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Abstract

Immune system activation has been shown to induce decreased interest in pleasurable stimuli. Studies of this phenomenon have assessed the
effect of cytokines or lipopolysaccharide (LPS) on behavior maintained by primary reinforcers, stimuli, such as palatable solutions, that effectively
reinforce behavior without prior training. The studies reported in this paper replicated findings of immune system activation decreasing intake of a
palatable solution and assessed the effects of immune activation on behavior maintained by a conditioned reinforcer, a stimulus paired with a the
palatable solution. Using a conditioned place preference procedure, the effects of LPS and interleukin-1β (IL-1β) on sucrose intake (primary
reinforcer) and preference for a sucrose-paired environment (conditioned reinforcer) were tested. LPS and IL-1β decreased sucrose intake but had
no effect on the expression of a sucrose-induced place preference, indicating a differential effect of immune system activation on appetitive
behaviors maintained by primary and conditioned reinforcers. Finally, it was shown that a sucrose-induced place preference is sensitive to the
motivational state of the subjects at the time of testing; a sucrose-induced place preference was demonstrated if rats were tested when water
deprived but not if tested after free access to water.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Immune system activity can cause profound changes in
behavior. For example, administration of lipopolysaccharide
(LPS), a component of the cell wall of gram negative bacteria,
decreases social exploration, locomotor activity, food intake,
and food-motivated behavior and increases sleep in rodents (for
reviews, see Dantzer et al., 1999; Larson and Dunn, 2001). This
profile of behavior change is referred to as “sickness behavior.”
Investigations have implicated cytokines as mediating commu-
nication between the immune system and the central nervous
system (CNS) and as mediators of these behavioral effects. In
fact, administration of cytokines, most notably interleukin-1β
(IL-1β), results in a behavioral profile very similar to that seen
when animals are given a bacterial or viral treatment (for review,
see Larson and Dunn, 2001).
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One aspect of sickness behavior is anhedonia, or loss of
interest in pleasurable activities (Yirmiya, 1997). Assessments
of the anhedonic effect of infection and inflammation in animal
models have shown that LPS decreases saccharin consumption
and preference (Yirmiya, 1996). Additionally, certain cytokines
decrease self-administration of electrical brain stimulation
(EBS) in rats (Anisman et al., 1996). Both of these paradigms
(food intake and EBS) provide evidence that immune activation
can disrupt behavior maintained by pleasurable stimuli, though
most assessments of the anhedonic effect of immune activation
have evaluated ingestive behaviors. Because immune activation
also produces an anorectic effect (e.g., McCarthy et al., 1985), it
is difficult to distinguish between the anhedonic effect of
immune activation and the anorexia it induces (Anisman and
Merali, 1999). Regardless, evaluations have determined that
immune stimuli can disrupt appetitive behaviors involved in
feeding (Cross-Mellor et al., 2000, 2003) and decrease
behaviors maintained by pleasurable stimuli (Yirmiya, 1996)
suggesting that an anhedonic effect may be induced by sickness
and thus may be related to some sickness-induced anorexia.

mailto:larson@cord.edu
http://dx.doi.org/10.1016/j.pbb.2006.06.004


430 S.J. Larson / Pharmacology, Biochemistry and Behavior 84 (2006) 429–435
Studies that have assessed the effect of immune activation
and cytokines on appetitive behaviors and behaviors maintained
by appetitive stimuli have typically focused on changes in the
approach or self-administration of primary reinforcers, stimuli
that are biologically relevant to the organism and control
behavior on their first presentation (e.g., palatable solutions). It
is well known that initially neutral stimuli paired or associated
with primary reinforcers develop reinforcing (Cardinal et al.,
2003; Domjan, 1998; Williams and Dunn, 1991), and
presumably hedonic, properties. The current series of experi-
ments assessed the effect of immune activation on behavior
maintained by conditioned reinforcing stimuli (i.e., stimuli
associated with primary reinforcers) by evaluating the effects of
LPS and IL-1β on the expression of a conditioned place
preference.

In the place preference procedure animals are trained to
associate a distinctive environment with a primary, uncondi-
tioned reinforcer. Since animals prefer an environment paired
with reinforcing stimuli over a control environment, referred to
as a place preference, this provides an indirect assessment of the
development of conditioned reinforcement (e.g., Acquas et al.,
1989). While the majority of place preference studies employ
drugs as the unconditioned stimulus, past work has used
palatable solutions as the primary, unconditioned stimulus (e.g.,
Agmo et al., 1995; Spiteri et al., 2000; Stefurak and van der
Kooy, 1992) and the methods described in this paper were
modeled after these published studies. Stefurak and van der
Kooy (1992), for example, conditioned rats by exposing them to
a distinctive environment in which they could consume
saccharin for 20 min every other day. On alternating days,
animals were exposed to another environment in which they
could consume water. After 8 environment–saccharin pairings,
a preference test was conducted in which animals were allowed
to explore both environments in the absence of water or
saccharin. They found preferences for the saccharin-paired
environment that were dependent upon saccharin dose,
demonstrating a saccharin-mediated place preference.

Previous work has shown that immune system activity has
differential effects on various aspects of feeding. For example,
Cross-Mellor et al. (2003) showed that LPS decreased voluntary
sucrose intake in a traditional bottle intake test but did not affect
the intake of sucrose when infused intraorally. Based on their
findings, it appears that LPS does not diminish the appetitive
responses to the taste of sucrose, a finding also recently shown
by Aubert and Dantzer (2005). This is the case despite evidence
that LPS does decrease sucrose intake. Based on such findings,
it has been suggested that LPS does not affect the affective
components of feeding but does affect the consummatory
(intake) components (Cross-Mellor et al., 2000, 2003). Given
these findings, it was expected that LPS and IL-1β may have
different effects on the expression of a conditioned place
preference and sucrose intake. Three experiments evaluated
this. Experiment 1 and 2 assessed the effects of LPS and IL-1β
on the expression of a sucrose-mediated conditioned place
preference and on sucrose intake. In these studies, rats were
water deprived at the time of conditioning and testing. A third
experiment evaluated the effect of LPS on the expression of a
conditioned place preference in rats that were water deprived
during conditioning but not during testing to ensure that effects
seen in Experiment 1 and 2 did not result from water deprivation
at testing.

2. Methods

2.1. Subjects

Subjects were forty-four Wistar rats [Harlan, Indianapolis,
IN] weighing 350–400 g. They were housed in pairs in plastic
cages and maintained on a 12 h:12 h light:dark cycle.
Experimental manipulations occurred during the light portion
of the cycle. Animals were fed ad libitum and had restricted
access to water as noted below. In the case of water restriction,
rats had access to water for 4 h/day immediately after
experimental manipulations. Animal protocols received
approval from the Concordia College Institutional Animal
Care and Use Committee.

2.2. Apparatus

A conditioned place preference apparatus was used in all
studies. This apparatus consisted of three distinct environments,
two conditioning chambers, 38 cm×30 cm×30 cm, and a
middle choice chamber, 25 cm×30 cm×30 cm. One condition-
ing chamber was black with a rough, black plastic mat on the
floor and the other was white with a smooth, clear plastic mat on
the floor. Between the conditioning chambers was a smaller
grey (choice) chamber with a smooth Plexiglas floor. These
three chambers were separated by sliding doors allowing the
apparatus to be converted from three separate chambers to one
multi-colored chamber.

2.3. Injected solutions

Rats were injected with either physiological saline, lipopo-
lysaccharide (Sigma Chemical Co., St. Louis, MO, serotype
0127:B8) or rat recombinant interleukin-1β (R&D Systems,
Minneapolis, MN). Injections occurred 90 min before the onset
of testing and were given intraperitoneally (i.p.). LPS was
dissolved in saline to create a 50 μg/ml solution and injected at a
dose of 50 μg/kg. IL-1β was dissolved in saline to create a 4 μg/
ml solution and injected at a dose of 4 μg/kg. Since the ability to
move throughout the place preference apparatus was necessary
for testing a conditioned place preference, it was important to
chose an LPS and IL-1β dose that did not depress all motor
activity. These doses were chosen based on pilot studies
demonstrating that they decreased food and sucrose intake,
indicating a “sickness behavior” effect, without eliminating all
motoric activity.

2.4. General procedure

The procedure used to induce a sucrose-mediated condi-
tioned place preference was modeled off of previous assess-
ments of food or palatable solutions being used to induce a place
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preference (e.g., Agmo et al., 1995; Stefurak and van der Kooy,
1992).

Subjects were water deprived for 20 h daily and trained to
consume an 18% sucrose solution. During training, rats were
given the sucrose solution for 30 minutes/day. Sucrose
consumption pretraining was done to ensure that once
conditioning began rats would readily consume sucrose in the
place preference apparatus. After 3 days of sucrose consump-
tion training, place preference conditioning began.

Subjects were given a place preference pretest to measure
the initial side preference. This test consisted of free
exploration of the entire apparatus for 10 min. During this
time, the number of seconds the rat remained in the black and
white chambers were recorded. The rat was considered to be in
a particular chamber as long as it had both front paws in that
chamber. Motor activity was also measured during this test by
counting the number of chamber crossings (i.e., each time the
animal entered or exited either the black or white chamber was
counted as one cross).

Twenty-four hours following the pretest, conditioning began.
A biased place preference procedure was used based on
previous assessments of food or palatable solutions being
used to induce a place preference (Agmo et al., 1995; Spiteri et
al., 2000). All subjects had access to an 18% sucrose solution
while confined to the nonpreferred side of the apparatus (black
or white) for 20 min. More animals, across all experiments,
significantly preferred the black chamber during the pretest
(χ2 =9.09, p<0.05) and thus, for the majority of animals, the
sucrose-paired side was the white environment. Sucrose
conditioning sessions occurred eight times on alternating
days. On the other 8 days, subjects were confined to the
preferred side of the apparatus for 20 min with water available.
This means that all animals were equally exposed to both their
nonpreferred (sucrose-paired) and preferred (water-paired) side
of the apparatus during conditioning. Liquid solutions were
presented in graduated tubes with angled stoppers and placed in
the same corner of the apparatus during each conditioning trial
(Stefurak and van der Kooy, 1992).

Following the 16 conditioning days, post-conditioning place
preference tests were conducted. Like the pretest, this consisted
of free exploration of the entire apparatus for 10 min and the
number of seconds the animal spent in the black and white
chamber was recorded. In addition, motor activity was
measured by counting the number of chamber crossings.
Immediately after the post-test, all animals had access to the
18% sucrose solution in a transfer cage, similar to their home
cage, for 10 min. Forty-eight hours after the first post-
conditioning test, a second post-conditioning test was con-
ducted. Prior to testing, rats were injected with either saline or
LPS/IL-1β as described below.

2.4.1. Experiment 1: LPS/deprived
Sixteen rats were injected with either saline or 50 μg/kg of

LPS before the first post-conditioning test. Injections were
reversed for the second test. All animals in this study were water
deprived for 20 h/day during pre- and post-testing and during
place preference conditioning.
2.4.2. Experiment 2: IL-1β/deprived
Twelve rats were treated as Experiment 1 except that LPS

was substituted with 4 μg/kg of IL-1β.

2.4.3. Experiment 3: LPS/nondeprived
Sixteen rats were treated as Experiment 1 except that they

were only water deprived for 20 h/day during place preference
conditioning. Pre- and post-testing occurred after 48 h of ad lib
water.

2.5. Data analysis

Preference for the sucrose-paired side of the apparatus was
determined by calculating the time spent in the sucrose-paired
side/time spent in sucrose- and water-paired side. A conditioned
place preference was also measured by comparing time spent in
the sucrose-paired side during post-test to time spent in the
sucrose-paired side during pretest. Sucrose consumption was
determined by measuring the difference in bottle weights before
and after the sucrose consumption period.

Each experiment employed a within subjects design so data
analyses were conducted using repeated measures analysis of
variance (ANOVA), pairwise comparisons using Bonferroni's
correction, and paired sample t-tests. ANOVAs met Mauchley's
test of sphericity. Since this was a within subjects design with
some animals being tested with LPS prior to saline and vice
versa, initial analyses included order of tests as a variable. This
variable was not significant so reported analyses were done
without using order as a variable.

Analyses were considered significant if p<0.05. When a t-
test was used to determine significance for LPS and IL-1β
effects on motor activity and sucrose consumption, a one tailed
test was used due to the a priori prediction that LPS and IL-1β
would decrease food intake and activity (for examples, see
Larson and Dunn, 2001). In the case of significant t-tests or
pairwise comparisons, effect sizes were calculated. A Cohen's
d>0.8 was considered to be a large effect and Cohen's d of
0.6–0.8 was considered to be a moderate effect (Cohen, 1988).
Finally, because preference data were proportionate, for
analyses they were transformed using the arcsin transformation.

3. Results

3.1. Experiment 1: LPS/deprived

Fig. 1A indicates preference for the sucrose-paired side of
the place preference apparatus. Rats increased preference for the
sucrose-paired side of the apparatus after conditioning as seen
by comparing pretest to post-test preference scores. A one-way
repeated measures ANOVA conducted on these data (after
arcsin transformation) revealed a marginally significant effect of
test (Pretest, LPS, Saline), F(2,30)=2.89, p=0.07. Pairwise
comparisons conducted on these data revealed a nonsignificant
increase in preference for the sucrose-paired side of the
apparatus during the saline post-test and a significant increase
in preference for the sucrose side during the LPS test (p<0.05,
Cohen's d=0.39). The preference for the sucrose-paired side



Fig. 1. This figure shows the data from Experiment 1: LPS/deprived. Panel A shows the effect of LPS on the preference for the sucrose-paired side of the place
preference apparatus. Panel B shows the effect of LPS on time spent in the sucrose-paired side of the apparatus. Panel C shows the effect of LPS on sucrose intake and
panel D shows the effect of LPS on motor activity. Data are presented as mean±SEM. Significant differences are indicated by asterisks.
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was not disrupted by LPS, as there was no significant difference
in preference for the sucrose-paired side when comparing the
saline and LPS post-tests.

Fig. 1B indicates the time spent in the sucrose-paired side of
the apparatus. As can be seen from this figure, rats increased time
spent in the sucrose-paired side of the apparatus after condition-
ing. A repeated measures ANOVA conducted on these data
revealed a significant effect of test, F(2,30)=11.28, p<0.001.
Pairwise comparisons revealed significant increases in time spent
in the sucrose-paired side of the apparatus during both the saline
and LPS post-test, when compared to the pretest (Saline: p<0.05,
Cohen's d>0.8; LPS: p<0.01, Cohen's d>0.8). Time spent in
the sucrose-paired side was not disrupted by LPS, as there was no
significant difference in time spent in the sucrose-paired side
when comparing the saline and LPS post-tests.

Fig. 1C represents the amount of sucrose consumed during
the saline and LPS post-test. As can be seen from this figure,
LPS disrupted sucrose consumption such that animals con-
sumed less sucrose after the LPS test than after the saline test
and a t-test indicated this effect was significant, t(15)=2.52,
p<0.05, Cohen's d>0.8.

Fig. 1D represents the activity level of subjects during the
saline and LPS post-tests. As can be seen from this figure, LPS
produced decreased activity, although a t-test comparing the
number of chamber crossings after LPS and saline treatment
failed to reach significance.

3.2. Experiment 2: IL-1β/deprived

Rats increased preference for the sucrose-paired side of the
apparatus after conditioning as seen by comparing pretest to
post-test preference scores (Fig. 2A). A repeated measures
ANOVA conducted on these data (after arcsin transformation)
revealed a significant effect of test (Pretest, IL-1β, Saline), F
(2,22)=8.51, p<0.01. Pairwise comparisons revealed signifi-
cant increases in preference for the sucrose-paired side of the
apparatus during both the saline and LPS post-test, when
compared to pretest (p<0.05, Cohen's d>0.8 for both
comparisons). Preference for the sucrose-paired side was not
disrupted by IL-1β and there was no significant difference in
preference for the sucrose-paired side when comparing the
saline and IL-1β post-tests.

Rats increased time spent in the sucrose-paired side of the
apparatus after conditioning (Fig. 2B). A repeated measures
ANOVA conducted on these data revealed a significant effect of
test, F(2,22)=9.59, p<0.001. Pairwise comparisons revealed
significant increases in time spent in the sucrose-paired side of
the apparatus for the saline and IL-1β post-test, when compared
to pretest (p<0.05, Cohen's d>0.8 for both comparisons).
There was no significant difference in time spent in the sucrose-
paired side when comparing the saline and IL-1β post-tests.

IL-1β disrupted sucrose consumption such that animals
consumed less sucrose after the IL-1β test than after the saline
test (Fig. 2C) and a t-test indicated this effect was significant,
t(11)=1.96, p<0.05, Cohen's d=0.66.

Although IL-1β produced decreased activity in the rats, it did
not eliminate all motor behavior (Fig. 2D). A t-test comparing the
number of chamber crossings after IL-1β and saline treatment
indicated significance, t(11)=2.8, p<0.01, Cohen's d=0.78.

3.3. Experiment 3: LPS/nondeprived

Rats increased preference for the sucrose-paired side of the
apparatus after conditioning, however, this effect was minimal
and rats did not demonstrate a clear preference for the sucrose-
paired side of the chamber on post-testing (Fig. 3A). A



Fig. 2. This figure shows the data from Experiment 2: IL-1β/deprived. (A) Effect of IL-1β on the preference for the sucrose-paired side; (B) Effect of IL-1β on time
spent in the sucrose-paired side; (C) effect of IL-1β on sucrose intake; and (D) effect of IL-1β on motor activity. Data are presented as mean±SEM. Significant
differences are indicated by asterisks.
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repeated measures ANOVA conducted on these data (after
arcsin transformation) failed to reach significance. There was
no significant difference in preference for the sucrose-paired
side when comparing the saline and LPS post-tests. Rats also
increased time spent in the sucrose-paired side of the
Fig. 3. This figure shows the data from Experiment 3: LPS/nondeprived. (A) Effect of
in the sucrose-paired side; (C) effect of LPS on sucrose intake; and (D) effect of LPS
indicated by asterisks.
apparatus after conditioning but this effect was minimal and
an ANOVA conducted on these data failed to reach
significance (Fig. 3B). There was no significant difference in
time spent in the sucrose-paired side when comparing the
saline and LPS post-tests.
LPS on the preference for the sucrose-paired side; (B) effect of LPS on time spent
on motor activity. Data are presented as mean±SEM. Significant differences are
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LPS disrupted sucrose consumption such that animals
consumed less sucrose after the LPS test than after the saline
test (Fig. 3C) and a t-test indicated this effect was significant
t(15)=2.41, p<0.05, Cohen's d>0.8.

Although LPS did decrease activity in the rats (Fig. 3D) a t-
test comparing the number of chamber crossings after LPS and
saline treatment failed to reach significance.

4. Discussion

These experiments demonstrated a sucrose-induced condi-
tioned place preference in rats that were water deprived during
conditioning and testing, thus confirming that a palatable
solution can be used to induce a conditioned place preference
(Agmo et al., 1995; Stefurak and van der Kooy, 1992). There
was no difference in the expression of a place preference when
animals were pretreated with either saline or LPS, or when
treated with saline or IL-1β, even though LPS and IL-1β
reduced consumption of the sucrose solution. Importantly, the
dose of LPS used in these studies does not appear to be
inherently aversive or appetitive as a separate pilot study (n=8,
unpublished observation) showed that a one-time conditioning
trial using 50 μg/kg of LPS as the unconditioned stimulus did not
produce a conditioned place preference or aversion. Low doses
of LPS and IL-1β were used in the current studies and it would
be valuable to do a dose response assessment of the effects of
LPS and IL-1β on a conditioned place preference to determine if
other doses of LPS or IL-1β affect differently the expression of a
place preference. Also, although exposure to each side of the
place preference apparatus was controlled in these studies, all
animals were conditioned with sucrose and conclusions are
limited by the absence of a nonconditioned control group.

It has previously been shown that LPS Pantoea agglomerans
can block the acquisition of a cocaine-induced place preference
when subjects are pretreated with it during conditioning and
prior to cocaine exposure (Suzuki et al., 1994). More recently,
Nakajima et al. (2004) demonstrated that the cytokine tumor
necrosis factor-α (TNF-α) blocked the acquisition of a
methamphetamine-induced place preference when mice were
given TNF-α before place preference conditioning. Although
not tested in these current studies, LPS and cytokines may
differentially affect the acquisition and expression of a place
preference, an effect similar to what is seen with other CNS-
active agents (e.g., Beninger and Hahn, 1983; Beninger and
Herz, 1986; Sahraei et al., 2006).

In these present studies, LPS and IL-1β did not disrupt the
expression of a learned response where as it has been previously
demonstrated that these substances disrupt the consolidation of
memory and acquisition of learned responses (e.g., Gibertini et
al., 1995; Pugh et al., 2001). Thus, it appears that immune
stimuli may affect the acquisition of a learned response and
consolidation of memory differently than they effect the
expression of learning/memory. This suggestion is supported
by work demonstrating that LPS disrupted two-way avoidance
learning in mice if LPS was given on day one of training but not
when given on day four of training, a point at which considerable
learningwould have already taken place (Sparkman et al., 2005).
Since neither LPS nor IL-1β disrupted the expression of a
conditioned place preference, it is speculated that immune
activity may not decrease behavior maintained by conditioned
hedonic stimuli, also similar to what is seen with dopamine
antagonism. For example, using a runway model of food-
seeking behavior, McFarland and Ettenberg (1998) found that
pretreatment with haloperidol did not affect the running pattern
in the presence of the food-associated stimuli, even though the
doses of haloperidol are known to disrupt food reinforcement.
They suggest that haloperidol and possibly other dopamine
antagonists do not disrupt motivated behavior associated with
conditioned stimuli but appear to disrupt the reinforcing
efficacy of the primary reinforcer (McFarland and Ettenberg,
1999). Given that seeking out an environment associated with
sucrose was not affected by LPS or IL-1β, yet the intake of the
reinforcing sucrose solution was, it is possible that these
substances may decrease the reinforcing efficacy of the
primary reinforcer (i.e., the sucrose solution) without affecting
motivation for the conditioned environment. This analysis
must be reconciled with data demonstrating that LPS and IL-
1β do have motivational effects (Aubert, 1999; Larson et al.,
2002). Past research on the motivational interpretation of
sickness behavior has investigated motivation for uncondi-
tioned, often hedonic, stimuli [e.g., intake of a palatable
solution (Larson et al., 2002) and sexual behavior (Avitsur et
al., 1997)] and future studies should evaluate more system-
atically how motivational effects relate to and may differ
between primary and conditioned reinforcers.

An interesting observation in these studies was that if rats
were not water deprived at the time of testing they failed to
demonstrate a clear sucrose-induced place preference (Experi-
ment 3) indicating that perhaps the place preference seen in
Experiments 1 and 2 may be mediated by a deprivation effect.
Relevant to this effect is work by Spiteri et al. (2000) who
presented an elegant analysis of the different behavioral
patterns in mice expressing a morphine-induced place
preference and a food-induced place preference. They suggest
that a food-induced place preference is more reflective of
approach behaviors than affective reactions with the reverse
being true for the morphine-induced place preference. Despite
some procedural differences, these conclusions may be
relevant for the interpretation of the data reported here.
Basically, the expression of a sucrose-induced place preference
in water-deprived animals may have depended upon a
motivational state that facilitated approach behaviors. In fact,
the observed conditioned place preference could be mediated
by thirst as well as other variables (e.g., caloric content).
Harris et al. (2000), for example, found that odor–calorie
associations developed only when animals are hungry during
training implying that motivation at the time of training
influences the development of learned associations. Thus,
attention should be paid to motivational elements of any place
preference induction, as this procedure may be highly
sensitive to motivational variables. Further work should also
evaluate the possibility that the increased preference for the
sucrose-paired side in Experiments 1 and 2 might have been
mediated by food-seeking responses. These water-deprived
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rats were likely to have consumed fewer calories during the
day and thus, might find the sucrose-paired side more
appealing than the water-paired side. Though food-seeking
behavior might be partially mediating the sucrose-induced
place preference, it remains that LPS did not disrupt the
expression of a place preference but did disrupt sucrose intake
and these data provide support for previous suggestions that
LPS differentially affects various components of feeding
(Cross-Mellor et al., 2000, 2003).

In summary, the expression of a sucrose-induced place
preference appears to be sensitive to the motivational state of
the animal at the time of testing. Regardless, data indicate that
LPS and IL-1β disrupt sucrose consumption without affecting
the expression of a sucrose-induced place preference. Thus,
based on these data, it appears that conditioned and uncondi-
tioned behaviors may be differentially affected by cytokines and
immune activation.
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