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Abstract

Previous work in rats has demonstrated that an Intermittent (Monday, Wednesday, Friday) schedule of access promotes binge-type
consumption of 100% vegetable shortening during a 1-h period of availability. The present study used novel shortening-derived stable solid
emulsions of various fat concentrations. These emulsions were the consistency of pudding and did not demonstrate oil and water phase separation
previously reported with oil-based liquid emulsions. Male Sprague–Dawley rats were grouped according to schedule of access (Daily or
Intermittent) to one of three concentrations (18%, 32%, 56%) of solid fat emulsion. There were no significant Intermittent vs. Daily differences in
amount consumed, due to high intakes in all groups. This indicated the acceptability of the emulsions. Baclofen (GABAB agonist) and raclopride
(D2-like antagonist) both significantly reduced emulsion intake in all Daily groups, but only in the 56% fat Intermittent group. Naltrexone (opioid
antagonist), in contrast, significantly reduced 32% and 56% fat emulsion intake in the Intermittent, as well as the Daily groups. These results
indicate that the fat intake-reducing effects of GABAB activation and D2 blockade depend upon fat concentration and schedule of fat access, while
the fat intake-reducing effects of opioid blockade depend upon fat concentration but not schedule of access.
© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

A behavioral model of binge-type eating in rats has been
developed over the past few years in which an Intermittent
(Monday, Wednesday, Friday or every third day) schedule of
access to 100% vegetable shortening provided during a brief
(1–2 h) period of availability promotes excessive intakes relative
to a Daily schedule of access (Corwin, 2004; Corwin and Buda-
Levin, 2004; Corwin et al., 1998; Davis et al., 2007; Dimitriou
et al., 2000; Thomas et al., 2002). It has also been shown that
under an Intermittent schedule of access rats consume as much
shortening during the brief period of availability as is consumed
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in a 24-h period when rats have continuous shortening access
(24-h per day — 7 days/week) (Dimitriou et al., 2000).

While the use of 100% vegetable shortening provides a way
to model bouts of excessive fat consumption, foods upon which
people binge typically contain lower amounts of fat, ranging
from ∼18% (cookies, some ice creams) to ∼32% (chocolate
candy) of the weight of the food. Developing the means to use
solid fats of different concentrations, therefore, would provide a
new and clinically relevant tool for use in the study of binge-
type behavior. Recent research has shown that when liquid
sucrose is provided on an Intermittent or Daily schedule of
access, the occurrence of binge-type behavior depends upon the
sucrose concentration (Wojnicki et al., 2007). In addition,
intermittent brief access to a high-fat (∼38%) chow did not
promote binge-type consumption, relative to intakes induced by
daily brief access to the same chow in otherwise non-food-
deprived rats (Davis et al., 2007). Taken together, these reports
suggest that the concentration of fat in the binge food may be
critical to the expression of binge-type eating in rat behavioral
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models of binge eating. Therefore, one goal of the present study
was to assess the effects of different concentrations of solid
shortening on binge-type eating.

Previous work has shown that both the form and type of fat
can affect intake (Lucas et al., 1989). While gelatinized
emulsions are one way to create solid shortening emulsions,
the texture of gels is different from that of shortening itself. The
present study developed and utilized stable solid emulsions of
three different shortening concentrations (18%, 32% and 56%)
that had the consistency of moist whipped shortening (like icing
or pudding) across all concentrations.

Limited progress has been made in understanding the
neurological controls that distinguish binge consumption from
that of normal consumption of palatable foods. Previous work
has shown that baclofen, a gamma-aminobutyric acidB
(GABAB) agonist, reduces intake of 100% vegetable shortening
under limited access conditions. While baclofen was equally
effective in “binge” and “non-binge” groups, the same study
showed no effect of baclofen on intake of a continuously
available fat-matched chow (∼15% fat by weight, or ∼30% fat
by energy), suggesting the importance of the manner in which
the fat is consumed and/or its concentration (Buda-Levin et al.,
2005).

The food intake-reducing effects of baclofen appear to be
specific to fat, as baclofen had no effect on sucrose intake under
limited access conditions (Corwin and Wojnicki, 2006). In
addition, another study showed that baclofen reduced fat-
maintained lever pressing at a lower dosage than was necessary
for reductions in chow-maintained lever pressing (Wojnicki et
al., 2006). Previous research, therefore, suggests that GABAB

receptor activation can selectively reduce intake of and
responding for fat under limited access conditions. The use of
solid emulsions of different fat concentrations in the present
study made it possible to determine the importance of fat
concentration to the observed effects of baclofen.

In addition to GABAergic effects, dopamine signaling has
also been implicated in fat intake in binge as well as non-binge
protocols. One study, which made use of the sham-feeding
binge protocol, showed a dose-related inhibition of 100% corn
oil sham-feeding with peripheral administration of the D2

antagonist raclopride, but not the D1 antagonist SCH23390
(Weatherford et al., 1990). More recent work using real-feeding
has shown that higher dosages of peripherally administered
raclopride decrease intake of powdered chow mixed with
shortening (33% shortening by weight), while lower dosages
stimulate intake (Baker et al., 2001). In that same study, the D1

antagonist SCH23390 had no effect on consumption of the
high-fat chow. Finally, recent work using our limited access
binge protocol indicates that SCH23390 only reduces intake of
100% shortening at dosages that also suppress intake of chow
(Corwin and Wojnicki, 2006). This indicates that the intake
reductions were due to non-specific motor impairment. In
contrast, raclopride had more fat-specific effects (Corwin and
Wojnicki, 2006). Taken together, the available evidence
indicates that fat intake can be modulated by peripheral
injections of D2, but not D1, receptor antagonists, and that
these effects are not explained by generalized motor disruption.
Opioid signaling also can modulate high-fat feeding. Studies
have shown mu-opioid antagonism reduces short-term intake of
high-fat food as well as corn oil (Islam and Bodnar, 1990;
Mizushige et al., 2006). In a binge protocol in which
combination foot-shock stress and dietary restriction induce
binge eating, mu-opioid antagonism suppressed binge con-
sumption of a high-fat food (Boggiano et al., 2005). In addition,
at least one study has shown a greater potency for the fat intake-
reducing effects of mu-opioid blockade relative to carbohydrate
intake-reducing effects, when the foods being compared were
both highly palatable (chocolate vs. sugar-coated cereal) and
equally preferred (Hagan et al., 1997). It has been suggested that
the mu-opioid modulation of high-fat feeding operates via a
signaling pathway that is independent of dopamine (Will et al.,
2006). Systematic comparisons of mu-opioid effects on
consumption of different concentrations of solid fat have not
been reported.

The present study was designed to assess: 1) intake of
various concentrations of solid fat emulsions under conditions
of limited availability, and 2) the effects of GABAB, D2, and
opioid ligands on this intake.

2. Methods

2.1. Preparation of solid fat emulsions

All solid fat emulsions consisted of tap water, Ticaloid 103-S
Mayo (Tic Gums, Belcamp, MD), bovine sodium caseinate
solution (Sigma Aldrich, St. Louis, MO; 3.88 kcal/g) and solid
vegetable shortening (Crisco® All-Vegetable shortening, J.M
Smucker Co., Orrville, OH; 9.17 kcal/g). The Ticaloid 103-S
Mayo [2.48/kcal/g (metabolizable energy)], a non-commer-
cially available developmental product, contained starch,
microcrystalline cellulose, agar and xanthan gum. According
to the manufacturer's specifications it contained (per 100 g)
270 mg of sodium, 45 mg of potassium, 19 mg of calcium, and
87 g of total carbohydrate (11 g soluble dietary fiber, 14 g
insoluble dietary fiber, 0 g simple carbohydrates, and 62 g
complex carbohydrates).

Each solid fat emulsion was created by combining two sets
of products. The first product was prepared by mixing tap water
with the Ticaloid 103-S Mayo and heating to 85 °C for 2 h to
allow it to fully hydrate and form a thick paste. The second
product was prepared by dissolving the sodium caseinate in
warm water, adding melted vegetable shortening to the
dissolved sodium caseinate and homogenizing for 2 min
using a high speed mixer. Note that at this temperature,
vegetable shortening is fully liquid and can therefore be readily
homogenized to form a stable oil-in-water emulsion. This
second product was a turbid liquid with a texture similar to milk
or cream. Finally, the hydrated Ticaloid 103-S Mayo and oil-in-
water emulsion were combined, blended and then placed in a
drying oven for 2 h at 85 °C. The product was then stored
overnight at 4 °C to allow it to set, resulting in a pudding-like
consistency. The appearance and texture of the product did not
appear to depend on the amount of fat and was stable over the
course of the experiment. See Table 1 for the contribution



Table 1
The energy derived from shortening, sodium casein, and gum represent fat,
protein, and carbohydrate, respectively

Emulsion Energy density
(kcal/g emulsion)

Shortening
(wt.%, energy)

Sodium casein
(wt.%, energy)

Gum
(wt.%, energy)

18% 1.8 18, 89.8 0.6, 1.3 6.6, 8.9
32% 3.1 32, 94.7 0.94, 1.2 5.2, 4.2
56% 5.2 56, 97.9 1.86, 1.4 1.6, 0.8

Fig. 1. 1-h intake in grams (A, top) and energy (B, bottom) for all three solid fat
emulsions and simultaneously available chow. Different letters indicate
significant differences in emulsion intakes among the Daily groups while
different numbers indicate significant differences in emulsion intakes among the
Intermittent groups. Vertical lines represent Standard Error of the Mean (SEM).
The asterisk indicates a significant difference in emulsion intake between the D-
56% and I-56% group. D = Daily, I = Intermittent; 18%, 32%, and 56% fat
concentrations.
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of each ingredient to the mass and energy of the different
emulsions.

All emulsions were refrigerated when not in use, and prior to
each daily session each emulsion was brought to room
temperature. Fat emulsions were presented in glass jars
(6.5 cm diameter) placed in stainless steel clips attached to
the front of the home cage to prevent tipping and spillage. After
each session, the emulsions were collected and refrigerated for
the next day's use. Fresh emulsion was made each week.

2.2. Animals

Sixty male Sprague–Dawley rats, 60 days of age and
weighing 266–300 g (277.68+/−0.9 g) (Harlan, Indianapolis,
IN) at the start of the study, were housed in individual hanging
stainless steel wire cages in a temperature- and humidity-
controlled facility under a 12:12 light:dark cycle. Throughout
the study, all rats were provided free access to a nutritionally
complete, pelleted, commercial laboratory rodent chow
(Laboratory Rodent Diet 5001, PMI Feeds, Richmond, IN;
percent of calories as protein: 28.05%, as fat: 12.14%, as
carbohydrate: 59.81%; 3.3 kcal/g) placed in hanging stainless
steel feeding hoppers at the front of the cage. All rats were
allowed a two-week adaptation period to the animal colony
before the start of the study. Chow and tap water were available
ad libitum throughout the study, i.e., the rats were never food-
deprived. All procedures were approved by the Pennsylvania
State University Institutional Animal Care and Use Committee.

During the first two weeks of adaptation to the vivarium,
chow intake was measured on a daily basis, and body weights
were determined three times per week. Prior to the start of the
experiment, six groups of 10 rats each were matched by body
weight and average amount of daily chow consumed during the
last 3 consecutive 24-h periods [F(5,54)b1, NS for all].

2.3. Procedure

After matching of the groups, all rats were given 4-h access
to their designated fat emulsion to prevent the effects of
neophobia on subsequent emulsion intake. Two groups of rats
were provided an 18% solid fat emulsion, two groups a 32%
solid fat emulsion, and two groups a 56% solid fat emulsion.
Within each of these concentrations two groups of 10 rats each
were again matched for emulsion intake, average chow intake
and body weight [p NS for all] and assigned to either a Daily or
Intermittent schedule of access for the remainder of the study.
Rats on the Daily schedule of access (D-18%, D-32%, and D-
56%, N=10 each) were provided 1-h of availability to their
assigned solid fat emulsion every day of the week. Rats on the
Intermittent schedule of access were provided 1-h of availability
to their assigned solid fat emulsion on Mondays, Wednesdays,
and Fridays only (I-18%, I-32%, and I-56%, N=10 each).
These schedules were chosen based upon studies in which
intermittent access induced binge-type consumption of 100%
solid vegetable shortening (Corwin, 2004; Corwin et al., 1998;
Dimitriou et al., 2000; Thomas et al., 2002; Wojnicki et al.,
2006).

Rats were then placed on their assigned access schedules for
a period of five weeks to establish a baseline before drug dose–
effect curves were determined. Previous research has shown
binge-type behavior to develop and become stable within this
time frame (Corwin, 2004; Corwin et al., 1998; Dimitriou et al.,
2000; Thomas et al., 2002). Chow consumption was monitored
in addition to the grams of emulsion consumed during the 1-h
period of availability. Chow intake during the 1-h period of
emulsion availability served as a control for the behavioral
specificity of the drugs tested. Rats were weighed on Thursdays
and Sundays throughout the study.

2.4. Drugs

All rats received all drug dosages; dosages were assigned to
each rat using a uniform Latin square. All rats received injections



Fig. 2. 24-h total daily energy (fat emulsion plus chow) intake over the course of
week 5. Significant Intermittent vs. Daily differences indicated with an asterisk.
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on Mondays and Fridays with Wednesdays serving as non-drug
baseline days to assess intake stability. The following drugs
(Tocris, Ellisville, MO) were dissolved in saline and adminis-
tered intraperitoneally (IP) in a volume of 1 ml/kg: the GABAB

agonist (R-S)-baclofen (0.0 (vehicle), 0.6, 1.0, and 1.8 mg/kg,
Fig. 3. Effects of baclofen on 1-h solid fat emulsion intake. 18% fat concentration grou
numbers; and 56% fat concentration groups are marked with lower-case letters. Diffe
lines represent Standard Error of the Mean (SEM).
30-min pre-treatment), the D2-like antagonist raclopride (0.0
(vehicle), 0.03, 0.1, and 0.3 mg/kg, 20-min pre-treatment), and
the opioid antagonist naltrexone (0.0 (vehicle), 0.03, 0.1, and
0.3 mg/kg, 20-min pre-treatment). These drugs and dosages
were selected based upon previous reports of their effects on
palatable food intake (Baker et al., 2001; Buda- Levin et al.,
2005; Stein et al., 2000), as well as a recent report describing
effects on binge-type consumption of 100% vegetable short-
ening (Corwin and Wojnicki, 2006).

2.5. Statistics

SAS v.9.1 (SAS Institute, Cary, NC) was used to analyze all
data. Body weight change during the pre-drug intake period
(week 5 body weight−week 1 body weight), as well as average
1-h gram and energy intakes during the emulsion access period
in the week prior to the initiation of drug testing (week 5; see
Fig. 1) was analyzed using a 2-way ANOVA (concentration×
access) followed by pre-planned LS mean comparisons with
a Bonferroni correction applied; for the LS mean comparisons,
alpha was set at 0.0167 (p=0.05/3 comparisons per mean).
Within each concentration “bingeing” was operationally-
defined as having occurred when 1-h emulsion intakes of the
Intermittent groups significantly exceeded that of the respective
Daily groups. Daily 24-h intakes during the week prior to
initiation of drug testing (week 5; see Fig. 2) were compared
within each concentration using independent t-tests to deter-
mine differences between the Intermittent and Daily groups.
Baclofen, raclopride, and naltrexone data (Figs. 3–5) were
analyzed using a 3-way ANOVA (access schedule×dosage×fat
concentration), followed by one-way within group ANOVA and
Tukey's HSD to determine the effect of dosage on intake within
each group. For Tukey's HSD, alpha was set at 0.05. Stability of
emulsion intake was analyzed using a 1-way repeated measures
ANOVA and Tukey's HSD to determine differences across
baseline days with intake expressed as kcal/body weight0.67
ps are marked with capital letters; 32% fat concentration groups are marked with
rent letters or numbers represent significant differences among dosages. Vertical



Fig. 4. Effects of raclopride on 1-h solid fat emulsion intake. Symbols are as described for Fig. 3.
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(Heusner, 1985). If F was b1, results were not significant and
p-values are not reported.

3. Results

3.1. Pre-drug data

The average 1-h emulsion and chow intakes expressed in
grams for each of the groups during week 5 of exposure are
depicted in Fig. 1, panel A. There were no main effects of access
schedule or of fat concentration. Regardless of the fat
concentration of the emulsion, binge-type emulsion intake
was not observed within each concentration, i.e. there were no
significant differences between the Daily and Intermittent
groups within each of the fat concentrations, although at the
56% concentration the difference between Intermittent and
Daily groups was marginally non-significant (pb0.08).
Although the ANOVA showed no main effect of fat concentra-
Fig. 5. Effects of naltrexone on 1-h solid fat emulsi
tion, pre-planned LS mean comparisons revealed that the D-
56% group consumed significantly less emulsion than did the
D-18% group (pb0.0167, LS means). Emulsion intakes among
concentrations did not differ in the Intermittent groups. 1-h
chow intake was not statistically different among the groups.
The total gram intake (emulsion plus chow) reflected
the emulsion intake, i.e., the D-56% group consumed signifi-
cantly less than did the D-18% group (pb0.0167, LS mean
comparisons).

The average 1-h energy intake for week 5 from emulsion and
chow are depicted in Fig. 1, panel B. With respect to 1-h
emulsion intake alone there was a main effect of fat
concentration [F(2,54)=22.29; pb0.0001] due to the elevated
intake of emulsion in the I-56% and D-56% groups relative to
the I-18% and D-18% groups, respectively (pb0.0167, LS
means). In addition, the I-56% group consumed significantly
more energy from the emulsion than did the D-56% group
(pb0.0167, LS means). With respect to 1-h energy intake from
on intake. Symbols are as described for Fig. 3.
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chow alone there were no statistically significant differences
among groups. Total 1-h energy intake (chow plus emulsion)
reflected the emulsion intake. That is, total 1-h energy intake
was significantly affected by emulsion concentration [main
effect of concentration: F(2,54)=24.82; 22.83; pb0.0001], due
to the significantly elevated intakes of the 56% fat groups
(pb0.0167, LS mean comparisons). The only differences
between Intermittent and Daily intakes occurred in the 56%
fat concentration groups; the I-56% group ate significantly more
total 1-h energy than did the D-56% group (pb0.0167, LS
means).

There were no significant differences in the average total
weekly energy intakes among the groups (Fig. 2, avg symbol).
However, the daily energy intake patterns differed across fat
concentrations and schedules of access. While I-18% and I-32%
groups showed no statistically reliable over-eat/under-eat pattern
relative to their respective Daily groups, the I-56% group over-
ate on the days they received emulsion, and under-ate on the
non-emulsion days, relative to the D-56% group. Significant
differences between the I-56% and D-56% groups (independent
t-test, pb0.05) occurred on seven of the nine measurement days.
A significant difference between Intermittent and Daily groups
occurred only on one day (independent t-test, pb0.05) in the
18% and 32% fat concentration groups.

There were no significant differences in body weight or in
body weight change among the groups.

3.2. Baclofen

Baclofen had differential effects in the Intermittent and Daily
groups. Overall, there was amain effect of group [F(1,54)=5.45,
p 0.02], fat concentration [F(2,54)=28.41 p 0.0001] and a group
by concentration interaction [F(2,54)=8.41 p 0.0007]. There
was also a main effect of baclofen dosage [F(3,162)=24.90,
p 0.0001], and a dose by concentration interaction [F(6,132)=
3.60 p 0.0022]. More specifically, baclofen significantly
decreased emulsion intake in each of the Daily groups, at the
1.8-mg/kg dosage (pb0.05, Tukey's HSD, Fig. 3). However, in
the Intermittent groups, a significant decrease was observed at
the 1.8-mg/kg dosage only for the I-56% group (pb0.05,
Tukey's HSD). There was no effect of baclofen on emulsion
intake in the I-18% or I-32% groups.

In contrast to its effects on emulsion intake, baclofen
significantly stimulated intake of the simultaneously available
chow (main effect of dosage [F(3,162)=16.96, p 0.0001]) in
some of the groups, while having no effect on chow intake in
other groups. Specifically, the 1.8 mg/kg dosage stimulated
chow intake in the D-32%, D-56%, and I-18% groups (Tukey's
HSD p 0.05), but had no effect in the remaining groups. Thus,
baclofen reduced emulsion intake at dosages that either
stimulated or had no effect on chow intake, i.e. effects were
not due to generalized behavioral suppression.

3.3. Raclopride

The effects of raclopride on emulsion intake were similar to
those of baclofen (Fig. 4). Overall, there was a main effect of
raclopride dosage [F(3,162)=21.14, p 0.0001] as well as a
significant group by concentration interaction [F(2,54)=3.22,
p 0.0477]. Specifically, raclopride significantly decreased short-
ening intake in each of the Daily groups, at the 0.3 mg/kg
dosage (pb0.05, Tukey's HSD). In the Intermittent groups,
however, a significant decrease was observed at the 0.3-mg/kg
dosage only for the I-56% group (pb0.05, Tukey's HSD).
There was no effect of raclopride in the I-18% or I-32% groups.
Thus, raclopride had differential effects in the Intermittent and
Daily groups consuming the 18% and 32% fat emulsions, a
finding identical to the effects of baclofen.

Raclopride had no significant effect on simultaneously
available chow intake in five of the groups. However, at the
0.3 mg/kg dosage chow was significantly decreased in the
D-32% group relative to saline (Tukey's HSD, p 0.05). This
indicates that, in all but the D-32% group, the ability of
raclopride to reduce emulsion intake was not due to generalized
behavioral suppression.

3.4. Naltrexone

The effects of naltrexone on emulsion intake were re-
lated to fat concentration, but not access schedule. Over-
all, there was a main effect of concentration [F(2,54)=
28.22, p=0.0153] and a group by concentration interaction
[F(2,54)=7.2, p 0.017]. There was also a main effect of
naltrexone dosage [F(3,162)=26.47, pb0.0001], as well as a
significant dose by concentration [F(2,54)=4.10, p=0007]
interaction. More specifically, naltrexone significantly de-
creased emulsion intake in both the Daily and Intermittent
56% fat groups at the 0.3 mg/kg dosage and in both the Daily
and Intermittent 32% fat groups at the 0.1 and 0.3 mg/kg
dosages (Tukey's HSD p 0.05). In contrast, naltrexone had no
effect on emulsion intake in either the Daily or Intermittent
18% fat groups (Tukey's NS, Fig. 5). Naltrexone had no
significant effect on intake of the simultaneously available
chow in any of the groups, again indicating no generalized
behavioral suppression.

3.5. Effects across test periods

In comparing emulsion intakes throughout the drug test-
ing period, there were no differences across the Wednesday
control days within each of the groups, i.e., there were no
shifts in the Wednesday control baseline emulsion intakes as
a function of drug testing, thus indicating no carry-over
effects of the drugs. Furthermore, in comparing emulsion
intakes on the Wednesday control days for each of the
drugs to the respective saline intakes only two differences
emerged. For the D-32% group emulsion intakes during the
Wednesday control days during baclofen testing were
significantly greater than emulsion intakes during the saline
days, indicating no suppressive carry-over effect. A similar
result was obtained for the D-56% group during naltrexone
testing.

Throughout the study, there were no differences in body
weights among the groups.
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4. Discussion

A number of new findings are reported: (1) stable solid fat
emulsions of various concentrations (18%, 32% and 56%) were
developed that were acceptable to rats without phase-dependent
confounds (e.g. separation) or the need to gelatinize the product.
(2) No operationally-defined binge-type gram intake (Inter-
mittentNDaily) occurred with any of the solid fat emulsions. (3)
The GABAB agonist baclofen as well as the D2-like antagonist
raclopride had differential effects on emulsion intake between
the two schedules of access. Both drugs reduced emulsion
intake in all three Daily groups, but only in the Intermittent 56%
group. (4) Naltrexone, a non-specific mu-opioid receptor
antagonist, had differential effects on emulsion intake among
the different fat concentrations. Specifically, naltrexone reduced
intake of the 32% and 56% fat emulsions regardless of access
schedule, but had no effect on intake of the 18% emulsion in
either group.

4.1. Pre-drug solid fat emulsion and chow intake

In the present study solid fat emulsions engendered reliable
consumption and were physically stable. The development of a
relatively simple procedure for the preparation of solid fat
emulsions allows for the determination of solid fat concentra-
tion-effect functions for emulsion intake and will facilitate the
study of how dietary fats influence ingestive behavior.

The emulsions were clearly acceptable to the rats, with
intakes approaching 10 g at the lowest fat concentration.
Average 1-h gram intakes for all groups (∼7–10 g) were greater
than intakes of 100% shortening reported in previous studies
(∼5 g in Intermittent access groups) using similar protocols
with male Sprague–Dawley rats. In contrast, only the energy
intake of the I-56% group (∼40 kcal) approached energy
intakes reported in previous studies of 100% shortening in
Intermittent access groups (∼45–50 kcal) (Corwin, 2004;
Corwin et al., 1998). The higher gram intakes, therefore, are at
least partially accounted for by the reduced energy density of
the solid fat emulsions. Although the 1-h energy intakes were
lower relative to 100% shortening, they were comparable to the
24-h intake of 35% shortening or oil gels in a previous report
(Lucas et al., 1989). Thus, the emulsions used in the present
study were acceptable to the rats and relatively large amounts
were consumed during the brief period of emulsion access.

Although the emulsions were clearly acceptable to the rats,
there were no differences in 1-h gram intakes between
Intermittent and Daily groups at any concentration. That is,
binge-type eating as operationally-defined by Intermittent
intakesNDaily, did not occur, likely because of the relatively
high intakes in all groups. The large intakes of the 18% and 32%
fat emulsions may have been close to the maximum capacity of
the rats, thus eliminating the possibility of differential daily and
intermittent intakes. This is in contrast to prior studies using a
similar rat model of binge-type eating in which rats on an
intermittent schedule of access consumed significantly more
solid 100% vegetable shortening (“binge”) during their brief
access period than did rats given daily brief access to the
shortening (Corwin, 2004; Corwin et al., 1998; Davis et al.,
2007; Dimitriou et al., 2000; Thomas et al., 2002). The large
intakes of the Intermittent groups in the present study would
typically be perceived as binge-type eating if not for the
concurrently elevated intake in the Daily groups. These results
emphasize the importance of including an appropriate control
group against which binge behavior can be operationally-
defined.

The I-56% group showed a significant over-eat/under-eat
pattern of daily total energy intake, i.e. they ate less of their
chow diet on days following emulsion intake, an effect
consistent with prior work with 100% shortening (Corwin,
2004; Corwin et al., 1998; Dimitriou et al., 2000). Average 24-h
energy intake and body weight were the same across all groups,
suggesting compensation for emulsion intake in all groups.

4.2. Baclofen: GABAB agonist

Baclofen (1.8 mg/kg) significantly reduced emulsion intake
in all of the Daily groups and in the 56% Intermittent group.
Baclofen had no effect on emulsion intake in the I-18% and I-
32% groups. These results demonstrate a difference in the
actions of the GABAB agonist baclofen between the two
schedules of access despite similar (Intermittent vs. Daily)
baseline intakes. Intakes after vehicle were comparable among
groups that were (Daily groups) and were not (I-18%, I-32%)
affected by baclofen, indicating that baseline intakes cannot
account for the results obtained. The differential Daily and
Intermittent results demonstrate that the effects of baclofen
cannot be explained by generalized behavioral disruption. In
addition, reductions in emulsion intake occurred at dosages that
stimulated chow intake, again indicating that the rats did not
suffer from any loss of motor function as a result of the drug
administration. Baclofen's effect on simultaneously available
chow in the present study (either no effect or a significant
increase) is consistent with previous reports of baclofen's
effects on chow intake (e.g., Brebner et al., 2000; Buda-Levin
et al., 2005; Ebenezer, 1995; Ebenezer and Pringle, 1992;
Ebenezer and Patel, 2004; Higgs and Barber, 2004; Wojnicki
et al., 2006).

The issue of fat-specificity in the effects of baclofen raises
some important questions relating to the amount of fat con-
sumed and the manner of fat intake. One possible explanation
for the lack of baclofen-induced reductions in intake of the I-
18% and I-32% groups is that the total amount of fat consumed
was much lower in these than in the other groups. The average
one-week total intake of fat from the emulsion in the I-56%
group was∼15 g and for the D-18% group∼11 g. Both of these
groups showed a reduction of intake with the highest dosage of
baclofen. The two groups that didn't show a reduction in
emulsion intake were the I-18% and I-32% groups. These
groups had average weekly emulsion-derived fat intakes of only
about 4 and 7 g, respectively. It is possible that GABAB actions
potentially affected by fat consumption (e.g. altered association
with lipid rafts; Becker et al., 2001; Koyrakh et al., 2005;
Stillwell et al., 2005) require a certain threshold level of weekly
fat intake. In addition, the present study involved consumption
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of a large quantity of emulsion in a relatively short period of
time (1 h). Previous studies have shown the fat intake-reducing
effects of baclofen occur under both the Daily and Intermittent
access protocols, but not when fat is included in a fat-matched
chow available 24 h a day (Buda-Levin et al., 2005).
Consequently, it is important to consider the quantity of fat
consumed, as well as the manner in which it is consumed, when
looking at the fat-specific effects of baclofen.

4.3. Raclopride: dopamine D2-like antagonist

Raclopride produced an effect on emulsion intake that was
similar to that of baclofen. That is, raclopride reduced fat
emulsion intake in all of the Daily groups at the 0.3-mg/kg
dosage, but reduced emulsion intake only in the I-56% fat
group. These differential effects occurred even though intakes
after vehicle were comparable in groups that were (D-18%) and
were not (I-18%, I-32%) affected by raclopride. Like baclofen,
the differential Daily and Intermittent results demonstrate that
the effects of raclopride cannot be explained by generalized
behavioral disruption. Raclopride generally had no effect on
chow intake, again suggesting that the reduction in emulsion
intake was not the result of motor impairment. The failure of
raclopride to reduce chow intake in the present study is
consistent with other reports in which chow intake was either
unaffected or stimulated by peripheral raclopride at dosages that
had other behavioral effects (e.g. Lutz et al., 2001; Salamone
et al., 2002).

Peripherally administered D2 antagonists have been reported
to reduce consumption of high-fat foods in some studies, but not
others. For instance, raclopride failed to reduce consumption of
a chow diet made with 18% fat at a dosage (0.1 mg/kg) that
reversed amylin-induced satiety (Lutz et al., 2001). The lack of
effect on the 18% fat diet may have been due to the relatively
low dosage used. Higher dosages of raclopride (0.2–0.4-mg/kg)
produced a dose-related inhibition of corn oil sham-feeding
(Weatherford et al., 1990, 1988), indicating the involvement of
D2 receptors in the positive reinforcing effects of orosensory
stimulation by fats. In a real-feeding study, raclopride
(∼0.3 mg/kg) reduced consumption of a shortening-based
high-fat diet (33% shortening) when rats were given daily 2-h
access to the diet (Baker et al., 2001). Rats in that study had
access to a standard chow diet at all other times. In contrast to
the present results, lower dosages (∼0.07, 0.15-mg/kg) of
raclopride significantly increased intake of the high-fat diet in
that same study. Baker, et al. (2001), suggested that one
explanation for these results could be differential actions of low
and high raclopride dosages at pre- and post-synaptic D2 sites.
In the present study, no stimulation of intake occurred at the
lower dosages. This may have been due to a ceiling effect on
intake, i.e. the animals were already eating to their maximum
capacity, and thus a further stimulation may not have been
possible.

Given the similar profile of effects that resulted from the
administration of baclofen and raclopride, it is tempting to
speculate that similar mechanisms may be operating. GABA is
the main inhibitory neurotransmitter in the central nervous
system, and GABAergic projections to the VTA are thought to
synapse on dopamine neurons at GABAB receptor sites
(Johnson and North, 1992; Sugita et al., 1992). One way that
baclofen might act, therefore, would be to reduce the rewarding
properties of fatty foods by inhibiting DA neurons in the VTA.
Higher dosages of raclopride may, likewise, inhibit DA actions
via blockade of post-synaptic D2 receptors within dopaminergic
terminal fields. The fact that effects were only seen at the
highest fat concentration in the intermittent groups suggests that
both the manner and amount of fat consumed may influence
actions within regions of the brain relevant to reward. For
instance, fat intake, either total amount over time or large bolus
amounts, may alter D2 actions via changes in arachidonic acid-
dependent signal transduction and/or the formation of lipid rafts
(Bhattacharjee et al., 2005, 2006; Jacobowitz and Kallarakal,
2004).

4.4. Naltrexone: opioid antagonist

Naltrexone significantly reduced consumption of the 32%
and the 56% fat emulsion at the 0.3 mg/kg dosage in the
Intermittent and Daily groups, but had no effect on consumption
of the 18% fat emulsion in either group. Unlike the results
reported above with baclofen and raclopride, there was no effect
of access schedule on naltrexone-induced reductions of
emulsion intake. In addition, there was no effect of naltrexone
on chow intake, once again indicating that no motor impairment
was realized at any of the dosages administered. Naltrexone's
lack of effect on chow intake accords with other reports (e.g.
Kanarek et al., 1997). Baselines were comparable among
groups whose intakes were and were not reduced by naltrexone,
indicating that baseline intake cannot account for the results
obtained.

These results support previous research suggesting that
opioid signaling plays a prominent role in the consumption of
foods rich in fat and/or sugar. Naltrexone has been reported to
significantly reduce the percentage of time spent on both a solid
high-calorie sucrose and a high-calorie fat-based food-condi-
tioned side in conditioned place preference tests (Jarosz et al.,
2006). While preference clearly can influence the effects of mu-
opioid blockade on food intake (Levine et al., 2003), greater
effects on consumption of a fatty food, relative to a sugary food,
have been reported when the foods being compared were equally
preferred (Hagan et al., 1997). Previous research has implicated
mu2- as well as mu1-opioid receptors in the consumption of
dietary fats (Islam and Bodnar, 1990; Mizushige et al., 2006).
Taken together, the available data suggest mu-opioid receptors,
whether mu1 or mu2, play some role in the intake of fats; since
naltrexone is a non-specific mu-antagonist, the respective
contributions of the mu1 and mu2 receptors to the present results
are not known.

4.5. Conclusions

A major outcome of this study was the successful creation
of stable solid fat emulsions, allowing the study of fat
concentration without having to rely on liquid oils. This is an
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important advance, as others have shown that rats will consume
more solid fat than liquid oil (Lucas et al., 1989). Solid forms of
fat, therefore, are optimal for studying the contribution of fat to
dietary excess. All rats in this study consumed relatively large
quantities of their respective fat emulsions, demonstrating the
palatability and acceptability of the emulsions. Additionally,
differential effects of compounds known to modulate consump-
tion of palatable foods are described. These results suggest that
the schedule of access promotes differential involvement of
GABAB and D2 receptors, while fat concentration promotes
differential involvement of mu-opioid receptors. Together, these
receptors may serve to promote the development and/or
maintenance of large bouts of fat intake during brief periods of
time.
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