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Studies have suggested a relationship between drug abuse and compulsive behaviors. The present
experiments investigated the relationship between schedule-induced polydipsia (SIP) and self-administra-
tion (SA) of ethanol and sucrose. SIP served as a model of compulsive behavior, and oral self-administration
on a progressive-ratio (PR) schedule of reinforcement assessed the reinforcing value of either a 10% ethanol
solution or an isocaloric sucrose solution. Rats first were exposed to PR sessions in which break points were
the dependent variable and then switched to SIP sessions, with number of licks as the dependent variable.
Results showed a positive relationship between PR and SIP for sucrose but not for ethanol: higher and lower
PRs for sucrose were associated with higher and lower SIP levels. The order of the sessions then was reversed,
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Ethanol such that SIP sessions were run before PR sessions. An opposite relationship was observed in which high and
Sucrose low SIP animals exhibited low and high PR break points, respectively. The relationship between SIP and SA
Drug abuse was dependent on the reinforcing value of the substance and on prior SIP exposure. These results may reflect

Compulsive behavior a common dopaminergic substrate and suggest that prior experience in coping with stress may reduce

Dopaminergic system

vulnerability to substance abuse behavior.
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1. Introduction

Schedule-induced polydipsia (SIP) is the excessive drinking that
occurs when food-restricted subjects are exposed to intermittent food
delivery. SIP belongs to the adjunctive behavior class, which includes
such behaviors as running, gnawing, fighting and air-licking. From a
theoretical standpoint, the origin and function of SIP are relevant
issues. Regarding function, SIP may be considered an experimental
analogue of the ethological concept of “displacement”, since both
displaced and adjunctive behaviors occur under conditions that hinder
the emission of a motivated behavior. Consequently, the animal
exhibits some other habitual behavior, although in a stereotyped and
non-adaptive form. In doing so, part of its evolutionary history is
exposed (Pitman, 1989; Timberlake and Lucas, 1991). This perspective
led to the proposal of SIP as an animal model of compulsive behaviors
in humans, such as those characterized in the DSM-IV description of
Obsessive Compulsive Disorder (OCD) as well as other “excessive”
behaviors, including excessive eating, drug abuse and alcoholism
(Cantor et al., 1982; Falk and Tang, 1988; Rapoport, 1989). Thus, SIP may
be part of a large behavioral class including abusive and compulsive
acts, all mediated by common neurobiological substrates from the
dopaminergic reward system.
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In view of the possible functional similarity between abusive and
compulsive behaviors, both supposedly modeled by SIP, Piazza et al.
(1993) investigated the relationship between this kind of polydipsia
and intravenous self-administration of an addictive drug, amphe-
tamine. In a first experiment, rats were first exposed to the self-
administration procedure and then to SIP. The authors observed that
subjects developing amphetamine self-administration also developed
SIP. This result was attributed to the correlation between predispo-
sition towards dependence and emission of compulsive behaviors.
However, in a second experiment, when rats were exposed first to the
SIP procedure and then to amphetamine self-administration, the
inverse relation was observed: polydipsic subjects did not develop
self-administration. In explaining this result, the authors argued that
previous exposure to SIP had generated an adaptive response of
coping with the stress of intermittent food presentation, with conse-
quent reduction in adrenal response and elicited anxiety. This reduc-
tion would account for the diminished tendency toward addiction.

The present study was aimed at verifying whether the relationship
observed by Piazza et al. (1993) would be replicated if different drug
(ethanol) and alternative self-administration route (oral) were used.
In addition, a non-drug reinforcer (sucrose) was also introduced.
Ethanol and sucrose both act via the dopaminergic reinforcement
system akin to amphetamine (Hajnal and Norgren, 2001; Weiss et al.,
1993). The progressive ratio model was used to assess their reinforcing
value (Hodos, 1961; Richardson and Roberts, 1996).
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2. Materials and methods
2.1. General methods

2.1.1. Subjects

Naive male Wistar rats weighing approximately 300 g at the be-
ginning of the experiment were used (N=32). They were housed
singly following a 12+12-h light/dark cycle (lights off at 19:00 h)
under controlled temperature (22 °C) and humidity (60%) with ad
libitum access to water. Rats were given sufficient food to maintain
85% of their baseline weight. The ethical guidelines of the National
Institute of Health Guide for Care and Use of Laboratory Animals
(Publication NoNo. 85-23, revised 1985) were followed.

2.1.2. Apparatus

Experiments were run in four experimental chambers (32x25x
21 cm), encased in sound-attenuating isolation boxes (all equipment
from Med Associates). A ventilation fan (ENV-025F28) provided back-
ground noise and a house light was on throughout all experimental
sessions. In the self-administration (SA) phase a bar was located 8 cm
above the floor and a 0.01 ml dipper provided the reinforcer solution.
In the schedule-induced SIP sessions, the dipper was replaced by a
food tray connected to a 45 mg-pellet dispenser. Noyes pellets were
used. The opposite wall was covered by a removable stainless steel
wall where a graduated test tube was inserted behind it, with its spout
protruding 1.5 cm into the box. Licks on the spout were detected by a
lickometer circuit (ENV-250A) which accumulated responses at 5-s
intervals during the food delivery intervals. Water consumption was
measured through visual reading. A 486 IBM personal computer was
programmed to control stimulus presentation and provide data
recording. A microcamera allowed monitoring and video taping of
the animal behavior.

2.1.3. Procedure

2.1.3.1. Self-administration. The experimental procedure consisted of:

(a) Bar-pressing shaping. A 20% sucrose solution was used as rein-
forcer for bar-pressing. The response was gradually shaped
until a fixed-ratio 4 (FR 4) was reached. Subjects were then
distributed into two groups, ethanol (ET) and sucrose (SUC).

(b) Habituation to ethanol drinking. Animals remained on 30-min
FR 4 schedule sessions as they were submitted to the procedure
of habituation to ethanol oral SA. For ET subjects (N=16) the
procedure was as follows. ET concentration was increased and
SUC concentration decreased until replacement by saccharin
(SAC) according to the following sequence: 0% ET +20% SUC; 0%
ET+10% SUC; 2% ET+10% SUC; 5% ET+10% SUC; 5% ET+5% SUC;
10% ET+5% SUC; 10% ET+0.25% SAC. Subjects in the SUC group
(N=16) were submitted to the same number of SA sessions as
ET subjects, but received 14.2% sucrose as reinforcer. The SUC
concentration was chosen because it is isocaloric in relation to
ethanol.

(c) Progressive ratio. After the habituation phase, animals were run
on three 60-min FR 4 sessions, and were then exposed to five
progressive ratio (PR) schedule sessions which increased daily
arithmetically (FR 4, 8, 16, 20, 24...66). Sessions were termi-
nated either after a 30-min period of non-response or after 3 h.
The last ratio completed in the session was defined as the
breaking point (BP).

2.2. Schedule-induced polydipsia

When subjects were run on the SIP procedure, a food pellet was
delivered on a fixed time (FT) schedule. The schedule value was
gradually increased until FT 60-s was reached. Subjects remained on

this schedule for ten sessions, being simultaneously allowed to drink
from the water bottle. Experimental sessions were all run at the same
time of day and lasted until 30 pellets had been delivered.

2.3. Experimental design

2.3.1. Experiment 1

Thirty-two subjects were first exposed to ethanol (N=16) or
sucrose (N=16) oral SA and later to SIP. The SIP procedure was run
2 ydays after SA termination. After SIP sessions the group was divided
on the basis of median BP value into two subgroups consisting of
animals presenting the highest and lowest BPs (BP+and BP-).

2.3.2. Experiment 2

Thirty-five subjects were first exposed to SIP and later to ET (N=17)
or SUC (N=18) oral SA. Groups were balanced according to their SIP
levels. The oral SA procedure started immediately after habituation to
ethanol drinking had been terminated. After SA sessions the group
was divided on the basis of median SIP value into two subgroups
consisting of animals presenting the highest and lowest number of
licks (SIP+and SIP-).

2.4. Statistics

Repeated measures ANOVA with p<0.05 as the significance level
were conducted separately for ET and SUC with sessions as within-
factor and group (BP or SIP) as between-factor. There were two levels
for each group (BP+ /BP- and SIP+/SIP-).

3. Results

3.1. Experiment 1: Effect of oral ethanol or sucrose self-administration on
subsequent schedule-induced polydipsia

Fig. 1 presents mean and standard error (+SE) of BPs attained in
progressive schedule throughout SA sessions, along with mean +SE of
number of licks throughout SIP sessions for Ethanol (ET) and Sucrose
(SUC) groups. In the SA sessions, a small but statistically significant BP
decrease can be observed for the ET group (F460=2.901, p<0.05) and a
larger significant decrease for the SUC group (F460=6.805, p<0.001).
In ensuing SIP sessions, mean number of licks increased significantly
over sessions for both ET (Fg35=14.490, p<0.001) and SUC groups
(F9'135= 18.820, p<0001 )
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Fig. 1. Relationship between self-administration and schedule-induced polydipsia when
subjects were first exposed to ethanol or sucrose oral self-administration, and later to
schedule-induced polydipsia. Data are shown as mean and standard errors of
progressive schedule breaking points during the self-administration sessions, and as
mean and standard errors of number of licks during the schedule-induced polydipsia
sessions. Data for subjects from the Ethanol (ET) and Sucrose (SUC) groups are shown in
the upper and lower panels respectively.
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Fig. 2. Mean and standard errors of number of licks during the schedule-induced
polydipsia sessions for BP+ (highest BPs) and BP- (lowest BPs) subjects. Data for
subjects from the Ethanol (ET) and Sucrose (SUC) groups are shown in the left and right
panels respectively.

Subjects in both ET and SUC groups were divided into subgroups
according to the median value of their average BPs over the last three
SA sessions. Fig. 2 presents the mean +SE of number of licks during the
schedule-induced SIP sessions for BP+and BP-<0.001) and the SUC
group (Fg126=20.066, p<0.001). The ANOVA for the between-subjects
factor (subgroups) showed significant differences for BP+ and BP- in
the SUC group (F;14=9.091, p<0.01), but not for the BP+ and BP-in the
ET group.

3.2. Experiment 2: Effect of schedule-induced polydipsia on subsequent
oral ethanol or sucrose self-administration

Fig. 3 shows the development of SIP and SA when subjects were first
exposed to SIP and later to ET or SUC oral SA. Mean licks during the ten
SIP sessions increased significantly in both groups (Fg144=33.017,
p<0.001 for the ET group and Fg353=23.756, p<0.001 for the SUC
group). Mean BPs during the five SA sessions were significantly dec-
reased in the ET group (F464=3.916, p<0.01) but not the SUC group.

Subjects in both ET and SUC groups were divided into subgroups
according to the median value of their average licks over the last three
SIP sessions. Subjects showing SIP levels above 2800 licks formed the
SIP+ sub-group (n=9 in the ET group, n=9 in the SUC group), whereas
subjects scoring below this value made up the SIP- sub-group (n=8 in
the ET group, n=9 in the SUC group). Figure 4 presents the mean+SE
of progressive schedule BPs over the five SA sessions for SIP+ (highest
SIP levels) and SIP- (lowest SIP levels) subjects in the ET and SUC
groups. The ANOVA revealed a significant session effect in the ET
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Fig. 3. Relationship between schedule-induced polydipsia and self-administration
when subjects were first exposed to schedule-induced polydipsia, and later to ethanol
or sucrose oral self-administration. Data are shown as mean and standard errors of
number of licks during the schedule-induced polydipsia sessions, and mean and
standard errors of progressive schedule breaking points during the self-administration
sessions. Data for subjects from the Ethanol (ET) and Sucrose (SUC) groups are shown in
the upper and lower panel respectively.
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Fig. 4. Mean and standard errors of progressive schedule breaking points during the five
SA sessions for SIP+ (highest SIP levels) and SIP- (lowest SIP levels). Data for subjects
from the Ethanol (ET) and Sucrose (SUC) groups are shown in the left and right panels
respectively.

(F460=4.495, p<0.01) and SUC (F464=2.505, p=0.05) groups. The
ANOVA also showed a significant difference between subjects in the
SIP+ and SIP-<0.001) and SUC groups (F116=11.310, p<0.01).

4. Discussion

The relationship between schedule-induced polydipsia and intra-
venous amphetamine self-administration demonstrated by Piazza et
al. (1993) was partially replicated in the present study for oral self-
administration of ethanol or sucrose. When SA preceded SIP, BPs in a
progressive schedule of reinforcement were directly proportional to
the SIP level observed subsequently for sucrose but not for ethanol.
When SIP preceded SA, the inverse relationship was observed: highly
polydipsic subjects did not self-administer ethanol or sucrose,
whereas animals exhibiting low SIP levels did so. The relationship
between polydipsia and self-administration was thus confirmed for
another reinforcing substance and another self-administration route.

The fact that in Experiment 1 a direct relationship was only
observed between self-administration responding for sucrose and SIP
but not for ethanol may be due to the weak reinforcing value of the
ethanol concentration used. The direct relationship observed between
polydipsia and amphetamine (Piazza et al., 1993) or sucrose (present
experiment) self-administration, but not ethanol, suggests that this
relationship depends not only on the nature of the substance but also
on its concentration. In fact, the difference in SIP between high and
low SA responding for ET, albeit not significant, followed the same
trend as SA responding for ET. One could speculate that, if sucrose and
ethanol concentrations could be made equipotent for reinforcing
value, both substances would prove equally reinforcing, and a direct
relationship between SA for ET and SIP when SA precedes SIP would
eventually emerge.

Another aspect of the relationship between polydipsia and self-
administration relates to the neurobiological substrate for compulsive
and abusive behaviors, modeled by SIP and SA respectively. The
hypothesis that brain biochemistry is similarly affected by compulsive
behavior as by drugs of abuse (Holden, 2001) is supported by recent
research pointing to neurochemical similarities between drug addic-
tion and compulsive behaviors, such as reduction of dopaminergic
receptors in both these disorders (Blum et al., 1996; Blum et al., 2000;
Wang et al., 2004). In view of the possible relationship between drug
dependence and compulsive behavior, it is perplexing that the direct
relationship obtained between polydipsia and self-administration
when SA preceded SIP was not observed in the reverse condition
either by Piazza et al. (1993) or by the present authors. Why should
animals that were first exposed to sucrose self-administration go on to
develop polydipsia, whereas those that first became polydipsic did not
subsequently develop self-administration? The latter result does not
support the relationship between predisposition towards dependence
and compulsive behavior, and was explained by Piazza et al. (1993) as
an influence of the coping experience in reducing vulnerability to
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addiction. However, both results may be understood in the context of
the mesolimbic dopaminergic system. When the polydipsia procedure
occurs first, the mesolimbic dopaminergic system is involved both in
SIP acquisition and maintenance. SIP increment has been generally
related to increases in dopaminergic activity (Mittleman et al., 1992;
Tung et al., 1995). On the contrary, SIP disruption has been related to
dopaminergic activity reduction (Abrous et al., 1993; Didriksen et al.,
1993; Mittleman et al., 1990; Mittleman et al., 1994; Snodgrass and
Allen, 1988; Weissenborn et al., 1996). Blum and collaborators (Blum
et al.,, 1996; Blum et al., 2000) suggested that a “reward deficiency
syndrome” characterizes drug abuse and compulsive behaviors such
as gambling and excessive sex, which are facilitated in individuals
with a low DA level, particularly in the accumbens. In fact, a dopa-
minergic deficiency is indeed present in animals and humans sus-
ceptible to drug addiction or compulsive eating (Wang et al., 2004).

From the above considerations an explanation for the seemingly
conflicting results between the two experiments reported in the
present work can be derived. Subjects exhibiting high SA might have
started out from a “deficient reward system” and thus from a higher
probability of emitting behavior leading to brain dopamine increase
such as high SIP. The inverse relationship obtained when SIP preceded
SA may be similarly explained. Initial exposure to SIP has been related
to a greater dopaminergic response in SIP+ than in SIP- subjects. This
greater dopaminergic activation makes subjects less sensitive to the
subsequent effects of reinforcing substances. SIP- subjects, on the
contrary, experienced a lower dopaminergic activation on SIP
exposure. When later exposed to the drug, they were presumably
more sensitive to its reinforcing effects, thus exhibiting high SA
responding. Thus, vulnerability to substance abuse behavior may be
reduced by prior experience in coping with stress.

Besides pointing to a correlative hypothesis between predisposi-
tion to substance dependence and emission of compulsive behaviors,
our results corroborate the usefulness of SIP as an animal model of
compulsive behavior and drug abuse (Cantor et al., 1982; Falk, 1977;
Woods et al.,, 1993). The present data also highlight the importance of
individual variability and of nature of the substance of abuse in
vulnerability to addiction, and indicate that previous experience in
dopaminergic activation is able to alter susceptibility to drug rein-
forcement. Certainly, additional studies will be necessary to clarify the
behavioral and biological mechanisms influencing the effect of
previous experience on vulnerability to drug reinforcement, thus
contributing to advances in the management of excessive and com-
pulsive behaviors.
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