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Abstract
We have recently adapted a reinstatement model, commonly used to study relapse to drugs of abuse,
to study the role of stress and anxiety in relapse to palatable food seeking [20]. We found that the
anxiogenic drug yohimbine, as well as pellet-priming, reinstate food seeking in food restricted rats
previously trained to lever press for palatable food pellets (25% fat, 48% carbohydrate). Here, we
studied the generality of the effect of yohimbine and pellet-priming on reinstatement of food seeking
by using three distinct pellet types: non-sucrose carbohydrate (NSC) (5.5% fat, 60% carbohydrate,
4.5% fiber), fiber (0% fat, 0% carbohydrate, 91% fiber) and sucrose (0% fat, 91% carbohydrate, 4%
fiber). Rats were placed on a restricted diet (75–80% of daily standard food) and for 9–12 intermittent
training days (9 h/d, every other day) lever-pressed for the food pellets under a fixed-ratio 1 (20-sec
timeout) reinforcement schedule. Subsequently, the rats were given 9–10 daily extinction sessions
during which lever-presses were not reinforced, and were then injected with yohimbine (0, 0.5, 1.0,
2.0 mg/kg, i.p.) or given a single food pellet to induce reinstatement of food seeking. Yohimbine
reinstated food seeking previously reinforced by NSC and sucrose pellets, but had a minimal effect
on food-seeking in rats previously trained to lever press for fiber pellets. Pellet-priming produced a
greater degree of reinstatement of lever pressing in rats previously trained on NSC pellets than in
rats trained on fiber or sucrose pellets. Results suggest that the magnitude of the effect of yohimbine
and pellet-priming on reinstatement of food seeking depends in part on the composition of the food
pellets used during training.
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1. INTRODUCTION
A major problem in the dietary treatment of obesity is the high rates of relapse to maladaptive
eating habits [33]. This relapse is commonly triggered by stress and anxiety-like states [10,
23]. Surprisingly, most preclinical studies have focused on the effect of stress on ongoing
feeding behavior [11,21,32], with little attention to the effect of stress on relapse to excessive
eating habits.

Recently, we adapted the rat reinstatement model that has widely been used to study relapse
to drugs of abuse [34,36,38], to study stress-induced relapse to palatable food-seeking [20].
Briefly, rats were placed on a restricted diet (75–80% of their regular food) and were trained
to lever press for food pellets (25% fat, 48% carbohydrate) for 9 h/day every other day. The
choice of this training schedule was based on previous non-operant food consumption studies
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which have shown that rats placed on a restricted diet and given intermittent access to palatable
food develop binge-like eating behavior [7,9]. Interestingly, these rats also become
hypersensitive to the effects of stress on palatable food intake [21,22], a finding that is
reminiscent of the facilitatory effects of stress on drug-seeking and drug-taking behaviors
[15,31]. In our previous study, following pellet self-administration training, rats were subjected
to daily extinction sessions, during which lever presses were not reinforced with a pellet.
Reinstatement of extinguished lever responding was then induced by non-contingent exposure
to a food pellet at the beginning of the session, a condition known to reinstate extinguished
food responding [13], or by exposure to an anxiogenic (stress-provoking) drug, yohimbine.

Yohimbine, an α-2 adrenoceptor antagonist, is a commonly used pharmacological stressor that
increases brain noradrenaline cell firing [2] and release [1]. The drug is known to produce stress
and anxiety-like states in both humans and non-humans [4–6,12,24,25]. Recent studies using
the reinstatement model have shown that yohimbine reinstates cocaine seeking in monkeys
[28], as well as alcohol and methamphetamine seeking in rats [18,27,37]. Furthermore,
yohimbine-induced reinstatement of drug seeking has been reported to be more robust than
intermittent foot-shock that is commonly used as a stressor to study mechanisms of stress-
induced relapse to drug seeking [3,26,30,35].

In the present study, we examined the generality of yohimbine- and pellet-priming-induced
reinstatement of food-seeking behavior across three distinct pellet types: non-sucrose
carbohydrate pellets (NSC) (5.5% fat, 60% carbohydrate, 4.5% fiber, 3.64 kcal/g), sucrose
pellets (0% fat, 91% carbohydrate, 4% fiber, 3.64 kcal/g) and fiber pellets (0% fat, 0%
carbohydrate, 91% fiber, 0 kcal/g). In addition, because in our previous study we found that
rats placed on a restricted diet (75 to 80% of their regular food) and given intermittent access
to palatable food exhibited a progressive escalation of food seeking during the timeout period
when lever presses were not reinforced, we also examined the generality of this phenomenon
in the present study by evaluating whether it occurs across the different pellet types.

2. MATERIALS AND METHODS
Subjects and apparatus

Male Long-Evans rats (N=28, Charles River, Raleigh, NC; 300–360 g) were housed in self-
administration chambers for the duration of the experiment under a reverse 12-h:12-h light-
dark cycle (lights off at 9:30 am). Rats were kept on a restricted diet of 20 g/d (about 75–80%
of their regular daily Purina Rat Chow). The body weights of rats were taken daily 1–2 h prior
to the start of the dark cycle. The procedures followed the “Principles of laboratory animal
care” (NIH publication no. 85–23). Experiments were conducted in standard self-
administration chambers (Med Associates, Georgia, VT). Each chamber had two levers 9 cm
above the floor, but only one lever (“active,” retractable lever) activated the pellet dispenser,
which delivered either NSC pellets containing 5.5% fat, 60 % carbohydrate, 4.5 % fiber,
sucrose pellets with 0% fat, 91% carbohydrate, 4% fiber, or fiber pellets with 0% fat, 0%
carbohydrates, 92% fiber (Bioserv, Frenchtown, NJ).

Drugs
Yohimbine HCl (RBI) was dissolved in distilled water and injected in a volume of 0.5 ml/kg.
The yohimbine doses used (0.5, 1, 2 mg/kg, i.p.) were based on previous work [27,37].

Procedures
The experiments included 3 phases: pellet self-administration training (18–24 d), extinction
(9–10 d) and reinstatement tests (5 d).
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Self-administration training—Rats were given one to two 6-h daily sessions of
“autoshaping” during which pellets were administered non-contingently every 5 min into a
receptacle located near the active lever. Pellet delivery was accompanied by a 5-sec tone-light
cue. Subsequently, over a period of 18–24 d (9–12 training sessions), the rats were trained to
self-administer pellets every other day for 9-h/d (three 3-h sessions separated by 1 h) on a fixed-
ratio-1 (20-sec timeout) schedule. At the start of each session, the houselight was turned on
and the active lever was extended. Following each pellet delivery, the tone-light cue was turned
on for 5 sec. Presses on a second, non-retractable inactive lever were recorded but had no
programmed response. At the end of each session, the houselight was turned off and the active
lever retracted. During the training days, rat chow (20 g) was given immediately after the first
3-h daily session, which started at 10 am; during the off days, the 20 g rat chow was given at
the start of the dark cycle. Due to experimenter error, on training days 2 and 9 in the NSC group
rats were fed after the 2nd 3-h training session; the training data for these days was estimated
from the preceding and subsequent days.

Extinction phase—After training, the rats were given 9–10 daily extinction sessions. The
experimental conditions were identical to those in training, except that active lever presses did
not lead to pellet delivery. The rats were given daily three 3-h sessions (separated by 1 h).
Subsequently, 3-h extinction sessions for 3–4 d were given, during which the rats were given
daily injections of the yohimbine vehicle (sterile water) to habituate them to the injection
procedure. During the extinction phase, rat chow (20 g) was given immediately after the first
3-h session.

Tests for reinstatemen—For each of the three experiments, we tested the effect of different
doses of yohimbine (0, 0.5, 1 and 2 mg/kg, i.p.) on the reinstatement of food-seeking in four
test sessions. Yohimbine or its vehicle was injected 30–45 min before the test sessions. This
3-h reinstatement test was conducted under extinction conditions. Rat chow (20 g) was given
immediately after the session, which started at 30 min into the dark cycle. Subsequently, the
rats were given an additional extinction session, 1 d following which we examined the effect
of food-pellet type on pellet-induced reinstatement. Rats were re-exposed to a single pellet of
the same type which they had trained for during food self-administration sessions, which was
delivered non-contingently at the beginning of this 3-h test session. This reinstatement test was
also conducted under extinction conditions.

Data analyses
Data analyses were conducted using two- or three-way mixed factorial ANOVAs. For the
analysis of the yohimbine data, we used a two-way mixed factorial design, with a within-
subjects factor of yohimbine dose (0, 0.5, 1 and 2.0 mg/kg, i.p.) and a between-subjects factor
of pellet type (sucrose, fiber, or NSC pellets). For the analysis of the pellet priming data, we
used a two-way mixed factorial design, with a within-subjects factor of pellet priming (priming,
no priming) and a between-subjects factor of pellet type (sucrose, fiber, or NSC pellets). The
statistical program used was Statview for Windows Version 5.0.1 (SAS Institute Inc., Cary,
NC). Fisher’s PLSD post-hoc tests followed significant results (α=0.05).

3. RESULTS
Self-administration training and extinction

During the training phase, the rats were given 9-h access to the food pellets every other day.
For pellets containing 5.5% fat, 60 % carbohydrate and 4.5% fiber (NSC pellets) (n=10), and
0% fat, 91% carbohydrate, 4% fiber (Sucrose pellets) (n=10), respectively, the rats gained
weight when the pellets were available (on an average 12 g/d for the sucrose pellet group, and
13 g/d for the NSC pellet group), and lost weight when they were not (on an average losing 7
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g/d for the sucrose pellet group, 6 g/d for the NSC group) (Fig. 1b and 1c). However, using
pellets containing 0% fat, 0% carbohydrates, and 92% fiber (Fiber pellets), the rats (n=8) did
not exhibit significant weight fluctuations (on an average gaining 3 g/d when pellets were
available and losing 2 g/d when pellets were not available) (Fig. 1a). From the first to the last
training day, the sucrose pellet group gained 63±6 g, the NSC pellet group gained 86±4 g,
while the fiber pellet group gained only 7±9 g (Mean±SEM). A 3-way mixed factorial ANOVA
using pellet availability and session day as the nested within-subject factors, food-pellet type
as the between-subject factor, and body weight as the dependent measure revealed a significant
two-way interaction between the factors of pellet type and pellet availability (F2,25=43.2, P <
0.01) and a significant three-way interaction between the factors of pellet type, pellet
availability, and session day (F16,200 = 21.6, P < 0.01). The weight fluctuations in the NSC
and sucrose pellet groups during self-administration training were not observed during the
extinction and reinstatement phases when the pellets were not available.

During training, the rats demonstrated reliable pellet self-administration (Fig. 2a) with a 3-fold
increase in active lever presses for NSC pellets, and a 2-fold increase in active lever presses
for sucrose pellets (Fig 2b). However, rats demonstrated only a 1.4-fold increase in active lever
presses for the fiber pellets (Fig. 2b). Moreover, there was an escalation in active lever presses
across session days for sucrose and NSC pellets, but not for fiber pellets (Fig. 2b). A two-way
mixed factorial ANOVA using session day as a within-subject factor, pellet type as a between-
subject factor, and active lever presses as the dependent variable revealed a significant
interaction (F16,200=4.1, P < 0.01), indicating that the rate of active lever presses across training
days varied by pellet type. There was also a significant main effect of pellet type (F2,25=33.6,
P < 0.01); Fisher’s PLSD tests revealed that rats lever pressed more for NSC and sucrose pellets
than for fiber pellets. A two-way mixed factorial ANOVA using session day as a within-subject
factor, pellet type as a between-subject factor, and number of pellets earned (i.e., number of
reinforced lever presses) as a dependent variable revealed that there was a significant main
effect of pellet type (F2,25=20.1, P < 0.01); Fisher’s PLSD tests revealed that rats earned more
NSC and sucrose pellets than fiber pellets, however, there was no significant interaction
(F16,200=1.4, P > 0.1). For all groups, inactive-lever presses were very low and did not change
over time (P > 0.1, Fig. 2d).

Since the difference between active lever presses and reinforced lever presses is equal to the
number of non-reinforced lever presses during the 20-s timeout period (termed timeout
responses), we investigated whether the number of these timeout responses varied by food-
pellet type across session days. A two-way mixed factorial ANOVA using session day as a
within-subject factor, pellet type as a between-subject factor, and non-reinforced lever presses
during the 20-s timeout as the dependent variable revealed a significant interaction
(F16,200=3.7, P < 0.01), indicating that NSC pellet- and sucrose pellet- but not fiber pellet-
trained rats exhibited a progressive increase in timeout lever responding across session days
(Fig. 2c). A two-way mixed factorial ANOVA using session day as a within-subject factor,
pellet type as a between-subject factor, and the ratio of timeout presses to reinforced lever
presses as the dependent variable also revealed a significant interaction (F16,200=2.9, P < 0.01)
confirming that the number of non-reinforced lever presses across session days varied by pellet
type.

Lever pressing was extinguished over six 9-h extinction sessions followed by three to four 3-
h extinction sessions (Fig. 3a). A repeated-measures ANOVA revealed that active lever presses
decreased significantly over those days (F5,25 =63.9, P < 0.01), and remained low over the
subsequent three to four 3-hr sessions (P > 0.1) (Fig. 3b). A two-way mixed factorial ANOVA
using extinction day as a within-subject factor, pellet type as a between-subject factor, and
active-lever presses as the dependent variable revealed a significant interaction during the first
6 extinction sessions (F10,125=12.0, P < 0.01), indicating that the rate of active presses across
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these sessions varied by pellet type (Fig. 3a). There was also a significant main effect of pellet
type (F2,25=12.4, P < 0.01); Fisher’s PLSD tests revealed a difference between the sucrose
versus fiber pellet, and between the NSC versus fiber pellet conditions. For all groups, inactive-
lever presses were very low and did not change over time (P > 0.1) (Fig. 3b).

Reinstatement tests
Yohimbine—A skewed distribution of non-reinforced active-lever presses during
reinstatement tests was converted into a normal distribution by use of a log-linear
transformation. Three outlier rats, one from each experimental group, which showed an
unusually high lever responding following yohimbine administration (195, 235, 327 presses/
3 h; more than 3 standard deviations above their group mean) were excluded from the analyses.
The effect of yohimbine on reinstatement of active lever responding was more pronounced in
the NSC- and sucrose-trained rats than in the fiber-trained rats (Fig. 4a). A two-way mixed
factorial ANOVA with a within-subject factor of yohimbine dose (0, 0.5, 1, 2 mg/kg, i.p.) and
a between-subject factor of pellet type revealed significant main effects of pellet type
(F2,23=4.4, P < 0.05) and yohimbine dose (F3,23=23.2, P < 0.01); the interaction between the
pellet type and yohimbine was not statistically significant (P > 0.05). In all experiments,
inactive-lever presses were very low and did not change over time (P > 0.1) (Fig. 4b). Post-
hoc differences between group within each dose of yohimbine and within groups across the
different yohimbine doses are indicated in Fig. 4.

Pellet priming—The effect of a single exposure to 45 mg food pellet on reinstatement of
active lever responding was substantially stronger in the NSC pellet-trained rats than in the
sucrose pellet- or fiber-pellet-trained rats (Fig. 4b). A two-way mixed factorial ANOVA
included the between-subjects factor of pellet type and the within-subjects factor of pellet
priming (priming, no priming). This analysis revealed significant main effects of pellet priming
(F1,23=28.7, P < 0.01) and pellet type (F2,23=4.6, P < 0.05) and a significant interaction between
pellet priming and pellet type (F2,23=6.3, P < 0.01). Post-hoc differences are indicated in Fig.
4.

4. DISCUSSION
In the present study, we evaluated whether yohimbine and pellet priming-induced
reinstatement generalizes to other food types (i.e. non-sucrose carbohydrate (NSC) pellets
(5.5% fat, 60% carbohydrate, 4.5% fiber, 3.64 kcal/g), fiber pellets (0% fat, 0% carbohydrate,
91% fiber, 0 kcal/g) and sucrose pellets (0% fat, 91% carbohydrate, 4% fiber, 3.64 kcal/g)) or
whether this reinstatement behavior is dependent on the dietary composition of the pellets used
during training. We found that yohimbine reinstated food seeking previously reinforced by
NSC and sucrose pellets, whereas its effect on reinstatement in rats previously trained to lever
press for fiber pellets was relatively weak. Pellet-priming produced a greater number of lever
presses in the test for reinstatement in rats previously trained on NSC pellets than in rats trained
on fiber or sucrose pellets. This suggests that the effect of yohimbine and pellet-priming on
reinstatement of food seeking depends, in part, on the composition of the food pellets used
during training. During training, we also observed that rats progressively increased timeout
and total lever presses for the NSC and sucrose pellets, but not fiber pellets. Thus, rats given
intermittent access to palatable food (NSC and sucrose pellets) during extended (i.e., 9 h) food
self-administration sessions escalate non-reinforced food seeking across days, an effect we
interpret to indicate the development of a ‘compulsive’ food-seeking habit (see below).

The choice of the different pellets used in the present study was primarily based on the variable
composition of carbohydrate, sucrose and fiber contents as well as pellet availability for operant
conditioning experiments. The micronutrient composition of these pellets was similar. Foods
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with high carbohydrate and fat contents have been reported to be highly palatable, as compared
to foods with high fiber content which are less palatable [19]. Thus, it is reasonable to classify
the high caloric, energy dense NSC and sucrose pellets as ‘palatable’ and non-caloric fiber
pellets as ‘unpalatable’ reinforcers.

Reinstatement of food seeking by yohimbine and pellet priming
It is well known that stress and anxiety-like states induce relapse to maladaptive eating habits.
Humans seem to be particularly vulnerable to these effects of stress and anxiety during dieting
[16,23]. Surprisingly, this phenomenon has not been closely studied in preclinical animal
models. Recently, we developed a reinstatement model to study anxiety-induced relapse to
palatable-food seeking [20] that was based on the rat reinstatement procedure that has widely
been used to study relapse to drugs of abuse [7,34,36,38,39,40]. Ghitza et al. [20] trained rats
to lever press for palatable food pellets (25% fat, 48% carbohydrate) on a fixed ratio-1
reinforcement schedule. Following extinction of lever pressing, reinstatement of the
extinguished lever responding was induced by exposure to the anxiogenic drug yohimbine or
by non-contingent exposure to a palatable food pellet.

In the present study, yohimbine dose-dependently increased reinstatement of food seeking
across the three different food types. Previous studies have indicated that central noradrenergic
systems play an important role in mediating footshock stress-induced reinstatement of drug-
seeking [17,29,35]. Yohimbine also has significant affinities for the D2, 5-HT1A, α-1 and
benzodiazepine receptors. But it is unlikely that the effect of yohimbine on the reinstatement
of palatable food-seeking is mediated by these receptors types [27,37]. Thus, the results from
the present study have been interpreted to indicate that brain noradrenaline release plays a role
in yohimbine-induced reinstatement. Interestingly, we found significant differences in the
magnitude of food seeking in yohimbine-induced reinstatement that was dependent on the type
of pellet used during training. Rats trained to lever press for NSC and sucrose pellets produced
a greater degree of reinstatement across all doses of yohimbine, as compared to rats trained on
fiber pellets (Figure 4a).

Reinstatement of food-seeking was also determined after non-contingent exposure to a food
pellet, which has been known to reinstate extinguished food-responding [13]. Pellet-priming
produced a greater degree of reinstatement of lever pressing in rats previously trained on NSC
pellets than in rats trained on fiber or sucrose pellets (Figure 4a). In a food preference test
conducted across the different pellet types, rats exhibited a greater preference for NSC pellets
(over 90%) than for sucrose or fiber pellets. This observation may account for the greater
magnitude of pellet-priming induced reinstatement in rats primed with NSC pellets.
Furthermore, these data suggest that the neurochemical mechanisms that mediate yohimbine
and pellet-priming induced reinstatement are influenced, at least in part, by the dietary
composition of pellets used during training.

Progressive increase in non-reinforced lever responding but not pellet intake during training
During training, food-restricted rats given intermittent access to the palatable (NSC and
sucrose) pellets that lead to significant alterations in body weights (Figures 1b and 1c),
progressively increased lever pressing. It is unlikely that this increase is related to an enhanced
learning capability, because these rats discriminated between active and inactive levers early
in training (Figure 2d). Moreover, there was a progressive escalation of the non-reinforced
lever presses in rats trained on NSC and sucrose, but not on fiber pellets. The escalation in
lever responding is consistent with the results obtained from other operant [20] and non-operant
[8,9,21,22] studies where food-restricted rats given intermittent access to palatable food
progressively increase lever responding and food intake, an effect that suggests the
development of binge-eating habits [8,9,21,22]. Thus, the data from the present study suggest
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that only exposure to high caloric, energy dense palatable pellets (NSC and sucrose pellets),
but not to non-caloric, unpalatable fiber pellets, during training leads to the development of
compulsive-like eating behavior in our animal model.

In the present study, while NSC and sucrose pellet intake only marginally increased over the
first 5 days of training before stabilizing, the total number of non-reinforced lever presses
during the 20 s timeout period increased progressively by approximately 3 fold over the training
period (Figure 2c). This is interesting in the light of findings of Deroche-Gamonet et al. [14]
who reported that rats that developed an ‘addiction’-like behavior following prolonged
exposure to cocaine, lever pressed at much higher rates during drug non-reinforced periods
than rats that did not develop this phenotype. The persistence of non-reinforced responses,
which developed following prolonged exposure to cocaine, might reflect the development of
‘compulsive’ drug-taking behavior, as suggested by these authors. Therefore, in our study, a
progressive increase in timeout lever responding during training in the rats trained on palatable
pellets might indicate that these rats develop ‘compulsive’ food-taking habits. In contrast, the
rats training on fiber pellets did not show a progressive escalation in timeout responses on the
active lever, suggesting that the development of ‘compulsive’ food-seeking behavior may be
restricted to rats trained only on palatable (NSC and sucrose) food pellets.

Conclusions
The results of the present study indicate that both the anxiogenic drug yohimbine and pellet-
priming reinstate food seeking in our rat reinstatement model across different food types.
However, the degree of yohimbine and pellet-priming-induced reinstatement of extinguished
food-seeking behavior is dependent on the dietary composition of the pellets used during
training. In addition, it appears that only rats trained on high-caloric, palatable food develop a
‘compulsive’ food-taking behavior. Thus, our model of stress- and anxiety-induced
reinstatement of food-seeking behavior in the rat may be relevant to delineate the mechanisms
that mediate relapse to maladaptive eating habits to high caloric palatable food. Furthermore,
this model may also be used to study the neurochemical parameters that are involved in the
development of ‘compulsive’ food-taking behaviors in humans.
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Figure 1.
Daily weight fluctuations of rats during training. Rats were trained to self-administer food
pellets for 9 h/day, every other day. Rats gained weight on the day pellets were made available,
and lost weight on the subsequent day. (a) Daily weight fluctuations of rats self-administering
fiber pellets: Mean (± SEM) daily weight fluctuations of rats allowed to self-administer fiber
pellets (black) alternating with days of forced abstinence (white) (n = 8). (b) Daily weight
fluctuations of rats self-administering non-sucrose carbohydrate (NSC) pellets: Mean (± SEM)
daily weight fluctuations of rats allowed to self-administer NSC pellets (black) alternating with
days of forced abstinence (white) (n = 10). (c) Daily weight fluctuations of rats self-
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administering sucrose pellets: Mean (± SEM) daily weight fluctuations of rats allowed to self-
administer sucrose pellets (black) alternating with days of forced abstinence (white) (n = 10).
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Figure 2.
Self-administration training of fiber, NSC and sucrose pellets (a) Pellets: Mean (± SEM) fiber,
NSC and sucrose pellets during 9-h training sessions over 9 days (sessions 48 h apart). (b)
Active lever presses: Mean (± SEM) presses on the active lever during 9-h (9 days) sessions
(n=8–10 per group). (c) Timeout responses: Mean (±SEM) non-reinforced presses on the active
lever during the 20-sec timeout period. (d) Inactive lever presses: Mean (± SEM) non-
reinforced presses on the inactive lever during the 9-h (9 d) sessions. * Different from the NSC
and sucrose conditions, P < 0.05.
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Figure 3.
Extinction of self-administration behavior. (a) Active lever presses: Mean (± SEM) presses on
the previously active lever during the 9-h (6 d) or 3-h (3–4 d) extinction sessions (n = 8–10 per
pellet condition). * Different from the NSC and sucrose conditions, P < 0.05. (b) Inactive lever
presses: Mean (± SEM) presses on the inactive lever during 9-h (6 days) or 3-h (3–4 days)
sessions.
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Figure 4.
Reinstatement of fiber, NSC and sucrose seeking (a) Active lever presses: Mean (± SEM)
presses on the previously active lever performed under extinction conditions. During these test
days, rats were given injections of yohimbine (0.5, 1 or 2 mg/kg, i.p.) or its vehicle 30–45 min
prior to the start of the 3-h session(s). Pellet prime, or non-contingent pellet delivery, occurred
immediately prior to the start of the session. 1--Different from the Vehicle condition, P < 0.05;
2--Different from the fiber condition, P < 0.05; 3--Different from the fiber and sucrose
conditions, P < 0.05, n=8–10 per pellet condition. (b) Inactive lever presses: Mean (+ SEM)
presses on the inactive lever during 3-h test sessions.
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