Available online at www.sciencedirect.com

science (@horneer:

Pharmacology, Biochemistry and Behavior 76 (2003) 153—159

PHARMACOLOGY
BIOCHEMISTRY
AND

BEHAVIOR

ELSEVIER

www.elsevier.com/locate/pharmbiochembeh

Activation of the immune system in rats with lipopolysaccharide reduces
voluntary sucrose intake but not intraoral intake

Shelley K. Cross-Mellor™, Shelley Roberts, Martin Kavaliers, Klaus-Peter Ossenkopp

Neuroscience Program and Department of Psychology, University of Western Ontario, Social Science Building, London, Ontario, Canada N6A4 5C2
Received 25 March 2003; received in revised form 3 July 2003; accepted 19 July 2003

Abstract

Traditional intake measures of voluntary consumption of food or fluid from a specific location involve both appetitive and consummatory
behaviors. Appetitive behaviors are food finding behaviors displayed by an animal prior to the consumption of the food, whereas consummatory
behaviors are the behaviors involved in the actual consumption of the food. Intraoral intake of a fluid can be measured by directly infusing it into
the oral cavity of an animal and quantifying the consummatory behaviors. The present study compared the effects of immune activation
(lipopolysaccharide, LPS) and toxin (lithium chloride, LiCl)-induced changes on both a traditional intake measure (bottle drinking) and an
intraoral intake measure. In Experiment 1, rats were injected intraperitoneally with LPS (200 pg/kg), LiCl (0.15 M, 20 ml/kg) or NaCl vehicle,
and voluntary sucrose (0.3 M) intake was monitored for 1 h from a graduated drinking tube. Voluntary intake was again assessed on a second test
day, 72 h later under the same conditions. In Experiment 2, a continuous intraoral infusion of sucrose (0.3 M) was given via intraoral cannulae
following systemic injections of LPS, LiCl or NaCl vehicle on two different test days, 72 h apart. Rats injected with LiCl displayed reduced
sucrose intake on both the voluntary intake measure and the intraoral intake measure relative to controls (P’s<.05). The reduced intake
observed was of greater magnitude on the second test day of both experiments, consistent with conditioning effects. In contrast, LPS reduced
sucrose intake only when assessed with the traditional intake measure. Intraoral sucrose intake remained unchanged relative to controls. The
present results provide further evidence that activation of the immune system has adverse effects on the appetitive phase of ingestion, whereas

the consummatory aspects are unaftected.
© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Foraging for, and ingesting food, requires an animal to
progress through two phases, an appetitive phase and then a
consummatory phase as first suggested by Craig (1918). The
appetitive phase of ingestion involves those behaviors dis-
played by the animal prior to the actual consumption of food,
such as recognizing that food has been made available,
orienting to the food and subsequent approach movements.
In contrast, consummatory behaviors (such as licking, chew-
ing and swallowing) are the more stereotyped behaviors
involved in the actual consumption of the food. Any phar-
macological or neurological manipulation can alter ingestion
by acting primarily on the appetitive phase, on the consum-
matory phase or on both phases. Traditional intake measures,
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which require the animal to voluntarily ingest food from a
specific location (such as a food hopper) or fluid from a
bottle, involve both appetitive and consummatory behaviors.
As such, any manipulation that produces changes in intake
can result from an influence on either the appetitive and/or the
consummatory phase.

The taste reactivity method originally developed by Grill
and Norgren (1978) allows for examination of the consum-
matory behaviors alone without the appetitive phase. In this
paradigm, liquid foods are infused directly into the mouth of
an animal (typically rats) via a surgically implanted intraoral
cannula. The animal can then “choose” to consume the fluid
by producing positive ingestive behaviors such as tongue
protrusions and rhythmical mouth movements, actively reject
the fluid by producing active aversive responses such as
gaping and chin rubbing or passively reject the fluid by letting
it drip out of its mouth without reacting to it. A continuous
intraoral infusion of the fluid allows an experimenter to
determine a measure of “intraoral intake.” Intraoral intake
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tests have been shown to be sensitive to the same factors and
manipulations as those that affect traditional intake para-
digms. For instance, intraoral intake is dependent on the
concentration and hedonics of the infused tastant (Flynn and
Grill, 1988a,b), as well as being sensitive to gastric preloads
(Seeley et al., 1994) and the administration of cholecystoki-
nin (Grill and Smith, 1988), in a manner similar to traditional
intake measures. As such, the results obtained from these two
measures often parallel one another.

However, there are several lines of evidence that indicate
that intraoral intake and voluntary consumption are in fact
independent of one another. When rats are injected with the
orexigenic agent neuropeptide Y (NPY), a robust increase in
voluntary food intake is observed (e.g., Clark et al., 1984).
In contrast, several studies have demonstrated that NPY
administration does not alter intraoral intake of a variety of
fluids (Ammar et al., 2000; Sederholm et al., 2002; Seeley et
al., 1995; Woods et al., 1998). Administration of amphet-
amine in rats has been shown to produce robust decreases in
the amount of sweetened milk voluntarily consumed from a
bottle, yet when this same fluid is infused intraorally, intake
volume is unaffected (Wolgin et al., 1988). Similarly,
gastrin-releasing peptide (GRP) has been shown to produce
significant intake reductions of both sucrose and milk from
a bottle but has no effect on intraoral intake of either
solution (Rushing and Houpt, 1999).

One of the hallmark symptoms following activation of the
immune system is a reduction in food intake. Injections of
lipopolysaccharide (LPS) or the individual cytokines them-
selves result in robust decreases in food intake (e.g., Lan-
ghans et al., 1990, 1991; Plata-Salaman, 1994, Plata-Salaman
and Borkoski, 1993) as well as reduced intake of palatable
substances such as sucrose (Cross-Mellor et al., 1999),
saccharin (Yirmiya, 1996) and sweetened milk (Swiergiel et
al., 1997a,b). Recent evidence suggests that the reduction in
feeding seen following immune activation is the result of
specific effects on appetitive behaviors. Studies have shown
that there is significant reduction in operant responding for
food following injections of either LPS or specific cytokines
(such as interleukin-1, IL-1p) (Bret-Dibat et al., 1995, 1997,
Kent et al., 1996; Larson et al., 2002). Because an operant
response is necessary before the animal will receive any food,
this test is often considered a measure of appetitive behavior.
More recently, it has been shown that while LPS reduced
sucrose intake from a bottle, sucrose palatability as assessed
by a taste reactivity analysis remained unchanged (Cross-
Mellor et al., 1999). Furthermore, it was found that systemic
administration of LPS resulted in significant reductions in
voluntary water intake, but the same dose actually increased
positive ingestive reactions to brief intraoral infusions of
water (Cross-Mellor et al., 2000). These latter studies exam-
ined very brief infusions (60 s) of fluids following activation
of the immune system and did not assess the actual volume
consumed during a continuous intraoral infusion.

The present study compared the effects of immune acti-
vation on both intraoral intake and voluntary bottle intake of a

sucrose solution. The immune system manipulation was also
compared with the effects seen following toxin administra-
tion. The toxin lithium chloride (LiCl) produces robust
conditioned avoidances of flavors or foods that have been
previously paired with its administration (e.g., Garcia et al.,
1974). It also has been well documented that LiCl produces
changes in taste reactivity responding indicative of a condi-
tioned aversion (e.g., Ossenkopp and Eckel, 1995; Eckel and
Ossenkopp, 1996; Spector et al., 1988). Therefore, the
present study assessed the effects of exogenous administra-
tion of both LPS and LiCl on voluntary sucrose intake from a
bottle versus intraoral intake (when sucrose is infused intra-
orally), which bypasses the appetitive phase of ingestion.

2. Materials and methods
2.1. Subjects

Subjects were naive, male adult Long—Evans hooded rats
(Charles River, Quebec) weighing between 250 and 300 g at
the start of the experiments. Rats were housed individually in
either polypropylene cages (voluntary intake) or stainless
steel wire mesh cages (intraoral intake) and maintained in a
temperature-controlled room (21 £1 °C) on a 12:12 light/
dark cycle (lights on between 07:00 and 19:00 h). Food and
water were provided ad libitum unless otherwise specified.
All procedures were carried out in compliance with the
guidelines set forth by the Canadian Council of Animal Care
(CCAQ). Different animals were used for each experiment
(n=21 for voluntary intake and n=21 for intraoral intake).

2.2. Drug administration schedule

On the first test day of each experiment, rats were
randomly assigned to one of three experimental groups,
which received an intraperitoneal injection of LPS (200 ng/
kg, from Escherichia coli 0111:B4, L-2630; Sigma, St.
Louis, MO) that was dissolved in 0.9% saline, an intraper-
itoneal LiCl (0.15 M, 3 mEq) injection or a control intra-
peritoneal injection of the saline vehicle (NaCl, 1 ml/kg).
Two hours after LPS injections or 10 min after LiCI or NaCl
injections, sucrose (0.3 M) intake was monitored (bottle
intake in Experiment 1 and intraoral intake in Experiment
2). The second test day occurred 72 h after the first test day
and involved exactly the same injection and handling
procedures.

Studies that examined the effects of LPS on sickness
behaviors have utilized doses that range between 50 (e.g.,
Langhans et al., 1991) and 1000 (Yirmiya, 1996) ng/kg. The
present dose (200 pg/kg) was chosen to ensure that the
previously shown aversive effects on behavior by systemic
injections LPS would be observed. Furthermore, past re-
search in our laboratory demonstrated that LPS at a dose of
200 ng/kg produced differential effects on taste reactivity
responses and fluid intake (Cross-Mellor et al., 1999, 2000).
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2.3. Experiment 1: voluntary sucrose intake

Rats were food and water deprived for 24 h prior to each
test day (Days 1 and 4). Either 2 h (LPS, n=7) or 10 min
(LiCl, n=7; NaCl, n=7) after injections, a graduated
drinking tube containing 0.3-M sucrose solution was made
available in the home cage. Fluid intake (£ 0.5 ml) was
monitored for 1 h after which food and water were made
available. On Day 4, the same injection, handling and
testing procedures occurred. Body weights were recorded
immediately before injections on each test day and 24 h later
to note any changes. All testing was carried out between
10:00 and 12:00 h.

2.4. Experiment 2: intraoral intake

2.4.1. Intraoral cannulation

Rats received surgical implantation of intraoral cannulae
according to the procedures described by Parker (1980) 1
week after arriving in the laboratory. Following 24 h of
food deprivation, animals were anesthetized by an intra-
peritoneal injection of sodium pentobarbital (Somnotol, 50
mg/kg). A 15-gauge stainless steel needle was inserted into
the dorsal midneck region of the rat and guided subcuta-
neously along the cheek where it exited the oral cavity just
rostral to the first maxillary molar. A 10-cm piece of
polyethylene tubing (PE 90) was threaded through the
barrel of the needle and was secured in place at the neck
by a 20-gauge intramedic adapter cap and in the mouth by
heat flaring the end of the tubing with a smooth plastic
washer (5 mm in diameter) in place. The puncture sites
were swabbed with alcohol and animals were given 4 days
to recover from surgery before habituation began (see
below). Cannulae were flushed with tap water daily to
prevent blockage.

2.4.2. Taste reactivity test chambers

At the start of each testing session, rats were placed
individually in a testing chamber made of Plexiglas
(29 x25x29 cm). A mirror was mounted beneath the
transparent floor of the chamber at a 45° angle, which
facilitated videotaping the ventral view of the rat. Intraoral
infusions at a rate of 0.78 ml/min were delivered through an
infusion hose (PE 90 tubing, 1 m in length) attached to an
infusion pump (model 341-A; Sage Instruments, Cam-
bridge, MA) and to the rat’s cannula. The behavioral
responses produced by the rat during the intraoral infusions
were videotaped with a video camera (Panasonic AG-195;
London, Ontario, Canada), located 1 m from the mirror, and
a videocassette recorder (Panasonic AG-1970).

2.4.3. Habituation

All rats were habituated to the general testing procedure
on 3 consecutive days prior to the first test day. During
habituation, rats were placed in the test chamber for a 15-
min period followed by a 2-min infusion of water.

2.4.4. Intraoral intake procedure

Rats were food and water deprived for 24 h prior to each
test day. Test days were separated by 72 h (Days 1 and 4). On
each test day, animals received an intraperitoneal injection as
described in Experiment 1: LPS, LiCl or NaCl (n=7 per
group). Two hours after the LPS injection and 10 min after
either LiCl or NaCl injection, rats were placed individually in
the testing chamber where they received a 15-min continuous
intraoral infusion of 0.3-M sucrose. The orofacial and somat-
ic responses produced by the rats were videotaped. The time
at which the animal rejected the fluid and the latency of the
first episode of rejection were noted. Rejection was defined as
three active aversive responses or five passive drips within a
30-s period. The volume of sucrose ingested was calculated
by multiplying the amount of time the animal spent ingesting
the fluid by the rate of infusion (0.78 ml/min). Body weight
was recorded immediately before the first injection on each
test day and 24 h later to note any changes. All testing
occurred between 10:00 and 12:00 h.

Behavioral responses were scored according to those
developed by Grill and Norgren (1978) and later elaborat-
ed on by Ossenkopp and Eckel (1995). Active aversive
responses included chin rubs (body of rat projected for-
ward while the mouth or chin is in direct contact with the
floor or wall of the chamber), gapes (triangular opening of
the mouth), forelimb flails and headshakes with fluid
expulsion.

The data from each experiment were analyzed with a
mixed-design analysis of variance (ANOVA) procedure with
Drug as the between-subjects factor (at three levels: LPS,
LiCl and NaCl) and Day as the within-subjects factor (at two
levels: Day 1 and Day 4). Post hoc analyses of significant
main effects and interactions were analyzed using Tukey’s
HSD test with a=.05 as the criterion for significance.

3. Results
3.1. Experiment 1: voluntary intake

The 24-h change in body weight (rats had been food and
water deprived for 24 h prior to testing) for the three
experimental groups is depicted in Fig. 1. Statistical analysis
revealed significant main effects of Day [ F(1,18)=41.488,
P<.001] and Drug [ F(2,18)=91.415, P<.001] as well as a
significant Day X Drug interaction [F(2,18)=7.049,
P=.005]. Animals injected with LPS showed a significantly
(P’s<.05) lower gain in body weight relative to both LiCl-
treated and NaCl-treated rats after the first test day. In
addition, LiCl-treated rats gained significantly (P <.05)
more weight than NaCl-treated controls. After the second
conditioning day, LiCl treatment resulted in significantly
(P’s<.05) greater gain in body weight relative to LPS and
NaCl treatment. NaCl-treated and LPS-treated rats showed
similar increases in body weight after the second condition-
ing day.
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Fig. 1. The 24-h change in body weight following injections of LPS (200
ng/kg, n=7), LiCl (0.15 M, 20 ml/kg, n="7) or NaCl (1 ml/kg) on each of
the two voluntary sucrose intake test days. Test days were separated by 72
h. Animals were food and water deprived 24 h prior to each test day, and
after voluntary sucrose intake was monitored for 1 h, food and water were
again made available. Values represent means + S.E.M.

Analysis of the total sucrose intake across the days of
testing (see Fig. 2) revealed a significant main effect of Drug
[F(2,18)=10.588, P=.001] and a significant Day X Drug
interaction [ F(2,18)=3.935, P=.038]. Animals injected
with LPS showed a significantly (P’s<.05) reduced level
of sucrose intake relative to both NaCl-treated and LiCl-
treated animals on the first test day. On the second test day,
NaCl-treated controls drank significantly more sucrose than
both LPS-treated and LiCl-treated rats (P’s <.05). It should
be noted that LiCl-treated rats displayed a decrease in
sucrose intake relative to the intake observed on the first
test day, whereas LPS treatment resulted in increased
sucrose intake from the first to the second test day.
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Fig. 2. The daily voluntary sucrose (0.3 M) intake (1 h) from a bottle across
2 test days. Test days were separated by 72 h. Voluntary intake was assessed
either 2 h after an LPS (#n=7) injection or 10 min after a LiCl (n=7) or NaCl
(n=7) injection. Animals were food and water deprived 24 h prior to testing.
Values represent means + S.E.M.
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Fig. 3. The 24-h change in body weight following injections of LPS (200
ng/kg, n=7), LiCl (0.15 M, 20 ml/kg, n="7) or NaCl (1 ml/kg) on each of
the two intraoral sucrose intake test days. Test days were separated by 72 h.
Animals were food and water deprived 24 h prior to each test day, and after
intraoral sucrose intake was assessed, food and water were again made
available. Values represent means + S.E.M.

3.2. Experiment 2: intraoral intake

The percent change in body weight 24 h after injection
across the test days (animals were food and water deprived
24 h prior to testing) is depicted in Fig. 3. Analysis revealed
significant main effects of Day [ F(1,18)=18.819, P<.001]
and Drug [ F(2,18)=53.23, P<.001] as well as a significant
Day X Drug interaction [ F(2,18)=8.484, P=.003]. Follow-
ing the first test day, animals injected with LPS gained
significantly (P’s<0.05) less weight than either NaCl-
treated or LiCl-treated rats. After the second test day, LPS
treatment resulted in significantly (P <.05) less weight gain
relative to only the LiCl-treated rats.
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Fig. 4. The volume of sucrose (0.3 M) ingested during the intraoral intake
procedure across the 2 test days. Test days were separated by 72 h. Intraoral
sucrose intake assessment occurred either 2 h after an LPS (n=7) injection
or 10 min after a LiCl (n=7) or NaCl (n=7) injection. Animals were food
and water deprived 24 h prior to testing. Sucrose was infused at a rate of
0.78 ml/min. Values represent means + S.E.M.
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Fig. 5. Mean latency (s) to the first episode of rejection on each of the two
intraoral sucrose intake test days. Test days were separated by 72 h.
Animals were injected with LPS (2 h prior, n=7), LiCl (10 min prior, n=7)
or NaCl (10 min prior, n="7) before intraoral sucrose intake was assessed.
Rejection was defined as three active aversive responses or five passive
drips within a 30-s period. Values represent means + S.E.M.

The volume of sucrose ingested during the intraoral
infusions across test days for each experimental group is
depicted in Fig. 4. Statistical analysis revealed a significant
main effect of Drug [F(2,18)=26.561, P<.001] and a
significant Day X Drug interaction [F(2,18)=3.973,
P=.037]. Post hoc comparisons showed that LiCl treatment
resulted in significantly (P’s<0.05) less sucrose intake
relative to both LPS-treated and NaCl-treated rats on both
test days (Days 1 and 4). There were no significant differ-
ences between LPS and NaCl treatment in the volume of
sucrose consumed on either test day.

Analysis of the time of first rejection displayed by each
animal across the test days (see Fig. 5) revealed a significant
main effect of Drug [F(2,18)=10.104, P=.001] and a
significant Day X Drug interaction [F(2,18)=9.171,
P=.002]. There were no significant differences in the time
of first rejection among the groups on the first test day. On
the second test day (Day 4), LiCl-treated rats displayed
rejection responses significantly (P’s<.05) sooner than
both LPS-treated and NaCl-treated animals.

4. Discussion

The present findings demonstrate that toxin administra-
tion (LiCl) results in significant reductions of sucrose intake
when voluntarily consumed from a bottle as well as reduced
sucrose intake when assessed with an intraoral intake
measure. The present study also shows a clear dissociation
between the two measures of intake following activation of
the immune system. Injections of LPS produced a robust
decrease in voluntary intake of the sucrose solution, yet
when the same solution was infused directly into the mouth
of the rat, these animals did not display any reductions in
intake.

In Experiment 1, it was shown that although rats treated
with LiCl showed a reduced level of voluntary sucrose intake
on the first test day relative to saline-treated controls, this
decrease did not reach statistical significance. There was,
however, a significant reduction in sucrose intake from the
bottle on the second test day. This result is consistent with the
notion that systemic application of LiCl has specific condi-
tioning effects that result in decreased intake of food and
fluids. Past research has shown that when a novel palatable
flavor is paired with the illness caused by administration of
LiCl, the animal will avoid that flavor in the future (e.g.,
Garcia et al., 1974; Nachman and Ashe, 1973). In the present
experiment, animals treated with LiCl showed greater decre-
ments in sucrose consumption on the second test day relative
to the first day consistent with conditioning effects. In
Experiment 2, sucrose intake was assessed using the intraoral
infusion procedure and LiCl treatment again resulted in
significant decreases in intake relative to saline controls. This
result is consistent with past research demonstrating pro-
nounced decreases in positive ingestive responses after LiCl
administration (e.g., Breslin et al., 1992; Ossenkopp and
Eckel, 1995; Spector et al., 1988). Thus, the similar results
from the two intake measures, following treatment with LiCl
in the present study, suggest that LiCl affects ingestion by
either altering both appetitive and consummatory phases or
affecting the consummatory phase alone.

The finding that LiCl-treated animals displayed a greater
increase in body weight after the voluntary intake measure
than after the intraoral intake assessment is somewhat puz-
zling. Although LiCl has been shown to reduce intake relative
to controls (Curtis et al., 1994; Nachman and Ashe, 1973), it
also has been shown that LiCl treatment results in decreased
motor activity (Ladowsky and Ossenkopp, 1986), which
potentially could contribute to the increase in body weight
observed in the present experiment. Furthermore, Baptista et
al. (1991) have shown dose-dependent increases in body
weight following LiCl treatment in female rats. Taken to-
gether, these results suggest that there is much variability with
regards to body weight changes following LiCl administra-
tion and this variability is most likely dependent on the
methodology used during experimentation. However, it is
clear that LiCl treatment results in decreased sucrose intake,
whether assessed with a voluntary intake measure or with an
intraoral infusion procedure.

In contrast, administration of LPS produced selective
reductions in intake when assessed with a traditional intake
paradigm but not with the intraoral infusion method. That is,
LPS-treated rats displayed marked reductions in sucrose
intake from a bottle on both test days. The reduction on the
first test day was significantly more pronounced than that
observed in the LiCl-treated rats. This finding is consistent
with past research that has shown robust decreases in food
intake (e.g., Langhans et al., 1990, 1991) assessed with
traditional intake paradigms. Furthermore, numerous studies
have shown that immune system activation induced
decreases in intake of palatable substances including sucrose
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(Cross-Mellor et al., 1999) as well as sweetened milk (Swier-
giel etal., 1997a,b) and saccharin (Yirmiya, 1996). However,
the present study showed that when the same sucrose solution
that was used in the traditional intake paradigm was contin-
uously infused directly into the oral cavity of rats, LPS
treatment did not alter the sucrose intake. Thus, LPS-treated
rats consumed the same amount of sucrose as saline controls,
which was significantly greater than in the LiCl-treated rats.
In addition, LPS treatment did not alter the latency to reject
the sucrose solution, whereas LiCl-treated animals showed
rejection responses significantly sooner than both NaCl-
treated and LPS-treated groups. This study is to the best of
our knowledge the first examination of intraoral intake
following LPS-induced activation of the immune system.
Tolerance has been shown to develop to many of the
behavioral effects produced by LPS including decreased
locomotion (Engeland et al., 2003) and decreased food intake
(Langhans et al., 1991). Although the present data do not
support the suggestion that repeated injections of LPS pro-
duced tolerance-like effects on either intake measure, further
studies that utilize several days of testing would be beneficial
to clarify the effects of tolerance on both intraoral and
voluntary intake measures.

Other research has provided evidence that suggests that
traditional intake measures (e.g., voluntary sucrose intake
from a bottle) and intraoral intake measures are independent
of one another. For instance, both leptin and NPY have been
found to produce decreased and increased sucrose consump-
tion from a bottle, respectively (Ammar et al., 2000). How-
ever, when the same sucrose solution is infused intraorally,
leptin administration results in increased consumption where-
as NPY treatment results in decreased sucrose consumption
(Ammar et al., 2000). Various drugs of reward, such as
amphetamine, morphine and cocaine, result in decreased
intake when assessed using a traditional intake paradigm,
but when taste reactivity responses are assessed, these agents
do not produce any changes in the pattern of behaviors
relative to saline-treated controls (see Parker, 1995 for a
review). In addition, Spray et al. (2000) have shown that
the pattern of c-fos activation within the brain is different
when a conditioned taste aversion with LiCl is produced in
rats using an intraoral intake method versus that produced by
a traditional intake procedure. Moreover, it has been shown
that the amygdala plays a crucial role in the establishment of a
conditioned taste aversion when the conditioning occurs with
intraoral intake infusions of the tastant but not when the same
tastant is consumed from a bottle (Schafe et al., 1998). Taken
together with the present results from the LPS-treated ani-
mals, it seems that voluntary consumption from a bottle and
intraoral intake are independent of one another and the neural
circuitry underlying the two may be fundamentally different.

The finding that LPS affects sucrose intake only when
assessed with a traditional intake procedure provides evi-
dence that immune activation has specific effects on the
appetitive component of ingestion. The intraoral intake
procedure used in the present study bypasses the appetitive

aspects necessary for ingestion by directly infusing the tastant
into the mouth of the animal, thus assessing only the
consummatory behaviors involved in feeding. Because LPS
treatment did not result in any changes in the amount of
sucrose consumed relative to saline-treated controls using
this procedure, it is unlikely that LPS treatment produced any
adverse effects on the consummatory phase of ingestion. By
examining operant responses to obtain a food reward, one can
obtain a measure of appetitive behavior. Indeed, it has been
shown that activation of the immune system with adminis-
tration of either LPS or IL-1@ (Bret-Dibat et al., 1995, 1997;
Kent et al., 1992; Larson et al., 2002) produces robust
decreases in operant responding for food. Furthermore, it
has recently been shown that LPS treatment results in
decreased voluntary sucrose (Cross-Mellor et al., 1999) and
water intake (Cross-Mellor et al., 2000) relative to controls.
However, when palatability was assessed using a detailed
taste reactivity analysis, no significant differences between
LPS and saline controls were observed. These studies dem-
onstrated that the reduced sucrose and water intake observed
in the LPS-treated animals was not a result of alterations in
palatability (Cross-Mellor et al., 1999, 2000), suggesting that
immune activation selectively affects the appetitive compo-
nent of ingestion, which is consistent with the present results.
In summary, the present study demonstrated that toxin
administration (LiCl) results in reduced sucrose intake when
assessed both with a traditional bottle intake and with
intraoral infusions, whereas immune activation (LPS)
reduces sucrose intake only when assessed with traditional
intake measures. Both the current results and the findings
from previous research suggest that activation of the immune
system produces adverse affects on the appetitive behavioral
components of ingestion, which then results in the decreased
food consumption observed. Future research should examine
the exact manner in which immune activation affects the
appetitive aspects involved in feeding and drinking.

Acknowledgements

The above research was supported by operating and
equipment grants from the Natural Sciences and Engineer-
ing Research Council of Canada (NSERC) awarded to M.
Kavaliers and K.-P. Ossenkopp. S.K. Cross-Mellor was
supported by a NSERC postgraduate scholarship and a
Canadian Institutes of Health Research (CIHR) doctoral
research award.

References

Ammar AA, Sederholm F, Saito TR, Scheurink AJW, Johnson AE, Sddersten
P. NPY-leptin: opposing effects on appetitive and consummatory inges-
tive behavior and sexual behavior. Am J Physiol 2000;278:R1627—33.

Baptista T, Murzi E, Hernandez L, Burguera JL, Burguera M. Mechanism
of the sex-dependent effect of lithium on body weight in rats. Pharma-
col Biochem Behav 1991;38:533 7.



S.K. Cross-Mellor et al. / Pharmacology, Biochemistry and Behavior 76 (2003) 153—159 159

Breslin PAS, Grill HJ, Spector AC. A quantitative comparison of taste
reactivity behaviors to sucrose before and after lithium chloride pair-
ings: a unidimensionsal account of palatability. Behav Neurosci
1992;106:820-36.

Bret-Dibat JL, Bluthé RM, Kent S, Kelley KW, Dantzer R. Lipopolysac-
charide and interleukin-1 depress food-motivated behavior in mice by a
vagal-mediated mechanism. Brain Behav Immun 1995;9:246.

Bret-Dibat JL, Creminon C, Couraud J, Kelley KW, Dantzer R, Kent S.
Systemic capsaicin pretreatment fails to block the decrease in food-
motivated behavior induced by lipopolysaccharide and interleukin-1.
Brain Res Bull 1997;42:443-9.

Clark JT, Kalra PS, Crowley WR, Kalra SP. Neuropeptide Y and human
pancreatic polypeptide stimulate feeding behavior in rats. Endocrinol-
ogy 1984;115:427-9.

Craig W. Appetites and aversions as constituents of instincts. Biol Bull
1918;34:91-107.

Cross-Mellor SK, Kent WDT, Ossenkopp K-P, Kavaliers M. Differential
effects of lipopolysaccharide and cholecystokinin on sucrose intake and
palatability. Am J Physiol 1999;277:R705—15.

Cross-Mellor SK, Kent WDT, Kavaliers M, Ossenkopp K-P. Examining the
effects of lipopolysaccharide and cholecystokinin on water ingestion:
comparing intake and palatability. Brain Res 2000;861:220-32.

Curtis KS, Sved AF, Verbalis JG, Stricker EM. Lithium chloride-induced
anorexia, but not conditioned taste aversions, in rats with area postrema
lesions. Brain Res 1994;663:30—7.

Eckel LA, Ossenkopp K-P. Area postrema mediates the formation of rapid,
conditioned palatability shifts in lithium-treated rats. Behav Neurosci
1996;110:202—12.

Engeland CG, Kavaliers M, Ossenkopp K-P. Sex differences in the effects
of muramyl dipeptide and lipopolysaccharide on locomotor activity and
the development of behavioral tolerance in rats. Pharmacol Biochem
Behav 2003;74:433—47.

Flynn FW, Grill HJ. Effects of concentration presentation order and intrao-
ral delivery on sucrose intake. Behav Neurosci 1988a;102:992—4.
Flynn FW, Grill HJ. Intraoral intake and taste reactivity responses elicited
by sucrose and sodium chloride in chronic decerebrate rats. Behav

Neurosci 1988b;102:934—-41.

Garcia J, Hankins WG, Rusiniak KW. Behavioral regulation of the milieu
interne in man and rat. Science 1974;185:824—-31.

Grill HJ, Norgren R. The taste reactivity test: I. Mimetic responses to gusta-
tory stimuli in neurologically normal rats. Brain Res 1978;143:263—79.

Grill HJ, Smith GP. Cholecystokinin decreases sucrose intake in chronic
decerebrate rats. Am J Physiol 1988;254:R853—6.

Kent S, Kelley KW, Dantzer R. Effects of lipopolysaccharide on food-
motivated behavior in the rat are not blocked by an interleukin-1 re-
ceptor antagonist. Neurosci Lett 1992;145:83—6.

Kent S, Bret-Dibat JL, Kelley KW, Dantzer R. Mechanisms of sickness-
induced decreases in food-motivated behavior. Neurosci Biobehav Rev
1996;20:171-5.

Ladowsky RL, Ossenkopp K-P. Conditioned taste aversions and changes in
motor activity in lithium-treated rats: mediating role of the area post-
rema. Neuropharmacology 1986;25:71—7.

Langhans W, Harlacher R, Balkowski G, Scharrer E. Comparison of the
effects of bacterial lipopolysaccharide and muramyl dipeptide on food
intake. Physiol Behav 1990;47:805—13.

Langhans W, Balkowski G, Savoldelli D. Differential feeding responses to

bacterial lipopolysaccharide and muramyl dipeptide. Am J Physiol
1991;261:R659—-64.

Larson SJ, Romanoff RL, Dunn AJ, Glowa JR. Effects of interleukin-1beta
on food-maintained behavior in the mouse. Brain Behav Immun
2002;16:398—-410.

Nachman M, Ashe JH. Learned taste aversions in rats as a function of
dosage, concentration, and route of administration of LiCl. Physiol
Behav 1973;10:73-8.

Ossenkopp K-P, Eckel LA. Toxin-induced conditioned changes in taste
reactivity and the role of the chemosensitive area postrema. Neurosci
Biobehav Rev 1995;19:99-108.

Parker LA. Conditioned suppression of drinking: a measure of the CR
elicited by a lithium-conditioned flavor. Learn Motiv 1980;11:538—59.

Parker LA. Rewarding drugs produce taste avoidance, but not taste aver-
sion. Neurosci Biobehav Rev 1995;19:143-57.

Pata-Salaman CR, Borkoski JP. Centrally administered bacterial lipopoly-
saccharide depresses feeding in rats. Pharmacol Biochem Behav 1993;
46:787-91.

Plata-Salaman CR. Meal patterns in response to the intracerebroventricu-
lar administration of interleukin-1Q in rats. Physiol Behav 1994;55:
727-33.

Rushing PA, Houpt TA. Gastrin-releasing peptide suppresses independent
but not intraoral intake. Peptides 1999;20:737—-41.

Schafe GE, Thiele TE, Bernstein IL. Conditioning method dramatically
alters the role of the amygdala in taste aversion learning. Learn Mem
1998;5:481-92.

Sederholm F, Ammar AA, Sodersten P. Intake inhibition by NPY: role of
appetitive ingestive behavior and aversion. Physiol Behav 2002;75:
567-75.

Seeley RJ, Grill HJ, Kaplan JM. Neurological dissociation of gastrointes-
tinal and metabolic contributions to meal size control. Behav Neurosci
1994;108:347-52.

Seeley RJ, Payne CJ, Woods SC. Neuropeptide Y fails to increase intraoral
intake in rats. Am J Physiol 1995;268:R423—7.

Spector AC, Breslin PAS, Grill HJ. Taste reactivity as a dependent measure
of the rapid formation of conditioned taste aversion: a tool for the
neural analysis of taste-visceral associations. Behav Neurosci 1988;
102:942-52.

Spray KJ, Halsell CB, Bernstein IL. c-fos induction in response to saccharin
after taste aversion learning depends on conditioning method. Brain Res
2000;852:225-7.

Swiergiel AH, Smagin GN, Dunn AJ. Influenza virus infection of mice
induces anorexia: comparison with endotoxin and interleukin-1 and
the effects of indomethacin. Pharmacol Biochem Behav 1997a;57:
389-96.

Swiergiel AH, Smagin GN, Johnson LJ, Dunn AJ. The role of cytokines in
the behavioral responses to endotoxin and influenza virus in mice:
effects of acute and chronic administration of the interleukin-1-receptor
antagonist (IL-1ra). Brain Res 1997b;776:96—104.

Wolgin DL, Oslan IA, Thompson GB. Effects of “anorexia” on appetitive
and consummatory behavior. Behav Neurosci 1988;102:312—8.

Woods SC, Figlewicz DP, Madden L, Porte Jr D, Sipols AJ, Seeley RJ. NPY
and food intake: discrepancies in the model. Regul Pept 1998;75-76:
403-8.

Yirmiya R. Endotoxin produces a depressive-like episode in rats. Brain Res
1996;711:163-74.



	Activation of the immune system in rats with lipopolysaccharide reduces voluntary sucrose intake but not intraoral intake
	Introduction
	Materials and methods
	Subjects
	Drug administration schedule
	Experiment 1: voluntary sucrose intake
	Experiment 2: intraoral intake
	Intraoral cannulation
	Taste reactivity test chambers
	Habituation
	Intraoral intake procedure


	Results
	Experiment 1: voluntary intake
	Experiment 2: intraoral intake

	Discussion
	Acknowledgements
	References


