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Long-Evans rats downshifted from 32% to 4% sucrose solution exhibit lower consummatory behavior during
downshift trials than rats exposed only to 4% sucrose. In Experiment 1, this effect, called consummatory successive
negative contrast (cSNC), was attenuated by administration of the benzodiazepine anxiolytic chlordiazepoxide
(CDP, 5 mg/kg, ip) before the second downshift trial (Trial 12), but was not affected when CDP was administered
before the first downshift trial (Trial 11). In Experiment 2, CDP administered after Trial 11 actually enhanced the
cSNC effect on Trial 12. This posttrial effect of CDP was reduced by delayed administration (Experiment 3). This
CDP effect was not present in the absence of incentive downshift (Experiments 4-5), or when animals were tested
with the preshift incentive (Experiment 6) or after complete recovery from cSNC (Experiment 7). The posttrial
CDP effect was observed after an 8-day interval between Trials 11 and 12 (Experiment 8) and when administered
after Trial 12, rather than Trial 11 (Experiment 9). Experiment 10 extended the effect to Wistar rats. Because CDP is
a memory interfering drug, it was hypothesized that its posttrial administration interferes with the consolidation
of the memory of the downshifted incentive, thus prolonging the mismatch between expected (32% sucrose) and
obtained (4% sucrose) incentives that leads to the cSNC effect.
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1. Introduction

In a typical experiment on consummatory successive negative con-
trast (cSNC), two groups of food-deprived rats receive access to either
32% or 4% sucrose solution during 10 daily trials, followed by access to
4% sucrose during subsequent trials. cSNC involves the transient sup-
pression of consummatory behavior in the group exposed to an incen-
tive downshift from 32% to 4% sucrose, relative to the 4-to-4% sucrose,
unshifted controls (Flaherty, 1996). An intriguing property of cSNC is
the apparent selectivity with which consummatory performance can
be affected by the benzodiazepine anxiolytic chlordiazepoxide (CDP)
on Trials 11 and 12—the first and second downshift trials (Flaherty
et al., 1986, 1990). Whereas CDP significantly reduces cSNC on the sec-
ond downshift trial, it has no apparent effects on the first downshift
trial. A similar trial selectivity was observed with other anxiolytics
(Flaherty, 1996). Additional studies demonstrated that CDP can have a
contrast-reducing effect on the first downshift trial provided that trial
is longer than the typical 5 min (Flaherty et al., 1986) or that rats are ex-
posed to repeated cycles of incentive downshift (Flaherty et al., 1996).

Flaherty (1996) considered several hypotheses that could explain
this trial selectivity of CDP, but none of them includes a direct reference
to a memory process. He favored the idea that CDP reduces the negative
emotion induced by incentive downshift, which would peak on the
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second downshift trial. To explain CDP's lack of action on the first down-
shift trial, Flaherty (1996) argued that the initial reaction to the down-
shift involves search behavior, rather than emotional activation.
Unlike Flaherty's (1996) account, the present view incorporates memo-
ry processes to account for the cSNC effect. We suggest that the depen-
dence of these CDP effects on experience with the downshifted solution,
as illustrated by experiments with trials longer than the typical 5 min
and with repeated downshifts (see above), suggests a memory-related
mechanism (Bentosela et al., 2006; Norris et al., 2011). In the cSNC sit-
uation, there are at least three relevant memory sources: (1) the mem-
ory of the preshift incentive, formed during the initial trials of exposure
to 32% sucrose; (2) the memory of the emotional response to the down-
shift event, formed during and after the first downshift trial (usually
Trial 11); and (3) the memory of the downshifted solution, formed dur-
ing subsequent downshift trials. Because (1) and (3) are incentive
memories (i.e., environmental events), they were called “allocentric”
(the prefix “allo” implies external to the organism), but because (2) is
an emotional memory (i.e., internal event) it was called “egocentric”
(the prefix “ego” implies internal to the organism; Papini, 2003). There-
fore, during downshift trials, animals are assumed to encode two differ-
ent memories: The egocentric memory of the negative emotional
experience and the allocentric memory update of the new, less valued
incentive. With posttrial administration, drugs that enhance egocentric
memory or interfere with allocentric memory should promote consum-
matory suppression, whereas drugs that interfere with egocentric
memory or enhance allocentric memory should promote the recovery
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of consummatory behavior. Posttrial drug administration is routinely
used to modulate memory consolidation (McGaugh, 2000). The drug
was not present when the memory is acquired (during the downshift
event) and it is excreted before the next trial is administered, 24 h
later. In rats, a single oral dose of CDP (10 mg/kg) has a half-life of
4-6 h (Koechlin and D'Arconte, 1963). Therefore, CDP could only influ-
ence consummatory behavior if it had memory effects, either on mem-
ory consolidation or via conditioned taste aversion.

Generally speaking, drugs affecting memory are either memory en-
hancing or memory interfering drugs (Amadio et al., 2004; Hirshman,
2004; McGaugh and Izquierdo, 2000). Thus, the working hypothesis is
that if the administration of a memory enhancing drug after Trial 11 in
the cSNC situation increases the cSNC effect, it can only act by potentiat-
ing the egocentric emotional memory of the downshift (i.e., enhancing
allocentric memory should lead to attenuated cSNC because the expect-
ed incentive would tend to match the obtained incentive). Recent
research with memory enhancing drugs administered after Trial 11,
such as corticosterone (Bentosela et al., 2006; Ruetti et al., 2009) and
p-cycloserine (Norris et al., 2011), have shown that the cSNC can indeed
be increased and extended, thus retarding the recovery of consummato-
ry behavior. The present series of experiments follows a similar logic,
but using the anxiolytic CDP, a drug that acts at the benzodiazepine
site of the type-A gamma-amino butyric acid receptor. CDP was selected
because it has been shown to affect cSNC, as described above, and it has
been shown to affect memory in other situations. CDP and other benzo-
diazepines have been described as causing memory impairment in
avoidance conditioning, spatial learning, and step-down inhibitory
avoidance (Flood et al., 1998; Ghoneim, 1992; Herzog et al., 2000;
Izquierdo et al., 1990; Olaman and McNaughton, 2001; Silva and
Frussa-Filho, 2000). If CDP is a memory-interfering drug in the cSNC sit-
uation, then it should either (1) cause animals to recover faster from the
downshift (interpreted as interference with egocentric memory), or
(2) cause animals to recover more slowly (interpreted as interference
with allocentric memory). This series of experiments starts by asking
whether the trial-selectivity of pretrial CDP in the ¢SNC situation is
reproduced under the current conditions. Subsequent experiments ex-
plore the effects of posttrial CDP administration on cSNC and the extent
to which such effects depend on an experience of incentive downshift.

2. Experiment 1: Pretrial 11 vs. 12

The main outcome consistent with an anxiolytic effect of CDP on
cSNC is the selective attenuation of this effect with pretrial drug admin-
istration before the second downshift trial (Trial 12), but not when CDP
is administered before the first downshift trial (Trial 11). Although
several studies reported such a trial selectivity of CDP administration
on cSNC (see above), in one study (Genn et al., 2004), pretrial CDP
(5 mg/kg, ip) administration reduced cSNC on both the first and second
downshift trials. Experiment 1 had two aims: first, to demonstrate the
anxiolytic effect under the conditions used in the rest of the experi-
ments and, second, to determine whether the attenuating effect of
CDP under these conditions is trial selective (i.e., present on Trial 12,
but not on Trial 11).

The Genn et al. (2004) study differed from previous research (see
above) in terms of the dependent measure (solution intake, rather
than lick frequency), testing environment (home cage, rather than sep-
arate conditioning box), and the rat strain (hooded Lister rats, rather
than Sprague-Dawley or other commercially available strains). The pro-
cedure used in the present and previous studies from our lab differed
from other studies in several respects (e.g., Norris et al., 2008, 2011).
First, we routinely use goal-tracking time (cumulative time in contact
with the sipper tube) as the dependent measure. Goal-tracking time
has produced orderly results in a variety of experiments (see Papini,
2009; Papini et al., 2006) and it has been shown to significantly and pos-
itively correlate with fluid intake (Mustaca et al., 2002). Similar results
were obtained when both goal-tracking time and fluid intake were

recorded in the same experiment (Papini et al., 1988; Riley and
Dunlap, 1979). Second, training was carried out in a separate condition-
ing box. Finally, we used Long-Evans rats.

2.1. Method

2.1.1. Subjects

The subjects were 60 experimentally naive, male Long-Evans rats,
approximately 90 days of age at the start of the experiment. Animals
were bred in the TCU colony, housed in wire-bottom cages with water
continuously available during the course of the experiment. At 90 days
of age, food was restricted until animals were 81-84% of the free food
weight. Temperature (around 23 °C) and humidity (around 50%) were
maintained relatively constant and the colony was on a 12 h of light-
dark cycle (lights on at 07:00 h). Behavioral testing occurred during
the light phase of the cycle. Housing and testing were carried out in an
USDA-inspected research facility. All experimental procedures were ap-
proved by the Institutional Committee on Animal Care and Use. Animal
health was evaluated daily by researchers and periodically by a consult-
ing veterinarian.

2.1.2. Apparatus

Animals were tested in 4 conditioning boxes constructed of alumi-
num and Plexiglas, 29.3 cm long, 21.3 cm high, and 26.8 cm wide. The
floor was made of steel rods 0.4 cm in diameter and 1.6 cm apart that
ran parallel to the feeder wall. A tray filled with corncob bedding was
placed below the floor to collect fecal pellets and urine. A sipper tube
(1 cm in diameter and protruding 1.5 cm from the feeder wall when
fully inserted) was automatically inserted and retracted to deliver the
sucrose solution. This sipper tube was inserted through an elliptical
hole in the feeder wall, 1 cm wide, 2 cm high, and 4 cm from the
floor. Contact with the sipper tube was recorded automatically by the
closing of an electric circuit between the sipper tube and the steel
floor. Each conditioning box was enclosed in a sound-attenuating cham-
ber 57.5 cm long, 36.9 cm high, and 39.4 cm wide. This chamber also
had a speaker and a fan, which together register 80.1 dB (SPL, scale C).
The control of the sipper tube and recording of the response were per-
formed by a computer located in an adjacent room.

2.1.3. Training procedure

When the weights reached the target deprivation criterion, animals
were randomly assigned to one of six groups (n = 10) depending
on the drug administered before Trial 11 or 12, either saline or CDP:
32/Sal/Sal, 32/CDP/Sal, 32/Sal/CDP, 4/Sal/Sal, 4/CDP/Sal, and 4/Sal/CDP.
In this design, the same saline controls can be used for each of the
two CDP conditions, Trial 11 or Trial 12. For two groups (one down-
shifted and one unshifted), the two injections were equal-volume saline
injections (32/Sal/Sal and 4/Sal/Sal). Two other groups received CDP
(5 mg/kg, ip) before Trial 11 and vehicle before Trial 12 (32/CDP/Sal
and 4/CDP/Sal). The final two groups received the vehicle injection be-
fore Trial 11 and CDP before Trial 12 (32/Sal/CDP and 4/Sal/CDP).

All animals received training during 12 daily trials each lasting 5 min
starting after the first contact with the sipper tube was detected. For 3
groups (downshifted groups), 32% sucrose was available during Trials
1-10, followed by 4% sucrose during Trials 11-12. For the other three
groups, 4% sucrose was available during the 12 trials. Solutions were
prepared w/w by mixing 32 g (or 4 g) of commercial sugar with 78 g
(or 96 g) of distilled water and administered at room temperature. All
animals received two injections (before Trials 11 and 12), 30 min before
the start of each trial.

Rats received training in squads of four. Each animal was always in
the same squad and trained in the same conditioning box, but the
order of squads was randomized across days. Conditioning boxes were
cleaned with a damp paper towel after each trial. Each trial started
with a variable interval of 30 s (range: 15-45 s). At the end of this inter-
val, the sipper tube was automatically presented. A recording period
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started when a rat contacted the sipper tube and lasted 5 min. Retrac-
tion of the sipper tube was followed by a variable interval of 30 s
(range: 15-45 s).

2.1.4. Drug preparation

CDP was prepared by mixing the appropriate amount of chlordiaz-
epoxide hydrochloride (Sigma-Aldrich, Saint Louis, MO) with 1 ml of
saline. The stock solution was then diluted to the 5 mg/kg dose. This
dose has been shown effective in previous cSNC studies (see Flaherty,
1996). CDP was prepared 24 h prior to Trial 11. Isotonic saline solution
was used as vehicle.

2.1.5. Dependent variable and statistics

The dependent variable was goal-tracking time: the cumulative time
in contact with the sipper tube (recorded in 0.01-s units), up to a max-
imum of 5 min. Goal-tracking time typically yields nonsignificant
preshift differences, but this is not uncommon with lick frequency
data (for one example, see Flaherty, 1996, p. 56). Goal-tracking times
were subject to nonparametric analyses using the Mann-Whitney U
test, with an alpha value set at the 0.05 level, for a 2-tailed distribution.
The analyses in the present and subsequent experiments are restricted
to pairwise comparisons among the groups of interest in specific trials.
The simplicity of nonparametric tests combined with their equivalent
power (for the sample sizes used in the present experiments) to the
more typical analysis of variance determined our choice. Moreover,
given that the cSNC effect sometimes results in low levels of responding
for downshifted animals, relative to unshifted controls, at least during
the initial postshift trials, violating the equal-variance assumption is ir-
relevant for nonparametric tests. All statistics were computed using the
IBM SPSS Statistics 21 package.

2.2. Results and discussion

Performance during the preshift trials was similar across conditions.
The mean (£SEM) goal-tracking times during Trials 1-10 were
154.56 s (£5.7) and 157.19 s (4 6.0) for animals exposed to 32% or
4% sucrose, respectively. The difference was not significant, U(30,
30) = 414, p = 0.60. Notice that the average across all preshift trials
(Trials 1-10) implies that these scores will necessarily be lower than
those obtained on any individual postshift trial; this is because goal-
tracking times start at a low level and then increase gradually across
preshift trials. This applies to all the experiments testing for cSNC in
this series. The goal-tracking times for Trial 10, the last preshift trial,
were 214.58 s (£7.8) and 221.50 s (£ 8.2) for 32% and 4% sucrose ani-
mals, respectively. The difference was not significant, U(30, 30) = 427,
p = 0.73.

The main results are presented in Fig. 1 in terms of the first (Trial 11)
or second (Trial 12) downshift trial. For the first downshift trial,
pairwise comparisons between 32/Sal/Sal vs. 4/Sal/Sal and between
32/CDP/Sal vs. 4/CDP/Sal indicated that both differences were signifi-
cant, Us(10, 10) <9, ps < 0.003. Furthermore, comparisons between
4/Sal/Sal vs. 4/CDP/Sal and 32/Sal/Sal vs. 32/CDP/Sal yielded nonsignifi-
cant results, Us(10, 10) > 29, ps > 0.13. Thus, there was no evidence
that pretrial CDP administration affected the cSNC effect during the
first downshift trial (Trial 11).

Pretrial CDP administration before the second downshift trial (Trial
12) eliminated the cSNC effect. Thus, whereas 32/Sal/Sal was signifi-
cantly suppressed relative to 4/Sal/Sal, U(10, 10) = 20, p = 0.023
(i.e., a cSNC effect in saline groups), 32/Sal/CDP and 4/Sal/CDP did not
differ from each other, U(10, 10) = 29, p = 0.112 (i.e., no evidence of
¢SNC in CDP-treated groups). Additionally, goal-tracking times were
not different between 4/Sal/Sal vs. 4/Sal/CDP, U(10, 10) = 41,
p = 0.496, and, although there was a trend, 32/Sal/Sal and 32/Sal/CDP
were also not different from each other, U(10,10) = 27, p = 0.082.

The trial-selective effects of CDP observed in the present experiment
are consistent with the results obtained with lick rate (Flaherty et al.,
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Fig. 1. Mean (4= SEMs) goal-tracking time for groups downshifted from 32% to 4% sucrose
(32) and unshifted controls receiving only access to 4% sucrose (4). These groups received
pre-trial administration of either chlordiazepoxide (CDP, 5 mg/kg, ip) or saline (Sal, equal
volume) during the first downshift trial (Trial 11) or second downshift trial (Trial 12). The
design adopted in this experiment allowed us to use the same unshifted controls for com-
parison with groups given CDP on Trial 11 or 12. Thus, the bars for saline controls come
from the same two groups, but the bars for CDP groups come from four different groups,
for a total of six groups.

1990), but differ from those reported for fluid intake (Genn et al.,
2004). The latter dependent variable showed a reduction of cSNC on
both Trials 11 and 12 with the 5 mg/kg dose used here. The reasons
for this discrepancy are unclear. As noted earlier, in addition to the
dependent variable, Genn et al. (2004) ran their experiment in the
animal's home cage and used a different rat strain. For the present pur-
pose, however, these results serve to validate the procedure used to in-
duce and measure the cSNC effect.

3. Experiment 2: Posttrial 11 CDP administration

Our starting hypothesis assumed that posttrial CDP administration
would interfere with the egocentric memory of the downshift, thus fa-
cilitating recovery from cSNC. There appears to be no published re-
search using the posttrial administration procedure with CDP. Other
benzodiazepine ligands have been shown to have no measurable effect
on passive avoidance when administered after training (Izquierdo et al.,
1990).

3.1. Method

The subjects were 45 experimentally naive, male Long-Evans rats,
approximately 90 days of age at the start of the experiment. Other as-
pects of maintenance and apparatus were as described in Experiment 1.

Training started when animals reached the target deprivation crite-
rion. Animals were matched by ad lib weight in pairs and then randomly
assigned to one of two groups depending on the sucrose solution re-
ceived during the 10 preshift trials, either 32% or 4%. For Trials 11-12,
all animals had access to 4% sucrose. Prior to Trial 11, animals within
each preshift condition were matched by preshift performance and ran-
domly assigned to one of two groups receiving either saline (4/Sal and
32/Sal) or CDP (4/CDP and 32/CDP). CDP (8 mg/kg, ip) or saline
(equal volume) was administered immediately following Trial 11. CDP
was prepared as described in Experiment 1. A larger CDP dose was cho-
sen (8 vs. 5 mg/kg in Experiment 1) to facilitate diffusion into the cen-
tral nervous system, on the assumption that memory encoding of the
events occurring on Trial 11 would be time dependent (McGaugh,
2000). This dose is also known to be effective when administered before
Trial 12 (see Flaherty, 1996).

Because the aim of posttrial drug administration was to determine
the effect of a specific compound on c¢SNC, an animal had to show a min-
imum amount of response suppression following the downshift to be
included in this experiment. The criterion used was that an animal's
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goal-tracking time on Trial 11 had to be 85% or less than the goal-
tracking time exhibited by that animal on Trial 10. This criterion was
applied in all the experiments that followed. Only failures to pass this
minimum suppression criterion were noted hereafter. All other features
were as described in Experiment 1.

3.2. Results and discussion

Preshift performance for 32% and 4% sucrose averaged over Trials
1-10 was not significantly different, U(22, 23) = 242, p = 0.803. The
goal-tracking times for 32% and 4% groups, on Trial 10 (Fig. 2), were
not different from each other, U(24, 21) = 241, p = 0.80.

Performance on Trial 11, the first postshift trial and the one before
CDP administration, was significantly lower in 32-to-4% downshifted
groups, whether assigned to the saline or CDP groups, Us = 10,
ps = 0.001. Moreover, there were no differences between the two 4%
groups, U(12, 12) = 71, p = 0.954, and the two 32% groups, U(10,
11) = 53, p = 0.888. Thus, both groups exhibited a similar cSNC effect
before CDP was administered.

Fig. 2 also shows the consequence of Posttrial 11 CDP administration
on Trial 12, the following day. There was recovery of goal-tracking times
in downshifted saline animals, such that the difference between 32/Sal
and 4/Sal was no longer significant, U(12, 10) = 34, p = 0.086. How-
ever, Posttrial 11 CDP administration reduced the performance
of downshifted animals such that the difference between 32/CDP and
4/CDP on Trial 12 was highly significant, U(12, 11) = 10, p = 0.001.
Whereas CDP also seemed to affect the performance of unshifted con-
trols, the difference between 4/Sal and 4/CDP on Trial 12 was not sig-
nificant, U(12, 12) = 60, p = 0.488. However, 32/CDP suppressed
consummatory behavior significantly more than 32/Sal on Trial 12,
U(10, 11) = 8,p = 0.001.

Administration of CDP immediately after Trial 11 enhanced the cSNC
effect on Trial 12, the day following drug administration. The remaining
experiments were designed to characterize the time limits of this effect
and the extent to which it was specific to the incentive downshift
experience.

4. Experiment 3: Immediate vs. delayed CDP administration

If posttrial CDP affects ¢SNC by interfering with allocentric memory,
then the effect should be time dependent (McGaugh, 2000). Thus, for
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Fig. 2. Mean (4 SEMs) goal-tracking time for downshifted (32) and unshifted groups (4).
CDP (8 mg/kg, ip) or saline were administered immediately after Trial 11. The perfor-
mance on Trial 10, the last preshift trial, is also shown.

example, Posttrial 11 corticosterone enhances cSNC when administered
immediately after the trial, but not when administered 3 h after the trial
(Bentosela et al., 2006). The same design was used in this experiment to
test for time dependency.

4.1. Method

The subjects were 60 Long-Evans experimentally naive, male rats,
approximately 90 days of age at the start of the experiment, and main-
tained as described in Experiment 1. Animals were tested in 8 condi-
tioning boxes similar to those described in Experiment 1.

Animals were matched by ad lib weight and randomly assigned to
the two sucrose conditions, 32% and 4%, administered during preshift
Trials 1-10. Following Trial 10, animals within each sucrose concentra-
tion condition were matched in triplets by preshift performance and
randomly assigned to one of three groups depending on the timing
and type of drug administration, either immediately after Trial 11
or 3 h later, and either CDP (8 mg/kg, ip) or saline (equal volume).
Six groups were thus established: 4/Sal/Sal, 32/Sal/Sal, 4/Sal/CDP,
32/Sal/CDP, 4/CDP/Sal, and 32/CDP/Sal. Therefore, animals were
matched in terms of the number of injections (two) and timing of the
injections (immediately after the trial or 3 h after the trial). All other
features were as described in Experiment 2.

4.2. Results and discussion

There was a significant difference between groups during preshift
trials (Trials 1-10), with 32% sucrose supporting higher levels of con-
summatory behavior than 4% sucrose, U(29, 31) = 275, p = 0.01.
Fig. 3 shows the performance on Trial 10. By the time groups reached
the last preshift trial, the differences between 32% and 4% sucrose
groups were no longer significant, U(29, 31) = 363, p = 0.20.

On Trial 11, right before drug administration, all downshifted vs.
unshifted groups exhibited a similar cSNC effect, Us < 21, ps < 0.02.
Moreover, 4% and 32% sucrose groups to be treated with saline did not
differ from any of the groups to be treated with CDP, Us > 40, ps > 0.62.

Fig. 3 also shows the results for Trial 12. There were significant cSNC
effects in comparisons between Groups 32/Sal/Sal vs. 4/Sal/Sal and be-
tween Groups 32/CDP/Sal vs. 4/CDP/Sal, Us < 22, ps < 0.03. However,
Groups 32/Sal/CDP and 4/Sal/CDP fell short of statistical significance
on Trial 12, U(10, 10) = 25, p = 0.059. None of the CDP-treated 4% or
32% groups differed from saline controls, Us > 39, ps > 0.29; this in-
cludes the comparison between 32/CDP/Sal and 32/Sal/Sal. Although
in the same direction as that observed in the previous experiment,
this time the difference was not significant.

This experiment provided only a weak confirmation of the enhanc-
ing effect on cSNC by Posttrial 11 CDP administration observed in the
previous experiment. The effect is weak in that cSNC was observed
both in saline animals and in animals that received CDP immediately
after Trial 11. However, given the confirmation of this result obtained
in subsequent experiments, this partial failure to confirm the effect is
taken with caution. What this experiment did provide is a lack of evi-
dence that CDP administration 3 h after Trial 11 made a measurable im-
pact on consummatory behavior the following day. This result is
consistent with at least two hypotheses: (1) That CDP has no effect
after a time window for the consolidation of the downshift memory
has elapsed, or (2) that delayed CDP administration does not support
measurable conditioned taste aversion in this preparation.

5. Experiment 4: Testing for conditioned taste aversion

Posttrial drug administration can have at least two effects. One is
that it can modulate (enhance or interfere) memory consolidation.
This is the effect being tested in this series of experiments. However,
the effects of a drug administered after a given experience may induce
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Fig. 3. Mean (4 SEMs) goal-tracking time for downshifted (32) and unshifted groups (4). CDP (8 mg/kg, ip) or saline was administered immediately after Trial 11 or 3 h after the end of

that trial. The performance on Trial 10, the last preshift trial, is also shown.

aversion to antecedent cues. In this case, the taste of the 4% sucrose on
Trial 11 (the putative conditioned stimulus) paired with the effects of
CDP administered after that trial (the putative unconditioned stimulus)
may have generated sufficient conditioned taste aversion to suppress
consummatory behavior on Trial 12. This effect may be stronger in
downshifted animals because the 4% sucrose solution was relatively
more novel than in unshifted controls, which had access to the solution
during 10 previous trials without any negative consequence. Condi-
tioned taste aversion is known to be attenuated by prior nonreinforced
preexposure to the taste—a latent inhibition effect (Cannon et al., 1983;
Lubow, 2009). The taste aversion hypothesis was tested under condi-
tions that should maximize its occurrence: a single exposure to 4% su-
crose followed by CDP administration immediately after the trial. It
should be noted that, as far as the authors could determine, there ap-
pears to be no published evidence that CDP or any other benzodiazepine
supports conditioned taste aversion. As is often the case with condi-
tioned taste aversion studies, such demonstrations rely on a comparison
between a taste-CDP condition and a taste-only control, that is, a group
receiving access to the taste followed by an injection of saline vehicle
(Cappell et al., 1973). Such CS-only group neglects to control for the po-
tential nonassociative effects of CDP. The present experiments include
both a saline control and also, most importantly, an unpaired control re-
ceiving both sucrose and CDP, but separated by a relatively long interval.
In fact, benzodiazepines are known to enhance the palatability of sweet
solution, in addition to their anxiolytic and memory impairment effects
(e.g., Berridge, 1988).

5.1. Method

The subjects were 30 experimentally naive, male Long-Evans rats,
approximately 90 days of age at the start of the experiment. All other
aspects of maintenance were as described in Experiment 1 and the ap-
paratus were the same 8 boxes used in Experiment 3.

Triplets matched on ad lib weight were formed and randomly
assigned to one of three groups: Sal/Sal, Sal/CDP, and CDP/Sal (n = 10).
Animals received access to 4% sucrose during three trials. Immediately
following Trial 1, all animals received two injections, one immediately
after the trial and the other 3 h later (as done in Experiment 3). Group
names refer to the immediate and delayed injections. Therefore, groups
were matched in terms of the number and timing of the injections.
Animals were administered either CDP (8 mg/kg, ip) or saline (equal
volume).

This design involves a paired condition (Group CDP/Sal), in which the
events in Trial 1 were paired with the effects of CDP, and two controls
groups. First, an unpaired control (Group Sal/CDP), in which CDP was ad-
ministered after 3 h. Paired and unpaired groups were matched in terms
of the putative conditioned and unconditioned stimuli (sucrose and CDP
effects, respectively). Second, an injection control (Group Sal/Sal).

The results were analyzed using the Kruskal-Wallis nonparametric
test for multiple groups, taking each of the three trials separately. All
other features were as described in Experiment 1.

5.2. Results and discussion

Fig. 4 shows the results of this experiment. The low goal-tracking
times are typical of the initial trials in the cSNC situation. There was a
tendency for Posttrial 1 CDP administration to reduce goal-tracking
times relative to saline controls, whether administered immediately
after the trial or three hours later. However, the comparison between
the paired (CDP/Sal) and unpaired (Sal/CDP) groups, controlling for
nonassociative factors, yielded no evidence of any conditioning trend.
Consistent with the figure, an analysis of the three groups in each
trial failed to reveal any significant difference, (10, 10, 10) < 5.82,
ps > 0.05. Thus, there was no support for the hypothesis that the effects
of posttrial CDP administration reduce subsequent consummatory be-
havior due to the development of a conditioned taste aversion.
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Fig. 4. Mean (4 SEMs) goal-tracking time for three groups receiving only 4% sucrose in
three trials. CDP (8 mg/kg, ip) or saline was administered immediately or 3 h after Trial
1 (Predrug).

6. Experiment 5: Posttrial CDP with only 32% sucrose experience

Posttrial CDP does not affect consummatory behavior when animals
only had either one (Experiment 4) or 11 (unshifted controls, Experi-
ment 2) trials of access to 4% sucrose (i.e., in the absence of an incentive
downshift). Using a within-subject design, this experiment explored the
possibility that posttrial CDP would affect performance when animals
only had access to 32% sucrose, again in the absence of an incentive
downshift.

6.1. Method

The subjects were 11 experimentally naive, male Long-Evans rats,
approximately 90 days of age at the start of the experiment. All other
aspects of maintenance were as described in Experiment 1. The appara-
tus were the same 8 boxes used in Experiment 2.

All animals received training during 17 daily trials with 32% sucrose.
Immediately after Trial 11, one group (n = 6) received CDP (8 mg/kg,
ip) and the other (n = 5) received saline (equal volume). After Trial
14, the animals that had received saline after Trial 11 were treated
with CDP, whereas the animals that had received CDP after Trial 11
were treated with saline. Therefore, the order of drug administration
was counterbalanced to create a within-subject design. These results
were analyzed using a Wilcoxon signed-ranks test for dependent sam-
ples. Pairwise comparisons were done for each trial separately. All
other features were as described in Experiment 1.

6.2. Results and discussion

Two animals were excluded from analysis because they were given
CDP twice by mistake. Fig. 5 shows the results of this experiment. It was
clear that posttrial CDP administration does not affect consummatory
behavior when animals receive only exposure to 32% sucrose. Saline
and CDP groups did not differ in any of the three trials plotted in
Fig. 5, Zs < —1.60, ps > 0.10. Thus, Experiments 4 and 5 failed to detect
any evidence that posttrial CDP administration affected goal-tracking
times in the absence of a downshift experience, whether in animals
that received only 4% sucrose or only 32% sucrose. This is consistent
with the lack of differences among unshifted, 4% sucrose controls in pre-
vious experiments. Therefore, the effects of posttrial CDP appear to
emerge when the animal has been exposed to an incentive downshift
event.

7. Experiment 6: Posttrial 11 CDP tested with 32% sucrose on Trial 12

The present experiment tested whether Posttrial 11 CDP, after a typ-
ical downshift event, would affect performance even if the animal is
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Fig. 5. Mean (4= SEMs) goal-tracking time for a group of rats giving only access to 32% su-
crose. CDP (8 mg/kg, ip) or saline was administered immediately after Trials 11 and 14, in
a counterbalanced order. The average performance on the trial preceding the injections
(Trials 11 and 14) is also shown (Pre).

tested with 32% sucrose on Trial 12, rather than 4% sucrose. If the post-
trial effect of CDP were to suppress drinking behavior independently of
the solution, then consummatory suppression should ensue even when
the animal is tested with the preshift solution. If, however, CDP inter-
feres with allocentric memory update, then changing the stimulus con-
ditions from 4% sucrose (Trial 11) back to 32% sucrose (Trial 12) should
reverse the effects of CDP on behavior, leading to little or no suppression
in consummatory behavior.

7.1. Method

The subjects were 44 experimentally naive, male Long-Evans rats,
approximately 90 days of age at the start of the experiment. Other
maintenance conditions were as described in Experiment 1. The appara-
tus were the 8 boxes used in Experiment 3.

Animals were matched in pairs by ad lib weight and randomly
assigned to one of two groups depending on the preshift sucrose con-
centration: 32% or 4%. After Trial 10, animals within each sucrose condi-
tion were matched in pairs by preshift performance and randomly
assigned to groups: 32/CDP, 32/Sal, 4/CDP, and 4/Sal. All animals had ac-
cess to 4% sucrose on Trial 11, immediately followed by an injection of
either CDP (8 mg/kg, ip) or saline (equal volume). On Trial 12, animals
exposed to 32% sucrose on Trials 1-10 were again given 32% sucrose,
whereas unshifted, 4% sucrose controls continued to receive 4% sucrose.
All other features were as described in Experiment 3.

7.2. Results and discussion

Two animals were excluded due to equipment malfunction, one
due toillness, and four due to a failure to pass the minimum suppression
criterion (see Method, Experiment 2). There were no differences be-
tween the groups exposed to either 32% or 4% sucrose in terms of
their average preshift performance over Trials 1-10, U(18, 19) = 159,
p = 0.715. However, on Trial 10 (Fig. 6) the differences were signifi-
cant, U(18,19) = 95,p = 0.02.

Downshifted groups exhibited a significant decrease in goal-tracking
times during Trial 11 that was virtually identical for groups that re-
ceived saline or CDP immediately after the trial. A comparison of 32%
vs. 4% groups yielded significant differences for both the saline and
CDP conditions, Us < 9, ps = 0.003. Moreover, comparisons between
the two 32% sucrose and the two 4% sucrose groups were not significant,
Us > 29, ps > 0.35. Thus, these groups exhibited comparable cSNC ef-
fects before drug administration.

When animals in the saline and CDP conditions were tested the fol-
lowing trial with 32% sucrose (rather than the usual 4% downshifted
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Fig. 6. Mean (+ SEMs) goal-tracking time for downshifted (32) and unshifted groups (4).
CDP (8 mg/kg, ip) or saline was administered immediately after Trial 11. However,
downshifted groups were given access to 32% sucrose during Trial 12. The performance
on Trial 10, the last preshift trial, is also shown.

concentration), they exhibited no evidence of suppression, Us >24,
ps > 0.10. Moreover, neither the two 32% sucrose nor the 4% sucrose
groups receiving different drug treatments showed differences,
Us > 32, ps > 0.50. Thus, the Posttrial 11 effects of CDP administration
were not observed when animals were tested with the highly palatable
32% sucrose solution on Trial 12.

8. Experiment 7: Posttrial 11 CDP tested after recovery from cSNC

Available evidence shows that once animals recover from cSNC, it is
difficult to observe a relapse of the cSNC effect by manipulations known
to cause spontaneous recovery in other situations (Norris et al., 2008).
One implication is that the update of allocentric memory results in a
complete replacement of the preshift memory of the 32% sucrose solu-
tion by the postshift memory of the 4% sucrose. A process of memory
reconsolidation (Besnard et al., 2012) may underlie such memory up-
date (Mustaca et al,, 2009). This hypothesis suggests that posttrial CDP
should not affect consummatory behavior in animals that experienced
a typical incentive downshift, but have completely recovered from it.

8.1. Method

The subjects were 42 experimentally naive, male Long-Evans rats,
approximately 90 days of age at the start of the experiment. All other
maintenance conditions were as described in Experiment 1 and the
apparatus were the 8 boxes described in Experiment 3.

Animals were matched in pairs by ad lib weight and randomly
assigned to a sucrose concentration for preshift trials: 32% or 4%. Ani-
mals received 10 preshift trials followed by a postshift phase (4% su-
crose for all animals) that extended up to Trial 21 to ensure complete
recovery from cSNC. All animals were injected with saline immediately
after Trial 11, as in previous experiments. Prior to Trial 20, animals
exposed to the downshift or unshifted controls were matched in
pairs for prior performance and randomly assigned to one of two
groups: 32/Sal (n = 11), 32/CDP (n = 11), 4/Sal (n = 10), and 4/CDP
(n = 10). Immediately following Trial 20, all animals received an injec-
tion of either CDP (8 mg/kg, ip) or saline (equal volume) according
to group assignment. All other procedural details were as described in
Experiment 1.

8.2. Results and discussion

Rats exposed to 32% sucrose exhibited higher goal-tracking
times than rats exposed to 4% sucrose during preshift Trials 1-10,
U(20, 22) = 139, p = 0.041. However, the difference had dissipated
by Trial 10, the last preshift trial (Fig. 7), U(20, 22) = 179, p = 0.302.

On Trial 11, the two pairs of groups to be given saline or CDP imme-
diately after Trial 20 exhibited comparable cSNC effects. A comparison
between 32/Sal vs. 4/Sal and between 32/CDP vs. 4/CDP indicated sig-
nificant differences for both on Trial 11, Us(10, 11) > 16, ps < 0.04.
Comparisons between the groups exposed to 4% sucrose and 32% su-
crose revealed no differences, Us > 45, ps > 0.62. Thus, the cSNC effects
were comparable.

The target trial for CDP administration was Trial 20. At this point,
right before the treatment, downshifted and unshifted groups were
responding very similarly. A 32% vs. 4% comparison, for each drug con-
dition, yielded nonsignificant differences, Us > 37, ps > 0.23. Compari-
sons across both 4%-treated and 32%-treated groups were also not
significant, Us > 43, ps > 0.27. Thus, downshifted groups had complete-
ly recovered from the cSNC effect.

Most importantly, Posttrial 20 CDP administration had no detectable
effect on consummatory performance on Trial 21. This was shown by
nonsignificant effects in comparisons between 32% vs. 4%, between
4%-treated groups, and between 32%-treated groups, Us > 42, ps > 0.39.
Posttrial CDP administration in animals that had exhibited a normal
cSNC effect was of no consequence when rats had completely recovered
from the incentive downshift. This result is consistent with the
reconsolidation hypothesis of allocentric memory as applied to the
cSNC situation (Mustaca et al., 2009).

9. Experiment 8: Eight-day retention interval between Trials 11
and 12

Reconsolidation of the allocentric memory would require repeated
reactivation of the original memory, which is normally achieved during
postshift trials. Thus, it is not mere passage of time, but actual memory
reactivation that would result in the replacement of the memory of the
32% sucrose by the memory of the 4% sucrose consumed during
postshift trials. If this is correct, then interpolating a retention interval
between Trials 11 and 12 should not interfere with the effects of

Posttrial 20, after recovery
300

N

a1

o
T

N

o

o
T

Goal-tracking Time (s)
= =
o a1
o o
T T

0 CL L "L "L LA, ey )
o T T

]
o
T

A L A L L L L .

L e S e S I e

Lol XN

Trial 20

Trial 10 Trial 11 Trial 21

@ 4/sal (n=10)
O 32/sal (n=11)

[ 4/CDP (n=10)
[ 32/CDP (n=11)
Fig. 7. Mean (4 SEMs) goal-tracking time for downshifted (32) and unshifted groups (4).

CDP (8 mg/kg, ip) or saline was administered immediately after Trial 20. The performance
on Trial 10, the last preshift trial, is also shown.
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Posttrial 11 CDP, although such an interval may weaken the cSNC effect
in saline controls. Previous research in the cSNC situation involving re-
tention intervals has focused on the time between the last preshift
and first downshift trials (Flaherty, 1996). The goal of those experi-
ments was to affect the memory of the preshift incentive. However,
there seems to be no previous research interpolating a retention inter-
val between the first and second downshift trials. In this case, the goal
of a retention interval is to assess the memory of the downshift event.
In the absence of prior information, an 8-day interval was chosen
arbitrarily.

9.1. Method

The subjects were 45 experimentally naive, male Long-Evans rats,
approximately 90 days of age at the start of the experiment. Mainte-
nance conditions were as described in Experiment 1 and the apparatus
were those used in Experiment 3.

Animals were matched in pairs according to ad lib weight and ran-
domly assigned to the two sucrose concentrations used during preshift
trials, 32% and 4%. Training proceeded as outlined in Experiment 1. Prior
to Trial 11, animals were matched, within each sucrose condition, accord-
ing to preshift performance and randomly assigned to the drug con-
ditions, thus forming four groups: 32/Sal (n = 10), 32/CDP (n = 11),
4/Sal (n = 10), and 4/CDP (n = 11). On Trial 11, all animals received ac-
cess to 4% sucrose. Immediately following Trial 11, animals were admin-
istered either CDP (8 mg/kg, ip) or saline (equal volume). Trials 11 and 12
were separated by an 8-day retention interval; during this interval, ani-
mals remained in the colony room and were kept on food deprivation.
Following the retention interval, animals received an additional trial
with access to 4% sucrose.

9.2. Results and discussion

Three animals were excluded from the experiment due to illness.
Preshift performance (mean over Trials 1-10) was not significantly dif-
ferent among 32% and 4% sucrose groups, U(21, 21) = 146, p = 0.061.
However, on Trial 10, the last preshift trial (Fig. 8), goal-tracking times
were significantly higher for animals exposed to 32% sucrose than to
4% sucrose, U(21,21) = 129, p = 0.021.
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Fig. 8. Mean (+ SEMs) goal-tracking time for downshifted (32) and unshifted groups (4).
CDP (8 mg/kg, ip) or saline was administered immediately after Trial 11. Then, a retention
interval (RI) of 8 days was interpolated before Trial 12. The performance on Trial 10, the
last preshift trial, is also shown.

On Trial 11, both saline- and CDP-treated animals exhibited similar
cSNC effects. The 32% vs. 4% comparison was significant for both drug
conditions, Us < 22, ps < 0.03. Moreover, the two 4% groups and the
two 32% groups that were to receive different drug treatments after
the trial did not differ from each other, Us = 48, ps = 0.622. Thus, the
size of the cSNC observed before implementing the drug treatment
was similar for both saline and CDP conditions.

The main results are those obtained on Trial 12, 8 days after the post-
trial drug treatment. In this case, a comparison between 32/Sal vs. 4/Sal
fell short of significance, showing recovery from cSNC, U(10, 10) = 26,
p = 0.07. However, 32/CDP was significantly more suppressed on
Trial 12 than 4/CDP, U(11, 11) = 14, p = 0.003. Although there was a
reduction in goal-tracking times in 4/CDP relative to 4/Sal, that differ-
ence was not significant, U(10, 11) = 39, p = 0.26. Also nonsignificant
was the reduction in goal-tracking times in 32/CDP relative to 32/Sal,
U(10,11) = 30, p = 0.078. Thus, whereas after the 8-day retention in-
terval between Trials 11 and 12 there was no evidence of cSNC in saline-
treated animals, the cSNC effect was detected after the retention interval
in CDP-treated rats. These results are also consistent with the
reconsolidation hypothesis of allocentric memory in the ¢SNC situation.

10. Experiment 9: Posttrial 12 CDP administration

The cSNC effect is relatively consistent across experiments, but its
length varies substantially. It usually lasts between 1 and 3 postshift tri-
als, which implies that the updating of allocentric memory requires at
least that amount of training with the downshifted incentive. This ob-
servation implies that CDP should also cause consummatory suppres-
sion when administered immediately after Trial 12.

10.1. Method

The subjects were 41 experimentally naive, male Long-Evans rats,
approximately 90 days of age at the start of the experiment, maintained
as described in Experiment 1, and trained in the same boxes used in
Experiment 3.

Animals were matched in pairs by ad lib weight and randomly
assigned to either 32% or 4% sucrose for the preshift trials. Training
proceeded as described in Experiment 1 except for the following. Prior
to Trial 12, animals were matched by prior performance and randomly
assigned to one of two groups within each concentration group: 4/Sal
(n =9),32/Sal (n = 10),4/CDP (n = 9),and 32/CDP (n = 10).Imme-
diately following Trial 12, animals received an injection of either CDP
(8 mg/kg, ip) or saline (equal volume), according to group assignment.
All animals received 13 trials in this experiment.

10.2. Results and discussion

The mean goal-tracking times averaged across Trials 1-10 were sig-
nificantly higher for animals with access to 32% sucrose than to 4% su-
crose, U(18, 20) = 64, p = 0.001. Fig. 9 shows the performance on
the last preshift trial, Trial 10, where the same difference was also de-
tected, U(18, 20) = 110, p = 0.041.

Additionally, there were significant cSNC effects in the comparison
between 32%vs. 4% on Trial 11, Us < 15, ps < 0.02, but no detectable dif-
ferences between the two 4% groups and between the two 32% groups,
Us > 34, ps > 0.62. Thus, the cSNC effect was equivalent on Trial 11 in
groups that were scheduled to receive either saline or CDP treatment
immediately after Trial 12.

By Trial 12, however, the cSNC effect was statistically dissipated in
both saline and CDP 32-vs.-4% comparisons, Us > 23, ps > 0.08, al-
though there was a trend consistent with the effect in both groups.
Trial 12 comparisons between both 4% and both 32% groups soon to re-
ceive different drug treatments yielded nonsignificant differences,
Us > 35, ps > 0.28.
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Fig. 9. Mean (4 SEMs) goal-tracking time for downshifted (32) and unshifted groups (4).
CDP (8 mg/kg, ip) or saline was administered immediately after Trial 12. The performance
on Trial 10, the last preshift trial, is also shown.

The critical results are the performance of these groups on Trial 13, a
day after the drug treatment. As can be seen in Fig. 9, 32/Sal and 4/Sal
were virtually identical on Trial 13, U(9, 10) = 44, p = 0.935. As for
32/CDP and 4/CDP, whereas there was a trend toward more suppression
of consummatory behavior in 32/CDP than 4/CDP, the difference failed
to reach significance, U(9, 10) = 22, p = 0.060. However, although
the two 4% groups did not differ from each other, U(9, 9) = 27,
p = 0.233, goal-tracking times were significantly lower for 32/CDP
than for 32/Sal, U(10, 10) = 18, p = 0.016. Therefore, these results
suggest that although the ¢SNC was clearly dissipating by Trial 12,
posttrial CDP administration led to greater consummatory suppression
in downshifted animals relative to downshifted saline controls. How-
ever, the 32-vs.-4% comparison among CDP-treated rats fell short of
significance.

11. Experiment 10: Effect of Posttrial 11 CDP in Wistar Rats

Experiments with immediate administration of CDP after either Trial
11 or 12 have yielded significant cSNC effects in a comparison between
32/CDP vs. 4/CDP in Experiments 2, 3, and 8, but not in Experiment 9.
However, a comparison between 32/CDP and 32/Sal has yielded signif-
icantly more suppression after CDP treatment in Experiments 2 and 9,
but not in Experiments 3 and 8. In this experiment, the basic design of
Experiment 2 was applied to Wistar rats, rather than Long-Evans rats.
In addition to helping determine the reliability of the posttrial effect of
CDP on ¢SNC, this experiment sought to determine whether this effect
was also present in a different strain of rats. Studies with several
established rat strains have shown that cSNCis generally a reliable effect
(Flaherty, 1996). However, cSNC was shown to be enhanced in Roman
low-avoidance rats selected for poor active avoidance learning and
known to be prone to show behaviors related to anxiety (Gémez et al.,
2009). These findings suggest that the size of the cSNC effect may de-
pend on the rat strain.

11.1. Method

The subjects were 38 experimentally naive, male Wistar rats, ap-
proximately 90 days of age at the start of the experiment. Maintenance
conditions were as described in Experiment 1 and the eight boxes used
in Experiment 3 served again as apparatus.

Animals were matched in pairs by ad lib weight and randomly
assigned to one of two sucrose concentrations, 32% or 4%. All other as-
pects of the procedure were as described in Experiment 2.

11.2. Results and discussion

Preshift data showed nonsignificant differences in goal-tracking time
between rats exposed to 32% sucrose and 4% sucrose, U(16,17) = 112,
p = 0.387. Similarly, the performance on Trial 10, the last preshift trial
(Fig. 10), was not significantly different across sucrose conditions,
U(16,17) = 118, p = 0.533.

On Trial 11 there were similar cSNC effects in groups to be treated
with saline and CDP immediately after the trial, Us < 5, ps < 0.003.
Moreover, there were no detectable differences between the two 4%
groups and between the two 32% groups, Us > 25, ps > 0.52.

The cSNC effect was still evident in both saline- and CDP-treated
groups in a 32-vs.-4% comparison, Us = 3, ps < 0.003. However, where-
as the two 4% groups did not differ from each other, U(8, 8) = 22.5,
p = 0.318, Group 32/CDP performed significantly below Group 32/Sal,
U(8,9) = 7,p = 0.005. Thus, this experiment confirms the suppressive
effects on consummatory behavior of CDP administered immediately
after Trial 11 and extends this result to the Wistar strain.

12. General discussion

The effects of CDP on ¢SNC have traditionally been interpreted in
emotional terms. The drug is labeled as an “anxiolytic” and it has pre-
cisely this role, that is, one of reducing the cSNC effect. The fact that its
anxiolytic effects are restricted to the second downshift trial (see Exper-
iment 1; Flaherty et al., 1990) led to the hypothesis that CDP acts to re-
duce the conflict generated by the tendency to approach the source of
the 4% sucrose because of its absolute value and the tendency to with-
draw and search for the remembered 32% sucrose (Flaherty, 1996).
None of this applies to the basic effect reported here (Experiments 2
to 10), that is, that Posttrial 11 CDP enhanced consummatory suppres-
sion the following day in downshifted animals, but not in unshifted con-
trols. Because CDP was administered after the trial, there are only two
ways in which it could suppress consummatory behavior on the follow-
ing trial. One is to induce a conditioned taste aversion; this possibility
was tested and rejected in Experiment 4. The other possibility is that
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it affected memory consolidation (McGaugh, 2000). This raises three
questions.

First, why did Pretrial 12 CDP administration reduced cSNC, whereas
Posttrial 11 or 12 CDP administration enhanced cSNC? Pretrial CDP ad-
ministration seems to have an effect that does not extend to subsequent
trials (Flaherty et al,, 1986, 1990). Therefore, the timing of the adminis-
tration relative to the training trial determines whether the effect would
be restricted to that trial (when administered 30 min before the trial, as
in Experiment 1) or extended to the next trial, 24 h later (when admin-
istered immediately after the trial, as in the other experiments). A
timing effect suggests that as CDP administration relative to the trial
moves closer to the posttrial administration protocol, the effect should
become detectable the following day. If this is correct, CDP administra-
tion immediately before Trial 12 should lead to effects similar to those
observed with Posttrial 12 CDP administration (see Experiment 9).

Second, is this memory effect related to the downshift experience?
The present results show that a downshift experience is necessary, but
not sufficient, for the posttrial suppressive effect of CDP. Without such
an experience, posttrial CDP administered after either 4% sucrose
(Experiment 4 and unshifted controls in Experiments 2 and 10) or
32% sucrose (Experiment 5) does not affect consummatory behavior.
However, after having a downshift experience, CDP fails to affect con-
summatory behavior if animals are tested with 32% sucrose (rather
than the downshifted 4% sucrose; Experiment 6) or if animals are
allowed full recovery from the contrast effect (Experiment 7). The latter
result suggests that the posttrial CDP effects require some downshifted
experience (one or two postshift trials, Experiments 2 and 9), but not
a substantial amount of experience with the downshifted solution
(Experiment 7). CDP appears to affect memory formation, but not the
retrieval of well-established memories (e.g., Maioli et al., 2012).

Third, what type of memory is being affected by posttrial CDP
administration? If the cSNC effect is triggered by a mismatch between
expected and obtained incentives-the comparator process (Papini and
Pellegrini, 2006)-then reducing this mismatch must attenuate the con-
trast effect. Enhancing the consolidation/retrieval of the memory
encoding the downshift incentive (4% sucrose) should adjust the expec-
tation, thus reducing the mismatch and dissipating contrast. This
memory-update process has been called allocentric learning (Papini,
2003). By opposition, interfering with this allocentric update would
make it more difficult to retrieve the newly formed encoding of the
downshift solution, thus preserving the mismatch longer than what is
usually the case. We hypothesize that posttrial CDP administration
increases consummatory suppression after the downshift because it in-
terferes with the update of allocentric memory. This hypothesis is con-
sistent with all the results reported in the present experiments and with
CDP and benzodiazepines in general being characterized as memory in-
terfering drugs (Flood et al., 1998; Ghoneim, 1992; Herzog et al., 2000;
Izquierdo et al., 1990; Olaman and McNaughton, 2001; Silva and Frussa-
Filho, 2000). There appears to be no reports describing CDP or any ben-
zodiazepine drug as a memory enhancer. As argued above, interference
with the encoding of the egocentric memory of the downshift would
have produced the opposite result, namely, a reduction in the size of
the ¢SNC effect.

These experiments also provide support for a memory recon-
solidation account of recovery from cSNC. Memory reconsolidation
was suggested by studies showing that the reactivation of a consolidat-
ed memory opens a transient period of instability resulting in a new
memory trace that may not be equal to the original trace. Besnard
et al. (2012, p. 69) suggest that “reconsolidation, as opposed to consol-
idation, may offer a unique opportunity to update memories,” an idea
that fits the notion of allocentric update driven by exposure to new in-
centive conditions (Papini, 2003). Reconsolidation was hypothesized to
be responsible for the difficulty finding evidence of the spontaneous
recovery of cSNC (Mustaca et al., 2009), and the present experiments
provided at least two results consistent with this hypothesis. One was
the absence of a posttrial CDP effect after complete recovery from

¢SNC (Experiment 7). Extensive exposure to the downshifted 4% su-
crose incentive should have erased the memory of the preshift 32% su-
crose incentive, or at least made it relatively inaccessible, such that
posttrial CDP would have nothing to strengthen. According to this ac-
count, full recovery from cSNC is somewhat equivalent to having no ex-
posure to 32% sucrose—as in unshifted 4% sucrose controls. The second
result is the presence of a posttrial CDP effect even when the test trial
is delayed 8 days in time (Experiment 8). Having had no exposure to
the 4% sucrose solution during the retention interval prevents the
allocentric update of the original, preshift memory. In the absence of
reconsolidation, the original memory of the 32% sucrose incentive is
still active to enhance the cSNC effect. Although these two results are
consistent with a reconsolidation account of recovery from cSNC, they
do not provide direct tests of this hypothesis. Because reconsolidation
requires de novo protein synthesis (Nader et al., 2000), an ideal demon-
stration would involve microinfusing a protein-synthesis inhibitor in
brain sites responsible for encoding allocentric memory.

Acknowledgments

The authors thank Carmen Torres for her valuable comments on an
earlier version of this manuscript. The research reported in this article
was carried out with IACUC approval in research facilities approved by
the USDA. Support for this research was provided by SERC grants #
80104 and 90110. Correspondence about this article may be sent to
M. R. Papini (m.papini@tcu.edu).

References

Amadio M, Govoni S, Alkon DL, Pascale A. Emerging targets for the pharmacology of
learning and memory. Pharmacol Res 2004;50:111-22.

Bentosela M, Ruetti E, Muzio RN, Mustaca AE, Papini MR. Administration of corticosterone
after the first downshift trial enhances consummatory successive negative contrast.
Behav Neurosci 2006;120:371-6.

Berridge KC. Brainstem systems mediate the enhancement of palatability by chlordiaz-
epoxide. Brain Res 1988;447:262-8.

Besnard A, Caboche ], Laroche S. Reconsolidation of memory: a decade of debate. Prog
Neurobiol 2012;99:61-80.

Cannon DS, Best MR, Batson ]D. Taste familiarity and apomorphine-induced taste aver-
sion. Behav Res Ther 1983;21:669-73.

Cappell H, LeBlanc AE, Endrenyi L. Aversive conditioning by psychoactive drugs: effects of
morphine, alcohol, and chlordiazepoxide. Psychopharmacologia 1973;9:239-46.

Flaherty CF. Incentive relativity. Cambridge, UK: Cambridge University Press; 1996.

Flaherty CF, Grigson PS, Rowan GA. Chlordiazepoxide and the determinants of negative
contrast. Anim Learn Behav 1986;14:315-21.

Flaherty CF, Grigson PS, Lind S. Chlordizepoxide and the moderation of the initial re-
sponse to reward reduction. Quart J Exp Psychol 1990;42B:87-105.

Flaherty CF, Clarke S, Coppotelli C. Lack of tolerance to contrast-reducing actions of chlor-
diazepoxide with repeated reward reductions. Physiol Behav 1996;60:645-52.

Flood JF, Farr SA, Uezu K, Morley JE. The pharmacology of posttrial memory processing in
septum. Eur ] Pharmacol 1998;350:31-8.

Genn RF, Tucci S, Parikh S, File SE. Effects of nicotine and a cannabinoid receptor agonist
on negative contrast: distinction between anxiety and disappointment? Psychophar-
macology (Berl) 2004;177:93-9.

Ghoneim MM. The reversal of benzodiazepine-induced amnesia by flumazenil: a review.
Curr Ther Res 1992;52:757-67.

Gomez MyJ, Escarabajal MD, de la Torre L, Tobefia A, Fernandez-Teruel A, Torres C. Con-
summatory successive negative and anticipatory contrast effects in inbred Roman
rats. Physiol Behav 2009;97:374-80.

Herzog CD, Gandhi C, Bhattacharya P, Walsh TJ. Effects of intraseptal zolpidem and chlor-
diazepoxide on spatial working memory and high-affinity choline uptake in the hip-
pocampus. Neurobiol Lear Mem 2000;73:168-79.

Hirshman E. The psychopharmacology of memory and cognition: promises, pitfalls, and a
methodological framework. Psychol Learn Motiv 2004;45:253-73.

Izquierdo I, Pereira ME, Medina JH. Benzodiazepine receptor ligand influences on acquisi-
tion: suggestion of an endogenous modulatory mechanism mediated by benzodiaze-
pine receptors. Behav Neural Biol 1990;54:27-41.

Koechlin BA, D'Arconte L. Determination of chlordiazepoxide (Librium) and of a metabo-
lite of lactam cardcter in plasma of humans, dogs, and rats by a specific spectrofluo-
rometric micro method. Anal Biochem 1963;5:195-207.

Lubow RE. Conditioned taste aversion and latent inhibition: a review. In: Reilly S,
Schachtman TR, editors. Conditioned taste aversion. Behavioral and neural processes.
Oxford, UK: Oxford University Press; 2009. p. 37-57.

Maioli S, Gangarossa G, Locchi F, Andrioli A, Bertini G, Rimondini R. Excitotoxic lesion of
the perirhinal cortex impairs spatial working memory in a delayed-alternation task.
Behav Brain Res 2012;230:349-54.

McGaugh JL. Memory—a century of consolidation. Science 2000;287:248-51.


mailto:m.papini@tcu.edu
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0005
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0005
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0010
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0010
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0010
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0015
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0015
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0020
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0020
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0025
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0025
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0030
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0030
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0035
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0050
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0050
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0045
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0045
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0040
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0040
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0055
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0055
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0060
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0060
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0060
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0070
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0070
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0065
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0065
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0065
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0075
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0075
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0075
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0080
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0080
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0085
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0085
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0085
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0090
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0090
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0090
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0170
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0170
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0170
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0175
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0175
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0175
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0095

106 LA. Ortega et al. / Pharmacology, Biochemistry and Behavior 116 (2014) 96-106

McGaugh JL, Izquierdo L. The contribution of pharmacology to research on the mechanisms
of memory formation. Trends Pharmacol Sci 2000;21:208-10.

Mustaca AE, Freidin E, Papini MR. Extinction of consummatory behavior in rats. Int ] Comp
Psychol 2002;15:1-10.

Mustaca AE, Bentosela M, Ruetti E, Kamenetzky G, Cuenya L, Justel N, et al. Similitudes y
diferencias en dos modelos animales de frustracion. In: de Minzi MC Richaud, Moreno
E, editors. Recientes avances iberoamericanos en investigaciéon en ciencias del
comportamiento, vol. 2. Buenos Aires, Argentina: Ediciones CIIPME-CONICET; 2009.
p. 921-40.

Nader K, Schafe GE, Le Doux JE. Fear memories require protein synthesis in the amygdala
for reconsolidation after retrieval. Nature 2000;406:722-6.

Norris JN, Daniel AM, Papini MR. Spontaneous recovery of consummatory behavior, but
not of consummatory successive negative contrast. Learn Motiv 2008;39:296-312.

Norris JN, Ortega LA, Papini MR. Posttrial D-cycloserine enhances the emotional memory
of an incentive downshift event. Behav Brain Res 2011;223:348-55.

Olaman SJ, McNaughton N. Chlordiazepoxide specifically impairs nonspatial reference
memory in the cued radial arm maze in rats. Pharmacol Biochem Behav 2001;70:
133-9.

Papini MR. Comparative psychology of surprising nonreward. Brain Behav Evol 2003;62:
83-95.

Papini MR. Role of opioid receptors in incentive contrast. Int ] Comp Psychol 2009;22:
170-87.

Papini MR, Pellegrini S. Scaling relative incentive value in consummatory behavior. Learn
Motiv 2006;37:357-78.

Papini MR, Mustaca AE, Bitterman ME. Successive negative contrast in the consummatory
responding of didelphid marsupials. Anim Learn Behav 1988;16:53-7.

Papini MR, Wood M, Daniel AM, Norris JN. Reward loss as psychological pain. Int ] Psychol
Psychol Ther 2006;6:189-213.

Riley EA, Dunlap WP. Successive negative contrast as a function of deprivation condition
following shifts in sucrose concentration. Am ] Psychol 1979;92:59-70.

Ruetti E, Justel N, Mustaca AE, Papini MR. Posttrial corticosterone administration en-
hances the effects of incentive downshift: exploring the boundaries of this effect.
Behav Neurosci 2009;123:137-44.

Silva RH, Frussa-Filho R. The plus-maze discriminative avoidance task: a new model
to study memory-anxiety interactions. Effects of chlordiazepoxide and caffeine.
] Neurosci Meth 2000;102:117-25.


http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0100
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0100
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0105
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0105
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0180
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0180
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0180
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0180
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0180
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0110
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0110
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0115
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0115
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0120
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0120
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0125
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0125
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0125
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0130
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0130
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0135
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0135
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0145
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0145
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0140
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0140
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0150
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0150
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0155
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0155
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0160
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0160
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0160
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0165
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0165
http://refhub.elsevier.com/S0091-3057(13)00330-4/rf0165

	Memory interfering effects of chlordiazepoxide on consummatory successive negative contrast
	1. Introduction
	2. Experiment 1: Pretrial 11 vs. 12
	2.1. Method
	2.1.1. Subjects
	2.1.2. Apparatus
	2.1.3. Training procedure
	2.1.4. Drug preparation
	2.1.5. Dependent variable and statistics

	2.2. Results and discussion

	3. Experiment 2: Posttrial 11 CDP administration
	3.1. Method
	3.2. Results and discussion

	4. Experiment 3: Immediate vs. delayed CDP administration
	4.1. Method
	4.2. Results and discussion

	5. Experiment 4: Testing for conditioned taste aversion
	5.1. Method
	5.2. Results and discussion

	6. Experiment 5: Posttrial CDP with only 32% sucrose experience
	6.1. Method
	6.2. Results and discussion

	7. Experiment 6: Posttrial 11 CDP tested with 32% sucrose on Trial 12
	7.1. Method
	7.2. Results and discussion

	8. Experiment 7: Posttrial 11 CDP tested after recovery from cSNC
	8.1. Method
	8.2. Results and discussion

	9. Experiment 8: Eight-day retention interval between Trials 11 and 12
	9.1. Method
	9.2. Results and discussion

	10. Experiment 9: Posttrial 12 CDP administration
	10.1. Method
	10.2. Results and discussion

	11. Experiment 10: Effect of Posttrial 11 CDP in Wistar Rats
	11.1. Method
	11.2. Results and discussion

	12. General discussion
	Acknowledgments
	References


