a SIP session enhances drinking (49). 

There are several potential neurochemical mechanisms that 
could underlie the effects of CRF on SIP. Central administra- 
tion of CRF has been shown to activate both central dopamin- 
ergic and noradrenergic systems (18), the autonomic nervous 
system (9,23), and the hypothalamic pituitary adrenal axis 
(18). All of these systems have been implicated in schedule- 
induced polydipsia (17,32,35,45,58,64). 

Although CRF had marked effects on the performance of 
SIP, endogenous CRF appears not to be involved in the main- 
tenance of this behaviour, as central administration of the 
CRF antagonist (1-25 #g) had no effects on SIP. These doses 
of centrally administered c~-helical CRF attenuate many stress- 
induced behaviours and physiological responses to stress, in- 
cluding stress-induced sensitization (12), stress-induced reduc- 
tions in exploratory behaviour (4), stress-induced anorexia 
(29), stress-induced release of plasma epinephrine (10), and 
gastric acid secretion (30). Therefore, the present results do 
not support the hypothesis (5) that the maintenance of SIP 
serves as a coping response to reduce an aversive state of high 
arousal. 

This hypothesis was developed from the observation that 
rats given the opportunity to drink have lower plasma cortico- 
sterone levels than rats exposed to the schedule but with no 
access to water (5,56). However, as other peripheral indices 
of arousal such as prolactin, norepinephrine, and epinephrine 

TABLE 1 
EFFECTS OF a-HELICAL CRF (9-41) ON 

THE PERFORMANCE OF SCHEDULE-INDUCED POLYDIPSIA 

Dose a-helical CRF 0zg) 0 1 5 25 

Volume consumed (ml) 15.2 + 2.5 15.4 + 2.3 16.2 :t: 1.9 15.8 + 1.8 
Number oflicks 1859 + 699 1733 + 634 1940 + 746 1698 + 568 
Number of nose pokes 422 + 69 371 + 47 383 :l: 59 432 + 64 
Number of crossovers 126 + 43 101 + 16 132 + 25 120 + 28 
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are no t  al tered by  SIP (14), this effect  appears  to  be specific 
to p lasma cor t icosterone.  The  da ta  f rom exper iments  in which 
cor t icos terone levels have been pharmacologica l ly  man ipu-  
lated have also not  always p rov ided  suppor t  for  this  hypothe-  
sis. For  example,  systemic inject ions  o f  cor t icos terone  do not  
reliably increase the pe r fo rmance  of  SIP  (35), and  as shown 
in the present  exper iments ,  ICV admin i s t r a t ion  of  CRF at 
doses tha t  have  previously been shown to increase p lasma 
cor t icos terone (18,38) results in a decrease in SIP.  

These da ta  therefore  create an  appa ren t  pa radox  in tha t  
scheduled food  delivery causes an  increase in p lasma cortico- 
s terone (5), which is t h o u g h t  to  induce  SIP,  whereas  infusions  
of  CRF,  which increase p lasma  cor t icos terone  (18,38), de- 
crease SIP.  These apparen t ly  confl ic t ing da ta  could be ex- 
plained by hypothes iz ing  tha t  there  is an  inver ted-U-shaped  
func t ion  between p lasma cor t icos terone  and  the  expression o f  
SIP.  Thus  there  is an  op t imal  level o f  p lasma cor t icos terone  

for  inducing  SIP,  and  ei ther  increases or  decreases f rom this 
level a t t enua te  SIP.  

In summary ,  these experiments  have shown tha t  ICV ad- 
min i s t ra t ion  o f  CRF  at tenuates  the  pe r fo rmance  of  SIP,  
whereas  ICV admin i s t ra t ion  of  a CRF  antagonis t ,  a-hel ical  
CRF,  has no  effect  on  the  pe r fo rmance  of  SIP.  These results 
add  to a growing body  of  evidence tha t  is ha rd  to incorpora te  
within the hypothesis  tha t  SIP is a coping response to stress. 
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