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Post-oral infusion sites that support glucose-conditioned
ﬂavor preferences in rats
K. ACKROFF ∗ , Y.-M. YIIN, A. SCLAFANI Brooklyn College CUNY,
Brooklyn, NY, USA

A possible role for central ␣2 -adrenoceptors on the inhibition
of sodium appetite by endotoxin
R.L. ALMEIDA ∗ , J.V. MENANI, L.A. DE LUCA JR. UNESP - Faculdade de
Odontologia de Araraquara - Fisiologia e Patologia, Araraquara, Brazil

Rats learn to prefer a ﬂavored solution (CS+) paired with a gastrointestinal glucose infusion over an alternate ﬂavor (CS−) paired
with a non-caloric infusion. Prior work implicates a post-gastric
site of glucose action, which is the focus of this study. In Exp. 1,
male rats (8–10/group) were infused in the duodenum (ID), midjejunum (IJ), or distal ileum (II) with 8% glucose or water as they
drank saccharin-sweetened CS+ and CS− solutions, respectively, in
one-bottle 30-min sessions. Two-bottle tests (no infusions) were
followed by a second train-test cycle. By the second test, the ID and
IJ groups preferred the CS+ (69%, 67%) to the CS− but the II group
did not (48%). In Exp. 2, rats (10/group) drank CS solutions in onebottle, 30-min sessions and were given 2-h ID or hepatic-portal vein
(HP) infusions. The CS+ and CS− were paired with 10 ml infusions of
10% glucose and 0.9% saline, respectively. Following 8 training sessions, the ID group preferred the CS+ (67%) to the CS− but the HP
group did not (47%) in a two-bottle test. The similar CS+ preferences
displayed by ID and IJ, but not II groups implicate the jejunum as
a critical site for glucose-conditioned preferences. A preabsorptive
glucose action is indicated by the CS+ preference displayed by ID
but not HP rats in Exp. 2. Our data were obtained with non-nutritive
CS solutions. HP glucose infusions are reported to condition preferences for a ﬂavored food that itself has pre- and postabsorptive
actions. Thus, there may be multiple sites for glucose conditioning
with the upper or mid-intestines being the ﬁrst site of action.
doi:10.1016/j.appet.2009.04.006

Results from systemic injections of yohimbine, an ␣2 adrenoceptor antagonist, suggest that this receptor mediates the
inhibition of sodium appetite by lipopolysaccharide (LPS). The
objective of the present study was to investigate the effects of a
central injection of RX-821002, an ␣2 -adrenoceptor antagonist, on
LPS-induced inhibition of sodium appetite. Male Holtzman rats
(n = 6–7/group) with stainless steel cannula implanted into the
cerebral lateral ventricle (LV) received furosemide (10 mg/rat) and
access to both water and sodium deﬁcient food for 24 h. After
this period, LPS 026:B6 from E. coli (2 mg/kg b.w.) or saline was
injected intraperitoneally (ip) 120 min before rat access to 0.3 M
NaCl and water. RX-821002 (80 or 160 nmol/1 l) or saline was
injected icv 15 min before the injection of LPS. Arterial pressure and
heart rate were recorded in another group of sodium-depleted rats.
LPS reduced 0.3 M NaCl intake (1.4 ± 1.3 vs. saline: 13.5 ± 1.6 ml/5 h,
p < 0.05). RX-821002 icv (160 nmol/1 l) abolished the inhibitory
effect of LPS on 0.3 M NaCl intake (11.1 ± 1.6, p < 0.05), while RX821002 (80 nmol/1 l) did not affect the inhibitory effect of LPS
on 0.3 M NaCl intake. LPS ip and RX-821002 (160 nmol/1 l) icv,
alone or combined, produced no effect on MAP and HR. RX-821002
(160 nmol/1 l) injected ip did not affect the inhibitory effect of
LPS on 0.3 M NaCl intake. The inhibition of sodium appetite by LPS
depends on the activation of central ␣2 -adrenoceptors.
doi:10.1016/j.appet.2009.04.007
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Anxiolytic response after palatable diet consumption but not
food restriction in rats
J. ALSIö 1,∗ , C. PICKERING 1 , E. ROMAN 2 , J. LINDBLOM 1 , H.B.
SCHIöTH 1 1 Department of Neuroscience, Functional Pharmacology, Uppsala, Sweden 2 Department of Pharmaceutical Biosciences,
Pharmaceutical Pharmacology, Uppsala, Sweden
Anxiety disorders have been implicated in both obesity and eating disorders such as anorexia nervosa, but the causal relationship
is not fully understood. The aim of the present experiment was
to investigate the effects of subchronic food restriction and dietinduced obesity on anxiety-like behavior in male rats. All rats were
screened in the elevated plus-maze and either subjected to food
restriction or provided access to a high-fat diet, a high-sugar diet,
or both. After a period of 10 days, the rats were again evaluated
for anxiety-like behavior (open ﬁeld test; OF). The food restricted
animals had increased overall activity in the OF but there were no
anxiolytic effects (increased time spent in the centre). A regression
model explained 49.4% of the variance in activity in the OF; both the
level of food restriction (p = 0.001) and the pretest novelty-induced
activity (p < 0.001) contributed signiﬁcantly. In the diet-induced
obesity experiment, both pretest anxiety-like behavior and consumption of the high-fat diet (p = 0.005) contributed to the variance
in time spent in the centre of the OF. In conclusion, we here show an
anxiolytic effect of a high-fat diet, whereas food restriction affected
general activity but not anxiety-like behavior.
doi:10.1016/j.appet.2009.04.008

Moxonidine into the lateral parabrachial nucleus enhances
sodium balance in cell dehydrated rats
C.A.F. ANDRADE 1,2,∗ , G.M.F. ANDRADE 1 , L.A. DE LUCA JR. 1 , J.V.
MENANI 1 1 Department of Physiology and Pathology, School of Dentistry – UNESP, Araraquara – SP 14801-903, Brazil 2 Department of
Biomedical Sciences – Unifal-MG, Alfenas – MG 37130-000, Brazil
Activation of ␣2 -adrenergic receptors in the lateral parabrachial
nucleus (LPBN) by bilateral injections of moxonidine (␣2 adrenergic/imidazoline receptor agonist) induces a strong 0.3 M
NaCl intake in rats submitted to intracellular dehydration induced
by a 2 ml gavage of 2 M NaCl (Na+ load). However, natriuresis is
reduced in response to moxonidine under similar conditions, but
with no access to sodium for ingestion. Therefore, the objective
of the present study was to determine sodium balance (ingestion
minus renal excretion in the same animals) in rats treated with
moxonidine into the LPBN. Male Holtzman rats (n = 8) with stainless steel cannulas implanted into the LPBN were submitted to a Na+
load and placed in metabolic cages without food, water or sodium.
Moxonidine (0.5 nmol/0.2 l) or vehicle was injected into the LPBN
45 min after Na+ load and 15 min later rats had access to water and
0.3 M NaCl and urine collection started. Moxonidine increased NaCl
intake (7.5 ± 1.7 vs. veh: 0.5 ± 0.2 mEq/2 h) and natriuresis (5.2 ± 1.4
vs. veh: 1.6 ± 0.3 mEq/2 h), but the increased sodium output was
smaller than sodium intake, thus resulting in a positive sodium balance (2.3 ± 1.4 vs. veh: −1.2 ± 0.4 mEq/2 h). Therefore, the results
suggest that moxonidine into the LPBN activates behavioral and
renal mechanisms that facilitate sodium retention and body ﬂuid
volume expansion. Supported by FAPESP, CNPq, FAPEMIG.
doi:10.1016/j.appet.2009.04.009

Interactions between central nucleus of the amygdala and
lateral parabrachial nucleus in the control of sodium intake
G.M.F. ANDRADE 1,∗ , C.A.F. ANDRADE 1,2 , L.A. DE LUCA JR. 1 , P.M.
DE PAULA 1 , J.V. MENANI 1 1 Department of Physiology and Pathology, School of Dentistry – UNESP, Araraquara, SP 14801-903, Brazil
2 Department of Biomedical Sci. – Unifal-MG, Alfenas, MG 37130-000,
Brazil
The lateral parabrachial nucleus (LPBN) and the central nucleus
of the amygdala (CeA) are important areas for the control of sodium
appetite. In the present study we investigated the effects of bilateral lesions of the CeA on the facilitation of 0.3 M NaCl intake
produced by the blockade of serotonergic mechanisms or activation of ␣2 -adrenoceptors in the LPBN, with bilateral injections
of methysergide or moxonidine, respectively. Male Holtzman rats
(n = 6–10) with bilateral sham or electrolytic lesions of the CeA
(2 mA, 10 s) and stainless steel cannulas implanted bilaterally in the
LPBN were used. In sham rats treated with furosemide (10 mg/kg)
combined with captopril (5 mg/kg) s.c., bilateral injections of moxonidine (0.5 nmol/0.2 l) or methysergide (4 g/0.2 l) into the
LPBN increased 0.3 M NaCl intake (31.5 ± 4.2 and 18.3 ± 3.1 ml/2 h,
respectively, vs. veh: 8.3 ± 1.1 ml/2 h). Lesions of the CeA (5–18 days)
abolished the increase in 0.3 M NaCl produced by injections of moxonidine (12.9 ± 3.3 ml/2 h) or methysergide (11.7 ± 2.8 ml/2 h) into
the LPBN. The present results show that the increase in 0.3 M NaCl
intake produced by serotonergic blockade or ␣2 -adrenergic activation in the LPBN depends on the integrity of the CeA, suggesting
that facilitatory mechanisms present in the CeA are essential for
the increase of hypertonic NaCl intake produced by the blockade of
the LPBN inhibitory mechanisms. Supported by FAPESP, CNPq.
doi:10.1016/j.appet.2009.04.010

Mercaptoacetate (MA) increases intestinal vagal afferent
activity
M. ARNOLD ∗ , W. LANGHANS Physiology and Behaviour Group, ETH
Zurich, Switzerland
The current hypothesis is that MA stimulates eating after peripheral injection mainly by inhibiting hepatic fatty acid oxidation
(FAO), thus activating a vagal afferent signal from the liver. While
recent data question this hypothesis, the loss of MA’s hyperphagic
effect after subdiaphragmatic vagal deafferentation still indicates
that MA acts in the abdomen to stimulate eating. We therefore
tested whether MA affects vagal afferent signaling from the proximal small intestine. Celiac branch fascicles were isolated and ﬁber
bundles were peeled off and placed on a tungsten hook electrode. Spontaneously active ﬁbers were screened for serotonin
(5HT) sensitivity by injecting 2.5 g/30 l 5HT into the superior
mesenteric artery (SMA). Neural activity was ampliﬁed, ﬁltered
(300–1000 Hz) and stored for later spike discrimination and frequency analysis (Cambridge Electronic Design, Cambridge; MA).
Baseline activity was recorded from 5–10 min prior to 5–10 min
after SMA 5HT injection. Then, isotonic MA (200 mol, pH 7.3)
was infused (100 l/min × 5 min) into the SMA and vagal afferent
activity was recorded for 30 min. In 11 units from 4 rats, MA transiently increased 5HT-sensitive single unit vagal afferent activity
at both 5 min (93 ± 48%, mean ± SE) and 10 min (178 ± 79%) (both
P’s < 0.05) after infusion onset. SMA dye infusion pictures suggest
that the responsive units originated in the proximal jejunum. These
ﬁndings indicate that MA affects vagal afferent signaling from the
small intestine. This is consistent with the hypothesis that intestinal
or enterocyte FAO generates a vagally mediated signal that affects
eating.
doi:10.1016/j.appet.2009.04.011
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Selective RNAi knock-down of estrogen receptor-␣ (ER-␣)
neurons in the nucleus tractus solitarii (NTS) eliminates
estradiol’s (E2) inhibitory effect on food intake in
ovariectomized (OVX) rats
L. ASARIAN 1,∗ , S. THAMMACHAROEN 2 , T.A. LUTZ 2 , N. GEARY 1
1 Physiology and Behaviour Group, ETH-Zurich, Zurich, Switzerland
2 Inst of Veterinary Physiology, University of Zurich, Zurich, Switzerland
Eating is inhibited by E2 in many animal species and in women.
We demonstrated that ER-␣ neurons in the NTS just caudal to the
AP (cNTS) are sufﬁcient for this effect, in part by increasing the
satiating action of CCK. Here we used RNAi technology to determine whether these NTS ER-␣ neurons are also necessary for this
effect. OVX rats were injected with adeno-associated viral vectors
expressing small hairpin RNA silencing either luciferase (LUC) or
ER-␣ (ERV). The vectors were infused bilaterally into the cNTS. Rats
were then treated once every 4 d with either 2 g E2 or oil SC. Spontaneous eating and body weight were recorded, and the effect of the
CCK1-receptor antagonist Devazepide (1 mg/kg) was tested. Finally,
rats were injected with CCK (4 g/kg, IP), perfused 90 min later, and
their cNTS examined for ER-␣ and c-Fos expression. Data from ERV
rats lacking detectable ER-␣ were used. E2 produced cyclic and tonic
decreases in meal size and reduced weight in LUC rats, but not in
ERV rats. Devazepide increased meal size in E2-treated LUC rats,
but not in ERV rats. CCK increased c-Fos expression in the cNTS in
E2-treated LUC rats, but not ERV rats. These data indicate that a subpopulation of ER-␣-expressing neurons in the cNTS is necessary for
the normal contribution of E2 to CCK satiation, spontaneous eating
patterns, and body weight regulation in female rats.
doi:10.1016/j.appet.2009.04.012

3

Diet and TNF-␣ differentially regulate the insulin receptor and
its transporter at the blood–brain barrier
L. ASARIAN 1,∗ , S.M. ROBINSON 2 , N. GEARY 1 , W. LANGHANS 1 ,
W.A. BANKS 2 1 Physiology and Behaviour ETH, Zurich, Switzerland 2 Department of Internal Medicine, St. Louis University School
of Medicine, St. Louis, MO, USA
High fat diet (HFD)-induced elevation in circulating lipids elicits
a progressive sequence of events leading to insulin resistance, in
part, by an over-activation of the immune system and consequent
increases in TNF-␣ in tissues and plasma. Our hypothesis was that
the up-regulation of TNF-␣ elicited by HFD-feeding decreases the
permeability of the BBB to insulin and, consequently, decreases the
insulin transport to the brain, resulting in central insulin resistance.
Male mice (70 WT and 70 TNF-␣ KO) were maintained on HFD (60%
kcal from lard) or chow (CH) for 3 months after which their brains
were perfused with [125 I] human insulin for 1–5 min. Individual
brain regions were dissected and weighed. Brain region/perfusate
ratios were: (perfusate vol/g tissue) × (radioactivity in brain tissue/radioactivity in a given vol of perfusate). For the whole brain,
KO mice had increased receptor binding of insulin to the endothelial cells (Vi), whether or not they were fed HFD or CH. There were
no differences in the whole brain transport of insulin across the
BBB (Ki) between genotypes or diets. In the hypothalamus, there
was no genotype or diet difference in Ki or Vi, whereas in the thalamus, KO CH mice had signiﬁcantly better insulin transport than
all other groups, but no differences in insulin binding. These preliminary results suggest that diet and TNF-␣ regulate BBB insulin
receptor binding and insulin transport differentially among brain
regions.
doi:10.1016/j.appet.2009.04.014

Evidence that LPS elicits anorexia via PGE2 signaling in the
midbrain raphe
L. ASARIAN ∗ , B. KOPF, B.H. HRUPKA, N. GEARY, W. LANGHANS
Physiology and Behaviour Group, ETH Zurich, Zurich, Switzerland
Anorexia is an element of the complex initial immune response
to peripheral bacterial infections, or acute phase response (APR).
How peripheral immune events are relayed to the CNS and produce anorexia remains poorly understood. Activation of inducible
cyclooxygenase-2 (COX-2) in blood–brain barrier endothelial cells
and subsequent release of prostaglandin E2 (PGE2) is one candidate mechanism. Here we further tested the effects of PGE2 and
of the COX-2 antagonist NS-398 on the anorectic effect of the gram
negative-bacterial toxin LPS in rats. Because of the prominent role of
serotonin (5HT) in LPS anorexia, we focused on the midbrain raphe
(dorsal and median raphe nuclei), the source of major 5HT projections to the forebrain. IP NS-398 1 h before IP LPS (100 g/kg)
completely eliminated LPS anorexia and reduced or eliminated
LPS-induced c-Fos expression measured 90 min after LPS in the
midbrain raphe, the NTS and several forebrain areas involved the
control of normal eating or other aspects of the APR. These data indicate that PGE2 is necessary for LPS anorexia and much of the initial
LPS-induced neural activation. Injection of PGE2 into the midbrain
raphe was sufﬁcient to reduce food intake, and injection of NS398 into the midbrain raphe signiﬁcantly reduced LPS anorexia,
indicating that PGE2 signaling in the midbrain raphe nuclei is necessary for LPS anorexia. These data support an important role for the
midbrain raphe in APR-anorexia. Whether the same neural circuits
also contribute to the control of normal eating deserves attention.
Supported by ETH Zurich.
doi:10.1016/j.appet.2009.04.013

Operant acquisition of food compared between C57BL/6 and
DBA/2 mice
D. ATALAYER ∗ , N.E. ROWLAND University of Florida, Gainesville, FL,
USA
Demand functions describe the relationship between the consumption of a commodity and its mean or unit price. In the present
study, we study food demand in two strains of mice (C57BL/6 and
DBA/2) that differ on several behavioral dimensions, but have not
been studied extensively for differences in feeding. Mice worked
for food pellets in a continuous access closed economy in which
total intake and meal patterns could be measured. A series of ﬁxed
(FR), variable (VR), and progressive (PR) ratio schedules of cost per
pellet were imposed. Under all schedules, DBA/2 mice consumed
signiﬁcantly more food than C57BL/6, a difference that was not
attributable to disparity in body weight or weight gain. The higher
intake of DBA/2 mice was due exclusively to larger meal size compared with C57BL/6, with no strain difference in meal frequency.
Thus, DBA/2 mice were motivated to sustain a higher daily food
intake and meal size than C57BL/6 under the range of demand costs
employed in the present work.
doi:10.1016/j.appet.2009.04.015
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Food demand of MC4-R and MC3-R knockout, and double
knockout mice under ﬁxed ratio costs for food
D. ATALAYER ∗ , N.E. ROWLAND, C. HASKELL-LUEVANO University
of Florida, Gainesville, FL, USA
Homozygous deletion of MC4-R (Mc4r−/− ) results in an obese
phenotype including hyperphagia, showing that this receptor has a
role in limiting food intake and stimulation of energy expenditure.
In contrast, while Mc3r−/− mice also have increased body fat, they
have decreased lean mass, their body weight is normal, and they eat
less that wild type controls. Previous studies from our lab reported
that Mc4r−/− mice did not maintain hyperphagia and lost weight
when procurement of food was contingent upon a lever press operant with a ﬁxed ratio schedule. However, under a progressive ratio
schedule Mc4r−/− mice maintained weight gain and stayed hyperphagic. The present study aims to examine the effects of a wide
range of consummatory costs on demand in a closed economy in
Mc4r−/− , Mc3r−/− , and mice with deletion of both these receptors
(double knock out) and their wild type litter mates. Mice of these 4
genotypes were exposed an incrementing series of ﬁxed ratios for
20 mg food pellets (FR2, FR5, FR10, FR25, FR50, nose poke response)
as the main experimental procedure, with 4 days at each schedule.
Mice lived in operant chambers for 23 h each day. At low costs,
double knock out mice were more hyperphagic than any of the
genotypes, followed by the Mc4r−/− mice. Mc3r−/− and wild type
mice ate similar amounts. However, under the highest cost schedules, double knock out and Mc4r−/− mice decreased their intake
sharply, and consumed less than the wild type and Mc3r−/− mice.
Thus, the phenotypic expression of its deﬁciency was shown to be
affected by the economic structure of the environment.
doi:10.1016/j.appet.2009.04.016

Estradiol metabolite stimulates binge eating
R.K. BABBS 1,∗ , F.H.E. WOJNICKI 2 , R.L.W. CORWIN 2 1 Penn State,
Physiology, University Park, PA, USA 2 Penn State, Nutrition, University
Park, PA, USA
A major conundrum of binge eating is that women are signiﬁcantly more likely to suffer from binge-related disorders,
even though estradiol decreases food intake. 2-hydroxyestradiol
(2OHE2), a metabolite of estradiol, may account for the apparent
contradiction. Studies have shown a link between binge eating
and dopamine (DA). Since 2OHE2 and DA are degraded by the
same enzyme, catechol-O-methyltransferase (COMT), 2OHE2 can
competitively inhibit COMT, thereby theoretically increasing DA
availability. We hypothesized that 2OHE2 would stimulate intake
of an optional source of dietary fat in binge rats but not in
controls. For this preliminary study, 32 non-food-deprived male
Sprague–Dawley rats were separated into either a daily control (D)
group (those that received an optional source of dietary fat for one
hour every day) or a bingeing (INT) group (those that received the fat
intermittently, i.e. one hour on Mon, Weds, Fri). After a 7-wk period
of binge induction, rats were injected with 2OHE2 (0.001, 0.003,
or 0.01 mg/kg intraperitoneally) or vehicle 10 min prior to the 1-h
fat access. All rats got all dosages as assigned using a Latin square.
The INT group showed a signiﬁcantly higher 1-h fat intake after
0.003 mg/kg 2OHE2 (compared to vehicle; p < 0.01). There were no
statistically signiﬁcant effects of 2OHE2 in the D group. These data
suggest a biological mechanism that may, in part, account for the
increased risk of binge-related eating disorders in females. Supported by MH67943 (RLWC).
doi:10.1016/j.appet.2009.04.017

Intermittent ‘binges’ of sweetened-fat intake sensitize feeding
responses induced by GABA receptor stimulation in the
nucleus accumbens shell
B.A. BALDO 1,∗ , L. PASCAL 2 , S. NEWMAN 1 , K. SADEGHIAN 1
1 University of Wisconsin-Madison, Department of Psychiatry, Madison, WI, USA 2 University of Wisconsin-Madison Neuroscience
Training Program, Madison, WI, USA
We explored whether exposure to intense bouts of palatable
feeding would produce plastic changes in nucleus accumbens (Acb)
shell GABA systems. Ad libitum-maintained rats were given 30 min
access to either sweetened fat, or standard chow, in behaviorobservation cages for ﬁve days. They were then challenged with
intra-Acb shell injections of saline or a threshold dose of muscimol (10 ng), and offered chow. There were no differences between
the chow- vs. fat-exposed groups following the saline challenge. In
contrast, muscimol-induced chow intake was markedly increased
in the fat-exposed rats. Next, we investigated whether repeated
stimulation of -opioid receptors would also produce sensitization to intra-Acb shell muscimol. Ad libitum-maintained rats were
given four daily intra-Acb shell infusions of either saline, or the
-receptor-selective peptide, DAMGO (2.5 g), and immediately
placed into testing cages for 2 h with access to chow. This procedure
resulted in robust DAMGO-induced hyperphagia and a sensitization of DAMGO-induced feeding. Rats then received intra-Acb
shell challenge injections of saline or muscimol (10 ng). As before,
a sensitization of muscimol-induced hyperphagia was observed.
These ﬁndings suggest that sweetened-fat exposure and repeated
-opioid receptor stimulation produce similar plastic changes in
Acb shell GABA systems that are manifested as augmented feeding
responses.
doi:10.1016/j.appet.2009.04.018

Sodium and water intake by rats treated with low protein diet
P.G. BARBALHO 1,∗ , A.O. DE JESUS 1 , J.V. MENANI 2 , L.B. DE
OLIVEIRA 1 1 Department of Biological Sciences, DECBI/ICEB, UFOP,
Ouro Preto, Brazil 2 Department of Physiology and Pathology, School
of Dentistry, UNESP, Araraquara, Brazil
Angiotensin II plays an important role in the maintenance of
blood pressure in rats raised in a deﬁcient protein diet (DPD).
Because ANG II is also involved in the control of water and sodium
intake, we investigated water and 0.3 M NaCl intake induced by
different protocols in DPD rats. After weaning, male Fisher rats
(n = 9/group) had free access to water and DPD (6% of protein)
or normal protein diet (NPD, 15% of protein). At the 36th day
of DPD or NPD, rats had access to 0.3 M NaCl. After a period
of adaptation, water and NaCl intake tests started. Results were
expressed as ml/100 g of body weight. Water intake induced by
24 h of water deprivation, sc injection of furosemide + captopril
and 24 h of sodium depletion was slightly reduced in DPD rats
(3 ± 0.2; 2.7 ± 0.3; 0.7 ± 0.2; ml/2 h) compared to NPD rats (4 ± 0.2:
3.5 ± 0.3; 2.1 ± 0.6; ml/2 h, respectively). However, 0.3 M NaCl
intake induced by the same protocols increased in DPD rats
(3.5 ± 0.5; 2.7 ± 0.3; 6.6 ± 0.8 ml/2 h) compared to NPD rats (1 ± 0.1;
1.5 ± 0.2; 5.4 ± 0.7 ml/2 h, respectively). Water intake induced by
intragastric 2 M NaCl load was not different. The results show that
low protein diet malnourished rats have an increased ingestion of
hypertonic NaCl and a reduced intake of water, except water intake
induced by intragastric 2 M NaCl. Perhaps changes in renal excretion or plasma ANG II levels might be the cause of these effects, but
further studies are necessary to verify these possibilities.
doi:10.1016/j.appet.2009.04.019
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Preference for a high fat diet, but not hyperphagia following
activation of mu opioid receptors is blocked in AgRP knockout
mice
M.J. BARNES ∗ , G. ARGYROPOULOS, G.A. BRAY Pennington Biomedical Research Center, Baton Rouge, LA, USA
Activation of mu opioid receptors (MOR) makes animals hyperphagic and selectively increases their preference for a high fat
diet independent of their dietary preference. The orexigenic peptide Agouti Related Peptide (AgRP) also produces hyperphagia and
selectively increases fat preference. Using AgRP knockout mice (Dr.
George Argyropoulos’ laboratory) we tested the hypothesis that the
effect of MOR on feeding behavior will be attenuated in the absence
of the orexigenic peptide AgRP. Our data demonstrated in a dose
response experiment that the MOR agonist DAMGO increased food
intake in wild-type and AgRP KO mice, but only increased fat preference in the wild-type animals. At both 1 and 6 h after injection,
the middle dose of DAMGO (0.25 g) signiﬁcantly increased the
percentage of high fat diet eaten by the wild-type animals, but did
not signiﬁcantly change the percentage of high fat diet eaten by the
AgRP KO mice. The highest dose of DAMGO reduced food intake in
the control and AgRP KO mice, probably due to somnolence. These
data demonstrate that the increase of fat preference after stimulation of MOR is attenuated in the absence of AgRP, but the increase in
food intake (i.e., hyperphagia) is not. This study was supported by
National Institute of Health, NIDDK, grant number DK R34-32089
to GB and DK62156 to GA.
doi:10.1016/j.appet.2009.04.020

Dietary -3 polyunsaturated fatty acids (PUFA) eliminate thirst
deﬁcits associated with aging
1 Exercise
D.P. BEGG 1,2,∗ , A.J. SINCLAIR 1 , R.S. WEISINGER 2
and Nutritional Sciences, Deakin University, Burwood, Australia
2 Psychological Science, La Trobe University, Bundoora, Australia
During the European heatwave of 2003 more than 40,000 people died; the majority were over 65. This was primarily attributed to
failure to maintain adequate hydration. Senescent animals have a
reduced sensation of thirst when challenged by stimuli that typically induce thirst in adults. Aging results in up-regulation of
-6 PUFA derived prostaglandins (which inhibit thirst following
dehydration) in the midbrain; increasing tissue -3 PUFA reduces
production of -6 PUFA derived prostaglandins. Therefore, we
examined the effect of dietary -3 PUFA on thirst in aging. Adult
(4-month) and aged (22-month) male Brown Norway rats were
maintained for 6 months on an -3 PUFA deﬁcient diet or -3 PUFA
supplemented diet. Between 2 and 6 months on the diet animals
were subjected to a battery of thirst stimuli including injection of
hypertonic saline, injection of angiotensin II, 24-h water deprivation and acute thermal dehydration. Aged animals had an impaired
thirst response to dehydration compared with adult animals following hyper-osmotic and dehydration stimuli. Thirst responses were
restored by dietary -3 PUFA supplementation. Supplementation
did not alter thirst responses in adult animals. Diet had no effect
on urine output, plasma vasopressin or atrial natriuretic peptide.
These results provide the ﬁrst evidence that -3 PUFA supplementation restores thirst in aging. This may lead to clinical trials of -3
PUFA supplementation in elderly populations.
doi:10.1016/j.appet.2009.04.021
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Continuous or binge access to sweet-fat food reduces
mu-opioid receptor mRNA expression in the nucleus of the
solitary tract in female rats
N.T. BELLO ∗ , F. CASSEUS, M.T. CHUANG, B.A. MITCHELL, Z.W.
PATINKIN, P. SINGH, T.H. MORAN Johns Hopkins University, School
of Medicine, Department of Psychiatry and Behavioral Sci., Baltimore,
MD, USA
Dietary conditions alter endogenous opioids. The aim was
to investigate how repeated palatable food (i.e., sweet-fat; 90%
vegetable shortening/10% sucrose) access and/or acute calorie
restriction altered mu-opioid gene expression in the nucleus of
the solitary tract (NTS) as measured by in situ hybridization. Five
groups of adult Sprague–Dawley females rats (n = 6 to 8) were used
in this 6-week study. The ﬁrst group, BINGE, received repeated days
of intermittent 33% calorie restriction followed by re-feeding with
standard chow and 2 h optional access to sweet-fat 2 h into the
dark cycle. The second group, CHOW-RESTRICTED, had an identical
pattern of restriction with chow re-feeding only. The third group,
SCHEDULED, had ad lib chow and received the sweet-fat at the
same time and frequency as the BINGE. The fourth group, CONTINUOUS, had ad lib chow and sweet-fat without calorie restriction
or scheduling. Another group, NAIVE controls, had ad lib chow
only. Although the CONTINUOUS consumed more daily calories, the
BINGE consumed more total calories during 2 h re-feeding period
(p < 0.001). After the 6 weeks, the CONTINUOUS had greater body
and fat pad weights (p < 0.001 for both). In the NTS, mu-opioid
mRNA was reduced by ∼30% in the BINGE and ∼40% in the CONTINUOUS (p < 0.05 for both, from NAIVE). These results suggest that
long-term or repeated bouts of overconsuming palatable foods alter
hindbrain opioid systems contributing to the perpetuation of eating
pathologies. Supported by DK19302 and DK078484.
doi:10.1016/j.appet.2009.04.022

Oral sensory and cephalic hormonal responses to fat and
non-fat liquids in bulimia nervosa
N.T. BELLO ∗ , J.W. COUGHLIN, G.W. REDGRAVE, T.H. MORAN, A.S.
GUARDA Johns Hopkins University, School of Medicine, Department
of Psychiatry and Behavioral Sci., Baltimore, MD, USA
Sensory evaluation of food involves endogenous opioids. Bulimics typically limit their food choices to low fat “safe foods” and
intermittently lose control and binge on high fat “risk foods”. We
sought to determine whether the oral sensory effects of a fat versus
a non-fat liquid food (half and half) resulted in different subjective
and hormonal responses in bulimic (n = 10) compared with healthy
women (n = 11) and whether any differences were opioid mediated.
Naltrexone (50 mg PO) or placebo was administered 1 h before,
and blood sampling began 30 min prior to, and 29 min after, a 3min modiﬁed sham-feeding trial. Following an overnight fast, three
morning trials (Fat-Naltrexone, Fat-Placebo, and Non-Fat Placebo)
were administered in a random double-blind fashion separated
by 3–7 days. Overall, there were no differences between FatPlacebo and Non-Fat Placebo trials. HUNGER ratings were higher
for bulimics at baseline and only bulimics demonstrated a significant reduction after sham feeding (P < 0.001). Bulimics also had
higher FATTINESS taste ratings and were more FEARFUL OF SWALLOWING (P < 0.005, P < 0.01). Total ghrelin levels were ∼40% higher
in bulimics (P < 0.001); however, ghrelin, insulin, and glucose were
not altered by the modiﬁed sham-feeding. Elevations in blood glucose in both groups were observed with naltrexone (P < 0.05). These
data suggest bulimics have different sensory responses to a tastant
that are not explained by opioid blockade, hormonal responses, or
fat content.
Acknowledgement: Supported by NIH DK19302 and DK078484.
doi:10.1016/j.appet.2009.04.023
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High-fat diet offsets the long-lasting effects of a four-week
running wheel access on food intake and body weight in OLETF
rats
S. BI ∗ , C.E. TERRILLION, P. CHAO, T.H. MORAN Department of Psychiatry and Behavioral Sciences, Johns Hopkins University School of
Medicine, Baltimore, MD, USA
We have previously demonstrated that running wheel activity
prevents hyperphagia and obesity in Otsuka Long-Evans Tokushima
Fatty (OLETF) Rats. A period of exercise beginning at eight weeks of
age produces long-lasting effects on food intake and body weight in
OLETF rats. To determine whether diet modulates these long-lasting
effects, we examined the effects of high-fat diet on food intake
and body weight in OLETF rats that had prior access to running
wheels for four weeks. We found that four weeks of running wheel
access signiﬁcantly decreased food intake and body weight of OLETF
rats. Four-week exercise also produced long-lasting effects on food
intake and body weight in OLETF rats fed a regular chow diet. When
wheels were relocked, OLETF rats stabilized at lower levels of food
intake and body weight than sedentary OLETF rats. High-fat diet
access offset these effects. When OLETF rats were switched to a high
fat diet following wheel relocking, they signiﬁcantly increased their
food intake and body weight. Overall, their food intake and body
weight reached levels similar to those of sedentary OLETF rats fed a
high-fat diet. In situ hybridization determination revealed a regulatory deﬁcit in neuropeptide Y gene expression in the dorsomedial
hypothalamus in OLETF rats. Together, these results demonstrate
that high-fat diet modulates the long-lasting effects of exercise on
food intake and body weight in OLETF rats.
doi:10.1016/j.appet.2009.04.024

Personality as a risk factor for insulin resistance and
hypertension
G.J. BOERSMA ∗ , T. STEIMER, L. BENTHEM, A.J.W. SCHEURINK
Department of Neuroendocrinology, University of Groningen, Groningen, Netherlands
The personality of an individual may be an important risk factor
for the development of weight gain, insulin resistance and hypertension. In this study we have taken advantage of two different rat
strains, one that demonstrates a proactive coping style and the other
exhibiting a reactive coping style. We ﬁnd that reactive rats are more
prone to develop adiposity, insulin resistance and hypertension.
There are several lines of evidence for this. First, indirect calorimetry
reveals that reactive rats have a lower resting energy expenditure.
Second, reactive rats are more susceptible for diet-induced obesity because they consume more of a highly palatable medium fat
diet than their proactive counterparts (there are no differences in
body weight on a chow diet). Third, carcass analysis reveals that
reactive rats have a higher percentage of visceral adiposity. Fourth,
baseline insulin levels are elevated in reactive rats; in response
to a continuous intravenous glucose infusion, reactive rats show
increase insulin levels at both peak and plateau. Finally, telemetry measurements reveal that resting blood pressure is elevated in
reactive compared to proactive rats. Taken together, these data indicate that reactive rats are more prone to develop adiposity, insulin
resistance and hypertension. On the other hand they are more likely
to response well to a life style intervention program, i.e., we found
that particularly reactive rats voluntarily increase their daily activity when given the opportunity to run, and in this situation, plasma
insulin levels and resting blood pressure are normalized.
doi:10.1016/j.appet.2009.04.026

Neurotoxic lesioning of oxytocin-sensing hindbrain neurons
attenuates the satiety response to CCK-8
J.E.
BLEVINS 1,2,∗ , M.W.
SCHWARTZ 2 , B.J.
RUSSELL 3 , D.G.
BASKIN 1,2 1 Department of Veterans Affairs, Seattle, WA, USA
2 University of Washington, Seattle, WA, USA 3 Advanced Targeting
Systems, San Diego, CA, USA
Increasing evidence suggests that paraventricular (PVN) oxytocin (OXY) neurons that project to the nucleus tractus solitarius
(NTS) enhance the satiety response to cholecystokinin (CCK-8). To
test this hypothesis, we measured the 30-min feeding response to
CCK-8 (0.96 nmol/kg) or saline following bilateral NTS administration (0.5 L) of an OXY-conjugated saporin toxin (OXY-Sap, which
destroys neurons expressing OXY receptors) or an equimolar mock
peptide conjugated to saporin (BLANK-Sap) at doses of 0.008, 0.017,
and 0.03 g. CCK-8 reduced food intake by 54 and 45% following BLANK-Sap treatment at 0.017 and 0.03 g, respectively, but
inhibited food intake by only 29% following OXY-Sap treatment
at 0.017 g (P < 0.05). Treatment with OXY-Sap at 0.03 g completely blocked the effect of CCK-8 to reduce food intake, whereas
treatment with OXY-Sap at 0.008 g was ineffective at altering CCK8-induced satiety. These ﬁndings suggest that the satiety response
to CCK-8 is dependent on OXY release in the NTS. Similarly, whereas
ICV administration of an OXY receptor antagonist stimulated 4h food intake in BLANK-Sap treated rats by 77% (P < 0.05), it was
ineffective following OXY-Sap treatment at 0.017 g. Thus, tonic
inhibition of food intake mediated by OXY involves actions on NTS
neurons. OXY-Sap produced a 42% reduction of OXY receptor mRNA
compared to BLANK-Sap as measured by RT-PCR of NTS obtained
by laser capture microdissection (0.03 g; P < 0.05). These ﬁndings
suggest that OXY-sensing hindbrain neurons are critical determinants of the response to meal-related satiety signals such as CCK.
doi:10.1016/j.appet.2009.04.025

Effects of chocolate consumption on pain perception and pain
tolerance
S. BONNETTE ∗ , K. MCCOMBS, A. STOVER, K. WINTERS, B. RAUDENBUSH Wheeling Jesuit University, Wheeling, WV, USA
Recent research indicates participants who held a sucrosesweetened water solution in their mouths were able to keep their
hand submerged during a cold-pressor test for signiﬁcantly longer
durations than a control group. The current study, a one-way
repeated measures design, used 30 participants to compare pain
tolerance with type of chocolate consumption, with the chocolate varying in level of sweetness. Each participant participated in
four randomized conditions (milk chocolate, dark chocolate, carob,
and control). Demographics, physiological measures (blood pressure and pulse), pain ratings, chocolate sweetness ratings, mood,
task load, and chocolate consumption data were collected. Analyses show a main effect for diastolic blood pressure, with posttest
readings signiﬁcantly lower for each of the three consumption
conditions than that of the control condition. Additionally, a signiﬁcant effect was found for chocolate (sweetness) type, such that
milk chocolate consumption (the highest sweetness content) led to
lower pain ratings than control, and pain ratings in the control condition were lower than those in the carob condition. Implications
for such research include seeking ways to use sweetened chocolate
as an adjunct to pharmaceuticals for pain management techniques.
doi:10.1016/j.appet.2009.04.027
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Acute stress decreases food reward related brain activity
J.
BORN 1,2,∗ , S.
LEMMENS 1,2 , A.
NIEUWENHUIZEN 1,2 , E.
FORMISANO 3 , R.
GOEBEL 3 , M.
WESTERTERP-PLANTENGA 1,2
1 Dept Human Biology, Maastricht University, Maastricht, Netherlands
2 TIFood and Nutrition, Wageningen, Netherlands 3 Dept Cognitive
Neuroscience, Maastricht University, Maastricht, Netherlands
Stress results in eating in the absence of hunger, likely due to
changed food reward signaling. Our hypothesis: stress decreases
central food reward signaling. To determine the effect of acute
stress on food choice reward related brain activity, fasted women
(n = 10, BMI = 21.5 ± 2.2 kg/m2 , Age = 24 ± 4 years) came 2× to randomly complete either the rest or stress (math test) condition.
Per session, 2 fMRI scans were made, wherein subjects chose a
meal (food images). The food’s rewarding value (liking & wanting), food characteristics (crispiness, FullnessOfTaste etc.), energy
intake, plasma cortisol and VAS hunger & satiety were measured. Fasted state was conﬁrmed by low satiety/high hunger
(10.0 ± 10.3, 79.4 ± 15.3 m VAS). All conditions: Meal 1 energy
intake (3 ± 1 MJ) and liking were equal, and food wanting was
lower at meal 2 ( = −.3 items/category, p < .01). At rest: Meal 1
decreased hunger, increased satiety (−41.5, 50.6 mm VAS, p < .01),
and energy intake and putamen activity was lower at meal 2
(−1.1 MJ/AUC =−.9%BOLD s, p < .05). The math-test led to stress (cortisol AUC = +2.2 × 104 nmol min/l, p < .05). Under stress: Satiety
was lower after meal 1 (−8.0 mm VAS, p < .01), Meal 2 energy
intake was similar to meal 1, crispiness and FullnessOfTaste were
chosen more and brain activity was lower in relevant areas: putamen, amygdala and hippocampus (AUC = −1.0, −4.7, −2.5%BOLD s,
p < .05). Our data suggest lower reward signaling and reward sensitivity under stress.
doi:10.1016/j.appet.2009.04.028

Evidence for multiple inhibitory feeding signals in dehydration
anorexia
C.N. BOYLE ∗ , A.G. WATTS University of Southern California, Los Angeles, CA, USA
Dehydrated (DE)-anorexic rats reliably begin eating within
minutes of drinking water. Given the rapidity of this effect, we
hypothesize that drinking water produces disinhibitory signals that
release stimulatory networks to promote feeding. To investigate
these inhibitory signals, we compared the ingestive behaviors of
DE rats after the return of free access to water to the behavior exhibited by pair-fed (PF) rats after the return of free access
to food. While both groups exhibit similar neuropeptidergic and
hormonal proﬁles that are consistent with negative energy balance and usually promote feeding, DE rats exhibit hyperosmolality
and voluntarily restrict food intake. We hypothesize that the rapid
release (disinhibition) of stimulatory networks following the return
of water is a distinct process that is dissociable from the slower
suppression of inhibitory signals that impact central feeding networks. The components of feeding and drinking that constitute
meal microstructure were analyzed for both groups in the minutes
and days following the return of water or food. We found that DE but
not PF rats maintain deﬁcits in feeding behavior for some time, suggesting that some suppression of feeding networks persists in DE
rats following water consumption. Our results show that although
drinking water quickly disinhibits stimulatory feeding networks in
DE rats, complete removal of all inhibitory signals requires additional time. Thus, hyperosmolality generates multiple inhibitory
signals to inhibit feeding that are differentially disengaged and
suppressed over time upon the return to euhydration.
doi:10.1016/j.appet.2009.04.029
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Effects of hunger and experience on portion size estimation by
men
N. BROGDEN ∗ , C. SINCLAIR, E. ALMIRON-ROIG Department of Biological Sciences, University of Chester, Chester, United Kingdom
This study explores how hunger and experience inﬂuence
portion size perception. Underestimation of food portion sizes,
particularly in energy dense foods is associated with energy overconsumption; however its underlying mechanisms are poorly
understood. Research suggests that postingestive consequences of
food consumption may create links between foods and their ability to evoke fullness (Perceived Satiation, PS). Whether such links
alter portion size perception is unclear. Twenty-seven men were
tested in a 2 × 2 design on their estimate of portion sizes after an
overnight fast (hungry) or after breakfast (full); and prompted or
not with a PS cue (“how full would you be after consuming this
amount of food”) before estimating portions. Foods included candy,
cake, fruit, cereals, chips and caloric drinks. Estimates were compared with ADA, FDA, BDA and FSA portion standards. Portion size
estimates for all foods/drinks were signiﬁcantly smaller under hungry than under full conditions (p < 0.01). The PS cue had no effect.
Error of estimates increased with increasing ED (r = 0.42, p < 0.05).
Except for the banana, estimates were signiﬁcantly smaller than
actual amounts displayed, irrespective of appetite status (p < 0.001).
This study conﬁrms that hunger, a physiological cue, alters perception of food amounts. Higher ED foods and caloric beverages
were worse estimated than other foods, in agreement with their
reported obesity-inducing nature. There were large discrepancies
between subjects’ perceptions of a portion and recommendations
from governments/health professionals.
doi:10.1016/j.appet.2009.04.030

Proestrus rats on a high-fat diet have less central inﬂammation
than male rats
L.M. BROWN 1,∗ , P.T. COONEY 1 , C.N. MILLER 1 , D.J. CLEGG 2
1 Department of Nutrition, University of North Carolina at Greensboro,
Greensboro, NC, USA 2 University of Texas Southwestern Medical
Center, Department of Internal Medicine, Dallas, TX, USA
There is evidence that obesity is characterized by chronic activation of inﬂammatory pathways. The neuroprotective effects of
ovarian hormones may be a result of the anti-inﬂammatory effects
of estrogen and progesterone in adipose and cardiovascular tissue.
In the present study we sought to extend these ﬁndings to the CNS.
Three-month-old male and female Long-Evans rats (age matched)
were given a HF or a low-fat (LF) diet for 72 h (n = 22) and sacriﬁced. Females were phased daily and started on the HF diet on the
day of estrus so that 72 h later they would be in proestrus which is
the peak of estradiol and progesterone. The medial basal hypothalamus was extracted and processed to determine if females were
protected from HF-diet induced increased expression of inﬂammatory markers. Real-time quantitative PCR was performed for IL-6,
SOCS3 and TNF␣. Males on the HF diet had increased hypothalamic
expression of IL-6 and SOCS3 when compared to the LF diet while
TNF␣ mRNA was unchanged. In contrast, females on the HF diet had
reduced hypothalamic expression of IL-6 when compared to the
LF diet while mRNA for SOCS3 and TNF␣ were unchanged. These
data provide evidence that estradiol, previously demonstrated to
be anti-inﬂammatory, may protect females from the metabolic syndrome or the diseases associated with obesity because exposure to
a HF diet results in less CNS inﬂammation.
doi:10.1016/j.appet.2009.04.031
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Effects of perceived volume on ‘expected satiation’ and
self-selected meal size
J.M. BRUNSTROM ∗ , J.M. COLLINGWOOD University of Bristol, Bristol,
United Kingdom
Satiation appears to be determined by the volume of food that
is consumed rather than by its energy or macronutrient content.
In this study we sought to determine whether this effect of volume is reﬂected in decisions about portion size, before a meal
begins. Participants (N = 60) were shown 9 different foods and were
asked to self select ‘ideal’ portion sizes for lunch. They then used a
‘method of adjustment’ to provide estimates of perceived volume
and ‘expected satiation.’ In 7 of the test foods we found a signiﬁcant
difference between judgments based on volume and those based
on satiation. This indicates that expected satiation is not governed
solely by perceived volume. We also considered the extent to which
self-selected portion size is predicted by expected satiation and perceived volume. Expected satiation was associated with self-selected
portion sizes (r = −.61), and this was the case even after controlling for perceived volume (r = −.38). By contrast, after controlling
for expected satiation, perceived volume was a poor predictor of
portion selection (r = −.002). Together these ﬁndings indicate that
decisions about portion size are associated with expected satiation and that this relationship is not mediated solely by perceived
volume. This mismatch between the effects of volume in actual
and expected satiation merits further scrutiny, and it highlights the
importance of understanding portion-size decisions and their role
in determining energy intake.
doi:10.1016/j.appet.2009.04.032

Is Disinhibition a moderator or mediator of exercise-induced
weight loss?
E. BRYANT 1,∗ , M. HOPKINS 2 , P. CAUDWELL 3 , J. BLUNDELL 3
1 University of Bradford, Bradford, United Kingdom 2 Leeds Trinity &
All Saints, Leeds, United Kingdom 3 University of Leeds, Leeds, United
Kingdom
TFEQ Disinhibition is a dynamic trait which reﬂects an individual’s tendency to eat opportunistically. High levels of Disinhibition
are associated with a dysregulated eating pattern, weight gain,
obesity and less success with weight management. The role of Disinhibition in weight loss was examined in a supervised exercise
program. 58 overweight and obese men and women completed
12 weeks of exercise, expending 500 kcal, 5 d/week. Following 12
weeks of exercise, a signiﬁcant amount of body weight and body fat
was lost. In a regression analysis, controlling for baseline fat mass,
a more successful weight loss was predicted by a higher baseline
Disinhibition score. Baseline Restraint and Hunger did not predict
weight loss. More speciﬁcally, a higher baseline Internal Disinhibition (from the subscales) was found to be a signiﬁcant predictor of
more success at weight loss, body fat loss and reduction in waist
circumference. Over the 12 weeks, a reduction in Disinhibition was
found to predict an increased weight loss, and reduction in waist
circumference. However, an increase in Restraint was associated
with an increased weight loss and reduced waist circumference.
A decrease in Internal Disinhibition also predicted higher success
at weight loss and fat mass loss. In contrast to previous evidence,
these ﬁndings suggest that weight loss induced by exercise is highly
beneﬁcial to those individuals with a high level of Disinhibition. Disinhibition may be a moderator and mediator of exercise-induced
weight loss when exercise is mandatory and supervised.
doi:10.1016/j.appet.2009.04.033

Rapid gastric emptying when hypovolemic rats drink water
and saline
M.R. BYKOWSKI 1,∗ , K.S. CURTIS 2 , J.C. SMITH 2 , E.M. STRICKER 1
1 Department of Neuroscience, University of Pittsburgh, Pittsburgh, PA,
USA 2 Department of Psychology, Florida State University, Tallahassee,
FL, USA
Injection of 30% polyethylene glycol (PEG) solution (5 ml, sc) produces hypovolemia in rats, with plasma volume losses increasing
progressively to ∼40% after 12 h and asymptoting at that level for an
additional 12 h or so. Appropriate to their needs, PEG-treated rats
are known to develop thirst and salt appetite. In a recent report
[Smith et al., Am. J. Physiol. 292 (2007) R2089–R2099], we found
that rats consumed water, 0.15 M NaCl, or 0.30 M NaCl when they
were given either ﬂuid alone to drink in a 1-bottle test 16 h after
PEG treatment, but gastric emptying of the ingested ﬂuid differed
signiﬁcantly among the three groups; it was much more rapid when
they drank 0.15 M NaCl than when they drank water or 0.30 M NaCl.
In the present experiment, rats were given both water and 0.30 M
NaCl to drink in a 2-bottle test 16 h after PEG treatment. The rats
drank the two ﬂuids alternately in a lengthy initial drinking episode,
concocting a ﬂuid mixture of 0.10–0.15 M NaCl. During this episode,
gastric emptying of ingested volume and Na+ was relatively slow in
the ﬁrst few minutes but then it increased markedly to rates that
were as high as when they drank 0.15 M NaCl alone. In other words,
the hypovolemic rats drank water and saline in relative amounts
that were appropriate to restore their plasma volume deﬁcits, and
they soon emptied the ingested ﬂuid mixture at a very high rate and
thereby hastened ﬂuid absorption into the circulation and plasma
volume restoration.
doi:10.1016/j.appet.2009.04.034

First hours food intake after stress is marker for anti-stress
activities
J. CALVEZ 1,∗ , G. FROMENTIN 1 , D. TOME 1 , N. BALLET 2 , C.
CHAUMONTET 1 1 UMR914 INRA-AgroParisTech, Nutrition Physiology and Ingestive Behavior, Paris, France 2 Lesaffre Feed Additives,
Marquette-lez-Lille, France
Restraint stress (RS) and forced swimming stress (FSS) are classical stressors used in animal experimentation to test the efﬁciency of
anxiolytic drugs. Both stressors cause a signiﬁcant reduction in food
intake. The aim of this study was to determine whether food intake
measured after RS and FSS is a suitable parameter for testing antistress agents. Males Wistar rats were exposed to 3 h of RS (n = 16)
or 10 min of FSS (n = 16) for 3 consecutive days. In each group, 8
rats were administrated 1 mg/kg diazepam before stress. For each
stressor, a group of 8 control rats was included. On the ﬁrst 2 days
of stress, food intake was recorded and compared with baseline. On
the third day, corticosterone (CORT) level was measured immediately after stress. RS and FSS signiﬁcantly inhibited food intake only
over the ﬁrst 3-h period after stress. This inhibition was twice more
important after RS than after FSS. Daily food intake was signiﬁcantly
reduced after RS but not after FSS compared to baseline. Diazepam
injections suppressed or reduced food intake inhibition caused by
FSS and RS, respectively. Compared to control rats, plasma CORT
level was increased after RS and FSS. This increase was reduced in
rats treated with diazepam. Diazepam has an anti-stress effect during RS and FSS considering CORT level and it also reduces the initial
inhibition of food intake in both RS and FSS. Altogether, these data
provide evidence that food intake during the ﬁrst 3 h after stress
exposure is a good parameter to test anti-stress activities.
doi:10.1016/j.appet.2009.04.035
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Intake of fructose and sucrose solutions as a function of
concentration
J.A. CASSELL ∗ , J.C. SMITH, T.A. HOUPT Biological Science and Psychology, Florida State University, Tallahassee, FL, USA
There have been few direct comparisons of fructose (F) and
sucrose (S) intake to determine differences in drinking patterns across concentrations. Adult male rats in S and F groups
(n = 8/group) were housed in “hotel” cages which monitored rats’
access to powdered chow (3.6 kcal/g) and licking at each of 2 drinking bottles in 6-s bins. Each week, rats were given access to water, a
single concentration of sugar (S or F) and chow for 5 days, followed
by a 2-day break with chow and water only. Rats were tested with S
(0–1 M) or F (0–2 M) solutions in ascending order. Sugar intake was
signiﬁcantly greater than baseline water intake at or above 0.03 M S
or 0.06 M F. Intake as a function of concentration peaked at 0.25 M S
(136 ± 15 g/d) and 0.5 M F (138 ± 12 g/d). When expressed as caloric
density, the intake curves for S and F were not different, with a peak
at 0.34 kcal/g. While S and F intake was similar, there was a signiﬁcant effect of sugar on chow intake and lick rate. Sucrose rats
decreased chow intake as S increased above 0.03 M (0.04 kcal/g).
Fructose rats did not signiﬁcantly decrease chow intake compared
to baseline and ate signiﬁcantly more chow than S rats when
drinking 0.08 kcal/g solutions and above. Thus, cumulative caloric
intake was much greater in F rats (3607 ± 63 kcal) than S rats
(2025 ± 107 kcal, p < 0.05). Also, S rats showed an orderly increase in
mean lick rate with concentration from 2.5 licks/s to 5 licks/s. The
lick rate of F rats remained constant at ∼3.5 licks/s. Thus F and S
elicit markedly different patterns of ingestion and caloric intake.
doi:10.1016/j.appet.2009.04.036

Context-dependent expectation of palatable food activates the
orexin system
D.L. CHOI ∗ , J.F. DAVIS, M.E. FITZGERALD, S.C. BENOIT Department
of Psychiatry, University of Cincinnati, Cincinnati, OH, USA
Stimuli previously associated with palatable food intake induce
overfeeding in rodents. The hypothalamic neuropeptide orexin participates in cue induced neuronal activation for both food and drug
reinforcers. In this study, we assessed the hypothesis that context
dependent expectation of palatable food activates the orexin system. To accomplish this, we conditioned 8 male long-evans rats
to expect chocolate in a novel environment. Another 8 rats, serving as controls, were only exposed to the novel environment and
received chocolate at random times in their home cages. After 10
days of conditioning, we assessed cue induced neuronal activation
in orexin neurons as well as target substrates of the orexin system. Results demonstrate that expectation of chocolate activates
both orexin neurons and its target regions. Speciﬁcally, a greater
number of cells expressing orexin-A colocalized with c-Fos expression in animals conditioned to expect chocolate when compared
to non-conditioned controls. Moreover, conditioned rats displayed
higher levels of c-Fos immunoreactivity in the medial prefrontal
cortex, paraventricular thalamus and ventral tegmental area, all of
which are implicated as target regions for orexin signaling. This is
consistent with previous reports and we are investigating the colocalization of c-Fos with orexin-1 receptor expression in these target
regions. These data suggest that context-dependent expectation of
a palatable food activates the orexin system which may play an
important role in promoting non-homeostatic feeding behavior.
doi:10.1016/j.appet.2009.04.037
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Pre-exposure to environmental cues predictive of food
availability elicits HPA axis activation and increases operant
responding for food
C. CIFANI 1,∗ , A. ZANONCELLI 2 , M. TESSARI 2 , C. RIGHETTI 2 , C. DI
FRANCESCO 2 , M.V. MICIONI DB 1 , R. CICCOCIOPPO 1 , M. MASSI 1 , S.
MELOTTO 1 1 Department of Experimental Medicine Public Health,
Camerino, Italy 2 Department of Biology Neurosciences Cedd Glaxosmithkline, Verona, Italy
The present study evaluated the effect of rimonabant, ﬂuoxetine,
sibutramine and topiramate on food cue-induced increased motivation for food under operant self-administration conditions. For
5 days female Wistar rats were trained to self-administer standard
45 mg food pellets in a 30-min daily session under FR1 schedule of
reinforcement. Rats were then trained to FR3 schedule and ﬁnally
divided into two groups. The ﬁrst group was subjected to standard 30 min FR3 self-administration session. The second group was
exposed to 5 presentations of levers and light for 10 s each (every
3 min, in 15 min), previously associated to food delivery. After this
pre-session, a normal 30-min session started. Pre-exposure to environmental cues associated to food delivery increased responding
for food when the session started. Corticosterone and ACTH plasma
levels, measured after the 15 min pre-exposure were signiﬁcantly
increased. Rimonabant, sibutramine and ﬂuoxetine signiﬁcantly
reduced food intake in both animals pre-exposed and in those
not pre-exposed to food associated-cues. Topiramate selectively
reduced feeding only in pre-exposed rats. The present ﬁndings support the idea that food-associated cues play an important role in the
motivation to food intake. They also suggest that topiramate may
control the increased motivation for food induced by food related
cues.
doi:10.1016/j.appet.2009.04.038

Reversal of high-fat diet-induced leptin resistance by dietary
fructose
P.M. CLINE ∗ , M.J. AZAIN, R.B. HARRIS University of Georgia, Athens,
GA, USA
Leptin, which is thought to be a feedback signal in the regulation of energy balance, inhibits food intake, increases energy
expenditure and selectively reduces body fat mass in lean animals.
Recently it has been suggested that increased consumption of fructose has contributed to the increased incidence of overweight and
obesity in Westernized societies. We have reported development
of leptin resistance in rats fed low-fat diets containing 60% kcal
fructose, but the high-fructose fed rats were already thin before leptin was administered. The objective of this study was to test leptin
responsiveness in rats fed a high fructose, high fat diet and to determine whether leptin resistance was a monosaccharide-speciﬁc or a
fructose-speciﬁc effect. Male Sprague Dawley rats were offered one
of six diets; 30% kcal fat, 50% glucose (HFHG), 30% kcal fat, 40% fructose, 10% glucose (HFHFr), 30% kcal fat, 15% fructose, 10% glucose
(HFLFr), 10% kcal fat, 50% glucose (LFHG), 10% kcal fat, 40% fructose,
10% glucose (LFHFr), 10% kcal fat, 15% fructose, 10% glucose (LFLFr)
for 10 days. Rats within each dietary treatment were infused for 12
days with either PBS or 40 g leptin/day from an intraperitoneal
miniosmotic pump. Leptin inhibited 12-day food intake only in rats
fed the HFHG diet. In contrast, leptin decreased body fat by 12% in all
low-fat fed rats and in HFHFr-fed rats, but not HFHG or HFLFr rats.
These results show that low peripheral doses of leptin can reduce
body fat independent of a change in energy intake. In high-fat fed
rats, feeding fructose up to 40% kcal has the ability to prevent leptin
resistance.
doi:10.1016/j.appet.2009.04.039
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Bingeing is not necessary for the reinforcing efﬁcacy of dietary
fat to be enhanced by intermittent access
R.L.W. CORWIN ∗ , F.H.E. WOJNICKI Nutritional Sciences Department,
The Pennsylvania State University, University Park, PA, USA
Intermittent access to an optional source of dietary fat promotes
binge-type consumption of the optional fat in non-food-deprived
rats. The present investigation was designed to determine if intermittent access also would enhance the reinforcing efﬁcacy of the
optional fat. Non-food-deprived male Sprague–Dawley rats, age 60
days at the start of the study, were maintained on feeding protocols
in which 1-h access to a bowl of vegetable shortening (fat) was provided either daily (D group, n = 15), or intermittently, i.e. on Mon,
Weds, Fri. each week (INT group, n = 15). After 5 weeks on these protocols, shortening intake of the INT group signiﬁcantly exceeded
that of the D group. At this time, the rats were trained to press a
lever for a shortening reinforcer (0.1 g) in operant chambers. Rats
were then tested under progressive ratio 1 (PR1) and PR3 schedules
of shortening reinforcement. Responding was signiﬁcantly greater
in the INT than in the D group under the PR1, but not the PR3, schedule. Furthermore, in subsets of INT and D rats in which home cage
shortening intakes were matched (n = 8 per group), INT responding
remained signiﬁcantly greater than D. These results indicate that
intermittent access to a palatable fatty food can increase the reinforcing efﬁcacy of that food, even among individuals who do not
binge. Supported by MH67943 (RLWC).
doi:10.1016/j.appet.2009.04.040

CB1 receptor antagonism alters the anxiogenic and
feeding-stimulant effects of ghrelin
P.J. CURRIE 1,∗ , R. KHELEMSKY 2 , C. JOHN 1 , S. HIGGS 3 1 Reed College, Portland, OR, USA 2 Columbia University, New York, NY, USA
3 University of Birmingham, Birmingham, United Kingdom
We have recently reported that paraventricular nucleus (PVN)
injections of ghrelin stimulate eating, alter energy metabolism, and
elicit anxiety-like behaviors in the rat. Other work has shown that
ghrelin gene expression in the stomach is altered by tail pinch
stress and that CRH antagonism attenuates the anxiogenic action
by reversing the suppression of time spent in the open arm of the
elevated plus maze. With respect to eating behavior, the CB1 receptor antagonist SR141716 is reported to block the orexigenic effects
of PVN ghrelin. Given that both ghrelin and the endocannabinoids
are implicated in eating and anxiety, the present study examined
whether the CB1 receptor antagonist, AM251, would alter the anxiogenic and orexigenic effects of ghrelin administered into the PVN.
Rats (n = 12/group) were treated with vehicle, ghrelin (200 pmol) or
AM251 (0.75–3 mg/kg IP) paired with vehicle or ghrelin and then
placed in an elevated plus maze for 10 min. Each test was performed
as a single trial per animal. Ghrelin signiﬁcantly decreased the number of entries and time spent in the open arms of the plus maze.
When rats were pretreated with AM251, the effect of ghrelin was
potentiated. In separate testing (n = 10/group), PVN injections of the
ghrelin signiﬁcantly increased food intake over 2 h. This effect was
blocked by AM251. These ﬁndings are consistent with the argument
that the anxiogenic and orexigenic effects of ghrelin are mediated,
at least in part, via endocannabinoid signaling.
doi:10.1016/j.appet.2009.04.042

Ghrelin inhibits visceral afferent activation of catecholamine
neurons in the solitary tract nucleus (NTS)
R.J. CUI ∗ , S.M. APPLEYARD Washington State University, Pullman,
WA, USA

Alterations of energy expenditure following central
administration of insulin detemir in rats
P.J. CURRIE 1,∗ , C. JOHN 1 , D. WALL 1 , A. GOTTSCHLICH 1 , F.X. PISUNYER 2 , J.R. VASSELLI 2 1 Department of Psychology, Reed College,
Portland, OR, USA 2 Columbia University, New York, NY, USA

The solitary tract nucleus (NTS) of the brainstem is the primary
site through which visceral afferents carrying information from the
gastrointestinal system enters the brain. The A2 /C2 group of catecholamine (CA) neurons lie within the NTS and have been proposed
to be critical for both the satiety effects of CCK and the orexigenic
effects of ghrelin. Previously, we have shown that 90% of NTS-CA
neurons are directly activated by incoming visceral afferents, with
50% also activated by CCK, supporting the hypothesis that they
lie in a satiety pathway. To determine whether ghrelin also regulates these neurons we identiﬁed CA neurons using transgenic mice
expressing enhanced green ﬂuorescent protein under the control of
the tyrosine hydroxylase promoter (TH-EGFP). We then recorded
their synaptic responses to activation of visceral afferents in the
solitary tract (ST-EPSCs) in horizontal slices using patch clamp
techniques. 100 nM ghrelin reduced the ST-EPSC amplitude in 5/9
NTS-CA neurons tested, with the average inhibition being 41 ± 9%
(ACSF had no signiﬁcant effect). Ghrelin also signiﬁcantly inhibited the frequency of spontaneous glutamate inputs (sEPSCs) in
6/12 NTS-CA neurons by an average of 43 ± 1%. Furthermore, CCK
increased the frequency of sEPSC in 4/6 ghrelin-sensitive NTS-CA
neurons. These data suggest that ghrelin inhibits afferent activation of primarily CCK-sensitive NTS-CA neurons. Inhibition of this
critical satiety reﬂex is a potential mechanism by which ghrelin
could increase food intake. Supported by NIH grant DK063040.
doi:10.1016/j.appet.2009.04.041

Insulin detemir (Levemir® ) is a newer insulin analog that, unlike
other long-acting forms of insulin such as NPH, signiﬁcantly inhibits
weight gain in diabetic patients. As the mechanism for this effect
remains unknown, the present study investigated the effects of
insulin detemir on energy expenditure (EE) and respiratory quotient (RQ) when centrally administered. The effects of insulin
detemir were compared to those of regular insulin (Humulin R),
the form of insulin present in NPH. Male S–D rats (n = 6) were given
ascending doses of detemir or regular insulin into the 3rd ventricle
in a volume of 1.0 l of aCSF. Speciﬁcally 0, 1.0, and 2.0 mU/rat of
insulin detemir were microinjected at midday and effects compared
with equimolar doses of 0, 4, and 8 mU/rat of regular insulin. Following dosing, the rats were placed in metabolic chambers and O2
consumption and CO2 production were measured at 24-h intervals
for 3 days. Both forms of insulin increased EE and decreased RQ over
24–48 h post-injection (p < 0.01), but detemir had a greater effects
on EE and RQ at 24–48 h (p < 0.05), and in contrast to regular insulin
its effects were dose-dependent for both EE and RQ at 24 h (p < 0.05).
Both insulins decreased BW over the 3-day period (p < 0.01), but
the effect of detemir on BW was greater at 48–72 h (p < 0.05). Our
data show that centrally administered insulin detemir produces
more robust alterations in EE and RQ than regular insulin, and suggest that detemir may have longer residency and/or more potent
signaling effects in the hypothalamus.
doi:10.1016/j.appet.2009.04.043
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Food intake, body mass and gut peptide responses to
intrajejunal infusions of a fatty acid, protein or glucose
M.J. DAILEY ∗ , K.L.K. TAMASHIRO, T.H. MORAN Department of Psychiatry and Behavioral Sciences, School of Medicine, Johns Hopkins
University, Baltimore, MD, USA
Gastric bypass is one of the most successful weight loss strategies and is known to alter gut peptide levels. Although the
mechanism is unclear, a key component may be greater delivery of undigested nutrients to the jejunum of the intestine. To
test whether particular nutrients are more effective at producing
decreases in food intake, body mass and induce changes in gut peptide levels, intrajejunal infusions of linoleic acid (LA), glucose (Glu)
or casein (Cas) were made in male Sprague–Dawley rats. Equal kcal
content of these nutrients or vehicle was infused into the jejunum
at lights out for 7 h for 5 days. Continuous food intake and daily
body mass were measured. After the infusion on day 8, rats were
sacriﬁced and plasma collected. Intrajejunal infusions of LA and Glu,
but not Cas, suppressed food intake in excess of the caloric load of
infusate with no compensatory increase in food intake after the
infusion period. The body mass of LA and Glu rats was also lower
than controls across the infusion days. Plasma leptin was decreased
and GLP-1 was increased in both the LA and Glu rats compared with
controls, with no signiﬁcant change in the Cas-treated animals.
PYY and ghrelin were differentially expressed across the groups.
These results suggest that intrajejunal infusions of LA and Glu may
decrease food intake and body mass via alterations in signaling of
leptin and GLP-1. These data provide insight into the mechanisms
that may contribute to the effectiveness of gastric bypass surgery.
Supported by DK19302.
doi:10.1016/j.appet.2009.04.044
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Inhibition of midbrain leptin receptor expression augments
sucrose reinforced behavior and mesolimbic dopamine in the
rat
J.F. DAVIS 1,∗ , D.L. CHOI 1 , M.E. FITZGERALD 1 , J.D. SHURDAK 1 , D.J.
CLEGG 2 , J.W. LIPTON 1 , D.P. FIGLEWICZ 3 , S.C. BENOIT 1 1 University
of Cincinnati, Cincinnati, OH, USA 2 University of Texas Southwestern,
Dallas, TX, USA 3 University of Washington, Seattle, WA, USA
Due to the overlapping neurobiology of food and drug reward,
obesity is viewed by some as an addictive behavior. A hallmark of
the addictive process is the ability of reinforcing stimuli to alter
reward-seeking behavior and this is evident in obese humans and
animals. The hormone leptin is positively correlated with body
mass in humans and animals and recent work suggests that leptin
can alter mesolimbic dopamine function and drug reinforcement in
animals. We hypothesized that leptin signaling directly within the
ventral tegmental area (VTA) modulates responding for palatable
food and mesolimbic function. To test this, we used a lentiviral construct expressing shRNA targeting rat leptin receptor to
reduce leptin receptor expression in the VTA. Intra-VTA injection
of this virus resulted in a signiﬁcant reduction of leptin receptor gene expression. Additionally, consumption of a high fat diet
also reduced VTA expression of leptin receptor. Further, inhibition
of leptin receptor expression increased responding for a palatable
food under a progressive ratio schedule of reinforcement. Finally,
shRNA-mediated inhibition of leptin receptor expression rescued
dopamine levels in the nucleus accumbens of rats maintained
on a high fat diet. Collectively these data suggest that leptin can
negatively regulate responding for palatable foods and dopamine
neurochemistry by acting on mesolimbic neurons.
doi:10.1016/j.appet.2009.04.046

FOS expression during sodium appetite
S. DAYAWANSA ∗ , S. MUNGARNDEE, R. NORGREN Department of
Neural & Beh. Sci., Col. of Med., Penn State University, Hershey, PA, USA
Divergent regulation of water and saline intake
D. DANIELS ∗ , E.G. MIETLICKI, P.J. VENTO Behavioral Neuroscience
Program, Department of Psychology, State University of New York at
Buffalo, Buffalo, NY, USA
The regulation of water and saline intake has been the focus
of intense study by behavioral neuroscientists. In most cases, hormonal cues associated with hypovolemia, such as angiotensin
II (AngII), stimulate both water and salt intake. Our laboratory
is particularly interested in opportunities to explore the differential regulation of these ingestive behaviors. Manipulations of
intracellular signaling pathways have been especially informative.
Speciﬁcally, we have found that MAP kinase inhibitors attenuate saline intake, but not water intake, after central injection of
AngII. We also have observed suppression of AngII-induced water
intake after concomitant treatment with ghrelin. When both water
and saline are available, however, the effect is supplanted by
marked reduction in saline intake, without an observable effect
on water intake. Additional experiments show that pretreatment
with AngII desensitizes subsequent responses to AngII. Experiments in our laboratory suggest that this phenomenon is also
speciﬁc to water intake, without affecting saline intake. Further
experiments raise the possibility that these effects relate to speciﬁc
intracellular signaling pathways. Taken together, these approaches
may reveal interesting divergent mechanisms regulating water and
saline intake, especially as stimulated by AngII. Support provided
by NIH award DK073800.
doi:10.1016/j.appet.2009.04.045

Earlier FOS studies during Na-appetite used 0.15 M NaCl as
a stimulus and found few differences between the deplete and
replete states particularly when compared with parallel data from
rats sham-ingesting sucrose. The differences observed for sucrose,
however, appeared only at a high concentration, 0.6 M. Thus, we
repeated our original Na-appetite experiment using stronger NaCl,
0.3 M. Thirty-three rats were used but to date the data from only 16
have been analyzed, so these results are preliminary. The rats had
gastric ﬁstulas and sham-fed for 60 min in the AM over 2 weeks.
On alternate mornings they had access to either distilled water (w)
or 0.3 M NaCl (n). Because experience inﬂuences Na-appetite, each
rat had 2 test trials separated by a week. The afternoon before each
trial, the rats were injected with either furosemide (F, 10 mg/kg,
sc) or saline (S). The 6 groups were counterbalanced as follows –
SnSn, FnFn, FnSn, SnFn, FwFw, SwSw. Thirty min after the end of
their second test trial, the rats were sacriﬁced with an overdose
of pentobarbital (150 mg/kg ip), perfused, and their brains stained
immunohistochemically for FOS. Regardless of their prior experience, the rats that sham drank NaCl in the ﬁnal trial had more FOS
labeled neurons in the lateral hypothalamus and nucleus accumbens than those that drank water (p < 0.01). A similar trend occurred
in the bed nucleus of the stria terminalis but it failed to reach
signiﬁcance. In the central nucleus of the amygdala and the ventral tegmental area FOS expression did not differentiate between
stimulus, motivation, or experience. Supported by NIH DC05435,
DC008937.
doi:10.1016/j.appet.2009.04.047
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The control of intake in free-living humans. Facts, theories,
and simulations
J.M. DE CASTRO Sam Houston State University, Huntsville, TX, USA
Ideas regarding the mechanisms that control food intake have
focused on physiological and genetic variables that include negative feedback loops with intake. Evidence, however, suggests that
these models although informative, are incomplete. They cannot
account for the rapid rise in obesity rates, the lack of detectable
compensatory control in natural environments, and the presence
of powerful environmental factors that do not have negative feedback loops. Alternatively, the general model of intake regulation
postulates that intake is inﬂuenced by sets of both environmental and physiological factors. Data and behavioral genetic analysis
will be presented on a number of environmental, psychological,
dietary, and social variables that have large impacts on the intake
of free-living humans in their everyday environments. Recent evidence of built-environment inﬂuences on activity and intake will
also be presented. A computer simulation of the general model
of intake regulation demonstrates that the model predicts different maintained levels of intake and body weight depending upon
the external environment and that change in the environment can
produce new sustained levels. Since most of these environmental,
psychological, dietary, and social factors have changed in value over
the last several years in synchrony with the rise in societal obesity rates, it is suggested that some or all of these changes may be
responsible for the current epidemic of obesity. It is also suggested
that eating is inﬂuenced by a myriad of physiological and nonphysiological factors and that total intake results from the integral
of their inﬂuences.
doi:10.1016/j.appet.2009.04.048

Water deprivation-induced sodium appetite
L.A. DE LUCA JR. ∗ , J.V. MENANI Department of Physiology and Pathology, School of Dentistry, São Paulo State University, UNESP, Araraquara,
SP, Brazil
Restricted access to water has important implications for human
and animal health and increases salt preference in both species.
Data from the literature and our laboratory show that water restriction is a valid method to produce sodium appetite in the rat because
it induces the typical hedonic shift towards hypertonic NaCl intake
and selective ingestion of sodium solutions. The use of a protocol
that allows to distinguish sodium appetite from thirst in a waterdeprived rat, the water deprivation-partial rehydration (WD-PR)
protocol, is extending the importance of angiotensin II as a hormone
of sodium appetite and providing new information about brain gene
expression in response to dehydration, both in normotensive and
hypertensive strains.
doi:10.1016/j.appet.2009.04.050

Opposing actions of ACE inhibition. Central vs. peripheral
effects on energy balance
A.D. DE KLOET 1,∗ , E.G. KRAUSE 2 , D.H. KIM 2 , R.R. SAKAI 2 , R.J.
SEELEY 2 , S.C. WOODS 2 1 Neuroscience Graduate Program, Cincinnati, OH, USA 2 Department of Psychiatry, University of Cincinnati,
Cincinnati, OH, USA

Postprandial responses in hunger and satiety are associated
with a genetic variant in the FTO gene
M. DEN HOED ∗ , M.S. WESTERTERP-PLANTENGA, E.C.M. MARIMAN,
K.R. WESTERTERP Maastricht University, Department of Human Biology, Maastricht, Netherlands

To evaluate the role of the renin angiotensin system (RAS) in
energy balance, we determined the effect of diet-induced obesity
on RAS activity in the plasma, adipose tissue and brain of male
Long Evans rats. We then assessed energy balance and glucose tolerance in rats given an angiotensin converting enzyme (ACE) inhibitor
systemically (captopril [CAP]; ∼40 mg/kg/day) and/or into the
lateral cerebral ventricle (icv; 10 g). When administered systemically, CAP, which does not cross the blood–brain barrier, inhibits
angiotensin II (ANGII) formation in the periphery but augments
central ANGII due to increased circulating ANGI that enters the brain
coupled with active central ACE. Rats given systemic captopril ate
less food despite increased arcuate nucleus NPY mRNA and gained
signiﬁcantly less weight than both ad libitum- and pair-fed controls. The reduction of weight was mainly attributable to reduced
adipose mass. Systemic captopril-treated rats also had improved
glucose tolerance compared to ad libitum-fed controls. Conversely,
acute icv CAP administration resulted in a dose-dependent increase
in food intake during basal conditions and a reversal of systemic
CAP-induced decreased food intake. These results suggest that inhibition of ACE in the periphery protects against the development of
diet-induced obesity, while brain ACE inhibition has the opposite
effect. Moreover, these data suggest that an important mechanism
of systemic CAP-induced weight loss involves an increase in brain
ANGII.
doi:10.1016/j.appet.2009.04.049

The common rs9939609 SNP in FTO is associated with adiposity, possibly by affecting satiety responsiveness. The current study
aims to determine whether postprandial responses in hunger and
satiety are associated with rs9939609, taking variation in other
relevant candidate genes into account. Sixty-two women and 41
men (age 31 ± 14 years; BMI 25.0 ± 3.1 kg/m2 ) were genotyped for
ﬁve SNPs in FTO, DNMT1, DNMT3B, LEP and LEPR. Subjects subsequently received ﬁxed meals provided in energy balance. Hunger
and satiety were determined pre- and postprandially using visual
analogue scales. A general association test shows a signiﬁcant association between postprandial responses in hunger and satiety with
rs9939609 (P < 0.05). Subjects with low postprandial responses in
hunger and satiety are overrepresented among carriers of the minor
A allele in rs9939609 (FTO) (dominant and additive mode of inheritance, respectively, P < 0.05). Multifactor dimensionality reduction
shows that subjects with a low postprandial response in hunger
are overrepresented among carriers of the A, C and G allele in
rs9939609 (FTO), rs992472 (DNMT3B) and rs1137101 (LEPR), respectively (n = 39), compared with subjects homozygous for at least one
protective allele (P < 0.0001). Our results conﬁrm a role for FTO in
responsiveness to hunger and satiety cues in adults in an experimental setting. The epistatic interaction involving SNPs in FTO,
DNTM3B and LEPR for the postprandial response in hunger suggests
that DNA methylation, an epigenetic process, affects appetite.
doi:10.1016/j.appet.2009.04.051
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“Permanent” dysregulation of central leptin signaling
responses to peripheral leptin in programmed obese IUGR
offspring
M. DESAI 1,∗ , L. NAJAR 2 , G. HAN 1 , E. CASILLAS 1 , M.G. ROSS 1
1 Department of Ob/Gyn, Harbor-UCLA Med. Ctr., Torrance, CA, USA
2 Institut Polytech Lasalle-Beauvais, Beauvais Cedex, France
Maternal food restriction results in IUGR newborns with
reduced body fat and plasma leptin levels. IUGR develop hyperphagia and hyperleptinemia with adult obesity. Leptin mediates central
(arcuate nucleus, ARC) anorexigenic responses via ObRb receptor,
activating JAK-STAT3 pathway, with signaling inhibition by SOCS3.
We previously showed altered ARC leptin signaling in 1-day-old
IUGR. We studied if dysregulated central leptin signaling persists
in IUGR adults. From pregnancy day 10 to 21, dams received ad libitum food (Control) or were 50% food-restricted (IUGR). Pups were
nursed by controls and weaned to ad libitum diet. At age 12 weeks,
male offspring received saline or leptin (1 g/g, i.p.). ARC was dissected at 15, 30 and 45 min and protein expression of ObRb, STAT3,
pSTAT3 and SOCS3 was analyzed. Leptin and saline treated IUGR
and Controls are compared. Adult IUGR had increased basal levels
of ObRb, STAT3 and the inhibitor SOCS3 than Controls, suggesting
an inhibition of leptin signaling. In response to peripheral leptin, Controls showed increased ObRb (2-fold), pSTAT3 (2-fold) and
SOCS3 (5-fold) at 30 min. In contrast, IUGR males showed marked
delay and dysfunction in ARC leptin signaling responses. Despite
increased ObRb (5-fold) at 45 min, pSTAT3 decreased markedly
(0.5-fold), in conjunction with a further increased SOCS3 (3-fold).
IUGR adults show enhanced basal and stimulated SOCS3 inhibition
of central leptin signaling which contributes to offspring hyperphagia and programmed obesity.
doi:10.1016/j.appet.2009.04.052

Systemic leptin antagonist inhibits hypothalamic leptin signal
transduction in newborn rat pups
M. DESAI 1,∗ , L. NAJAR 2 , G. HAN 1 , E. CASILLAS 1 , D. JEAN 3 , G.
ARIEH 4 , M.G. ROSS 1 1 Department of Ob/Gyn, Harbor-UCLA Med.
Ctr., Torrance, CA, USA 2 Institut Polytech Lasalle-Beauvais, Beauvais
Cedex, France 3 INRA, University Paris-Sud, Paris, France 4 Hebrew
University of Jerusalem, Jerusalem, Israel
Leptin mediates central anorexigenic signaling responses via
ObRb receptor, activating JAK-STAT3 pathway with signaling inhibition by SOCS3. Maternal food restriction results in growth restricted
newborns that develop hyperphagia and hyperleptinemia prior to
adult obesity. Thus, inhibition of increased leptin mediated effects
early in life may alter the sensitivity of the JAK-STAT3 signaling and
prevent obesity. We studied the effects of recombinant rat pegylated leptin antagonist (L39A/D40A/F41A) on hypothalamic leptin
signaling. 1-day-old males received either saline; leptin (10 g/g,
s.c.); pegylated leptin antagonist (PEG-MLA, 20 g/g, s.c.); or leptin
plus PEG-MLA. Hypothalamus was dissected at 30, 45 and 60 min.
ObRb, STAT3, pSTAT3 and SOCS3 protein expression was analyzed.
All treatments are compared to saline. Leptin treatment upregulated JAK-STAT3 signal molecules at 30 min. In contrast, leptin plus
PEG-MLA showed no change in any of the signal molecules except
for pSTAT3 which was downregulated at 45 and 60 min (0.5-fold).
PEG-MLA treatment showed similar changes as PEG-MLA with leptin. Thus, systemically administered PEG-MLA effectively blocks
leptin signal induction of hypothalamic JAK-STAT by impairing
binding of leptin to its ObRb receptor. Leptin-speciﬁc antagonists
may provide understanding of mechanisms contributing to programmed or diet induced obesity, and a potential therapeutic
intervention strategy.
doi:10.1016/j.appet.2009.04.053

13

Hypothalamic neuronal progenitor cells. Divergent effect of
leptin and insulin on growth and differentiation
M. DESAI ∗ , T. LI, E. KEEN-RHINEHART, M.G. ROSS Department of
Ob/Gyn, Harbor-UCLA Med. Ctr., Torrance, CA, USA
Growth restricted (IUGR) newborns have reduced anorexigenic
responses that may contribute to hyperphagia and obesity. Anorexigenic hormones, leptin and insulin, are prenatal neurotrophic
factors that impact brain growth and development. We hypothesized that reduced leptin and insulin levels, as seen in IUGR
newborns, may contribute to reduced anorexigenic neural pathway development and altered appetite regulation. Rat embryonic
(E20) hypothalamic neuronal progenitor cells (NPC) were cultured
in differentiating medium. NPC were treated with leptin (0, 10, 20,
40 ng/ml) or insulin (0, 10, 20, 40 g/ml) every 48 h for 8 days.
The effect on cell proliferation rate and differentiation, and protein expression of neuronal markers during development (early,
DCX; ␤-tubulin3; late, NeuN) and astrocyte marker (GFAP) were
determined. Leptin and insulin induced dose-dependent increases
in cell proliferation (leptin, 30%; insulin, 50%) and expression of
DCX and ␤-tubulin3, both of which are associated with microtubules and essential for neuronal migration, differentiation and
stability. However, leptin and insulin had divergent effects on
differentiation—leptin increased NeuN (3.6-fold) but not GFAP
expression whereas, insulin increased GFAP (2-fold) but not NeuN
expression. Thus, leptin and insulin enhance neuronal growth, with
selective effects on neuronal/glial differentiation. Reduced insulin
and leptin levels in IUGR fetuses may lead to reduced neuronal pathway development with subsequent impact on appetite regulation.
doi:10.1016/j.appet.2009.04.054

The effect of stress on food preferences
F.J. DIAZ ∗ , K. FRANCO, A. LOPEZ-ESPINOZA, A. MARTINEZ, V.
AGUILERA, E. VALDES Feeding Behavior and Nutrition Research Center, Guadalajara University, Guzman, Jalisco, Mexico
It has been shown that some stress circumstances produce
not only a food intake increase but also an increase of unhealthy
food. However, these facts have not been demonstrated clearly.
In this study the objective was to determine the stress effects
on food choice (grapes vs chocolate) under a stress condition. In
this research, 138 undergraduate students were randomly divided
into two groups: stress and no-stress. Subjects received either 10
unsolvable or 10 solvable four-letter anagrams. Subjects were also
given a questionnaire asking them to rate how stressed they were,
how healthy they thought each of the two foods were and how
much they liked each of the two foods. The stress group reported
being signiﬁcantly more stressed (M = 3.0, SD = 2.5) than the nostress group (M = 2.1, SD = 2.0). The no-stress group consumed more
grapes and chocolate than stress group. Groups did not differ in
their ratings of the healthiness neither how much they liked the
two foods. The ﬁnding of food consumption suggests considering
other variables such as food availability. Given that no-stress group
completed the task before stressed group, the ﬁrst one had more
time for eating. Complementary, stressed subjects were focused on
solving task, an incompatible response with eating. These ﬁndings
suggest that new approaches are needed in order to improve our
knowledge of stress and its relations with food intake.
doi:10.1016/j.appet.2009.04.055
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Selective co-expression of insulin receptor substrate 2 (IRS-2)
in speciﬁc hindbrain monoamine cell groups
T.T. DINH ∗ , E. NAMATAME, S. RITTER Washington State University,
Pullman, WA, USA
Insulin receptor substrate 2 (IRS-2), a receptor protein that mediates cellular actions of insulin, is implicated in energy homeostasis
and is present in brain areas crucial for feeding and metabolism. IRS2 is known to be expressed in catecholamine neurons of the A2 cell
group (Pardini et al., 2006), but other monoaminergic cell groups
have not been examined. Here we examined IRS-2 co-expression in
brainstem norepinephrine, epinephrine and serotonin cell groups
using dopamine beta hydroxylase (DBH), phenethanolamine nmethyl transferase (PNMT) and trypophan hydroxylase (TryH)
antibodies, respectively, to label these phenotypes for immunohistochemical detection. We found that IRS-2 was co-expressed in both
catecholamine and serotonin neurons, but was limited to particular
cell groups or subgroups. In cell group A2, IRS-2 was co-expressed
exclusively in the compact small-diameter DBH-immunoreactive
cell bodies in the dosomedial NTS, but not in the large A2 cells
within the commissural and medial subnuclei. IRS-2 and DBH were
extensively co-expressed in groups A5, A6 and A7. In striking contrast, IRS-2 was co-expressed only rarely in C2 neurons and was
not co-expressed in cell groups A1, C1 or C3. IRS-2 was strongly
expressed in raphe pallidus, obscurus and magnus (B1, B2 and B3),
where it was frequently, but not exclusively, co-expressed with
TryH. IRS-2 was not co-expressed with TryH in other serotonin cell
groups. Results suggest that the central effects of insulin are mediated in part by its selective action on particular catecholamine and
serotonin neurons.
doi:10.1016/j.appet.2009.04.056

The effect of food preferences, food intake, and taster status on
body weight in children with autism
A.M. DOOERFLINGER ∗ , H.M. HAUGHT Marietta College, Marietta,
OH, USA
The purpose of the study was to identify differences in food
preferences, food intake and BMI status between young children
diagnosed with autism and a control population. Feeding problems
in autistic children throughout infancy and childhood are common, and the frequency rates for autism spectrum disorder range
from 3.8 to 60 per 10,000 children, with rates of diagnosis increasing annually. The prevalence of childhood obesity or overweight
has increased for children ages 2–5, from 5% (1976–1980) to 12.4%
(2003–2006). The inﬂuence of food preferences and taster status on
body weight in young children (ages 3–5) is not well understood,
and even less has been uncovered about the autistic population.
In study 1, we examined the relationship between food preference, food intake as measured by a 7-day diary, and Body Mass
Index (BMI) in 3–5 year old children (n = 32; 15 participants were
diagnosed with autism and 17 were normal). In study 2, we examined the relationship between parent taster status, parent food
preferences (mothers, n = 32) and children’s taster status and food
preferences. Differences between the autistic and normal population on the food preference measure were found for a number of
food items.
doi:10.1016/j.appet.2009.04.057

Microarray analysis of gene expression in Neuropeptide Y
expressing neurons of the Dorsomedial nucleus of the
Hypothalamus
S. DRAPER ∗ , M. KIRIGITI, M. GLAVAS, B. GRAYSON, B. JIANG, M.S.
SMITH, K. GROVE Oregon National Primate Research Center, Beaverton, OR, USA
The Dorsomedial nucleus of the Hypothalamus (DMH) is important for the regulation of food intake and body weight. The DMH
contains neurons expressing Neuropeptide Y (NPY) during speciﬁc
physiological conditions of hyperphagia and obesity. In contrast to
NPY neurons in the Arcuate nucleus of the Hypothalamus (ARH),
the role and chemical phenotype of DMH-NPY neurons has yet to
be characterized. This study compares the gene expression proﬁles of DMH and ARH-NPY neurons by microarray, to understand
the role of DMH-NPY neurons in energy homeostasis. DMH and
ARH sections were microdissected from NPY-GFP mice at postnatal day 16 and GFP neurons were sorted with Fluorescent Activated
Cell Sorting. RNA was extracted and labeled target cDNA was prepared for microarray analysis. Statistical analysis was performed
to identify genes that are differentially expressed in the DMH-NPY
samples compared to the ARH. The key ﬁndings from this study
were as follows: (1) Several receptor systems that are expressed on
ARH-NPY neurons, including leptin receptor and NPY-Y5 receptor,
were undetectable on DMH-NPY neurons. (2) DMH-NPY neurons
showed differential expression of several transcription factors that
are involved in energy homeostasis. (3) DMH-NPY neurons did
not express GABAergic markers, suggesting that they may not be
GABAergic. These ﬁndings strongly suggest that DMH-NPY neurons
could play a distinct role and are differentially regulated from ARHNPY neurons through different afferent inputs and transcriptional
regulators.
doi:10.1016/j.appet.2009.04.058

The impact of binge eating on anxiety-like behavior in the rat
E.A. DUNCAN-VAIDYA ∗ , H. MCGEE, A.L. BENNETT Towson University, Departments of Biological Sciences, Molecular Biology,
Biochemistry & Bioinformatics, and Psychology, Towson, MD, USA
Rats given daily limited access to palatable food exhibit
increased anxiety when food deprived. It is unclear if this is
due to the acute deprivation from the palatable food, or chronic
binge-eating. To clarify this issue we used the Corwin model
of binge-eating. We hypothesized that binge-eating experience,
and not merely the deprivation from a scheduled palatable meal,
would elevate anxiety. Male Long-Evans rats received sweetened vegetable shortening (SVS) for 1 h daily (7D group), once
every 3 days (3D group), or never (naïve group) for 30 days.
By the fourth week, the 3D group were eating signiﬁcantly
more total calories on the days they received the SVS (total 24h calorie intake: 3D = 152.8 ± 13.9 kcal, 7D = 122.4 ± 3.4 kcal and
naïve = 119.5 ± 8.3 kcal, p < 0.05) relative to the other groups. On the
non-SVS days the 3D group ate less than the other groups (total
24-h calorie intake: 3D = 90.1 ± 8.0 kcal, 7D = 117.7 ± 8.6 kcal and
naïve = 115.2 ± 6.3 kcal, p < 0.05). After the binge protocol, anxietylike behavior was measured in an elevated plus maze (EPM)
following a 24-h food deprivation. Rats in the 3D group spent less
time in the open arms of the EPM compared to rats in the 7D group
(percent time in the open arms: 3D = 9.0 ± 3.5% and 7D = 24.0 ± 3.9%,
p < 0.05), but did not differ from the naïve group (15.5 ± 3.5%). These
ﬁndings suggest that binge-eating may elevate anxiety, while deprivation from a palatable meal does not.
doi:10.1016/j.appet.2009.04.059

G Model

ARTICLE IN PRESS
Abstract / Appetite xxx (2009) xxx–xxx

Hindbrain catecholamine neurons contribute to the growth
hormone but not the feeding response to ghrelin
A.J. EMANUEL ∗ , T.T. DINH, S. RITTER Washington State University,
Pullman, WA, USA
Ghrelin is a peptide that is released peripherally in association with food deprivation and that stimulates food intake (FI)
and growth hormone (GH) secretion. Y. Date et al. (2002) have
claimed that these responses to ghrelin are conveyed to the brain
by the vagus nerve, which in turn activates hypothalamically projecting catecholamine (CA) neurons in the dorsal vagal complex
that stimulate FI (Date et al., 2006). The latter assertion was based
on the loss of ghrelin-induced FI in rats injected into the arcuate
(ARC) with anti-dopamine beta hydroxylase (DBH) conjugated to
saporin (DSAP), which retrogradely destroys DBH-containing CA
neurons. We previously showed that DSAP microinjection either
into the hypothalamic paraventricular nucleus (PVH) or ARC abolished glucoprivic feeding. Since glucoprivation alters both FI and
GH secretion, we reasoned that CA neurons sensitive to glucoprivation may contribute to these responses to ghrelin. We injected DSAP
or unconjugated saporin (SAP) bilaterally into the PVH of SpragueDawley rats. Feeding responses to s.c. 2-deoxyglucose (2DG) and
i.p. ghrelin were conducted 3 wks later. Thus, we measured GH at
0, 20, 40, and 60 min after 4th ventricular aCSF or ghrelin. DSAP
abolished 2DG-induced FI, as expected, but did not alter ghrelininduced FI, indicating that these two responses are not controlled
by the same CA neurons. Our results challenge the conclusion that
ghrelin-induced FI is CA-mediated. In contrast, ghrelin-induced GH
secretion was signiﬁcantly prolonged in DSAP-treated rats, indicating that CA neurons inhibit ghrelin-induced GH secretion.
doi:10.1016/j.appet.2009.04.060
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Stimulus speciﬁcity of habituation of motivated responding for
food
L.E. EPSTEIN 1,∗ , J.L. ROBINSON 1 , J.L. TEMPLE 1 , J.N. ROEMMICH 1 ,
A.L. MARUSEWSKI 1 , L.G. ROBA 1 , M.E. BOUTON 2 1 University at Buffalo, Buffalo, NY, USA 2 University of Vermont, VT, USA
Motivated responding for food reliably decreases with repeated
presentations, and increases after presentation of a new food, consistent with habituation theory. There is no research designed
to test the stimulus speciﬁcity of foods that produce recovery of
motivated responding. We assessed whether foods that differed in
texture and appearance from the habituating food would result in
recovery of habituated responding, and whether sensitization, or an
increase in responding prior to habituation, was related to the rate
of habituation or recovery of responding. Overweight and lean children (n = 64) worked for access to servings of elbow macaroni and
cheese until they habituated, when they were provided either more
elbow macaroni and cheese, spiral macaroni and cheese, or chicken
nuggets. Recovery of responding increased when children were
provided chicken nuggets or spiral macaroni and cheese in comparison to being provided more elbow macaroni and cheese (p < 0.015)
along with greater amount of food (p = 0.0002) and energy intake
(p < 0.0001). Children who sensitized showed slower habituation
(p < 0.025) and consumed more food (p = 0.015) and more energy
(p = 0.015) than those who did not sensitize, but did not differ in
recovery of responding to the chicken nuggets or spiral macaroni
and cheese. Results suggest that small variations in characteristics
of foods may lead to recovery of responding and increased intake
after children have habituated. Also, sensitization is reliably associated with slower habituation and greater energy intake.
doi:10.1016/j.appet.2009.04.062

Food reinforcement and energy intake in obese and nonobese
adults
L.H. EPSTEIN ∗ , K.K. DEARING, L.G. ROBA, J.L. TEMPLE, J.J. LEDDY,
R.W. ERBE University at Buffalo, Buffalo, NY, USA

Food reinforcement and obesity
L.H. EPSTEIN University at Buffalo School of Medicine and Biomedical
Sciences, Buffalo, NY, USA
Increased motivation to eat and a reduced motivation to
be active are important determinants of positive energy balance and obesity. This paper reviews research on individual
differences in food reinforcement in obese and lean adults and
children, and reviews behavioral factors that are associated with
food reinforcement, including food deprivation and food variety.
Dopamine genotypes that have been related to food reinforcement
are reviewed, focusing primarily on the dopamine D2 receptor
genotype. Finally, implications of individual differences in food
reinforcement for treatment of obesity are presented.
doi:10.1016/j.appet.2009.04.061

Eating is a highly reinforcing activity and individual differences
in the reinforcing efﬁcacy of food may inﬂuence excess energy
intake and positive energy balance. Research has shown that obese
adults and children are more motivated to work for palatable,
favorite foods than leaner peers. In addition, those high in food
reinforcement consume more food in an ad libitum eating task
than those who do not ﬁnd food as reinforcing. This study assessed
the inﬂuence of individual differences in food reinforcement and
obesity on energy intake. Overweight and lean adults (n = 106)
were studied. During the ﬁrst session participants completed an
ad libitum snack eating task where they were presented with six
different snack foods to taste and rate. During the second session,
participants were asked to complete a food reinforcement task
for access to portions of their favorite snack food. Food reinforcement, BMI, age, sex, education, hunger and dietary measures were
assessed as determinants of energy intake using a multiple regression model. Results showed main effects of food reinforcement
(p < 0.01), BMI (p = 0.01), sex (p < 0.01), age (p < 0.01) and hunger
(p = 0.03) on energy intake. There were no signiﬁcant interactions
between any of the predictors and energy consumption. In addition,
there was a signiﬁcant correlation between food reinforcement and
BMI (p < 0.01). The results show that obese individuals and those
high in food reinforcement will consume more food in an ad libitum
eating session than those nonobese individuals and those lower in
food reinforcement. These results support earlier research and provide support for the importance of studying food reinforcement as
a contributor to obesity.
doi:10.1016/j.appet.2009.04.063
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Stimulus speciﬁcity of habituation of motivated responding for
food
L.H.
EPSTEIN 1,∗ , J.L.
ROBINSON 1 , J.N.
ROEMMICH 1 , A.L.
1 University at
MARUSEWSKI 1 , L.G. ROBA 1 , M.E. BOUTON 2
2
Buffalo, Buffalo, NY, USA University of Vermont, Burlington, VT, USA
Motivated responding for food reliably decreases with repeated
presentations, and increases after presentation of a new food, consistent with habituation theory. There is no research designed
to test the stimulus speciﬁcity of foods that produce recovery of
motivated responding. We assessed whether foods that differed in
texture and appearance from the habituating food would result in
recovery of habituated responding, and whether sensitization, or an
increase in responding prior to habituation, was related to the rate
of habituation or recovery of responding. Overweight and lean children (n = 64) worked for access to servings of elbow macaroni and
cheese until they habituated, when they were provided either more
elbow macaroni and cheese, spiral macaroni and cheese, or chicken
nuggets. Recovery of responding increased when children were
provided chicken nuggets or spiral macaroni and cheese in comparison to being provided more elbow macaroni and cheese (p < 0.015)
along with greater amount of food (p = 0.0002) and energy intake
(p < 0.0001). Children who sensitized showed slower habituation
(p < 0.025) and consumed more food (p = 0.015) and more energy
(p = 0.015) than those who did not sensitize, but did not differ in
recovery of responding to the chicken nuggets or spiral macaroni
and cheese. Results suggest that small variations in characteristics
of foods may lead to recovery of responding and increased intake
after children have habituated. Also, sensitization is reliably associated with slower habituation and greater energy intake.
doi:10.1016/j.appet.2009.04.065

Interaction between serotonin and cannabinoids in the
paraventricular hypothalamus in the regulation of food intake
R.E. ESCARTIN-PEREZ 1,∗ , A.M. CRUZ-MARTINEZ 2 , N.M. CENDEJASTREJO 1 , B. GONZALEZ-HERNANDEZ 3 , B. FLORAN-GARDUÑO 2 , J.M.
MANCILLA-DIAZ 1 1 Neurobiology of Eating Laboratory. UNAM, FES
Iztacala, EDOMEX, Mexico 2 CINVESTAV IPN, Mexico City, Mexico
3 UANL, Monterrey NL, Mexico
Serotonergic transmission in the paraventricular nucleus of the
hypothalamus (PVN) produces suppression of food intake (FI). Additionally, it is well known that CB1 receptors (CB1R) are expressed
at the PVN and their activation increases food consumption. PVN
receives serotonergic innervation from dorsal raphe nucleus, where
neurons co-express tryptophan hydroxylase type 2 and CB1R
mRNA. Accordingly, it is possible that stimulation of FI induced
by cannabinoids is related to an action on serotonergic terminals
at the PVN via presynaptic CB1R. The present study was aimed
to test the hypothesis that serotonergic transmission in the PVN
is involved in the cannabinoid-induced hyperphagia. Microdialysis
and FI experiments were conducted in food-restricted rats (n = 56),
ﬁrstly evaluating the effects of systemic administration of ACEA
(CB1R agonist, 0.5 mg/kg) on the ﬂuoxetine-induced accumulation
of serotonin (5-HT) in the PVN, and then assessing the effects of
intra-PVN administration of ACEA (0.25 g) on FI in rats pre-treated
with 5-HT (2 g). The increase of extracellular 5-HT concentration in the PVN induced by ﬂuoxetine (5 mM) was signiﬁcantly
decreased by ACEA; furthermore, the intra-PVN pre-treatment with
5-HT prevented the increase of FI induced by ACEA. The present
results suggest a functional interaction between the endocannabinoid and the serotonergic systems in the PVN in the regulation of
food intake.
doi:10.1016/j.appet.2009.04.067

Behavioral and metabolic effects of peripherally administered
Olanzapine and Topiramate in male and female rats
S.S. EVERS ∗ , F. CALCAGNOLI, G. VAN DIJK, A.J.W. SCHEURINK
Department of Neuroendocrinology, Groningen, Netherlands
In humans the anti-psychotic Olanzapine (OLZ) has aversive side
effects: it increases body weight and the risk of developing type
II diabetes. The anti-convulsant Topiramate (TPM) has the opposite effects on metabolism: it decreases body weight and improves
insulin sensitivity. TPM might be given together with OLZ to counteract the side effects of OLZ. To study the mechanisms by which
OLZ and TPM inﬂuence metabolism, we developed a rat model in
which the drugs are administered intragastrically twice a day during the active phase. TPM treatment led to a small reduction in
body weight and fat mass and a marked improvement of the glucose/insulin proﬁle during an intragastric glucose tolerance test.
Food intake was reduced only at the ﬁrst days of treatment, water
intake was continuously increased. In OLZ and OLZ + TPM treated
animals food intake was reduced leading to a strong decrease in
body weight. Water intake was reduced in OLZ treated but not in
OLZ + TPM treated animals. In both OLZ and OLZ + TPM treated animals the reduction in body weight was not followed by a change in
glucose and insulin levels. This was rather unexpected since weight
reduction normally improves glucose and insulin proﬁles. We conclude that TPM treatment leads to weight loss and an improved
glucose/insulin response and reduced visceral fat in both humans
and rat. With respect to OLZ, there are clear species differences
in the feeding response but the negative metabolics effects of OLZ
occur are more or less similar in rats and humans.
doi:10.1016/j.appet.2009.04.068

Estrogen and hindbrain activation in response to sodium loss
in rats
L. FAN ∗ , K.S. CURTIS Oklahoma State University Center for Health
Sciences, Tulsa, OK, USA
Estrogen alters water and sodium intake in rats induced by injection of the natriuretic/diuretic drug, Furosemide (Furo). The present
study was conducted to determine whether estrogen affects Furoinduced activation in the area postrema (AP) and the nucleus of
the solitary tract (NTS), hindbrain nuclei that detect circulating
and neural signals of sodium loss, respectively. Female rats were
ovariectomized (OVX), treated with estradiol benzonate (EB) or OIL
on 2 consecutive days, and 24 h later were injected with Furo or
0.15 M NaCl. After 18 h with water but no food, rats were anesthetized and perfused with paraformaldehyde. Uteri were removed
to assess size and weight. Brains were removed and cut into 40u sections; standard immunocytochemical methods were used to label
the fos protein (Calbiochem AB5; rabbit anti-c-fos) in the AP and
NTS. Uterine weight and circumference were signiﬁcantly greater
in EB-treated rats than in OIL-treated rats, an indication of the effectiveness of EB treatment. Furo had comparable effects on plasma
osmolality and volume in the two groups. In the caudal NTS, Furo
increased fos labeling slightly in both groups. In the middle NTS
(mNTS), Furo increased fos labeling in EB-treated rats, but not in
OIL-treated rats. Neither Furo nor EB affected fos labeling in the AP.
Thus, estrogen effects on neural activation in the hindbrain after
Furo are selective to the mNTS. Moreover, estrogen effects on Furoinduced water and sodium intake by OVX rats may be related to
increased activation in the mNTS in response to sodium and/or
volume loss.
doi:10.1016/j.appet.2009.04.069
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Improvements in weight, mood and CVD risk factors in
depressed, obese patients treated by lifestyle modiﬁcation
L.F. FAULCONBRIDGE ∗ , T.A. WADDEN, L.S. JONES-CORNEILLE, D.B.
SARWER, M. PULCINI, L. BERGELSON University of Pennsylvania
School of Medicine, Philadelphia, PA, USA
Depression and obesity are independent risk factors for the
development of cardiovascular disease (CVD). Moderate weight
loss improves risk factors for CVD, yet depressed individuals are
routinely screened out of weight loss trials due to concern that
weight reduction will exacerbate depression. This study examined
this issue. Patients (n = 49) with binge eating disorder (BED) (mean
age = 47.3 yrs, BMI = 43.9 kg/m2 ) received a 6-month behavioral
weight loss program. Changes in weight, mood (Beck Depression Inventory-II, BDI-II), and CVD risk factors were assessed at
2 and 6 months. Mean BDI-II scores in the depressed (n = 24)
and non-depressed groups (n = 25) were 23.8 ± 10.0 and 7.5 ± 4.2
(p < 0.001) at baseline. At 6 months, depressed participants lost
8.2 ± 8.3% of initial weight, compared with 11.3 ± 7.8% for nondepressed individuals (p = 0.19), and reported signiﬁcantly greater
reductions on the BDI-II at this time than non-depressed individuals (−13.5 ± 9.6% vs. −1.6 ± 4.9%, p < 0.001). There was a trend
towards higher triglyceride levels in the depressed group at baseline (p = 0.06), and they showed greater reductions in triglycerides
at 6 months (−18.2 ± 17.6% vs. −6.7 ± 23.7%, p < 0.05) than nondepressed individuals. Collapsing across the two groups, signiﬁcant
reductions were also observed in glucose, insulin, HDL cholesterol
or CRP levels (with no signiﬁcant differences between groups).
These data indicate that depressed, obese individuals can achieve
clinically signiﬁcant weight losses that are associated with signiﬁcant improvements in mood and CVD risk factors.
doi:10.1016/j.appet.2009.04.070

Central urocortin 2 anorexia is attenuated by high fat diet
access and obesity risk genotype in female rats
E.M. FEKETE 1,2,3,∗ , P. COTTONE 1,2 , J.B. FRIHAUF 1,2 , V. SABINO 1,2 ,
B. LEOS 1,2 , E.P. ZORRILLA 1,2 1 Committee on the Neurobiology of
Addictive Disorders, TSRI, La Jolla, CA, USA 2 Harold L. Dorris Neurological Research Institute, TSRI, La Jolla, CA, USA 3 Inst of Physiol,
Pecs Univ Med Sch, Pecs, Hungary
Corticotropin-releasing factor type 2 (CRF2 ) receptor agonists
reduce food intake. We tested the hypothesis that third ventricle
infusion of urocortin 2 (Ucn 2, 0.1–3 g), a CRF2 agonist, retains
anorectic activity in a genetic model of obesity risk, despite highfat (HF) diet history. Female, diet-induced obesity prone (DIO) and
resistant (DR) rats (N = 122) were provided ad lib access to chow or
HF diet or binge-like access to HF (1 h/day, 3 days/week), with chow
otherwise provided. Food intake and body composition were measured for 3 weeks. Ad lib HF-fed DIOs showed greater baseline 1 h
and daily caloric intake and gained 2.5× more weight and fat mass
by the 3rd week than HF-fed DRs. During binge-like access to HF,
DIO and DR binge rats equally overate relative to ad lib-fed animals.
However, binge-fed DIOs ate more chow in the other 23 h than DRs,
yielding greater total daily intake. Despite eating more during the
“binge” hour, total daily intake, weight and fat content of “binge”
groups did not differ from chow-fed rats by the 3rd week. ICV Ucn
2 reduced chow intake with less potency in DIOs than in DRs. However, Ucn 2 did not reduce HF diet intake in either genotype under
ad lib or binge access conditions. Thus, the central anorectic activity
of Ucn 2 was attenuated by HF diet and by obesity risk genotype.
Supported by DK07118 and a Hungarian Eotvos Fellowship.
doi:10.1016/j.appet.2009.04.071
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TaqIA A1 polymorphism associated with attenuated
nigrothalamocortical response during food consumption
J.A. FELSTED 1,∗ , I. DE ARAUJO 1,2 , D.M. SMALL 1,2 1 The John B. Pierce
Laboratory, New Haven, CT, USA 2 Yale University, New Haven, CT, USA
The A1 allele (A+) of the TaqIA restriction fragment length
polymorphism is associated with impaired dopaminergic (DA)
functioning, namely decreased DA D2 receptor (DRD2) density and
binding. Although not unambiguously linked, this polymorphism
is associated with addiction (AD), obesity, and personality traits
such as impulsivity. Recently, TaqIA has been identiﬁed as part of
a novel ANKK1 regulatory gene, located down stream from DRD2.
Here, we used fMRI to determine whether subjects (Ss) with (A+:
A1/A1, A1/A2; n = 13) and without (A−: A2/A2; n = 13) the TaqIA A+
show differential neural response to the ingestion of food. Our aim
was to isolate differences speciﬁc to the TaqIA polymorphism, independent of body mass index (BMI) and AD; therefore, groups were
matched for BMI, eating style, age, gender, race and ethnicity, and
had no history of psychiatric illness or AD. Ss underwent an fMRI
scan while passively consuming milkshake (mlk) and tasteless (t)
solutions. Using a region of interest approach, comparison of mlk–t
showed decreased midbrain (substantia nigra, including the ventral
tegmental area), medial dorsal thalamus, medial orbital frontal cortex and, at a lower threshold, caudate response in A+ compared to
A−. No differences were observed in stimuli perceived pleasantness
or intensity, nor willingness to work for food. These data indicate
there are fundamental differences in the neurophysiology of reward
among A+ and A− individuals, speciﬁc to nigrothalamocortical DA
pathway. Supported by RO3 DA022292-01 and a donation to DMS.
doi:10.1016/j.appet.2009.04.072

Increased sample size efﬁciency in small N animal research
D.A. FITTS Ofﬁce of Animal Welfare, University of Washington, Seattle,
WA, USA
Sequential Stopping Rules (SSRs) are up to 30% more efﬁcient
in terms of the use of subjects than the Fixed Stopping Rule (FSR)
that is employed in almost all experimental research using null
hypothesis tests. The existing SSRs were validated for large experiments (e.g., social or cognitive psychology) where subjects are
plentiful and there are few ethical issues with adding additional
subjects (e.g., smallest N = 16). I have used Monte Carlo techniques
to optimize SSRs for small-sample research where subjects may be
expensive or heavily instrumented, or there may be ethical issues
with using large sample sizes, such as in some invasive experiments
with animals in the study of the mechanisms of metabolism or
ingestive behavior. Using 100,000 simulated experiments per run,
I modeled small-sample t-tests using SSRs with 8 effect sizes, 6
different added sample sizes per sequential test, 4 levels of alpha,
and 17 low and 7 high criteria for stopping the testing sequence.
The simulations validate the use of SSRs with small sample ttests and allow small-sample researchers to enjoy the beneﬁts of
increased efﬁciency (as high as 30% fewer animals) with the same
power and alpha as FSR tests. Small modiﬁcations from the existing large sample SSR techniques are required. SSR techniques are
simple to use, and they allow researchers to conduct initial or pilot
tests of hypotheses with small N and then to add more animals if
results appear promising, without inﬂating alpha. Many researchers
already use a similar strategy, but they use it in a way that unintentionally inﬂates alpha from .05 to .13 or more.
doi:10.1016/j.appet.2009.04.073
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Effects of sham intoxication on physical performance using the
Nintendo Wii Fit
K. FLEISCHMANN ∗ , T. WRIGHT, M. FOUTTY, B. RAUDENBUSH
Wheeling Jesuit University, Wheeling, WV, USA
Past research has shown sham intoxication leads to an increase
in pain tolerance, anger, confusion and fatigue. In addition, cognitive performance is signiﬁcantly affected. The present study
examined the effects of sham intoxication on balance via the Wii
Fit video game for the Nintendo Wii console. Thirty participants
underwent two conditions. In the experimental condition, participants consumed four, twelve-ounce, non-alcoholic beers. They then
played a series of four balance games on the Wii Fit, including Ski
Slalom, Soccer Heading, Tight Rope Walk, and Table Tilt. In the
control condition, participants ﬁlled out the Big 5 Personality and
Trait Aggression surveys prior to playing the Wii Fit balance games.
Paired sample t-tests were used to analyze performance scores.
Results showed signiﬁcance between the sham alcohol and control
Tight Rope times, between the sham alcohol and control Table Tilt
points, and sham alcohol and control Table Tilt level reached. There
was a trend between the sham alcohol and control Soccer Heading
points and between the sham alcohol and control Ski Slalom time.
In all cases, performance diminished in the sham alcohol condition
when compared to the control condition. These results indicate perceived intoxication effects on balance are not entirely physiological,
as they seem to depend on individual expectations of intoxication.
doi:10.1016/j.appet.2009.04.074

Flavor preference conditioning in children and young adults
C.A. FORESTELL ∗ , A.M. SPAETH The College of William & Mary,
Williamsburg, VA, USA
Conditioned ﬂavor preference learning has been studied extensively using the laboratory rat as an animal model. However,
observations of the same associative processes are relatively scarce
in humans, especially in children. The few studies that have investigated ﬂavor preference conditioning in children have failed to
account for important variables such as hunger levels, consumption, and individual differences in preferences for sweet tastes. The
present study used a within-subjects conditioning procedure to
measure ﬂavor-taste and ﬂavor-calorie associations in a sample of
children between the ages of 5–12 years (n = 29), and a sample of
young adults (n = 24). After determining their level of sweet preference, participants were trained using a simultaneous conditioning
procedure in which they drank 5 mL of three ﬂavored herbal teas
that were either mixed with a sweet-tasting nutritive reinforcer
(CS++), a sweet-tasting nonnutritive reinforcer (CS+), or presented
alone (CS−) over 42 training trials in total. Preliminary results indicated that adults who preferred concentrations of sugar solutions
greater than 10% acquired a ﬂavor-calorie association. However,
children failed to acquire a conditioned preference for either of the
reinforced ﬂavor cues, regardless of their preferred concentration
of sucrose. It is possible that children failed to acquire conditioned
ﬂavor preferences because the ﬂavors of the teas were unfamiliar and particularly unpleasant or because of the difﬁculty of the
conditioning task.
doi:10.1016/j.appet.2009.04.075

Functional evidence of hindbrain mechanism for
aldosterone-induced sodium appetite
SCHOORLEMMER 1 , J.V.
MENANI 2 , E.
S.
FORMENTI 1,∗ , G.
COLOMBARI 1,2 1 Department of Physiology, UNIFESP-EPM, São
Paulo, SP, Brazil 2 Department of Physiology and Pathology, FOAr,
Araraquara, SP, Brazil
In the present study we investigated the effects of chronic infusion of aldosterone into the fourth ventricle (4 V) or into the lateral
ventricle (LV) on sodium appetite. Male Wistar rats (280–350 g)
with guide cannulas implanted into the 4 V or LV were used. Vehicle (1% ethanol-saline; n = 5) or aldosterone (1, 10 or 100 ng/h into
the 4 V; n = 5/dose, and 10 or 100 ng/h into the LV; n = 4/dose) was
infused during 6 days. Regular chow, water and hypertonic saline
(HS, 0.3 M NaCl) were provided ad libitum during the protocol.
Aldosterone (10 and 100 ng/h) induced a robust dose-dependent
daily HS intake (up to 46 ± 15 and 130 ± 6 mL/24 h, respectively, vs.
vehicle: 1.2 ± 0.6 mL/24 h, p < 0.001) that returned to baseline levels
few hours after stopping the infusion of aldosterone. However, the
same doses of aldosterone infused into the LV failed to induce HS
intake (3.2 ± 3.2 and 1.8 ± 1.2 mL/24 h, respectively, p > 0.5). These
data reinforce the central action of aldosterone to induce sodium
appetite and beyond previous neuroanatomical studies, this is the
ﬁrst functional evidence for a preferential site within the hindbrain
for aldosterone to induce sodium appetite. Supported by FAPESP,
CNPq, CAPES.
doi:10.1016/j.appet.2009.04.076

The role of perfectionism on eating behaviors among women
with eating disorder
K. FRANCO 1,∗ , J.M. MANCILLA 2 , G. ALVAREZ 2 , R. VAZQUEZ 2 , X.
LOPEZ 2 , F. DIAZ 1 1 Feeding Behavior and Nutrition Research Center,
CUSur, Universidad de Guadalajara, Zapotlán el Grande, Jalisco, Mexico 2 Eating Disorders Laboratory, Universidad Nacional Autonoma de
Mexico, Tlalnepantla, Estado de Mexico, Mexico
The aim of this study was to assess the relation between perfectionism and eating behaviors among women with eating disorders.
The sample comprised 67 women diagnosed with eating disorders with a mean age of 17.33 years (SD = 3.87). They were asked
to complete Eating Attitudes Test (EAT), Bulimia Test (BULIT) and
Multidimensional Perfectionism Scale (MPS) in a single session.
According to MPS score, the participants were distributed into
two groups: high perfectionism (HP, 52.2%) and low perfectionism (LP, 47.8%). The results showed that concern over mistakes of
MPS was positively associated with restrictive diet (r = .49, p < .01),
food preoccupation (r = .62, p < .001) of the EAT, binge eating and
compensatory behaviors (r = .35 and .38, respectively, p < .05) of the
BULIT among HP women. In the case of LP women concern over
mistakes of MPS only correlated with food preoccupation (r = .47,
p < .01). A higher percentage of HP women reported that they have
control over the amount of food that they consume (31.7%), eat
uncontrollably once a day or more (21.9%) and have been on a diet
more than four times in the past year (71.9%) in comparison with
LP women (17.1%, 14.3% and 48.5%, respectively). These ﬁndings
support the idea that an important portion of people with eating
disorders shows perfectionist traits, and in these cases, it correlates
with speciﬁc eating behaviors.
doi:10.1016/j.appet.2009.04.077
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Maternal high-fat diet increases adiposity and glucose
intolerance in adult offspring of obesity-resistant (DR) rats
J.B. FRIHAUF 1,2,∗ , E.M. FEKETE 1,3 , E.P. ZORRILLA 1,2 1 CNAD, TSRI,
La Jolla, CA, USA 2 UCSD Neurosciences Group, La Jolla, CA, USA 3 Inst.
of Physiology, Pécs University Medical School, Pécs, Hungary
The present study tested the hypothesis that early exposure to
high-fat diet (HF) increases adult obesity risk even in genetically
resistant animals. Female diet-induced obesity prone (DIO) and
resistant (DR) rats were fed HF or low-fat (LF) diet for 6 weeks
before mating and then through weaning. Most DIO females fed HF
did not yield litters. Female offspring from other groups (DIO/LF,
DR/LF, DR/HF) were weaned onto chow and studied as adults. Adult
DR/LF, DR/HF, and DIO/LF offspring showed similar chow intake, yet
DR/HF weighed more and were fattier than DR/LF offspring. DIO/LF
rats were heaviest and fattiest. Fasting blood glucose (BGL), leptin
and insulin levels were highest in DIO/LF rats, but DR/HF offspring
also showed higher fasting leptin levels than DR/LF rats. During an
oral glucose tolerance test, DR/HF rats showed a slower decline in
BGL and higher insulin than DR/LF rats. Rats were then fed puriﬁed HF or LF diet for 4 weeks; groups did not differ in normalized
energy intake or lean mass gain. When fed either diet, DIO/LF rats
gained more fat mass than DR rats. DR/HF rats became fattier when
fed the HF diet, unlike HF-fed DR/LF rats, which resisted fat gain.
Adult HF diet exposure also increased fasting BGL in DR/HF, but not
DR/LF, offspring, with similar trends for leptin and insulin. Thus,
an early HF diet environment may increase risk for adult obesity
and glucose intolerance despite genetic resistance and may impair
reproduction in genetically-prone individuals.
doi:10.1016/j.appet.2009.04.078

Sympathetic system controls feeding-induced mobilization of
NAPE and OEA in the small intestine
J. FU 1,∗ , A. GUIJARRO 1 , G. ASTARITA 1 , G.J. SCHWARTZ 3 , D.
PIOMELLI 1,2 1 University of California, Irvine, CA, USA 2 Italian
Institute of Technology, Genoa, Italy 3 Albert Einstein College of
Medicine, Bronx, NY, USA
N-acylphosphatidylethanolamine
(NAPE)
and
oleoylethanolamide (OEA) are produced by the upper small
intestine in response to food intake and have been proposed to
serve as satiety hormones through local (OEA) and systemic (NAPE)
actions. Previous studies have shown that intestinal NAPE and
OEA levels decrease during fasting and rebound after re-feeding.
However, the sensory neural control of this response remains
unknown. To investigate the role of autonomic afferents in the
intestinal production of NAPE and OEA, we examined whether
pharmacological or surgical blockade of sympathetic activity
affects feeding-induced intestinal production of these molecules.
The results show that feeding-induced OEA mobilization in the
small intestine is blocked by ␤ adrenergic antagonist, speciﬁcally
by ␤2-selective adrenoceptor antagonist, but is not affected by ␤1,
␤3 or ␣ adrenoceptor antagonists. The effect of ␤2 adrenoceptor
antagonist on feeding-induced OEA mobilization is accompanied
by reduction of OEA precursor NAPE and decreased activity of
the OEA-synthesizing enzyme NAPE-speciﬁc phospholipase D
(NAPE-PLD). Furthermore, the feeding-induced production of
NAPE and OEA in the small intestine is completely abolished in rats
in which the splanchnic nerves had been transected by removing
the celiac-superior mesenteric ganglion. The results suggest that
sympathetic activity facilitates the biosynthesis of NAPE and OEA
induced by food intake in the small intestine.
doi:10.1016/j.appet.2009.04.079
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Downstream signaling mechanisms of arcuate nucleus
malonyl-CoA in the hypothalamic control of energy balance
S. GAO 1,2,∗ , A. BARR 1 , M. KEMM 2 , F. HEGARDT 3 , T. MORAN 2 , G.
LOPASCHUK 1 1 University of Alberta, Edmonton, AB, Canada 2 The
Johns Hopkins University School of Medicine, Baltimore, MD, USA
3 University of Barcelona, Barcelona, Spain
Malonyl-CoA in the hypothalamic arcuate nucleus (Arc) has
recently emerged as a mediator in the control of food intake and
energy balance. The downstream signaling of Arc malonyl-CoA is
largely unknown, although carnitine palmitoyltransferase-1 liverisoform (CPT-1A) is proposed as a target. To clarify such a role for
CPT-1A, we activated the CPT-1A in the Arc by stereotaxic injection
of an adenovirus expressing CPT-1A into the Arc of rats. Activation of Arc CPT-1 produced anorectic actions, which was evident
from day 3 through day 9 following the virus injection. The AMPK
signaling in the Arc was not affected by the altered activity of
CPT-1. The increased activity of CPT-1 reduced the levels of longchain acyl-CoA’s (LCFA-CoA’s), CPT-1 substrates, and increased the
malonyl-CoA level in the Arc. LCFA-CoA’s are allosteric inhibitors
of acetyl-CoA carboxylase (ACC) that produces malonyl-CoA. Thus,
the observed increase of malonyl-CoA level may be accounted for by
the de-inhibition of ACC following decreased LCFA-CoA’s, which is
in line with our ﬁnding that intra-hypothalamic delivery of palmitate rapidly stimulated feeding and lowered the malonyl-CoA level.
In the Arc, LCFA-CoA’s were increased with a decrease of malonylCoA by fasting and LCFA-CoA’s were reduced with an increase of
malonyl-CoA by refeeding. Our data suggest that target(s) other
than CPT-1A and long-chain acyl-CoA’s exist in mediating Arc
malonyl-CoA control of food intake and energy balance.
doi:10.1016/j.appet.2009.04.080

Glucose-conditioned preferences in taste-impaired TRPM5
knockout mice
D.S. GLASS 1,∗ , R.F. MARGOLSKEE 2 , A. SCLAFANI 1 1 Brooklyn College
CUNY, Brooklyn, NY, USA 2 Mount Sinai School of Medicine, New York,
NY, USA
Knockout (KO) mice missing the TRPM5 taste signaling protein
are indifferent to dilute sugar solutions (0.5–4%) but prefer concentrated solutions (8–32%) in 24-h tests. This preference has been
attributed to the post-oral actions of the sugar. This study investigated oral and post-oral inﬂuences on glucose preference in KO
mice. Food and/or water deprived KO mice, unlike C57BL/6J wildtype (WT) mice, were indifferent to 8% glucose (vs. water) in 60-s
two-bottle tests. Yet, like WT mice, they consumed more glucose
than water in 1-bottle, 30-min tests. KO mice, like WT mice, also
consumed more glucose than water in 24-h tests and strongly preferred (95%) glucose in subsequent 24-h two-bottle tests. This 24-h
preference may represent a learned association between TRPM5independent orosensory (texture, odor, taste) and viscerosensory
sugar stimuli. Since TRPM5 and other taste signaling elements are
found in intestinal cells, we next determined if KO mice show a normal post-oral conditioning response to sugar. Water-deprived KO
and WT mice were trained 1 h/day to drink ﬂavored water (grape,
cherry) paired with intragastric infusions of 16% glucose or water.
After 6 one-bottle training sessions, KO, like WT mice, signiﬁcantly
preferred the glucose-paired ﬂavor. Yet, when given 1-h oral glucose vs. water tests, the KO mice were indifferent to the sugar. Thus,
KO mice have a substantial sweet taste deﬁcit but an intact post-oral
ﬂavor conditioning response to glucose.
doi:10.1016/j.appet.2009.04.081
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Novel insight into ghrelin secretion in rats. New RAPID method
for blood processing
M. GOEBEL ∗ , A. STENGEL, L. WANG, Y. TACHE, J.R. REEVE UCLA, Los
Angeles, CA, Los Angeles, CA, USA
Ghrelin circulates in acylated (A-Ghr) and desacylated (D-Ghr)
forms. A-Ghr stimulates food intake while D-Ghr may modulate AGhr’s action. Studies describe total ghrelin (T-Ghr) and A-Ghr and
ratio of T/A ghrelin in the systemic circulation varying from 1:10 up
to 1:50, probably due to not-optimized blood sampling as A-Ghr is
rapidly degraded. Aim: To assess changes in T-Ghr and A-Ghr serum
levels by RIA under different metabolic conditions in rats using
a novel method maximizing A-Ghr recovery. Methods: Blood was
withdrawn at 8AM from ad libitum fed and 24-h fasted conscious
rats (n = 5/group) with jugular vein catheter. EDTA-blood was processed using the RAPID method (Refrigerated temperatures, Acidic
pH, Protease inhibitors, Isotopic recovery standards, Dilution).
Results: T-Ghr levels increased 2.8-fold after fasting compared to
fed rats (p < 0.001). A-Ghr levels were also 3-fold higher after fasting
(p < 0.001). The T/A ghrelin ratio remained 1:5 under both metabolic
conditions. A standard blood sampling method (EDTA-blood)
resulted in a signiﬁcant increase in T-Ghr and A-Ghr after fasting,
however the ratio was 1:41 and differed from ad libitum feeding
(1:19). The standard method resulted in a > 80% A-Ghr loss compared to the RAPID method. Conclusions: Fasting increases T-Ghr
and A-Ghr levels without inﬂuencing the ratio compared to fed rats
assessed by the RAPID method that prevents A-Ghr degradation.
The low T/A-Ghr ratio and high A-Ghr levels with RAPID compared
to standard method points to key importance of proper blood processing before A-Ghr measurement to avoid false estimates.
doi:10.1016/j.appet.2009.04.082

Gastric emptying of hexose sugars in healthy humans. Effects
of osmolality and molecular structure
A. GOPINATH 1,∗ , T. LITTLE 1 , A. MCGLONE 1 , E. PATEL 1 , D.
LASSMAN 1 , S. RHODES 2 , J. MCLAUGHLIN 1 , D. THOMPSON 1
1 Manchester University, Manchester, United Kingdom 2 Salford Royal
Hospital Trust, Manchester, United Kingdom
It has been suggested that hexose sugars signal to the brain to
slow gastric emptying (GE) via osmoreceptor stimulation in the
small intestine; however, equi-osmolar glucose and fructose appear
to empty differently, and large inter-individual differences in the
responses to sugars are apparent. Therefore, we aimed to (i) examine the effects of hexose type as well as osmolality, on GE and (ii)
determine whether GE responses were consistent within individuals.
23 healthy lean adults were studied to evaluate effects of 250,
500 and 1000 mOsmol solutions of glucose, galactose, fructose, and
its poorly absorbed analogue, tagatose, using water, NaCl and lactulose as volumetric, and osmotic, controls. GE was assessed using
a 13 C-acetate breath test. 3 subjects subsequently underwent 32
studies to evaluate intra-individual reproducibility.
At 250 mOsmol, a sugar-speciﬁc effect was apparent: tagatose
slowed GE (P < 0.05) compared with water, glucose and fructose. Fructose (P < 0.05), but not glucose and galactose, slowed
GE but with substantial inter-individual differences in responsiveness. As the osmolality increased, GE of all hexoses was more
potently slowed (P < 0.001), and the differences between them
were abolished. 500 mOsmol solutions of lactulose and saline
did not, whereas equi-osmolar solutions of glucose, fructose and
tagatose did, slow GE when compared with water (P < 0.05). While
inter-individual differences existed in the response to 250 mOsmol
solutions of fructose, the response within an individual was consistent. While all hexose sugars slow GE at higher osmolarities,
tagatose, and in some subjects, fructose, slowed GE more potently

than glucose or galactose at lower osmolality indicating that
hexose-speciﬁc effects must operate on gut-to-brain signalling.
doi:10.1016/j.appet.2009.04.083
Chronic sucrose intake reduces satiety-related activity in
hypothalamic oxytocin neurons
B.A. GOSNELL 1,∗ , P.K. OLSZEWSKI 2 , H.B. SCHIOTH 2 , M.K. GRACE 1 ,
A.S. LEVINE 1 1 University of Minnesota, St. Paul, MN, USA 2 Uppsala
University, Uppsala, Sweden
Oxytocin (OT) is one of many peptides thought to play a role in
satiety. In light of the inhibitory effect of opioids on the activation
of OT neurons, and the hypothesized role of opioids in mediating palatability, we measured whether long-term consumption of
a sweet vs. a non-sweet diet would alter OT activity in a manner
similar to that of opioids. Male rats were adapted to a food restriction regimen (2 h/day). Half the rats were given a sucrose-based
diet for 20 days, while the other half was given a cornstarch-based
diet (n = 14 per diet group). On the 21st day, half the rats in each
group were given the opposite diet, and all diets were removed
after 45 min. They were deeply anesthetized and perfused 60 min
later. Double immunohistochemical staining (c-Fos and OT) was
performed on coronal sections. The percentage of c-Fos positive OT
cells in the PVN was signiﬁcantly reduced in rats fed the sucrosebased diet, regardless of whether they received the sucrose or the
cornstarch diet on day 21 (35.2 ± 3.5% for starch diet vs. 20.8 ± 2.7%
for sucrose diet, p < 0.01). A similar pattern was observed in the
supraoptic nucleus. This suggests that sucrose intake reduced activity in the OT system, and that the effect is not an acute effect of
sucrose intake. The ﬁndings indicate that the consumption of sugar,
in addition to providing taste reward, may also decrease activity in
pathways that act as satiety systems. Decreased activity of satiety
signals, therefore, could lead to overconsumption of foods other
than sugar. Supported by NIH DA 021280.
doi:10.1016/j.appet.2009.04.084
CD36 deletion is associated with decreased OEA production in
the mouse small intestine
A. GUIJARRO ∗ , J. FU, G. ASTARITA, D. PIOMELLI Department of Pharmacology, University of California, Irvine, Irvine, CA, USA
Oleoylethanolamide (OEA) is a lipid-derived satiety factor produced by small intestinal enterocytes in response to fat ingestion.
We previously showed that the fatty-acid transport protein CD36
plays a key role in mediating small-intestinal OEA biosynthesis following intra-duodenal fat infusion. Here we examined the impact
of CD36 deletion on normal OEA production and feeding behavior in mice. Food intake (FI) was continuously analyzed in adult
male CD36-null mice and wild-type C57BL/6J mice (WT) under
free-feeding conditions for 12 consecutive days using an automated
system. In a separate experiment, OEA levels were measured by
LC/MS in a panel of tissues obtained from WT and CD36-null mice
sacriﬁced during the dark or the light phase. OEA levels were lower
in jejunum of CD36-null mice. No such difference was observed in
other tissues, including duodenum, liver, fat and brain. No change
was observed in the uptake of saturated or unsaturated fatty acids in
duodenum and jejunum of null mice, compared to WT. Total FI was
higher in CD36-null mice. This effect was observed mainly during
the light phase and was associated with higher meal frequency and
meal size and lower postmeal interval and satiety ratio. No genotype differences were found in plasma cholesterol, triacylglycerols,
glucose, ␤-hydroxybutyrate, leptin, adiponectin or insulin. These
results support the hypothesis that CD36 contributes importantly
to OEA production in the small intestine. The ﬁndings further suggest that CD36-null mice may have impaired satiety, which might
be partly due to a decreased OEA signaling.
doi:10.1016/j.appet.2009.04.085
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Sucrose is more potent to prevent habituation of accumbens
dopamine release than corn oil
A. HAJNAL 1,∗ , J.E. NYLAND 1 , N.K. ACHARYA 1 , D.A. KESSLER 2
1 Penn State University, College of Medicine, Hershey, PA, USA 2 UCSF,
School of Medicine, San Francisco, CA, USA
It has been proposed that different nutrients and access conditions may differentially affect the food reward system and in
turn inﬂuence meal size and food choices. To test this, we measured dopamine (DA) release in the nucleus accumbens (NAcc)
using chronic microdialysis in Sprague–Dawley male rats (n = 32)
following an 8-week dietary regimen. Rats received either continuous (7 days a week) or intermittent access (limited to 2 consecutive
days each week) to a palatable sucrose solution (27%) or isocaloric
corn oil emulsion (12%). Water and regular lab chow were available ad libitum. Rats consumed 2–4 times more sucrose than oil.
On access days, corn oil intake gradually decreased to ∼50% over
the 8-week period, whereas sucrose intake sharply increased by
∼50%. Sucrose groups overall consumed signiﬁcantly more energy
from the treats and less from chow compared with the corn oil
groups. Upon testing, both meals stimulated DA release in the shell
and the core of the NAcc (135–160% relative to baseline), except
corn oil in the continuous access group which had no effect on DA.
These ﬁndings suggest that sucrose compared with dietary fat is
more potent in sustained stimulation of the reward system especially when access is unrestricted. A similar effect may contribute
to chronic overeating of sweet meals, and may diminish compensation to dietary fat intake when it is presented in combination with
sucrose. This research is supported by salesforce.com Foundation
and by NIH grants DK065709, DC00240, DK079182.
doi:10.1016/j.appet.2009.04.086
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A protein and ﬁbre enriched dairy product consumed at
breakfast reduces subjective appetite over the morning
N. HANET 1,∗ , S. SALAH 1 , J. SALAS-SALVADO 2 , A. LLUCH 1 1 Danone
Research, Palaiseau, France 2 Universitat Rovira i Virgili, Reus, Spain
The aim of the study was to assess the effect of a dairy product, consumed within a light breakfast, on the evolution of appetite
feelings over the morning. A randomized, cross-over (2 periods)
study was conducted in 60 women (age: 27.0 ± 6.2 years; BMI:
23.7 ± 1.5 kg/m2 ) who were regular breakfast cereal and dairy
consumers. Subjects were trained to the protocol in a speciﬁc experimental session. The two study breakfasts were composed of either
the test or the control product with a fruit salad and a hot drink.
The control product consisted of milk with cereals. The test product consisted of a protein and ﬁbre enriched yogurt with cereals.
Study products (170 g, 126 kcal) and breakfasts (495 g, 230 kcal)
were isoweight and isoenergetic. Appetite ratings (hunger, desire
to eat, prospective consumption, gastric fullness) were collected on
Visual Analogue Scales every 30 min over 4 h following breakfast.
In comparison with the control breakfast, the calculated composite
appetite score was signiﬁcantly reduced over 4 h after the beginning of the test breakfast (p < 0.001). This signiﬁcant reduction in
the appetite score was corroborated by the signiﬁcant effects on
all measured appetite feelings, i.e. reduction of hunger, desire to
eat and prospective consumption; increase in fullness feelings (all
p < 0.001). In conclusion, the protein and ﬁbre dairy product consumed within a light breakfast reduced subjective appetite over the
morning. Such product could be helpful for appetite and weight
management, although further studies must address its effect on
energy balance in chronic conditions.
doi:10.1016/j.appet.2009.04.088
A training session to rate appetite feelings increases the
robustness of methodology
N. HANET ∗ , S. SALAH, A. LLUCH Danone Research, Palaiseau, France

Altered taste functions following ROUX-EN-Y gastric bypass
surgery
A. HAJNAL 1,2,∗ , P. KOVACS 1 , D.M. CULNAN 2 , R.N. COONEY 2 1 Dept.
of Neural & Behavioral Sciences, Penn State University, College of
Medicine, Hershey, PA, USA 2 Dept. of Surgery, PennState University,
College of Medicine, Hershey, PA, USA
Although gastric bypass surgery (GBS) mechanically restricts
food intake and results in malabsorption, it also appears to reduce
appetite and the appeal of savory meals. However, it is unclear why
the motivational system fails to drive patients to compensate for
this massive weight loss with increased food intake and preference for palatable, calorie-dense foods—the normal homeostatic
response. To investigate this paradox, our laboratory examined the
effects of GBS on taste and food reward functions. We observed that
following GBS, genetic obese and high energy/high fat diet-induced
obese rats exhibit a reduced two bottle preference and a decreased
lick-response to high concentrations of sucrose compared to shamoperated controls. Semi-chronic single neuron recording in the
second central gustatory relay, the pontine parabrachial nuclei
(PBN) reveal that GBS alleviates neural deﬁcits in sweet coding independent of the etiology of obesity. Recent data from patients and
rats suggest increased glucagon-like peptide-1 (GLP-1) signaling as
a potential mechanism for altered orosensory sensitivity to sweet
after GBS. Information concerning the underlying neural substrates
of the beneﬁcial effects of GBS on long-term weight maintenance could assist in the development of effective non-surgical
approaches to obesity treatment. This research is supported by NIH
grant DK080899, the PA Tobacco Settlement Fund and the PennState
Institute for Diabetes and Obesity.
doi:10.1016/j.appet.2009.04.087

The use of Visual Analogue Scale is a recognised methodology to
measure appetite feelings. However, subject’s appetite assessment
practice over several experimental sessions is rarely addressed. We
previously observed in cross-over (2 periods, 2 products) appetite
study designs, a signiﬁcant quantitative interaction product by
period on the appetite score (a score calculated from VAS of hunger,
fullness, desire to eat and prospective consumption). Indeed, the
difference between the test and the control products increased by
7.5 mm at period 2 (p < 0.05). Our hypothesis to explain this interaction is that on the ﬁrst experimental visit, subjects narrowed
their ratings to the middle of VAS, whereas they used the whole
width of the scale at the next visit, whatever the product consumed. This suggests the presence of a training effect on the use
of VAS ratings. Therefore, to check this hypothesis and to prevent
the training effect on the product evaluation visits, w e introduced
in the present study a training session conducted under the same
conditions as in the evaluation visits, but with the subject’s usual
breakfast instead of the test or control breakfasts. The usual breakfast mean energy was slightly higher than evaluation breakfasts. In
comparison with the evaluation visits, the appetite score of training
visit was 10 mm lower (p < 0.001) at baseline, and 7 mm higher right
after breakfast consumption (p < 0.05), despite having consumed
slightly more energy. The slope observed over 4h00 was smaller.
Furthermore, no product by period interaction between experimental periods was observed (1 mm difference, p = 0.8). In conclusion,
with the introduction of a training session, we demonstrated that
there was a training effect on use of VAS and we successfully eliminated the product by period interaction. This design, which reduced
the heterogeneity of the product effects between periods, is thus
increasing the robustness of the overall product effect.
doi:10.1016/j.appet.2009.04.089
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Dietary carbohydrate interacts with dietary fat to inﬂuence
leptin responsiveness in rats
S.J. HARING ∗ , R.B.S. HARRIS UGA, Athens, GA, USA
Previously we showed that a 60% kcal fructose, and 10% kcal
fat diet induces leptin resistance in rats. All rats fed the 60% kcal
fructose diet were thinner than those fed a diet with 17% fructose
and 10% fat (LFruc/LF), therefore, we tested leptin responsiveness
in rats fed either a 40% kcal fructose and 30% kcal fat (MFruc/HF)
or the LFruc/LF diet. An i.p. injection of 2.0 mg/kg leptin inhibited
food intake and weight gain of both MFruc/HF and LFruc/LF rats
after days 7, 14, and 21 on diet. On day 36, leptin inhibited 14h energy intake only in LFruc/LF fed rats. To determine whether
changes in leptin responsiveness were due to fructose speciﬁcally
or increased dietary monosaccharide, a second study tested leptin
responsiveness in rats fed a 50% kcal glucose and 30% kcal fat diet
(HGluc/HF), MFruc/HF or LFruc/HF diet. After 10.5 weeks, i.p. injections of 2.0 mg/kg leptin inhibited 14 h weight gain and food intake
in MFruc/HF and HGluc/HF groups but not LFruc/HF rats. These data
suggest that dietary fat and carbohydrate have independent effects
on leptin responsiveness and monosaccharides may reverse dietary
fat-induced leptin resistance. Supported by NIH grant DK053903.
doi:10.1016/j.appet.2009.04.090

Food intake and body image satisfaction
J.F. HAYES ∗ , K.E. D’ANCI
Environmental factors such as exposure to photos of slim models and recent food intake can alter body image. It is not clear if
this dissatisfaction is a result of food intake or of beliefs about the
negative attributes of high-calorie foods. To examine this question, body image satisfaction was determined before and after
young women ate snack foods considered “healthy” or “unhealthy”.
Normal-weight women were told they were participating in a study
examining the effects of snack food on cognition. Participants completed questionnaires including the 3-factor eating questionnaire,
the restraint scale, the body image states scale (BISS), a body size
estimation scale, and the proﬁle of mood scale (POMS). Participants
were assigned to 1 of 3 conditions: control (no food); “healthy” food
(banana), or “unhealthy” food (donut). The two foods contained
a similar number of calories. After eating, participants completed
cognitive tasks. Participants were then given another set of questionnaires which they were told were to get more information on
their lifestyle. The BISS, ﬁgure estimation scale, and POMS were
included to assess if there was a change in body image or mood after
food intake. Consumption of a donut, but not a banana decreased
body image satisfaction and increased the estimation of body size.
Depression scores decreased from before to after food intake in
all conditions. Vigor scores decreased across time in controls, and
tension scores decreased in women who had eaten the donut or
banana. These results indicate that intake of a food believed to be
“unhealthy” can negatively inﬂuence body image.
doi:10.1016/j.appet.2009.04.091

Endogenous leptin signaling in the NTS is required for energy
balance regulation
M.R. HAYES ∗ , K.P. SKIBICKA, T.M. LEICHNER, K.K. BENCE, R.J.
DILEONE, H.J. GRILL University of Pennsylvania, Philadelphia, PA, USA
Nucleus tractus solitarius (NTS) neurons express leptin receptors
(LepR) and intra-NTS delivery of leptin, at hindbrain (4th) ventricle
subthreshold doses, reduces food intake and body weight. Here we
examine the functional contribution of endogenous leptin signaling
in NTS neurons to energy balance control and report that chronic
knockdown of NTS LepR [via adenoassociated (AAV)-short hairpin
RNA (shRNA) targeting LepR (ObRb) mRNA (LepRKD)] resulted in
signiﬁcant increase in daily body weight gain in rats maintained on
high fat diet (60% kcal from fat) compared to rats receiving AAVshRNA without mRNA target (shCtrl; negative control). Increase
in body weight was accompanied by an increase in total body fat
mass. There was no alteration in daily energy expenditure between
the two groups; rather, the increase in body weight resulted from
increased daily caloric intake and reduced sensitivity to vagally
mediated satiation signaling. Prior to NTS AAV-shRNA injections,
baseline intakes of 15% sucrose following vehicle IP injection were
identical, as were the intake suppressive effect of IP cholecystokinin
(CCK; 3 g/kg). Four weeks following NTS AAV-shRNA delivery,
NTS-LepRKD rats: (1) consumed signiﬁcantly more sucrose under
vehicle conditions and (2) showed reduced sensitivity to the intake
suppressive effects of CCK (no signiﬁcant suppression of sucrose
intake) compared to shCtrl rats. These ﬁndings provide direct support for a role of endogenous leptin signaling in the NTS in the
control of food intake and energy balance regulation. DK21397 and
DK077484.
doi:10.1016/j.appet.2009.04.092

Observation of eating increases sensory-hedonic evaluation of
the observed food
S. HIGGS ∗ , A. DAVIDSON University of Birmingham, Birmingham,
United Kingdom
Eating with familiar diners increases intake although the mechanisms responsible are unclear. Observation of eating may enhance
sensory-hedonic evaluation of foods. This is consistent with theories of embodied simulation, which suggest that observation of
actions activates the same neural structures involved in our own
experiences. We investigated whether viewing a silent video of an
actor eating a cookie would increase sensory-hedonic evaluation
of a cookie compared with a condition in which the actor was talking (to control for similar motor movements). 43 female students
(mean age 19, mean BMI 22) were tested individually at one session.
Both videos lasted for 1 min (with a 1 min break) and began with a
shot of a cookie to control for cue reactivity. The same female actor
maintained a neutral facial expression throughout. Video order was
counterbalanced. After each video, participants tasted and rated a
cookie using 100 mm line rating scales that assessed liking, strength
of taste and sweetness. Participants who guessed the purpose of
the experiment when questioned at the end were excluded (N = 7).
2-Way repeated-measures ANOVA revealed a signiﬁcant effect of
condition (eating, talking) but no effect rating type (liking, strength,
sweetness) and no signiﬁcant interaction. All ratings were signiﬁcantly higher in the eating than the talking condition. There was no
effect of condition order and no interactions with order. The data
suggest that social facilitation of eating may be related to increases
in sensory-hedonic evaluation of foods by eating observation.
doi:10.1016/j.appet.2009.04.093
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Plasma levels of ‘adiposity signals’ do not reﬂect adiposity in
rats compensating for under- or over-weight
J.J.G. HILLEBRAND ∗ , V. GLOY, W. LANGHANS, N. GEARY Physiology
and Behaviour Group, ETH Zurich, Schwerzenbach, Switzerland
Leptin and insulin are proposed to signal adiposity and play crucial roles in the regulation of energy balance, yet little is known
about their responses after manipulations of body weight (BW).
Here we measured leptin and insulin levels and fat pad mass in male
LE rats recovering from forced underweight (UW) or overweight
(OW). UW were restricted to 60% of baseline food intake until BW
was 75% of ad lib-fed, normal weight (NW) rats, and OW were
overfed (up to 190 kcal/d) by gastric infusions until BW was 125%
of NW. Manipulations were then stopped. Rats were equipped with
jugular vein catheters for recurring blood sampling. Basal plasma
leptin and insulin were assayed by radioimmunoassay. Fat pad mass
was periodically estimated by computerized tomography. At 75% of
NW BW, UW had only 35% of NW fat pad mass and reduced leptin and insulin levels. At 125% of NW BW, OW had 380% of NW
fat pad mass and increased hormone levels. During recovery these
variables all moved towards NW levels, but at different rates. UW
leptin and insulin levels did not differ signiﬁcantly (ns) from NW
on d 4, whereas fat pad mass was still 75% of NW on d 30. OW leptin
levels were ns versus NW from d 17 on, whereas fat pad mass was
still 145% of NW on d 40. OW insulin levels were ns versus NW on d
1–5, and less than NW from d 8 on. These data are inconsistent with
the hypotheses that plasma leptin and insulin reﬂect adiposity and
suggest that changes in these hormone levels under our conditions
reﬂect energy balance ﬂux rather than state, i.e., adiposity per se.
doi:10.1016/j.appet.2009.04.094

Intra-abdominal and subcutaneous fat pad measurements by
computerized tomography in rats and mice
J.J.G. HILLEBRAND ∗ , W. LANGHANS, N. GEARY Physiology and
Behaviour Group, ETH Zurich, Schwerzenbach, Switzerland
Computerized tomography (CT) scanners for in vivo imaging
of laboratory rodents have recently become available. One, the
LaTheta scanner (LCT-100, Aloka, Tokyo, Japan), includes software
for automated determination of intra-abdominal (IA) and subcutaneous (SC) fat. To establish the accuracy and sensitivity of this
system, we performed cross-sectional scans in male Long Evans
rats (200–550 g) and C57Bl6 mice (12–35 g) and used the manufacturer’s software or post-mortem dissection to quantify IA and SC fat.
Scanned total and dissected IA or SC fat pads were linearly correlated in rats (r = 0.99/r = 0.99, n = 6) and mice (r = 0.97/r = 0.97, n = 11).
Whole body fat pad mass was not a linear function of body weight.
Dissected fat pad samples of 0.5–3 g for rats and 10–100 mg for mice
were placed IA or SC in other rodents that were scanned before and
after. Percent recoveries (mean ± SD) of the smallest samples in rats
were 100.9 ± 0.5% for IA and 106.0 ± 5.4% for SC; recoveries in mice
were 97.5 ± 2.7% for IA and 103.3 ± 13.8% for SC. Scans of IA and SC
fat between lumbar vertebrae 1 and 6 (L1–L6) were well correlated
with whole body IA ( = 0.99, n = 19) and SC fat ( = 0.99, n = 19) in
rats and with whole body IA fat ( = 0.96, n = 29), but less so with
SC fat ( = 0.67, n = 29) in mice. In conclusion, CT can accurately and
sensitively measure IA and SC fat in rats and mice over a wide range
of BW, making it a valuable tool for experimental analyses of rodent
obesity models.
doi:10.1016/j.appet.2009.04.095
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Endocannabinoids regulate energy balance in Siberian
hamsters
J.M. HO ∗ , G.E. DEMAS Indiana University, Bloomington, IN, USA
Siberian hamsters undergo marked seasonal changes in body
mass and food intake, and this natural ﬂuctuation serves as an
important model for understanding human states of obesity and
leanness. Transfer of animals to short, winter-like photoperiods
(SD) results in ∼30% loss in body mass, and this decrement is
regained upon return to long summer-like photoperiods (LD). The
neuroendocrine mechanisms responsible for seasonal changes in
adiposity are not well understood; gene expression proﬁles of “classic” regulatory peptides cannot fully explain these effects. The
endocannabinoid (EC) system affects appetite and energy balance,
and empirical data support the involvement of hypothalamic CB1
receptors in cannabinoid-induced feeding. To determine whether
ECs are involved in mediating seasonal changes in energy balance in
Siberian hamsters, we examined EC signaling across photoperiods.
Speciﬁcally, we transferred animals from LD to SD and compared
levels of central CB1 receptors to those of LD controls at 0, 2, 6,
and 12 weeks (n = 5 per group). Effects of CB1 stimulation or blockade on food intake and body mass were also examined in SD- and
LD-acclimated animals by administering daily i.p. injections of a
CB1 agonist (ACEA) or antagonist (SR141716) for ﬁve days (n = 7 per
group). Immunocytochemical analysis revealed CB1 staining in several CNS regions including the hypothalamus; ongoing analyses will
determine seasonal and sex differences in CB1 labeling. Blockade of
CB1 reduced food intake in LD and SD hamsters. Collectively, these
ﬁndings suggest that ECs affect energy balance and may regulate
photoperiodic changes in adiposity.
doi:10.1016/j.appet.2009.04.096

Plasma endocrine proﬁles during and following maintenance
on a ketogenic diet
M.A. HONORS ∗ , B.M. DAVENPORT, K.P. KINZIG Department of Psychological Sciences and Ingestive Behavior Research Center, Purdue
University West Lafayette, IN, USA
Low-carbohydrate, high-fat ketogenic diets have been popularized for weight loss in recent years. We have previously
demonstrated that maintenance on a ketogenic diet (KD) affects
multiple neuroendocrine systems involved in energy homeostasis. The present experiments explored the development of these
changes over time and the endocrine effects of returning to a
chow diet (CH) following 8 weeks of KD consumption. Eightyeight male Long Evans rats were maintained on KD or CH 8
weeks, after which KD rats were placed on CH for 8 additional
weeks. Samples were collected following 1, 4, and 8 weeks of
KD feeding, and 1, 4, and 8 weeks after the switch to CH (9,
12, and 16 total weeks). Following 1 week on KD, leptin was
signiﬁcantly increased as compared to CH (CH: 2.6 ± 0.3 ng/mL,
KD: 3.8 ± 0.4 ng/mL, p < 0.05), as was insulin (CH: 1.4 ± 0.1 ng/mL,
KD: 2.5 ± 0.1 ng/mL, p < 0.05). At 8 weeks, increased leptin (CH:
7.8 ± 1.3, KD: 14.9 ± 2.2 ng/mL, p < 0.01) and decreased insulin (CH:
2.2 ± 0.3 ng/mL, KD: 1.4 ± 0.2 ng/mL, p < 0.05) were present in KD
rats. The switch to CH in KD rats produced a signiﬁcant increase in
caloric intake at week 16, as compared to CH (CH: 77.3 ± 4.3 kcal,
KD: 92.3 ± 3.9 kcal, p < 0.05), and signiﬁcantly increased ghrelin 1
week after the dietary switch and increased insulin 8 weeks after
the switch. Collectively, these data demonstrate that maintenance
on KD followed by a return to chow results in hyperphagia and
enduring endocrine effects.
doi:10.1016/j.appet.2009.04.097
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Green tea catechin plus caffeine supplementation to a high
protein diet has no additional effect on body weight
maintenance after weight loss
R. HURSEL ∗ , M.S. WESTERTERP-PLANTENGA Maastricht University,
Maastricht, Netherlands
Background:
Green
tea
(epigallocatechin
gallate
(EGCG) + caffeine), and protein each have been shown to improve
body weight maintenance (WM) after weight loss. Therefore we
investigated the effect of an EGCG–caffeine mixture added to a
high-protein diet, on WM after body-weight loss in moderately
obese subjects. Design: A randomized placebo-controlled double
blind parallel trial in 80 overweight and moderately obese subjects,
(age: 44 ± 2 (SD) years; BMI: 29.6 ± 2.0 kg/m2 ) matched for gender,
age, BMI, height, body-mass and with a habitually low caffeine
intake. A very low energy diet intervention during 4 weeks was
followed by 3 months WM; during the WM period the subjects
received a green tea–caffeine mixture (270 mg EGCG + 150 mg caffeine/day), or placebo, both in addition to an adequate protein diet
(AP: 50–60 g protein/day) vs. a high protein diet (HP: 100–120 g
protein/day). Results: Subjects lost 7.0 kg ± 1.6, or 8.2% ± 2.0 bodyweight (p < 0.001). During the WM phase, WM, resting energy
expenditure (REE), fat free mass (FFM) were relatively increased, in
both the HP groups and in the AP + EGCG–caffeine mixture group
(p < 0.05), while respiratory quotient (RQ) and body-fat (FM) were
reduced, all compared to the AP + placebo group. Satiety was only
increased in both HP groups (p < 0.05). The EGCG-caffeine mixture
was only effective in the AP diet. Conclusion: EGCG–caffeine mixture, as well as a HP diet improved WM independently, through
thermogenesis, fat oxidation, sparing FFM, and for the HP diet
through satiety; a possible synergistic effect failed to appear.
doi:10.1016/j.appet.2009.04.098

Effects of green tea on weight loss and weight maintenance. A
meta-analysis
R. HURSEL ∗ , W. VIECHTBAUER, M.S. WESTERTERP-PLANTENGA
Maastricht University, Maastricht, Netherlands
Introduction: Different outcomes of the effect of green tea
on weight loss (WL) and weight maintenance (WM) have been
reported in studies with subjects differing in ethnicity and habitual caffeine intake. By conducting a meta-analysis the question
whether or not green tea plays a role in body weight regulation can
be elucidated. Methods: Studies about WL and WM after green tea
supplementation (GT) were identiﬁed through PubMed and based
on the references from retrieved articles. Out of the 49 studies initially identiﬁed, a total of 11 articles ﬁtted the inclusion criteria
and provided useful information for the meta-analysis. Effect-sizes
(mean weight change in treatment versus control group) were
computed and aggregated based on a random-effects model. The
inﬂuence of several moderators on the effect-sizes was examined.
Results: Catechins signiﬁcantly decreased body-weight and significantly maintained body-weight after a period of WL ( = −1.31;
p < .001). Inhibition of this effect by high habitual caffeine intake
(>300 mg/d) failed to reach signiﬁcance ( = −0.27 for high and
 = −1.60 for low habitual caffeine intake; p = .09). Also the seemingly smaller effect of catechins in Caucasian ( = −0.82) subjects
compared to Asians ( = −1.51; p = .37) did not reach signiﬁcance.
Interaction of ethnicity and caffeine intake was a signiﬁcant moderator (p = .04). Conclusions: Catechins or an epigallocatechin gallate
(EGCG)-caffeine mixture have a positive effect on WL and on WM.
The results suggest that habitual caffeine intake and ethnicity may
be moderators, as they may inﬂuence the effect of catechins.
doi:10.1016/j.appet.2009.04.099

Blockade of abdominal visceral NMDA receptors increases food
intake
T. HUSTON 1,∗ , M. COVASA 2 , R.C. RITTER 1 1 Programs in Neuroscience and Department of VCAPP, Washington State University,
Pullman, WA, USA 2 Dept. of Nutritional Sciences, Pennsylvania State
University, University Park, PA, USA
Previously we reported that intraperitoneal injection of NMDAtype glutamate receptor antagonists, MK-801 or DCPPene, increase
food intake. Furthermore, injection of either antagonist into the
fourth ventricle or nucleus of the solitary tract also increases food
intake at doses one-tenth to one-hundredth the effective peripheral
doses. Finally, increased food intake in response to hindbrain NMDA
receptor antagonist injection appears to depend on intact central
of vagal afferent terminals. Collectively, these results suggest that
hindbrain NMDA receptors participate in the control of food intake.
However, recent reports suggest that NMDA receptors expressed
on peripheral vagal afferent endings participate in gastrointestinal
vagal afferent signaling. In order to test the hypothesis that these
peripheral vagal afferent receptors are involved in control of food
intake we infused MK-801 (12 ng, 25 ng or 100 ng/30 min) either via
the jugular vein, (intravenous) or via aortic catheters with tips positioned adjacent to the aortic–celiac oriﬁce (near celiac). MK-801
(100 ng) signiﬁcantly increased food intake when infused via the
near-celiac route, but not when infused intravenously. Near celiac
infusion of 25 ng MK-801 produced a trend to increased intake,
while the 12 ng infusion failed to increase intake by either the near
celiac or intravenous route. These results are consistent with participation of abdominal visceral NMDA receptor in control of food
intake.
doi:10.1016/j.appet.2009.04.100

Dietary free glutamate as a moderator of gastric emptying, and
its effect on fullness for liquid, semi-liquid and solid meals in
humans
T. IMADA ∗ , T. TANAKA, M. HIROTA, N. MIYAMOTO, H. UNEYAMA,
K. TORII Institute of Lifesciences, Ajinomoto Co., Inc., Tokyo, Japan
Dietary free glutamate activates taste receptors and elicits a
umami taste. It also activates the vagus nerve in the stomach,
enhances gastric juice secretion and enrichment of glutamate promotes gastric emptying (GE) of a high-protein liquid diet [Am. J.
Clin. Nutr. 89(1):431–5, 2009]. However, its effect on GE and postprandial sensations after regular meals in our daily lives remains
unknown. In this study, we examined the effect of free glutamate
enrichment (0.5% w/v) on the GE rate measured by 13 C breath
test and postprandial subjective fullness after corn soup (liquid),
rice gruel (semi-liquid meal) and an egg sandwich (solid meal) in
humans. Ten or 11 healthy males were included in each crossover
tests. Free glutamate signiﬁcantly increased the lag phase (Tlag )
for liquid and semi-liquid meals (each 60.6 ± 6.8/53.2 ± 7.2 min,
48.5 ± 17.8/44.0 ± 19.3 min, glutamate +/−, mean ± S.E., P < 0.05),
suggesting that glutamate delays the early phase in GE. Glutamate
increased the half emptying time (181 ± 63/150 ± 52 min, glutamate +/−, mean ± S.E., P < 0.01) for solid meal without affecting
the Tlag . Free glutamate increased fullness after the liquid meal
(P < 0.05). These data indicate that free glutamate moderates GE of
all types of meals tested and it enhances fullness. Taken together
with previous report, these data suggest that dietary free glutamate modulates GE depending on ingredients or nutritional factors
of food ingested and its effect might be relevant to satiety.
doi:10.1016/j.appet.2009.04.101
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Exploring expected satiety for common foods with a novel
psychophysical methodology
M.A. IRVINE ∗ , J.M. BRUNSTROM, P.J. ROGERS University of Bristol,
Bristol, United Kingdom

Body–brain signaling and mechanisms for central synthesis of
salt appetite
A.K. JOHNSON Departments of Psychology, Integrative Physiology
and Pharmacology, University of Iowa, Iowa City, IA, USA

Expected satiety is an important determinant of self-selected
portion size, which in turn is a good predictor of amount eaten.
Expected satiety is also highly related to familiarity: more familiar
foods are expected to confer more satiety. We hypothesized that
familiarity with eating a food to fullness may be the critical factor which informs expected satiety. A Method of Constant Stimuli
(MOCS)-based procedure measured expected satiety for 7 common
foods. Judgments were made as to which of a pair of foods would
confer more satiety if eaten. The portion size of one food was held
constant whilst the other varied. All foods were paired together.
Two of the foods were then eaten to self-reported satiety (at least
500 kcal). Following this the MOCS task was completed again. This
procedure was repeated 3 times within 2 weeks. The MOCS task
alone was completed 3 more times over the following month.
56 participants (mean age 24) took part. A signiﬁcant increase in
expected satiety for the less familiar food (a candy) emerged for
those participants who ate it, but no signiﬁcant increase in expected
satiety emerged for the more familiar food (chocolate). A signiﬁcant correlation between magnitude of change in expected satiety
for the candy (before/after eating) and baseline level of familiarity
with eating it to fullness was also seen. Thus it appears that eating
an unfamiliar food to satiety causes a persistent change in expectations associated with that food. This ﬁnding sheds new light on
expected satiety, an aspect of dietary learning which has signiﬁcant
implications for intake/weight management.
doi:10.1016/j.appet.2009.04.102

In many mammals a salt appetite is generated in response to
a body sodium deﬁcit. Unlike the classic sensory systems (vision,
taste, etc.), there is no single dedicated receptor or sensory organ
for detecting a sodium deﬁciency. The seeking and ingestion of salty
solutions associated with salt appetite relies on the central nervous
system receiving hormonal and afferent neural signals derived from
the periphery. In effect, the generation of salt appetite is the result of
the integration of systemically generated information and a central
synthesis by the brain to create this motivational state. This presentation will discuss the (1) varied sources and nature of systemic
hormonal and neural signals that are used to inform the central nervous system of a sodium deﬁciency, (2) portals of entry to the brain
of these stimuli, and (3) key brain structures where these types
of information from multiple sources are processed to generate a
hunger for salt. This work was supported by NIH grants HL-14388
and DK-066086.
doi:10.1016/j.appet.2009.04.104

Instrumental learning reinforced by hunger in rats
S. JARVANDI 1,∗ , D.A. BOOTH 2 , L. THIBAULT 1 1 School of Dietetics and Human Nutrition, McGill University, Montreal, QC, Canada
2 School of Psychology, University of Birmingham, Birmingham, United
Kingdom

Ghrelin alters the appetitive and consummatory response to
learned cues associated with food
A.W. JOHNSON ∗ , M.J. DAILEY, T.H. MORAN, P.C. HOLLAND
Department of Psychological and Brain Sciences, Johns Hopkins
University, Baltimore, MD, USA

Learning processes play a major role in controlling intake of
food. Studies were conducted to investigate anticipatory learning
in laboratory rats, using training on two lengths of fasting (short:
2–3 h, long: 8–10 h) to test their ability to predict the postingestive effects of a particular food from its sensory characteristics. We
demonstrated that an animal can anticipate the duration of subsequent food deprivation from predictive sensory qualities of a food,
and hence increase the amount eaten of that cueing food. Anticipatory eating is learnt when a choice is given between proteinand carbohydrate-rich foods and on a single balanced test food. The
learnt extra intake of food is instrumental to preventing the return
of hunger, removal of which negative reinforcement extinguishes
the response. Learning of anticipatory eating competes with classical conditioning of sensory preference. Conditioning of preference
is likely to be stronger with the shorter than with the longer length
of fasting. Therefore, the difference between intakes before the long
and the short fast at each trial is the summed result of these two
mechanisms of acquired increase in intake. Depletion-avoidance
increases for as long as has been tested, with interruptions of rapid
self-extinction and re-learning. This self-extinction contributes to
the homeostatic character of this learning. High-fat maintenance
diet attenuates the learning of anticipatory eating. The ﬁndings
provided robust evidence that eating in rats can be controlled by
instrumental learning reinforced by hunger.
doi:10.1016/j.appet.2009.04.103

The obesity epidemic may be partially mediated by exposure to
food-paired cues that are capable of initiating intake under conditions of satiety. The mechanism is unclear, but may involve ghrelin,
an orexigenic peptide that alters responses to conditioned place
stimuli and neural responses to food images in non-homeostatic
feeding nuclei. We tested whether a ghrelin antagonist alters
the inﬂuence of food-paired cues on performance of instrumental responses that earn food and the consumption of food itself
using tests of Pavlovian-to-instrumental transfer (PIT) and potentiated feeding (PF), respectively. When food restricted, rats received
Pavlovian training where an auditory cue was paired with sucrose
delivery, as well as separate lever training for sucrose. Following
training and 7d ad lib access to food, rats were then injected with
either a ghrelin antagonist or saline prior to testing. Half the rats
were tested for PF feeding, whereby we assessed the ability of
the sucrose-paired cue to elevate feeding relative to baseline. The
remaining rats were tested for PIT in which the capacity of the cue
to augment lever pressing was assessed in the absence of sucrose.
While saline-treated rats showed both PF and PIT, the preliminary
results suggest that the ghrelin antagonist disrupted these effects.
Fos also was differentially expressed based on drug condition and
experimental test. These results suggest a role for ghrelin in cueassociated food intake and procurement under sated conditions.
NIH DK19302; MH53667; MH60179.
doi:10.1016/j.appet.2009.04.105

G Model
26

ARTICLE IN PRESS
Abstract / Appetite xxx (2009) xxx–xxx

Estrogen effects on neural activation in circumventricular
organs in response to hyperomolality
A.B. JONES ∗ , K.S. CURTIS Oklahoma State University Center for Health
Sciences, Tulsa, OK, USA
Previous studies from our laboratory showed that ovariectomized (OVX) rats treated with estradiol benzoate (EB) had a
shorter latency to begin drinking water when given a slow hypertonic saline (HS) infusion compared to control OVX rats. The
decreased latency was not due to HS differentially affecting plasma
osmolality or volume, suggesting that differences in latency could
be due to differences in the ability of the central nervous system to detect hyperosmolality. Circumventricular organs (CVOs) are
CNS structures with an incomplete blood-brain barrier and therefore, are able to detect changes in plasma osmolality. Moreover,
CVOs are critically important in mediating central activation by
and responses to osmotic challenges. Accordingly, we used fosimmunoreactivity as a marker for neural activation to determine
whether there were differences in neural activation in EB-treated
and control OVX rats in response to hyperosmolality. We found no
differences in activation in forebrain CVOs between EB and control
OVX rats after HS infusion. These ﬁndings suggest that the behavioral effects after EB treatment are not attributable to EB-mediated
alterations in the detection of osmotic stimuli by forebrain CVOs.
Interestingly, HS-induced neural activation in the hindbrain CVO,
the area postrema (AP), was attenuated in EB-treated rats. One
possible explanation for this observation could be that estrogen
increases AP sensitivity to hyperosmolality; thus, less activation is
required to stimulate drinking behavior in response to a salt load.
doi:10.1016/j.appet.2009.04.106
Oral sensory stimulation with alcohol lowers serum free fatty
acids in women
M.M. JOOSTEN 1,2,∗ , K. DE GRAAF 2 , R.F. WITKAMP 1,2 , H.F.J.
HENDRIKS 1 1 TNO Quality of Life, Zeist, Netherlands 2 Wageningen
University, Wageningen, Netherlands
Background: Preingestive or cephalic phase responses, triggered by sensory stimulation of nutrients, inﬂuence the organism’s
digestive and endocrine responses and substrate mobilization.
Objective: To determine whether oral alcohol exposure provokes cephalic phase responses in normal-weight and overweight
women. Design: In a semi-randomized, open label, crossover trial,
eleven normal-weight (BMI 19–25 kg/m2 ) and eleven overweight
(BMI 27–35 kg/m2 ) postmenopausal women sham-fed, after an
overnight fast under three separate conditions four weeks apart,
41 g cake (750 kJ), 25 cL white wine (750 kJ; ∼26 g alcohol) or 25 cL
water. Venous blood was drawn prior to and for 30 min after two
3-min episodes of modiﬁed sham feeding (MSF). Blood samples
were analyzed for free fatty acid (FFA), triglyceride, glucose, pancreatic polypeptide (PP), insulin and alcohol concentrations. Results:
Area under the curves (AUC) of FFA concentrations differed significantly (P < 0.001) between the three treatments but not between
BMI categories (P > 0.05). After sham feeding white wine, mean FFA
concentrations dropped to a minimum of 77 ± 3% of baseline concentrations at t = 12 ± 2 min after baseline and returned to baseline
at t = 30 min, whereas mean FFA concentrations after MSF with cake
and water gradually increased. AUC of triglycerides, glucose, PP and
insulin concentrations did not differ between the three treatments
(P > 0.05). Conclusions: Oral sensory stimulation with alcohol elicits
a cephalic phase response by decreasing free fatty acid concentrations. This effect is independent of BMI.
doi:10.1016/j.appet.2009.04.107
Postprandial peripheral N-acylethanolamides are associated
with free fatty acids but not with sensations of appetite and
well-being in young normal-weight women

M.M. JOOSTEN 1,2,∗ , R.F. WITKAMP 1,2 , H.F.J. HENDRIKS 1 1 TNO
Quality of Life, Zeist, Netherlands 2 Wageningen University, Wageningen, Netherlands
Introduction: Mounting evidence suggests a role of the endocannabinoid system in appetite regulation and rewarding value of
food intake. However, to what extend plasma endocannabinoids
(EC) and related N-acylethanolamides are involved in the regulation of appetite and well-being is unknown. Objective: To explore
whether a meal with or without alcohol affects peripheral EC and
related compounds and whether these compounds are related to
subjective sensations of appetite and well-being. Design: Twentyfour young normal-weight women consumed a standardized meal
(kJ) with beer or alcohol-free beer in a randomized, crossover
study. Sensations of appetite and well-being and venous blood
samples for glucose, insulin, free fatty acids (FFA) arachidonoylglycerol (2-AG) and the N-acylethanolamides anandamide (AEA),
palmitoylethanolamide (PEA) and oleoylethanolamide (OEA) were
sampled before and frequently after a meal. Results: Postprandial
sensations of appetite and plasma N-acylethanolamides but not 2AG concentrations decreased after both meals whereas glucose and
insulin levels and sensations of well-being increased (all P < 0.05).
Beer consumption with the meal dampened glycemia and postprandial decreases in PEA and OEA compared to alcohol-free beer.
No correlations were observed between postprandial changes in
EC concentrations and sensations of appetite or well-being (all
P > 0.05). However, postprandial changes in FFA were highly correlated with changes in AEA, PEA and OEA (All r > 0.85; P < 0.01),
independent of alcohol consumption with the meal. Conclusion:
The strong associations between postprandial changes in several
circulating N-acylethanolamides with changes in FFA suggest that
peripheral N-acylethanolamides are a mere reﬂection of FFA levels
rather than predictors of appetite and well-being.
doi:10.1016/j.appet.2009.04.108
The impact of a western diet on higher-order discrimination
learning and blood–brain barrier integrity in rats
S.E. KANOSKI 1,2,∗ , Y. ZHANG 3 , W. ZHENG 2,3 , T.L. DAVIDSON 1,2
1 Department of Psychological Sciences, W Lafayette, IN, United States
2 Ingestive Behavior Research Center, W Lafayette, IN, United States
3 School of Health Sciences, W Lafayette, IN, United States
Saturated fats and simple carbohydrates, two of the primary
components of a modern western diet, are associated with cognitive
impairments in both humans and nonhuman animals. In rats, these
dietary components have been shown to disrupt hippocampaldependent learning and memory; however, little is known about
their effects on cognitive processes that do not require an intact hippocampus. We examined the impact of maintenance on a diet high
in saturated fat and glucose (high-energy, or HE-diet) compared
to a standard chow diet on the ability of rats to solve discrimination tasks which differed with respect to their dependence on the
structural integrity of the hippocampus. Our results showed that
the HE-diet produced a selective impairment in a hippocampaldependent feature negative discrimination (A+, X → A−), while
preserving performance in feature positive (A−, X → A+) and nonconditional (B+, C−) discrimination learning, two tasks that are not
sensitive to hippocampal damage. We then explored the hypothesis that the effects of consuming HE-diets on hippocampal function
are linked to increased blood–brain barrier (bbb) permeability. We
found that the HE-diet produced an increase in bbb leakage of
sodium ﬂuorescein in the hippocampus, but not in the striatum and
the prefrontal cortex. These results show that hippocampal function is particularly vulnerable to disruption by HE-diets, and that
this disruption may be related to the effects of this type of diet on
bbb integrity.
doi:10.1016/j.appet.2009.04.109
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Mood changes associated with carbohydrate quality (CQ)
during weight loss
I.T. KAVANAUGH 1,∗ , J.C. LOVEJOY 2 , M. KESTIN 2 , M.M. GEHRKE 2 ,
P.E. EICHELSDOERFER 2 , P.A. PALMER 2 , K.S. MALKOÇ 2 , T.L. ROSE 2 ,
M.A. MCCRORY 3 1 Bastyr University, Kenmore, WA, USA 2 Free &
Clear, Seattle, WA, USA 3 Purdue University, West Lafayette, IN, USA
Weight loss generally improves mood. High dietary CQ (e.g.,
↑ ﬁber, whole grains; ↓ reﬁned grains (RG)) may also improve
mood. We examined mood changes associated with CQ during
energy restriction (ER) in a 6-week randomized trial (n = 33; aged
39 ± 7 year; BMI 30 ± 4 kg/m2 ). Subjects received ∼50% of daily target energy intake with CQ varied by amount of legumes (beans)
provided per d, 6 d/wk (low: 1 T, med: 0.5 c, high: ∼2–2.5 c).
Self-selected CQ was determined from multiple-pass 24 h dietary
recalls. Mood was measured using daily ratings (9-pt scale) and the
Proﬁle of Mood States (POMS). Over the 6 weeks, all groups lost
weight (1.8–3.8 kg), and total mood disturbance, anger, irritability,
and mental fatigue improved (p ≤ 0.05). From weeks 4–6, the high
bean group had ↓ anger and ↑ concentration (p ≤ 0.05). Among subjects, greater weight loss was associated with ↑ concentration, but
also ↑ anxiety and boredom (r = −0.35 to −0.49; p ≤ 0.06). Independent of weight loss, reduction in self-selected RG over weeks 0–3
was associated with improved mood (↓ anxiety, irritability, mental
fatigue; ↑ concentration, happiness). From weeks 4–6, CQ associations with mood were mixed. High CQ during ER may help improve
some mood states. Funding: Pulse Canada.
doi:10.1016/j.appet.2009.04.110

Role of TTF-1 in the hypothalamic control of hyperphagia
induced by streptozotocin
J.G. KIM 1,2,∗ , C.H. YUN 1 , B.S. PARK 1 , B.J. LEE 1 1 Department of
Biological Sciences, University of Ulsan, Ulsan, Republic of Korea
2 Biomedical Research Center, College of Medicine, University of Ulsan,
Ulsan, Republic of Korea
Thyroid transcription factor-1 (TTF-1) is a member of the NKx
family of homeodomain genes and plays an important role in the
control of neuroendocrine functions. Recently, we reported that a
novel role of TTF-1 in the regulation of feeding behavior in the
rat hypothalamus. Blockade of hypothalamic TTF-1 signiﬁcantly
reduced hyperphagia induced by food deprivation. Furthermore,
expression of TTF-1 was signiﬁcantly increased in the hypothalamus from fasted rats [mRNA (3.6-fold increase, P < 0.01) and
protein (2.2-fold increase, P < 0.05)]. To determine whether TTF-1
is involved in diabetic hyperphagia, we investigated expression of
TTF-1 in streptozotocin (STZ)-induced diabetic rats. STZ-induced
diabetic rats showed hyperphagia and weight loss compared
with control rats. Hypothalamic TTF-1 synthesis was signiﬁcantly
increased in the diabetic rats [mRNA (2.4-fold increase, P < 0.05)
and protein (3.3-fold increase, P < 0.01)] as compared with control rats. In addition, blockade of hypothalamic TTF-1 synthesis
by intracerebroventricular administration of an antisense TTF1 oligodeoxynucleotide markedly reduced diabetic hyperphagia
(36.7 g/day vs. 25.8 g/day, P < 0.05) and changed expression of neuropeptides related to feeding behavior [NPY (1.9-fold decrease,
P < 0.05), AGRP (1.3-fold decrease, P < 0.05) and POMC (1.6-fold
increase, P < 0.05)]. These data suggest a possible connection
between hypothalamic TTF-1 synthesis and diabetic hyperphagia.
doi:10.1016/j.appet.2009.04.111
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CCK-1R reduces food intake in single meals in women
H.R. KISSILEFF ∗ , J.C. THORNTON, I. AXELSSON, S.K. HARRIS, F.
TARIQ, A. SALUJA, K. PALANCO St. Luke’s/Roosevelt Hospital, New
York, NY, USA
This study was done to determine the dose of a CCK1 receptor
agonist that would signiﬁcantly reduce food intake in women of
normal weight during instructions to eat to satisfaction and to binge
eat. Although IV infusions of CCK reduce food intake in humans, the
IV route is impractical therapeutically. However, an orally administered CCK receptor agonist, as used in this study, could prevent
overeating at single meals. To test this hypothesis, twenty-three
women each ate two macaroni and beef meals (1.2 kcal/g), following a screening meal 20 min after a 500-gram preload of tomato
soup. Each participant received both the drug and the placebo on
separate days in counterbalanced order. Either the receptor agonist GSK GI181771X or placebo was administered 10 min before
the soup, at dose levels of 1 mg for the ﬁrst four subjects, 2 mg for
the next four, and 4 mg for the next eight, with the instruction to
eat until satisﬁed. Seven additional subjects received the 4 mg dose
with the instruction to binge eat. There was no difference in food
intake between placebo and drug for the two lowest doses, but the
food intake after the 4 mg dose was signiﬁcantly (p = 0.007) less
by128.19 g (±41.6 SE) after drug than saline, without any adverse
side effects in subjects instructed to eat until satisﬁed. When subjects were instructed to binge eat, intake was signiﬁcantly less
(p = 0.003) after drug than saline by156 g (±44.6 SE). These results
indicate there is a potential application of a CCK receptor agonist to
treat binge eating in patients with eating disorders.
doi:10.1016/j.appet.2009.04.112

Effects of video game console and snack type on snack
consumption during play
J. KOLKS ∗ , T. WRIGHT, B. RAUDENBUSH Wheeling Jesuit University,
Wheeling, WV, USA
Past research has shown the effects of distraction on food intake.
The present study examined the effects of snack type (healthy,
unhealthy, and neutral) on snack consumption while playing a variety of video game consoles. Participants wore a device to measure
the amount of their movement during the session. For one of the
conditions, the participants played the Nintendo Wii boxing game
that comes equipped with Wii Sports. For another condition, the
participants played the Xbox version of Rocky Legends on exhibition mode. In both gaming conditions, the participant warmed-up
for ﬁve minutes and then continued to play for the duration of
the ﬁfteen-minute session. The third condition was used as a control, and the participants sat in an empty room for the duration
of the 15 min. Before and after the video game play or the control
session, the participants’ physiological measurements were taken.
Three different snack types (healthy, unhealthy, neutral) were left
in the room. For each participant, 38 grams of pretzels, 160 g of carrots, and 100 g of M&M’s were presented. Overall activity level was
greatest in the Wii condition, indicating signiﬁcantly more calories
burned, and participants ate less in that condition. Although both
the Wii and Xbox conditions showed less snack consumption in
general, participants ate more healthy snacks in the Wii condition.
doi:10.1016/j.appet.2009.04.113
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Acute surges of blood glucose affect pontine taste processing
differentially in lean and obese rats
P. KOVACS ∗ , A. HAJNAL Penn State University, College of Medicine,
Hershey, PA, USA

Eating behaviors of children in the context of their family
environment
T.V.E. KRAL ∗ , M.S. FAITH University of Pennsylvania, Philadelphia,
PA, USA

Recently, we have demonstrated altered taste processing in the
brainstem of obese rats. To investigate potential underlying mechanisms, we compared the effects of acute changes in blood glucose
levels (BGL) on gustatory activity in the pontine parabrachial
nuclei (PBN) of prediabetic, obese Otsuka Long Evans Tokushima
Fatty (OLETF) and age-matched lean LETO rats. We used semichronic extracellular single neuron recording while stimulating
the tongue with NaCl, citric acid, and sucrose (0.1, 0.3, 1 M). The
analysis included taste responses from 47 neurons, before and
after peripheral administration of dextrose (1.25 g/5 ml, i.p.), following an overnight fasting. Whereas dextrose overall increased
taste responses as a function of concurrent BGL, the magnitude of
the effects and the across neuron pattern was signiﬁcantly different
in obese and lean rats. Sodium-best neurons displayed signiﬁcantly
larger responses to NaCl and all concentrations of sucrose but not
citric acid in obese compared with lean rats (+72% vs. +25%; +60% vs.
+35%; +39% vs. +38%, respectively). In contrast, sucrose-best units in
obese rats responded more rigorously only to NaCl (+68% vs. +18%),
but showed no change to 1.0 M sucrose (+23% vs. −6%) following
dextrose. These ﬁndings demonstrate that BGL affect taste processing in the PBN, suggesting a role for across neuron code for sweet
taste in the altered sensitivity to this satiety signal in obese rats.
Acknowledgement: Supported by NIH grants DK065709,
DK080899, DC00240, the PA-TSF and The Penn State Institute for
Diabetes and Obesity.
doi:10.1016/j.appet.2009.04.114

The ﬁnding that “obesity runs in families” suggests that shared
genes operate in a particular family environment which may be
conducive to overeating and excessive weight gain in children. It is
important to identify intermediary behavioral eating traits which
promote this increased energy intake and weight gain in children
and to determine the extent to which the association between eating traits and excessive weight gain in children may be inﬂuenced
by genetic factors, environmental factors, or both. The focus of this
talk will be to review and discuss data from both short-term experimental and longitudinal studies on eating behaviors of children
at various stages in their lives. Amongst others, these data will
include behavioral data from a prospective cohort study of children
who were born at high or low risk of obesity based upon maternal
pre-pregnancy body mass index. Select eating traits will be further examined in the context of children’s home environment and
their familial predisposition to obesity. Findings from this research
may provide important insights as to how modiﬁcations to the food
environment or food properties can be used strategically to moderate energy intake and promote intake of healthy foods in children,
especially those who may be at risk for obesity. The merit of behavior genetics designs which can partition genetic and environmental
sources of variability in behavioral traits will be discussed.
doi:10.1016/j.appet.2009.04.116

Effects of increasing the portion size of fruit and vegetable side
dishes at a meal on children’s intake regulation
T.V.E. KRAL 1,∗ , A.C. KABAY 1 , L.S. ROE 2 , B.J. ROLLS 2 1 University of
Pennsylvania, Philadelphia, PA, USA 2 The Pennsylvania State University, University Park, PA, USA
The portion size (PS) of foods has been identiﬁed as an important environmental factor to inﬂuence children’s intake. It remains
to be investigated if increasing the PS of healthy foods, such as fruits
and vegetables (F&V), can be used to increase children’s intake of
these foods and displace intake of other, more energy dense foods
at a meal. The aim of the present study was to examine the effects
of doubling the PS of F&V side dishes on children’s food and energy
intake at a meal. Forty-three children (22 boys, 21 girls), ages 5–6
years, were served dinner once a week for 2 weeks. Each dinner
consisted of pasta with tomato sauce, three F&V side dishes (broccoli, carrots, applesauce), and milk. The PS of the F&V was doubled
between experimental conditions while the size of the pasta and
the milk remained constant. Doubling the PS of the side dishes
resulted in a 43% increase in children’s intake of the fruit side dish
(P = 0.001), but did not affect their intake of the two vegetable side
dishes (P > 0.60). Further, when the PS of F&V was doubled, children ate signiﬁcantly less of the pasta (P = 0.04). The difference in
meal energy intake (19.5 ± 16.3 kcal) and food intake (10.3 ± 16.3 g)
between portion size conditions was not signiﬁcant (P > 0.24). Variations in PS can be used to increase children’s intake of fruits. More
studies are needed to test different strategies to also promote children’s intake of vegetables.
doi:10.1016/j.appet.2009.04.115

Weight loss is a mediator of cardiovascular and behavioral
responses to stress
E.G. KRAUSE 1,∗ , J. FLAK 2 , K. JONES 1 , R.R. SAKAI 1 , J.P. HERMAN 1
1 Department of Psychiatry, University of Cincinnati, Cincinnati, OH,
USA 2 Program in Neuroscience, Cincinnati, OH, USA
This study examined the inﬂuence of body weight on the cardiovascular and behavioral responses to acute and chronic stress. Male
rats were implanted with telemetry devices to continuously record
cardiovascular parameters. Two weeks later testing began and rats
were either fed ad libitum (CON), exposed to 7 days of chronic variable stress (CVS) or food restricted to produce the weight loss (WL)
that occurs during CVS. One week after the cessation of CVS rats
were given a 30 min restraint challenge and mean arterial pressure
(MAP) and heart rate (HR) were recorded. Following restraint, the
MAP and HR of WL rats recovered to baseline more quickly than that
of CVS or CON. To determine the behavioral consequences of this
attenuated cardiovascular response, rats were once again exposed
to the CON, CVS (14 days) or WL conditions. 24 h after the cessation of CVS all rats were acclimated to a fear-conditioning chamber,
given 5 unpredictable shocks and then returned to home cages for
recovery and recording of cardiovascular parameters. The next day,
rats were re-exposed to the chamber and freezing behavior was
scored. Similar to the restraint challenge, the MAP and HR of WL
rats recovered to baseline more quickly following shock. Interestingly, the WL rats had signiﬁcantly less freezing behavior during
re-exposure to the chamber when compared to that of CON and CVS
groups. One interpretation of these results is that weight loss blunts
the cardiovascular response to stress and promotes resiliency to a
conditioned aversive stimulus.
doi:10.1016/j.appet.2009.04.117
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Voluntary exercise and CNS control of energy balance
K.A. KRAWCZEWSKI ∗ , S.C. BENOIT, M. TSCHOEP, S.
University of Cincinnati, Cincinnati, OH, USA

OBICI

The metabolic and health beneﬁts of physical exercise are in part
secondary to changes in CNS control of energy balance. These mechanisms are still poorly understood. To study the effect of voluntary
PE on energy balance (EB) and body composition, 3-month-old
male C57B6J mice fed standard chow were exposed to mobile or
blocked running wheels (RWSC & SEDSC). Daily food intake (FI)
and running wheel (RW) activity (distance and velocity) were monitored. Body weight (BW) and composition (measured by NMR) were
measured at baseline and every 2 weeks. After 6 weeks, BW among
groups was similar, but RWSC mice lost signiﬁcantly greater amount
of fat mass compared to SEDSC (−0.77 ± 0.11 vs −0.18 ± 0.27 g in
RWSC vs SEDSC, p < 0.001). Despite the fat mass loss, RWSC mice had
similar daily FI (ANOVA p > 0.05). To determine whether voluntary
PE prevents diet-induced obesity, a cohort of mice was fed a high fat
diet (60%) with or without mobile RWs (RWHF, SEDHF). At 6 weeks,
SEDHF gained signiﬁcantly more fat mass than RWHF (9.39 ± 0.84
vs 2.31 ± 0.67 g in SEDHF vs RWHF, p < 0.001). Daily FI was similar in
both groups (ANOVA p > 0.05). In agreement with previous studies,
PE-induced weight loss does not trigger compensatory increase in
FI. The lack of hyperphagia with signiﬁcant fat loss suggests that
PE alters CNS regulation of EB leading to the defense of a lower fat
mass, regardless of dietary fat content. Thus, the beneﬁcial effects
of PE involve modiﬁcation of CNS circuitries that are still unidentiﬁed. Using markers of chronic neuronal activation (FosB) and
immunohistochemistry we are currently investigating what CNS
circuits are activated by PE in our studies.
doi:10.1016/j.appet.2009.04.118

Systemic administration of sodium butyrate intensiﬁes
LiCl-induced c-Fos and phospho-acetyl-histone H3 in the
amygdala
B.S. KWON ∗ , T.A. HOUPT Biological Science, Florida State University,
Tallahassee, FL, USA
Chromatin modiﬁcation such as acetylation and phosphorylation in the transcriptional region is necessary for optimal gene
expression, and expression may be increased by inhibiting histone
deacetylase activity. A high dose of lithium chloride (LiCl) increases
c-Fos expression in the central amygdala (CeA). Continuing our
studies on gene expression in the amygdala in conditioned taste
aversion (CTA) learning, we investigated if (1) LiCl-induced c-Fos
expression in the CeA is correlated with histone acetylation and
phospho-acetylation and (2) if sodium butyrate (NaB, a histone
deacetylase inhibitor) has effects on LiCl-induced c-Fos expression
and CTA learning in rats. LiCl (0.15 M, 12 ml/kg, i.p.) highly increased
the levels of acetylation and phospho-acetylation of histone H3
in the CeA. The time courses of these increases corresponded to
the LiCl-induced c-Fos time course. Moreover, LiCl-induced c-Fos
co-localized with phospho-acetylated histone H3 in a majority of
LiCl-induced c-Fos-positive cells in the CeA. NaB (0.3 M, 0.4 g/kg,
i.p.) signiﬁcantly increased the levels of LiCl-induced c-Fos and
phospho-acetylated histone H3 in the CeA, however it did not
strengthen CTA learning. These results suggest a possible correlation between LiCl-induced c-Fos expression and modiﬁcation of
histone H3, especially phospho-acetylated histone H3, in the CeA.
Support: NIDCD03198.
doi:10.1016/j.appet.2009.04.119
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Brain mechanisms of infection-induced anorexia
W. LANGHANS Physiology and Behaviour Group, Zurich, Switzerland
Bacterial lipopolysaccharide (LPS) and other microbial substances trigger the organism’s acute phase response and cause
anorexia. Anorexia during peripheral infections is mediated mainly
through increases in circulating pro-inﬂammatory cytokines, but
how this stimulates the brain to inhibit eating is not fully resolved.
One emerging mechanism involves the stimulation of COX-2 in
blood brain barrier endothelial cells and the subsequent release of
prostaglandin-E2 (PGE2 ). Also, several ﬁndings indicate that serotonin (5-HT) neurons in the midbrain raphe (dorsal raphe [DR] and
median raphe [MnR]) are targets of PGE2 and that 5-HT projections from the midbrain raphe to the hypothalamus are crucial for
LPS anorexia. Thus, (1) LPS increased the number of c-Fos expressing cells in midbrain raphe 5-HT neurons, the hypothalamic PVN
and several other sites, (2) IP pretreatment with the speciﬁc COX-2
inhibitor NS-398 reduced or eliminated LPS-induced c-Fos in these
areas, (3) IP or local DR injection of NS-398 reduced LPS anorexia,
(4) midbrain raphe injection of a 5-HT1a autoreceptor agonist or
IP injection of the 5-HT2c receptor antagonist SB 242084 reduced
LPS anorexia, and (5) SB 242084 reduced LPS-induced c-Fos in the
PVN and other sites. 5-HT neurons connect to hypothalamic POMC
neurons through 5HT2c receptors, and MC4 receptor signaling has
also been implicated in the mediation of LPS anorexia. In sum, these
data indicate that LPS- and cytokine-induced increases in PGE2 signaling activate pathways which converge on central neural circuits
that control normal eating and suggest a prominent role for 5-HT
projections from the midbrain raphe to the hypothalamus.
doi:10.1016/j.appet.2009.04.120

Intrameal IP Exendin-9 (Ex-9) infusion blocks the satiating
effect of exogenous GLP-1, but alone fails to increase meal size
W. LANGHANS ∗ , E.B. RüTTIMANN, M. ARNOLD, N. GEARY
Physiology and Behaviour Group, ETH Zurich, Switzerland
Brief, intrameal, hepatic portal vein or IP GLP-1 infusions selectively reduce spontaneous meal size in rats [Rüttimann et al.,
Endocrinology 150:1174, 2009]. Here we examined the physiological signiﬁcance of endogenous GLP-1 for meal size by testing
the effects of the GLP-1 receptor antagonist Ex-9 on spontaneous eating and on the satiating effect of exogenous GLP-1. Adult
male rats (n = 15–16) equipped with IP catheters received remotely
controlled infusions (2.5 min, 0.2 ml/min) beginning 2 min into
the 2nd (Ex-9 alone) or 1st (Ex-9 + GLP-1) nocturnal meal. Infusions of 10 or 30 nmol/kg Ex-9 vs. vehicle (V) did not affect
meal size (10 nmol/kg, V: 2.5 ± 0.3, Ex-9: 2.0 ± 0.3 g; 30 nmol/kg,
V: 2.0 ± 0.2, Ex-9: 1.8 ± 0.2 g, mean ± SE, Ps > 0.05) and decreased
rather than increased meal duration (10 nmol/kg, V: 14.9 ± 1.8,
Ex-9: 9.5 ± 1.3 min; 30 nmol/kg, V: 11.9 ± 2.7, Ex-9: 4.6 ± 0.4 min,
Ps < 0.05). Subsequent meals and cumulative food intake were not
affected. Infusions of 30 nmol/kg Ex-9 abolished the satiating effect
of 10 nmol/kg GLP-1, but again did not increase meal size by itself (V:
2.6 ± 0.2; Ex-9: 2.5 ± 0.2; GLP-1: 2.1 ± 0.2; Ex-9 + GLP-1: 2.8 ± 0.3 g;
V/GLP-1 > Ex-9/Ex-9 + GLP-1, P < 0.05). These data show that a
dose of Ex-9 that is sufﬁcient to block the satiating effect of exogenous GLP-1 fails to increase meal size when administered under
comparable conditions alone. This questions the physiological relevance of endogenous GLP-1 for the control of meal size under the
present conditions.
doi:10.1016/j.appet.2009.04.121
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Gastric and vagal afferent ghrelin system is altered by high fat
(HF) diet in diet-induced obese rats
J. LEE ∗ , C. DE LA SERRE, H.E. RAYBOULD University of California,
Davis, DAVIS, CA, USA
The vagal afferent pathway is involved in nutrient sensing and
appetite regulation. Chronic HF diet increases expression of ghrelin receptor GHSR1a in rat nodose ganglia (Paulino et al., AJP Endo,
2009). The present study aimed to further characterize changes in
the vagal afferent and gastric ghrelin system in response to a HF
diet. Sprague–Dawley rats (Harlan, San Diego) were fed 10% low-fat
(LF) or 45% HF diets; plasma and tissues (stomach, nodose ganglia)
were collected at 8 weeks. mRNA for ghrelin, GOAT (ghrelin Oacyltransferase), GHSR1a and PC1/3 (prohormone convertase 1/3)
was measured by Taqman RT-PCR and protein determined using
Western blots. Diet-induced obese (DIO) rats (n = 5) had increased
body weight and energy intake compared to LF (n = 5) or dietresistant rats (DR, n = 5) (p < 0.05). Fasted and fed plasma insulin
and leptin were signiﬁcantly elevated in DIO compared to LF or DR
rats (p < 0.01). Plasma ghrelin of DIO rats decreased in the fed state
compared to LF or DR rats (p < 0.05). Ghrelin, GHSR1a and PC1/3, but
not GOAT, mRNA was detected in vagal afferent neurons; ghrelin
and PC1/3 expression were signiﬁcantly lower (p < 0.05) in DIO rats
compared to DR with an increase in GHSR1a expression. Western
blot analysis of gastric mucosa demonstrated a signiﬁcant decease
in PC1/3 (p < 0.05) but no signiﬁcant changes in ghrelin or GHSR1a.
Changes in ghrelin signaling in the gut–brain axis in HF feeding may
result in hyperphagia and weight gain.
doi:10.1016/j.appet.2009.04.122

Intended use of controlling child-feeding practices is related to
maternal weight status and planned choice of feeding method
M.D. LEE ∗ , A.E. BROWN Dept. Psychology, Swansea University,
Swansea, United Kingdom
Breast-feeding promotes a permissive child-feeding style after
weaning as both self-reported and observed use of control are
lower in mothers who breast-fed and are related to the amount
of time breast-feeding continued. Recently we demonstrated that
maternal use of controlling strategies begins in early infancy (0–26
weeks) than previously thought. Infant-feeding style depends on
feeding method, as breast-feeding mothers were less likely to limit
or encourage milk intake compared to those who used formula
exclusively. Even a short experience of breast-feeding promoted an
infant-led feeding style as mothers who ceased breast-feeding by 7
days postpartum were less controlling than formula users. Here we
explore intended use of maternal control and the inﬂuence of prenatal weight status. Women in the 2nd or 3rd trimester of their ﬁrst
pregnancy self-reported prenatal height and weight, use of dieting during pregnancy, attitudes and beliefs about infant feeding,
and a prospective version of the Child Feeding Questionnaire. Participants were grouped by chosen feeding method: formula from
birth (N = 49), breast-feed 6 weeks (N = 44), breast-feed 26 weeks or
longer (N = 191). There was signiﬁcant effect of group on intention to
limit [F(2, 279) = 20.5, P < 0.001] or encourage feeds [F(2, 279) = 19.6,
P < 0.001]. Intention to control was lowest in those who planned
to breast-feed for 26 weeks. There was a signiﬁcant correlation
between maternal BMI and intention to limit feeds (P < 0.05) but not
with encouragement to feed. In addition, dieting during pregnancy
was correlated with intention to limit (P < 0.001) and encourage
feeds (P < 0.001). These data suggest that antecedents of maternal
overcontrol are present before birth and may inﬂuence the extent
to which breast-feeding promotes a hands-off feeding style.
doi:10.1016/j.appet.2009.04.123

Satiety and glycemic index of potatoes in relation to other
carbohydrate-rich test meals
M.I. LEE ∗ , M.A. ABDILLAHI, J. JONES, A. GELIEBTER The New York
Obesity Research Center, St. Luke’s-Roosevelt Hospital Center and
Columbia University - College of Physicians & Surgeons, New York,
NY, USA
The potato has been viewed as a high glycemic index (GI) food
that may increase appetite and therefore to be avoided while dieting. We investigated the satiety of common carbohydrate-rich side
dishes of various GIs. Twelve healthy normal-wt participants (6m,
6f), aged 22–30, consumed 5 test meals (baked potato, mashed
potato, pasta, brown rice, and white bread) in randomized order
followed 2 h later by an ad libitum lunch. All test meals contained
240 kcal, 50 g of carbohydrate, and were similar in protein, fat, and
ﬁber. Appetite ratings preceded blood draws which took place ﬁrst
at 10 min prior to the test meal, and then at, 0, 15, 30 60, 90 and
120 min. The white bread was used as the GI reference. For appetite
ratings, no signiﬁcant differences were found in “hunger” or “fullness” AUC (area under curve). However, “desire to eat” AUC for
baked potato and brown rice were lower than that for pasta (p = .03
and p = .004). At 120 min, the baked potato was associated with a
lower “how much could you eat right now” than brown rice (p = .04).
The ad libitum lunch energy intake did not differ and was not correlated with “fullness” AUC (r = −.21). “Fullness” AUC and GI across
test meals were also not signiﬁcantly correlated. There was also no
signiﬁcant relationship between test meal GI and fullness. Although
the potato meals produced somewhat greater satiety, this did not
translate into differences in energy intake at a subsequent meal.
doi:10.1016/j.appet.2009.04.124

Effects of stress on food choice and intake in the absence of
hunger
S.G.T.
LEMMENS 1,2,∗ , J.M.
BORN 1,2 , F.
RUTTERS 1 , M.S.
WESTERTERP-PLANTENGA 1,2 1 Human Biology, Maastricht University, Maastricht, Netherlands 2 Top Institute Food and Nutrition,
Wageningen, Netherlands
Background: Eating behavior can be inﬂuenced by the rewarding value of food, i.e. liking and wanting, which in turn can be
inﬂuenced by stress. It is hypothesized that stress diminishes the
reward response. Objective: Assess the effects of stress on the
rewarding value of food in normal weight dietary unrestrained
(NU)/restrained (NR) and visceral overweight (VO) subjects in the
absence of hunger. Methods: Subjects (13 NU, age = 26 ± 9 year,
BMI = 22 ± 2 kg/m2 ; 14 NR, age = 25 ± 9 year, BMI = 22 ± 2 kg/m2 ; 15
VO, age = 36 ± 12 year, BMI = 28 ± 1 kg/m2 ) came to the university
twice, fasted, for either a rest or stress condition (randomized).
During each test session rewarding value, i.e. liking and wanting,
for 72 items divided in 6 categories (bread, ﬁlling, drinks, dessert,
sweets, and stationery) was measured twice using a computer test,
each time followed by a wanted meal. Appetite proﬁle, heart rate,
serum cortisol, mood state and level of anxiety were measured.
Results: High hunger, low satiety (22 ± 20, 64 ± 19 mmVAS) conﬁrmed fasted state. Consumption of 1st meal decreased hunger,
increased satiety (p < 0.0001), decreased ranking of liking of bread
and increased ranking of liking of stationery. Wanting for food
decreased from the 1st to 2nd meal in rest in NR and VO and in stress
in NR only. Rest vs. stress: was conﬁrmed by heart rate, anxiety and
hostility (p ≤ 0.03); VO showed higher fat and carbohydrate intake
during 2nd meal. Conclusion: In VO stress prevented a decreased
wanting and energy intake in the absence of hunger, in contrast to
NR.
doi:10.1016/j.appet.2009.04.125
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Meal intake of humans is a function of the number of foods
offered
D.A. LEVITSKY Cornell University, Ithaca, NY, USA
Our previous research demonstrated that reducing the number
of foods offered at a buffet table reduces the amount of food consumed. However, by eliminating various foods from a meal changes
the nutrient composition of the meal. Thus, the reduction in amount
consumed by offering fewer foods may be a function of nutrient
composition, not the number of foods offered. The present study
attempts to overcome this limitation by offering the same foods but
served either as separate foods or prepared as a composite meal. The
study was performed on twenty-four Cornell volunteers recruited
from summer school undergraduates and the Cornell staff. Two different combinations of foods were offered. The foods of one meal
consisted of onions, corn, carrots, peas, and broccoli, the other meal
was made from onions, celery, beans, and cauliﬂower. The meals
were served either as separate foods offered from a buffet take, or
combined into a stir-fry or a stew. The subjects consumed the meals
as lunch once a week for four consecutive weeks. The groups were
run on four different days of the week and received the foods in
a difference sequence so that each meal was tested on each week.
The amount of each food removed from the buffet to their plates
as well as the amount of food removed from their plates (by consumption) was weighed by the staff. The results clearly indicated
for both combinations of foods, people consumed more food when
the foods are served separately then they were served as a composite meal. These data demonstrate that the number of foods served
at a meal is a signiﬁcant determinant of human food consumption.
doi:10.1016/j.appet.2009.04.126
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Lesions of the gustatory parabrachial nucleus but not the
thalamic orosensory area eliminate anticipatory contrast for
sucrose and corn oil in sham feeding rats
N.C. LIANG ∗ , R. NORGREN, P.S. GRIGSON Dept Neural and Beh Sci,
Col of Med, Penn State Univ, Hershey, PA, USA
An anticipatory contrast effect (ACE) occurs when rats suppress
intake of a weak solution (e.g., low sucrose concentration) when it
is followed closely in time by access to a strong solution (e.g., high
sucrose concentration) relative to intake by control rats that only
have access to the weak solution. Experiment 1 tested whether oral
stimulation alone was sufﬁcient to allow for the development of an
ACE when using disparate concentrations of sucrose or corn oil. Rats
were implanted with gastric ﬁstulas for sham feeding. With the ﬁstula open, the rats were then given 3-min access to a weak sucrose
(0.06 M) or an oil emulsion (2.5% or 5%), followed immediately by
3-min access to either the same weak concentration or to a strong
sucrose (1.0 M) or oil emulsion (25%). There was one such pairing a
day for a number of trials. In experiment 1, the rats developed a clear
ACE for sucrose and for oil. Experiment 2 investigated the effects of
parabrachial (PBN) or thalamic orosensory lesions on the development of sucrose and oil ACEs. Lesions centered on the gustatory
PBN, but not those in the orosensory thalamic relay disrupted ACEs
for both sucrose and corn oil. Taken together, the results show that
an intact PBN is essential for comparing disparate concentrations of
both a gustatory stimulus, such as sucrose, and an orosensory stimulus, such as corn oil. Support: NIH DC00240, DK079182, DA017243,
PA State Tobacco Settlement Award.
doi:10.1016/j.appet.2009.04.128

Role of intestinal “taste” receptors in the regulation of gastric
emptying in humans
T.J. LITTLE ∗ , N. GUPTA, R.M. CASE, D.G. THOMPSON, J.T. MCLAUGHLIN University of Manchester, Section of Gastrointestinal Sciences,
Salford, United Kingdom

Hindbrain AMP kinase and glucoprivic feeding
A.-J. LI ∗ , Q. WANG, S. RITTER Programs in Neuroscience, Washington
State University, Pullman, WA, USA
A role for hindbrain AMP kinase (AMPK) in glucoprivic feeding was investigated in rats. Systemic 2-deoxy-d-glucose (2DG,
300 mg/kg) injection increased feeding for 4 h. 2DG also increased
the phosphorylated (or activated) form of AMPK (pAMPK) in tissue punches from the ventrolateral medulla (VLM) catecholamine
cell groups (A1–C1) of established importance for glucoprivic
feeding. However, the pAMPK increase was present only at the
45 min time point. Increased pAMPK was not observed in the
ventromedial medulla, immediately adjacent to A1–C1m. Involvement of endogenous AMPK in glucoprivic feeding was examined
by injecting compound C (an AMPK inhibitor) into 4th ventricle (4 V) just prior to systemic 2DG injection. Compound C
reduced 2DG-induced feeding during the ﬁrst 2 h of the test. We
also injected 5-aminoimidazole-4-carboxyamide ribonucleoside
(AICAR), an activator of endogenous AMPK, into the 4 V. AICAR produced a brief (30 min) enhancement of food intake. These results are
consistent with a contribution of AMPK phosphorylation to the glucoprivic feeding response. Because systemic administration of 2DG
potentially reduces glucose utilization in all neurons, the fact that
there were regional differences in the level of pAMPK in response
to the same stimulus is an important ﬁnding. Determining whether
the AMPK mechanism is crucial for “glucoprivation-related” signal
transduction in these hindbrain neurons will require further work.
doi:10.1016/j.appet.2009.04.127

Background: Sweet (T1R2/3) and bitter (T2Rs) taste receptors
are expressed by gut enteroendocrine cells. In cell line and animal
models, sweet and bitter agonists induce secretion of gut peptides
(GLP-1/CCK) and slow gastric emptying (GE), but whether these
receptors are involved in the regulation of GE in man is unclear.
Aims: To determine whether, (i) intragastric infusion of “equisweet” (Study A) or “equi-bitter” (Study B) solutions slow GE to the
same extent, (ii) a hyper-sweet glucose solution will slow GE more
potently than glucose alone and (iii) whether phenotypic variation
in oral bitter taste sensation (phenylthiocarbamide (PTC) taster status) would inﬂuence GE of bitter agonists. Methods: 20 (8 Study A,
12 Study B) healthy lean subjects were studied in a single-blind,
randomized fashion. Subjects received 500 ml intragastric infusions of: “equi-sweet” solutions of glucose (560 mOsmol), fructose
(290 mOsmol), aspartame (200 mg), saccharin (50 mg); a hypersweet solution of glucose + saccharin, or water (volumetric control)
(Study A), or “equi-bitter” solutions of quinine (0.198 mM), naringin
(1 mM), or water (Study B). GE was evaluated using a 13 C-acetate
breath test and sweetness and bitterness, and appetite, ratings
using visual analogue scales. Results: Study A: Glucose, but not fructose, aspartame or saccharin, slowed GE compared with water and
aspartame (P < 0.05), with no difference between glucose and the
hyper-sweet glucose + saccharin solution. Study B: Bitter tastants
did not slow GE compared with water, and there was no effect of PTC
taster status. There was no effect of any treatment on appetite. Conclusions: In man, the presence of sweetness and bitterness per se in
nutrient solutions does not appear to inﬂuence upper gut function
independently of other characteristics of the nutrient, e.g. hexose
composition.
doi:10.1016/j.appet.2009.04.129
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Glycemic index (GI) and satiety. Is low GI really superior to high
GI for producing satiety in women?
D. LIYANAGE 1,∗ , I. EDIRISINGHE 1 , B. BURTON-FREEMAN 1,2
1 National Center for Food Safety & Technology, Illinois Institute of
Technology, Summit-Argo, IL, USA 2 University of California, Davis,
Davis, CA, USA
The clinical utility of a low glycemic index (GI) diet for appetite
and food intake control and hence, long-term body weight management is controversial. The relationship between GI and satiety
may depend on multiple factors. We previously reported that high
GI in overweight pre-menopausal women was superior to high
ﬁber low GI when compared on the basis of subject satiety. The
aim of the present study was to investigate the mechanisms of
this response and to determine if ﬁber type was a signiﬁcant factor in the response. In a randomized crossover study, visual analog
scales (VAS), cholecystokinin (CCK), glucose and insulin were measured for 3 h at deﬁned time points after overweight pre- and
post-menopausal women consumed 1 of 3 meals: (1) a high GI
(HGI) meal, (2) a low GI meal containing 80% of ﬁber from a soluble
source (LGI-SF) or 80% ﬁber from an insoluble source of ﬁber (LGIIF). Test meals provided ∼1/3 of daily energy intake and matched
on energy from fat, available carbohydrate and protein, respectively.
Fiber content of LGI and HGI meals was ∼12 g and 1 g, respectively.
The LGI-SF used psyllium husk and the LGI-IF used cellulose as primary ﬁber sources. Nine of 20 women have completed to date. The
HGI and LGI-SF meals produced greater suppression of hunger than
the LGI-IF meal (p < 0.05), whereas fullness and desire to eat were
not inﬂuenced differentially by these dietary manipulations. The
HGI and LGI-IF meals suppressed prospective consumption more
effectively than the LGI-SF meal (p < 0.05). The least square means
as an estimate of 3 h response suggests a lower plasma glucose
response after the LGI-SF meal compared to LG-IF meal (p < 0.001),
and marginally different from the HGI meal (p = 0.12). A low GI
diet for optimal satiety and appetite control in overweight women
remains to be validated.
doi:10.1016/j.appet.2009.04.130
Effect of intraperitoneal and intravenous administration of
cholecystokinin-8 and apolipoprotein AIV on intestinal
lymphatic CCK-8 and apo AIV concentration
C.M. LO 1,2,∗ , M.R. TUBB 2 , M. LIU 1,2 , W.S. DAVIDSON 2 , S.C.
WOODS 1,3 , P. TSO 1,2 1 Cincinnati Obesity Center University of
Cincinnati, Cincinnati, OH, USA 2 Department of Pathology and
Laboratory Medicine, University of Cincinnati, Cincinnati, OH, USA
3 Department of Psychiatry, Cincinnati, OH, USA
Cholecystokinin (CCK) and apolipoprotein AIV (apo AIV) are gastrointestinal satiety signals whose synthesis and secretion by the
gut are stimulated by fat absorption. Intraperitoneally administered
CCK-8 is more potent in suppressing food intake than a similar
dose administered intravenously, but the reason for this disparity is
unclear. In contrast, both intravenous and intraperitoneally administered apo AIV are equally as potent in inhibiting food intake. When
we compared the lymphatic concentration of CCK-8 and apo AIV,
we found that neither intraperitoneally nor intravenously administered CCK-8 or apo AIV altered lymphatic ﬂow rate. Interestingly,
intraperitoneal administration of CCK-8 produced a signiﬁcantly
higher lymphatic concentration at 15 min than did intravenous
administration. Intraperitoneal injection of apo AIV also yielded
a higher lymphatic concentration at 30 min than did intravenous
administration. Intraperitoneal administration of CCK-8 and apo
AIV also resulted in a much longer period of elevated CCK-8 and
apo AIV peptide concentration in lymph than intravenous administration. Furthermore, enzymatic activity of dipeptidyl peptidase IV
(DPPIV) and aminopeptidase was higher in plasma than in lymph
during fasting, and so, satiation peptides such as CCK-8 and apo AIV

in the lymph are protected from degradation by the signiﬁcantly
lower DPP-IV and aminopeptidase activity levels in lymph than in
plasma. Therefore, the higher potency of intraperitoneally administered CCK-8 as compared to intravenously administered CCK-8 in
inhibiting food intake may be explained by both its higher concentration in lymph as well as the prolonged duration of its presence
in the lamina propria.
doi:10.1016/j.appet.2009.04.131
An examination of the mixed preference/avoidance response to
sucralose in male and female rats
G.C. LONEY ∗ , L.A. ECKEL Program in Neuroscience, Florida State University, Tallahassee, FL, USA
In rats, the artiﬁcial sweetener sucralose is either strongly
preferred or strongly avoided across a range of sucralose concentrations (.25–4.0 g/L). The mechanism underlying this phenomenon is
unknown, but may be related to individual differences in sensitivity
to a bitter taste quality of sucralose. Here, we determined whether
sucralose avoidance is absolute or whether it may be attenuated
at dilute concentrations (<.25 g/L) that are maximally preferred by
sucralose preferrers. Because preference for sweets can be inﬂuenced by estrogens, we sought to determine the effects of sex on
sucralose preference. Female (n = 10) and male (n = 8) rats were
given 24-h, two-bottle preference tests between water and varying concentrations of sucralose (.0001, .001, .01, .25, .50, 1.0, 2.0 g/L)
presented in an ascending order. The preference/avoidance proﬁles were sexually dimorphic in two ways. First, the proportion
of sucralose avoiders was greater in females, compared to males
(67% vs. 43% respectively). Second, the preference for sucralose
concentrations of .25 g/L and higher was greater in males, compared to females (among sucralose preferring rats, males displayed
a 46–120% increase in sucralose preference). Regardless of sex, most
rats that avoided sucralose at concentrations of .25 g/L and higher
did display a preference for sucralose concentrations of .01 g/L and
lower. We conclude that preference for sucralose is sexually dimorphic and that the preference curve for sucralose is shifted to the left
in sucralose avoiding rats. Supported by DK73936.
doi:10.1016/j.appet.2009.04.132
MCH agonism in the nucleus accumbens shell increases the
hedonic response to a sweet stimulus in rats
C.A. LOPEZ ∗ , B. GUESDON, E. PARADIS, D. RICHARD Hospital Laval
Research Centre, Quebec, QC, Canada
The brain Melanin-Concentrating Hormone (MCH) system has
an important role in the regulation of energy balance. Particularly, MCH neurons projections toward the nucleus accumbens shell
(NAcSh) are known to induce food intake. Knowing the long range of
functions attributed to the NAcSh in the regulation of reward and
pleasure, we assumed that MCH agonism in the NAcSh increases
the pleasure associated with food intake. Using protocols of taste
reactivity, we assessed the level of pleasure in response to a sweet
stimulus (1 ml of 2% sucrose, intraoral) by quantifying facial mimics. These hedonic responses were monitored in Wistar male rats,
15 min after the 2 l injection of MCH agonist (5 g) versus vehicle.
Each animal received the two different injections, so that it was its
own control. Two different experiments were conducted, with the
agonist injected in the 3rd ventricle or in the NAcSh. We observed
that the MCHR1 agonist injection within the Nacsh induced a clear
increase in the hedonic response to the sweet stimuli (12 rats,
p = 0.008). On the contrary there was no signiﬁcant increase in this
response with an injection in the 3rd ventricle (12 rats). Enkephalin
and dynorphin neurons in the NAcSh, which carry MCHR1 receptors, might be involved in this phenomenon. Our results indicate
that MCH agonism in the NAcSh is very likely to be involved in food
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palatability. This control may explain the effect of MCH on appetite
and may constitute an important link between the homeostatic and
hedonic regulations of energy balance.
doi:10.1016/j.appet.2009.04.133
Cachexia in clinical settings
D.L. MARKS Oregon Health & Sciences University, Portland, OR, USA
The role of nutrition and balanced metabolism in normal growth,
development, and health maintenance is well known. Patients
affected with either acute or chronic diseases often show disorders
of nutrient balance. In some cases, a devastating state of malnutrition known as cachexia arises, brought about by a synergistic
combination of a dramatic decrease in appetite and an increase in
metabolism of fat and lean body mass. Other common features that
are not required for the diagnosis include decreases in voluntary
movement, insulin resistance, and anhedonia. This combination is
found in a number of disorders including cancer, cystic ﬁbrosis,
AIDS, rheumatoid arthritis, renal failure, and Alzheimer’s disease.
The severity of cachexia in these illnesses is often the primary
determining factor in both quality of life, and in eventual mortality.
Indeed, body mass retention in AIDS patients has a stronger correlation with survival than any other current measure of the disease.
This has led to intense investigation of cachexia and the proposal of
numerous hypotheses regarding its etiology. Most authors suggest
that cytokines released during inﬂammation and malignancy act
on the central nervous system to alter the release and function of
a number of neurotransmitters, thereby altering both appetite and
metabolic rate. This talk will discuss the salient features of cachexia
in a number of human diseases. Current and future therapies for this
condition will be discussed in the context of what is known about
its pathophysiology, and ongoing clinical trials will be reviewed.
doi:10.1016/j.appet.2009.04.134
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Saccharin consumption degrades sweet taste-calorie relations
in rats
A.A. MARTIN ∗ , A. MEDER, S.E. SWITHERS, T.L. DAVIDSON
Department of Psychological Sciences and the Ingestive Behavior
Research Center, Purdue University, West Lafayette, IN, USA
Association of a stimulus with an outcome can be “blocked”
or prevented if that stimulus is trained in compound with a cue
that already predicts the outcome. Some data suggest that sweet
taste may predict caloric outcomes even without explicit training
(Rescorla, 2008). Thus, consuming sweet taste in compound with
a novel ﬂavor could prevent that ﬂavor from becoming associated
with calories. Swithers and Davidson (2008) proposed that such
sweet taste-calorie associations can be weakened by consuming
sweet tasting, but noncaloric substances. This hypothesis predicts
that prior experience ingesting sweet, noncaloric substances should
degrade the strength of the sweet taste-calorie association, thereby
reducing the ability of sweet taste to block subsequent learning that
a novel ﬂavor signals calories. We tested this prediction. Male rats
were pretrained with plain or saccharin-sweetened water and then
given training with novel-ﬂavored (e.g, grape Kool-Aid) glucose
(sweet) and novel-ﬂavored (e.g., cherry Kool-Aid) Polycose (nonsweet) solutions. We then tested the rats with each ﬂavor without
glucose or Polycose. Only rats pretrained with saccharin consumed
signiﬁcantly more of the ﬂavor that had been trained with the sweet
taste compared to the ﬂavor trained with the nonsweet taste. This
suggests that pretraining with saccharin reduced the strength of
the sweet taste-calorie association, thereby reducing the ability of
sweet taste to block learning about novel ﬂavors. NIH DK076078
and HD052112.
doi:10.1016/j.appet.2009.04.136

Assessment of the cannabinoid-1 receptor antagonist AM251 as
an unconditioned stimulus in taste aversion conditioning and
its effects on meal patterns in rats
C.M. MATHES ∗ , J.C. SMITH, A.C. SPECTOR Florida State University,
Dept. of Psychology and Program in Neuroscience, Tallahassee, FL, USA
Stress does not affect determinants of hedonic value of
acceptable foods
M.J.I.
MARTENS 1,2,∗ , A.G.
NIEUWENHUIZEN 1,2 , S.G.T.
LEMMENS 1,2 , J.M. BORN 1,2 , M.S. WESTERTERP-PLANTEGA 1,2
1 Department of Human Biology, Maastricht University, Maastricht, Netherlands 2 Top Institute Food and Nutrition, Wageningen,
Netherlands
Stress has been shown to affect food choice. Our objective was
to assess whether the hedonic value of food and its determinants
are affected by stress. Twenty subjects (BMI: 22.3 ± 1.9 kg/m2 , age:
27 ± 9 years) completed visual analog scales (VAS) to describe
their appetite proﬁle. In a normal and stress condition 67 acceptable food items, as conﬁrmed beforehand by all subjects, were
rated on pleasantness of taste, creaminess, crispiness, fullness of
taste, sweetness, sourness, bitterness, and saltiness using VAS.
Appetite proﬁle between different visits did not differ. In the normal
condition hedonic value appeared to be determined by creaminess, fullness of taste and not by crispiness (P < 0.0001; R2 = 0.06),
hedonic value was positively correlated with sweetness and saltiness and negatively with bitterness (P < 0.0001; R2 = 0.1). Under
stress these relationships remained the same (P < 0.0001; R2 = 0.09;
R2 = 0.10). In conclusion stress does not affect the determinants of
hedonic value of acceptable foods. We suggest that stress may alter
rather the wanting then the liking of foods.
doi:10.1016/j.appet.2009.04.135

The impact of the cannabinoid-1 receptor antagonist AM251 on
daily meal structure has not been determined. It is also possible
that any effect may be secondary to malaise produced by the drug.
We addressed this in a conditioned taste aversion (CTA) paradigm.
Rats were given for 15 min either grape or cherry Kool-aid in a 0.2%
saccharin solution (CS−) on Days 1, 4, 10, and 16. Rats were given
the other ﬂavor (CS+) on days 7, 13, and 19 and injected (n = 6/group)
with either 0.15 M LiCl or NaCl, or one dose of AM251 (0, 0.1, 0.3, 1,
3 mg/kg). Rats injected with LiCl drank more CS− on Day 16 than
CS+ on Day 19 (5.3 ml vs 0.5 ml; p < 0.01); rats injected with 3 mg/kg
AM251 also drank more CS− than CS+ (17.4 ml vs 13.8 ml; p = 0.03).
Only rats injected with LiCl drank more CS− than CS+ ﬂavored solution during 15 min and 24 h 2-bottle preference tests on Days 23
and 35 (p < 0.01). Since there was little evidence to suggest that
AM251 produced robust CTA, we explored the effects of the highest
3 doses on daily meal patterns. Rats (n = 8) were housed in cages
designed to measure temporal eating patterns. Once a week, rats
were injected with a dose of AM251; on the day before and after dosing the rats were injected with vehicle. AM251 reduced chow intake
via a decrease in meal size and eating rate at 1 (p = 0.035; p < 0.01)
and 3 mg/kg (p = 0.021; p = 0.04). These results suggest that AM251
reduces food intake by affecting satiation not through malaise and
by processes related to meal termination as opposed to meal initiation.
doi:10.1016/j.appet.2009.04.137
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Can liking of a healthy food increase with repeated exposure?
M.A. MCCRORY 1,2,∗ , J.C. LOVEJOY 3 , M.M. GEHRKE 2 , P.A. PALMER 2 ,
P.E. EICHELSDOERFER 2 , I.T. KAVANAUGH 2 , K.E. SCHENK 2 1 Purdue
University, West Lafayette, IN, USA 2 Bastyr University, Kenmore, WA,
USA 3 Free & Clear, Seattle, WA, USA
Repeated exposure to foods varying in selected sensory/nutrient
properties (e.g., fat, salt, sugar, energy density) alters their appeal,
but knowledge of the breadth of such learning is limited. We examined this issue using data from a partial-feeding study in which
subjects (n = 43; aged 26–49 years; BMI 25–40 kg/m2 ) were randomly assigned to low, medium, or high legume (bean) groups
as part of a weight-loss intervention. Subjects were not regular bean consumers. At 0 and 6 weeks, subjects tasted and rated
multiple-ingredient foods for sensory qualities (appearance, taste,
odor, and texture) using a 9-point hedonic scale. The 28-food test
battery included a range of ﬂavors and textures and was balanced with respect to foods provided/not provided in the study,
and those with/without beans. We hypothesized that liking for
bean-containing foods would increase in the medium bean group,
but not in the low or high bean groups due to less than optimal
and excessive exposure to beans, respectively. Repeated measures
ANOVA showed greater increases in the hedonic ratings of provided
foods compared to non-provided foods (provided  = +0.2–0.3;
non-provided  = +0.1; p ≤ 0.001); however, these changes did not
depend on whether the foods contained beans or the amount of
beans provided during the study. Repeated exposure to speciﬁc
foods can increase liking for those foods, including foods containing
beans. Funding: Pulse Canada PIP; Hatch IND030472.
doi:10.1016/j.appet.2009.04.138

DAMGO-induced stimulation of -opioid receptors in the
mPFC leads to increases in food intake and a fragmentation of
feeding microstructure
J.D. MENA 1,∗ , B.A. BALDO 2 1 Neuroscience Training Program, University of Wisconsin-Madison, Madison, WI, USA 2 Department of
Psychiatry, University of Wisconsin-Madison, Madison, WI, USA
The goal of the present study was to examine the role of the
-opioid system within the mPFC on food intake and feeding
microstructure. In both ad libitum and food restricted rats, bilateral
infusions of the -agonist DAMGO within the mPFC signiﬁcantly
increased locomotor activity and fecal boli production, suggesting
a highly aroused or stress-like state. Intra-mPFC DAMGO infusions
also resulted in frequent feeding bouts in both groups, although
the duration of these bouts was signiﬁcantly shortened, as was
the duration of rearing and grooming bouts. These changes in
feeding microstructure resulted in signiﬁcant increases in food
intake. Interestingly, effects on drinking behavior were also found,
with prandial drinking signiﬁcantly reduced. This fragmentation of
behavior was reminiscent of the effects of bicuculline, which disinhibits PFC activity, suggesting a common mechanism between
both manipulations. In support of this idea, pre-treatment with
the GABAA agonist, muscimol, attenuated the DAMGO-induced
changes in feeding microstructure, further suggesting that the
DAMGO effect is mediated by increased PFC activity. Together, these
ﬁndings suggest a role for -opioid receptors within the mPFC on
feeding microstructure and food intake. To the best of our knowledge, this is the ﬁrst report of increased food intake following local
-opioid receptor stimulation within the prefrontal cortex.
doi:10.1016/j.appet.2009.04.139

Food history and social status affect food intake in monkeys
V. MICHOPOULOS ∗ , K.N. SHEPARD, M. ARCE, J. WHITLEY, M.W.
WILSON Emory University, Atlanta, GA, USA
Chronic stress can lead to mood disorders that are often comorbid with a number of adverse health effects including changes in
appetite. While stress may be associated with anorexia, availability
of high caloric diets (HCD) can lead to excess calorie consumption.
Using social subordination in female rhesus monkeys as a model
of psychosocial stress, we tested the hypothesis that diet choice
would inﬂuence total calorie intake. Using an automated feeding
system that logs calorie consumption, daily calorie intake of a low
calorie diet (LCD; 3.22 kcal/g) was signiﬁcantly less in subordinates
compared with dominant females, consistent with status differences in body weight and indices of adiposity. In contrast, when
given a choice between the LCD and a HCD (5.64 kcal/g), subordinate females preferred the HCD and ingested signiﬁcantly more
calories per day than dominant animals. Under the choice condition, dominant monkeys also preferred the HCD but consumed a
similar number of total calories as in the LCD only condition. When
females were again fed only the LCD following the choice condition,
subordinates continued to consume more calories than dominant
females. Changes in metabolic phenotype and hormone levels were
associated with increased calorie intake in subordinates. These data
suggest that stress signiﬁcantly increases consumption of a HCD
and that previous exposure to a HCD increases intake of a LCD. The
mechanisms accounting for the increased intake of the HCD in subordinates are not known at this time. Supported by HD46501 and
RR00165.
doi:10.1016/j.appet.2009.04.140

The anti-dipsogenic effect of ghrelin does not require the
neuropeptide Y Y5 receptor
E.G. MIETLICKI ∗ , D. DANIELS Behavioral Neuroscience Program,
Department of Psychology, State University of New York at Buffalo,
Buffalo, NY, USA
Ghrelin attenuates angiotensin II (AngII)-induced water intake,
but almost nothing is known about how or where in the brain this
effect is mediated. In contrast, much is known about the effect
of ghrelin on food intake, including its mediation of hyperphagia
through neuropeptide Y (NPY). Because the drinking response to
AngII requires forebrain substrates, and the hyperphagic effects of
ghrelin in the forebrain depend on the NPY Y5 receptor, we tested
if the attenuation of ﬂuid intake by ghrelin also requires Y5 . To
this end, we ﬁrst replicated previous ﬁndings, showing that forebrain administration of a Y5 antagonist blocked the feeding effect
of forebrain-delivered ghrelin. Using this paradigm, we tested the
effects of a Y5 antagonist on both feeding and water intake. Speciﬁcally, rats were pretreated with a Y5 receptor antagonist or vehicle,
followed by treatment with ghrelin or vehicle and AngII. Subsequent food and water intakes were measured. As shown previously,
ghrelin-treated rats drank less in response to AngII than vehicletreated controls. Moreover, we found that the anti-dipsogenic effect
of ghrelin was present even early in the light cycle when ghrelin did
not increase feeding. These initial studies failed, however, to ﬁnd
evidence that Y5 is required for the anti-dipsogenic effect of ghrelin.
Further studies are needed to clarify the speciﬁcity of these ﬁndings for AngII-induced intake and the potential role of other NPY
receptors in the anti-dipsogenic effects of ghrelin.
doi:10.1016/j.appet.2009.04.141
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Meal induced changes in BOLD fMRI activity in the rodent brain
D.K. MIN 1,∗ , U.I. TUOR 2 , H.S. KOOPMANS 1 , P.K. CHELIKANI 1
1 Gastrointestinal Research Group, Faculties of Medicine and Veterinary Medicine, Calgary, AB, Canada 2 Institute for Biodiagnostics
(West), NRC, Faculty of Medicine, Calgary, AB, Canada
Blood Oxygen Level Dependent Functional Magnetic Resonance
Imaging (BOLD fMRI) techniques are an important tool for investigating central regulation of hunger and satiety in humans. Our
objective is to develop a reproducible rodent model for studying
the effect of a mixed-nutrient liquid meal (Ensure) on BOLD fMRI
activity in the brain. Adult Sprague–Dawley rats with implanted
intragastric (IG) catheters were adapted to 12-h Ensure access on a
reverse light schedule. Under anesthesia, the rats received IG infusion of either saline (n = 4) or Ensure (n = 4; 12 kcal) at 2 ml/min.
Brain images were acquired with a 9.4 T magnet using a surface RF coil, and a cluster analysis program (Evident) was used
to identify voxel changes within the brain which correlated with
the infusion paradigms. Ensure infusion resulted in a transient
reduction in MR signal intensity in the Nucleus Tractus Solitarius
(NTS), hypothalamus, thalamus, hippocampus, ventral tegmental
area (VTA), caudate putamen and higher cortical structures (parietal cortex). Time course analysis indicated that Ensure produced
a 6% reduction in MR signal intensity within the hypothalamus,
NTS and VTA, and a 4% reduction in signal intensity within the hippocampus and caudate putamen. Saline infusion did not produce a
similar response. These results suggest that IG infusion of a mixed
nutrient liquid meal produces a transient generalized reduction in
BOLD fMRI signal intensity in brain regions that are hypothesized
to regulate food consumption.
doi:10.1016/j.appet.2009.04.142
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Learned preference for ﬂavors experienced early vs. late in a
nutritive meal
K.P. MYERS ∗ , M.C. WHITNEY Bucknell University, Lewisburg, PA, USA
Food preferences are strongly inﬂuenced by learned associations between ﬂavors and postingestive consequences. Rats learn
to prefer a ﬂavor that has been paired with postingestive effects of
carbohydrates. The present experiment investigates this learning
when multiple ﬂavors occur in a meal accompanied by carbohydrate, speciﬁcally, a ﬂavor experienced in the early half vs late half
of the meal. Stronger learning about either the earlier or later ﬂavor may indicate how soon after meal initiation the “reinforcing”
postingestive events occur. Rats with intragastric (IG) catheters
were accustomed to drinking a sweet but calorically dilute solution in brief daily sessions. They then experienced two types of
training sessions in which ﬂavors were added. In (+) sessions, consumption of ﬂavors was accompanied by IG glucose infusion. In (−)
sessions consumption of ﬂavors was accompanied by IG water. In
both types of sessions, an “early” (E) ﬂavor was provided in the
ﬁrst half (10 min) of the session and a “late” (L) ﬂavor in the second half. Thus, rats were trained with four ﬂavors: E+ and L+ in
the (+) sessions, and E− and L− in the (−) sessions. Learned preferences for E+ and L+ were then assessed in two-bottle choice tests
between E+ vs E−, L+ vs L−, and E+ vs L+. Rats learned to prefer
E+ but not L+, possibly suggesting that the reinforcing postingestive events have fairly rapid onset. However, we also observed an
unexpected tendency of rats to suppress consumption of L+ during
training, possibly limiting their opportunity to learn about L+.
doi:10.1016/j.appet.2009.04.144

Identiﬁcation of melanocortin receptor subtypes involved in
lipolysis in murine 3T3-L1 adipocytes
C. MøLLER ∗ , K. RAUN, M.L. JACOBSEN, B.S. WULFF Novo Nordisk
A/S, Denmark, Maaloev, Denmark

Consumer views of hunger and fullness. A qualitative approach
M.B. MURRAY ∗ , Z.M. VICKERS University of Minnesota, Saint Paul,
MN, USA
The objective of this study was to gain a better understanding of the complex ideas of hunger and fullness from consumers
through the use of focus groups. We report results of 4 focus group
interviews with (1) eight female normal weight dieters, (2) nine
female normal weight non-dieters, (3) seven female overweight
dieters and non-dieters, and (4) seven male normal weight dieters
and non-dieters. Hunger and fullness sensations were described
as having both physical and psychological components that were
divided into two groups: typical and extreme. Overall, hunger was
described as the presence of stomach growls, stomach hunger pains,
emptiness, focus on eating, loss of energy, and desire to eat. Fullness was described as a feeling of food in the stomach, stomach
stretch, satisfaction, contentment, energized, focused, and lack of
the desire to eat. Typical fullness was described with many psychological components while typical hunger was primarily physical
in nature. Participants described situations in which sensations
of hunger and fullness overlapped, which provided evidence that
hunger and fullness are not polar opposites.
doi:10.1016/j.appet.2009.04.143

The melanocortins have been proposed to play a central role
in regulating adipocyte metabolism. The metabolic effects of
melanocortin peptides and their receptors have aroused an interest for the system, due to the global epidemics of obesity and
type 2 diabetes. Five melanocortin receptors have been identiﬁed: melanocortin receptor (MC) 1, MC2, MC3, MC4 and MC5.
These belong to the 7-transmembrane G-protein coupled receptor family and are located diversely in humans. Natural occurring
melanocortin peptides such as ACTH and a-MSH are generated from
proopiomelanocortin (POMC). These peptides as well as the a-MSH
analogs MTII, SHU-9119, LY2112688 and beta adrenergic agonist
isoproterenol have been found to induce lipolysis in murine 3T3L1 adipocytes. When MC receptors are stimulated by an agonist,
triglyceride is hydrolysed to glycerol and free fatty acids (FFA),
after which FFA can be measured as an index of lipolysis. By using
receptor speciﬁc analogs, MC receptors of lipolytic importance can
be identiﬁed. Furthermore, MC1-5 mRNA transcript abundance by
means of q-PCR in differentiated 3T3-L1 adipocytes, indicate which
MC receptors might be exerted during lipolysis. Our data show that
only MC1, 2 and 5 are involved in 3T3-L1 lipolysis during stimulation. Furthermore, MC1 and 5 mRNA transcripts are up-regulated in
differentiated 3T3-L1 cells compared to non-differentiated 3T3-L1
cells.
doi:10.1016/j.appet.2009.04.145
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Effect of the melanin concentrating hormone 1 (MCH 1)
receptor antagonist SNAP 94847 on food self-administration
and relapse to food seeking
S.G. NAIR ∗ , T. ADAMS-DEUTSCH, C.L. PICKENS, Y. SHAHAM
NIDA/IRP, NIH/DHHS, Baltimore, MD, USA

Ingestion of highly palatable foods modulates c-Fos expression
in the nucleus accumbens responding to stress in rats
S.J. NOH ∗ , S.B. YOO, J.Y. KIM, J.-H. LEE, J.W. JAHNG Dental Research
Institute, Department of Oral and Maxillofacial Surgery, Seoul National
University College of Dentistry, Seoul, Republic of Korea

Many studies report an important role of MCH 1 receptors
in home-cage food intake. In contrast, the role of these receptors in operant food self-administration or relapse to food-seeking
is unknown. In Experiment 1, we trained food-restricted rats
(∼16 g/day) to lever press for 45 mg high-fat pellets for 14 days
(3 h/day, every other day) under a ﬁxed-ratio-1, 20 s timeout reinforcement schedule. We then tested the effect of the MCH 1
receptor antagonist SNAP 94847 (3–30 mg/kg, i.p.) on pellet selfadministration. In Experiment 2, we trained rats to self-administer
high-fat pellets as in Experiment 1, and after extinction of the foodreinforced responding over 10–17 days, tested the effect of SNAP
94847 on reinstatement of lever responding (the operational measure of food seeking) induced by MCH (20 g, icv), non-contingent
exposure to three pellets (pellet-priming), cues previously associated with pellet delivery (pellet-cue), or the pharmacological
stressor yohimbine (2 mg/kg, i.p.). We found that SNAP 94847 attenuated pellet self-administration and MCH-induced reinstatement
of lever responding. In contrast, SNAP 94847 had no effect on
pellet-priming-, pellet-cue- or yohimbine-induced reinstatement
of lever responding. These data indicate an important role of MCH
1 receptors in operant pellet self-administration and MCH-induced
reinstatement of food seeking, but not in reinstatement induced by
acute exposure to high-fat food, food cues or the stress-like state
induced by yohimbine.
doi:10.1016/j.appet.2009.04.146

It has been reported that ingestion of highly palatable foods
attenuates the HPA axis responses to stressors. Not only stressors but also palatable food intake produces strong signals in the
nucleus accumbens (NAcb). This study was conducted to examine if ingestion of palatable food modulates the stress-induced
neuronal activation in NAcb and/or gene expression of tyrosine
hydroxylase (TH), rate limiting enzyme of dopamine biosynthesis, in the ventral tegmental area (VTA). Rats on ad libitum chow
diet received daily 1 h access to chocolate cookie for 7 days, and
then were placed in restraint cage for 2 h following the last cookie
session. Control group received 2 h restraint omitting cookie sessions. Tail bloods were collected at 0, 20, 60 and 120 min time
points during the restraint session. All rats were sacriﬁced immediately after the end of restraint, and the brains were processed
for c-Fos immunohistochemistry in NAcb and TH mRNA in situ
hybridization in VTA. No stress control rats were processed in parallel. Stress-induced increases of plasma corticosterone and the
hypothalamic CRH were blunted in the cookie group. Interestingly,
stress-induced Fos expression was not affected in NAcb-core, and
even further increased in NAcb-shell, by cookie intake. Results suggest that palatable food intake may increase susceptibility of NAcb
neurons to stress, perhaps, in relation with blunted response of the
HPA axis. The VTA-TH is under analysis.
doi:10.1016/j.appet.2009.04.148

Estrogen and HSD2 labeling in the nucleus tractus solitarius of
rats
M.T. NGO ∗ , J.L. HACKETT, K.S. CURTIS Oklahoma State University
Center for Health Sciences, Tulsa, OK, USA
11-␤-Hydroxysteroid dehydrogenase type 2 (HSD2 ), an enzyme
found in neurons of the nucleus tractus solitarius (NTS), has been
shown to be inﬂuenced by sodium need and salt intake. In female
rats, salt intake is stimulated during high estrogen conditions.
Therefore, the goal of this study was to determine whether estrogen inﬂuenced basal levels of HSD2 in the NTS of female rats. Adult
female Sprague–Dawley rats were bilaterally ovariectomized and
allowed to recover before treatment with estradiol benzoate (EB)
or the oil vehicle (OIL) on two consecutive days. Rats were perfused
48-h after the second injection; brains were removed, post-ﬁxed
overnight, and then cut into 40 m sections. HSD2 labeling in the
NTS was visualized using standard immunohistochemical methods
(primary antibody: rabbit anti-HSD2 , Santa Cruz; secondary antibody: Cy2 goat anti-rabbit IgG, Jackson Immunoresearch). HSD2
labeled neurons were quantiﬁed in the caudal, middle, and rostral
regions of the NTS using ﬂuorescence microscopy and NIS Elements
software. Overall, there were signiﬁcantly fewer HSD2 neurons in
the caudal region compared to the middle and rostral regions. However, there were no differences between OIL- and EB-treated rats in
the number of HSD2 -labeled neurons in any of the three regions of
the NTS. These results show that the number of HSD2 neurons in the
NTS was not affected by the presence of estrogen under basal conditions. Thus, estrogen effects on basal salt intake are not attributable
to differences in the number of HSD2 neurons.
doi:10.1016/j.appet.2009.04.147

Emotional and external eating are associated with poor sleep
quality in college students
L.J. NOLAN ∗ , S.M. JENKINS Psychology Department, Wagner College,
Staten Island, NY, USA
Short sleep duration (SD) has been associated with elevated BMI
[Gangwisch et al., Sleep 2005;28:1289–1296], disordered eating
[Hicks & Rozette, Percept. Mot. Skills 1986;62:209–210], emotional
stress [Vgontzas et al., Int. J. Obes. 2008;32:801–809] and neuroendocrine control of appetite [Cauter et al., Horm. Res. 2007;67:2–9].
The possible role of emotional and external eating in the SD–BMI
association was tested by examining the relationship between sleep
quality, SD, BMI, and scores on the DEBQ in a sample of college
students (N = 240, 75% female, mean age = 19 years, BMI = 23 kg/m2 ,
23% overweight or obese, 84% White). Participants were administered the DEBQ, Sleep Quality Index (SQI), and asked to report
height and weight in small groups in a laboratory setting. Based on
SQI score, participants were divided into good sleep quality (n = 31),
occasional sleep difﬁculty (n = 177), and poor sleep quality (n = 31)
groups. One-way MANOVA revealed that participants with poor
sleep quality had higher emotional eating, F(2, 234) = 3.99, p = .02,
and external eating scores, F(2, 236) = 3.44, p = .03. There was no
difference in restraint scores or BMI. A signiﬁcant correlation was
found between SD and BMI, r(231) = −.15, p = .01. BMI was correlated only with restraint on DEBQ, r(236) = .14, p = .01. In this sample,
emotional and external eating may not mediate the relationship
between BMI and SD. However, students who emotionally eat may
be setting unhealthy patterns that will affect BMI as they age. A
relationship between emotional eating and BMI has been found
in samples with higher mean age (van Strien et al., Addict. Behav.
1985;10:333–343).
doi:10.1016/j.appet.2009.04.149
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Effect of Roux-en-Y gastric bypass surgery on brain activation
in response to appetitive cues
C. OCHNER ∗ , S. PANTAZATOS, E. CONSEICAO, L. PUMA, Y. KWOK, S.
CARNELL, J. TEIXEIRA, A. GELIEBTER NY Obesity Research Center, St.
Luke’s Roosevelt Hospital, Columbia University College of Physicians &
Surgeons, New York, NY, USA
Little is known about the effect of Roux-en-Y gastric bypass
(RYGB) surgery on brain activation in response to appetitive cues. 5
severely obese women receiving RYGB surgery were scanned, using
fMRI, at 1 mo pre- and 1 mo post- surgery. Activation in areas
associated with ingestive behavior was examined in response to
high-palatability food, low-palatability food, and non-food stimuli
following a ﬁxed (250 kcal) meal. Results for pre-surgery > postsurgery analyses at p < 0.05: More global brain areas were activated
in response to high-palatability foods than to low-palatability foods
and non-foods. These response differences were most pronounced
in limbic and paralimbic areas, in particular amygdala (processing of predictive reward value of food), ventral prefrontal cortex
(emotional processing area which responds to hunger and exposure to food stimuli) and orbitofrontal cortex (reward value and
expected reward value of food). Areas in which activity in response
to high-palatability food, relative to non-food stimuli, decreased
post-surgery were most pronounced in the hippocampal gyrus
(emotional control of food intake), inferior frontal gyrus (judging
likes or dislikes of foods), precentral gyrus (associated with motor
planning and satiation), and anterior cingulate and caudate (expectation of reward). These data suggest that post-surgery pts may be
less motivated towards food stimuli, experience greater satiation,
and react less emotionally to food cues.
doi:10.1016/j.appet.2009.04.150

Metabolic effects of a high fat diet differ between light vs. dark
period access
E.
OFELDT ∗ , N.
CARROLL, T.H.
MORAN, E.E.
LADENHEIM
Department of Psychiatry & Behavioral Sci., Johns Hopkins University
School of Medicine, Baltimore, MD, USA
Shift workers have an increased risk of developing cardiovascular disease and metabolic syndrome. Although previous studies
have demonstrated that shift workers exhibit impaired glucose and
lipid tolerance after a single nighttime test meal, the mechanisms
underlying the relationship between shift work and metabolic risk
factors are poorly understood. In this study, we evaluated the feeding and metabolic effects of light vs. dark period restricted access
to a high fat diet. Male Sprague-Dawley rats were divided into 3
groups (n = 6 per group). Group 1 received ad libitum access to a
high fat diet (Research Diets, 60% kcal from fat; AD LIB). Group 2
was given 3 h access to the high fat diet at the beginning of the dark
period (DARK) and Group 3 was given 3 h access to the high fat diet
at the beginning of the light period (LIGHT). After 12 weeks on this
feeding regimen, there was no difference in body weight between
AD LIB and DARK rats. In contrast, rats fed during the light period
exhibited a 13% decrease in body weight compared to AD LIB rats, as
well as decreased food intake. Despite lower food intake and body
weight, LIGHT rats had signiﬁcantly elevated blood glucose levels
compared to AD LIB when challenged with an oral glucose tolerance
test 15 and 30 min after oral gavage of 2.0 g/kg glucose. These results
demonstrate that high fat food consumption at a time when rats are
not normally active and feeding may have detrimental effects on
metabolism that may be attributed to mismatches between energy
consumption and endogenous circadian rhythmicity.
doi:10.1016/j.appet.2009.04.151
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Japanese consumers’ “food selection criteria” dimension
M. OKANO 1,∗ , M. OKANO 2 1 Bunkyo University Women’s College,
Chigasaki, Japan 2 Bunkyo University, Chigasaki, Japan
This research was aimed at understanding the dimensions of
food selection by Japanese consumers. In this report the food selection criteria have been extracted using the measures of Steptoe,
Pollard, and Wardle (1995) whose reliability has been conﬁrmed
in UK with 358 samples. A questionnaire survey about food selection criteria containing 36 items was administered to 156 female
college students. The students evaluated each item into 4 levels.
Around two months later, the same investigation was conducted
once again, with the same target group. The 1st data set was used
for the main analysis. The 2nd data set was used to check the reliability of the food selection criteria dimension extracted from the 1st
data set. We performed principal component analysis and the following ﬁve dimensions were extracted: (1) mood, (2) safety, health,
and nutrition, (3) convenience, (4) weight control, and (5) price. In
order to verify the reliability of the ﬁve dimensions of food selection
criteria, the second data set was also used to extract 5 dimensions, as with the ﬁrst data set. The correlation coefﬁcients between
the dimensions of each component were more than 0.600, which
clearly indicates correspondence. These ﬁve dimensions were not
overly abstract and moreover, corresponded well with the dimensions that Steptoe et al. (1995) extracted. Therefore, it seems that
these ﬁve dimensions are effective for accurately understanding the
food selection behavior of Japanese people.
doi:10.1016/j.appet.2009.04.152

Subacute endotoxemia temporarily impairs insulin sensitivity
and beta-cell function in cats
M. OSTO ∗ , E. ZINI, M. FRANCHINI, M. ACKERMANN, C.E. REUSCH,
T.A. LUTZ University of Zurich, Zurich, Switzerland
Systemic low-grade inﬂammation is a pathogenic component in
chronic disease like obesity and type 2 diabetes mellitus (T2DM).
In humans and cats, chronic inﬂammation is associated with
elevated proinﬂammatory cytokines. Here, we hypothesized that
low-grade induced inﬂammation impairs insulin sensitivity and
␤-cell function in cats. Ten healthy cats were infused IV with
lipopolysaccharide (LPS; 10–1000 ng/kg/h; n = 5) or saline (n = 5)
for 10 days. Body temperature, plasma glucose, insulin and ␣1 -acid
glycoprotein levels were assessed each day. Before and after the
infusion, IV glucose tolerance tests (ivGTT) were performed. Tissue
specimens were collected. LPS was well tolerated. Body temperature and glucose levels increased during the ﬁrst 5 days of LPS and
then decreased to baseline. Insulin did not differ from controls at
any time. ␤-cell function and insulin sensitivity were decreased in
the LPS group on day 1–3. From day 1–10, ␣1 -acid glycoprotein was
increased in the LPS-infused cats. Based on the ivGTT at the end of
the infusion, insulin secretion pattern and insulin sensitivity did not
differ between groups. LPS-treated cats had more neutrophils in the
liver. LPS induced an inﬂammatory response that lasted throughout
the infusion. This was accompanied by reduced insulin sensitivity
and ␤-cell function that were short-lasting. Because body temperature and glucose levels returned to normal, desensitization to LPS
may have occurred.
doi:10.1016/j.appet.2009.04.153
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Evidence for a role of the hindbrain in the satiating effect of
hepatic portal vein (HPV) infusions of glucagon-like peptide-1
(GLP)-1 in rats
G. PACHECO-LóPEZ ∗ , I. BAUMGARTNER, L. ASARIAN, N. GEARY, W.
LANGHANS, J.G. HILLEBRAND Physiology and Behaviour Group, ETH
Zurich, Zurich, Switzerland
We recently showed that remotely controlled intrameal HPV
GLP-1 infusions selectively reduce spontaneous meal size in rats
(Rüttimann et al., Endocrinology 150:1174, 2009). The brain sites
involved in this effect are currently unknown. To address this question we equipped male Sprague–Dawley rats with HPV catheters,
delivered GLP-1 or vehicle (V) by remote control at dark onset, and
assessed their effects on eating and neuronal activation by measuring c-Fos expression in crucial areas of the forebrain and hindbrain.
In a within-subjects design (n = 10) GLP-1 (1 nmol/kg) reduced
the size of a dark-onset meal induced by 3 h of food deprivation
compared to V (V, 4.4 ± 0.6 g; GLP-1, 2.5 ± 0.3 g; p < 0.05). Without
food access, but under otherwise identical conditions, GLP-1 (n = 8,
1 nmol/kg) increased (p < 0.05) the number of c-Fos expressing cells
compared to V (n = 7) in the area postrema (cells/section: V, 20 ± 2;
GLP-1: 96 ± 22) and in the subpostremal nucleus of the solitary
tract (V, 93 ± 16; GLP-1: 172 ± 31), but did not signiﬁcantly affect
the number of c-Fos expressing cells in the hypothalamic paraventricular and arcuate nuclei or in the central nucleus of the amygdala.
These data suggest a role for the hindbrain rather than the forebrain
in the mediation of peripheral GLP-1s satiating effect.
doi:10.1016/j.appet.2009.04.154

Altered gene expression in brainstem and forebrain nuclei
following taste aversion learning
S.K. PANGULURI ∗ , R.F. LUNDY Department of Anatomical Sciences
and Neurobiology, University of Louisville, Louisville, KY, USA
A learned taste aversion (CTA) alters taste palatability and is
manifest behaviorally by the avoidance of a previously accepted
gustatory stimulus following association with visceral malaise.
Although the central pathways involved in such learning and its
dependence on immediate early gene transcription are reasonably
well understood, the modulation of downstream gene expression is
not. The present study used oligonucleotide microarrays to identify
altered gene expression in the parabrachial nucleus (PBN), central
and basolateral nuclei of the amygdala (CeA and BLA) and lateral
hypothalamus (LH) following CTA. The control group had two pairings of sucrose intake and intraperitoneal saline injection, while
in conditioned animals sucrose intake was paired with LiCl injection. Three days after the second taste/injection pairing, brains were
extracted immediately following re-exposure to sucrose. Total RNA
from each brain region was isolated then cRNA was hybridized to
whole rat genome chips. Out of 28,142 genes present in each region,
251 (PBN), 113 (CeA/BLA), and 103 (LH) showed differential regulation of at least 2-fold and a p value ≤ 0.05. Relative to control
animals, CTA altered the expression of various peptides, transcription factors, phosphatases, kinases, receptors and ion channels.
Directional change in expression of subsets of genes was conﬁrmed
by qRT-PCR. The present data provide a starting point for understanding gene expression speciﬁc to gustatory and aversive visceral
stimulation, as well as learning dependent modulation of taste
palatability.
doi:10.1016/j.appet.2009.04.155

Intra-accumbens scopolamine decreases food intake without
affecting food-seeking behaviors
M.L. PERRY 1,∗ , B.A. BALDO 2 1 Molecular and Cellular Pharmacology,
University of Wisconsin-Madison, WI, USA 2 Department of Psychiatry,
University of Wisconsin-Madison, WI, USA
The nucleus accumbens (Acb) is a brain region known to play
an important role in the modulation of feeding behavior. Recently,
Acb acetylcholine has been shown to modulate food intake. The
following experiments were designed to further deﬁne the feeding
effect observed when muscarinic receptors are blocked within the
Acb. Three hours following bilateral intra-Acb scopolamine infusion (10 g/0.5 l), we observed a decrease in sucrose pellet intake
with a signiﬁcant increase in general motor activity; however, no
scopolamine-induced activity was observed when rats were tested
in locomotor cages in the absence of food. A second experiment
was designed to separate the anticipatory from the consummatory
behaviors associated with feeding by placing a wire-mesh screen in
front of the sucrose pellets. After 15 min, the screen was removed
and rats had ad libitum access to the food for 30 min. Food intake
was signiﬁcantly decreased with a 3 h pretreatment, but anticipatory behaviors were unaltered. Finally, intra-Acb scopolamine
failed to decrease operant responding for a food-associated conditioned cue. The current work suggests that intra-Acb scopolamine
decreases food intake speciﬁcally without altering food-seeking
behaviors or the incentive properties of food-associated cues. We
are currently conducting studies to determine receptor-mediation
and anatomic speciﬁcity of the scopolamine effect.
doi:10.1016/j.appet.2009.04.156

Organization of vagal afferent inputs to single neurons in
medial solitary tract nucleus. Limited direct afferent
convergence with C-/A-ﬁber segregation
J.H. PETERS ∗ , S.J. MCDOUGALL, M.C. ANDRESEN Oregon Health and
Science University, Portland, OR, USA
Various modalities of cranial visceral afferents travel together
in the vagal trunk to contact neurons within the NTS and activate a range of homeostatic reﬂex pathways. Vagal afferents
either directly or indirectly contact NTS neurons while the precise relationships remain poorly understood. Brainstems from male
Sprague–Dawley rats were removed under deep isoﬂurane anesthesia and horizontal brainstem slices containing the solitary tract
(ST) and medial NTS prepared. Brain slices were maintained in
aCSF and whole-cell patch clamp recordings were made under
voltage clamp. Electrical shocks to the ST produced ﬁxed latency
glutamatergic EPSCs that identiﬁed NTS neurons with direct ST
afferent innervation. Detailed analysis of stimulus threshold intensity, latency to onset, and EPSC waveform discriminated between
unitary or multiple afferent contacts as well as indirect polysynaptic inputs. Across neurons, over half receive only one direct afferent
contact (46/85). The remaining neurons received either two (28/85)
or three (11/85) direct inputs. A subgroup of NTS neurons was tested
with capsaicin. The presence of TrpV1 and sensitivity to capsaicin
is evidence of C-ﬁbers. Neurons with multiple inputs were either
completely sensitive or resistant to capsaicin exposure; indicating separate C- and A-ﬁber innervation. The organization of vagal
afferent to medial NTS indicates relatively limited direct afferent
convergence with segregation of C- and A-ﬁber information. HL088894 (JHP), NHMRC-400405(SJM) and HL-041119 (MCA).
doi:10.1016/j.appet.2009.04.157
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Noradrenergic neurons of the area postrema mediate amylin’s
anorectic action
C.S. POTES ∗ , T. RIEDIGER, T.A. LUTZ Institute of Veterinary Physiology, Zurich Center for Integrative Human Physiology, Zurich University,
Zurich, Switzerland
Peripheral amylin inhibits food intake via activation of the area
postrema (AP). 59% of amylin-activated AP neurons are noradrenergic (NA), i.e., they express dopamine-beta-hydroxylase (DBH). Here,
we wanted to test whether AP NA neurons mediate amylin’s anorectic effect. We performed a speciﬁc lesion of AP NA neurons using a
saporin conjugated to an antibody against DBH (DSAP). IgG-saporin
was used in sham controls. After 2–3 weeks necessary for neuronal degeneration, we tested the rats for the effect of amylin (5
or 20 g/kg BW, s.c.) to reduce food intake. In a terminal experiment, the rats received amylin (20 g/kg) or saline; brain sections
with the AP and nucleus of the solitary tract (NTS) were stained
for DBH to assess lesion success and for c-Fos expression to evaluate amylin-induced neuronal activation. DBH staining revealed
that 10 DSAP-injected rats had NA lesion equal to or above 50%,
deﬁned as successful; 6 had lesions below 50%. Daily food intake
and body weight gain did not differ between lesioned and sham
groups. Amylin-induced anorexia was observed in sham rats with
both amylin doses, while rats with a successful lesion had no significant reduction in eating after either amylin dose. Rats with lesions
below 50% only ate less after the higher amylin dose. In contrast to
sham-lesioned animals, successfully NA-lesioned rats did not show
amylin-induced c-Fos expression in the AP and NTS. These results
provide ﬁrst evidence for a functional role of NA neurons in the AP
in the mediation of amylin’s anorectic effect.
doi:10.1016/j.appet.2009.04.158

No difference in the satiety effect of disguised preloads with
the same energy, volume and palatability but containing only
proteins, carbohydrates or lipids
M. POTIER 1,∗ , G. FROMENTIN 1 , A. LESDEMA 1 , R. BENAMOUZIG 1 ,
C. MARTIN-ROUAS 2 , D. TOME 3 , A. MARSSET-BAGLIERI 3 1 INRA,
CNRH-IdF, UMR914 Nutrition Physiology and Ingestive Behavior, Paris,
France 2 SB Alliance – Direction de la Stratégie Produits, Viroﬂay,
France 3 AgroParisTech, CNRH-IdF, UMR914 Nutrition Physiology and
Ingestive Behavior, Paris, France
Protein as the macronutrient with the highest satiety effect is
still matter of debate because of the diversity of designs employed.
The aim of this study was to compare the effect on satiety of different preloads constituted only by protein, fat or carbohydrate in
very controlled conditions (iso-palatabilty, -energy, -volumetry).
56 subjects participated to 4 randomised test days, one day per
macronutrient and a control day. In each test day, they had to
consume the preload entirely and their food intake was measured
during the next meals. The volunteers were separated in 2 groups:
the ﬁrst one (T0) consumed the preload immediately before lunch
and the second one (T1) 1 h before. Whatever the delay, no difference was found on food intake at lunch between the 3 preloads. In
the T1 group, energy intake of preload and lunch was higher after
lipid preload than in the control. In the T0 group, the same result
was observed with lipids but also with proteins. We did not observe
an effect of the delay between preload and test-meal. Our results do
not conﬁrm the highest satiety effect of proteins, may be because
we used unusual foods as preloads. According to the concept of
learned satiety, the results could not be the same if the subjects
were previously familiarised to the preloads.
doi:10.1016/j.appet.2009.04.159
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The consumption of a portion of cheese as ﬁrst course of a
meal does not impact meal and daily food intake
M. POTIER 1,∗ , G. FROMENTIN 1 , R. BENAMOUZIG 1 , D. TOME 2 , A.
MARSSET-BAGLIERI 2 1 INRA, CNRH-IdF, UMR914 Nutrition Physiology and Ingestive Behavior, Paris, France 2 AgroParisTech, CNRH-IdF,
UMR914 Nutrition Physiology and Ingestive Behavior, Paris, France
The consumption of cheese at the end of a meal (whereas we
are no longer hungry) is often described as extra-energy ingested,
promoting overweight. However, cheeses present nutritional qualities like a great amount of calcium. We wondered if consuming
cheese at ﬁrst course of meals could permit to beneﬁt from their
nutritional qualities while preventing over energy consumption,
since in this case energy brought by cheese would be immediately taken into account in ﬁrst pre-absorptive satiety signals. 37
women (33.8 ± 1.6 years; BMI = 21.0 ± 0.3 kg/m2 ) participated to
4 randomised test days corresponding to 3 different portions of
cheese and a control day. The 3 cheeses were a portion of 30 g
(80 kcal) of camembert cheese, and portions of 30 g (80 kcal) or 75 g
(200 kcal) of light pressed cheese. In each test day, the subjects had
to consume the cheese at the beginning of lunch and their food
intake was measured during the next meals (lunch, collation and
dinner). No difference of energy intake was found between control
and test days both at lunch and on the whole day. Moreover, neither
the composition nor the quantity of cheese affected energy intake
since there was no difference between the 3 test days. These results
show that consuming a portion of cheese at ﬁrst course of a meal
does not promote over energy consumption and could be a mean to
increase intake of diary products without negative effect on weight
management.
doi:10.1016/j.appet.2009.04.160

Effects of intermittent intraperitoneal infusion of exendin-4
and PYY(3–36) on food intake and adiposity in diet-induced
obese rats
R.D. REIDELBERGER 1,2,∗ , A.C. HAVER 1,2 1 DVA-NWIHCS, Omaha, NE,
USA 2 Creighton University, Omaha, NE, USA
Our aim was to determine whether intermittent IP infusion
of exendin-4 can produce a sustained reduction in daily food
intake, body weight and adiposity in diet-induced obese rats. Rats
(641 ± 9 g, 143 ± 5 g fat) with intraperitoneal catheters tethered to
infusion swivels and programmable pumps had free access to a
45% fat diet. Food intake was measured by continuous computer
recording of changes in food bowl weight. Body fat was measured
by quantitative nuclear magnetic resonance. Vehicle-treated rats
(n = 24) had a stable food intake, body weight and adiposity during the 8-week study. Two, 3-h infusions of exendin-4 (20 pmol/h)
at the beginning and end of the dark period each day in a second
group of rats (n = 24) produced a sustained 19 ± 1% decrease in daily
food intake for 14 days, and a 5% and 18% decrease in body weight
and adiposity, respectively. Loss in efﬁcacy of exendin-4 appeared
to be due to activation of a homeostatic response to increase food
intake when energy reserves declined. Subsequent co-infusion of
PYY(3–36) (240 pmol/h) and exendin-4 (20 pmol/h) restored the
inhibitory effect of exendin-4 on daily food intake. Together they
produced a sustained 22 ± 1% reduction in daily food intake for 20
days, and a further decrease in body weight and adiposity of 6% and
16%, respectively. Thus, chronic intermittent IP infusion of exendin4 alone and in combination with PYY(3–36) can produce a relatively
prolonged reduction in daily food intake, body weight and adiposity
in diet-induced obese rats.
doi:10.1016/j.appet.2009.04.161

G Model
40

ARTICLE IN PRESS
Abstract / Appetite xxx (2009) xxx–xxx

Amylin deﬁcient mice have decreased ﬁber density in AP-NTS
projections
T. RIEDIGER 1,∗ , A. HERMANN 1 , A. HEHL 2 , S.G. BOURET 3 , T.A.
LUTZ 1 1 Inst. of Veterinary Physiol., University of Zurich, Zurich,
Switzerland 2 Inst. of Parasitol., University of Zurich, Zurich, Switzerland 3 The Saban Research Inst., Childrens Hospital Los Angeles, USC,
Los Angeles, CA, USA

Viscerosensory projections from the nucleus of the solitary
tract to brain regions involved in feeding and energy
homeostasis. Anterograde tracing and immunocytochemical
analysis
L. RINAMAN ∗ , H. BAKALLI, V. MALDOVAN DZMURA University of
Pittsburgh, Department of Neuroscience, Pittsburgh, PA, USA

The pancreatic hormone amylin decreases food intake via
an activation of the area postrema/nucleus of the solitary tract
(AP/NTS). We investigated whether amylin might act as a neurotrophic factor during brain development. We implanted crystals
of the lipophilic tracer DiI into the AP of postnatal (P10 and P14)
amylin knockout mice (IAPP−/−) and their wildtype littermates.
P10 IAPP−/−-neonates had a signiﬁcantly lower average ﬁber density in the NTS compared to IAPP+/+ mice. There was no gender
speciﬁc difference although ﬁber densities tended to be lower in
females mice. There seemed to be neuronal remodelling processes
between P10 and P14, which were reﬂected by a decrease in APNTS projections during this time period. Plasma amylin levels in
neonates (P6–P9) were similar to those of adult mice. The critical time window when amylin affects the maturation of neuronal
AP-NTS connections remains to be established. This study provides
ﬁrst evidence for a critical function of amylin as a neurotrophic
factor affecting the development of important brainstem pathways
involved in the control of food intake. The present ﬁndings substantiate the concept that the developing brain is imprinted by and
possibly vulnerable to hormonal inﬂuences during the perinatal
stage. Such processes may have an impact on the risk to develop
metabolic diseases (e.g. diabetes mellitus) and obesity later in life.
doi:10.1016/j.appet.2009.04.162

The goal of this neuroanatomical study is to provide a more complete characterization of central neural projections arising from
the caudal viscerosensory nucleus of the solitary tract (NST) that
target brainstem, hypothalamic, and limbic forebrain regions implicated in the control of food intake and body energy homeostasis.
Projection pathways have been mapped throughout the rostrocaudal neuraxis of rats after microinjection of the anterograde
tracer Phaseolus vulgaris-leucoagglutinin (PhAL) into the caudal
NST. In addition, immunocytochemical localization of glucagonlike peptide 1 (GLP-1)-positive ﬁbers and terminals has been used
to identify projections of this phenotypically distinct subset of
viscerosensory NST neurons. GLP-1 immunolabeling has been combined with localization of lithium chloride-induced neural Fos
expression in regions that receive GLP-1 inputs. NST projections
that have been mapped via PhAL and GLP-1 immunolabeling have
been overlaid onto digitized images of central noradrenergic innervation ﬁelds, to provide a more integrated view of projections that
arise from the caudal NST vs. those that arise from other brainstem nuclei. Initial studies have been conducted in adult male
Sprague–Dawley rats. Continuing work will include examination of
potential sex differences within these ascending neural pathways,
and the extent to which ascending pathways are modiﬁed by early
life experience.
doi:10.1016/j.appet.2009.04.164

The ability of amylin to reduce eating depends on the protein
content of the diet
T. RIEDIGER ∗ , S. MICHEL, K. FORSTER, T.A. LUTZ University of
Zurich, Zurich, Switzerland

Fos expression in brain of MC4R, MC3R, and double receptor
knockout mice in response to CCK, BN or MTII
N.E. ROWLAND ∗ , K. ROBERTSON, D. MCLEOD, C. HASKELLLUEVANO University of Florida, Gainesville, FL, USA

Numerous lines of evidence indicate that the pancreatic hormone amylin contributes to meal-ending satiation. This action
seems to be mediated by direct action of amylin on area postrema
(AP) neurons. Here, we investigated the effect of different nutrients on amylin’s ability to induce c-Fos expression and to reduce
eating. Amylin (5 g/kg SC) increased c-Fos expression in the AP
more strongly in fasted rats and in rats fed a nutrient-deﬁcient
non-caloric diet (NCD) than in rats fed chow ad libitum. Supplementation of NCD with protein, but not with glucose or fat, reduced the
amylin-mediated AP c-Fos response. Similarly, parenteral injection
of an amino acid mixture also signiﬁcantly attenuated the amylininduced c-Fos expression in the AP in rats that had no access to food.
Feeding studies are in line with these ﬁndings in that amylin injection failed to reduce food intake in NCD/protein fed rats, whereas
amylin did reduce food intake in animals fed NCD, NCD/glucose or
NCD/fat. Amylin’s effect to reduce eating was particularly strong
in rats fed a low-protein (1%) diet (85% reduction in eating compared to controls versus approx. 50% in normal-protein [22%] diet).
To summarize, our studies designed to understand the inﬂuence of
dietary components on the effectiveness of amylin to reduce eating
showed that amylin’s effect is particularly strong when the protein
content of the diet is low. The exact mechanisms through which
protein diets/amino acids reduce amylin’s effect to inhibit eating
are still unknown.
doi:10.1016/j.appet.2009.04.163

Knockout (KO) of the melanocortin (MC) 4 receptor results in
hyperphagia and obesity whereas KO of the MC3 receptor does not
affect food intake or body weight in mice, but results in higher
body fat. We examined induction of Fos in select brain regions
in response to administration of cholecystokinin (CCK), bombesin
(BN), or the MC agonist, MTII. Mice, genotyped to be homozygous
4RKO, 3RKO, or double KO, and the normal wild types, were used.
CCK-8 or BN were injected immediately before ‘dessert’ feeding
tests or, on another occasion, 1 h before the mice were sacriﬁced and
brains harvested for determination of Fos in forebrain (PVN) and
hindbrain (AP/NTS) regions. In MTII studies, mice were surgically
implanted with a lateral ventricular cannula. A feeding study was
conducted after overnight food deprivation and on another occasion, MTII was injected 1 h before sacriﬁce for Fos determination.
The anorectic effect of BN was slightly greater in double KO mice,
but overall the anorectic effects of CCK and BN were similar across
genotypes. There were no genotype differences in Fos induced in
the brain regions examined. MTII had little effect on food intake of
double KO mice, but had a partial effect in both 3KO and 4KO relative to wild types. Fos expression to MTII was greatly attenuated
in double KO mice, and was partially attenuated in single KO, with
some differences between PVN and AP/NTS. The data are consistent
with the hypothesis that MC3 and MC4 receptors are functionally
additive in regard to MC action in feeding circuits. DK064712.
doi:10.1016/j.appet.2009.04.165
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The effect of failure to conform to a social norm for
appropriate eating on self-perceptions
S. ROYAL 1,∗ , P. PLINER 2 1 Ryerson University, Toronto, ON, Canada
2 University of Toronto, Mississauga, ON, Canada
The purpose of this study was to examine whether violating a
social norm for appropriate eating affects self-perceptions. Females
may apply negative stereotypes about large eaters to themselves
when they eat excessively and, consequently, evaluate themselves
negatively. Ninety females ate until satiated and were told they
would later be interacting with a female partner. They learned that
their ﬁctitious partner had eaten the same amount as or less than
they had eaten, or were given no information. In addition, before
completing self-evaluative measures, half were given the opportunity to attribute their eating to hunger as a means of mitigating
or excusing the expected negative self-evaluations by those who
“overate”. A 3 × 2 between-subjects analysis of variance conducted
on the self-ratings revealed that participants whose partners had
eaten less than they ate felt the least positive about themselves
(M = −.25, SD = .70), followed by those who received no information (M = +.04, SD = .63), and then those whose partners had eaten
the same amount (M = +.21, SD = .60). Also, those who were given
the opportunity to attribute their eating to hunger felt more positive about themselves (M = +.14, SD = .73) than those who were
not (M = −.14, SD = .56). To conclude, females evaluated themselves
negatively when they violated a social eating norm. Also, excusemaking affected all who were given the opportunity to do so,
regardless of whether or not they overate, suggesting that eating
may be fraught for all women and excusing their eating leads to
more positive self-feelings.
doi:10.1016/j.appet.2009.04.166

Stress impacts brain encoding of food
K.J. RUDENGA 1,∗ , R. SINHA 1 , D.M. SMALL 1,2 1 Yale University, New
Haven, CT, USA 2 John B Pierce Lab, New Haven, CT, USA
Stress inﬂuences food intake; especially in vulnerable individuals. The neural correlates of this phenomenon are unknown.
However, it is clear that stress recruits similar brain areas as those
recruited during consumption of a palatable food, and that experiencing stress may lead to neural plastic changes in these regions.
Critically, some of these regions, such as the amygdala, also show
abnormal responses to food as a function of body mass index and
play a role in the initiation of non-homeostatic feeding. We therefore reason that a mechanism by which stress may inﬂuence intake
is by enhancing amygdala response to food. We are currently testing this using a 3T Trio Siemens magnet to scan overweight women
consuming a palatable milkshake while listening to a personal story
that recalls a stressful or a relaxing event. The scripts are highly
stylized and contain descriptions of the setting, events, emotions,
dialogue, and physiological responses from autobiographical stories recounted by participants. SPM 5 and random effects models
are used to analyze the data. The pattern emerging from preliminary data is that there is greater amygdala response to milkshake vs.
tasteless while listening to stress vs. neutral scripts, particularly for
those women who score high on measures of disinhibited and emotional eating. These results accord with a prior study by Bohon et al.
and suggest that acute stress enhances brain response to palatable
foods in key brain regions known to drive non-homeostatic feeding.
We therefore speculate that this is one mechanism by which stress
may inﬂuence food intake in vulnerable individuals.
doi:10.1016/j.appet.2009.04.167
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Effects of atypical antipsychotic Olanzapine on feeding
behavior and energy metabolism
M. RUITER 1,2,∗ , S.A.A. VAN DEN BERG 1 , H. PIJL 1 , J.A. ROMIJN 1
1 Leiden University Medical Center, Leiden, Netherlands 2 TopInstitute
Pharma, Leiden, Netherlands
The induction of signiﬁcant weight gain and insulin resistance
by atypical antipsychotic drug Olanzapine (OLZ) is a major reason
for patients to discontinue their treatment. The mechanism underlying OLZ-induced weight gain has not been fully elucidated. To
assess the potential roles of feeding, energy expenditure and locomotor activity in the OLZ effect, we housed female rats in metabolic
cages. To mimic oral administration of OLZ in humans, we treated
the rats with OLZ via intragastric catheters two times per day, on
three consecutive days. Initial doses of 5 mg/kg BW and 2.5 mg/kg
BW showed a dramatic decrease of locomotor activity and food
intake. Judging the rats’ behavior, we assumed these effects were
mainly due to a sedating effect of OLZ at this dose. Therefore, we
decided to lower the dose to 1 mg/kg BW. At this dose, the rats were
not visibly sedated. We measured an increase in meal size, but not
meal number. Speciﬁcally the ﬁrst meal in the dark phase 24 h after
OLZ treatment almost doubled in size compared to control days.
This effect was still present on the day after the last OLZ injection,
i.e. when no injection at all was given, but had disappeared another
day later. However, there was no acute effect of OLZ on food intake,
i.e. the ﬁrst meal in the dark phase directly following the very ﬁrst
OLZ injection was not affected compared to that on control days.
Therefore, OLZ appears to have a delayed rather than acute effect
on food intake. Further analysis of the energy expenditure data is
warranted.
doi:10.1016/j.appet.2009.04.168

Hypothalamus/pituitary/adrenal (HPA) axis functioning in
relation to body fat distribution
F. RUTTERS ∗ , A.G. NIEUWENHUIZEN, S.G.T. LEMMENS, J.M. BORN,
M.S. WESTERTERP-PLANTENGA Maastricht University, Maastricht,
Netherlands
Objective: To relate HPA axis functioning and HPA feedback
functioning to body fat distribution in normal weight to obese
subjects. Methods: In 91 men and 102 women (age 18–45 year,
BMI 19–35 kg/m2 , waist-to-hip ratio (WHR) 0.6–1.1) we assessed
anthropometry, body composition through hydrodensitometry and
deuterium dilution method, cortisol variability through measuring 5-h cortisol concentrations, and cortisol feedback functioning
through a standardized high intensity test under 4 mg dexamethasone. Results: an inverse relationship was observed between
5-h cortisol variability (nmol/ml) and waist circumference (cm)
(r = 0.23, p < 0.05) in men and WHR (r = 0.32, p < 0.01) in women,
indicating impaired HPA-axis function with larger waist circumference. Similarly, an inverse relationship was observed between
negative feedback expressed as baseline cortisol concentrations
minus post dexamethasone cortisol concentrations (nmol/ml)
and waist circumference (r = 0.43, p < 0.001) in men and WHR
(r = 0.43, p < 0.001) in women. Moreover, an inverse relationship
was observed between negative feedback in a challenged condition expressed as percentage increase of cortisol concentrations
after standardized high intensity test under 4 mg dexamethasone
(%) and waist (r = 0.21, p < 0.10) in men and WHR (r = 0.21, p < 0.05)
in women. Conclusion: Disturbance of HPA axis functioning under
basal and challenged conditions was related to visceral fat accumulation.
doi:10.1016/j.appet.2009.04.169
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Social inﬂuence on youth food intake and choice of activities
S.J. SALVY University at Buffalo, Buffalo, NY, USA
An ever-increasing number of children and adolescents are
considered overweight and obese. The social environment clearly
inﬂuences youths’ eating behavior and choice of activities. In this
presentation we will review a series of studies conducted in our
laboratory on the effects of peers and friends on children’s eating
behavior and choice of activities. This research shows that overweight youth eat more when alone than when in company of peers
and also eat more in the presence of overweight peers than in the
presence of leaner peers. Additionally, time spent alone is directly
associated with sedentary levels of activity. These ﬁndings suggest that the presence of peers and friends can be used to promote
healthier eating and involvement in physically active leisure activities in overweight youth. By contrast, social isolation resulting from
being rejected due to weight status may decrease the reinforcing
value of physical activity and increase the value of sedentary activities that can be completed alone such as television watching and
snacking.
doi:10.1016/j.appet.2009.04.170

Neuroendocrinology of anorexia nervosa
A.J.W. SCHEURINK 1,∗ , P. SODERSTEN 2 1 Department of Neuroendocrinology, University of Groningen, Haren, Netherlands 2 Section of
Applied Neuroendocrinology, Karolinska Institute, Huddinge, Sweden
We reviewed the literature on the effects of food restriction and
starvation in humans and suggest that the symptoms of anorexia
nervosa are epiphenomena to starvation and the associated disordered eating. Keys and collaborators decreased the food available
to mentally and physically healthy men and found that these men
developed most of the symptoms of eating disorders, including the
psychiatric symptoms, indicating that an eating disorder can be
developed without an antecedent mental disorder. Humans have
evolved to cope with the challenge of starvation and the neuroendocrine mechanisms that have been under this evolutionary
pressure are responses to the externally imposed shortage of food.
We will provide examples for this by showing the actions and
alterations of Neuropeptide Y, dopamine and norepinephrine in an
animal model for anorexia nervosa. Based on the observation in
patients in the anorexia clinic in Sweden and experiments with the
rat model we developed a theoretic framework for the development of anorexia nervosa suggesting that the brain mechanisms of
reward are activated when food intake is reduced and that disordered eating behavior is subsequently maintained by conditioning
to the situations in which the disordered eating behavior developed via the neural system for attention. In a method based on this
framework, patients are taught how to eat normally, their physical
activity is controlled and they are provided with external heat. The
method has been proven effective in a randomized controlled trial.
doi:10.1016/j.appet.2009.04.172

The varied inﬂuences of intestinal ‘bitter taste’ on ingestive
behavior
L.A. SCHIER 1,2,∗ , E.M. SWOVERLAND 1 , T.L. DAVIDSON 1,2 , T.L.
POWLEY 1,2 1 Department of Psychological Sciences, West Lafayette,
IN, USA 2 Ingestive Behavior Research Center, Purdue University, West
Lafayette, IN, USA
Selective ER␣ antagonist’s effect on food intake in
ovariectomized and cycling rats
J. SANTOLLO ∗ , L.A. ECKEL Program in Neuroscience, Florida State
University, Tallahassee, FL, USA
Estrogens exert many of their behavioral effects by binding to
nuclear estrogen receptor (ER) proteins, ER␣ and ER␤. Recent studies involving ER knockout mice and selective ER agonists suggest
that estradiol’s anorexigenic effect is mediated via activation of
ER␣. To further investigate this hypothesis, we examined whether
presumptive ER␣ antagonists could block estradiol’s anorexigenic
effect. In the ﬁrst series of experiments, the effects a silent
ER␣ antagonist (MPP) on food intake and uterine weight were
monitored in ovariectomized (OVX) rats treated with either a physiological dose of estradiol benzoate (EB) or a selective ER␣ agonist
(PPT). In the next set of experiments, food intake was monitored
following acute administration of MPP in ovarian-intact (cycling)
female rats. Contrary to our hypothesis, MPP failed to attenuate
either EB’s or PPT’s ability to decrease food intake and increase uterine weight in OVX rats. However, in ovarian-intact rats, a similar
regimen of MPP treatment attenuated the phasic decrease in food
intake that is associated with estrus. We conclude that MPP may
be a useful tool to investigate the behavioral actions of endogenous
estradiol, but may have limited utility in studying the behavioral
effects of exogenous estradiol in OVX rats.
doi:10.1016/j.appet.2009.04.171

Bitter taste receptors are expressed in the intestinal mucosa, but
little is known about their roles in detection and ingestive behavior.
The present study examined the effects of concurrent intraduodenal (ID) infusions of a bitter stimulus, denatonium benzoate (DB), on
the microstructure of licking for water. Rats with ID catheters were
trained to take their daily water in 30 min. During control sessions,
each lick at a lickometer spout delivered water simultaneously to
the spout (4 L) and ID (2 L). Probe sessions were identical to control sessions, except that DB instead of H2 O was infused ID during
5–8 min. An ascending DB series (0.01–10 mM) over 12 probe sessions was applied. Even at the lowest concentration (0.01 mM), ID
infusions of DB caused more licks per session. This difference was
characterized by a faster lick rate, pronounced by more rapid interlick intervals (<250 ms), and further evident in an increase in lick
burst size, with no change in burst duration, in DB probe sessions.
The DB stimulation effect weakened over the ascending concentration series, suggesting that habituation may have occurred. To test
for habituation, rats were given a single ofﬂine pairing of oral DB
and LiCl. This dishabituation pairing reinstated responding to ID DB.
Finally, to determine if the ID DB was aversive, rats were trained to
associate a ﬂavor (CS+) with ID 10 mM DB and another ﬂavor with ID
water. In a two-bottle test, rats avoided the CS+. The results suggest
ID DB has rapid, distinct unconditioned and conditioned effects on
ingestive behavior. NIH HD052112 and DK27627.
doi:10.1016/j.appet.2009.04.173
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Oral and post-oral determinants of sweetener appetite in mice
A. SCLAFANI ∗ , S. ZUKERMAN Brooklyn College CUNY, Brooklyn, NY,
USA
The avidity of male C57BL/6J (B6, n = 59) mice for the non-caloric
sweetener sucralose and caloric sugars was investigated in shortand long-term tests. In an initial 24-h choice test, B6 mice equally
preferred 0.8% sucralose and 8% sucrose. Yet after separate 24-h
exposures to each sweetener they strongly preferred sucrose. This
was attributed to the post-oral effects of sucrose. Sucralose was next
compared to the components of sucrose that have strong (glucose)
and weak (fructose) post-oral reward effects. New mice preferred
0.8% sucralose to both 8% sugars in 1-min choice tests, suggesting
it has a sweeter taste at these concentrations. In 24-h choice tests,
other mice preferred sucralose to fructose but glucose to sucralose.
The switch from a sucralose preference at 1 min to a glucose preference at 24 h suggests the action of post-oral glucose reward. To
probe the rapidity of this post-oral action, new food-deprived mice
adapted to lick 0.8% sucralose in 60-min, one-bottle tests were
switched to either 8% fructose or glucose. The licking response to
fructose was suppressed, relative to sucralose, in the ﬁrst min and
remained so throughout the 60-min test. The licking response to
glucose was also suppressed in the ﬁrst minute but then increased
and surpassed the sucralose licking rate by 6 min. These results
suggest that glucose has a rapid post-oral action that stimulates
ingestion in mice within minutes. The differential response of mice
to sucralose, glucose and fructose may be a useful model system to
explore oral and post-oral determinants of sweetener appetite.
doi:10.1016/j.appet.2009.04.174

Effects of amylin on food intake, weight gain and body
composition following exposure to chronic social stress
K.A. SCOTT ∗ , S.J. MELHORN, E.G. KRAUSE, R.R. SAKAI University of
Cincinnati, Cincinnati, OH, USA
Amylin, co-released with insulin in response to meals, slows gastric emptying and reduces food intake. Peripheral administration
reduces body weight through adipose loss, while preserving lean
mass. In this study we hypothesized that amylin would attenuate
the hyperphagia and adipose gain that occurs following chronic
social stress. In the visible burrow system (VBS), an ethologically
relevant model of social stress, male rats rapidly form a dominance
hierarchy, with one male dominant (DOM), and the others subordinate (SUB). Although DOM and SUB rats lose weight in the
VBS in comparison to pair-housed control (CON) animals, DOM
quickly regain lost weight, whereas SUB maintain a lower body
weight throughout VBS housing. Following removal from the VBS,
SUB is hyperphagic and regains weight predominantly as adipose
tissue. In this study we implanted CON, DOM and SUB rats with
either a subcutaneous osmotic minipump which released amylin
or a blank pump. CON, DOM and SUB rats gained less weight
than their blank implanted counterparts. 24-h food intake of DOM
and SUB was reduced in the ﬁrst days of recovery from the VBS.
Although not statistically signiﬁcant, CON, DOM and SUB treated
with amylin tended to have less fat than their blank implanted
counterparts 14 day following implantation. These data demonstrate that amylin decreases weight gain, hyperphagia and may
alter body composition following social stress. Current studies are
investigating the effects of post-VBS amylin treatment on gene
expression in hypothalamic and hindbrain regions.
doi:10.1016/j.appet.2009.04.175

43

Effects of the droplet size of intraduodenal fat emulsions on
antropyloroduodenal motility, hormone release and appetite
in healthy males
R.V. SEIMON 1,∗ , T.J. WOOSTER 2 , B. OTTO 3 , M. GOLDING 2 , L. DAY 2 ,
T.J. LITTLE 1 , M. HOROWITZ 1 , P.M. CLIFTON 4 , C. FEINLE-BISSET 1
1 University of Adelaide Discipline of Medicine, Royal Adelaide Hospital,
Adelaide, Australia 2 Food Science Australia, CSIRO, Werribee, Australia 3 Gastroenterology Department, University of Munich, Munich,
Germany 4 CSIRO Human Nutrition, Adelaide, Australia
Small intestinal fat modulates gut motility, plasma CCK and PYY
release and appetite and energy intake. These effects are dependent on the lipolysis of fat. We hypothesized that increasing the
droplet size of a fat emulsion would attenuate these effects. Ten
healthy males were studied on four occasions in randomized order.
Antropyloroduodenal pressures, plasma triglycerides, CCK and PYY,
and appetite were measured during 120-min intraduodenal infusions of fat emulsions comprising 3 droplet sizes: (i) 0.26 m
(“LE-0.26”), (ii) 30 m (“LE-30”) or (iii) 170 m (“LE-170”) and (iv)
saline (“control”). Energy intake at a buffet lunch was quantiﬁed
immediately after the infusions. Increasing the lipid droplet size
was associated with diminished suppression of antral and duodenal pressure waves (r < 0.80, P < 0.01) and stimulation of isolated and
basal pyloric pressures (r > −0.83, P < 0.01), attenuation of the stimulation of plasma triglycerides, CCK and PYY (r > −0.83, P < 0.001), as
well as reductions in the suppression of hunger and energy intake
(r < 0.75, P < 0.001). In conclusion, the acute effects of intraduodenal
fat emulsions on gut function and appetite are dependent on the fat
droplet size. These observations have implications for the design of
functional foods to maximize effects on those gut functions that are
involved in the suppression of appetite.
doi:10.1016/j.appet.2009.04.176

Estrogen enhances sucrose pellet reinforcement
H. SHI 1,∗ , J.F. DAVIS 1 , S.C. WOODS 1 , R.J. SEELEY 1 , D.J. CLEGG 2 , S.C.
BENOIT 1 1 University of Cincinnati, Cincinnati, OH, United States 2 UT
Southwestern, Dallas, TX, United States
Adult female rats are more sensitive to psychostimulant drugs,
an effect that appears to be mediated by estrogen. We hypothesized
that estrogen enhances reinforcement learning and we predicted
that increased estrogen levels would promote operant responding
for sucrose. We examined ﬁxed and progressive ratio responding
under a variety of hormonal conditions. We ﬁrst examined reinforcement learning in intact male and female rats across estrous
cycle. Females at proestrous phase with highest levels of circulating
estradiol earned signiﬁcantly more sucrose reinfocers and leverpressed more than did females at other phases and males. Then
we tested reinforcement learning in rats that received ovariectomy
(OVX) accompanied by estradiol benzoate (2 g/0.1 ml sc; OVX + E)
or oil replacement (0.1 ml sc; OVX + V) every four days. One week
after OVX, there was no difference in body weights between OVX + E
and OVX + V groups. OVX + E rats earned signiﬁcantly more sucrose
reinfocers than OVX + V rats did. In addition, OVX + E rats had a trend
to lever-press more than OVX + V rats (P = 0.06) on the ﬁrst after
injection when circulating estradiol reached its peak. Body weighs
of OVX + E rats were signiﬁcantly less than those of OVX + V rats
two weeks after OVX, and no difference was observed for sucrose
reinforcement between OVX + E and OVX + V rats two, six, or ten
weeks after OVX. In summary, our ﬁndings suggest that sex differences in food reward are relevant when body weight are matched
with evidence implicating circulating estradiol level, at least in part,
contributes to the enhanced sensitivity to the reinforcing effects of
sucrose in females.
doi:10.1016/j.appet.2009.04.177
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Enhanced postprandial PYY, GLP-1, amylin, suppression of
ghrelin, and restoration of glucose homeostasis in a rat model
for Roux-en-Y gastric bypass surgery
A.C. SHIN 1,∗ , H. ZHENG 1 , R.L. TOWNSEND 1 , D.L. SIGALET 2 , H.R.
BERTHOUD 1 1 Neurobiology of Nutrition Laboratory, Pennington
Biomedical Research Center, LSU System, Baton Rouge, LA, USA
2 Department of Surgery, University of Calgary, Calgary, AB, Canada
Roux-en-Y gastric bypass (RYGB) surgery is the most effective
treatment for obesity and associated diabetes, but the mechanisms
involved are poorly understood. We have developed a rat model
for RYGB to investigate the potential role of gastrointestinal hormones. Male Sprague–Dawley rats made obese on a high-fat diet
were subjected to RYGB (n = 5) or sham-surgery (n = 5), and continued on a two-choice (chow/high-fat) diet after surgery. Lean
rats never exposed to high-fat (n = 5) served as additional controls. 3–4 months after surgery, hormonal responses to a test
meal (5 ml of Ensure, 1 ml/min, delivered via intra-oral ﬁstulas)
were examined by frequent blood sampling through chronic jugular catheters in freely behaving rats and commercially available
Multiplex-Luminex assays. Obesity-induced hyperleptinemia and
hyperglycemia were completely reversed by RYGB, while the postprandial insulin response was augmented compared with lean
rats. Meal-stimulated levels of PYY (AUC: RYGB, 45 ± 10; sham,
9.3 ± 3.9; lean, 8.5 ± 5.4), active GLP-1 (RYGB, 7.2 ± 2.1; sham,
0.9 ± 02), and amylin (RYGB, 4.2 ± 0.4; sham, 2.5 ± 0.6) were signiﬁcantly increased, while meal-induced suppression of acylated
ghrelin (RYGB, 72 ± 1%; sham, 41 ± 5%; lean, 47 ± 8%, all p < 0.05) was
enhanced after RYGB compared to both sham (obese) and lean controls. The model thus conﬁrms and extends reports in RYGB patients
and provides a basis for mechanistic studies and speciﬁc hypothesis
testing.
doi:10.1016/j.appet.2009.04.178

Categorization of healthy and unhealthy foods. Reaction times
and explicit responses
M. SIEGRIST ∗ , C. KELLER ETH Zurich, Zurich, Switzerland
People do not have difﬁculties in classifying healthy and
unhealthy foods. We hypothesized, however, that people differ
in their response times when classifying foods as healthy or as
unhealthy. Response times can be viewed as a measurement of
how automatic the association of healthy/unhealthy with a food
product is. Healthy (e.g., apple), neutral (e.g., pasta), and unhealthy
(e.g., Big Mac) stimuli were presented. Participants (N = 78) were
asked to classify 18 food stimuli, as quickly as possible, as healthy or
unhealthy. The computer recorded the responses and the response
times. Consumption frequency and likeability of the foods were also
measured. Response times differed signiﬁcantly across food categories and across groups of participants. Participants needed more
time to evaluate unhealthy food items compared with healthy food
items. It seems easier to classify a healthy food item as healthy
than an unhealthy food item as unhealthy. Women were quicker
in evaluating healthy and unhealthy food stimuli than men. No
gender differences were observed for neutral food items. Results
suggest that likeability and consumption frequency are possible
factors affecting response times. People who need more time to
decide that a food item is unhealthy may be more likely to consume such food. People using stereotypical information about food
may have a healthier diet.
doi:10.1016/j.appet.2009.04.179

PVN and PBN in prostaglandin induced fever and anorexia
K.P. SKIBICKA ∗ , A.L. ALHADEFF, T. LEICHNER, H.J. GRILL University
of Pennsylvania, Philadelphia, PA, USA
Fever and anorexia are induced by an immune system challenge.
While these responses are adaptive when short lasting, they can be
deleterious if prolonged. Therefore it is crucial to understand the
signaling elements and neurocircuitry mediating these responses.
Prostaglandins (PGE) are a critical signaling element. Despite the
presence of PGE receptors (EP-R) in several brain areas, research
has focused on the role of preoptic area of the hypothalamus as the
site of PGE action, especially for the pyrogenic effect. Little is known
about the location of other EP-Rs mediating the anorexic or pyrogenic effects of PGE. Paraventricular (PVN), parabrachial nucleus
(PBN) and nucleus tractus solitarius (NTS) neurons express EP-Rs,
contribute to neurocircuits underlying both temperature and intake
control, and are activated during systemic pathogen infection. Their
role in PGE fever and anorexia is unclear and is the subject of our
study. Two doses of PGE2 (0.1 and 0.2 g) were microinjected into
dorsal PVN, lateral PBN and medial NTS; core temperature, heart
rate, activity and food intake were measured in freely moving rats.
PGE2 stimulation of either PVN or PBN induced a short latency
(<10 min) fever and tachycardia. However, only PVN stimulation
produced an anorexic effect. No signiﬁcant changes in locomotor
activity were found for either site. NTS PGE2 stimulation had no
effects on the measured parameters. Our data highlight new targets
of action in CNS and, importantly, indicate two independent trigger zones for PGE2 induced fever. The data underscore a potential
anatomical dissociation of pyrogenic and anorexic effects of PGE2 .
doi:10.1016/j.appet.2009.04.180

Eating less, while burning more; acute effects of bioactive
components during energy restriction
A.J. SMEETS 1,2,∗ , M.S. WESTERTERP-PLANETNGA 1,2 1 Maastricht
University, Dept Human Biology, Nutrition and Toxicology Research
Institute Maastricht, Maastricht, Netherlands 2 Top Institute Food and
Nutrition, Wageningen, Netherlands
Adherence to weight-loss diets is difﬁcult and uncomfortable. It is therefore of importance to design weight-loss diets
that tackle undesirable physiological responses of the body. The
aim was to investigate whether an 80% energy requirement (ER)
diet plus bioactive mixture (BM), containing resistant starch, capsaicin, green tea, and dietary protein, reaches the same satiety
and thermogenesis level as a 100% ER diet without BM. Sixteen
subjects were studied for 2 days in 4 conditions: (1) 100% ER
diet plus BM (100%H); (2) 100% ER diet, without BM (100%C);
(3) 80% ER diet plus BM (80%H); (4) 80% ER diet, without BM
(80%C), while appetite proﬁle and energy expenditure were continuously monitored. Feelings of satiety were signiﬁcantly higher
in condition 80%H (1210 ± 86 mm*24 h) than in condition 100%C
(1022 ± 100 mm*24 h, p < 0.02). Total energy expenditure was signiﬁcantly higher in condition 80%H (9.14 ± 0.32 MJ/d) than in
condition 100%C (8.90 ± 0.29 MJ/d, p < 0.02). Fat balance in condition 80%H (−20 ± 5 g/d) was signiﬁcantly different from fat balance
in condition 100%C (16 ± 4 g/d, p < 0.001). Carbohydrate balance was
signiﬁcantly different in condition 80%H (−43 ± 9 g/d) from carbohydrate balance in condition 100%C (25 ± 7 g/d, p < 0.001). Protein
balance was not different between condition 80%H (−1 ± 7 g/d) and
condition 100%C (−1 ± 2 g/d). In conclusion, a combination of bioactive components may facilitate adherence to an energy deﬁcit diet
by sustaining satiety and energy expenditure.
doi:10.1016/j.appet.2009.04.181
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Oral anesthesia reveals individual differences in food-related
sensory interactions
D.J. SNYDER ∗ , F.A. CATALANOTTO, P.J. ANTONELLI, L.M. BARTOSHUK University of Florida, Gainesville, FL, USA

Eating behavior and lifestyle characteristics within a sample of
vegetarian and non-vegetarian university students
A.M. SPAETH ∗ , C.A. FORESTELL The College of William and Mary,
Williamsburg, VA, USA

Flavor sensation incorporates taste, oral touch, and retronasal
olfaction (RO), which merge into a unitary percept localized to
the mouth. The mechanisms governing this process are not fully
understood, but our data reveal important interactions among foodrelated cues. Mounting evidence shows that regional oral sensory
loss produces compensatory disinhibition at remaining oral loci:
Chorda tympani (CT) anesthesia leads to elevated glossopharyngeal sensation; among supertasters of 6-n-propylthiouracil, it also
enhances trigeminal (V) sensation. Moreover, oral sensation supports RO: individual differences in it extend to RO, and CT block
compromises RO function without affecting orthonasal sensation.
Our most recent study suggests that the effects of oral sensory
change occur in proportion to genetic taste status, and that affected
sensations are differentially susceptible to these effects. In healthy
subjects with low taste function, unilateral block of either CT or
the lingual nerve (i.e., CT + V) asymmetrically suppressed posterior
taste sensation; this may reﬂect mild disinhibition. Contralateral
anterior oral burn remained intact with both nerve blocks, while
posterior oral burn was blunted bilaterally; these data conﬁrm that
disinhibition at V is linked to high taster status. Finally, both nerve
blocks produced similar RO losses, suggesting that taste input surpasses trigeminal input in supporting RO. In sum, the modulation of
ﬂavor components by oral sensation varies by modality, taster status, and pathology, leading to broad individual differences in the
balance of food-related sensory input.
doi:10.1016/j.appet.2009.04.182

Since the 1980s, interest in new-wave vegetarianism has become
increasingly popular. The limited research conducted in this area
has produced conﬂicting results, with only some studies showing a clear positive relationship between vegetarianism and eating
disordered behavior. These discrepant ﬁndings may be due to
inconsistent deﬁnitions of vegetarianism, small sample sizes, and
disparate age-ranges between groups. The current study aimed to
address some of these issues in order to better understand the
relationship between vegetarianism and eating disordered behavior. Fifty vegetarians (88% female) and 50 non-vegetarians (68%
female), matched for age, ethnicity, race, family income and other
lifestyle characteristics such as alcohol and cigarette use, completed a battery of questionnaires about their eating behavior.
Results suggest that vegetarians were less food neophobic and similar in their restrained eating when compared to non-vegetarians.
There were no signiﬁcant differences between groups on the Eating
Attitudes Test, suggesting that vegetarians did not differ from nonvegetarians in their current disordered eating behavior. However,
of the seven participants who indicated that they had previously
been treated for an eating disorder, ﬁve became vegetarians by
the age of 14 years. Thus, consistent with prior research, becoming a vegetarian at a young age may serve as a risk factor for later
disordered eating. These results add to the existing literature and
provide further insight into the complicated connection between
vegetarianism and eating behavior.
doi:10.1016/j.appet.2009.04.184

Low carbohydrate intake only shows a larger decrease in body
weight and fat percentage in the presence of high protein
intake
S. SOENEN ∗ , M.S. WESTERTERP-PLANTENGA Human Biology, TIFN,
NUTRIM, Maastricht University, Maastricht, Netherlands
Introduction: Our objective was to examine if combination of
high-protein and low-carb intake (HPLC) compared to high-protein
(HPNC) or low-carb (NPLC) or normal-protein normal-carb intake
(NPNC) results into a difference in body composition. Methods:
Body-weight and body composition (deuterium-dilution) of 143
subjects (BM 106.6 ± 20.1 kg FM% 43.9 ± 5.8%) and blood- and urineparameters were assessed before and after 3 months energy intake
reduction of 67%. HPLC consisted of 60/5/35E% protein/carb/fat and
resulted in 120 ± 41 g of protein intake (24 h nitrogen), HPNC of
60/35/5E% and 105 ± 30 g, NPLC of 30/5/65E% and 73 ± 21 g, and
NPNC of 30/35/35E% and 67 ± 16 g. Results: HPLC reduced BM and
FM% most. The synergistic effect of HP and LC and the effect of
HP in the LC condition was already signiﬁcant on BM-reduction
after 1 month (HPLC vs. NPNC −6.7 ± 2.1 vs. −5.1 ± 1.8, p < 0.005;
and vs. NPLC −5.8 ± 1.7, p < 0.05). The effect of HP was signiﬁcant
after 3 months in the normal- (HPNC vs. NPNC; BM −12.6 ± 4.1 vs.
−10.6 ± 4.0, p < 0.01 and FM% −5.7 ± 3.3 vs. −3.9 ± 2.5, p < 0.05) and
low-carb condition (HPLC vs. NPLC; BM −15.3 ± 4.5 vs. −12.2 ± 4.4,
p < 0.01 and FM% −6.6 ± 2.6 vs. −4.8 ± 3.7, p < 0.05). There was no
effect of LC in the normal- (NPLC vs. NPNC) or the high-protein
(HPLC vs. HPNC) condition. Changes in waist, MDRD, albumincreatinin-ratio, glucose, insulin, and cholesterol were not different
between diets. Conclusion: High-protein shows a larger decrease in
BM and FM% irrespective of the presence of low-carb, while lowcarb only shows a larger decrease in BM and FM% in the presence
of high-protein.
doi:10.1016/j.appet.2009.04.183

Dopamine-related genotypes moderate relation between
reward circuitry activation and weight gain. A prospective fMRI
study
E. STICE 1,2,∗ , S. SPOOR 1,2 , C. BOHON 1,3 , C.N. MARTI 2 1 Oregon
Research Institute, Eugene, OR, USA 2 University of Texas at Austin,
Austin, TX, USA 3 University of Oregon, Eugene, OR, USA
The present study tested whether elevated anticipatory food
reward is related to elevated weight and future weight gain, and
whether genotypes associated with reduced dopamine signaling (DRD2, DRD4) moderated these relations. We used fMRI to
measure responses in meso-limbic reward system and associated
regions in response to imagined intake of appetizing food, unappetizing foods, or glasses of water in 39 girls (14–18 years; BMI
range = 17.3–38.9). Cross-sectional analyses indicated that BMI was
positively correlated with activation in the superior frontal gyrus,
medial orbitofrontal cortex, putamen, and frontal operculum in
response to imagined intake of appetizing food and that these
relations were moderated by DRD2 and DRD4 genotype status.
Yet prospective analyses indicated that participants who showed a
blunted response in the putamen, medial frontal cortex, and frontal
operculum in combination with these genotypes showed the greatest weight gain over the 1-year follow-up. These latter results
converge with evidence that women who showed reduced dorsal
striatum activation in response to food and possessed the DRD2
genotype showed the greatest future weight gain. Results suggest
that blunted response of food reward circuitry increases risk for
weight gain if coupled with genetic risk for compromised dopamine
signaling. Findings also illustrate the importance of prospective
fMRI studies, rather than cross-sectional studies.
doi:10.1016/j.appet.2009.04.185
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Excess dietary salt intake alters the excitability of central
neural networks
S.D. STOCKER University of Kentucky, Lexington, KY, USA
Salt intake is regulated by complex humoral, visceral, and neural
stimuli to maintain body ﬂuid homeostasis. However, excess dietary
salt intake increases the risk for the development of several cardiovascular diseases including salt-sensitive hypertension. In this
regard, compelling evidence from clinical studies and experimental
models indicates that dietary salt intake acts synergistically to exacerbate the level of hypertension through increases in sympathetic
nerve activity (SNA). Therefore, we hypothesized that excess dietary
salt enhanced the excitability of sympathetic-regulatory networks.
Male Sprague–Dawley rats (200–300 g) were fed standard laboratory chow and given access to water or 0.9% NaCl for 14 days (ns > 8).
Excitation of sympathetic-regulatory neurons in the rostral ventrolateral medulla (RVLM) with injection of l-glutamate (1 nmol)
produced signiﬁcantly greater increases in renal SNA (123 ± 8 vs
82 ± 6%) and blood pressure (44 ± 3 vs 24 ± 1 mmHg) of rats drinking 0.9% NaCl versus water. Conversely, inhibition of RVLM neurons
with GABA (10 nmol) produced signiﬁcantly greater decreases in
blood pressure (−31 ± 3 vs −15 ± 1 mmHg) of rats drinking 0.9%
NaCl versus water. Additional experiments demonstrate: (1) lesion
of the ventral forebrain lamina terminalis prevents these saltinduced changes, and (2) excess dietary salt does not enhance the
excitability of all sympathetic-regulatory networks. Collectively,
these ﬁndings suggest that excess dietary salt intake may have
adverse effects on the excitability of central neural networks to
contribute to the pathogenesis of cardiovascular disease.
doi:10.1016/j.appet.2009.04.186

The effects of maternal obesity on anxiety, stress response and
food preference of juvenile Japanese macaques
E.L. SULLIVAN ∗ , K. COLEMAN, K.L. GROVE Oregon National Primate
Research Center, Beaverton, OR, USA
Alterations in maternal nutrition during development have
long-term effects on offspring behavior. Given the current obesity
epidemic it is critical to examine the consequences of maternal
over nutrition on offspring behavior. The goal of this study was to
examine the consequences of maternal obesity and high-fat diet
consumption on anxiety like behavior, stress sensitivity and food
preference of juvenile nonhuman primates. Offspring from female
Japanese macaques consuming either a low-fat (13%) control diet
or a high-fat (35%) diet (HFD) were examined. The Human Intruder
test and novel object tests were used to assess stress and anxiety responses to a social threat or novel item. These tests were
adapted from tests used in children and have been shown to reliably
assess individual differences in primate stress response and anxiety. Preference for diets of differing fat and sugar content were also
examined. At 4 months of age, offspring from mothers fed a HFD
exhibited increased latency to explore novel objects and increased
aggression. Also, CSF serotonin was decreased in offspring from HFD
fed mothers. Food preference testing revealed that offspring from
HFD fed mothers were more likely to consume novel diets and had
increased preference for the diet that was high in fat and sugar content as compared to offspring from control diet fed mothers. This
data suggests that maternal over nutrition results in heightened
anxiety and aggression in juvenile nonhuman primates potentially
due to decreased serotonin levels.
doi:10.1016/j.appet.2009.04.187

Enkephalinergic signaling in the limbic forebrain modulates
palatable food intake
S.A. TAHA 1,2,∗ , Y. KATSUURA 1,2 , H.L. FIELDS 2 1 University of Utah,
Salt Lake City, UT, USA 2 Gallo Research Center, Emeryville, CA, USA
Palatability associated cues potently increase food intake. Opioid signaling has been implicated in modulating palatable food
consumption, but neural mechanisms underlying this effect are
poorly understood. We investigated the role of the endogenous
opioid ligand enkephalin, which is widely expressed in taste and
reward circuits, in palatability-driven food intake and taste encoding. Preproenkephalin KO mice did not differ from WT littermates
in baseline feeding behavior. However, systemic administration of
the opioid antagonist naltrexone (NTX) suppressed sucrose intake
in WT mice, but slightly increased intake in the KO. This was
true for caloric and noncaloric tastants, indicating that NTX effects
were independent of postingestive effects. NTX reduced positive
taste reactivity patterns in WT mice, suggesting effects on intake
occurred through a palatability based mechanism. We analyzed cfos
immunohistochemistry to pinpoint anatomical loci where NTXinduced changes in expression diverged between WTs and KOs.
NTX increased cfos expression in the central nucleus of the amygdala (CeA), a direct recipient of brainstem taste inputs, in WT mice
but not KO mice. Direct NTX infusion into the CeA decreased intake
in WT animals. Finally, we used electrophysiological methods to
investigate taste encoding in the amygdala in behaving mice. Preliminary results suggest that NTX acts to attenuate the magnitude
of palatable taste-evoked responses in WT but not KO mice. Our
results suggest enkephalinergic signaling in the amygdala importantly modulates palatability processing.
doi:10.1016/j.appet.2009.04.188

Increased expression of Igf2 and glucose transporters in
placenta of mice produced by assisted reproductive techniques
(ART)
K.L. TAMASHIRO 1,∗ , K.A. SCOTT 2 , R.L. LEE 1 , J.B. POTASH 1 , T.H.
YANAGIMACHI 3 , R.R.
SAKAI 2 , Y.
YAMAZAKI 3
MORAN 1 , R.
1 Department of Psychiatry, Johns Hopkins University, Baltimore,
MD, USA 2 Department of Psychiatry, Cincinnati, OH, USA 3 Institute
for Biogenesis Research, University of Hawaii, Honolulu, HI, USA
ART that allow infertile couples to have children have increased
such that 1–3% of all children are now conceived by ART. Although
all the long-term consequences are not yet known, children produced by in vitro fertilization (IVF) have a signiﬁcantly increased
incidence of metabolic and cardiovascular deﬁcits. Of concern, mice
produced by somatic cell nuclear transfer (SCNT) have adult-onset
obesity, hyperleptinemia, hyperinsulinemia and impaired glucose
tolerance. Although SCNT is not currently used in humans, SCNT
and ART such as IVF and intracytoplasmic sperm injection (ICSI)
share some in vitro techniques. Placental hypertrophy in SCNT mice
suggests that placental function and in utero nutrient transfer may
be altered as a consequence of in vitro manipulation. Expression
of Igf2, Glut1 and Glut3 was measured by RT-PCR in E19.5 placentas from female mice impregnated by natural mating (STOCK), IVF,
ICSI, and SCNT. IVF, ICSI and SCNT mice all had higher Glut1 expression compared to STOCK (P < 0.05). SCNT mice also had greater
expression of Igf2 (P < 0.05) and Glut3 (P < 0.05). These data suggest that in vitro manipulation and culture conditions used in ART
may increase offspring susceptibility to metabolic consequences
through alterations in placental nutrient transfer to the fetus. NIH
grants HD055030, DK072488, DK068273.
doi:10.1016/j.appet.2009.04.189
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Dose-dependent effects of caffeine on physiology and behavior
in adolescents
J.L. TEMPLE ∗ , A.M. DEWEY, L.N. BRIATICO, E. CLARK University at
Buffalo, Buffalo, NY, USA
Caffeine is the most widely used psychoactive substance in the
world, but its effects in children and adolescents remain understudied and poorly understood. The purpose of our study was to
assess the extent to which adolescents develop tolerance to the
effects of caffeine and to examine the effects of acute (dose) and
chronic (group) caffeine on snack food intake and liking and detection of sucrose solutions. In addition, we assessed the relationship
between caffeine use and use of other substances. Children, ages
12–17, visited our lab on four occasions, each separated by 1 week.
The participants consumed a beverage containing 0 mg, 50 mg,
100 mg, or 200 mg of caffeine (order counterbalanced). They completed a behavioral checklist, had heart rate and blood pressure
taken every 10 min for 1 h, completed questionnaires to assess licit
and illcit substance use, completed a hand tremor test, a sucrose
detection panel, and an ad libitum eating session. We found a dosedependent increase in blood pressure and decrease in heart rate
regardless of usual caffeine consumption. We also found a group,
dose, and dose by group interactions on hand tremor. Low caffeine
consumers were signiﬁcantly more likely to report consuming alcohol than high caffeine consumers. Finally, there was a signiﬁcant
interaction of group and dose on perception of sweetness. When
taken together, these data suggest that caffeine has a broad range
of effects on physiology and behavior in adolescents, but we found
little evidence for tolerance.
doi:10.1016/j.appet.2009.04.190

47

Effects of age on DOCA salt appetite in rats
R.L. THUNHORST ∗ , T.G. BELTZ, A.K. JOHNSON Department of Psychology, University of Iowa, Iowa City, IA, USA
Old rats, like elderly humans, have diminished thirst and drinking responses to many challenges to ﬂuid homeostasis. In addition,
salt appetite in response to sodium depletion is nearly absent in
old rats. The present work investigates the effects of aging in a
model of salt appetite, i.e., mineralocorticoid-induced salt appetite,
that produces a state of sodium excess. We used young (4 mo,
n = 6), middle-aged (12 mo, n = 5) and old (30 mo, n = 6) male Brown
Norway (BN) rats housed in standard metabolism cages. The rats
had ad libitum access to water, 0.3 M NaCl and sodium deﬁcient
diet. After 5 days of baseline, they received deoxycorticosterone
acetate (DOCA; 5 mg/(kg day), sc) for 6 days. In response to DOCA,
old rats drank as much saline solution as young rats (∼25 ml/day,
peak response), but middle-aged rats drank the most (∼75 ml/day).
After adjusting intakes for body weight, the order of salt consumption was 12 mo > 4 mo > 30 mo. In addition, old rats had reduced
saline preference ratios (saline/total ﬂuid intake) compared to the
other groups. There were no obvious age-related differences in ﬂuid
excretion or ﬂuid balance. Therefore, the signiﬁcant effects of age on
DOCA salt appetite in BN rats may be due to age-related differences
in mineralocorticoid receptor binding, or to central processing of
taste signals or ﬂuid balance/volume signals, but not to age-related
differences in ﬂuid balance/volume levels per se. This work was
supported by AG-025465 to RLT and HL-14388 and DK-066086 to
AKJ.
doi:10.1016/j.appet.2009.04.192

Multi-day administration of the GLP-1 agonist, exendin-4,
reduces food intake and body weight and prevents fasting
related alterations in hypothalamic gene expression
C.E. TERRILLION ∗ , M.J. DAILEY, K.L.K. TAMASHIRO, T.H. MORAN
Johns Hopkins University, Baltimore, MD, USA

Heterogeneous weight gain by inbred mice fed a high-energy
diet. Inﬂuence of litter characteristics
M.G. TORDOFF ∗ , L.K. ALARCON, H.T. ELLIS, M.P. LAWLER Monell
Chemical Senses Center, Philadelphia, PA, USA

Exendin-4 (Ex-4), a long-lasting GLP-1 receptor agonist,
decreases food intake and body mass in humans and other species.
Repeated daily administration of Ex-4 in non-human primates
continues to suppress feeding across days with no compensatory
increase after Ex-4 is stopped. The mechanisms through which Ex4 act, however, are not yet clear. In this study, we investigated
whether the continued effects of Ex-4 and the lack of compensation
could be mediated by changes in leptin, ghrelin and hypothalamic
gene expression in male Sprague Dawley rats. Rats were given Ex-4
(10 g/kg) or saline prior to feeding for ﬁve consecutive days and
were then sacriﬁced on the 6th day prior to feeding. As expected,
Ex-4 administration decreased food intake and body mass over
the 5-day period. This decrease in body mass was reﬂected by a
decrease in white adipose tissue and plasma leptin levels, with no
change in ghrelin. There were no signiﬁcant differences in arcuate or dorsalmedial hypothalamic gene expression between Ex-4
treated rats compared to saline rats. Pair-fed control rats, that
lost signiﬁcant weight, had alterations in gene expression. These
results demonstrate that multiple day activation of GLP-1 receptors
appears to prevent the changes in hypothalamic gene expression
due to reduced food intake and this action may explain the lack
of compensatory response seen in the prior primate experiments.
Supported by NIH DK19302.
doi:10.1016/j.appet.2009.04.191

When fed high-energy diet, some C57BL6/J mice gain body
weight rapidly but others do not. This is puzzling because the mice
have (almost) identical genes and an (almost) identical environment. What causes the variation? To investigate the contribution
of early environment, 158 litters of C57BL/6J mice aged 17-wk were
fed high-energy “Surweit” diet for 8 wk. Males gained 12.7 ± 0.3 g
(range −3.9 to 26.8 g; n = 327) and females gained 7.5 ± 0.2 g (range,
−2.8 to 22.2 g; n = 357). Diet-induced weight gain was weakly but
signiﬁcantly associated with weight before diet access in males
(r = 0.16) but not females (r = 0.06). Surprisingly, litter size did not
affect body weight or weight gain. For example, males from litters
with 1–4 pups weighed 26.5 ± 0.6 g and gained 12.6 ± 1.2 g (n = 29);
males from litters with 10–12 pups weighed 26.1 ± 0.3 g and gained
12.3 ± 0.6 g (n = 40). Litter sex ratio did not inﬂuence body weight;
nor was there a difference between mice from single-sex or mixedsex litters. The mice of a mother’s 1st, 2nd or 3rd litter had similar
body weights. These mice were signiﬁcantly heavier than mice from
a 4th or later litter (e.g., males from litter 1 = 26.2 ± 0.3 g, n = 125;
litter 4–6 = 24.7 ± 0.4 g, n = 38), but litter number did not affect the
response to high-energy diet. In summary, litter characteristics had
remarkably little inﬂuence on body weight and could not account
for the heterogeneous response of C57BL/6J mice to high-energy
diet.
doi:10.1016/j.appet.2009.04.193
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Rodent herbivores fed novel bitter plant compounds regulate
meal size
A.-M. TORREGROSSA 1,∗ , A.V. AZZARA 2 , M.D. DEARING 3 1 Florida
State University, Tallahassee, FL, USA 2 Bristol Myers Squibb, Princeton,
NJ, USA 3 University of Utah, Salt Lake City, UT, USA

Site-speciﬁc stimulation of brain melanocortin receptors
increases brown adipose tissue (BAT) thermogenesis via
sympathetic nervous system (SNS) innervation
C.H. VAUGHAN ∗ , Y.B. SHRESTHA, C.K. SONG, T.J. BARTNESS
Georgia State University, Atlanta, GA, USA

Mammalian herbivores are faced with plants containing toxic
compounds at every meal and safe ingestion of these foods requires
the detection and detoxiﬁcation of these compounds. One mechanism herbivores employ is to adjust meal size in a dose-dependent
manner to minimize intake of plant toxins when concentrations
vary. We chose to examine the ability of an herbivorous rodent,
Neotoma albigula, to regulate an ecologically novel toxin by measuring spontaneous feeding behavior of animals fed diets with
increasing concentrations (0.5%, 1%, 2% and 4%) of phenolic resin
extracted from creosote (Larrea tridentata). Diets were presented
for three days per concentration and in order of increasing concentration to allow for liver enzyme acclimation. Animals decreased
total intake and meal sizes on the 2% and 4% diets compared to
lower toxin diets. In a second experiment, we chose to examine
the mechanism of meal size regulation by testing the hypothesis
that regulation of toxin intake may be CCK-dependent. To test this
hypothesis, we administered CCK-8 (0, 0.5 and 1.0 g/(ml kg)) when
animals were fed three concentrations of phenolic resin (0.5%, 2%
and 4%). Although CCK produced a dose-dependent reduction in
meal size, the reduction was equivalent on all three diets. In summary, although these herbivores can regulate meal size to avoid
overdosing on plant toxins, the potency of CCK does not change
with diet toxicity.
doi:10.1016/j.appet.2009.04.194

Fat breakdown (lipolysis) occurs via ␤-adrenoreceptors and then
intracellular cascades involving hormone sensitive lipase (HSL) and
perilipin A proteins in brown and white adipocytes. White adipose
tissue (WAT) lipolysis and interscapular BAT (IBAT) thermogenesis
is also affected by melanocortin system activation. There is extensive co-localization of melanocortin 4 receptor (MC4R) mRNA on
sympathetic outﬂow neurons to WAT and IBAT across the neuroaxis.
3rd ventricular MTII (a MC3/4R agonist) signiﬁcantly increases sympathetic drive to subcutaneous WAT and IBAT, IBAT thermogenesis
and phosphorylated HSL and perilipin A (lipolytic markers) in WAT
and IBAT. These experiments tested whether microinjections of
MTII or cyclo [␤-Ala-His-D-Phe-Arg-Trp-Glu]-NH2 (a MC4-R agonist) into the sub zona incerta (subZI), a site of high MC4R mRNA
co-localization of SNS outﬂow neurons to WAT and IBAT, triggered IBAT thermogenesis and/or WAT lipolysis. MTII signiﬁcantly
increased IBAT temperature at 1-h post injection at 0.075 nmol and
4 h post injection at 0.05 nmol.The cyclo compound increased IBAT
temperature at 1-, 2-, and 3-h post injection. Neither MTII nor the
cyclo compound increased peripheral WAT lipolytic markers (glycerol and free fatty acids serum levels). Tests for phosphorylated HSL
and perilipin A levels are ongoing. These results help in deﬁning the
chain of events beginning with SNS outﬂow neurons in brain and
ending with the lipolytic changes in the adipocyte in vivo. This work
was supported by NIH R01-DK35254 and F32-DK82143.
doi:10.1016/j.appet.2009.04.196

Differential effects of ghrelin on spatial learning in males and
females
A.L. TRACY 1,∗ , D.J. CLEGG 2 , M.H. TSCHOEP 1 , S.C. BENOIT 1
1 University of Cincinnati, Cincinnati, OH, USA
2 University of
Texas Southwestern Medical Center, Dallas, TX, USA

Gluconeogenesis and energy expenditure after a high protein,
carbohydrate-free diet
M. VELDHORST ∗ , M. WESTERTERP-PLANTENGA, K. WESTERTERP
Department of Human Biology of Maastricht University and TIFN,
Maastricht, Netherlands

Ghrelin, an endogenous ligand for the growth hormone secretagogue receptor (GHSR) is well-known for its effects on food
intake and body weight. Ghrelin has also been demonstrated to
enhance performance on multiple learning and memory tasks,
while mice with a selective deletion of the ghrelin gene display
impaired memory retention. Peripherally administered ghrelin has
been shown to enter the hippocampus, bind to GHSR, and increase
dendritic branching, while decreased branching was observed in
ghrelin-deﬁcient mice (Diano et al., 2006). Here, we demonstrate
that selective deletion of the GHSR gene speciﬁcally impairs performance in the Morris water maze, a hippocampal-dependent spatial
learning task. It is also known that ghrelin’s ability to increase
food intake is diminished in intact females relative to males and
varies with estradiol level (Clegg et al., 2007). Therefore, we also
assessed spatial learning in female mice. In contrast to males,
GHSR deﬁciency did not affect performance on this task in females.
We further assessed ghrelin supplementation on performance of
this hippocampal-dependent task in both male and female mice.
Our results extend previous data by demonstrating that the effect
of ghrelin to alter hippocampal dendritic morphology extends to
behavior on a hippocampal-dependent test of spatial learning and
memory. Further, our data indicate that the effect of ghrelin on
learning and memory is sex-dependent, and suggest that ghrelin
and GHSR may play a role in sex differences in spatial learning.
doi:10.1016/j.appet.2009.04.195

A high protein diet, especially in the absence of carbohydrates, may stimulate gluconeogenesis (GNG) and this
process may be responsible for the increased energy expenditure (EE) at such a diet. Here, the objective was to study
whether a high protein, carbohydrate-free diet increases GNG
and can explain the increase in EE. Ten healthy male subjects
(mean ± SEM BMI: 23.0 ± 0.8 kg/m2 , age: 23 ± 1 years) received an
iso-energetic high protein, carbohydrate-free (H, 30/0/70En% protein/carbohydrate/fat) or a normal diet (N, 12/55/33En% P/CHO/F)
for one and a half day in a randomized, crossover design in a respiration chamber. Endogenous glucose production (EGP) and fractional
GNG were measured using infusion of [6,6-2 H2 ]glucose and ingestion of 2 H2 O; absolute GNG was calculated by multiplying fractional
GNG with EGP. Body glycogen stores were lowered at the start of the
intervention with an exhaustive glycogen-lowering exercise test.
EGP was lower in H than in N (181 ± 9 g/d vs. 226 ± 9 g/d, p < 0.001)
whereas fractional GNG (0.95 ± 0.04 vs. 0.64 ± 0.03, p < 0.001) and
absolute GNG (171 ± 10 g/d vs. 145 ± 10 g/d, p = 0.06) were higher.
The increase in resting metabolic rate (RMR) in H compared with N
(8.46 ± 0.23 MJ/d vs. 8.12 ± 0.31 MJ/d, p < 0.05) was a function of the
increase in GNG (RMR = 0.0046*GNG −0.0021, r = 0.65, R2 = 0.42,
p < 0.05). In conclusion, a major part of the increased energy expenditure at a high-protein, carbohydrate-free diet can be explained by
increased gluconeogenesis.
doi:10.1016/j.appet.2009.04.197
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Desensitization of dipsogenic activity after repeated
angiotensin II administration
P.J. VENTO ∗ , D. DANIELS Behavioral Neuroscience Program, Department of Psychology, State University of New York at Buffalo, Buffalo,
NY, USA
Angiotensin II (AngII) is a potent stimulus for water intake, but
several reports indicate that repeated injections lead to desensitization of this dipsetic property. Additional studies in vitro
demonstrate rapid desensitization of the AngII type 1 (AT1 ) receptor in cardiomyocytes and vascular smooth muscle. Little is known,
however, about the mechanism involved in AngII-induced desensitization. To address this issue, we established a reliable protocol
to generate desensitization of AngII-induced water intake. Speciﬁcally, we found that three pre-test injections of 300 ng AngII, given
20 min apart, reduced the drinking response to a test injection of 10
or 100 ng AngII. The desensitizing property of the pre-test injections
was dependent on the timing and dose of the injections used. To
examine the speciﬁcity of the response to repeated AngII exposure,
we used a two-bottle test in which rats had access to both water and
1.5% NaCl. This experiment demonstrated a surprising speciﬁcity of
the effect to water, but not saline intake. Ongoing experiments are
attempting to elucidate the intracellular signaling mechanisms that
give rise to this phenomenon. These experiments utilize a synthetic
AngII analog which activates only a subset of AT1 -induced intracellular signaling cascades. Preliminary results suggest that the
behavioral desensitization observed after repeated AngII administration may be associated with the selective activation of speciﬁc
intracellular signaling pathways.
doi:10.1016/j.appet.2009.04.198
9-Tetrahydrocannibinol (THC) attenuates weight loss in an
activity-based model of anorexia nervosa
A.N. VERTY ∗ , M.J. EVETTS, B.J. OLDFIELD Department of Physiology,
Monash University, Melbourne, Australia
Activity-based anorexia (ABA), an animal model of anorexia
nervosa (AN), involving scheduled feeding and voluntary exercise
(running wheel activity (RWA)) leads to hypophagia, dramatic body
weight loss and ammenhoria. The cannabinoid system is involved in
appetite control however its efﬁcacy in preventing the development
of ABA is not well known. Here the effect of chronic THC treatment
in ABA rats given a standard chow or high fat food on a scheduled
feeding regimen was investigated. Firstly, female Sprague-Dawley
rats (N = 15) were treated with vehicle or THC (2 mg/kg i.p.) daily
for 5 days and allowed access to standard laboratory chow for 1.5 h.
THC treated animals showed a signiﬁcant attenuation of ABA while
producing only a transient stimulating of feeding. A second cohort
of rats (N = 15) was treated for 7 days as described above and on
this occasion given access to a palatable high fat diet. THC treatment again produced a signiﬁcant attenuation of ABA with only a
transient increase in feeding. THC treated chow fed animals were
indistinguishable from vehicle treated animals fed a high fat diet;
however, when THC and a high fat diet were combined, a synergistic attenuation of weight loss was observed that was signiﬁcantly
greater than would be attributed to the attenuation of weight loss
in vehicle treated high fat fed and THC treated chow fed animals. In
both cohorts RWA was not signiﬁcantly affected by THC treatment.
These data establish the efﬁcacy of cannabinoids in attenuating
weight loss seen in AN at least as observed in the ABA model.
doi:10.1016/j.appet.2009.04.199
Evidence for a novel role for the CB2 receptors in the
mediation of energy intake and expenditure
A.N. VERTY ∗ , B.J. OLDFIELD Department of Physiology, Monash University, Melbourne, Australia
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The endocannabinoid system has long been recognized as an
important modulator of energy balance; an effect exerted mainly
via the cannabinoid CB1 receptor. The CB2 receptor has primarily
been implicated in mediating immune function, however recent
evidence has pointed towards an involvement in energy intake.
Here we show the effect of sub chronic manipulation of CB2
receptors on energy intake, body weight, and energy expenditure.
C56BL/6J mice (N = 8) were made diet induced obese (DIO) by maintaining them on a high fat diet for 3 months. The CB2 receptor
agonist JWH-015 (5 mg/ml i.p.) or vehicle was injected for 7 days
and food intake and body weight measured daily. JWH treated animals showed a signiﬁcant reduction in body weight that continued
despite only a transient reduction in food intake. In order to determine the extent to which the sustained reduction in body weight
was due to an impact on energy expenditure, mice were housed
in calorimetry cages was acclimatized to the indirect calorimetry
cages for 3 days and injected with either vehicle or JWH for two
days. Results showed a signiﬁcant elevation in O2 consumption coupled with a reduction in respiratory quotient, the latter suggesting
increased fat oxidation. In conclusion, these data show the impact
of the CB2 receptor system in inﬂuencing body weight via a shift in
energy expenditure and nutrient partitioning.
doi:10.1016/j.appet.2009.04.200
Disruption in satiety signaling in people with schizophrenia
taking olanzapine or clozapine
K.R. WARREN 1,∗ , M.P. BALL 1 , Z.S. WARWICK 2 , L.M. ROWLAND 1 ,
D.L. KELLY 1 , R.W. BUCHANAN 1 1 University of Maryland, School of
Medicine, Baltimore, MD, USA 2 University of Maryland, Baltimore
County, Department of Psychology, Baltimore, MD, USA
Weight gain due to second generation antipsychotics, particularly olanzapine (OLAN) and clozapine (CLOZ), is signiﬁcant and has
led to other health problems including diabetes and cardiovascular disease. The mechanism(s) by which these drugs cause weight
gain is unknown. The present investigation compared test meal
(TM) intake following a nutritive (12 oz Ensure) or nonnutritive
(12 oz water) preload in people with schizophrenia who were taking
either OLAN (n = 13); CLOZ (n = 12) or non-weight-gain-producing
antipsychotics (NWPAs) (n = 6); and healthy controls (n = 11). Wheat
Thins and Nilla Wafers were used as the test meal. Groups were
age- and BMI-matched. As hypothesized, preliminary analyses
reveal that OLAN (M = 234.0, SD = 125.0 g) and CLOZ participants
(M = 245.6, SD = 206.8 g) tend to consume more TM than the control
participants (M = 174.9, SD = 164.g) in the Ensure condition, and in
the water condition (olan: M = 316.6, SD = 135.9 g; cloz: M = 330.6,
SD = 294.9 g; controls: M = 178.1, SD = 125.5 g). Though not statistically signiﬁcant, the magnitude of effect was moderate (Cohen’s
d = 0.39) for the Ensure condition and large (Cohen’s d = 0.84) for the
water condition. OLAN participants (M = 56.6, SD = 27.3) rated the
ﬂavor of a meal as signiﬁcantly less important, on a 100 mm visual
analogue scale, than CLOZ participants (M = 80.7, SD = 14.1 mm) and
control participants (M = 96.6, SD = 8.3 mm), F(2, 27) = 11.98, p < 0.05
(NWPA data is incomplete at this time). Participants on OLAN rated
“how full it makes you feel” as a signiﬁcantly more important aspect
of food than the other groups, F(3, 41) = 4.71, p < 0.05. TM intake
and hunger rating comparisons reveal that OLAN appears to disrupt hunger and satiety signaling. OLAN participants had a greater
disconnect between hunger ratings and TM intake and tend to make
food choices based on perceived hunger-relieving properties of food
rather than ﬂavor. OLAN participants may gain weight due to aberrant satiety signaling causing increased consumption that is maintained throughout the day. In contrast, CLOZ participants tended
to consume according to hunger ratings consistent with the theory
that weight gain induced by CLOZ may have a metabolic component. This preliminary data helps in understanding metabolic and

G Model
50

ARTICLE IN PRESS
Abstract / Appetite xxx (2009) xxx–xxx

weight gain differences associated with antipsychotic treatment.
As data collection continues, we will be better able to tease apart
the effects of these medications on satiety signaling.
doi:10.1016/j.appet.2009.04.201

supplements to ameliorate current trends in overweight and obesity. ARC, Horizon Science.
doi:10.1016/j.appet.2009.04.203

Gastrin releasing peptide activates the dorsal vagal complex
and the submucosal plexus of the jejunum in the rat
M.C. WASHINGTON 1,∗ , C. LARSEN 1 , J.R. REEVE 2 , A.I. SAYEGH 1
1 College of Vet. Med., Tuskegee University, Tuskegee, AL, USA 2 UCLA
School of Medicine, Los Angeles, CA, USA

Early-life short-term voluntary exercise attenuates obesity in
adult OLETF rats
A. WELLER ∗ , M. SCHROEDER, L. SHBIRO, V. GELBER Bar-Ilan University, Ramat-Gan, Israel

We have shown that gastrin releasing peptide-29 (GRP-29)
reduces food intake in rats. Here, we investigate a possible pathway
for this reduction by detecting Fos-like immunoreactivity (FosLI; a marker for neuronal activation) in the feeding areas of the
dorsal vagal complex (DVC) in the hindbrain, and in the enteric
(myenteric and submucosal) neurons of the gastrointestinal tract
in response to GRP-29. Eighteen male Sprague–Dawley rats were
deprived of food but not water overnight. The next morning, the
rats received an intraperitoneal (i.p.) injection of GRP-29 (12 g/kg),
cholecystokinin-8 (CCK-8, 5 g/kg) or saline, and were sacriﬁced
30, 60, 90 and 120 min post injection to determine maximum Fos
expression in the DVC, stomach, duodenum, jejunum and colon.
We found that GRP-29 increased Fos-LI in the DVC 30 and 60 min
post injection, in the submucosal plexus of the jejunum 30, 60 and
90 min post injection and in the myenteric plexus of the jejunum 60
and 90 min post injection. As reported previously, CCK-8 increased
Fos-LI in the DVC and enteric neurons of duodenum and jejunum.
In conclusion, GRP may reduce food intake by activating the DVC
directly (endocrine route) or through activating enteric neurons of
the gut by vagal or sympathetic routes. The lack of activation in
the stomach, the main source of peripheral GRP, may indicate that
GRP does require the enteric neurons of the stomach to reduce food
intake or dose not stimulate c-Fos.
doi:10.1016/j.appet.2009.04.202

Sugarcane-derived polyphenols decrease diet-induced obesity
R.S. WEISINGER 1,∗ , D.P. BEGG 1 , M. JOIS 1 , B. GUIDICE 1 , D.
KANNAR 2 , B. KITCHEN 2 1 LaTrobe University, Melbourne, Australia
2 Horizon Science, Melbourne, Australia
Polyphenols are plant metabolites characterized by aromatic
rings and hydroxy groups. Sugarcane contains a unique mix of
antioxidant polyphenols such as hydroxycinnamic and benzoic
acids. Our aim was to investigate the effect of sugarcane-derived
polyphenols (SDP) on diet-induced obesity. Male C57BL/6J mice
were divided into control (CON) or experimental groups, n = 12
mice/group. All groups were fed a high fat (21%) diet for 16
weeks; the experimental groups were supplemented with 200 or
400 mg/100 g diet, SDP200 or SDP400. Body weight, food and water
intakes, body composition (DEXA); energy expenditure (indirect
calorimetry), energy content of faeces (bomb calorimetry); glucose clearance and insulin sensitivity (following glucose load) were
determined. The results indicated that relative to CON, food intake
was decreased and ﬂuid intakes were increased during the experimental period. Body weight was decreased by 15% (SDP200) and
30% (SDP400). Adipose tissue mass was decreased in both SDP
groups, and fat-free mass was increased in the SDP400 group.
Compared to CON, animals in both SDP groups had increased
energy expenditure and increased faecal energy content. Animals in the SDP400 group had increased glucose clearance and
insulin sensitivity. In conclusion, the addition of SDP to a high-fat
diet reduced diet-induced obesity, possibly via mechanisms that
include decreased energy intake, increased energy expenditure,
and increased energy excretion, suggesting their potential use as

OLETF rats lacking functional CCK1 receptors are a model of
early-onset hyperphagia-induced obesity, used to study the early
origins and neurobiology of obesity. OLETF pups present high body
weight, adiposity (adipocyte hypertrophy) and leptin already during the suckling period. In the present study, we attempted to bias
their obesity tendency towards a more “lean” adulthood providing access to running wheels from weaning until day 45, a critical
period regarding adipocyte development. Long-term inﬂuences of
the manipulation were examined in males and females. Early voluntary exercise reduced long-term intake, adiposity and leptin in
OLETF males together with a sharp reduction in adipocyte size.
Control males presented stable intake, but reduced body fat and
increased plasma creatinine, suggesting increased muscle mass.
OLETF females showed only a tendency to reduced body fat, primarily by slight reduction in adipocyte number. Control females
showed an increase in intake, body weight and creatinine, but a
reduction in body fat via reduction in adipocyte number. Overall,
OLETF rats presented higher adiponectin levels than controls in
both basal and post-exercise conditions. A follow-up study showed
that early long-term access to running wheels (from days 22 to 70)
successfully reduced obesity levels in 4-month-old OLETF females.
The results suggest an effective early time frame, where OLETF
males can be “re-programmed” by voluntary exercise; these results
can only be observed in OLETF females after prolonged exercise.
Findings also expose sex-different peripheral mechanisms in coping with energy challenges.
doi:10.1016/j.appet.2009.04.204

Physically active lifestyle does not decrease the risk of fattening
K.R. WESTERTERP 1,∗ , G. PLASQUI 2 1 Maastricht University, Maastricht, Namibia 2 Maastricht University, Maastricht, Netherlands
Increasing age is associated with declining physical activity and
a gain in fat mass. The objective was to observe the consequence
of the age-associated reduction in physical activity for the maintenance of energy balance as reﬂected in the fat store of the body.
Young adults were observed over an average time interval of more
than 10 years. Physical activity was measured over two-week periods with doubly labeled water and doubly labeled water validated
tri-axial accelerometers, and body fat gain was measured with isotope dilution. Body mass index increased from 22.8 ± 2.0 kg/m2 at
baseline to 24.3 ± 2.6 kg/m2 at follow-up (P < 0.01). Total energy
expenditure (TEE) showed a non-signiﬁcant decrease and resting
energy expenditure (REE) showed a non-signiﬁcant increase, in
combination resulting in a signiﬁcant decrease of activity energy
expenditure from 4.21 ± 1.05 MJ/d to 3.92 ± 1.19 MJ/d (P < 0.05). The
physical activity level (TEE/REE) decreased signiﬁcantly (P < 0.01)
from 1.81 ± 0.16 (range 1.51–2.15) to 1.75 ± 0.11 (range 1.58–2.03).
There was a signiﬁcant association between the change in physical
activity and the change in body fat, where a high initial activity level
was predictive for a higher fat gain. In conclusion, the change from
a physically active to a more sedentary routine does not induce
an equivalent reduction of energy intake and requires cognitive
restriction to maintain energy balance.
doi:10.1016/j.appet.2009.04.205
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Single protein casein and gelatin diets induce similar effects on
energy expenditure, but different effects on substrate balance
and appetite
M.S.
WESTERTERP-PLANTENGA 1,2,∗ , A.
HOCHSTENBACH1,2
1 Maastricht
WAELEN , K.R. WESTERTERP 1,2
University,
Maastricht, Netherlands 2 TIFN, Wageningen, Netherlands
Incomplete protein diets exert greater satiety than complete
protein diets do. Here we compared the incomplete protein gelatin,
with complete protein casein, in single protein diets with 25% or 10%
of energy (En%) from protein with respect to energy expenditure
(EE), substrate balances and appetite proﬁle over 24 h. During a 36h respiration chamber stay, 23 healthy subjects (22.2 ± 2.3 kg/m2 ;
25 ± 7 year) received randomly four subject-speciﬁc iso-energetic
diets being 10En% or 25En% casein or gelatin diets. Three days
before, subjects consumed a diet with similar macronutrient composition at home. EE was neither different between the two 25En%
diets, nor between the two 10En% diets. On the 25En% casein
compared with the 25En% gelatin diet, subjects were in a higher
P(rotein) balance (0.56 ± 0.05 vs 0.30 ± 0.04 MJ/d, P < 0.0001), lower
C(arbohydrate) balance (0.86 ± 0.14 vs 1.37 ± 0.17MJ/d P < 0.01), and
similar negative F(at) balance. On the 10En% casein compared with
the 10En% gelatin diet, subjects were in a less negative P balance
(−0.07 ± 0.03 vs −0.17 ± 0.03 MJ/d P < 0.05); positive C balances and
F balances did not differ. Hunger was 44% more suppressed on the
10En% gelatin compared with the 10En% casein diet (P < 0.05). In
conclusion, greater hunger suppression of the incomplete protein
diet was conﬁrmed; elevated energy expenditure at higher dosages
did not differ; the complete protein diet showed higher protein
anabolism, while in the incomplete protein diet gluconeogenesis
may have played a role.
doi:10.1016/j.appet.2009.04.206

The adaptive response to forced weight gain. A role for leptin?
C.L. WHITE ∗ , M.N. PURPERA, C.D. MORRISON Pennington Biomedical Research Center, Baton Rouge, LA, USA
While many humans and rodents become obese when exposed
to a high-fat diet, involuntary overfeeding induces an adaptive
decrease in voluntary food intake that persists well beyond the
cessation of overfeeding and contributes to the normalization of
body weight. Our primary goal is to deﬁne the mechanism underlying this adaptive response to weight gain and determine if defects
in this mechanism contribute to diet-induced obesity. When male
Long Evans rats were implanted with indwelling gastric cannula
and overfed a liquid low-fat (10% fat) diet for 17 days, overfed rats
exhibited increased weight gain (P < 0.01) but a marked decrease
in voluntarily food intake that persisted for at least 4 days beyond
the cessation of overfeeding (P < 0.05). Leptin levels were increased
8-fold on the ﬁnal day of overfeeding (P < 0.01), yet returned to
baseline within 2 days after overfeeding despite the persistent
hypophagia. To more speciﬁcally assess the role of leptin in the
adaptive response to involuntary weight gain, lean and obese
Zucker rats were tested in an identical paradigm. While obese
Zucker rats reduced voluntary food intake during the overfeeding
regimen (P < 0.05), their food intake immediately returned to baseline upon cessation of overfeeding. Contrastingly, food intake in
lean Zucker rats remained below baseline for 6 days following overfeeding (P < 0.05). These data indicate that leptin is not required to
reduce food intake during overfeeding, but is required to persistently reduce food intake and efﬁciently normalize body weight
following overfeeding.
doi:10.1016/j.appet.2009.04.207
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␤-Mercaptoacetate-induced feeding is not altered by
endogenous, central or peripheral leptin
M.F. WIATER ∗ , S. RITTER Washington State University, Pullman, WA,
USA
Leptin is a circulating hormone from adipose tissue that acts
centrally to decrease food intake. The lipoprivic control stimulates
feeding in response to the blockade of fatty acid oxidation by drugs
such as ␤-mercaptoacetate (MA). In previous work, we found that
chronic central leptin treatment does not alter the feeding response
induced by MA. Here we further examine the possible reciprocity of
these signals of fat excess and deﬁcit in four acute experiments. (1)
We examined circulating leptin levels 1 h after acute MA injection to
test the hypothesis that MA reduces circulating leptin levels; it did
not. (2) We examined the MA response in rats of differing adiposity (as determined by DEXA) and therefore of differing circulating
levels of leptin. Fat mass was increased by 69% in the fatter rats
but the feeding response to MA was not changed. (3) We examined
the MA response in rats at 1 h and 24 h after central leptin injections and at neither acute time-point was the feeding response to
MA changed. (4) We examined the MA response in rats on the 2nd
day of peripheral leptin treatment (1 mg/kg, i.p.) when both body
weight and food intake were signiﬁcantly reduced. Again, there was
no difference in the feeding response to MA between leptin- and
saline-treated rats. Thus, the acute manipulation of endogenous,
central or peripheral leptin does not alter the hyperphagia induced
by MA. These ﬁndings suggest that leptin and MA activate independent pathways and support our previous ﬁnding that chronic
leptin treatment does not alter MA-induced feeding. Supported by
DK 081546.
doi:10.1016/j.appet.2009.04.208

The role of plasma leptin in the response to and recovery from
a 24-h fast
D.L. WILLIAMS 1,∗ , M.W. SCHWARTZ 2 , B.E. WISSE 2 1 Florida State
University, Tallahassee, FL, USA 2 University of Washington, Seattle,
WA, USA
A period of overnutrition may be a key adaptive strategy to
reverse weight loss following food deprivation. Plasma leptin levels fall in response to fasting, and this effect is thought to mediate
many of the physiologic and behavioral responses to the fast. However, it is unknown whether refeeding hyperphagia is related to low
plasma leptin levels. In this study, we examined the time course
of decreased plasma leptin levels during a fast and recovery upon
refeeding, and also asked whether the hyperphagia observed upon
refeeding is dependent on the fasting-induced fall in leptin levels.
We observed a gradual, linear decrease in leptin levels over the
course of a 24-h fast, reaching the lowest point at the end of the
fast (∼35% of baseline). Upon refeeding, leptin levels also recovered gradually, returning to baseline 8 h after access to ad libitum
food. As expected, fasted rats showed a substantial hyperphagic
response upon refeeding (∼2× baseline) during the ﬁrst 2 h, and a
small but signiﬁcant hyperphagia at some of the later time-points.
In a second study, we provided physiologic dose leptin replacement
to 24-h fasting rats via osmotic minipumps. Leptin replacement had
no impact on the large initial refeeding hyperphagia, however, subsequent hyperphagia was attenuated by leptin replacement, and
body weight recovery was impaired. Our data suggest that the
plasma leptin response to fasting is important for some elements
of recovery, but that the initial food intake response to a fast is not
dependent on reduced leptin levels.
doi:10.1016/j.appet.2009.04.209
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Maternal high fat diet during development leads to pancreatic
islet expansion in the nonhuman primate offspring
S.M. WILLIAMS ∗ , J.M. BISHOP, D.L. TAKAHASHI, C.J. OSMAN, K.L.
GROVE Oregon National Primate Research Center, Beaverton, OR, USA
Our lab has shown that maternal high fat diet (HFD) consumption causes increased liver triglycerides and oxidative damage in
nonhuman primate fetal offspring that persists into postnatal life.
Our goal was to investigate the impact of maternal HFD on the
development of pancreatic islets. Adult macaques were fed a control
diet (CTR) or HFD for 2–4 years. Offspring were studied in the early
3rd trimester or at 14 months of age. After birth, infant animals were
kept with the mothers on the same diet until weaning. At 7 months
of age HFD offspring were weaned onto the HFD (HFD/HFD) or the
CTR diet (HFD/CTR). CTR offspring were all maintained on the CTR
diet (CTR/CTR). At 14 months of age HFD/HFD offspring were heavier and had increased fat mass. Both HFD/HFD and HFD/CTR had
elevated fasting insulin levels. There was a signiﬁcant decrease in
several transcription factors important for islet neogenesis, including PDX1 and NKX6.2 and NeuroD, in the pancreas of HFD fetuses.
However, this did not persist in the postnatal offspring. Quantiﬁcation of islets by size in the postnatal offspring revealed signiﬁcantly
more medium and large islets in the HFD/HFD group, suggesting
a shift in islet type. Further stereological analysis of the postnatal pancreas revealed a trend toward an increase in the mean islet
area in both the HFD/HFD and HFD/CTR offspring. This suggests that
maternal HFD or early postnatal HFD consumption could increase
the susceptibility to insulin resistance and diabetes later in life.
doi:10.1016/j.appet.2009.04.210

Food viscosity inﬂuences respiratory quotient, energy
expenditure and caloric compensation in rats
K.M. YACKLEY ∗ , T.L. DAVIDSON, S.E. SWITHERS Ingestive Behavior Research Center and Department of Psychological Sciences, Purdue
University, West Lafayette, IN, USA
Previous work from our lab has suggested that experience with
low viscosity diets can inﬂuence body weight gain, caloric compensation, and core body temperature. The objective of this study
was to determine the effects of food viscosity on respiratory quotient, energy expenditure, and activity in rats. Sixteen naïve male
Sprague–Dawley rats consumed low- and high-viscosity dietary
supplements that were matched in terms of caloric and nutritive
content. The rats were placed in metabolic chambers and consumed
either a low- or high-viscosity 10 g premeal followed by a lab chow
test meal to evaluate caloric intake compensation, respiratory quotient (RQ), energy expenditure (EE), and activity. After each premeal
trial in metabolic cages, rats were returned to their home cages
where half received 10 days of exposure to 10 g of the low viscosity
supplement for 2 h, daily while the other half received no exposure.
Following exposure in the home cage, premeal tests were repeated.
A total of four premeal trials were conducted. The results suggested
that caloric compensation was weaker when animals received a low
viscosity compared to a high viscosity premeal. In addition, changes
in RQ and EE were affected by premeal viscosity and by exposure to
the premeal. These data suggest that changes in metabolic parameters may contribute to differences in caloric compensation and
energy balance produced by exposure to low viscosity diets.
doi:10.1016/j.appet.2009.04.211

Restrained eating impairs the ability to acquire
ﬂavour-nutrient associations
M.R. YEOMANS ∗ , N.J. GOULD, E.J. BERTENSHAW, L.C. CHAMBERS
Department of Psychology, University of Sussex, Brighton, United Kingdom
Several reports have suggested that restrained women fail to
acquire ﬂavour-based associations in learning studies. To test this
further, we conducted 2 studies of ﬂavour-nutrient learning (FNL)
in women classiﬁed as high or low on the Three Factor Eating Questionnaire restraint and disinhibition scales. In Experiment 1, women
(n = 78) evaluated and consumed ad libitum a novel ﬂavoured sorbet on days 1 (Pre-) and 6 (Post-training), and consumed a 400 g
drink with the same ﬂavour and either added maltodextrin (Energy:
159 kcal) or nothing added (Control: 7 kcal). Unrestrained women
both showed increased liking for the sorbet ﬂavour, and consumed
more sorbet, Post-training in the Energy condition, but restrained
women showed small increases in liking and intake in both conditions, suggesting insensitivity to caloric content. Experiment 2 used
a within-subjects design based on consumption of two different
ﬂavoured breakfast yoghurts, one high (110 kcal/100 g) and one low
in energy (55 kcal/100 g). Women (n = 48) rated and consumed ad
libitum the two versions on separate days at Pre- and Post-training,
but consumed a ﬁxed amount (300 g) on 2 training days with each
version. Again, unrestrained women rated the high-energy ﬂavour
more pleasant, and consumed more of it, at Post-training whereas
restrained women showed an equal increases in liking and intake of
both versions. These data conﬁrm that restrained eating impairs the
ability to modulate behaviour in response to small changes in diet
energy, suggesting that restraint may increase the risk of passive
over-consumption.
doi:10.1016/j.appet.2009.04.212

Neonatal maternal separation may suppress dopaminergic
activity in the reward pathway, affect palatable food intake in
rats
S.B. YOO ∗ , V. RYU, J.-H. LEE, J.W. JAHNG Dental Research Institute,
Department of Oral and Maxillofacial Surgery, Seoul National University College of Dentistry, 110-744, Seoul, Korea
We have reported that intake of palatable food is suppressed
in adolescent rats that experienced neonatal maternal separation
(MS), exhibiting depression-like behaviors. In this study, we examined the dopaminergic activity in the reward pathway and the HPA
axis responding to stress in the adolescent MS rats. Sprague–Dawley
pups received a 3 h maternal separation daily during the ﬁrst 2
weeks of life (MS) or left undisturbed (NH). Rats were sacriﬁced
on PND 40 with/without 1 h of restraint stress. Cardiac bloods were
collected for corticosterone assay and the brain tissues were processed for c-Fos immunohistochemistry in the hypothalamic PVN
or for mRNA in situ hybridization of tyrosine hydroxylase (TH), rate
limiting enzyme of dopamine synthesis, in the ventral tegmental
area. The nucleus accumbens and midbrain tissues were dissected
for HPLC analysis of dopamine. The PVN Fos expression responding to restraint stress was not affected by MS experience. Restraint
increased plasma corticosterone both in NH and MS rats, although
the basal level of plasma corticosterone was elevated in MS compared with NH. TH expression was increased by restraint stress in
NH, but not in MS pups. Stress-induced dopamine release appeared
to be blunted in the reward pathway of MS pups. Together with our
previous ﬁnding, it is suggested that MS experience may suppress
dopaminergic activity in the reward pathway and affect palatable
food intake.
doi:10.1016/j.appet.2009.04.213
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Circulating GLP-1 and CCK-8 reduce food intake by non-vagal
mechanisms
J. ZHANG ∗ , R.C. RITTER Programs in Neuroscience, Department of
VCAPP, Washington State University, Pullman, WA, USA

Synphilin-1 regulates AMPK signaling
G. ZHU ∗ , X. LI, Z. LIU, C.A. ROSS, T.H. MORAN, W.W. SMITH
Department of Psychiatry, Johns Hopkins University School of
Medicine, Baltimore, MD, USA

CCK and GLP-1 are secreted by intestinal endocrine cells in
response to luminal nutrients. Consequently, plasma concentrations of both peptides increase postprandially. Reduction of food
intake by intraperitoneal (IP) CCK injection is abolished or attenuated by vagotomy, and at least one report suggests that reduction of
food intake by IP GLP-1 also is vagally mediated. However, endogenous secretion or IP CCK or GLP-1 injection likely produce much
higher local peptide concentrations than are achieved in the systemic circulation. Though vagal mediation of food intake reduction
by IP peptide injection is established, vagal participation in feeding
reductions in response to elevated plasma CCK and GLP-1 is uncertain. Here we report that intravenous infusion of GLP-1 (1.25, 2.5, 5.0
or 10.0 g/rat) or CCK-8 (1.4 or 2.8 g/rat) reduced 30 min intake
of 15% sucrose of intact rats. Reductions of intake by intravenous
CCK and GLP-1 were not attenuated either by bilateral subdiaphragmatic vagotomy or systemic capsaicin treatment. Further, at the
10 g/rat dose, GLP-1 reduced food intake more in vagotomized and
capsaicin-treated rats than in controls. On the other hand, reduction of food intake by IP CCK was abolished in these same groups of
vagotomized and capsaicin-treated rats. We conclude that abdominal vagal afferents mediate reduction of food intake by IP CCK, but
are not required for feeding effects of circulating CCK or GLP-1. Furthermore, it appears that vagal lesions increase responsiveness of
non-vagal substrates mediating reduction of food intake by circulating GLP-1.
doi:10.1016/j.appet.2009.04.214

Synphilin-1 is a cytoplasmic protein with unclear function. We
recently generated a human synphilin-1 transgenic mouse model
that displays some key features of obesity and diabetes including
increased food intake, body weight and body fat, hyperinsulinemia, hyperleptinemia and glucose insensitivity. In our synphilin-1
transgenic mice, human synphilin-1 was highly expressed in
hypothalamic nuclei: ARC and PVN, main sites regulating food
intake and body weight. Pair feeding synphilin-1 mice to amounts
consumed by intact non-transgenic mice signiﬁcantly attenuated
the obesity and diabetes. We found here that expression of human
synphilin-1 in N1E-115 mouse neuroblastoma cells increased AMPactivated kinase (AMPK) phosphorylation. Increasing evidence
indicates that AMP-activated kinase (AMPK) is a central neuronal
energy sensor that plays a major role in maintaining energy homeostasis. We further found that synphilin-1 reduced the inhibitory
effect of insulin on AMPK phosphorylation compared with the effect
in vector only control cells. These results indicate that synphilin1 alters AMPK-related signaling pathways. These studies provide
novel insight into the molecular mechanisms underlying synphilin1 induced hyperphagia and obesity and indentify new biological
functions of synphilin-1.
doi:10.1016/j.appet.2009.04.216

Meal patterns, satiety, and food choice in a rat model of
Roux-en-Y gastric bypass surgery
H. ZHENG 1,∗ , A.C. SHIN 1 , R.L. TOWNSEND 1 , L.M. PATTERSON 1 , D.
SIGALET 2 , H.-R. BERTHOUD 1 1 Pennington Biomedical Research Center, LSU system, Baton Rouge, LA, USA 2 University of Calgary, Calgary,
Canada

Olfaction is critical for conditioned sucrose preference in
sweet-taste impaired T1R3 knockout mice
S. ZUKERMAN 1,∗ , K. TOUZANI 1 , R.F. MARGOLSKEE 2 , A. SCLAFANI 1
1 Brooklyn College CUNY, Brooklyn, NY, USA 2 Mount Sinai School of
Medicine, New York, NY, USA

Gastric bypass surgery efﬁciently reduces excess body weight
and reverses type-2 diabetes in obese patients. Decreased energy
intake is the main cause of weight loss, but the mechanisms
involved are poorly understood. The aim was to characterize the
changes in ingestive behavior in a rat model of Roux-en-Y gastric bypass surgery (RYGB). Male SD rats made obese on a high-fat
(60%) diet underwent either RYGB or sham surgery and were given
Ensure or a choice of chow and high-fat. Five months after surgery,
RYGB rats had lost 21 ± 3% body weight and all excess adiposity, while sham rats gained 29 ± 7% of pre-surgical body weight
(∼450 g). Intake of Ensure was signiﬁcantly (p < 0.01) reduced by
65% at 5 d and of the 2-choice diet by 18% at 20 d after surgery
compared with sham rats. Decreased Ensure intake at 20 d was
the result of drastically reduced meal size (−63%), with only partial compensation by increased meal frequency (+107%), resulting
in a signiﬁcantly increased satiety ratio (+63%, all ps < 0.05). Three
months after surgery, this “nibbling” and hypophagic phenotype
had almost normalized. While sham rats preferred high-fat over
chow (99 ± 2%), RYGB rats progressively decreased preference for
fat (86 ± 5% at 30 d, 52 ± 2% at 120 d, p < 0.01). The results conﬁrm
reports of ‘nibbling’ behavior and fat-avoidance in RYGB patients
and provide a basis for more mechanistic studies in this rat model.
Supported by DK 47348.
doi:10.1016/j.appet.2009.04.215

Knockout (KO) mice missing the T1R3 sweet-taste receptor
protein are initially indifferent to sucrose but develop strong preferences in 24-h tests. This is attributed to their learning to associate
T1R3-independent orosensory cues with the sugar’s post-oral reinforcing effect. The current study investigated the role of olfaction in
this conditioned sucrose preference. T1R3 KO and C57BL/6J wildtype (WT) mice were given 24-h sucrose vs. water tests with
ascending sugar concentrations (0.5–32%). The mice were then
given olfactory bulbectomy (OBX) or sham surgery (Sham) followed by a second series of preference tests. In Test 1, the KO mice
were indifferent to 0.5–8% sucrose but preferred 16–32% sucrose to
water; WT mice preferred all concentrations. In Test 2, the KO Sham
mice (n = 11) preferred all sucrose solutions to water although less
than WT Sham mice (n = 11) at 0.5–4% concentrations. In contrast,
KO OBX mice (n = 12) were indifferent to 0.5–2% sucrose and showed
weaker preferences for 4–16% sucrose than WT OBX mice (n = 12).
WT OBX mice preferred all sucrose solutions although less than WT
Sham mice at 0.5–4% concentrations. OBX mice underconsumed
sucrose at lower concentrations compared to Sham mice, but consumed more sucrose at 16% and 32% concentrations. These ﬁndings
suggest that olfactory stimuli mediate the learned preference T1R3
KO mice display for dilute sucrose solutions. Their learned preference for concentrated sugar solutions may be mediated by texture
or T1R3-independent taste cues.
doi:10.1016/j.appet.2009.04.217
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The functional architecture of dehydration anorexia
A.G. WATTS University of Southern California, Los Angeles, CA, United
States
Anorexia is a signiﬁcant reduction of appetite that occurs in
the presence of plentiful food supplies, the consequences of which
are reduced food intake and body weight. Anorexia is an important complication for a number of clinical conditions that can
lead to poor outcomes and in severe cases, death. The underlying
mechanisms that generate anorexia in these situations are many
and unclear. For the past decade we have used the anorexia that

develops during cellular dehydration (DE-anorexia) as a tool to
investigate the functional organization of the neural circuits. DEanorexia in rats develops within 24 h of drinking hypertonic saline,
and is rapidly reversed once drinking water is again made available. Together with a presentation of a neural network model for
how DE-anorexia develops, this talk will discuss new data supporting the notion for the up-regulation of satiety mechanisms
as a key factor in the reduced feeding evident in DE-anorexic
animals.
doi:10.1016/j.appet.2009.04.222

