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Abstract

Accumulating evidences have indicated a link between dopamine signaling and obesity in both
animals and humans. We have recently demonstrated heightened avidity to sapid sweet solutions in
the obese CCK-1 receptor deficient Otsuka Long Evans Tokushima Fatty (OLETF) rat. To investigate
the dopamine dependence and the respective contribution of D1 and D2 receptor subtypes in this
phenomenon, real and sham intake of 0.3M sucrose solution were compared between prediabetic,
obese OLETF and age-matched lean LETO cohorts following peripheral (IP) administration of
equimolar doses (50-800 nmol/kg) of the D1 (SCH23390) and D2 (raclopride) selective receptor
antagonists. Both antagonists were potent in reducing sucrose intake in both strains with both drugs
suppressing sham intake starting at lower doses than real intake (200 nmol/kg vs. 400 nmol/kg for
SCH23390, and 400 nmol/kg vs. 600 nmol/kg for raclopride, respectively). Furthermore, when
percent suppression of intake, a measure that controlled for the higher baseline sucrose intake by
obese rats was analyzed, OLETF rats expressed an increased sensitivity to raclopride in reducing
ingestion of sucrose with 1.7- and a 2.9-fold lower inhibitory dose threshold (IDsgg) for real and sham
intake conditions, respectively, compared to LETO controls. In contrast, SCH23390 caused no
differential strain effect with respect to dosage whether sucrose was real or sham fed. These findings
demonstrate that D2 receptors are involved in heightened increased consumption of sucrose observed
in the OLETF obese rat.

Introduction

Overconsumption induced by the high palatability of the modern diet in general and individual
differences in responsivity to palatability in particular may contribute to obesity (Sorensen et
al., 2003, Yeomans et al., 2004). This is because highly palatable foods, such as preferred ‘fast
foods’ and snacks, are often high in fat and sugar content, and are therefore high in energy
density (Drewnowski, 1998, Prentice and Jebb, 2003).

The observation that foods’ palatability is sufficient to stimulate eating beyond homeostatic
needs demonstrates the particular importance of food reward as a determinant of excess food
intake and development of dietary obesity. Among the most studied putative reward substrates
is the mesoaccumbens dopamine (DA) system and considerable evidence implicates its role in
natural and drug-related reward processes [for review see (Wise, 2005)]. Similarly,
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electrophysiological and microdialysis studies have shown increased DA release in nucleus
accumbens (NAcc), [for review see (Smith, 2004a)] and stimulation of DA NAcc neuronal
activity (Taha and Fields, 2005) as a function of sucrose concentration in various feeding
paradigms (Hajnal et al., 2004). Therefore, the role of the dopaminergic system in control of
food intake is well established.

In accordance with the proposed role of DA in feeding, selective DA receptor antagonists
reduce intake driven by palatable food. Specifically, systemic administration of DA antagonists
suppresses both real and sham-feeding of sucrose (Smith, 2004b) as well as oils (Weatherford
et al., 1990). Conversely, D1 receptor agonist SKF 38393 enhances preference for high-
palatability energy-dense foods (Cooper and Al-Naser, 2006). These findings strongly suggest
that DA is important to assign incentive salience to the neural representation of food-reward
related stimuli based on palatability.

Despite dopamine’s role in modulating food reward and motivation, its involvement in control
of food intake and body weight regulation either directly or by interacting with other neuronal
system is much less understood. Evidence of DA’s involvement in obesity, particularly through
its interactions with D2Rs, has been reported in both humans (Wang et al., 2002) and animal
studies (Cincotta et al., 1997, Szczypka et al., 2000, Pijl, 2003). Furthermore, anatomical and
functional evidence demonstrate interactions at multiple levels between the mesencephalic
dopamine and cholecystokinin (CCK) system (Hokfelt et al., 1980, Seroogy et al., 1989, Hurd
etal., 1992, Hamilton et al., 2000). Specifically, CCK stimulates DA release by acting on
CCK-1 receptors (Crawley, 1991). CCK-1 receptors are found in the brain structures linked to
the mesolimbic DA system: the VTA and NAcc (Hill et al., 1990, Hamilton and Freeman,
1995). DA and CCK are co-localized in rat midbrain neurons (A10 and medial A9 regions)
projecting to several limbic and cortical regions (Hokfelt et al., 1980, Seroogy et al., 1989). Of
these regions, the caudal NAcc receives the densest DA/CCK projections (Maidment and
Villafranca, 1997). This co-localization may provide the basis for the reported interactions
between DA and CCK. Also, DA interacts with CCK to control food intake. For instance,
treatment with a D1 or D2 antagonist augments the inhibitory effect of CCK on intraorally
infused sucrose (Bednar et al., 1995). These results demonstrate specific involvement of DA
D1 and D2 receptors in inhibition of consummatory ingestive behavior by CCK.

The OLETF rat, an out-bred strain of Long Evans, has been established as an animal model of
NIDDM and obesity (Kawano et al., 1992). These rats have a 6.8-kb deletion in the CCK-1
receptor gene, resulting in a failure to produce or express functional CCK-1 receptors
(Takiguchi et al., 1997). Consistent with this, OLETF rats have deficits in the control of meal
size (Moran, 2000) and diminished sensitivity to postingestive satiation signals (Covasa and
Ritter, 2001, Moran and Bi, 2006) and vagal responses (Covasa and Ritter, 2005) that are also
controlled by CCK-1 receptors. Obesity as well as NIDDM can be greatly reduced by caloric
restriction (Okauchi et al., 1995) or exercise (Shima et al., 1996) in this strain, suggesting that
obesity and NIDDM in OLETF rats are secondary to their hyperphagia. Relevant to this, we
have demonstrated that OLETF rats express increased sham intake of normally preferred
sucrose solutions (De Jonghe et al., 2005b) and an increased avidity generalized to various
agents that taste sweet to human including non caloric sweetener saccharin and the amino acid
alanine (Hajnal etal., 2005). This finding suggests that an increased sensitivity to sweet reward
may be the result of disruption in DA/CCK signaling pathways which in turn could contribute
to the development of obesity in this strain. Therefore, this study was designed to investigate
DA’s involvement in increased intake of sucrose in obese, prediabetic CCK-1 deficient OLETF
rats and to delineate the respective contributions of D1, and D2 receptor subtypes.
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Materials and methods

Subjects

Thirty-six, male OLETF and LETO rats were obtained as a generous gift of the Tokushima
Research Institute, Otsuka Pharmaceutical, Tokushima, Japan. All rats were individually
housed in mesh-floored, stainless-steel, hanging cages in a temperature-controlled vivarium
while constantly maintained on a 12:12-h light-dark cycle (lights on at 0600 hr, off at 1800
hr). At the beginning of the experiments, rats were twelve weeks old with an initial body weight
(mean £ SE) of 426 + 15.0 g vs. 334 + 6.0 g for OLETF and LETO rats, respectively. Rats
were handled daily for a minimum of one week prior to the onset of experimental procedures.
Tap water and pelleted rat chow (Purina 5001) were available ad libitum throughout
experiments except where indicated. All protocols used were conducted in accordance with
the National Institute of Health Guide for the Use of Laboratory Animals (NIH Publications
No. 80-23) and approved by The Pennsylvania State University Institutional Animal Care and
Use Committee. The authors further attest that all efforts were made to minimize the number
of animals used and their suffering.

Gastric cannulation surgery

Rats designated for sham feeding studies (n=8 per strain) were fasted overnight and
anesthetized prior to surgery via intramuscular injection with 1.0 ml/kg mixture of ketamine
HCI (50.0 mg/ml), xylazine (5.0 mg/ml), and acepromazine maleate (10.0 mg/ml), obtained
from Burns Veterinary Supply, Rockville Centre, NY and surgically implanted with chronic
gastric cannulas as previously described (De Jonghe et al., 2005b). A minimum of 10 days
were allowed for postsurgical recovery, before sham feeding training commenced.

Real feeding sucrose intake following dopamine receptor antagonism

In order to assess whether altered dopamine receptor sensitivity contributes to enhanced
sucrose intake in OLETF rats, an equal number of age-matched OLETF and LETO rats were
divided in 2 independent groups (n=5 per strain), one receiving D1 and the other D2 blockers
prior to sucrose intake (i.e. rats in D1 antagonist group never received D2 antagonists, and
vice-versa). For these experiments, the D1 antagonist SCH23390 (SCH23390 hydrochloride,
Sigma-Aldrich, St. Louis, MO) and the D2 antagonist raclopride (s(—)-raclopride (+)-tartarate,
Sigma-Aldrich, St. Louis, MO) were used.

Briefly, at 0800 hr each morning all rats had chow removed from home cages. At 0945 hr,
water was removed and rats were intraperitoneally (IP) injected with either SCH23390 or
raclopride. Fifteen minutes later, at 1000hr, rats were allowed 60 min ad libitum access to 0.3M
(10.26% (wi/V)) sucrose via a calibrated glass drinking burette. Following sucrose access, chow
and water were returned. Doses of receptor antagonist administered were: 50, 200, 400, 600,
800 nmol/kg: for both SCH23390 and raclopride, and tested in ascending order. These doses
were chosen based on previous studies showing inhibition of intake subsequent to IP
administration of these drugs within these ranges (e.g. (Weatherford et al., 1990, Hsiao and
Smith, 1995, Baker et al., 2001). Each dose was repeated a minimum of two occasions, with
each drug day bracketed by a control, 0.9% saline injection day such that drugs were
administered 48 hr apart. There were no significant difference between drug tests, therefore
data were pooled for analysis. Sucrose intake was measured to the nearest 0.1 ml.

Sham feeding of sucrose after pretreatment with D1 and D2 antagonists

Twenty-three week old rats were used over a period of 4 weeks. Animal body weights for this
experimental period were, at study start, 553 + 13.2 g vs. 456 £ 6.1 g for OLETF and LETO
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rats, respectively; and upon study end, 569.3 + 13.9 g vs. 441 + 10.8 g, for OLETF and LETO
rats, correspondingly.

Daily procedures began at 1000hr, when following a brief 2 hr fast, the stainless steel screws
occluding the gastric fistulae were removed, and stomach contents were lavaged with warm
tap water to ensure minimal gastric volume upon start of sham feeding. Rats were placed into
Plexiglas sham feeding boxes and acclimated to the sham feeding procedure by presenting
them with 0.3M sucrose for 60 min over several sessions until stable baseline intake was
reached. Intakes were deemed stable when amount consumed on successive days varied by
less than 10%. Stable baselines were established for all rats within the first 3—4 sham drinking
sessions. Rats were then grouped into independent D1 or D2 antagonist-receiving groups as
inthe previous experiment. All procedures of drug administration were identical to the previous
experiment except that doses of antagonists administered were: 50, 200, 400, 800 nmol/kg for
both SCH23390 and raclopride. Sham intake was measured to the nearest 0.1 ml every 5 min.
To ensure complete sham feeding, gastric drainage was collected in plastic graduated cylinders
placed beneath the cages and the volume recorded at experiment termination.

Oral Glucose Tolerance Test (OGTT)

An oral glucose tolerance test was performed in a subset of rats (n=5, per strain) both before
and after each set of real (10 and 17 weeks of age) and sham (20 and 27 weeks of age) feeding
experiments. The test was administered following a 16hr fast, when an oral glucose load (2g/
kg) was delivered to each rat via latex gavage. Blood glucose was measured before and at 30,
60, 90, and 120 min post-glucose loading using a standard glucometer (LifeScan, One-Touch
Basic). Animals were classified as diabetic if the peak level of plasma glucose was >300 mg/
dL and a peak glucose level at 120 min > 200 mg/dl (Kawano et al., 1992).

Statistical Analysis

Results

Two-way repeated measures ANOVAs were performed with strain and drug dosage as main
effects. Separate analyses were run for each drug administered. Percent suppression of sucrose
intake from baseline due to dopamine receptor antagonism was calculated using the following
formula: percent suppression = 1—(experimental/baseline) x 100. Linear regression analyses
were performed for each drug with dose as independent variable and percent suppression scores
as dependent variable to determine the dose that would inhibit sucrose intake by 50% (IDsg).
A sensitivity ratio was determined based on the potency fold shift of DA antagonists’ inhibition
of sucrose intake and compared between strains using t-tests. Blood glucose concentrations
following OGTT tests were compared using planned t-tests. For all experiments, ANOVA
results were subsequently analyzed by Tukey's honestly significant difference (HSD) post-hoc
tests where appropriate. All data were expressed as means = SEM. Differences were considered
statistically significant if P<0.05. Statistical analyses were computed with PC-SAS (version
8.02, SAS Institute, Carey, NC).

Real feeding sucrose intake following dopamine receptor antagonism

Figure 1 depicts reductions in 0.3M sucrose intake in response to pre-treatment with the D1
antagonist SCH 23390 or the D2 antagonist raclopride. In OLETF rats, a significant drug effect
was observed to reduce sucrose intake [F(5,20)= 22.5; P<0.0001]. Post-hoc analyses revealed
the threshold dose of SCH 23390 required to reduce sucrose intake in OLETF rats was 400
nmol/kg (P<0.05), with all lower doses resulting in no significant effect on sucrose intake (all
P’s=ns, Fig. 1A). We also observed significant intake reductions in OLETF rats at the 600 and
800 nmol/kg doses (P<0.0001 for both drug doses). LETO rats significantly decreased sucrose
intake in response to D1 antagonism [F(5,20)= 18.4; P<0.0001]. In contrast to OLETF rats,

Neuroscience. Author manuscript; available in PMC 2008 August 24.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hajnal et al.

Page 5

however, the threshold dose of intake reduction in LETO rats was observed at the 600 nmol/
kg dose (P<0.001), with sucrose intake at 800 nmol/kg also significantly lower than baseline
(P<0.001). All other doses tested did not significantly alter sucrose intake in LETO rats (all
P’s=ns).

When the effect of SCH 23390 on percent suppression of intake from the saline baseline was
calculated (Fig. 1B), ANOVAs showed a significant main effect of SCH23390 dose [F(4,32)
=31.0, P<0.001], however no main effect for strain [F(1,8)=1.8; NS], or strain x drug dose
interaction [F(3.42)=0.3, NS] was observed. Similarly, there was no statistical difference
between strains when sensitivity ratio calculated from the ID5q values were compared for SCH
23390’s ability to inhibit sucrose intake.

Results of reductions in 0.3M sucrose intake after pre-treatment with the D2 antagonist
raclopride are depicted in Figure 1C. OLETF rats significantly reduced sucrose intake after
raclopride treatment [F(5,24)= 31.4; P<0.0001]. The threshold raclopride dose able to lower
sucrose intake occured at the 600 nmol/kg dose (P<0.001), with all lower doses unable to
significantly affect sucrose intake (all P’s=ns). We also observed significant reductions in
intake at the 800 nmol/kg dose (P<0.0001). Similarly, LETO rats also showed a significant
decrease in sucrose intake following D1 antagonism [F(5,24)= 4.30; P<0.05]. In contrast to
OLETF rats, however, in LETO rats the threshold dose of intake reduction was observed at
the 800 nmol/kg dose (P<0.05). All lower doses did not significantly decrease sucrose intake
in LETO rats (all P’s=ns).

Figure 1 D depicts data from comparisons of percent suppression of sucrose intake evoked by
raclopride. In contrast to SCH 23390, for raclopride two way ANOVAs showed significant
main effects of drug [F(4,32)=41.3, P<0.0001] and strain [F(1,8)=11.6; P<0.01] as well as a
significant strain by x time interaction [F(4,43)=5.8, P<0.01]. Intake suppression in OLETF
rats was significantly higher than in LETO rats following 600 and 800 nmol/kg doses of
raclopride. Furthermore, whereas the effective dose of raclopride to suppress intake was 400
nmol/kg for OLETF rats, only the highest dose (800 nmol/kg) reduced sucrose consumption
in LETO rats. IDsq values for raclopride’s ability to inhibit sucrose consumption showed a
significantly increased sensitivity in OLETF compared to LETO rats (IDsg: 680 nmol/kg vs.
1165 nmol/kg). This represents a 1.7-fold shift in sensitivity between obese and lean animals.

Sham feeding sucrose intake following dopamine receptor antagonism

Figure 2 depicts 0.3M sucrose intake after pre-treatment with SCH 23390 or raclopride. Similar
to the previous experiment, OLETF and LETO rats showed a significant decrease in sham
sucrose intake following SCH 23390 administration [F(4,20)= 52.5; P<0.0001 vs. F(4,28)=
43.7; P<0.0001, for OLETF and LETO rats, respectively]. Post-hoc analyses in Figure 2A
show a lower threshold dose of SCH 23390 was able to attenuate sucrose intake in OLETF
relative to LETO rats. In OLETF rats, sham sucrose intake was significantly reduced after 200,
400 and 800 nmol/kg doses (P<0.0001 for all three doses) of SCH 23390, while in LETO rats,
only 400 (P<0.01) and 800 (P<0.0001) nmol/kg doses significantly reduced sham sucrose
intake.

In Figure 2B, the effect of SCH 23390 on percent suppression of sham intake is shown. Similar
to real intake tests, ANOVA revealed no strain effect. A significant main effect of drug dose
[F(3,42)=29.1, P<0.0001], but no main effect for strain [F(1,13)=1.1; NS], or strain by drug
dose interaction [F(3,42)=0.1, NS] was noted. The effective dose of SCH 233390 that
significantly reduced sham intake in both OLETF and LETO was 200 nmol/kg (p<0.01, and
p<0.05, respectively; not shown), that is one dose lower than the one needed to suppress real
intake in the previous tests. Similar to the real intake tests, however, ID50 values did not differ
between strains.
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In Figure 2C, results of raclopride administration on sham sucrose intakes are shown. Both
OLETF and LETO rats showed a significant main effect [F(4,32)= 60.1; P<0.0001 vs. F(4,28)
= 38.1; P<0.0001, for OLETF and LETO rats, respectively]. Post-hoc analyses displayed in
Figure 2A show that OLETF rats significantly reduced sham intake following 200 (P<0.05),
400 (P<0.001) and 800 (P<0.0001) nmol/kg doses of raclopride. In LETO rats, in contrast, the
400 (P<0.05) and 800 (P<0.001), but not 200 nmol/kg doses were able to significantly reduce
sham sucrose intake.

Figure 2D summarizes the effect of raclopride on percent suppression of sham sucrose intake.
ANOVA revealed significant main effects of dose [F(3,39)=44.7, P<0.0001] and strain [F
(1,13)=5.4; P<0.001] as well as a significant strain by x dose interaction [F(3,39)=6.5, P<0.01]
.. Post hoc analysis showed that intake suppression in OLETF again was significantly higher
than in LETO following 400 and 800 nmol/kg doses of raclopride. Furthermore, whereas the
effective dose of raclopride resulting in suppression was 400 nmol/kg for OLETF rats, only
the highest dose tested (800 nmol/kg) was effective in reducing sucrose consumption in LETO
rats. 1Dsq of raclopride-induced inhibition of sucrose sham-intake was lower in OLETF than
in LETO rats (490 nmol/kg vs. 1400 nmol/kg), indicating a 2.9-fold increase in sensitivity in
obese relative to lean rats.

Oral Glucose Tolerance Test

OLETF rats showed increased blood glucose levels relative to LETO rats in response to acute
oral glucose challenge at all ages tested (Fig. 3)]. At 10 weeks (Fig. 3A) and 17 weeks (Fig.
3B), corresponding to animals ages before and after real feeding sucrose experiments,
significant glucose increases were observed in OLETF rats at 30 min and 60 min (P<0.01 for
both time points) compared to LETO rats, with the highest blood glucose peak occurring at 30
min at both ages. Similarly, in 20 week old (Fig. 3C) and 27 week old (Fig. 3D) OLETF and
LETO rats used in sham sucrose feeding studies, blood glucose levels were significantly higher
in OLETF rats (P<0.01 for all time points), with the highest blood glucose peaks again
occurring at 30 min for both strains. Based on the glucose data and on the criteria for overt
diabetes in this rat model, OLETF rats were not diabetic at any time point tested (Kawano et
al., 1992).

Discussion

The present study was performed to investigate DA dependency of the heightened sucrose
intake in the OLETF rat model of obesity lacking CCK-1 receptors, by using DA antagonists
on real and sham intake of a sucrose solution known to activate the mesoaccumbens DA system
(Hajnal and Norgren, 2001, Hajnal et al., 2004, Smith, 2004b). The results show that whereas
both D1 and D2 antagonists reduced sucrose ingestion in both the lean and the obese rats, the
D2 specific antagonist raclopride but not the D1 antagonist SCH23390 showed increased
potency to reduce sucrose intake in sucrose-preferring obese OLETF rats. This effect was
identical whether sucrose was sham or real fed. The significance of these findings unfolds at
multiple levels. First, they demonstrate that altered DA signaling is involved in the increased
potency of palatable sucrose to maintain ingestion in this obese strain. Second, the differential
effect with regards to DA receptor subtype reveals a dominant role for D2 over D1-type
receptors in this effect. Lastly, our results indicate that orosensory effects of sucrose are
sufficient to produce a differential pharmacological effect across strains. These observations
further support the notion that DA’s role in enhanced sucrose intake is exerted via mechanisms
that are primarily involved in mediation of orosensory components of sweet reward whereas
postabsorptive negative feedback appears to exert negligible effect on D2-mediated
mechanisms of sucrose intake.
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Overall suppression of sucrose intake by DA antagonists

In concert with DA’s proposed role in sweet reward reviewed in the Introduction,
administration of receptor antagonists reduced both real and sham intake of palatable sucrose
in both strains. However, the potency of the receptor blockers to reduce intake was higher in
sham compared to real feeding condition. This conclusion is based on the observation that
lower doses of both SCH 23390 and raclopride were required to significantly reduce sucrose
consumption from baseline levels. This effect may be explained by the potency of
postabsorptive and metabolic consequences of sucrose ingestion to recruit more regulatory and
transmitter systems than the orosensory effects may exert. We consider this finding as an
additional support for the notion that DA’s role in increased sucrose intake is related to
assignment of an actual rewarding value of sucrose primarily based on its sensory stimulatory
effects. The magnitude of supression of both sham and real intake by either D1 or D2
antagonists in both strains were very similar when the respective first effective doses are
compared (i.e. percent reduction of real intake to SCH 23390 at 400 nmol/kg in Fig. 1B vs
reduction of sham intake to SCH 23390 at 200 nmol/kg in Fig. 2B; and raclopride at 600 nmol/
kg in Fig. 1D compared to raclopride at 400 nmol/kg in Fig. 2D). It has to be noted, however,
that the present experiment was exclusively aimed at the DA systems and did not investigate
all aspects of sucrose hedonics that might implicate other neurochemical systems (for reviews
see (Kelley and Berridge, 2002, Levine et al., 2003). Moreover, since OLETF rats used in this
experiment already developed reduced insulin sensitivity as seen from reduced glucose
tolerance, it cannot be excluded that prediabetes might contribute to their increased sensitivity
to D2 receptor antagonism.

One potential caveat of peripheral administration of lipophylic drugs based on total body mass
not normalized with respect to body composition is to underestimate dosage that ultimately
affects CNS functions. Therefore, due to increased adipose mass, the brain tissues of the
OLETF rats would have experienced lower dosages of the receptor antagonists. If that was
correct then OLETF rats should have reduced intake less than LETO rats. However, this was
not the case. In fact, OLETF rats suppressed sucrose intake more than LETO rats. This strongly
argues against the possibility that more of the injected receptor antagonists would have become
sequestered in the fat in these rats.

Differential effects by DA receptor subtypes

The major finding of the present study was that OLETF rats were more sensitive to the
suppressive effect of D2 antagonist raclopride but not D1 antagonist SCH23390 on sucrose
ingestion. Based on linear regression values (i.e., IDsg), OLETF rats displayed a 1.7-fold and
a 2.9-fold increased sensitivity to raclopride-induced reduction of sucrose intake in real-, and
sham-fed conditions, respectively. In contrast, there was no strain difference observed in
sensitivity to D1 antagonism-induced suppression of sucrose intake in real or sham-feeding
condition.

In regards to the underlying mechanism, there have been numerous studies showing differential
involvement of DA receptor subtypes in unconditioned food preferences. It is well established
that D1 antagonist, SCH 23390, and D2 antagonist, raclopride, each dose-dependently decrease
sucrose intake (Schneider, 1989, Hsiao and Smith, 1995, Yu et al., 2000). Using reverse
microdialysis of sulpiride into the NAcc of normal, lean rats prior to access to 0.3M sucrose
solution we showed that D2 antagonist increased both DA release and concurrent intake of
sucrose (Hajnal and Norgren, 2001). Systemic administration of DA receptor antagonists,
however, may act on multiple brain regions, and also on various domains of DA regulation.
Therefore, the specific site of action of the DA antagonists in the present study cannot be
determined.
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Altered DA functions in the context of obesity

Brain imaging studies have documented reductions in D2 receptors in the striatum of obese
individuals (Wang et al., 2002). In obese but not in controls subjects, D2 receptors levels were
inversely related to the body mass index (BMI). In contrast, PET studies in patients with
anorexia nervosa have reported higher than normal striatal D2 receptors availability (Frank et
al., 2005). These and other observations suggest an intricate relationship between DA
signalling and the pathology of eating and body weight maintenance (VVolkow and Swanson,
2003). The findings of the present study add new information to the growing body of evidence
showing a functional relationship between altered D2 receptor signalling and sweet preference.
Since, in our experiment, obese rats were more sensitive to lower doses of raclopride, one may
assume that the number of available binding sites for the antagonist was also reduced. Even
with the binding capacity unaltered, less competition from endogenous DA due to a reduced
basal DA levels would explain an increased effect to raclopride at lower doses. In fact, in
separate autoradiographic study we have observed a 18% reduction in sulpiride-labelled
RTI-55 binding in the NAcc of 14 weeks old OLETF rats compared to age-matched LETO
controls (Margas et al., 2005). These findings are in concert with the notion that obesity is
accompanied by an overall reduced DA signaling (Orosco et al., 1995, Meguid et al., 2000)
that may result in increased reward sensitivity, and increased avidity to sweet could be a
manifestation of this effect. An analogy between drug-taking in addicts and overeating in obese
has been proposed as means to temporarily compensate for a decreased sensitivity of DA D2
receptor-regulated reward circuits based on similarities in PET imaging findings (Wang et al.,
2004).

Disruptions in DA/CCK signaling pathways

Due to missing stimulation from the CCK-1 receptors, it is possible that OLETF rats express
a reduced tonic DA levels in the shell region of the NAcc and normal or even elevated DA
levels in other terminal fields of the VTA projections, such as in the core of the NAcc or in the
prefrontal cortex where less CCK-1 receptors are expressed. This may result from a reduced
negative feedback from the NAcc shell to the VTA which could explain complex DA-related
deficits described in OLETF rats, such as learning, memory, motor, and sensory-motor gating
problems (Nomoto et al., 1999, Feifel et al., 2001, Baldo et al., 2002, De Jonghe et al.,
2005a). In addition, an unbalanced CCK control on DA regulation in the NAcc and VTA has
been implicated in CCK’s role in behavioral sensitization to psychostimulants (Beinfeld,
2003). Alternatively, a suppressed basal DA tone in the shell of the OLETF rats may make the
stimulus-bound, i.e. phasic DA signalling more effective. Such an effect may, in turn, augment
rewarding properties of a stimulus and facilitate reinforcement. A similar mechanism has been
proposed in reward sensitization to drug of abuse (Di Chiara, 1998), and in attention deficit
hyperactivity disorder (ADHD) (Volkow and Swanson, 2003). Experiments using reverse
microdialysis of DA receptor antagonists directly in the NAcc shell or core in OLETF rats will
help address some of the proposed above mechanisms.

Conclusions

In summary, the present data corroborated prior results showing that the D1 antagonist
SCH23390 and D2 antagonist raclopride suppresses intake of sweet solutions, and revealed
two new findings. The first is that OLETF rats are differentially sensitive to these effects, with
obese rats being more sensitive to blockade of D2, whereas the effect of D1 antagonist remains
unchanged. The second major finding is that the increased sensitivity to suppression of sucrose
intake by D2 receptor blockade in obese OLETF rats can be evoked even when postingestive
effects of sucrose are greatly reduced. This finding further supports the notion that DA plays
arole in maintenance of sweet preference determined by orosensory effects. In light of growing
interest in D2 receptor functions in obesity, the present finding also add to the growing evidence
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demonstrating a functional relationship between altered DA signaling and increased avidity

for overeating on palatable foods. Such an effect may, in turn, contribute to the development
of obesity not only in the investigated animal model but also in human subjects predisposed

to develop dietary obesity.
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Fig. 1.

Absolute real intake of 0.3 M sucrose following SCH 23390 (A) or raclopride (C)
administration in OLETF and LETO rats. In OLETF rats, the threshold dose of SCH 23390
required to reduce sucrose intake was 400 nmol/kg, whereas, the threshold dose of intake
reduction in LETO rats was observed at the 600 nmol/kg dose (A). The threshold dose of
raclopride reducing sucrose intake in OLETF rats was 600 nmol/kg, however in LETO rats,
the threshold dose of intake reduction was observed at the 800 nmol/kg dose (C). (*P<0.05,
**p<0.001, ***P<0.001 for differences in sucrose intake from baseline in OLETF

rats. #P<0.05, ### P<0.001 differences in intake from baseline in LETO rats.) Panels B and
D depict percent suppression of 0.3M real sucrose intake in response DA receptor antagonism
in OLETF and LETO rats. OLETF and LETO rats show no differential responsiveness to D1
antagonism when suppressing real intake (B), whereas, an enhanced suppression of sucrose
intake is observed in OLETF rats compared to control LETO rats after D2 antagonism (D).
(*P<0.05,**P<0.01 for strain differences in percent suppression of baseline sucrose intake)
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Fig. 2.

Absolute sham intake of 0.3 M sucrose following SCH 23390 (A) or raclopride (C)
administration in OLETF and LETO rats. In OLETF rats, the threshold dose of both SCH
23390 and raclopride required to reduce sucrose intake was 200 nmol/kg, while in LETO rats,
threshold intake reduction was observed at the 400 nmol/kg dose (*P<0.05,
**p<0.001,***P<0.001 for differences in sucrose intake from baseline in OLETF

rats. #P<0.05, ## P<0.001 #*# P<0.0001 differences in intake from baseline in LETO rats.)
Panels B and D depict percent suppression of 0.3M sham sucrose intake in response DA
receptor antagonism in OLETF and LETO rats. OLETF and LETO rats show no differential
responsiveness to D1 antagonism when suppressing sham intake (B), however, an enhanced
suppression of sucrose sham intake is observed in OLETF rats compared to control LETO rats
after D2 antagonism (D). (*P<0.05,**P<0.01 for strain differences in percent suppression of
baseline sucrose intake)
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OLETF rats showed increased blood glucose levels relative to LETO rats in response to acute
oral glucose challenge. At 10 weeks old (A) and 17 weeks old (B), corresponding to animals
ages before and after real feeding sucrose experiments, significant increases were observed in
OLETF rats at 30 min and 60 min (P<0.01 for both time points) compared to LETO rats, with
highest blood glucose peak at 30 min at both ages. Similarly, in 20 week old (C) and 27 week
old [Fig.3D] OLETF and LETO rats used in sham sucrose feeding studies, blood glucose
measured post-glucose challenge were significantly higher in OLETF rats (P<0.01 for all time
points), with highest blood glucose peaks again occurring at 30 min for both strains.
(**P<0.01,***P<0.001 for strain differences in blood glucose).
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