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Effect of intersolution interval, chlordiazepoxide,
and amphetamine on anticipatory contrast

CHARLES F. FLAHERTY and GRACE A. ROWAN
Rutgers University, New Brunswick, New Jersey

Previous experiments have shown that the intake of a 0.15% saccharin solution is suppressed
if saccharin access is followed by access to 32% sucrose in brief daily pairings. The present ex
periments found that: (1) the degree ofsuppression was not altered when no time elapsed between
presentation of the two solutions each day (15 sec had been the minimum in previous experi
ments and was used as the control in this experiment); (2)the degree ofsuppression was not altered
by chlordiazepoxide (6, 12, or 20 rug/kg), although the drug had large appetite-stimulating ef
fects; (3) suppression was not influenced by amphetamine (0.25 or 0.50 rug/kg); and (4)contrast
could be established or eliminated, even after extended training, by manipulating the sequences
of solutions presented (saccharin-saccharin or saccharin-sucrose). The results were interpreted
in terms of a contrast effect based on the learned anticipation of a preferred substance. The chlor
diazepoxide data suggest that this contrast is different from successive negative contrast, and
the intersolution interval data suggest that the occurrence of contrast rather than a reinforce
ment effect is not due to a time gap between presentations of the two solutions.
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If rats are given single daily pairings of an access period
to a 0.15% saccharin solution followed by an access
period to a 32% sucrose solution, the intake of the sac
charin solution is suppressed. This suppression occurs
relative to control conditions, which have included access
to the saccharin alone, access to saccharin followed by
access to the same saccharin solution again, and access
to saccharin followed by access to a 2 % sucrose solution
(Flaherty & Checke, 1982; Flaherty & Rowan, 1985).
This suppression of saccharin intake has been interpreted
in terms of a contrast effect based on relative preferences
for the first and second substances (e.g., Flaherty &
Rowan, 1985).

The occurrence of a contrast effect, rather than a re
inforcement effect (an increase in saccharin consumption
when it is followed by access to 32% sucrose), is sur
prising. The present study further analyzed this contrast
effect in terms of (I) the influence of the intersolution in
terval on the degree of saccharin suppression (Experi
ment 1); (2) the influence of chlordiazepoxide (adminis
tration of which will eliminate successive negative contrast
effects) on saccharin suppression (Experiment 2); and
(3) the influence of chlordiazepoxide on the reversal of
contrast when the solution pairings are reversed (Ex
periment 3).

EXPERIMENT 1

In previous experiments, the length of the interval be
tween presentations of two solutions influenced the degree
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of suppression that occurred-as the interval increased in
the range of 1 min to 30 min, the degree of suppression
decreased (Flaherty & Checke, 1982). In other experi
ments, a substantial degree of suppression occurred when
the interbottle interval was only 15 sec (Flaherty &
Rowan, 1985, 1986), the minimum interbottle interval
used in earlier experiments, The duration of this interval
might have been related to the fact that the availability
of sucrose decreased rather than increased saccharin in
take. That is, the animals were required to lick the sac
charin tube (a minimum of I lick was required to initiate
timing of a 3-min access period) in order to obtain su
crose from the second tube. However, the passage of the
IS-sec interval between tubes might have been sufficient
to degrade the contingent relationship between licking on
the first tube and gaining access to the second tube, and,
in the absence of a contingency, a contrast effect rather
than a reinforcement effect occurred.

In the present experiment, we examined the effect on
degree of contrast of a O-sec interbottle interval (in which
the second tube was immediately inserted following the
retraction of the first tube) versus a IS-sec interbottle in
terval. Thus, separate groups of animals were given either
saccharin followed by saccharin or saccharin followed by
sucrose, with either a IS-sec or a O-sec interbottle interval.

Method
Subjects. The subjects were 20 male Sprague-Dawley-derived

rats purchased from Blue Spruce. The rats were approximately
110 days old and weighed between 375 and 475 g at the start of
the experiment. They were maintainedat 82%of their free-feeding
weights, housed individually with water continuously available, and
kept on a 14:lO-h light:dark cycle.

Apparatus. Testing was conducted in three Plexiglas chambers
measuring 30x25x25 em. Two holes, 1.5 em in diameter, were
located 21.7 em apart on one wall of the apparatus, 4 em above
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the. hardw~e-c1oth floor. Solutions were delivered via graduated
cyhnders Withmetal spouts. The cylinders were attached to motors
that advanced the spouts or withdrew them from the access holes.
Licks were recorded through a contact relay circuit and micro
processors.

Procedure. The experiment was designed as a 2 x 2 factorial,
varying the solution available in the second tube (0.15 %saccharin
or 32 %sucrose) and the interval between tubes (15 or 0 sec). Five
animals were randomly assigned to each group. All animals received
the 0.15 %saccharin solution in the first tube, which was available
for a 3-min period beginning with the first lick. The second tube
was available for a 5-min period beginning with the first lick. Neither
tube was available when the animals were first placed in the cham
ber. The first tube was presented approximately 30-45 sec after
the animals were placed in the boxes.

The animals received one pairing of the two solutions each day
for 14 days. The number of licks to each tube was recorded. The
saccharin solution was prepared on a weight/volume basis and the
sucrose solution was prepared by weight (sucrose/[sucrose +
water]).

Results
The mean lick frequencies obtained in the various con

ditions across the acquisition period are presented in
Figure 1. It is clear that saccharin intake was suppressed
in the animals that subsequently received access to sucrose
[F(1,16) = 32.00, P < .05]. This suppression developed
across the acquisition period [solution X block: F(6,92)
= 10.27, P < .05] and was reliable by the second block
[least significant difference (LSD) test, P < .05]. There
was no difference in the development of suppression as
a function of the intersolution interval (all Fs < 1.(0).

Analysis of the lick frequencies obtained on the sec
ond bottle available each day showed that the animals
licked substantially more for the sucrose solution (mean
licks = 1,434.6) than for the saccharin solution (mean
licks = 468.1). This difference was highly re-liable
[F(I,16) = 80.48, P < .05] and did not vary across
blocks (F < 1.(0).
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Discussion
These results support those obtained in previous experi

ments in showing that the animals that received the se
quence 0.15% saccharin-32 % sucrose consumed less of
the initial saccharin solution than the animals that received
the sequence 0.15% saccharin-0.15% saccharin. We in
terpret this pattern of results as indicating a contrast ef
fect based on the learned anticipation of the second solu
tion. That is, we believe that the animals learned the
contingent relationship between the two solutions (Res
coda, 196.8, 1978) and, once this learning was completed,
the sampling of the first substance (saccharin) served as
a cue for the second substance (either saccharin or su
crose). The signaling of a preferred second substance (su
crose) might have served to devalue the saccharin and/or
to elicit behaviors that competed with consumption of the
saccharin. The results of the present experiment showed
that the degree of contrast, and presumably the associa
tive structure supporting the contrast, was not sensitive
to variations in the intersolution interval, which ranged
from 0 to 15 sec, whereas previous experiments have
shown that intervals longer than several min did reduce
contrast (Flaherty & Checke, 1982).

A question arises regarding the relationship of anticipa
tory contrast to successive negative contrast. In the suc
cessive contrast procedure, rats are typically given ac
cess to 32 % sucrose for 5 min per day for 10 days and
then shifted to 4 % sucrose. Animals so shifted drink con
siderably less of the 4 % sucrose than do unshifted con
trols, but eventually recover over a 3- or 4-day postshift
period. Successive contrast effects also occur when the
concentration of saccharin solutions is shifted (Flaherty
& Rowan, 1986) and when rats are shifted from sucrose
to saccharin (unpublished data from our laboratory).

The successive contrast effects that occur when rats are
shifted from 32 % to 4 % sucrose are reliably reduced by
anxiolytic drugs such as ethanol, chlordiazepoxide (CDP),
sodium amobarbital, morphine, and midazolam (Becker,
1986; Becker & Flaherty, 1982, 1983; Flaherty & Dris
coll, 1980; Flaherty, Lombardi, Wrightson, & Deptula,
1980; Rowan & Flaherty, 1987). However, another form
ofcontrast, simultaneous contrast, which occurs when rats
are rapidly and regularly shifted between sucrose solu
tions within a day, is apparently not influenced by anxio
lytic drugs (e.g., Flaherty, Becker, & Driscoll, 1982; Fla
herty, Lombardi, Kapust, & D'Amato, 1977). This
pattern of results has led to the suggestion that an emo
tional response is causally involved in successive nega
tive contrast, but not in simultaneous contrast (e.g., Fla
herty, Becker, & Pohorecky, 1985; Flaherty & Rowan,
1986).

The next experiment investigated the effects of an anxio
lytic and a psychomotor stimulant on anticipatory contrast.
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Figure 1. The mean lick frequency on the rlfSt bottle available
as a function of solution condition and as a function of interbottle
interval. The .15-32 condition refers to a 0.15%saccharin solution
in the first bottle available and a 32% sucrose solution in the sec
ond bottle available. The .15-.15 condition indicates the saccbarin
solution in both bottles. lSI = intersolution interval.

EXPERIMENT 2

The subjects were those used in Experiment 1, main
tained under the same conditions except for the drug treat
ment. CDP and amphetamine were used. CDP has been
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Figure 2. The effect of chlordiazepoxide (CDP) and amphetamine
(Amph) on lick frequency in the two solution conditions. Injections
were given only on the 2nd day of each 3-day cycle. The data points
in this figure continue from those in Figure 1.

Results
Because the interbottle interval factor (15 sec vs. 0 sec)

influenced neither contrast nor the effects of the drugs,
the data from the two conditions were combined for
presentation. The mean lick frequency obtained under the
various drug conditions is presented in Figure 2. The CDP
had a clear appetite-stimulating effect, increasing the lick

Method
Subjects. The rats used in Experiment 1 served as subjects.
Apparatus. The apparatus was the same as that used in Ex

periment 1.
Procedure. The animals were maintained under the same condi

tions as in Experiment 1. In addition, the effects of CDP and am
phetamine were investigated using a within-subjectsprocedure. Each
drug dose was evaluated by using the following 4-day cycle: Day 1,
saline; Day 2, drug; Day 3, saline; Day 4, not run. The drugs and
doses tested were, in order oftesting, 6, 12, and 20 mg/kg ofCDP,
and 0.25 and 0.50 mg/kg of amphetamine. Both drugs were ad
ministered intraperitonea11y, the CDP 30 min prior to the session
and the amphetamine 20 min prior to the session.

shown to reduce both negative contrast in runway behavior
(Rosen & Tessel, 1970) and behavioral contrast (Baltzer,
Huber, & Weiskrantz, 1979), as well as contrast in con
summatory behavior. Amphetamine, a stimulant normally
thought of as having appetite-suppressing effects, has re
cently been reported to have appetite-stimulating effects
in low doses (e.g., Hoebel, Hernandez, Monaco, &
Miller, 1981; Jain, Kyriakides, Silverstone, & Turner,
1980). Furthermore, amphetamine, an agent that poten
tiates the effectiveness of endogenous dopamine, has been
reported to enhance the rewarding effects of brain stimu
lation (Wise, 1982). Because dopamine has been postu
lated to underlie at least some aspects of the neural corre
lates of reward (Fibiger & Phillips, 1979), it is possible
that amphetamine may influence the degree of reward
contrast.

frequency of both contrast and control groups, but it did
not influence the degree of contrast.

Each CDP dose was analyzed separately, and all showed
the same statistical effect: an elevation in lick frequency
in both contrast (.15-32) and control (.15-.15) groups on
CDP days as compared with saline days [6 mg/kg: F(2,30)
= 12.26,p < .05; 12 mg/kg: F(2,32) = 6.64,p < .05;
24 mg/kg: F(2,32) = 11.09, P < .05]. Contrast re
mained reliable throughout the CDP treatment phase
[6 mg/kg: F(1,I6) = 6O.29,p < .05; 12 mg/kg: F(1,16)
= 57.54, p<.05; 20mg/kg: F(1,16) = 21.10,
p < .05] and there was no indication that the degree of
contrast was reduced by the drug (F < 1.00 for all group
X day interactions).

The effects obtained with amphetamine (also shown in
Figure 2) fall into a pattern different from that obtained
with CDP. Rather than increasing intake, amphetamine
had a tendency to decrease intake of the saccharin solu
tion. In the case of the 0.25 mg/kg dose of amphetamine,
there was a clear decrement in lick frequency across the
3-day cycle, with Day 3 (the day after the amphetamine
injection) being the lowest of the 3 days [F(2,32) = 4.66,
p < .05]. No statistically reliable effects were obtained
with the 0.50 mg/kg dose, but there was a clear tendency
for the amphetamine to decrease licking in the .15-.15
group [group X day, F(2,30) = 3.13, p < .06]. A reli
able contrast effect was maintained across both ampheta
mine cycles [F(1,16) = 27.50, p < .05 and F(1,16) =

10.88, p < .05]. A comparison between the 2 days on
which amphetamine was injected indicated that a reliable
contrast occurred on both injection days [group X day,
F(1,16) = 6.18, p < .03; followed by LSD tests], but
contrast was smaller when the higher dose of ampheta
mine was administered (LSD test), due to a decline in lick
frequency in the .15-.15 group (reliable by LSD test).
There was no reliable change in the contrast group
(.15-32).

Lick frequency on the second tube available to the
animals was also measured, but, because the drugs did
not have pronounced effects and because the data did not
depart substantially from the results obtained in Experi
ment 1, these results will not be presented.

Discussion
CDP and other anxiolytic drugs have been found to

release behavior suppressed by a variety of environmen
tal contingencies, including novelty, punishment, non
reward, and aversive stimuli (e.g., File, 1985; Gray,
1982; Treit, 1985). CDP also has a dose-dependent ef
fect that reduces the degree of contrast that occurs when
animals are shifted from 32 % to 4 % sucrose solutions,
with doses of 6 or 8 mg/kg sufficing to eliminate con
trast (Becker & Flaherty, 1983; Flaherty et al., 1980).
The failure of CDP to influence contrast in the present
experiment (although it did have an appetite-stimulating
effect, as found in other studies, e.g., Cooper & Estall,
1985; Riley & Lovely, 1978) suggests that anticipatory
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c?ntrast and successive contrast may be mediated by
different mechanisms. Such a possibility is also suggested
by the procedural differences between the two paradigms.
In the successive contrast paradigm, the animals' preferred
substance is replaced by a less preferred substance-a sit
u~tion t?at would be expected to lead to an analogue of
disappointment. On the other hand, in the anticipatory
contrast paradigm, the animals are responding to a sub
stance that signals the impending occurrence of a preferred
solution-a situation that should not be "disappointing."
. Thus, although consummatory behavior is suppressed
10 both situations, it is likely that the suppression occurs
for different reasons. This interpretation is supported by
a. previous experiment, which showed that the suppres
sion that occurred in anticipatory contrast was related to
the impending 32% sucrose each day rather than to the
32 % sucrose solution received on the previous day (Fla
herty & Rowan, 1985). These data are reminiscent of
some results obtained in behavioral contrast by Williams
(1979). He found that the terminal schedule in a three
ply multiple schedule exerted more control over respond
ing in the middle schedule than did the initial schedule.

Amphetamine was included to test the possibility that
a stimulant drug (and dopamine agonist) might have ef
fects when a tranquilizer did not. The results show quite
clearly that amphetamine did not influence contrast.

EXPERIMENT 3

The failure of CDP and amphetamine to influence con
trast might be due to the fact that the mechanism of ac
tion of these drugs is not related to the processes that
produce anticipatory contrast (as suggested above). Al
ternatively, it is possible that anticipatory contrast, once
established, is simply resistant to change. The present ex
periment examined the flexibility of consummatory be
havior in this contrast situation by reversing the solution
contingencies in effect for the animals used in Experiments
1 and 2; that is, the animals that had received 0.15 % sac
charin in the first tube and 32%sucrose in the second tube
were shifted to the .15-.15 condition, and the animals that
had received the .15-.15 condition were shifted to the
.15-32 condition. The interbottle interval conditions (0
vs. 15 sec) were left unchanged.

Method
Subjects. The subjects were the same as those used in the previ

ous experiments.
Apparatus. The apparatus was the same as that used in the previ

ous experiments.
Procedure. The procedure was the same as that used in Experi

ment 1, except that the saccharin-sucrose relationships between
groups were reversed; that is, the animals that had received the
.15-.15 condition were shifted to the .15-32 condition, and vice
versa. The interbottle interval conditions were not changed. These
conditions were maintained for 10 days.

Results
The intake data for the first bottle are presented in

Figure 3. The shift in the saccharin-sucrose relationships

Figure 3. The effect of reversing the solution pairings on lick fre
quency. The group labeled .15-32 was shifted from the .15-.15 con
dition, and vice-versa. The data in this figure are continuous with
those in Figure 2. lSI = intersolution interval.

clearly led to a shift in consummatory behavior. The rats
that were shifted from the .15-32 condition to the .15-.15
condition showed an increase in lick frequency, and those
that were shifted from the .15-.15 condition to the .15-32
condition showed a decrease in lick frequency.

Analysis of the data indicated a reliable solution x block
effect [F(4,64) = 24.55, p < .05] and no reliable effects
of interbottle interval (Fs < 1.(0). Subsequent analysis
of the solution x block term with the LSD test showed
~at the .15-32 group licked more than the .15-.15 group
10 Block 1, but less than the .15- .15 group in Blocks 4
and 5. Both the increase in lick frequency found in the
group switched to the .15- .15 condition and the decrease
in lick frequency found in the group switched to the
.15-32 condition were reliable by LSD test.

Intake data on the second bottle available to each group
showed that the animals given access to the 32% sucrose
solution licked substantially more frequently (mean licks
= 1,478.9) than the animals given access to the 0.15 %
saccharin solution (mean licks = 422)[F(1,16) = 123.80,
P < .05].

Discussion
Intake of the initial 0.15 % saccharin solution was un

der the control of the solution that followed it. When the
second tube was switched from 0.15 %saccharin to 32 %
sucrose, the lick frequency on the first tube abruptly
declined. Similarly, when the second tube was switched
from 32 % sucrose to 0.15 % saccharin, the intake of the
0.15% saccharin available in the first tube increased.

The rapid changes in consummatory behavior that oc
curred in this experiment suggest that the failure of the
drugs in Experiment 2 to produce effects was not due to
behavioral inflexibility on the part of the animals. These
results further suggest that the associative process, if that
is what controlled the lick behavior to the first tube, was
itself subject to rapid change following changes in the en
vironmental circumstances.



GENERAL DISCUSSION

These experiments showed that the intake of the initial
O. 15% saccharin solution was suppressed by the subse
quent availability of 32% sucrose and that this contrast
effect was not influenced by CDP or amphetamine, nor
was it altered when there was no time lag between the
retraction of the saccharin tube and the presentation of
the sucrose tube. The results obtained with CDP in Ex
periment 2 supported an earlier suggestion (Flaherty &
Rowan, 1985) that anticipatory contrast was not a suc
cessive negative-contrast effect based on the comparison
of the 0.15 %saccharin with the memory of the 32% su
crose solution received on the previous day. The earlier
argument was grounded on procedural details and on the
effects of the within-subjects manipulation of the sac
charin-sucrose pairings. Experiment 2 showed that CDP,
in doses of 6, 12, and 20 mg/kg, had no effect at all on
anticipatory contrast, whereas other studies showed that
doses of 6 and 8 mg/kg completely eliminated successive
negative contrast (Becker & Flaherty, 1983; Flaherty
et al., 1980). It is important to note that the failure of the
drug to reduce anticipatory contrast cannot be related to
a general failure of the drug to affect behavior in these
circumstances, because CDP did have a powerful appetite
stimulating effect (however, it influenced control and con
trast animals equally). Also, Experiment 3 showed that
the lack of effectivenessof the drug could not be attributed
to an insensitivity of the licking response because of
overtraining-the licking behavior of both contrast and
control groups changed rapidly when the saccharin-sucrose
contingencies were reversed.

The results obtained in these experiments do not alter
the interpretation of the suppression of saccharin intake
described earlier (Experiment 1) and in previous studies.
That is, the suppression reflects a contrast effect based
on the learned anticipation of a preferred substance. This
anticipation devalues the saccharin solution and/or leads
to competing behaviors that reduce intake of the saccha
rin. Competing responses based on spatial location can
not completely explain anticipatory contrast, because it
has been obtained when both solutions were presented
through the same opening (Flaherty & Checke, 1982, Ex
periment 3), and behavioral contrast, aspects of which
may be closely related to anticipatory contrast, occurs
regularly with a single rnanipulandum (Williams, 1981,
1983). Thus, devaluation of the saccharin solution,
perhaps based on Pavlovian conditioned representational
processes (Colwill & Rescorla, 1985; Holland & Straub,
1979), may playa major role in the occurrence of an
ticipatory contrast. The CDP data suggest that this antic
ipation is not mediated by an aversive emotional state,
as may be the case in the occurrence of successive nega
tive contrast.

The occurrence of the contrast effect, rather than a re
inforcement effect, with the O-sec interbottle interval con
dition suggests that the contrast was not due to a degraded
instrumental contingency produced by the presence of a
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time interval between the presentation of the two tubes.
Recently gathered data do show, however, that the im
position of a specific instrumentalcontingency, in the form
of a required lick count, eliminates contrast and leads to
a reinforcement effect in terms of the latency to lick the
first tube (i.e., the .15-32 animals are faster than the
.15-.15 animals, Flaherty & Grigson, in press). Thus,
in the absence of a strong instrumental contingency, the
behavior of the rats in this situation may be controlled
by Pavlovian associative processes and contrast effects
based on the comparison of predictor and predicted sub
stances that differ in hedonic value.
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