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Gut-Hypothalamic Signaling Effects On Feeding Behavior
AMBER L ALHADEFF1,2
1Monell Chemical Senses Center, Philadelphia, PA, United States, 2University of Pennsylvania, Philadephia, PA, United
States
Food intake is tightly regulated by complex and coordinated gut-brain interactions. While we know some mechanisms
through which the gut communicates with the brain, our understanding of how nutrients impact in vivo neural activity is
in its infancy. In our recent work, we discovered the ability of nutrients in the gut to rapidly modulate neural activity in a
small population of hunger-sensitive, hypothalamic neurons expressing agouti-related protein (AgRP). Fat, sugar, or
amino acids alone are each capable of inhibiting AgRP neuron activity. How are these nutrients in the gut signaled to the
brain to update nutritional status in real time? Because individual macronutrients engage specific receptors in the gut to
communicate with the brain, we reasoned that macronutrients may utilize different pathways to reduce activity in AgRP
neurons. Indeed, we find site-specific differences in intestinal detection of distinct macronutrients by AgRP neurons. We
explore the relative roles of vagal, hepatic portal, and spinal afferent signaling in the regulation of AgRP neuron activity
and food intake, and demonstrate that different gut-brain pathways can mediate effects of fat vs. sugar on hypothalamic
neuron activity. Further, the inhibition of AgRP neuron activity by the post-ingestive effects of macronutrients is almost
perfectly correlated with food intake reductions, suggesting that AgRP neuron activity is a strikingly accurate predictor
of feeding behavior. Since AgRP neurons drive food intake, engaging these endogenous inhibitory regulators of hunger
circuits may inform new and effective weight loss strategies.
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Uncontrolled Eating &Ndash; Mapping Causality And Relations With Hundreds Of Phenotypes
UKU VAINIK1.2
1

University of Tartu, Tartu, *, Estonia, 2McGill University, Montreal, QC, Canada

Uncontrolled eating (UE) summarises self-reported difficulties in eating. As reviewed recently (Vainik et al., 2019,
European Journal of Neuroscience), such difficulties are present in many common eating-related questionnaires. This
means that evidence results found with any single eating-related questionnaire, capturing emotional eating, disinhibition
or food addiction can be lumped together for more robust inference on UE. Such combination of evidence paired with
recent statistical advancements and large datasets has enabled me and my colleagues to map the causality of UE and its
links to other phenotypes. First, we used polygenic scores and twin design to test causal links between obesity and the
UE. We both causal inference methods suggested that UE is a consequence of higher body weight, so it could be thought
of as a symptom of high body weight. Intriguingly, successful healthy weight maintainers still report high UE. This
suggests, that psychological stress may be present even when excess body weight is gone. To understand this, we
mapped the wider behavioural space of UE by using personality profiles. Namely, we compared the association profile
that UE has with NEO Personality Inventory (30 facets) with 100+ other association profiles created with the same
inventory. We found UE to have behavioural similarities with traditional diet and eating disorders, but also with selfcriticism, passive-agressiveness and lack of self-acceptance. Therapies targeted at mitigating these phenotypes may also
help to reduce UE and improve people’s eating-related subjective well-being.
10:50

Western Dietary Factors And Neurocognitive Dysfunction: Impact Of Sex, Age, And Diet Composition
EMILY E NOBLE
University of Georgia
Diets containing high levels of saturated fat and/or sugar have been linked to neurocognitive dysfunction, with
individual factors such as age and sex impacting susceptibility to deleterious effects. For example, high levels of sugar
consumption during early life, but not during adulthood, negatively impact hippocampal dependent memory function in
rodents. While the effects of dietary sugar during early life are reversible by removing sugar access during adulthood in
females, males show longer term impairments, implying sexually dimorphic effects. In contrast to a high sugar diet
where the impact of diet is restricted to early life, adult male rats (but not females) consuming a choice diet high in
saturated fat (pellets) and sugar (solution) show hippocampal dependent learning and memory deficits. Several
mechanistic pathways linking diet to neurocognitive dysfunction were investigated, including gut microbiota and brain
mitochondrial bioenergetics. Results show that early life sugar-induced learning and memory dysfunction are related to
species of Parabacteroides in the gut. Additional results show that adult rats on a high fat/high sugar diet have greater
mitochondrial membrane potential in hippocampal tissue for a given rate of oxygen consumption, implying altered

hippocampal energy production. Taken together these findings provide mechanistic insight into diet-induced
neurocognitive dysfunction, and highlight the limitations of a “one-size fits all” approach to nutrition.
11:15

The Role Of Speed Of Nutrient Availability In Food Reward.
ALEXANDRA DIFELICEANTONIO1,2, MARY ELIZABETH BAUGH1, KIM BASKETTE1, AMBER KELLY1
1Fralin Biomedical Research Institute at Virginia Tech, Roanoke, VA, United States, 2Department of Human Nutrition,
Foods, and Exercise at Virginia Tech, Blacksburg, VA, United States
The food environment has changed dramatically and rapidly in the last 50 years. A glance around any grocery store will
demonstrate that ultra-processed foods (UPFs), defined as industrial formulations of sources of energy, nutrients, and
additives have come to dominate the food supply. UPFs now make up around 58% of total calories consumed in the US.
The increased industrialization of the food supply, as well as increased production of UPFs has occurred in parallel with
the rise in obesity and type 2 diabetes. Further, UPF consumption has been linked with various forms of cancer,
increased cardiovascular disease, and increased all-cause mortality. Our central hypothesis is that UPFs are enriched in
rapidly useable calories, which enhances reward related brain activity to those specific foods (and associated cues) and
renders them more reinforcing. Here, we present data from a pilot study where a novel flavor was paired with rapidly
metabolizable sucrose (CS+Fast), slowly metabolizable maltodextrin (CS+Slow), and with no calories (CS-). We
demonstrate increased carbohydrate oxidation in the CS+Fast group and an overall increase in rated liking from pre- to
post-test for the CS+Fast over the other conditions. This provides preliminary evidence speed of nutrient availability is a
driver of processed food reward.
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Children&Rsquo;S Portion Selection On A Computer Survey Predicted Intake In Response To Larger Portions
10:00
HANIM E. DIKTAS1, KATHLEEN L. KELLER1,2, LIANE S. ROE1, BARBARA J. ROLLS1
1

Department of Nutritional Sciences, The Pennsylvania State University, University Park, PA, United States,

2

Department of Food Sciences, The Pennsylvania State University, University Park, PA, United States

It is unclear to what extent children can estimate the amount they usually eat. We tested whether children’s portion
selection on a survey was related to their measured intake at meals that were varied in portion size. In a crossover
design, we served a meal once a week for 4 weeks to 52 children aged 7-10 y (48% girls; 19% with overweight). Across
meals, portions were increased (100% to 133%, 167%, or 200%) for 3 foods high in energy density (ED; pasta, garlic
bread, cake) and 3 low in ED (broccoli, tomatoes, grapes). On a computer survey (Qualtrics), children rated 20 foods
(including the 6 in the meal) for liking and how much they would eat (portion selection) on 100-point scales. The survey
had 5 images of portions along each scale; the 50% image was based on intake for similar aged children in a U.S.
survey. Energy needs were estimated using Dietary Reference Intake equations. Serving larger portions of all foods
increased intake (p<0.002). Doubling the portions increased food intake by 25% (97±17 g) and energy intake by 27%
(159±29 kcal). Portion selection ratings of each food were positively related to intake of that food at the meal (p<0.01)
and this relationship did not differ across ED level or food item. Children who selected a larger portion of a given food
on the survey consumed more of that food at the baseline meal (p=0.02) and also had greater intake in response to
increasing portion size (p<0.001). Portion selection remained a significant predictor when intake was adjusted for
energy needs and food liking ratings. This computer survey showed that children could estimate a portion that related to
food intake and their response to larger portions. These findings indicate the potential of computer surveys to predict
children’s response to larger portions.
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Speed Limits: Daily Food Intake And Eating Behaviour Of Unprocessed And Ultra-Processed Meals
MARLOU P. LASSCHUIJT, GUIDO CAMPS, MONICA MARS, ELS SIEBELINK, KEES DE GRAAF,
DIEUWERKE BOLHUIS
Wageningen university and Research, Wageningen, *, Netherlands
Recent research has shown that ultra-processed diets lead to higher caloric intake and body weight gain compared to
unprocessed food diets. However, other food properties such as energy density and food texture also affect food intake.
High energy dense foods with soft food textures lead to higher eating rate and higher food intake compared to foods
with low energy density and harder textures. To determine the independent and combined effects of ultra-processing and
eating rate on daily food intake we set up a 2x2 crossover study. Eighteen participants joined 4 test days during which
they received 3 main meals in line with one of the study conditions, 1) unprocessed, slow eating rate 2) unprocessed,
fast eating rate 3) ultra-processed, slow eating rate 4) ultra-processed, fast eating rate. Meals were matched on energy
content. Before and after eating, the weight of the participants’ plate was measured to determine food intake.
Additionally, participants were recorded on video to determine eating behaviour, and participants rated their appetite
before and after the meal (data to be analysed). Preliminary outcomes show a significant 19% reduction in food intake
due to a slower eating rate (p<.001), and no significant effect of industrial processing (p=.948) on intake. Daily average
intake was 2030±148 gram for the fast eating rate condition and 1643±148 gram for the slow eating rate. These
preliminary results show that eating rate manipulated through texture has a larger effect on food intake than industrial
processing
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Interoception, Appetitive Behaviors And Body Weight: A Systematic Review, Meta-Analysis And New Data
ERIC ROBINSON1, ANDREW JONES1, SUZANNE HIGGS2
1University of Liverpool, Liverpool, *, United Kingdom, 2University of Birmingham, Birimingham, *, United Kingdom
The ability to accurately identify and interpret internal physiological signals (interoceptive accuracy) may be an
important individual difference factor that contributes to appetite and body weight regulation. The objectives of the
present research were to use systematic review and meta-analysis to examine if deficits in interoception are predictive of
overweight and obesity and to collect new data to examine whether appetitive behaviors explain the link between
interoception and heavier body weight. From 87 eligible studies included in the systematic review and meta-analysis,
there was cross-sectional evidence that interoceptive accuracy was worse in participants with overweight/obesity vs.
normal weight (SMD = -0.45, 95% CI - .573 to -.33). Findings were consistent across adults vs. children, different types
of interoception measurement and across a range of sensitivity analyses. A sample of UK adults recruited online
(N=1181, 49% female, 53% with overweight/ obesity) completed a battery of self-reported interoception and eating
behavior trait questionnaires. Poorer self-reported interoceptive accuracy was associated with a tendency towards failing
to eat in response to satiety signals and an increased risk of emotional overeating. In parallel mediation analyses these
appetitive traits explained why interoceptive accuracy was predictive of higher BMI. Deficits in interoception may
decrease the likelihood that satiety signals are integrated into eating behavior related decision making and in doing so
contribute to the development of overweight and obesity.
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The Impact Of Methadone Maintenance Therapy On Chemosensory Processing, Eating Behavior, And Food
Reward In Opioid Dependence
Kimberly R. Smith*, DENIS ANTOINE*, JEFF CRAWFORD, SZU-CHI CHENG, MEGAN PEDICINI, SUSAN
CARNELL, TIMOTHY H. MORAN, KENNETH STOLLER, VIDYULATA KAMATH
Department of Psychiatry and Behavioral Sciences, Johns Hopkins University School of Medicine, Baltimore, MD,
United States
Methadone maintenance therapy (MMT) has clear efficacy for relieving opioid withdrawal symptoms and reducing
morbidity and mortality of opioid dependence. A notable phenomenon of MMT is increased food intake, sweet

preferences, and weight gain relative to controls; however, the data are inconsistent. The mechanisms underlying
overconsumption are thought to arise from opioid agonist-induced increases in the hedonic aspects of food and
reductions in satiety signaling. Here we examined reported eating behavior, motivation for food using a progressive ratio
task (PRT), sucrose preference, odor identification, and odor pleasantness and intensity ratings to understand
methadone’s role in opioid-related overconsumption of food and chemosensory functioning in participants with opioid
dependence receiving either MMT (O+MMT; N=17) or counseling but not MMT (O-MMT; N=15). BMI was similar
between the two groups counter to previous literature. The O+MMT group showed lower self-reported emotional eating,
shape concern, and eating restraint relative to the O-MMT group. The O+MMT group also reported a lower sucrose
preference threshold and identified fewer pleasant but not unpleasant odors relative to the O-MMT group with no
differences between the groups in odor pleasantness or intensity ratings. Both groups showed similar motivation for
M&M candy reinforcers in the PRT following consumption of an Ensure drink. These pilot data suggest that MMT may
alter hedonic chemosensory processing, albeit in the opposite direction as hypothesized, and may result in an overall
improvement in perceived psychological health relative to individuals with opioid dependence not receiving MMT.
Future research should investigate changes from pre- to post-treatment, accounting for baseline differences.
P5
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The Association Between Susceptibility To Hunger And Measured Energy Intake Across Four Inpatient Ad
Libitum Feeding Settings
ALEX E. SCHICK, VALERIE L. DARCEY, KEVIN D. HALL
National Institutes of Health, NIDDK, Bethesda, MD, United States
Of the three stable factors describing human eating behavior in the Three-Factor Eating Questionnaire, relatively little is
known about susceptibility to hunger (TFEQ-H). While available studies may describe this construct among other
sample characteristics, the association between TFEQ-H and measured energy intake is rarely examined. We explored
whether susceptibility to hunger is associated with measured ad libitum energy intake across various experimental
settings. Energy intake was measured during four controlled, ad libitum, inpatient feeding studies: 1) a single meal test
after an overnight fast (n=33); 2) over 14d of standard macronutrient diets (ultra-processed vs. unprocessed, 48%
carbohydrate, 36% fat, 16% protein; n=20) 3) over 14d of diets with altered macronutrient composition (10% carb vs.
10% fat; n=20) and 4) over 3d intake after 5d of isocaloric, 30% reduced energy diets (selective reduction in fat or carb)
(n=17). TFEQ was administered prior to any dietary manipulation and was not consistently related to BMI. TFEQ-H
was related to ad libitum energy intake both during a single meal after an overnight fast (rs=0.359, p=0.040) and over
14d of standard macronutrient diets (ultra-processed: r=0.539, p=0.014; unprocessed: r=0.526, p=0.017). TFEQ-H was
not associated with ad libitum intake either over 3d following reduced energy diets selectively reduced in fat or carb
(p’s>0.197) or over 14d of reduced fat or carb diets (p’s>0.205). Susceptibility to hunger correlates with measured total
energy intake in some experimental settings. High TFEQ-H may be a risk factor for increased energy intake on standard
diets. Future studies should determine whether interventions designed to address trait hunger can reduce energy intake
on standard diets.
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Role Of Impulsiveness And Food Craving In The Association Between Substance Misuse And Food Selection
LAURENCE J. NOLAN
Department of Psychology, Wagner College, Staten Island, NY, United States
Elevated food selection (sweets, sometimes savory) is associated with both substance use disorder (SUD) and breadth of
drug use (BoDU). What variable(s) might mediate these relationships is unclear. 216 women and men (half in recovery
from SUD, half not diagnosed with SUD) completed online questionnaires measuring potential mediators:
impulsiveness (sUPPS+P), food craving, anhedonia, “food addiction”, irrational food beliefs, and reward
responsiveness. They reported drug use to compute BoDU and selected foods in a virtual buffet meal scenario (and
office supplies in control condition). SUD status did not predict food selection or measures except BoDU. BoDU was
positively correlated with food (not office supply) selection (r=.23) and with food craving (r=.32), negative urgency
(r=.25) and lack of premeditation (LoP; r=.22). BoDU alone mediated the relationship between SUD and higher total
food selection, F(2,213)=5.48, p=.005; R2=.05 (indirect effect: b=246.92; 95%CI: 78.53–439.77. direct effect: b=-13.06;
95%CI: -375.83–349.70). Similar results were found for savory and sweet foods. Possible mediators of the association
between BoDU and food selection were examined. Food craving partially mediated the prediction of savory food
selection by BoDU, F(2,213)=9.04, p=.0002; R2=.07 (indirect effect: b=16.16, 95%CI: 2.33–32.61. direct effect:
b=52.84; 95%CI: 6.11–99.56). LoP mediated the positive relationship between BoDU and sweet food selection,
F(2,213)=6.02, p=.003; R2=.05 (indirect effect: b=5.65, 95%CI: 0.44–12.89. direct effect: b=20.46; 95%CI: -1.76–
43.38). Results suggest that, in relation to substance misuse, acting rashly plays a role in selecting energy-dense sweet
foods while food craving mediates savory food selection (58% of energy in the selected foods).
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The Effect Of Hunger State On Hypothalamus Functional Connectivity In Response To Food Cues
STEPHANIE KULLMANN1,2, RALF VEIT1,2, DANIEL R. CRABTREE3,4, WILLIAM BUOSI3, ODYSSEAS
ANDROUTSOS6, ALEXANDRA M. JOHNSTONE3, YANNIS MANIOS5, HUBERT PREISSL1,2, PAUL A.M.
SMEETS7,8
1Institute for Diabetes Research and Metabolic Diseases of the Helmholtz Center Munich at the University of Tübingen,
German Center for Diabetes Research (DZD e.V.), Tübingen, *, Germany, 2Department of Internal Medicine IV,
University of Tübingen, Tübingen, *, Germany, 3The Rowett Institute, University of Aberdeen, Aberdeen, *, Scotland,
4
Division of Biomedical Sciences, Centre for Health Science, University of the Highlands and Islands, Inverness, *,
United Kingdom, 5Department of Nutrition-Dietetics, School of Health Science & Education, Harokopio University,
Athens, *, Greece, 6Department of Nutrition and Dietetics, School of Physical Education, Sport Science and Dietetics,
University of Thessaly, Thessaly, *, Greece, 7Division of Human Nutrition and Health, Wageningen University,
Wageningen, *, Netherlands, 8Image Sciences Institute, University Medical Center Utrecht Brain Center, Utrecht
University, Utrecht , *, Netherlands
The neural underpinnings of the integration of internal and external cues that reflect the nutritional status are poorly

understood in humans. Hence, we examined the effect of hunger state on the hypothalamus network using functional
magnetic resonance imaging. In a multi-center study, participants performed on two separate days a food image viewing
task either fasted or sated. We evaluated context-dependent hypothalamic functional connectivity (FC) using
psychophysiological interactions (PPI) during high versus low caloric food image viewing in 50 men and 57 women
(divided into four groups based on age and body mass index (BMI)) (age range 24 to 76; BMI range 19.5 to 41.5
kg/m2). The lateral and medial hypothalamus were used as seed regions. Satiety induced higher FC between both
hypothalamic seeds and striatal regions than hunger. Moreover, the medial hypothalamus showed significant higher FC
with the gustatory cortex and the medial prefrontal cortex (PFC) in the sated compared to the fasted condition.
Interestingly, we observed a significant interaction between hunger state, age and BMI group. Normal weight adults and
overweight elderly showed the highest FC between the medial hypothalamus and dorsolateral PFC in the sated
compared to the fasted condition. Moreover, the satiety-induced increase in hypothalamus-striatal FC was exaggerated
in metabolically unhealthy participants with high peripheral insulin resistance and in participants feeling subjectively
less full in the sated condition. The current study shows that the hypothalamus enhances communication to reward and
cognitive regions of the brain in the sated state during the evaluation of high caloric foods. This may magnify rewarding
properties of food leading to overeating in persons with obesity.
P8
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Children&Rsquo;S Satiety Quotient Is Associated With Trait-Based Satiety Responsiveness And Varies With
Meal Portion Size
NICOLE A REIGH1, ALAINA L PEARCE1, HUGH GARAVAN2, CHARLES F GEIER1, BARBARA J ROLLS1,
EMMA ROSE1, STEPHEN J WILSON1, KATHLEEN L KELLER1
1

Pennsylvania State University, University Park, PA, United States, 2University of Vermont, Burlington, VT, United
States
The satiety quotient (SQ) was developed to quantify the satiating capacity of different foods, but in adults, it has also
been used to estimate trait-based satiety response. However, it is unknown if SQ varies by meal characteristics like
portion size, or satiety responsiveness (SR) in children. To test the hypothesis that both portion size and SR would
independently influence children’s SQ, we examined data from 53, 7-8-year-old children with healthy weight (BMI-forage% <85) from an ongoing longitudinal study who consumed 4 laboratory meals (pasta, chicken, broccoli, grapes) of
varying portions (100%, 133%, 167%, and 200%). SQ was calculated for each meal as: [(Pre-meal hunger – post-meal
hunger) / meal intake in grams], with higher scores indicating greater reduction in hunger per gram of food consumed.
SR was reported by parents using the Children’s Eating Behavior Questionnaire. Hierarchical regression adjusting for
child BMI% and pre-meal hunger was used to test the effect of portion size on SQ and examine the additional
contribution of SR. Relative to portion 1 (100%), SQ was lower for portion 2 (130%; p=0.09) and portion 3 (160%,
p=0.04), but did not differ for portion 4 (200%, p=0.24). Adding SR, which was positively associated with SQ across
the meals (p=0.05), improved the model (p=0.04). Adding SR did not alter the effect of portion on SQ, suggesting that
SQ is independently influenced by both child appetitive traits and meal characteristics. These findings demonstrate that
the satiating efficiency of a food (i.e., SQ) is influenced by both children’s trait-based satiety responsiveness and statebased meal characteristics such as portion size. Therefore, these findings provide insight into how to interpret SQ in
pediatric populations.
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Angiotensin Type 2 Receptor Expressing Neurons In The Median Preoptic Nucleus Suppress Hypovolemic10:00
Induced Thirst To Maintain Body Fluid Homeostasis
KHALID ELSAAFIEN1,3, SOPHIA A. EIKENBERRY2,3, SCOTT W. HARDEN1,3, WANHUI SHENG1,3, KAREN A.
SCOTT1,3, CHARLES J. FRAZIER1,3, ERIC G. KRAUSE1,3, ANNETTE D. DE KLOET2,3
1Department

of Pharmacodynamics, University of Florida, Gainesville, FL, United States, 2Department of Physiology

and Functional Genomics, University of Florida, Gainesville, FL, United States, 3Center of Integrative Cardiovascular
and Metabolic Diseases, University of Florida, Gainesville, FL, United States
Body fluid homeostasis is under constant control by the brain which modulates ingestive behavior, autonomic outflow
and endocrine axes to maintain blood osmolality and perfusion pressure. Angiotensin receptors (AT1R and AT2R) are
expressed throughout the neural circuitries involved in these processes and while AT1R are widely appreciated to restore
volume during deficits, a role for AT2R is not clear. Here, we combine the use of AT2R-Cre mice, neuroanatomical
techniques and optogenetics to investigate the role AT2R neurons of the median preoptic nucleus (MnPO) in the
regulation of fluid homeostasis. AT2R-Cre mice were delivered a Cre-inducible AAV to direct expression of
channelrhodopsin-2 (ChR2) and/or enhanced yellow fluorescent protein (eYFP) within AT2R-containing neurons of the
MnPO. Fiberoptic posts were implanted into the same area. Water and 0.3M NaCl consumption were assessed in the
presence or absence of optogenetic stimulation during euhydrated conditions, and during challenges to body fluid
homeostasis (water deprivation, hypovolemia and hypernatremia). In euhydrated mice delivered ChR2, optogenetic
stimulation (15Hz, 1 min on/off for 10 min) reduced water, but not salt intake. Intriguingly, optogenetic stimulation also
robustly reduced water intake when thirst was induced by hypovolemia, but not by hypernatremia or 16 h water
deprivation. Importantly, optogenetic stimulation did not impact fluid intake in eYFP controls. Finally, optogenetic
excitation of AT2R neurons within the MnPO reduced blood pressure in mice expressing ChR2 relative to eYFP
controls. Collectively, the implication is that AT2R containing neurons in the MnPO respond to hypovolemic thirst by
inhibiting water intake and reducing perfusion pressure to maintain body fluid homeostasis.
P2
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Eating Highly Processed Foods In The Absence Of Hunger During Pregnancy Predicts Offspring Bmiz At 3.5
Years Of Age
AFRODITI PAPANTONI1, LEAH M. LIPSKY2, TONJA R. NANSEL2, MYLES S. FAITH3, GRACE E.
SHEARRER4, ANNA MARIA SIEGA-RIZ5, KYLE S. BURGER1
1University

of North Carolina at Chapel Hill, Chapel Hill, NC, United States, 2Eunice Kennedy Shriver National

Institute of Child Health and Human Development, Bethesda, MD, United States, 3University at Buffalo - SUNY,
Buffalo, NY, United States, 4University of Wyoming, Laramie, WY, United States, 5University of Massachusetts,
Amherst, MA, United States
Prior research has highlighted that hedonically motivated eating beyond satiation, specifically of highly
processed/palatable foods is prevalent with those at excess weight and is a predictive risk factor for weight gain. Yet, it
is unclear whether food intake beyond satiation during pregnancy could influence offspring weight later in life. Thus, we
tested whether non-homeostatic food intake of highly processed (vs. low processed) foods during the 2nd trimester of
pregnancy was associated with increased offspring weight outcomes (at birth and 3.5 years old). Forty-six (46) pregnant
women (age=31±4y) were recruited from a larger observational cohort study during their 2nd trimester to complete two
separate eating in the absence of hunger (EAH) assessments (one with highly processed (HP), one with minimally
processed (MP) EAH foods; order counterbalanced) following a standardized meal providing ~50% of estimated daily
energy needs. A difference score of HP-MP was used to focus on HP foods. Offspring birth weight was retrieved from
medical records for 44 children. Twenty-two (22) of these mothers returned for a yearly assessment when their children
were approximately 3.5 years old (age=3.3±0.1y, 40.9% female). Linear regression was used to estimate the effect of
maternal EAH intake on weight outcomes, controlling for maternal BMI and pre-EAH fullness at the EAH assessment.
Maternal EAH intake of HP foods relative to MP foods during pregnancy was associated with greater offspring BMI zscore at 3.5 years of age (β=.001, p=0.028) but not birth weight (p=0.25). These results indicate that maternal EAH of
HP foods prior to the child’s birth might be a child obesity risk factor; this may occur through the aspects of home food
environment and parental modeling of eating behavior.
P3
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Sex Differences In Interval Timing And Food-Seeking Following Excitation Of Lateral Hypothalamic Area
Melanin Concentrating Hormone Cells
Lauren M. Raycraft1, Matthew Bunney1, Aadi Nalla1, Allie Pataro1, Deborah A. Kashy1, Emily E. Noble2, Scott E.
Kanoski3, Alexander W. Johnson Johnson1
1
Michigan State University, East Lansing, MI, United States, 2University of Georgia, Athens, GA, United States,
3
University of Southern California, Los Angeles, Los Angeles, CA, United States
Interval timing refers to the ability to time small intervals in the seconds to minutes range. Although interval timing
enables the representation of temporal contiguity to aid decision-making, to date no studies have explored whether
energetic signals influence this form of timing. We examined whether chemogenetic activation of cells expressing the
orexigenic neuropeptide melanin concentrating hormone (MCH) would influence responding in the peak interval task.
Male and female Sprague Dawley rats first learned to lever press for a sucrose reward, where delivery was contingent on
the response occurring after a 20 s criterion duration. Subsequently, non-reinforced probe trials were intermixed, where
the lever remained available for > 60 s period. During these trials, performance reflects a normal distribution in which

responding peaks around the criterion duration (i.e., 20 s). Through the use of a custom AAV packaged with excitatory
DREADD hM3Dq expression under the control of the MCH gene promoter, we selectively excited MCH neurons in
either the anterior or posterior region of the lateral hypothalamic area (LHA). Following MCH neuron excitation, we
observed significant differences in peak interval responding during probe trials that depended on (1) the location of
MCH neuron excitation within the LHA, (2) sex, and (3) estrous cycle stage. Altogether, these results indicate that
subpopulations of MCH neurons in the LHA uniquely modulate interval timing and food-seeking depending on sex and
estrous cycle stage. Moreover, these findings are the first to identify an influence of orexigenic neuropeptides on interval
timing.
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A Forebrain Neural Substrate For Behavioral Thermoregulation
SIEUN JUNG1,2,6, MYUNGSUN LEE1,3,6, DONG-YOON KIM1,2,6, CELINE SON1, BENJAMIN H. AHN1,3,
GYURYANG HEO1, JUNKOO PARK1, MINYOO KIM1,3, HAN-EOL PARK1, DONG-JUN KOO1,2, JONG HWI
PARK1, JUNG WEON LEE4, HAN KYOUNG CHOE5, SUNG-YON KIM1,2,3,7
1Institute

of Molecular Biology and Genetics, Seoul, *, South Korea, 2Program in Neuroscience, Seoul, *, South Korea,

3Department

of Chemistry, Seoul, *, South Korea, 4Department of Pharmacy, Seoul, *, South Korea, 5Department of

Brain and Cognitive Sciences, Daegu , *, South Korea, 6These authors contributed equally, Seoul, *, South Korea,
7Lead

Contact, Seoul, *, South Korea

Thermoregulatory behavior is a basic motivated behavior for body temperature homeostasis. Despite its fundamental
importance, no forebrain region or a defined neural population required for this process has yet been established. Here
we show that Vgat-expressing neurons in the lateral hypothalamus (LHVgat neurons) are required for diverse
thermoregulatory behaviors. Their overall activity is increased during thermoregulatory behavior, and bidirectionally
encodes aversive and rewarding thermal stimuli. Two-photon calcium imaging revealed a subpopulation of
LHVgat neurons that bidirectionally encodes thermal punishment and reward, which is engaged during thermoregulatory
behavior, but largely separate from caloric reward-encoding subpopulation. Furthermore, thermosensory input from the
lateral parabrachial nucleus (LPB) is required for both thermoregulatory behavior and the encoding of thermal reward
by LHVgat neurons. Together, our data establish LHVgat neurons as a critical neural substrate for behavioral
thermoregulation, and point to a specific role for the thermal punishment- and reward-encoding LHVgat subpopulation in
thermoregulatory behavior.
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Cortical Thickness, Volume And White Matter'S Fractional Anisotropy Confer Genetic Risk For Obesity In
Adolescence
FILIP MORYS1, ERIC YU1, MARI SHISHIKURA1, UKU VAINIK2, ZIV GAN-OR1, ALAIN DAGHER1
1Montreal

Neurological Institute, Montreal, QC, Canada, 2University of Tartu, Tartu, *, Estonia

Obesity and body mass index (BMI) are complex polygenic traits. Genome wide association studies have identified 97
loci related to BMI that are expressed predominantly in the central nervous system. However, neural mechanisms by
which those genes influence the brain and weight status are unknown. Here, we explored how grey and white matter
morphometry are associated with genetic risk for high BMI (by means of BMI polygenic risk scores, BMI-PRS). We
also tested whether mechanisms putting individuals at a risk for obesity also confer the risk for phenotypes that
genetically correlate with BMI. We used a sample of 4,363 adolescents of European descent from the Adolescent Brain
Cognitive Development study (mean age=10+-0.5 years, mean BMI=17.97+-3.34 kg/m2). We found that BMI-PRS was
positively related to BMI and 1-year BMI change. Further, BMI-PRS was negatively related to cortical thickness and
volume and white matter fractional anisotropy predominantly in the frontal lobes (largest |t-value|=4.21). Grey matter
changes in the frontal regions significantly mediated the relationship between BMI-PRS and BMI. Finally, using partial
least squares correlation, we found that among PRS for phenotypes that genetically correlate with BMI – obsessivecompulsive disorder, smoking, alcohol and cannabis use, schizophrenia, attention deficit hyperactivity disorder,
intelligence, educational attainment, and major depression – BMI-PRS exhibited strongest and unique associations with
brain measures. This suggests that the genetic risk for obesity is related to grey and white matter structure independent
of other genetically related phenotypes. Our findings contribute to an understanding of brain mechanisms underlying
increased risk for obesity in adolescents.
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Diet-Induced Changes In Taste Sensation Impair Dopamine Transmission
CHRISTINA MAY1, 2, THIBAUT PARDO1, 2, MONICA DUS1, 2
1Neuroscience graduate program, University of Michigan, Ann Arbor, MI, United States, 2Department of Molecular,
Cellular, Developmental Biology, University of Michigan, Ann Arbor, MI, United States
In humans, rodents and flies, consumption of a high sugar or fat diet decreases the responses of the sensory cells to
sweet, but how these sensory changes affect ingestive behavior and weight gain remains largely unknown. Here we
report that in D. melanogaster flies, diet-induced chemosensory plasticity causes larger meals and food intake by
decreasing and delaying the responses of specific dopaminergic neurons to sugar. Impairments in dopaminergic
transmission occurred because of diet, not obesity, and were abolished in animals where chemosensory alterations were
prevented by pharmacological or genetic manipulations. Further, closed-loop optogenetic activation of dopaminergic
neurons during eating, restored normal meal size and feeding rate, and protected flies from diet-induced obesity. These
data suggest that diet-induced chemosensory plasticy reshapes the timing and magnitude of dopamine signals in ways
that increase meal size. Given the importance of dopamine transmission in reinforcement learning, we propose that
such alterations could interfere with satiation by preventing or weakening the association between sensory cues and food
qualities.

P7
11:30

A Role For The Locus Coeruleus In The Modulation Of Feeding
NATALE R. SCIOLINO1, MADELINE HSIANG1, CHRISTOPHER M. MAZZONE1, LESLIE WILSON1,

NICHOLAS W. PLUMMER1, JAISAL AMIN1, KATHLEEN G. SMITH1, CHRISTOPHER A. MCGEE2, CINDY X.
YANG1, JEANNE M. POWELL1, MICHAEL R. BRUCHAS3, ALEXXAI V. KRAVITZ4, JESSE D. CUSHMAN1,
MICHAEL J. KRASHES5, GUOHONG CUI1, PATRICIA JENSEN1
1Neurobiology

Laboratory, National Institute of Environmental Health Sciences, National Institutes of Health, Dept. of

Health and Human Services, Research Triangle Park, NC, United States, 2Comparative Medicine, National Institute of
Environmental Health Sciences, National Institutes of Health, Department of Health and Human Services, Research
Triangle Park, NC, United States, 3Departments of Anesthesiology and Pharmacology, University of Washington,
Seattle, WA, United States, 4Department of Psychiatry, Washington University, St. Louis, MO, United States, 5National
Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of Health, Dept. of Health and Human
Services, Bethesda, MD, United States
Locus coeruleus noradrenergic neurons (LC-NE) play an important role in regulating arousal, emotion, and memory.
Since these behaviors are strongly influenced by internal drives such as hunger, we hypothesized that LC-NE neurons
also play a role in modulating feeding. To address this, we used fiber photometry to monitor calcium activity of LC-NE
neurons in feeding mice under varying nutritional states. We observed a suppression of LC-NE activity during feeding
that was attenuated in the sated state. To determine if LC activity was sufficient to suppress feeding, we used the
optogenetic activator ChrimsonR to stimulate LC-NE neurons during feeding. We found stimulation of LC-NE rapidly
suppressed feeding in fasted mice. To identify precisely how LC activation alters energy balance, we next performed
indirect calorimetry in mice that express the excitatory hM3Dq receptor in LC-NE neurons. We found activation of LCNE suppressed feeding without affecting energy expenditure. This key finding, along with prior evidence that feeding is
suppressed by NE agonists in the lateral hypothalamus (LHA), led us to hypothesize that LC activation suppresses
feeding via LHA. To test this, we used ChR2-assisted circuit mapping, and found stimulation of the LC-LHA circuit
suppressed feeding in fasted mice. Since LC activation is known to elicit aversion and anxiety, we next wanted to test if
the observed suppression of feeding was due to changes in these behaviors. We found that stimulation of the LC-LHA
circuit increased avoidance and anxiety-like behavior, suggesting the LC-LHA circuit has a negative effect on feeding
and emotional valence. Collectively, our data suggest that LC-NE neurons modulate feeding by altering sensitivity to
stimuli in both the internal and external environment.
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A Novel Hypothalamic Agrp Projection To Prefrontal Cortex Melanocortinergic Neurons That Mediates Body
Weight, Feeding, And Food Reward.
RACHEL A ROSS1,3, ANGELA KIM2,4, YAN LI3,4, PRIYANKA DAS1, ANDREW THOMPSON3, Yong Kee Choi3,
Ella Douglas4, VADIM BOLSHAKOV3,4, KERRY RESSLER3,4, BRAD LOWELL2,4
1

Albert Einstein College of Medicine, Bronx, NY, United States, 2Beth Israel Deaconess Medical Center, Boston, MA,

United States, 3McLean Hospital, Belmont, MA, United States, 4Harvard Medical School, Boston, MA, United States
Mutations of the melanocortin 4 receptor (MC4R) are strongly linked to obesity in humans, and mutations in the genes
for the MC4R peptide ligands have been associated with anorexia. Globally ablating MC4R in the mouse brain causes
obesity, but manipulation of MC4R in the hypothalamus, where it is most strongly expressed, does not entirely account
for the metabolic or behavior changes seen in the global knockout. The MC4R is also highly expressed in the medial
prefrontal cortex (mPFC), which is involved in decisions related to human feeding behavior across the clinical spectrum
of obesity to anorexia. We discovered a melanocortinergic circuit linking the arcuate hypothalamus and mPFC, and
examined how pharmacologic manipulation of MC4R in the mPFC affects neuronal dynamics. We selectively deleted
the MC4R from neurons in the infralimbic mPFC and further investigated the role of the receptor in food intake and
food-seeking behavior. We found that deletion of MC4R from mPFC leads to increased body weight and food intake,
with no change in animals ability to learn to perform an operant task to obtain food reward. Our data show this novel
circuit between arcuate hypothalamus and MC4R-expressing mPFC relays food-related information that influences
neuronal dynamics and regulates food intake and food seeking behavior.
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Multi-Order Hypothalamic Circuits Recruit Need-State Selective Mesolimbic Dopamine Signaling
TED M HSU, ALEX CROW, MITCH F ROITMAN
Department of Psychology, Chicago, IL, United States
To maintain homeostasis, animals must utilize need states (e.g. hunger, thirst) to invigorate goal-directed behaviors
towards obtaining balance-restoring stimuli. We have previously demonstrated that the subfornical organ (SFO), a key
first order thirst detector, recruits phasic dopamine activity selectively towards cues associated with water. Here we
extend these data to examine the novel hypothesis that first order thirst (SFO, median preoptic nucleus (MnPO)) and
hunger detectors (arcuate nucleus of the hypothalamus (ARC)) utilize the lateral hypothalamic area (LHA) as a relay
region to parse and communicate need state information to ventral tegmental area (VTA) dopamine neurons. To
establish connectivity between these brain regions, we utilized a dual-viral tracing strategy. Rats received AAV-Cre
administered to either the SFO, MnPO, or ARC, allowing for Cre expression in post-synaptic targets. LHA delivery of a
Cre-dependent virus, AAV-flex-TdTomato, provides quantification of LHA cell bodies that receive input from need state
responders as well as LHA-VTA terminal fields. We found that the SFO, MnPO, and ARC exhibit unique projection
patterns along the rostral-caudal LHA, and these LHA populations also project heterogeneously along the rostral-caudal
VTA. These data provide evidence for potential parallel pathways that are used to invigorate need-state selective goaldirection. Preliminary experiments using neuropharmacology and in vivo fiber photometry examined the function of
ARC-LHA neuropeptide signaling, specifically ARC NPY and LHA orexin, in modulating food-cue evoked nucleus
accumbens dopamine release. Overall, our findings reveal potential parallel hypothalamic circuits that recruits the
mesolimbic dopamine system in order to invigorate goal-direction.
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Macronutrient Control Of Food Reward
ALEC HARTLE1, JOSHUA SISCO1, KELLY RUNYON1, KATIE MARSCHALKO1, ALEXANDRA
DIFELICEANTONIO1,2,3, W. MATT HOWE1
1Virginia Tech School of Neuroscience, BLACKSBURG, VA, United States, 2Fralin Biomedical Research Institute at

VTC, ROANOKE, VA, United States, 3Department of Human Nutrition, Foods, and Exercise at Virginia Tech,
BLACKSBURG, VA, United States
Neural representations of the sensory/hedonic qualities of a food, as well as caloric density are known to be key
determinants of food attractiveness. Recent studies have also shown that when controlling for caloric density and
hedonic impact, food items made of combinations of fats and carbohydrates (“combo”) are associated with greater
monetary value and evoke unique patterns of activity in striatal reward circuits compared to foods made either
macronutrient alone. Given previous data demonstrating the ability of peripheral signals of both fat and carbohydrate
intake to evoke striatal dopamine (DA) release, we hypothesized that combo foods amplify consumption-evoked striatal
DA release and thereby enhance their attractiveness. Here, we examined the impact of single and combo macronutrient
foods on reward seeking and DA release in mice. We found that when given free access to familiar food stimuli made
of carbohydrate, fat, or combo (equal parts fat and carbohydrate), mice consumed nearly 4 times as much combo
compared to either macronutrient alone (n=16). This preference was observed in both sexes and was independent of
satiety. Measurements of DA release using DLight and fiber photometry revealed a near doubling of phasic DA release
events in the nucleus accumbens during consumption of the combo compared to isocaloric amounts of the fat or
carbohydrate stimuli (n=7, p<0.001). Together, these results suggest that the macronutrients in a food modify its effect
on the DA release, and this contributes to its attractiveness. Future experiments will assess the ability of these different
foods to modulate DA in the dorsal striatum, activity in the broader hindbrain-to-midbrain circuitry they recruit, as well
as their ability to modulate motivated food seeking.
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Identification Of A Cerebellar Satiation Network
Aloysius Y.T. Low1, Nitsan Goldstein1, Jessica Gaunt2, Kuei-Pin Huang3, Norliyana Zainolabidin4, Alaric K.K. Yip4,
Jamie R.E. Carty1, Ju Y. Choi1, Clara Lenherr5, Toh Hean Ch'ng2, Mark A. Halko6, Roscoe O. Brady7, Lauren M.
Holsen8, Amber L. Alhadeff3,9, Albert I. Chen10, J. Nicholas Betley1,10
1

Department of Biology, University of Pennsylvania, Philadelphia, PA, United States, 2LKC School of Medicine,

Nanyang Technological University, Singapore, *, Singapore, 3Monell Chemical Senses Center, Philadephia, PA, United
States, 4School of Biological Sciences, Nanyang Technological University, Singapore, *, Singapore, 5Division of
Neuroscience, King's College London, London, *, United Kingdom, 6 McLean Hospital, Department of Psychiatry,
Harvard University, Boston, KS, United States, 7Beth Israel Deaconess Medical Center, Harvard University, Boston,
MA, United States, 8Department of Psychiatry, Harvard Medical School, Boston, MA, United States, 9Department of
Neuroscience, University of Pennsylvania, Philadelphia, PA, United States, 10Center for Aging Research, Scintillon
Institute, San Diego, CA, United States
Maintaining an adaptive body weight requires integrating hunger signals and nutrient status to influence hedonic and
metabolic needs. The cerebellum integrates external and internal sensory feedback to fine-tune functional outputs, and
recent work has linked the cerebellum to motivated behavior. Therefore, we tested the hypothesis that food modulates
cerebellar activity using task-based fMRI. Activity in the deep cerebellum responds to food cues, and this activity is
dysregulated in individuals that never experience satiation (Prader Willi syndrome patients). To better understand the
neuronal subtype identity and function of the deep cerebellum in food intake regulation, we conducted single-nuclei
RNA sequencing, immediate early gene expression analyses and neural manipulation studies in rodents. Transcriptomic
profiling, targeted recombination in active populations strategy and in situ hybridization uncovered the molecular
identity and spatial organization of neurons in the anterior deep cerebellar nuclei (aDCN) activated by food intake and
intragastic infusion of nutrients. Chemogenetic activation of aDCN suppressed food intake. We next examined how
aDCN activity influences feeding associated neural circuits. We found that dopamine signaling in the nucleus
accumbens and not activity in the hypothalamic agouti-related peptide expressing neuron is modulated during aDCN
mediated food intake reduction. Our findings suggest that food activates cerebellar output neurons leading to a surge of
striatal dopamine that stops eating by attenuating the reward value of additional consumption. Taken together, our study
reveals that cerebellar output neurons is a critical and evolutionarily conserved neural node that puts a “brake” on food
intake to promote satiation.
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Discrepancy Between Peopleâ€™S Intended And Actual Serving Behavior At Social Vs. Non-Social Meals
EMMA V. LONG1, LENNY R. VARTANIAN1, KATE FAASSE1, SUZANNE HIGGS2
1UNSW Sydney, Sydney, *, Australia, 2University of Birmingham, Birmingham, *, United Kingdom
The social facilitation of eating refers to people's tendency to eat more food when they are dining in groups than alone.
Although the effect is robust, it does presuppose that extra food is available at social meals to begin with. The aim of
this research was to examine whether people (a) do serve themselves more food (social “precilitation”), and (b) intend to
serve themselves more food, before social meals than before non-social ones. In Study 1, 80 students came to the
laboratory to eat a pasta lunch either alone or with a friend, and, before the meal, privately served themselves the
amount of pasta that they wanted to eat. Consistent with social precilitation, planned contrasts revealed that participants
who dined with a friend served and ate ~25% more pasta than did participants who dined alone (ps≤.021). Three online
studies (total N=792) then examined people’s intended serving behavior. In each study, participants selected how much
food they would serve themselves in social and non-social situations by moving a slider that allowed them to select
increasingly smaller or larger portions of pasta. In contrast to people's actual serving behavior, repeated-measures
ANOVAs revealed that participants consistently selected the smallest portions of pasta when they imagined social meals
and the largest portions of pasta when they imagined non-social meals (ps≤.001). This research suggests that, although
people intend to serve themselves less food for social meals than for non-social ones, they in fact serve themselves more
food. This disconnect between people’s intended and actual behavior suggests that people are unaware of how their
behaviors are influenced by the social context and has implications for people’s ability to manage their intake.
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The Fidelity Of Olfactory Coding Is Enhanced By Satiety And Predicts Food Intake

EMILY E PERSZYK1,2, XUE S DAVIS1,2, DANA M SMALL1,2
1The

Modern Diet and Physiology Research Center, New Haven, CT, United States, 2Yale University, New Haven, CT,
United States
Odors are potent food cues. Mice with genetic loss of olfactory sensory neurons are resistant to diet-induced obesity
(Riera et al. 2017). In humans, amygdala response to flavor (including retronasal odor) in the sated state predicts weight
change 1 year later (Sun et al. 2015), consistent with a role for the amygdala in cue-potentiated feeding (Petrovich et al.
2002). Here we used fMRI in combination with multi-voxel pattern analysis (MVPA) to test if pattern separation for
food vs nonfood odors is modulated by internal state and related to subsequent food intake. Since odors activate
distributed neural patterns, MVPA is optimally suited to study odor coding. 33 participants (17 male; age M=27.0,
SD=6.3) smelled odors during fMRI scanning when hungry (4h fast) and when full (fixed-portion meal) on
counterbalanced days. After each scan, they consumed milkshake and pasta ad libitum. Total energy intake was
calculated in kcal. Subjective hunger ratings and dual x-ray absorptiometry scans of body fat percentage (BF% M=26.9,
SD=8.3) were also collected. A machine learning classifier was trained and tested for its accuracy to decode food vs
nonfood odors using fMRI voxel patterns. After accounting for subjective hunger ratings, decoding accuracy was
greater than chance in the left piriform when fed but not when fasted. Linear regressions adjusted for subjective hunger,
sex, age, and BF% revealed positive associations between food intake and decoding accuracies in the left amygdala, left
postcentral gyrus, and cerebellar vermis only in the absence of hunger. These findings indicate that energy consumption
enhances the fidelity of olfactory coding for food vs nonfood odors and that the extent of this enhancement predicts
subsequent food intake irrespective of body composition.
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Optogenetic Identification Of Novel Hedonic Hotspots In Orbitofrontal Cortex, Insula, Ventral Pallidum, And
Anterior Cingulate Cortex That Modulate 'Liking' And 'Wanting' For Rewards.ï¿½
ILEANA MORALES , KENT C. BERRIDGE
University of Michigan , Ann Arbor , MI, United States
Dysregulated brain systems that control ‘liking’ and ‘wanting’ for rewards can lead to various eating disorders. Hedonic
function, or ‘liking’ is amplified by brain hedonic hotspots, or subregions of rat nucleus accumbens, ventral pallidum,
orbitofrontal cortex (OFC), and insula (IC) during the taste reactivity test. Beyond previously identified neurochemical
triggers, neuronal activation patterns and larger hedonic circuitry that generates affective ‘liking’ reactions is not well
understood. Here we present novel evidence that optogenetic stimulation of hedonic hotspots in rostromedial OFC,
posterior VP GABAergic neurons, and caudal insula doubles ‘liking’ reactions to sweet sucrose, and suppresses the
aversive impact of a bitter quinine solution that is normally ‘disgusting’. Photoexcitation of hedonic hotspots also
amplifies ‘wanting’, and generates laser self-stimulation. Importantly, hedonic effects are anatomically restricted. The
same manipulations in rostral VP, caudal OFC, and anterior IC fail to amplify ‘liking’, and even oppositely suppress
hedonic reactions despite still generating robust ‘wanting’ at some sites. Furthermore, we identify the existence of a
novel hedonic hotspot in caudal anterior cingulate cortex (ACC) never previously described. Our findings show that
ChR2 stimulation of ACC similarly doubles hedonic ‘liking’ reactions in rats, and generates ‘wanting’ and laser selfstimulation. Finally, we measure Fos protein expression in hotspot output circuitry. ChR2 stimulation of one hedonic
hotspot recruits fos activity of the other hotspots in order to amplify hedonic ‘liking’ expressions. Overall, our findings
suggest the existence of novel hedonic hotspots in brain corticolimbic sites that form a functional hedonic circuit for
brain ‘liking’ control.
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Fats And Sugars Recruit Distinct Gut-Brain Circuits To Control Food Intake And Reward
MOLLY J MCDOUGLE, ALAN DE ARAUJO, MACARENA VERGARA, MINGXIN YANG, ARASHDEEP SINGH,
GUILLAUME DE LARTIGUE
University of Florida, Gainesville, FL, United States
Nodose ganglia (NG) neurons transmit post-ingestive signals from the gut to the brain. Previous data revealed distinct
vagal circuits are required for post-ingestive fat and sugar reward, but whether these signals converge onto overlapping
reward circuits is unclear. Methods: We used FosTRAP mice to genetically label whole-brain neuronal responses to
discreet time-restricted stimuli. Using genetic-encoded reporter (tdTom) expression and cFos immunolabeling we
compared neural responses to intragastric stimuli at two separate time points in the same animal. Results: Repeated
intragastric infusion of the same macronutrient resulted in high colocalization between tdTom and cFos (>70%) in
neurons of a previously identified gut-reward circuit (NTS, PBN, SNc, dorsal striatum). Equicaloric infusion of fat at
one time point and sugar at the other significantly reduced colocalization of tdTom and cFos (<30%), suggesting that fat
and sugar recruit parallel but distinct reward circuits. Viral-mediated caspase ablation of sugar-sensing NG neurons
abolished activation of the reward circuitry for sugar, but not fat; confirming this is a vagally-mediated mechanism.
Wireless optogenetic stimulation of fat-sensing NG neurons was sufficient to condition operant behavior. Microdialysis
in response to equicaloric intragastric infusions of fat or sugar results in similar dopamine efflux in the dorsal striatum.
More calories of an equicaloric fat-sugar combination are required to obtain the same level of dopamine efflux,
correlating with increased intake of fat-sugar solution. Conclusions: There are labeled lines for vagally-mediated fat or
sugar reward. Reduced reward in response to fat-sugar combinations may explain the inclination to overindulge in highfat high-sugar foods.
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Daily Distracted Consumption Patterns And Their Relationship With Bmi
FLOOR VAN MEER1,2, FRANK DE VOS1,2, ROEL HERMANS3, FRéDERIKE MENSINK4, LOTTE F. VAN
DILLEN1,2
1
Institute of Psychology, Leiden University, Leiden, *, Netherlands, 2Leiden Institute for Brain and Cognition, Leiden
University, Leiden, *, Netherlands, 3NUTRIM, Maastricht University, Maastricht, *, Netherlands, 4Netherlands
Nutrition Centre, The Hague, *, Netherlands

In modern society people can engage in eating or drinking next to a wide array of competing activities. Recent work
suggests that distracting consumption contributes to overconsumption of unhealthy foods, pushing the need for a better
understanding of what distracted consumption settings look like in daily life and how these relate to body weight status.
1,011 individuals (507F, BMI 17-50kg/m2) completed a survey about daily consumption settings, BMI and relevant
demographics. Results showed that only 18.4% of respondents indicated having no distractions during meals on
average. The most commonly reported distractions during meals were talking to others (32.7%) and watching tv
(21.7%). To examine how different distractions related to BMI we performed multiple linear regression with lasso
penalty to suit the complexity of the number of variables (RMSE=4.16). This showed that, next to gender, age,
education level and household composition, habitually watching tv while eating lunch and while snacking was
associated with a higher BMI. Conversely, talking to others during breakfast was associated with a lower BMI. A
random forest analysis (RMSE=4.01) confirmed that type of activity during lunch and snack were amongst the leading
predictors of BMI. Currently, data is collected in an independent representative sample (N=2500) to replicate these
findings. In conclusion, we confirmed that people are habitually distracted during their daily meals. Distinct distractors
may be differently related to BMI. These findings have important implications for policy; whereas now the focus of
health communications often lies solely on diet composition, our results provide a starting point for evidence-based
recommendations on which consumption settings are associated with a healthier BMI.
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Gastrointestinal Vagal Afferents Mediate The Feeding-Induced Modulation Of Anxiety-Like Behaviorï¿½
JEAN-PHILIPPE KRIEGER1,2, MOHAMMED ASKER1,2, PAULINE VAN DER VELDEN1, STINA BöRCHERS1,2,
JENNIFER RICHARD1,2, FRANCESCO LONGO1,2, KAROLINA SKIBICKA1,2,3
1

University of Gothenburg, Gothenburg, *, Sweden, 2Wallenberg Centre for Molecular and Translational Medicine,

Gothenburg, *, Sweden, 3Pennsylvania State University, University Park, PA, United States
Gut-brain communication influences far more than just ingestive behavior. Recent data suggest that the feeding status
modulates anxiety-like behavior in rats. Decreased anxiety-like behavior in periods of hunger may facilitate food
seeking, whereas increased anxiety-like behavior after eating may prevent unnecessary risk-taking. The underlying
mechanisms allowing this food-dependent modulation of anxiety-like behavior are poorly understood. Here, we propose
that vagal afferent neurons terminating into the gastrointestinal tract (GI VAN) are necessary and sufficient for the
modulation of anxiety-like behavior by feeding. To evaluate this, we created three rat models of specific manipulation of
GI VAN activity and submitted them to complementary tests of anxiety-like behavior: elevated plus maze, open field,
food-induced neophobia and acoustic startle response. Chemogenetic activation of GI VAN increased anxiety-like
behavior independent of the feeding status, indicating that GI VAN activation is sufficient to induce anxiety-like
behavior. In contrast, specific chemogenetic inhibition of gastrointestinal vagal afferents reduced anxiety-like behavior
of fed rats to the level of fasted rats, indicating that GI VAN are necessary for the anxiogenic of feeding. Moreover, a
chronic lesion of GI VAN using CCK-saporin reduced anxiety-like behavior. RNA sequencing of brain areas receiving
synaptic inputs from GI VAN indicated that a lesion of GI VAN is associated with transcriptomic changes relevant to
anxiety-like behavior. Together, current results indicate a key role for GI VAN in the modulation of anxiety. They also
bring forth an intriguing idea that disrupted vagal signalling in obesity can contribute to the development of comorbid
anxiety disorders.
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Does Switching Between Bites Of Food And Sips Of Water Influence Food Intake Across Portion Sizes?
PAIGE M. CUNNINGHAM1, LIANE S. ROE1, KATHLEEN L. KELLER1,2, ANOUK E.M. HENDRIKSHARTENSVELD3, BARBARA J. ROLLS1
1Department

of Nutritional Sciences, The Pennsylvania State University, University Park, PA, United States,
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Department of Food Science, The Pennsylvania State University, University Park, PA, United States, 3Laboratory of
Behavioural Gastronomy, Centre for Healthy Eating and Food Innovation, Maastricht University Campus Venlo, Venlo,
*, Netherlands
Individuals eat more when served larger portions, and this portion size effect might be influenced by water intake.
Drinking more water and switching between bites of food and sips of water, which introduces within-meal variety, could
influence food intake through thirst, fullness, and sensory-specific satiety (SSS). In a crossover design, we videotaped
44 adults (34% men; 45% with overweight) eating lunch in the lab once a week for 4 weeks. The meal was a single dish
of pasta that was varied in portion size (400, 500, 600, or 700g) plus 700g of water. Thirst, fullness, and SSS were
measured using VAS before and after each meal. SSS was the decline in the pleasantness of taste of the pasta compared
to the mean of 6 other foods. The number of sips and bite/sip switches was assessed using event-logging software.
Serving larger portions led to increased food intake (p<0.0001). Compared to the smallest portion, intake of the largest
increased by 123±16 g (mean±SEM). Neither water intake nor bite/sip switches moderated the portion size effect.
However, across all portions, individuals who consumed more water also ate more food (p=0.03). Individuals with
greater switching (adjusted for number of sips) had greater food intake across all portions (5.2±2 g more per switch,
p=0.03), and total water intake had no added effect. Switching did not affect post-meal thirst or fullness (adjusted for
pre-meal ratings). The magnitude of SSS was not affected by switching, thus switching allowed greater food intake for a
given change in SSS. At a single-food meal, individuals ate more when served larger portions and when switching
more between bites and sips. Switching between food and water might promote energy intake by increasing within-meal
variety and attenuating the development of SSS.
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Parabrachial Cgrp-Expressing Neurons Establish And Maintain Threat Memories
RICHARD PALMITER
University of Washington, Seattle , WA, United States
The parabrachial nucleus (PBN) receives a wide variety of sensory inputs and relays them to other brain regions. The
functions of several genetically identified sub-populations of PBN neurons are beginning to be elucidated, including
neurons that express calcitonin gene-related peptide (CGRP). The CGRP neurons are activated (assessed by Fos
expression and/or GCaMP fluorescence) by a wide variety of threats including, pinch, foot shock, hot plate, itch,
visceral malaise (LiCl, LPS or large meal), threatening sensory stimuli and cues that predict pain or malaise.
Remarkably, virtually all CGRP neurons respond to each of these threats; thus, they serve as general alarm signal to the
rest of the brain, including the central nucleus of the amygdala (CeA), bed nucleus of the stria terminalis (BNST),
thalamus (VPMpc) and parasubthalamic (PSTN) nuclei. Optogenetic activation of CGRP neurons is aversive, inhibits
appetite, regulates the autonomic nervous system and can elicit catatonic, freezing behavior. Inactivation of CGRP
neurons attenuates the responses to threats. Optogenetic or chemogenetic activation of CGRP neurons can substitute for
foot shock or visceral malaise in classical fear or taste conditioning paradigms. Furthermore, the activity of CGRP
neurons after fear or taste learning is important for the expression of learned behaviors and the retention of those
memories.
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Virtual Room 1
Symposium 1: Eating Behavior in Children: Leann Birch Memorial Session

Chair(s): Barbara Rolls
P1
Legacy Of Leann Birch - Applying Learning Theory To Children'S Food Preferences
10:00
MARION HETHERINGTON
University of Leeds, Leeds, *, United Kingdom
Preschool children acquire liking and preference for foods through experiential learning. In a series of pioneering
studies by Birch during the late 1970s/early 1980s -, she and her colleagues demonstrated the crucial role of repeated
exposure, instrumental learning, peer modelling and social-affective context on the development of food preferences.
Building on this legacy, experiments have been designed to investigate a variety of affordances and constraints in
children's food learning. Testing the effects of mere exposure to a variety of novel vegetables in preschoolers
demonstrates the success of this technique. In contrast, adding already liked flavours (such as sweetness) or energy (such
as oil) appear to be unnecessary in developing liking and increasing intake of these foods in young
children. Vegetable flavours offered to babies during complementary feeding appears to encourage infants to accept
vegetables as first foods. However, an important paper by Birch and Marlin (1982), cited more than 1000 times coined
the phrase " I don't like it; I never tried it”, raising the issue of food neophobia among children. This phrase embodies
both the resistance of some children to accepting new foods as well as the importance of individual differences in the
development of preferences. For fussy children, a more gradual approach to food exposure has been developed in which
storybooks and sensory play are used to familiarize children with the look, smell and feel of novel vegetables before
they are tasted. In this presentation, the wide-ranging influence of Leann Birch and her extraordinary body of work will
be showcased with links made to ongoing and future research on how children learn to acquire food preferences.
P4
10:25

Leann Birch: The Girls&Rsquo; Needs Project Years
KATHERINE N BALANTEKIN1, 2
1

University at Buffalo, Buffalo, NY, United States, 2Center for Ingestive Behavior Research, Buffalo, NY, United States

One of Leann Birch’s largest projects was the Early Dieting in Girls study, affectionally known as the Girls’ NEEDS
Project. The Girls’ NEEDS Project was a 10-year longitudinal cohort study that followed 197 girls and their biological
mother and father from age 5 to age 15. The primary purpose of the Girls’ NEEDS Project was to examine the
developing behavioral controls of food intake, with a focus on dieting, and concurrent emergence of problems of energy
balance (overweight, obesity, and eating disorders) among girls. Data were collected using a range of methodologies
(e.g., questionnaires, measured data such as blood pressure, and experimental data such as eating in the absence of
hunger) on child, mother, and father. The Girls’ NEEDS Project assessed a wide range of constructs, including topics
such as parent/child body satisfaction and weight concern, parent/child physical activity, parent/child eating behaviors,
family functioning, and parenting and child feeding. In this presentation, findings will be presented from highlights of
the 70+ publications resulting from Girls’ NEEDS Project.
P3
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Eat, Sleep, Cry&Hellip; Translating Research To Practice For New Parents
JENNIFER SAVAGE
The Pennsylvania State University, University Park, PA, United States
Leann Birch, a developmental psychologist, revolutionized the field of nutrition. Over 4 decades, the field transitioned
from largely only focusing on nutrient and calorie intake to studying the behavioral contexts in which we eat and the
development of child eating behaviors. Leann’s early experimental research provided the evidence-base for responsive
feeding obesity prevention interventions. Her work was transdisciplinary, bridging multiple fields that ultimately led to
The Intervention Nurses Start Infants Growing on Healthy Trajectories (INSIGHT), a randomized controlled trial
designed to prevent rapid infant weight gain and overweight at age 3 years. INSIGHT provided developmentally
appropriate guidance to first time parents of infants on responsive parenting. In this presentation, findings from
INSIGHT, Leann Birch’s final contribution to the field will be discussed. In addition, Leann’s influence on developing
the WEE baby care study, a pragmatic randomized controlled trial evaluating a patient centered responsive parenting
intervention that used health information technology to coordinate care between pediatric primary care providers and the
Special Supplemental Nutrition Program for Women, Infant, and Children community nutritionists, will be discussed.

P2
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The Biology Of Eating Behavior: How Leann Birch&Rsquo;S Inspiring Work Sparked A Search For The
Genetic Underpinnings Of Child Appetite
SUSAN CARNELL
Johns Hopkins University School of Medicine, Baltimore, MD, United States
The impact of Leann Birch’s research has been far-reaching, geographically and scientifically. Work in the UK by Jane
Wardle and colleagues on behavioral susceptibility theory grew out of seminal studies by Birch and colleagues showing
that intake regulation in children could be captured by behavioral tests. Building on these insights the UK group
developed and validated two measures - the Child Eating Behavior Questionnaire and Baby Eating Behavior
Questionnaire - which are now used worldwide to investigate appetite in children. The scientific tennis between Team
Birch and Team Wardle also provides a great example of the co-evolution of scientific ideas. Partly inspired by Birch’s
influential theory that parents’ over-control of children’s eating could negatively affect child eating behavior, Wardle and

colleagues initiated a program of work demonstrating that child appetite was largely genetically-driven, with parents
often responding to, rather than determining, children’s eating behavior and body weight. Subsequent generations - and
many other notable Teams - continue the quest to understand the dynamic bidirectional interactions between parent and
child, with sometimes surprising results. The knowledge that children’s appetitive tendencies are measurable and show
genetic as well as environmental influence, has also informed and enriched research into the biological basis of appetite.
One example is the Resonance study, a longitudinal neuroimaging cohort that uses MRI data to investigate the neural
mechanisms of genetic and environmental influence on the development of appetite from infancy. Leann Birch’s legacy
can be felt not only in the reach of her science, but in the energy and collegiality of the field of child eating behavior
research that she helped to seed.
11:40

Q&A
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Virtual Room 2
Symposium 2: Ultra-Processed Foods: What are we Eating and Why?

Chair(s): Stephanie Kullmann
P1
Diet Induced Changes In Food Reward In Humans
10:00
DANA SMALL
Yale, New Haven, CT, United States
Processed foods are often described as hyperpalatable, yet there is no consistent evidence that individuals with
overweight or obesity derive more pleasure from their consumption. Nevertheless, neuroimaging studies examining
brain response to the taste and smell of palatable and energy dense food often report heightened “brain food cue
reactivity” in overweight and obesity, though effects are often dependent on internal state. These responses have also
frequently been associated with weight gain and other factors related to weight gain susceptibility. Here we will
examine the hypothesis that consumption of high energy dense food causes, rather than results from heightened food cue
reactivity and that it can also lead to a shift in preference away from lower energy dense foods, ultimately resulting in
increased intake of energy dense foods, without experiencing enhanced pleasure.
P2
10:25

Mechanisms Of Overeating: Ultraprocessing Or Oral Processing?
KEES DE GRAAF
Wageningen University, Wageningen, *, Netherlands
The narrative on the ultra-processed food (UPF) consumption obesity association suggests that industrially processed
foods and additives result in ‘hyperpalatable’ foods that corrupt taste-nutrient relationships to promote excessive intake.
None of these arguments are currently backed by data. A recent review of the energy intake rate (kcals/min) of >300
unprocessed, processed and UPF revealed that average energy intake rate was higher for UPF (77 kcal/min) than
unprocessed foods (38 kcal/min); the range of intake rates was similar across processing categories. Thus, the putative
relationship between UPF and obesity in observational epidemiological studies is confounded by differences in dietary
energy intake rates. The impact of intake rate on energy intake, body weight was recently confirmed by an RCT by Hall
et al (2019). To further confirm this mechanism, two recent feeding trials in Wageningen and Singapore studied the
effect of food processing, and intake rate on ad-libitum intake within a meal (SG) and across all meals in a day(NL).
Using slow and fast unprocessed and UPF both studies demonstrated that food processing had NO effect on energy
intake. Energy intake rate produced consistently large increases in ad libitum energy intake. A further comparison of
taste-nutrient relationships across food supplies in Europe, USA, Australia and Asia shows that taste-nutrient relations
are similar across these countries and are maintained across processing levels (SG). Taken together, these data confirm a
plausible mechanism for why UPF can increase intake, and highlight the possibility to design processed food with lower
eating rates and energy density. Through this the food industry can contribute to the creation of a sustainable, healthy
and palatable food environment.

P3
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The Potential Of Ultra-Processing To Design Healthy Foods
VINCENZO FOGLIANO
Wageningen University, Wageningen, *, Netherlands
T Food processing ensured the development of humankind civilization and food industry as of today is a pillar of
modern society. Processed foods are safer, more convenient and often more nutritious. Recently, the term ultraprocessed foods (UPF) was coined as a synonym of junk food, with it focusing specifically on the foods produced by
industries. The NOVA classification indicates as UPF all those not-traditional industry prepared foods containing more
than five ingredients. Epidemiological studies combined NOVA classification with food frequency questionnaires and
disease outcomes: they found a positive correlation between the UPF intake and CVD diseases, diabetes and all-cause
mortality. The correlation is influenced by obesity, so it is worth to investigate if UPF consumption is linked to an
increase of calorie intake. The Hall study confirmed this hypothesis, however the higher intake of calories observed in
the UPF group is also linked to a faster eating rate and higher energy density of the UPF diet. Evidence that eating rate,
and not ultra-processing, influences the calorie intake was confirmed by more recent studies performed by C. Forde and
K. de Graaf and presented in other lectures. It is a matter of fact that many food industry products have high calorie
density and a fast-eating rate: this can be tackled by adopting smart processing and formulation strategies. Some
examples will be illustrated in this lecture showing texture and the shape of UPF can be designed to increase mastication
time and finally reduce calorie intake. Moreover, by operating on the food matrix it is possible to reduce the digestibility
of starch, lipids and proteins without altering the food palatability.

P4
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Processed Foods: Achieving A Balance
VALERIE B DUFFY
Allied Health Sciences, UConn, Storrs, CT, United States
Assuring a nutritious, safe, and sustainable food supply that individuals will prepare, eat, and enjoy is challenging. The
U.S. Dietary Guidelines continue to support healthy eating patterns (make every bite count) to achieve energy balance
by increasing nutrient-dense foods but limiting processed meats, refined grains, and added sugars and sodium.
Communicating healthy dietary patterns versus merely describing “good” versus “bad” foods is difficult. Grouping of
foods by level of processing has gained much attention. Scientific advances has fueled these ultra-processed foods in
response to consumers desire for good tasting foods that are convenient and often lower in energy. Despite increases in
home food preparation and gardens during COVID-19, consumers rely on processed foods for convenience balanced
with health and good taste to feed their families. Ultra-processed foods are problematic when marketed as superior to
unprocessed/minimally-processed foods for toddlers. Parents are led to believe that their child needs special milks, meal
replacements for picky eating, ultra-processed designer snacks instead of fruits, vegetables, proteins, and whole grains,
as well as pureed foods in pouches. These foods fail to align with behavioral sciences towards the development of
healthy food preferences. Misleading is especially problematic for low-income families who could spend precious food
dollars on foods that promote food preparation, family meals, and responsive toddler feeding. Food processing has a
place in healthy eating to prevent pressing chronic diseases, yet interdisciplinary collaborations across nutrition, food,

and behavioral sciences is needed to improve processed foods to be nutritious, safe, economical, and environmentallysound.
11:40
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Virtual Room 3
Oral Session 3: Behind the Hypothalamus

Chair(s): Guillaume de Lartigue
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Cgrp Lpbn Neurons, But Not Cgrp As A Neurotransmitter, Mediate Sct'S Anorectic Effect
Lavinia Boccia, Christelle Le Foll, Thomas A. Lutz
Institute of Veterinary Physiology, Vetsuisse Faculty University of Zurich (UZH), Zurich, *, Switzerland
The pancreatic hormone amylin and its long acting analog salmon calcitonin (sCT) act centrally to reduce food intake by
activating noradrenergic neurons in the area postrema (AP) that project to the lateral parabrachial nucleus (LPBN). In
our previous studies in rats, we observed that 1/3 of amylin activated neurons in the LPBN express calcitonin generelated peptide (CGRP). Using complementary viral approaches, our studies indicated that acute (i.e. chemogenetic) or
permanent (i.e. the diphtheria toxin fragment A (DTA)) inhibition of CGRP LPBN neurons blunted sCT’s, but not
amylin’s, anorectic effect. This was also reflected by a reduced c-Fos expression in the LPBN of mice treated with sCT
after temporary inhibition of CGRP LPBN neurons with CNO compared to sCT alone. Moreover, silencing of CGRP
LPBN neurons blocked sCT’s ability to induce avoidance behavior. To investigate the specific role of CGRP as
neurotransmitter in mediating amylin’s and sCT’s effects, CGRP expression was downregulated in LPBN neurons via an
AAV shRNA in rats. CGRP knock down (KD) did not decrease amylin’s or sCT’s effect on eating. However, the
number of CGRP LPBN neurons activated by amylin was reduced by 45 % in KD rats compared to sham rats while the
number of non-CGRP activated neurons was similar in both groups. Altogether, these results suggest that CGRP
signaling plays a marginal role in the mediation of amylin’s effects on eating. In conclusion, CGRP as a
neurotransmitter in the LPBN is not required to mediate amylin’s and sCT’s anorectic effects. However, because the
eating inhibitory of sCT was reduced when CGRP LPBN neurons were inhibited, sCT but not amylin may also provoke
avoidance as part of its behavioral response.

Best Student Presentation Award Finalist
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Control Of Fluid Intake In Thirsty Rats By Pvn-Projecting Hindbrain Cells
Karin L Volcko1, Destiny J Brakey1, Thomas E McNamara1, Michael J Meyer1, Derek Daniels1,2
1

Department of Psychology.University at Buffalo, the State University of New York, Buffalo, NY, United States,

2

Center for Ingestive Behavior Research, University at Buffalo, the State University of New York, Buffalo, NY, United
States
Many brain regions are involved in the control of fluid intake, but the role that particular pathways play in drinking
behavior has not been as thoroughly studied as that of individual nuclei. In these experiments, we investigated how cells
in the hindbrain, particularly the nucleus of the solitary tract (NTS), that send projections to the paraventricular nucleus
of the hypothalamus (PVN), respond to and influence drinking behavior. First, we water deprived rats with PVN
injections of the retrograde tracer cholera toxin beta subunit (CTβ) and either allowed them to drink, or not, before
perfusion. Brains were processed by immunohistochemistry for Fos and CTβ. We found that thirsty rats allowed to drink
had more active cells in the NTS than those not allowed to drink, and that number of Fos-positive cells was correlated
with water intake in the group given water access. Moreover, we found that a greater percentage of CTβ -positive cells
were also Fos-positive in rats allowed to drink than in those not allowed to drink. Next, we implanted cannulae aimed at
the 4th ventricle (4V) in rats that were also given either a PVN injection of the excitatory DREADD packaged in a
retrograde AAV, or an NTS injection of the excitatory DREADD. After water deprivation the rats were given 4V
injections of vehicle or clozapine N-Oxide (CNO), and drinking behavior was measured. We found that activating the
NTS had no effect on drinking behavior, but activating PVN-projecting hindbrain cells increased water intake. This was
due to a larger number of bursts, which more than compensated for a reduced burst size after CNO injection. Together,
these experiments demonstrate that hindbrain cells that project to the PVN are involved in control of water intake.
P3
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Glucose-Dependent Insulinotropic Polypeptide Receptor-Expressing Neurons In The Hindbrain Regulate Food
Intake And Energy Expenditure
ALICE E ADRIAENSSENS, ORLA WOODWARD, JO LEWIS, FIONA M GRIBBLE, FRANK REIMANN
University of Cambridge, Cambridge, *, United Kingdom
The glucose-dependent insulinotropic polypeptide (GIP) receptor (GIPR) signalling axis is an important target for the
treatment of diabetes and obesity.Though central GIPR signalling is critical to the ability of GIP-based therapeutics to
supress food intake and lower bodyweight, the signalling pathways leveraged by GIPR agonists in the brain remain
poorly understood. We therefore explored the role of Gipr+ neurons in the hindbrain in controlling energy balance and
feeding. Single-cell RNA sequencing (scRNAseq) of purified Gipr+ cells was used in combination with RNAscope to
characterise neuropeptides and cell surface receptors expressed by Gipr+ neurons. Neurocircuit tracing defined inputs
and projection sites of Gipr+ neurons located in the area postrema (AP) and the nucleus tractus solitarius (NTS). The
effects of acute chemogenetic manipulation of Gipr+ hindbrain neurons were measured using metabolic cages equipped
with a continuous monitoring system. Transcriptomic and RNAscope analysis identified Gipr+ hindbrain neurons as
principally GABAergic, and co-expressing Penk and Pomc. Gipr+ neurons expressed little Glp1r, but showed coexpression of Oxtr and Npy2r. Gipr+ neurons of the hindbrain receive inputs from the central amygdala and the
paraventricular, dorsomedial, and lateral hypothalamus, and project to the paraventricular nucleus of the hypothalamus.
Chemogenetic activation of hindbrain Gipr+ neurons suppressed food intake, activity, and energy expenditure. Gipr+
neurons of the hindbrain are potent regulators of feeding and energy expenditure, and are capable of recruiting distant
nuclei that are critical to regulating energy balance. Their activation could therefore underlie the success of GIP/GLP-1
dual agonists to suppress food intake and lower bodyweight.

P4
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Parallel Gut-Brain Pathways For The Inhibition Of Agrp Neurons By Sugar And Fat
NITSAN GOLDSTEIN1, AARON D. MCKNIGHT2, JAMIE R.E. CARTY1, MYRTHA ARNOLD3, J. NICHOLAS

BETLEY1, AMBER L. ALHADEFF1,2
1

University of Pennsylvania, Philadelphia, PA, United States, 2Monell Chemical Senses Center, Philadelphia, PA,

United States, 3ETH Zurich, Zurich, *, Switzerland
The detection of nutrients in the gastrointestinal (GI) tract inhibits hunger-promoting Agouti-related protein (AgRP)expressing neurons in the hypothalamus. When different macronutrients are infused throughout a mouse’s GI tract, the
degree of AgRP neuron inhibition strongly predicts the satiating effects of a given infusion. Thus, identifying the gut-tobrain pathways that mediate AgRP neuron inhibition can provide valuable insight into how nutrient detection in the gut
decreases food intake. We used fiber photometry to monitor AgRP neuron activity in awake, behaving mice while
infusing macronutrients into the GI tract. Subdiaphragmatic vagotomy revealed that the vagus nerve is crucial for fatbut not glucose-mediated inhibition of AgRP neurons. We found that the sodium-glucose transporter SGLT1 is
necessary for intestinal glucose to decrease AgRP neuron activity, suggesting that uptake into epithelial cells is required.
Additionally, we show that glucose signals in part through post-absorptive mechanisms, as infusion directly into the
hepatic portal vein was sufficient to inhibit AgRP neurons. Since spinal afferents of the splanchnic nerve sense glucose
in the portal vein, we examined whether this pathway is involved in glucose-mediated AgRP neuron inhibition. Ablation
of splanchnic signaling by celiac/superior mesenteric ganglionectomy blocked the effects of intestinally-infused glucose
on AgRP neuron activity. Together, these results demonstrate that macronutrients utilize multiple gut-to-brain pathways
to inhibit AgRP neurons.
P5
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Differential Control Of Food Intake By Left And Right Vagal Sensory Neurons
ALAN DE ARAUJO, ISADORA BRAGA, GABRIEL LEME, ARASHDEEP SINGH, MOLLY MCDOUGLE,
GUILLAUME DE LARTIGUE
University of Florida, Gainesville, FL, United States
Vagal sensory neurons residing in the nodose ganglia (NG) control of food intake by conveying information about mealborne signals to the brain. Mounting evidence suggests that right or left NG (LNG or RNG) neurons recruit different
downstream central circuits, but the mechanisms remain poorly understood. Methods: In vivo calcium imaging, viral
mediated tracing, and physiological and behavioral parameters were assessed in response to chemo- and opto-genetic
stimulation of gut-innervating vagal sensory neurons using CARTcre mice. Results: Tracing revealed that LNG and
RNG CART neurons innervate different regions of the duodenum. LNG innervate the muscular layer, while RNG
innervate villi. Consistent with the anatomical data, real time calcium activity increased in LNG in response to stretch,
while intraduodenal fat infusions preferentially increased RNG neuron activity. Chemogenetic stimulation of LNG, but
not RNG, reduced food intake, blood glucose clearance and gastric emptying. In contrast, activation of RNG, but not
LNG, increased flavor conditioning and optogenetic self-stimulation in a nose poke task. Optogenetic stimulation of
duodenal vagal fibers from LNG or RNG activated different hindbrain circuits, consistent with LNG recruitment of a
vago-vagal circuit engaging enteric neurons to modulate gut motility. Conclusion: Asymmetrical vagal innervation of
the duodenum, response to gut signals, and recruitment of central circuits provides a novel mechanism for how feeding
decisions are made in response to vast and complex meal-related signals.

Best Student Presentation Award Finalist
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Npy Attenuates The Cck-Induced Increase In Glutamate Inputs Onto Nts Catecholamine Neurons Through The
Y2 Receptor.
Rowan J Calkins, Huan Zhao, Drew M Neyens, SUZANNE M APPLEYARD
Washington State University Integrative Physiology and Neuroscience Program, Pullman, WA, United States
The nucleus of the solitary tract (NTS) in the hindbrain integrates GI signals via the vagus nerve with inputs from other
brain regions before relaying them to downstream targets throughout the CNS. Injections of Neuropeptide Y (NPY) and
the Y2 receptor agonist PYY-(3-36) into the dorsal vagal complex (DVC), containing the NTS, increases food intake. In
addition, intra-DVC injection of PYY reduces the inhibition of food intake by cholecystokinin (CCK). CCK has been
shown to increase glutamate release from vagal afferents to drive firing of NTS neurons. Here we test the hypothesis
that NPY attenuates this effect of CCK at the vagus-NTS synapse. We focused on NTS catecholamine (CA) neurons,
identified by EGFP expression driven by the tyrosine hydroxylase promoter, as they are critical for the control of food
intake and the effects of CCK. We performed patch-camp recordings in NTS-CA neurons from horizontal brain slices
containing intact vagal afferents within the solitary tract (ST) from male and female mice. As we previously found, ST
stimulation resulted in excitatory post-synaptic currents (EPSCs) in NTS-CA neurons, which were significantly reduced
by NPY in 10/12 neurons (P<0.001), an effect blocked by the Y2 receptor antagonist BIIE 0246. CCK increases
spontaneous EPSCs (sEPSCs) in most NTS-CA neurons. Here we found that NPY pretreatment attenuated CCKinduced increases in sEPSC frequency, decreasing the peak frequency from 10.5 ± 1.3 Hz to 3.9 ± 0.7 Hz (P<0.01).
PYY-(3-36) also attenuated the effect of CCK, from a 10.5 ± 1.3-fold to a 3.9 ± 0.7-fold increase in frequency (P<0.01).
Taken together, these data suggest that NPY, through the Y2 receptor, attenuates the effects of CCK on NTS-CA neurons
by reducing glutamate release from vagal afferents.

P7
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Ghrelin Signaling Contributes To Fasting-Induced Attenuation Of Hindbrain Neural Activation And Behavioral
Responses To Systemic Cholecystokinin &Ndash; But Not Cognitive Stress Exposure &Ndash; In Rats
JAMES W MANISCALCO1, CAITLYN M EDWARDS2, KELLEY A COAKLEY1, LINDA RINAMAN2
1
Regis University, Denver, CO, United States, 2Florida State University, Tallahassee, FL, United States
In rats, fasting reduces the ability of systemic cholecystokinin-8 (CCK) to suppress food intake and activate cFos in the
nucleus of the solitary tract (NTS), specifically within glucagon-like peptide-1 (GLP-1) and prolactin-releasing peptide
(PrRP) neurons. Moreover, fasting reduces the ability of elevated platform exposure (EP) – a cognitive stressor – to
activate these neurons, while also reducing anxiety-like behavior. Fasting increases plasma ghrelin levels, which can
reduce vagal glutamatergic input to NTS neurons, providing a mechanism by which fasting may suppress neural and
behavioral responses to CCK and EP. Thus, we hypothesized that antagonism of ghrelin receptors in fasted rats would
rescue the ability of CCK and EP to activate GLP-1/PrRP neurons and elicit behavioral responses. To test this, cFos
expression was examined in ad libitum-fed and overnight food-deprived (DEP) rats after intraperitoneal CCK or ghrelin
receptor antagonist (GRA) prior to CCK. A second cohort of DEP rats were placed on an elevated platform or on an

elevated plus maze following treatment with saline or GRA. In fed rats, CCK activated cFos in ~60% of GLP-1/PrRP
neurons, with few or no GLP-1/PrRP neurons activated in DEP rats treated with CCK alone. However, GRA
pretreatment increased CCK activation of GLP-1/PrRP neurons and enhanced the hypophagic effect of CCK in DEP
rats. Interestingly, GRA pretreatment in fasted rats did not rescue GLP-1 neural activation following EP or anxiety-like
behavior. These findings suggest that reduced behavioral and neural sensitivity to CCK – but not EP – in fasted rats is at
least partially due to increased ghrelin signaling, highlighting a dichotomy in mechanisms by which fasting alters NTS
neural activation to cognitive versus visceral stimuli.
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Vagal Gut-Brain Communication Mediates Bacterial Driven Modulation Of Reward Signaling
Jiyoung S. Kim1, Kevin C. William1, Rebecca A. Kirkland1, Ruth Schade2, Kimberly G. Freeman1, Carolina R.
Cawthon3, Maddie Carlson1, Allison Rautmann1, Gaylen L. Edwards 1, Travis C. Glenn1, Philip V. Holmes1, Guillaume
de Lartigue4, Claire B. de La Serre1
1University

of Georgia, Athens, GA, United States, 2Stanford University, Stanford, CA, United States, 3Florida States

University, Tallahassee, FL, United States, 4University of Florida, Gainesville, FL, United States
Chronic intake of energy dense diets alters homeostatic and hedonic regulation of feeding. Gut-innervating vagal
afferent neurons, that convey post-ingestive feedback from the gut to the brain, project to limbic brain regions involved
in reward processes, and this gut-reward circuit is necessary for meal termination. We have shown that a (high fat) HFtype microbiota is sufficient to alter the structure and function of the vagal afferent pathway. However, whether
microbiota composition modulates host reward signaling and feeding behavior is unknown. Here, we investigate if
bacteria can communicate to the brain to regulate appetitive eating, in particular dopamine (DA) signaling and the role
of the vagus in mediating microbiota to brain communication. We used germ-free (GF) rats (males, 6 weeks old,
n=8/group) and colonized them with gastrointestinal contents from low-fat fed rats (ConvLF) or HF fed rats (ConvHF).
ConvHF rats displayed lower extracellular DOPAC levels (a metabolite of DA, measured using microdialysis) in the
Nucleus Accumbens in response to an HF pellet stimulus, reduced motivation towards HF pellets (progressive ratio
reinforcement) and, lower dopamine receptor 2 (DR2) expression in the ventral striatum (in situ hybridization)
compared to ConvLF rats. Similar deficits were observed in HF-fed rats, suggesting that diet-driven alterations in
reward signaling can be transmitted via microbiota. In a second cohort, we used CCK-SAP nodose injections to
selectively delete gut to the brain signaling. Gut to brain deafferentation restored DOPAC release, DR2 levels, and
motivation towards HF pellets in ConvHF rats. Taken together, these data suggest that an HF-type microbiota acts
through the vagus nerve to alter appetitive feeding behavior.

12:00 - 1:00 PM

Virtual Room 1
NIDDK Listening Session on Ingestive Behaviors and Obesity

In an effort to engage with the research community in multiple venues, NIDDK is convening several listening sessions in conjunction with
national meetings, in which NIH program staff are reaching out to investigators to solicit input and ideas for ways to accelerate progress in
obesity research. We want to have an open process with broad outreach to scientists at all career levels in an effort to identify exciting research
opportunities, as well as obstacles to advances in basic and clinical research and to career development and progression. Join Drs. Susan
Yanovski, Co-Director of NIDDK's Office of Obesity Research, and Brad Cooke, Director of NIDDK's Neurobiology of Obesity Program, at
this interactive session to share your thoughts on the following questions:
- What are the highest priority fundamental/basic knowledge gaps related to ingestive behaviors and obesity?
- What is the highest priority clinical and/or translational research needed to advance prevention and treatment of obesity?
- What tools, methods, or technologies would facilitate your research?
- What are the biggest hindrances to your research career?
- What should NIH/NIDDK be doing more (or less) of to make progress in prevention and treatment of obesity?

Chair(s): Susan Yanovski
1:00 - 3:00 PM

Gather.town
Poster Session 1
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Food Intake And Distinct Running Patterns Characterize Resistance And Susceptibility To Activity-Based
Anorexia In Rats
SEAN A ASTON1, MATTHEW M HURLEY1, BRIAN S CAFFO2, TIMOTHY H MORAN1, KELLIE L
TAMASHIRO1
1Psychiatry

& Behavioral Sciences, Johns Hopkins School of Medicine, Baltimore, MD, United States, 2Department of
Biostatistics, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, United States
Activity-based anorexia (ABA), an experimental rodent model where time-limited access to food is paired with ad
libitum access to a running wheel, recapitulates aspects of anorexia nervosa, including life-threatening weight loss and
hyperactivity. Most rats exposed to ABA increase wheel-running and decrease food intake, creating a dangerous energy
imbalance that, without intervention, proves fatal. A subset of rats are resistant to ABA and do not reach the weight loss
criteria. We investigated the relationship between food intake and running during different time periods with
vulnerability to ABA. Animals were female adolescent Sprague-Dawley rats (P35-43) and were given at least 5 days of
habituation to running wheels with ad lib food access. After habituation, food access was limited to 1.5 hrs/day at the
onset of the dark cycle. For animals susceptible to the paradigm (n=33), running wheels were locked and ad lib access to
food restored once they reached 25% body weight loss. Animals that did not reach 25% body weight loss after 7 days
were considered resistant to ABA (n=14). Susceptible animals exhibited increased total running (p=0.036) and a trend
toward increased dark cycle running (p=0.058) but exhibited no differences in food intake or food anticipatory activity
(FAA) during habituation. Discrete time survival analysis of ABA data revealed factors that increase (total running,
p=0.010; dark cycle running, p=0.014) or decrease (food intake, p=0.005; FAA as a % of total running, p=0.009) the
risk of an animal being susceptible to ABA. We conclude that decreased running during habituation, increased food
intake, and the ability to shift running from the dark cycle to FAA while in ABA protect animals from developing a
dangerous energy imbalance during ABA.
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Activity Based Anorexia (Aba) Results In Dysfunction In Mitochondrial Dynamics In The Brain Of Sprague
Dawley Rats
HARSHIT BHASIN, SHANNON/ C O'BRIEN, KELLIE/ L TAMASHIRO, TIMOTHY/ H MORAN, MATTHEW/ M
HURLEY
Johns Hopkins University School of Medicine, Baltimore, MD, United States
Anorexia Nervosa (AN) is an eating disorder characterized by voluntary food restrictions and excessive exercise leading
to a low body weight characterized by a fear of gaining weight and a high relapse rate. The ABA paradigm provides
animals with ad lib access to a running wheel and limited access to food. Our lab showed that animals at maximum
weight loss post ABA have deficits in their plasma cysteine and glutathione levels pointing towards increased oxidative
stress. While there is limited information on how increased oxidative stress corresponds to the progression of the
disease, our hypothesis is that oxidative stress leads to mitochondrial dysfunction contributing to the progression of the
disease and high relapse rate. While all past investigations of this in the ABA model are limited to the hypothalamus,
other brain regions have also been implicated in the disease. We explored mitochondrial dysfunction in the medial
prefrontal cortex (mPFC), hippocampus, hypothalamus and amygdala. A pilot cohort of n = 8 P21 female rats (n =
4/group) underwent the paradigm and were sacrificed when they lost 25% of original body weight. We found that there
was a significant increase in mitochondrial fission measured through the p-DRP1 and DRP1 ratio in the mPFC (P <0.05)
and hypothalamus (P <0.05) while there were trending increases in the hippocampus (p=0.068) and amygdala
(p=0.169). There was also a strong correlation between the fission in the mPFC, hypothalamus and amygdala (rmPFCHypo = 0.93, rmPFC-Amy = 0.87, rHypo-Amy = 0.8) being in line with previous literature that the connections between
these regions are important for food intake. These data show that there is widespread mitochondrial dysfunction in the
brain adding credibility to the hypothesis.
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Sex Differences In Rodent Binge-Type Eating And Pituitary Adenylate Cyclase-Activating Polypeptide
Expression In The Thalamic Paraventricular Nucleus

GENEVIEVE R. CURTIS, ANDREW T. GARGIULO, ANURANITA GUPTA, BREANNE E. PIRINO, JESSICA R.
BARSON
Drexel University College of Medicine, Philadelphia, PA, United States
Binge eating disorder, which is characterized by overconsumption of food in a discrete time period, is the most common
eating disorder in the United States and affects more women than men. Pituitary adenylate cyclase-activating
polypeptide (PACAP), which is independently processed into PACAP-27 and PACAP-38, is a neuropeptide implicated
in feeding. We have recently identified high levels of PACAP-27 in cells of the paraventricular thalamus (PVT), a brain
region also involved in feeding. To investigate sex differences in binge eating behavior and PACAP expression, we
started by using limited home cage access to Milk Chocolate Ensure Plus® to induce binge-type eating in male (n = 7)
and female (n = 12) mice. Under this 6-week paradigm, and with chow available ad libitum, female compared to male
mice demonstrated greater binge-type eating of Ensure (0.20 kCal/g body weight (BW) vs. 0.16 kCal/g BW, p <0.001)
and greater daily total caloric intake (0.67 kCal/g BW vs. 0.56 kCal/g BW, p <0.05), with no sex difference in total
chow intake as a function of BW. We then used quantitative real-time PCR to examine PACAP mRNA in the PVT of
binge eating naïve mice (n = 5/sex) and found that females had higher levels of PACAP mRNA than males (+100%, p
<0.05). In rats, females also had higher levels of PACAP mRNA, by 97% in the anterior PVT and 28% in the posterior
PVT. Finally, we used immunohistochemistry in rats (n = 5/sex) and found higher PACAP peptide levels in females, for
both PACAP-27 (52% vs. 44% of all cells, p <0.01) and PACAP-38 (13% vs 10%, p <0.05), across the entire PVT. Our
results indicate that females demonstrate greater binge-type eating and higher levels of PVT PACAP than males,
suggesting that PACAP in the PVT could drive binge eating behavior. R01 AA028218
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Enhanced Responsivity To Pharmacological Manipulations Of The Dopamine Receptor In Binge Eating Prone
Female Rats
NATASHA FOWLER, ALLIE PATARO, JENNA LEE, KELLY L. KLUMP, CHERYL SISK, ALEX JOHNSON
Michigan State University, East Lansing, MI, United States
Binge eating is a core maladaptive eating behavior that cuts across several major eating disorders, yet the
neurobiological underpinnings are poorly understood. The dopamine system plays a critical role in food reward
behaviors, thus we sought to examine whether binge eating was associated with altered responsivity to stimulation and
blockade of dopamine receptors in an animal model of individual differences in binge eating. Sixty adult female
Sprague Dawley rats were given intermittent access to palatable food (PF) 3x/week for 2 weeks to identify binge eating
prone (BEP; consistently high levels of PF intake) and resistant (BER; consistently low levels of PF intake) rats. Next,
all rats received PF and chow intake tests following intraperitoneal injections of vehicle, low, or high doses of the
dopamine D1R agonist SKF 38393, D1R antagonist SCH 23390, D2R agonist quinpirole, and the D2R antagonist
raclopride. Both BEP and BER rats displayed little change in appetitive behavior following D1R stimulation, whereas at
high doses, blockade of this receptor enhanced hypophagia toward PF but not chow in BEP rats. Similarly, BEPs were
more responsive to the hypophagic effects of D2R stimulation, and the hyperphagic effects following D2R blockade for
PF but not chow intake. These data suggest that enhanced responsivity to dopaminergic neurotransmission may be
associated with binge eating proneness. This differential responsivity may reflect altered incentive motivational
processes in BEP rats and thus underlie their enhanced proclivity for PF intake.
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Melanin-Concentrating Hormone-Producing Neurons In The Zona Incerta Promote Binge Eating In Rats
KESHAV S SUBRAMANIAN, SCOTT E KANOSKI
University of Southern California, Los Angeles, CA, United States
Melanin-concentrating hormone (MCH) is a neuropeptide produced in the lateral hypothalamic area (LHA) and zona
incerta (ZI) that increases food intake. Previous studies have targeted either the LHA MCH neurons or all MCH neurons
(LHA+ZI), and thus the function of ZI MCH neurons is unknown. Given recent findings linking the ZI with bingeeating behavior, we assessed the role of ZI MCH neurons in binge-eating behavior in rats. To selectively activate ZI
MCH neurons, a virus containing an excitatory Designer Receptor Exclusively Activated by Designer Drugs
(DREADDs) driven by an MCH promoter was administered to the ZI. Subsequently rats had free access every other day
to palatable food (high fat, high sucrose; HFHS) for 10min in an arena outside of the home cage. After 7 exposures, the
rats reliably consumed ~40% of their 24hr kcal intake during the 10-min HFHS access period. During testing rats were
given a 30-min HFHS exposure in the arena following either intracerebroventricular (ICV) CNO (DREADD ligand) or
vehicle treatment. Results revealed that CNO significantly increased HFHS intake relative to vehicle, thus suggesting
that activating ZI MCH neurons potentiates binge eating of palatable food. Next we examined the role ZI MCH neuron
activation in normal eating behavior (home cage chow intake), as well as motivation to work for palatable HFHS in a
progressive ratio (PR) lever-pressing procedure. Surprisingly, ICV CNO significantly decreased both 24hr home cage
chow intake as well as motivation to work for palatable food in the PR procedure. Overall these results suggest that ZI
MCH neurons potentiate consumption of easily accessible palatable foods, yet have opposite effects on consumption of
easily accessible bland foods and motivation to work for palatable foods.
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Effect Of A High Fat Diet On Postpartum Behaviors And Metabolic Health In Selectively-Bred Diet-Resistant
And Diet-Induced Obese Rat Dams
ANDREA S. LEUTHARDT1, JOSEP M. MONNé RODRíGUEZ2, CHRISTINA N. BOYLE1
1
Institute of Veterinary Physiology, Zurich, *, Switzerland, 2Institute of Veterinary Pathology, Zurich, *, Switzerland
Paralleling the global rise in obesity, it is estimated that 30% of pregnant women worldwide are overweight or obese,
which leads to adverse health outcome for both the mother and child. Women with obesity during pregnancy are at a
higher risk for developing both metabolic and mental disorders, like diabetes and depression. Numerous studies have
used rodent models of maternal obesity to understand its consequences on the offspring, yet characterization of changes
in the dams is sparse. Further, most rodent models rely solely on a high fat diet (HFD) to induce maternal obesity, and
do not take genetic propensity for obesity into account. Building on our previous work, here we present the influence of
both peripartum HFD and obesity-proneness on maternal health using selectively-bred diet-resistant (DR) and dietinduced obese (DIO) rat dams. Dams from generation F3 were primarily assessed for their postpartum behaviors,
including a high-resolution analysis of maternal behaviors (MB) on postpartum day 2 (P2) and a sucrose preference test
(SPT) on P10. We observed strong diet and genotype effects (P<0.001) on gestational weight gain, with DIO-HFD dams
gaining 119% more weight than DR-chow. While we did not detect main effects of diet or genotype on MB, a subset of

DIO dams showed decreased pup-related behaviors. Similarly, all DR dams consumed at least 70% sucrose in the SPT,
while a subset of DIO dams preferred water. In F6/F7 dams, effects on gestational weight gain persist, and we observe a
main effect of genotype of SPT (P<0.05), with DIO-chow dams showing the lowest sucrose preference. Though HFD
slowed glucose clearance during oral glucose tolerance test on P16 only in DIO dams (P<0.05), both DIO and DR dams
consuming HFD had severe postpartum liver lipidosis. These data demonstrate that both diet and genetic obesityproneness have consequences on maternal health.
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Optogenetic Inhibition Of Hypothalamic Sim1PvnNeurons Trigger Hunger And Arousal-Associated
Cardiovascular Response In Mice: A Wireless Optogenetic Approach
MAZHER MOHAMMED1,2, CLARA BERDASCO1, MONA ELGAZZAZ1,2, ERIC LAZARTIGUES1,2
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Paraventricular nucleus (PVN) of the hypothalamus regulates autonomic, neuroendocrine and behavioral functions.
Here we investigated the potential contribution of Single-minded 1 (SIM1)-containing PVN neurons (SIM1PVN) in the
regulation of feeding behavior and blood pressure in mice. Transgenic mice with Cre-recombinase expressed in SIM1containing neurons combined with wireless in-vivo optogenetics, chronically implanted with blood pressure (BP)
telemetry probes were used to evaluate the food intake behavior and BP response. Mice were bilaterally-injected with
Cre-dependent adeno-associated viruses that expresses inhibitory opsins (-ACR2, anion-conducting channelrhodopsin)
and excitatory opsins (-ChR2, channelrhodopsin) into the PVN. Fiberoptic posts chronically implanted over the PVN.
Upon wireless turning ON blue LED to inhibit SIM1PVN-neurons (at 20 Hz, 1mW), mice immediately started eating
food pellets (0.5 ±0.1g) and their BP significantly increased (15 ±3 mmHg) in comparison to shining green LED (sham)
in the same mice, 0.2 ±0.03g and -1 ±1 mmHg, n=6, p<0.01, respectively. Similar BP responses (15 ±3 mmHg, n=6)
were recorded under anesthesia and these responses were eliminated after pretreatment with chlorisondamine (a
ganglionic-blocker), intraperitoneally. Interestingly, stimulation of SIM1PVN neurons in -ChR2 injected mice (at 20Hz,
1mW), under anesthesia, were found to decrease BP (-12 ±4 mmHg) in comparison to green LED (1 ±1 mmHg, n=4,
p<0.01). Strikingly when this blue LED were shined at the nucleus of the solitary tract (NTS), to stimulate SIM1PVNnerve terminals, similar decreases in BP (-10±2 mmHg, n=4) were recorded. Our results strongly suggests that
SIM1PVN-neurons regulate feeding behavior and cardiovascular variables via influencing the NTS.
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Sex Differences In Sodium Butyrate Enhancement Of Conditioned Taste Aversion.
DURBA MUKHERJEE, THOMAS A. HOUPT
Florida State University, Tallahassee, FL, United States
Animals can easily develop new food preferences and aversions through associative learning. If they consume a novel
flavor and experience malaise, they develop an aversion towards that particular flavor, food or fluid. Conditioned taste
aversion (CTA) requires gene expression and histone acetylation, which can be enhanced by HDAC inhibitors such as
sodium butyrate (NaB). Here, we sought to determine whether enhancement of CTA using NaB is subject to sex-specific
difference through changes in histone modification. Adult male (n=32) and female (n=32) Sprague-Dawley rats were
placed on water restriction for 7 days with ad lib food to ensure intake on conditioning day. On the conditioning day,
they were given 30 min access to saccharin (0.125%) and then injected with either sodium chloride (NaCl) or lithium
chloride (LiCl; 0.15M, 3ml/kg).). 10 min later, half the rats were injected with NaB (0.3M, 12ml/kg) or NaCl (0.3M,
12ml/kg). Thus, there were 4 groups for each sex: NaCl-NaCl, NaCl-NaB, LiCl-NaCl, and LiCl-NaB. Beginning the
next day, 2-bottle 24-h preference tests of water vs. saccharin was carried out for 10 days. NaCl-NaCl and NaCl-NaB
groups showed high preference for saccharin throughout 2-bottle testing. Male LiCl-NaCl showed moderate CTA which
extinguished over the 10 days of preference testing. Male rats injected with LiCl-NaB appeared to have a greater CTA
than LiCl-NaCl rats. However, NaB did not appear to enhance CTA in the LiCl-NaB-injected females compared to
LiCl-NaCl-injected rats. Thus, female rats appear to be less sensitive to the CTA-potentiated effects of NaB. This could
be due to (a) sex differences in pharmacokinetics or (b) sex differences in gene-regulation during CTA learning and its
modulation by histone acetylation.
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Hypothalamic Glial Inflammation And Cytokine Production In Diet-Resistant And Diet-Induced Obese Rats
LUCA PAPINI, PATRICIA KULKA, CHRISTELLE LE FOLL
Institute of Veterinary Physiology, Vetsuisse Faculty, University of Zurich, Zurich, *, Switzerland
Chronic high fat diet intake has been shown to induce a low-grade brain inflammation promoting the development of
obesity. Central inflammation is characterized by gliosis which is a combination of inflammation, cellular hypertrophy
and increased glial cell number. Diet-induced obese (DIO) rats issued from selective breeding present defective fatty
acid (FA) sensing before becoming obese and overweight. The aim of this study was to investigate the consequences of
3 days or 4 wks of high energy (HE) diet on glial cells density and inflammatory cytokines gene expression in the
arcuate nucleus of the hypothalamus (ARC) in female and male rats selectively bred to develop DIO or to be diet
resistant (DR). First, DIO male and female rats fed chow diet displayed a higher GFAP (astrocyte) density and lower
Iba1 (microglia) density in the ARC compared to DR rats. No differences in GFAP and Iba1 density was observed after
3d of HE diet while after 4 wks, GFAP and Iba1 density was decreased compared to chow fed rats despite elevated
cytokine expression. The exposure of primary astrocytes from DIO or DR rats to saturated or unsaturated FA for
72h provided evidence that cytokine production is already increased after 24h and that saturated FA can elicit a more
potent inflammatory response compared to unsaturated FA. DR rats’ primary astrocytes cytokine secretion was
increased compared to DIO rats. Finally, ARC astrocyte depletion of IKKβ, a key component of the inflammatory
pathway, prevented obesity and body weight gain increase in DIO rats while having no effect in DR rats. Together, these
results suggest a FA specific effect on astrocyte inflammation and that astrocyte inflammatory response to HE diet
promote the development of obesity in rats predisposed to become obese.
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Effects Of Oleoylethanolamide In A Rat Model Of Diet-Induced Obesity: From The Modulation Of Eating
Behavior To Neuroprotective Properties
ADELE ROMANO, SILVANA GAETANI

Department of Physiology and Pharmacology V. Erspamer Sapienza University of Rome, Rome, *, Italy
Far from being limited to weight gain, obesity is now associated with a cluster of disorders including a low-grade
inflammation and modification in the integrity of the blood-brain-barrier (BBB). The endogenous lipid mediator
oleoylethanolamide (OEA) known for its satiety effect, is an emerging signaling pathways implicated in a variety of
functions including neuroprotection and inflammation. By using a rat model of diet-induced obesity (DIO) we evaluated
the impact of i.p. administration of OEA (10mg/kg) on: FI and BWG, markers of neuroinflammation, adult
neurogenesis and expression of BBB proteins. We developed a rat model of DIO by exposing male rats to a high-fat diet
(HFD) or low-fat diet (LFD). Then, all the rats were treated (14 days) with either vehicle or OEA during which they
were exposed to HFD, LFD or underwent a shift of the diet (animals that were given HFD shifted to LFD during OEA
treatment). An additional group of pair-feeding rats was monitored to investigate a possible indirect effect of OEA on
BW. Our results reveal that OEA reduces FI and BWG and contributes to the reduction of BWG regardless of its
anorexic action. Immunofluorescence experiments show an increase of GFAP expression in obese rats in the
hypothalamus, hippocampus and dentate gyrus which is reversed by OEA; moreover, OEA increases the number of
doublecortin- positive neurons in the dentate gyrus. Finally, we found that OEA also affect the expression of BBB key
protein including vimentin and zona occludens-1. Our study suggests a neurotrophic and neuroprotective effects exerted
by OEA and adds novel information on the antiobesity properties of this compound shedding new light on its
therapeutic potential effect in the treatment of obesity.
P12

Energy Expenditure Response To Varying Carbohydrate Types
MARY ELIZABETH BAUGH1, AMBER L. KELLY1, 2, KIMBERLY G. BASKETTE1, ALEXANDRA G.
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Recently, post-ingestive signals have been linked to the reinforcement potency of foods. However, the associations
among caloric load of carbohydrate, metabolic response, and activation of reward pathways appear to be nonlinear. It is
possible that the speed at which a carbohydrate becomes available for use, rather than its overall caloric value,
influences its rewarding potency. Little focus has been placed on measuring metabolic response to varying types of
carbohydrate. Therefore, the objective of this study is to quantify the energy expenditure response to ingestion of
carbohydrates with varying rates of absorption and metabolism. In this ongoing study, adults aged 18-45 years with no
known history of metabolic disorders undergo indirect calorimetry measurements after consumption of a fastmetabolizing carbohydrate (sucrose; 75 kcal), slow-metabolizing carbohydrate (maltodextrin; 75 kcal), and noncarbohydrate control (sucralose; 0 kcal) beverage in a cross-over design. Participants consume a standardized meal
(50% carbohydrate, 30% fat, 20% protein) providing 35% of their estimated total daily energy needs the evening before
each measurement to ensure energy balance. After a >8-hour fast, participants undergo indirect calorimetry
measurements of VO2 and VCO2 exchange, from which estimated resting energy expenditure are calculated.
Participants consume a standardized test beverage (355ml) containing 1 of the 3 test conditions within 5 minutes, and
VO2 and VCO2 are measured for 60 minutes post-ingestion. We hypothesize the rates of change and peak of energy
expenditure and carbohydrate oxidation will be greater in response to the fast-metabolizing compared with the slowmetabolizing or non-caloric beverages. Here, we present preliminary data from this ongoing study.
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The Influence Of Sweetness On Carbohydrate Metabolism
Zach Hutelin1,2, EMILY E. PERSZYK1,2, XUE S. DAVIS1,2, KEES GRAAF3, GUIDO CAMPS3, PAUL SMEETS3,
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Prior work has shown that carbohydrate metabolism can be influenced by taste perception (Veldhuizen et al. 2017;
Camps et al. SSIB 2018). However, the direction of the effects differed depending upon the average chain length of
maltodextrin used in the experiment. Here we used a double-blind 2x2 design and created four 112.5 Kcal beverages:
Two using maltodextrin with longer average chain length from Veldhuizen et al. 2017; and two using maltodextrin with
shorter average chain length from Camps et al. SSIB 2018. Each beverage was sweetened using sucralose to have the
same sweetness as 112.5 Kcal sucrose (as a standard) or 75 Kcal sucrose. Thus, two of the drinks were appropriately
sweet (matched) and two were not sweet enough (mismatched). Fourteen subjects (8 female; age: M=24.43, SD=3.61;
BMI: M=21.72, SD=2.07) completed 4 indirect calorimetry sessions on counterbalanced days. At each session, fasted
resting energy expenditure (REE) was obtained for 30 min. Subjects then drank one of the four beverages and REE was
again measured for 45 min. Triangle tests showed that participants could not distinguish non-caloric from caloric
versions of the drinks. Replicating Veldhuizen et al. 2017, we observed greater DREE for the matched vs. mismatched
drink containing the longer average chain length maltodextrin (p=.036). However, no differences were observed
between matched vs. mismatched drinks containing the shorter average chain length maltodextrin (p=.733). These
results suggest that the influence of sweetness on carbohydrate metabolism depends upon average chain length, which
reflects the amount of reducing sugars initially available for oxidation.
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Breastfeeding And Native American Women'S Interest In Specific Food Tastes
ALEXIS B JONES1, LIZA-ANN WHITAKER1, HOPE DAVIS2
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To determine if breastfeeding alters Native American women’s interest in eating foods of different taste categories, we

surveyed women at their 6-week postpartum checkup at WW Hastings Indian Hospital in Tahlequah, OK (a Native
American serving health facility owned by the Cherokee Nation of OK), asking them to rate their interest in eating
various foods. Women were given a survey when checking in and asked to complete it at their own pace. The survey
contained no identifying information (name, age, race, SSN) or protected health information. Women were asked
whether they were breastfeeding, the number of infants born, and whether this was their first baby. Women were asked
to rate their level of hunger on a Likert scale that ranged from 1 (not hungry at all) to 9 (very hungry), with 5 indicating
“don’t care.” Breastfeeding women indicated increased hunger ratings over non-breastfeeding women. They were also
asked to rate their interest in eating specific foods, such as chips, ice cream, grapefruit, tuna, steak, etc. There were no
striking differences in eating foods in particular taste categories, except for sweet and hot foods. In the sweet group,
there was a greater interest in eating bananas in non-breastfeeding women. In the hot group, there was less interest in
eating jalapeno peppers in both groups. These findings represent the first approach to assess the impact of breastfeeding
on interest in eating different foods in Native American women, and how breastfeeding status may interact to affect food
preferences and thus alter food choices. These food choices may have implications for postpartum weight loss as well as
for childhood obesity as maternal food choices affect family meal choices and the health of children.
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The Mensa Study &Ndash; Does Meal Choice Impact Post-Meal Mood, Satiety And Stress Levels?
EVELYN MEDAWAR, LENA WEIDERT, MARIE ZEDLER, LARISSA DE BIASI, ARNO VILLRINGER, A.
VERONICA WITTE
Max Planck Institute for Human Cognitive and Brain Sciences, Dept. Neurology, Leipzig, *, Germany
The effects of restrictive plant-based eating habits, such as vegetarian and vegan, for body and brain health remain
unknown. As plant-based meals provide high amounts of dietary fiber that may improve gut-brain signaling, we
hypothesized that a single plant-based meal compared to a meat-based meal would induce higher satiety, higher
happiness and less stress (preregistration https://osf.io/a7yts). Before and after consuming a meal in German student
cafeterias, we asked individuals to rank their satiety and mood on a Likert scale using a brief smartphone app
(n1=17079, nationwide) or via browser (n2=173, n3=71, in four cities only). Statistical analyses comprised linear mixed
model comparisons using R. Independent of meal category, participants reported significantly higher satiety and better
mood after the meal. Against our hypotheses, a plant-based compared to a meat-based meal did not lead to higher satiety
and less stress in all surveys (p>.8). However, we found a significant interaction effect between meal category and
timepoint on happiness ratings in the app-based study only (X12 = 14.34, p1 = 1.5*10-4; X22 = 5.5, p2 = 0.0196; X32 =
2.4, p3 = 0.12; model comparison), showing that contentment was higher after meat-based meals compared to plantbased meals (difference=0.4-8% of the rating scale, ß1=0.21). Further, people choosing plant-based meals showed
higher pre-meal contentment (difference=0.8-1% of the rating scale, ß1=0.047). These large-scale surveys indicate that
the category of a single meal (i.e. containing meat or not) in German student cafeterias exerts only minor influence on
satiety and mood of the individual. In ongoing analyses, we aim to examine potential confounding factors such as taste
ratings, nutrient content and meal intake environment.
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Investigating The Relationship Between Dietary Tyrosine Intake, White Matter Microstructure And Executive
Attention In Healthy Young Adults
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Background: Dopamine-modulated cognitive functions such as executive attention (EA) have been linked to the
dopamine precursor tyrosine, and to regional white matter microstructure. In this pre-registered cross-sectional analysis
(https://osf.io/hbjyr), we investigated whether dietary tyrosine intake relates to EA performance, and whether this is
moderated by white matter microstructure in young and middle-aged adults.
Methods: Sixty-one overweight participants (f = 21, m = 40; BMI: 25-31 kg/m2, age: 19-45 years) drawn from a
longitudinal study reported dietary habits (DEGS1-FFQ, RKI) and underwent the Attention Network Test as well as
diffusion-weighted magnetic resonance imaging to derive fractional anisotropy (FA) of white matter tracts. Analyses
were performed utilizing linear regressions and non-parametric voxel-wise inference testing.
Results: Confirmatory whole-brain correlational analysis did not show associations between FA and EA (pFWE >
0.83). With respect to pre-registered exploratory regression analysis, dietary tyrosine intake did not predict EA
performance (F = 1.34, p = 0.27). Further exploratory analyses revealed higher tyrosine intake (F = 6.54, p = 0.013)
and better EA (F = 7.17, p = 0.0096) in men. And higher age related to lower FA in a widespread cluster across the brain
(pFWE <0.05); yet age did not predict EA performance (p = 0.79).
Conclusion: This cross-sectional analysis in a well-characterized sample of healthy overweight adults does not support
the assumed link between dietary tyrosine and EA. White matter microstructure, but not attention, might decline with
age already in young adulthood. In ongoing analyses, we plan to adjust tyrosine levels relative to other amino acids in
diet and serum, due to their competitive transport system at the blood-brain barrier.
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Frontoparietal Network Connectivity Is Negatively Associated With Disinhibited Eating In Older But Not
Younger Adults.
ANTHONY M. BRENNAN1, HAYLEY YOUNG1, DAVID BENTON1, HANA BURIANOVA2, LARS
MARSTALLER2
1Swansea University, SWANSEA, *, United Kingdom, 2Bournemouth University, SWANSEA, *, United Kingdom
In the US, obesity affects up to 43% of adults aged 60 and older. This compares to approximately 40% of adults aged
20 to 39 years. In younger individuals, brain networks involved with executive function, attentional control, and

interoception have been linked to aberrant eating styles, such as disinhibited eating. However, little is known about the
role of these networks in obesity and eating behaviour in older individuals. Therefore, this study examined the
association between resting-state functional connectivity and disinhibited eating in younger and older adults who were
matched on BMI. Twenty-one individuals aged 19 to 34 (BMI range: 18 and 31), and 20 individuals aged 60 to 73
(BMI range: 19 and 32) undertook a resting-state fMRI scan, and completed the Three-Factor Eating Questionnaire,
Profile of Mood States, and EPIC-Norfolk Food Frequency Questionnaire (version 6). Older individuals were
characterised by lower levels of disinhibited eating, a healthier diet, and lower connectivity in the Frontoparietal and
Default Mode Networks. No associations between network connectivity and eating behaviour were observed in younger
adults. However, in older adults disinhibited eating was associated with having lower connectivity in the Frontoparietal
Network; this effect could not be explained by differences in habitual diet. These findings suggest that a deficiency in
the brain’s intrinsic system for attentional allocation may underpin disinhibited eating in older adults. In addition, these
data suggest that the neural correlates of eating behaviour may vary according to age, and highlight the importance of
studying this under-researched population.
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Association Of Dietary Fat And Sugar And Bodyweight With Dopamine Dependent Stability And Flexibility Of
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Excess body weight has been linked to alterations of dopaminergic transmission in the brain as well as dopamine-related
cognitive processes such as working memory (WM). Animal research suggests that these differences may be caused by
dietary fat and sugar rather than obesity. Evidence for diet-dependent alterations in dopaminergic transmission and
cognitive effects in humans is scarce. We recruited 86 young, healthy, normal weight to overweight male participants,
grouped into low (LFS) and high (HFS) fat and sugar consumers based on self-report. Behavioral and neural effects of
ignoring (stability) or updating (flexibility) novel information was assessed with a WM task in a 3T MRI scanner. Diet
groups did not differ in BMI, personality traits or measures of impulsivity. The HFS group reported lower restrained
eating, higher hunger, reactivity to food cues and reinforcing value of food relative to the LFS group. Behavioral
performance related to WM stability and flexibility did not differ between the two diet groups. Higher BMI was
associated with lower overall performance. In line with previous work, maintaining stable representations increased
activation in the prefrontal cortex, whereas flexible updating of representations increased activation in the striatum.
Activation was not different between diet groups and did not correlate with BMI. Our results do not indicate that selfreported intake of fat and sugar or eating behavior are associated with changes in the activation of dopaminergic
frontostriatal brain regions or behavioral performance during a WM task. In line with previous research, higher BMI is
associated with impaired WM performance.
P19

Grey Matter Brain Changes Following Childhood Craniopharyngioma Are Related To Body Mass Index And
Hyperphagia.
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Craniopharyngioma (CP) is a rare, non-malignant, supersellar tumour, with 50% diagnosed in childhood. Survival rates
are high, but with long-term morbidity including obesity. While damage to the hypothalamus is assumed to underlie
obesity following CP, this feasibility study aimed to use magnetic resonance imaging to investigate the downstream
neural effects of the tumour and the relationship of this with BMI standard deviation score (BMISDS) and hyperphagia.
Preliminary volumetric brain analyses were applied and compared between CP patients (n=9; median age=14y; median
BMISDS=1.1; 3F/6M) and gender and BMISDS matched controls (n=9; median age=16y; median BMISDS=.23;
3F/6M). Whole-brain FSL voxel-based morphometry analyses showed regionally specific differences in grey matter
(GM) between groups, in areas such as the insula and anterior cingulate, with no difference in the hypothalamus.
Freesurfer analyses (total volumes and a priori regions of interest volumes) revealed that total intracranial volume was
higher in patients compared to matched controls, whereas right amygdala volume was higher in controls (Quade’s nonparametric test for ANCOVA, controlling for age and BMISDS). Negative correlations (Kendall’s tau) were found
between BMISDS and total GM volume (τ=-.65, p=.02) and bilateral accumbens volume (τ=-.54, p=.046) in patients
but not controls. In CP patients, a negative correlation was found between hyperphagia scores and total intracranial
volume (τ=-.63, p=.02), total GM volume (τ=-.69, p=.011), left amygdala (τ=-.74, p=.01) and right accumbens (τ=-.57,
p=.04). These results suggest that CP or its treatment modifies brain structure beyond the hypothalamus and that these
structural differences may be related to hyperphagic behaviour and obesity.
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It Is A Matter Of Perspective: Attentional Focus Rather Than Dietary Restraint Drives Neural Responding To
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SARAH KOCHS1, LEONARDO PIMPINI1, SIESKE FRANSSEN1, JOB VAN DEN HURK1,2, ANITA JANSEN1,
ANNE ROEFS1
1
Maastricht University, Maastricht, *, Netherlands, 2Scannexus, Maastricht, *, Netherlands

It is assumed that activity in the neural reward system corresponds to the reward value of food stimuli, and that it is
moderated by dietary restraint. However, evidence for this idea is inconsistent. Many neuroimaging studies employed
passive viewing designs and assumed that participants evaluate the taste of food. However, high-caloric palatable food
has a double-sided nature, meaning it has a high hedonic but a low health value. Therefore, participants might not
always consider hedonic value. Instead, brain responses to food might depend on the way of looking at it. To test this
idea, we manipulated participants’ (n = 52) attentional focus when viewing food images during fMRI, and tested if
results were moderated by dietary restraint. The presented food stimuli varied in calorie content and were individually
tailored on palatability. Three attentional foci (hedonic, health, neutral) were induced in each participant with a one-back
task. Contrasting palatable vs unpalatable or high- vs low-caloric food resulted in little significant activity (FWE, p
<0.05). Attentional focus was reflected in the level of brain activity, with several regions responding most strongly in the
hedonic focus (FWE, p <0.05). Using MVPA, palatability and calorie content could be decoded with significant
accuracy. No effects were moderated by dietary restraint. Taken together, the findings suggest that the level of neural
activity is not proportionate to the reward value of food but depends on attentional focus. Our results suggest that
increased brain activity in the hedonic focus reflects increased motivational salience. Interestingly, food palatability and
caloric content are reflected in multi-voxel activity patterns. Brain responses to food appear to be unaffected by dietary
restraint.
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Post-ingestive nutrient information is known to strongly modulate feeding behavior based on the current energy status
by providing feedback to the central nervous system. Post-ingestive gut-brain communication is mediated by the vagus
nerve, which transmits intestinal nutrient signals to the central nervous system and exerts biological and physiological
responses to maintain metabolic homeostasis. Animal studies have revealed that information regarding ingested
nutrients is sent to the hypothalamus, striatum, and other related brain regions. However, the impact of ingestion of each
macronutrient on brain activity in these regions remains to be examined in humans. Therefore, we performed a repeated
measures functional magnetic resonance imaging (fMRI) study to assess brain response to glucose, amino acid, and fatty
acid consumption. Eighteen healthy adults (mean age, 22.4 years; standard deviation, 4.8; age range, 19 – 39 years; 12
males and seven females) participated in this study. All participants provided written informed consent, and the Ethics
Committee at the School of Medicine, The University of Tokyo (approval number 11703) approved this study.
Participants underwent four fMRI sessions. On the day of each session, the participants visited our laboratory after at
least 5 h of fasting, and during the scan, one of the four solutions (glucose, glutamic acid, lipid emulsion, or saline) were
administered through a nasogastric tube. Compared to saline infusion, glucose and glutamic acid, but not lipid emulsion
infusion evoked a hypothalamic response. These results indicate that postprandial nutrient information would be
processed in different brain regions corresponding to the consumed nutrients.
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Obesity risk linked to common variation on FTO (rs9939609; high-risk: AA, moderate-risk: AT, low-risk: TT) is
associated with differences in resting-state functional connectivity in adults, but FTO-associated alterations to
connectivity have not been tested widely in children. We addressed this gap by identifying differences in resting-state
functional connectivity by FTO genotype in a sample of 125 children ages 2-12 years drawn from RESONANCE, an
accelerated-longitudinal cohort. Anthropometric data (BMI z-score) and resting state connectivity of 32 functional
networks were compared between FTO risk groups: 24 AA (high risk), 69 AT (moderate risk), and 32 TT (low risk).
Analyses were performed in CONN and corrected for age and biological sex. P-values were FDR corrected for multiple
comparisons (p-FDR <0.05). FTO risk groups did not show differences in BMI z-scores (F(2,90)=2.13, p=0.13) nor did
the groups differ by age (F(2,122)=0.24 p=0.79) or biological sex (chi-sq.=2.46, p=0.29). When resting state
connectivity was compared between FTO risk groups, we found that in the AA group > AT group, there was increased
connectivity between the left default mode network lateral parietal cortex and the left frontoparietal network lateral
prefrontal cortex (T[87]=4.33; p-FDR=0.020). There were no differences between the AT vs. TT or AA vs. TT groups
that survived correction for multiple comparisons. Given that negative connectivity between the default mode and
frontoparietal networks is associated with improved cognitive control capacity, greater functional connectivity of these
networks may confer impairments to cognitive control in children with the high risk FTO genotype, which could
contribute to obesity risk in later adolescence and adulthood.
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Altered Functional Connectivity Of The Habenula In Human Obesity
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Habenula (Hb) neurons, known to play a role in punishment, are proposed to negatively affect reward-related feeding
and are therefore of interest for obesity-related research. Nothing, however, is currently known about the role of the Hb
in human obesity. We used 3T fMRI data from the Human Connectome Project and selected 110 subjects (55M/55F),
with BMIs ranging from 18.5 – 42, from the S1200 Release. Using partial correlation analysis (controlling for thalamic
connectivity), we found that the timeseries in the Hb seed correlated significantly with the thalamus, superior frontal
gyrus, (para)cingulate gyrus, insula, caudate, accumbens, and ventral tegmental area (voxel-wise corrected, all p<0.01).
Preliminary results on the correlation with BMI showed a sex effect, as women showed negative correlations between
BMI and Hb-caudate and Hb-frontal cortex connectivity, and men showed a positive correlation between BMI and Hbamygdala connectivity (uncorrected, all p<0.05). Using gambling task fMRI data, we found that during monetary
punishment, but not during reward, BMI correlated positively with activity of left Hb in men (r=.33, p=.02) and
negatively with bilateral and right Hb in women (Bi r=-.28, p=0.04; R r=-.34, p=0.009). We show functional
connectivity between the habenula and brain regions known to be involved in reward- and consumption-related
behavior. Moreover, explorative analyses suggest that functional connectivity between habenula and several rewardrelated areas is correlated to BMI, depending on gender. Animal experiments should focus on manipulating these
connections to determine whether these drive obesity or are altered as a consequence of obesity.
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Gamma-Aminobutyric Acid (Gaba) Levels In Anterior Cingulate Cortex Are Associated With Eating Behaviors
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The anterior cingulate cortex (ACC) is implicated in reward-guided choice behavior and self-regulation and shows
functional and structural alterations in obesity and eating disorders. Gamma-aminobutyric acid (GABA) is the major
inhibitory neurotransmitter in the brain, and altered GABA levels in the ACC have been implicated in reinforcement
learning and conditions involving dysregulation of reward systems such as depression. Here we investigated
associations between ACC GABA levels and reward-driven eating behavior in a pediatric sample. Thirty-seven children
(17 M, 20 F) ages 5-14 years old underwent Magnetic Resonance Spectroscopy (MRS) in a 3-Tesla scanner to measure
GABA in the ACC. Parents completed the Child Eating Behavior Questionnaire (CEBQ) to assess children’s appetitive
traits, and children completed tests of ad libitum meal intake and Eating in the Absence of Hunger (EAH). MRS data
were processed and analyzed in Gannet to estimate GABA to creatine ratios. Linear regression was conducted to
determine the degree to which GABA in the ACC was associated with reported eating behaviors while controlling for
the percent of grey matter within the voxel and child age. Lower GABA levels were associated with higher CEBQ
Enjoyment of Food scores. CEBQ Enjoyment of Food scores positively correlated with ad libitum meal and EAH intake
as well as with CEBQ Food Responsiveness and Emotional Overeating. These preliminary data suggest that reduced
GABA in the ACC is associated with greater parent-reported food approach in children. Since food approach is reliably
associated with greater adiposity, future research should use longitudinal data to investigate potential contributions of
global and region-specific GABA levels to appetite and weight trajectories in childhood.
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It has been previously shown that mice lacking the canonical sweet taste receptor, T1R2+T1R3, are still able to
behaviorally discriminate between glucose and fructose, responding more positively to the orosensory properties of
glucose over fructose after extensive sugar experience (Schier et al. 2019). With this in mind, we used B6 wildtype
(n=9) and IP3R3 KO (n=8) mice to determine if IP3R3, which is a member of the canonical taste pathway in Type II
taste cells, is necessary for glucose and fructose differentiation. To allow the mice to associate the oral and post-oral
effects of each sugar, we used a single bottle paradigm in which mice were presented with one of 6 sugar stimuli a day
(30 minutes; 0.316, 0.56, 1.1M glucose or fructose) across 24 days. Before and after the single bottle phase, mice were
presented with randomized 10-s trials of glucose or fructose (0.316, 0.56, 1.1M) in brief access taste tests in order to
measure baseline and experience-driven taste responses to glucose and fructose. In the pre-test, B6 wildtype mice licked
similarly to both glucose and fructose (p = 0.86) whereas the IP3R3 KO mice licked significantly more for fructose over
glucose (p = 0.04). After the single bottle sugar experience, both B6 WT and IP3R3 KO mice licked more for glucose
over fructose (p’s <0.05). This suggests IP3R3 is not necessary for glucose and fructose differentiation. These data
support previous findings that the acquired relative avidity for glucose does not require the function of the canonical
sweet signaling pathway.
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Obesity is associated with the overconsumption of simple sugars. This is widely attributed to their palatable taste, but
glucose rapidly stimulates ingestion further from a postoral site. The brain mechanisms involved in this rapid glucosespecific appetite are not well understood. Hindbrain catecholaminergic neurons projecting to the hypothalamus
(HindE/NE-Hypo) are involved in hypoglycemic hunger (Ritter et al., 2006; Aklan et al., 2020). Moreover, upregulated
glucokinase (GCK), a glucosensing intermediary, in the arcuate nucleus (ARC) of the hypothalamus, specifically
enhanced glucose, not fructose, intake over 24 hours in rats (Hussain et al., 2015). Whether these central glucoreceptive
systems are critically involved in glucose appetition on the time course of a meal is unknown. Here, we assessed the
roles of HindE/NE-Hypo or ARC GCK in glucose versus fructose ingestion over 30-minute single bottle access tests in 3
experiments. In all experiments, the sham-operated rats (ns = 7-8) ingested significantly more glucose than isocaloric
fructose. This elevated glucose intake was linked to an increased ingestion rate in the early part of the meal. Lesions of
the HindE/NE-Hypo neurons with the immunotoxin anti-dopamine beta-hydroxylase conjugated to saporin (n = 6) or the
shRNA-mediated silencing of ARC GCK (n = 8) disrupted the relative early phase glucose appetition. Activation of
ARC GCK with Compound A (2.5 mM; 0.2 µL; n = 5) significantly enhanced glucose but not fructose intake in 30minute tests. Together, these data provide novel evidence for the involvement of two central glucoresponsive systems in
the rapid reinforcement of a glucose-specific appetite. Ongoing studies are mapping brain areas functionally linked to
these GCK and HindE/NE-Hypo populations.
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Nutrient-Sensing Components Of The Mouse Intestine During Pregnancy
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Background: Meal termination occurs, at least in part, through nutrient induced release of satiety hormones from
intestinal enteroendocrine cells (ECs). This is initiated through activation of specific EC nutrient-sensors in response to
luminal carbohydrates, fatty acids and proteins. Maternal food intake increases during pregnancy, but it is unknown
whether adaptations in the expression of intestinal nutrient-sensors or satiety hormones promote food intake. Aims: To
measure food intake and intestinal expression of nutrient-sensors and satiety hormones across pregnancy. Methods:
Female C57BL/6J mice (10-12wk) were mated and randomised to early (6.5d), mid (12.5d) or late-stage pregnancy
(17.5d) groups, or age matched, non-pregnant controls (N=10-12/stage). Mice were housed singly in Promethion cages
for the duration of pregnancy to assess weight and behaviour. Quantitative RT-PCR was used to determine the relative
expression of intestinal fatty acid, protein and carbohydrate sensors and hormone abundance in the duodenum, jejunum
and ileum across pregnancy groups (N=6-8/stage). Results: Pregnant mice were heavier from day 7 (P<0.05) and ate
more by mid-pregnancy (P<0.05). The duodenal expression of transcripts for free fatty acid receptor 4 (FFAR4) and the
protein receptor, GPR93, was lower (P<0.05) and for FFAR2 was higher (P<0.05) as pregnancy progressed. Duodenal
expression of transcripts for cholecystokinin and precursor gene pro-glucagon was unchanged across pregnancy.
Conclusion: Maternal food intake increases during pregnancy, which is important for fetal growth. Intestinal region
specific reductions in FFAR4 and GPR93 may reduce fatty acid and protein sensing and deployment of satiety
hormones, and act to promote food intake during pregnancy.
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Drinking sugar sweetened beverages contributes to weight gain, and diets high in sugar are known to alter motivational
circuits in ways that promote over-eating and obesity. Preclinical studies often assess motivation for food using
progressive ratio procedures, where the amount of work (lever pressing) to obtain food increases within a session.
Motivation is measured as the point at which responding stops (i.e., break point). While useful, this does not take into
account other aspects of food motivation and provides no information about the preferred level of consumption. To
address this, we developed a demand procedure for liquid sucrose based on behavioral economics. This approach
provides information about the preferred level of consumption, the sensitivity of consumption to increases in price, and
the willingness to work for food across increasing prices. Using male Sprague Dawley rats, we first established and
validated our procedure. Lowering the sucrose concentration or inducing satiety reduced the preferred level of
consumption and the motivation to work for sucrose. We then examined effects of continuous or intermittent sucrose
access on the demand and motivation for 1M sucrose in selectively bred obesity prone (OP) and resistant (OR) rats.
Baseline demand and motivation for 1M sucrose was greater in OPs compared with ORs, but preferred level of
consumption was similar. Six weeks of continuous home cage access to 1M sucrose did not shift demand or motivation
in either group. However, motivation was enhanced by intermittent access to 1M sucrose in both groups. These data
suggest that intermittent, rather than continuous sucrose consumption, promotes increased motivation and that these
effects occur independently of body weight and genetic predisposition.
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High sugar intake not only contributes to diseases in ourselves, but it also renders our offspring more susceptible to
them. Animal studies have demonstrated excessive weight gain and sensory-reward impairments in offspring of dams
fed western diets during pregnancy and/or lactation. Considering humans may discontinue unhealthy eating during
pregnancy, we tested if a history of added sugar prior to pregnancy leads to increased weight gain and alters taste-based
motivation for sugars in offspring. Food restricted female C57BL6/J mice had daily 20-minute access to 0.316-1.1M
glucose and fructose (1 sugar/day, randomized order) or calorie-matched corn oil (2.5-8.9%) or water for 24 days. After
this, all three groups (n=4-8/group) were tested for their avidity for 0.316-1.1M glucose and fructose in a brief access
taste test (10-s trials, randomized order, 20 minutes) and then refed and mated. The offspring’s body weights were
recorded on postnatal (PN) days 21-40. Female pups from sugar-exposed (SE) dams were significantly heavier than
female pups from water-exposed (WE) dams until PN28 and female pups from corn oil-exposed (CE) dams until PN36.
The body weights of male pups from SE, CE and WE dams did not significantly differ. Whereas WE and CE dams
licked in a comparable concentration-dependent fashion for both sugars, SE dams licked significantly more for glucose
over fructose. While this dramatic experience-enhanced motivation for glucose in SE dams was not perfectly
recapitulated in their offspring, SE progeny did show a significantly weakened relative avidity for fructose compared to
their WE counterparts. Our results suggest that added sugar before pregnancy leads to increased postnatal body weight
in females and modest variations in taste-driven licking for sugars.
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The peptide hormone amylin is critical for the control of energy balance and reduces food intake and body weight,
making the amylin system a promising target for treating obesity. There are currently no amylin-based
pharmacotherapies approved for the treatment of obesity, but pramlintide, an amylin analogue FDA-approved for the
treatment of diabetes, also has food intake- and body weight-suppressive effects. It is not known if pramlintide can
selectively reduce the intake of highly palatable, energy dense foods, the overconsumption of which is thought to be
involved in the development of obesity. Here, we investigate the effects of peripherally or centrally administered
pramlintide on 24h food intake and body weight in rats given a choice of chow and palatable high-fat diet (HFD; 45%
kcal from fat). Intraperitoneal injection of pramlintide (0-50 ug/kg) significantly reduced HFD intake and total energy
intake at 3h post-injection (p<0.05) and had no effects at other times. There were no significant effects on chow intake,
body weight, or percent of energy obtained from HFD. Intracerebroventricular administration of pramlintide (0-5 ug)
decreased HFD intake and total energy intake at all timepoints examined in the 24h post-injection, with dose-dependent
reductions at 6h and 24h (p<0.05). Additionally, pramlintide reduced chow intake at some times, and reduced 24h body
weight gain (p<0.05). There were no significant changes in the proportion of calories obtained from HFD. Our results
suggest that pramlintide reduces energy intake largely via a selective reduction in HFD intake in rats given a choice of
foods, and provide evidence that pramlintide may have utility in the treatment of obesity.
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Feeding behavior is controlled by hippocampal-dependent learning and memory that influence decisions about where,
when, and what to eat. However, the neuronal subtypes and stimuli that recruit these neurons remain poorly understood.
Here we leverage the unique strength of the recently-developed Targeted Recombination in Activated Populations
(TRAP2) mouse model, which provides cell type-unbiased genetic access to neuronal populations based on their
activation by defined and time-constrained stimuli. Surprisingly, after comparing neuronal activity to separate postingestive stimuli within the same animal, we identified distinct hippocampal subpopulations that respond to either fat or
sugar. We validated a protocol for selective ablation of the sugar-activated hippocampal neurons using viral-mediated
caspase in the TRAP2 mice. Using an automated feeding system, we found that these sugar-ablated mice significantly
reduced their light-phase chow intake compared to control littermates, and exhibited impaired spatial appetitive memory
in a sugar-driven food cup task. No group differences were observed in the ability to learn a flavor-nutrient conditioning
paradigm. Overall, these results demonstrate that the hippocampus is attuned to specific macronutrients rather than the
feeding state, allowing highly-refined appetitive learning and memory in response to context-specific feeding cues.
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Calcitonin Receptors On Microglia Have Little Effect On Body Weight And Glucose Homeostasis
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Amylin and leptin interact in the control of body weight and have synergistic properties. Our previous data suggested
that Interleukin (IL6) released from hypothalamic microglia after amylin exposure may modulate leptin signalling in
AgRP neurons. Here, we evaluated further the role of hypothalamic microglia in mediating amylin and leptin interaction
and hypothesized that a genetic knockout of the calcitonin receptor (CTR) would silence this pathway in vivo and
perturbate body weight homeostasis. In this study, we selectively depleted the CTR subunit of the amylin receptor in
microglia by crossing a tamoxifen (Tx) inducible Cx3cr1-Cre and CTR-floxed mice. At ≥56 days of age, mice were
either treated with Tx or corn oil and placed on chow or 45% high fat diet for ≥9 weeks. Male Tx-treated mice showed a
decreased body weight gain, and mice with CTR-depleted microglia (Cx3cr1-CreCTR+Tx) gained the least amount of
weight of all groups regardless of diet. However, after correcting for the tamoxifen effect, there was no significant
difference for body weight, fat mass or lean mass between genotypes. No genotype effect was detected for oral glucose
tolerance or insulin release, and indirect calorimetry did not show major differences that would affect the phenotype we
observed in this study. Together, these data do not support a major role of direct CTR mediated amylin signalling on
microglia under physiological conditions regardless of diet. Whether this signalling pathway is playing a role under
application of pharmacological amylin doses remains to be evaluated.
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Obesity is a prevalent disease, but effective treatments remain limited. Agonists of the alpha-7 nicotinic acetylcholine
receptor (α7nAChR) promote negative energy balance in mice, but these effects are not well-studied in rats. The
α7nAChR agonist PHA-543613 (PHA), to our knowledge, has not been studied in regards to its effects on energy
balance control. We tested the hypothesis that centrally administered PHA would decrease 24h food intake and body
weight in adult male Sprague Dawley rats maintained on a choice diet of rodent chow and palatable high fat diet (HFD).
Intracerebroventricular (ICV) administration of PHA in rats (0-0.1mg) produced no change in energy intake from chow
or HFD-45 (45% kcal from fat) for any time point tested in the 24h post-injection (p>0.05). A trend for decreased body
weight was seen at 24h (p<0.1). There was no change in preference for HFD-45 amongst treatment conditions (p>0.05).
As higher-fat diets tend to elicit overconsumption of food, we also tested the energy balance effects of PHA in rats given
chow and HFD-60 (60% kcal from fat). Here, the highest dose of PHA reduced intake of HFD-60 (p<0.05), with no
changes in chow intake (p>0.05). Body weight gain was reduced with the highest PHA dose tested. A two-bottle
conditioned taste avoidance (CTA) test was performed to determine if suppressive food intake and body weight effects
after ICV injection of PHA was due to nausea/malaise. IP injection of the positive control, LiCl (0.1M), produced a
CTA (p<0.05) while ICV PHA (0.1mg) did not induce a CTA in rats (p>0.05). Our studies show that PHA selectively
reduces highly palatable, energy dense food intake in rats without inducing nausea/malaise, suggesting that the
α7nAChR could be a viable target for developing treatments for obesity.
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Activation Of Presynaptic Glucagon-Like Peptide-1 Receptors In The Locus Coeruleus Suppress Food Intake
SAMANTHA M. FORTIN1, JACK CHEN1, FORREST J. SHAFFER2, JAMES H. PETERS2, MATTHEW R.
HAYES1,3
1Department
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Physiology and Neuroscience, Washington State University, Pullman, WA, United States, 3Department of Biobehavioral
Health Sciences, School of Nursing, University of Pennsylvania, Philadelphia, PA, United States
Food intake regulation is orchestrated by neuroanatomically distributed and diverse nuclei. Recent efforts to explore the
breadth of CNS sites throughout the brain involved in energy balance control have revealed a role for the locus
coeruleus (LC), however how nutritional state is communicated to the LC during feeding remains unknown. Here, we
provide evidence that the central glucagon-like peptide-1 (GLP-1) system plays a role in feeding by modulating LC
neural activity. Data show that LC-directed microinfusions of the GLP-1 receptor (GLP-1R) agonist exendin-4 (Ex-4)
suppress food intake and body weight in the rat. Meal pattern analysis revealed that decreases in meal size mediate the
observed Ex-4 induced anorexia, although the ingestion of kaolin also suggests the involvement of malaise following
LC GLP-1R agonism. Failure to visualize GLP-1R mRNA in LC neurons using fluorescent in situ hybridization and an
absence of altered feeding with postsynaptic GLP-1R knockdown inspired the hypothesis that the GLP-1R is expressed
presynaptically on inputs to LC tyrosine hydroxylase (TH) neurons. Patch clamp electrophysiology confirmed that LC
Ex-4 facilitates glutamatergic neurotransmission via a presynaptic mechanism. Current studies are aimed at
characterizing the cellular phenotype and origin of the GLP-1R-expressing input to the LC and further exploring the
relevance of this circuit to the control of feeding behavior.
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Stimulation Of Gaba Receptors In The Lateral Septum Rapidly Elicits Food Intake And Is Involved In Natural
Feeding
IVETT GABRIELLA, ANDY TSENG, KEVIN SANCHEZ, HIMANI SHAH, B. GLENN STANLEY
University of California, Riverside, Riverside, CA, United States
Over 40% of adults in the USA are obese or overweight. Therefore, identifying the neural substrates of overeating is a
priority. Recent studies have highlighted the role of the lateral septum (LS) in eating control mechanisms. The current
study explored the potential roles of gamma-aminobutyric acid (GABA) receptors within the LS to control food intake
and natural feeding. Experiments with a rat model (n>11/group) showed that injection of the GABAA agonist,
muscimol, into the LS elicited intense, dose-dependent feeding responses. In contrast, pretreatment injections of the
antagonist, picrotoxin, markedly reduced the muscimol-elicited feeding response. Similarly, the GABAB receptor
agonist, baclofen hydrochloride, showed a dose-dependently elicited eating response, and pretreatment injections with
the antagonist, 2-hydroxysaclofen (2-OH-saclofen) substantially reduced baclofen-elicited feeding. Next, we showed
that picrotoxin injections at the beginning of the dark phase -when rats are naturally hungry- reduced natural feeding.
However, injections of 2-OH-saclofen failed to reduce natural feeding. These results show that activation of LS GABAA
and GABAB receptors strongly stimulate feeding and suggest potential roles in feeding control neurocircuitry. In
particular, GABAA but not GABAB receptors may be involved in the natural feeding response. The current findings may
have implications for future research on the neural mechanisms involved in overeating.
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Chemogenetic Stimulation Of Ghsr-Expressing Cells In Telencephalon And Mesencephalon Leads To Differential
Effects Over Feeding Behavior
ATHANASIOS KONDILIS, ALEXANDER W. JOHNSON
Michigan State University, East Lansing, MI, United States
The gastric hunger signal, ghrelin, influences feeding behavior via activation of the growth hormone secretagogue
receptor (GHSR). GHSR’s are expressed in multiple brain regions including the basolateral amygdala (BLA), ventral
hippocampus (VHPC) and ventral tegmental area (VTA). These regions play a critical role in integrating motivational
and reward signals to influence feeding behavior. In this study, we used a GHSR-IRES-Cre mouse line that expresses
Cre directed by the GHSR promoter. Mice received Cre-dependent excitatory DREADD into either the BLA, VHPC or
VTA to examine whether chemogenetic stimulation of GHSR-expressing cells within these regions would influence
consumption of lab chow or a palatable high fat diet (HFD). On test days, mice were injected with clozapine-N-oxide
(CNO) or vehicle solution prior to the onset of the dark cycle—a period when rodents naturally ingest food—and given
portioned access to either lab chow or HFD. CNO-evoked DREADD stimulation of BLA or VHPC significantly
enhanced lab chow but not HFD intake. Conversely, stimulation in the VTA attenuated lab chow consumption. These
data provide insight into the differential role of central nervous system GHSR-expressing cells on ingestive behavior.
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Rxfp4 Expressing Cells In The Ventromedial Hypothalamus Alter Feeding
JO E. LEWIS, ORLA RM. WOODWARD, FIONA M. GRIBBLE, FRANK REIMANN
University of Cambridge, Cambridge, *, United Kingdom
Relaxin family peptide receptor 4 (RXFP4), the cognate receptor for insulin-like peptide 5 (INSL5), has been implicated
in feeding behaviour, as, at least in some studies, INSL5 has been shown to be orexigenic and Rxfp4 knock-out mice
display altered meal patterns and food preferences. To enable identification and manipulation of Rxfp4-expresing cells,
and explore the role of the RXFP4, we generated a novel Rxfp4-Cre mouse. We demonstrate that whole body
chemogenetic simulation of INSL5 action with Gi-coupled designer receptors exclusively activated by designer drugs
(Di-(DREADDs)) in Rxfp4 expressing cells increased intake of highly palatable meals (either High Fat Diet (HFD) or
liquid Ensure), but had little effect on chow intake. Chemogenetic activation of whole body Rxfp4-Cre x Dq had the
opposite effect, reducing HFD or liquid Ensure intake and reduced the willingness of mice to work for Ensure in
touchscreen based operational chambers. Given this effect, we sought to identify the central mediators of these effects.
Rxfp4-expressing cells were identified in the ventromedial hypothalamus (VMH), in addition to the medial mammillary
nucleus and cortical amygdala. Targeting and activation of this previously uncharacterised population of Rxfp4expressing cells in the VMH (RXFP4VMH) with a Cre-dependent AAV-Dq recapitulates the whole body Dq feeding
phenotype. These data identify ventromedial hypothalamic RXFP4 expressing neurons as novel targets to manipulate
food intake and preference.
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Impact Of Deleting Ventral Tegmental Area Neurotensin Receptor-1 On Body Weight
PATRICIA PEREZ-BONILLA1,2,3, JARIEL RAMIREZ-VIRELLA1,2,3, ANNA MAKELA1,4, GINA/M
LEINNINGER1,4
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Central Neurotensin signaling via Neurotensin Receptor-1 (NtsR1) suppresses feeding and promotes locomotor activity
- dual weight loss supporting behaviors. However, NtsR1 is widely expressed throughout the brain, and it remains
unclear which NtsR1-expressing neurons modulate weight loss vs. other physiology. We previously characterized a
subset of ventral tegmental area (VTA) dopamine (DA) neurons that express NtsR1 and activating these neurons in adult
mice promotes weight loss. We therefore hypothesized that deleting NtsR1 specifically from VTA DA neurons would
promote weight gain by increasing food intake and decreasing physical activity. Curiously, developmental deletion of
VTA NtsR1 (by crossing DATCre mice with NtsR1flox/flox mice) had no impact on feeding or body weight. Given that
NtsR1 may play distinct roles within development vs. adulthood, we then generated mice with adult-onset, conditional
deletion of NtsR1 from VTA DA neurons. We injected an adeno associated Cre (AAV-Cre) virus into the VTA of adult
NtsR1flox/flox mice to generate mice with site-specific deletion of NtsR1 (VTAR1Null mice) and compared them to mice
injected with intact NtsR1 (Control). In contrast to our hypothesis that loss of VTA NtsR1 would increase body weight,
VTAR1Null mice had lower body weight than Control mice. Given that VTA DA signaling has also been implicated in
the motivation to obtain food rewards and promoting anxiety and stress, we are evaluating whether VTAR1Null mice
exhibit alterations in food intake, anxiety or physical activity that might reduce their body weight (fasting induced refeeding, elevated plus maze (EPM), open field, and marble burying tests). Altogether, these data suggest that modulating
NtsR1 expression in the adult VTA may be useful for weight loss.
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Blood-Hypothalamus Barrier Plasticity Responding To Food Deprivation Is Exaggerated In Haploinsufficient
Tshr+/- Female Mice
VITALY RYU, SARI MIYASHITA, JOCOLL BURGESS, FUNDA KORKMAZ, MONE ZAIDI, KI GOOSENS
Icahn School of Medicine at Mount Sinai, New York, NY, United States
In addition to its well-known action to trigger thyroid hormone release, thyroid-stimulating hormone (TSH) is released
in the brain, and its receptor (TSHR) is present in brain sites that regulate food intake and convey metabolic information
across the blood-hypothalamus barrier. In this study, we tested the hypothesis that fasting-induced alteration in TSH
levels is a trigger for rapid remodeling of vascular permeability in the metabolic hypothalamus. Haploinsufficient
Tshr+/- female mice, with attenuated TSHR signaling and normal thyroid hormone levels, and their wild-type (WT)
counterparts were housed under a 12 h light/dark cycle. Half of the Tshr+/- and WT mice had ad libitum food intake
while another half were food deprived (FD) for 24 hours. To examine the role of blood-hypothalamus barrier plasticity
in the adaptive response to FD, we compared hypothalamic vascular permeability of FD and ad libitum fed mice using
immunofluorescence for a constitutive tight junction protein Claudin-1 and a homodimer glycoprotein MECA-32,
primarily expressed in hypothalamic tanycytes and endothelial cells, respectively. Fasting significantly increased the
organization of tanycytic honeycomb pattern of Claudin-1 and fenestration of MECA-32-associated microvessel loops
in the median eminence and arcuate nucleus. This increase was markedly higher in the Tshr+/- FD than in the WT-FD
group. Surprisingly, the number of MECA-32 microvessel loops also appeared to be higher in Tshr+/- fed as compared
to WT-fed mice. Collectively, these results strongly indicate that vascular permeability of the blood-hypothalamus
barrier is decreased in Tshr+/- mice and exacerbated by 24 h FD.
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T-Type Calcium Channel CaV3.1 Gates Leucine Sensing In Mediobasal Hypothalamic Pomc Neurons And
Regulates Energy Balance Control
ANTHONY H TSANG, NICHOLAS HEELEY, TAMANA DARWISH, BRIAN LAM, AMAR SARKAR, DANAE
NUZZACI, PETER KIRWAN, MARCELLA MA, FLORIAN T MERKLE , CLEMENCE BLOUET
Metabolic Research Laboratories, Wellcome Trust MRC Institute of Metabolic Science, University of Cambridge,
Cambridge, *, United Kingdom
We and others have previously identified the mediobasal hypothalamus (MBH) as a major site for leucine-induced
appetite-suppressive effects. However, our understanding of the neural and molecular underpinnings of how MBH

neurons engage with leucine to regulate energy balance remains unclear. Using an unbiased phospho-ribosomal
profiling (phosphoTRAP) technique, we obtained the molecular signature of leucine responsive MBH neurons. From
this, we identified that the expression of Cacna1g which encodes for a T-type voltage-gated calcium channel Cav3.1 is
enriched in leucine-activated neurons. Cav3.1 has been previously shown to regulate energy metabolism in animal
models and is associated with metabolic disorders in humans. To test the hypothesis if Cav3.1 functionally regulates the
responsiveness of MBH neurons of leucine sensing, using a combination of in vitro and in vitro models we found that
pharmacological or genetic inhibitions of Cav3.1 activity significantly diminished leucine activating effects on POMC
neurons and appetite-suppressing effects. Importantly, genetic ablation of Cacna1g alters the feeding and metabolic
responses to high-protein and high-fat diets, indicating MBH Cacna1g plays a role in nutrient sensing and the long-term
control of energy balance. Together, these results shed light on the neural and molecular mechanisms for appetite control
regulated by dietary protein content. Further experiments are underway to explore the mechanism of how MBH Cav3.1
engaged with leucine to regulate neuronal activity.
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Characterisation Of G-Protein Coupled Relaxin/Insulin-Like Family Peptide Receptor 4 (Rxfp4)-Expressing
Cells In The Mouse Hypothalamus
ORLA RM WOODWARD, JO E LEWIS, ALICE E ADRIAENSSENS, CHRIS SMITH, FIONA M GRIBBLE ,
FRANK REIMANN
Wellcome-MRC Institute of Metabolic Science, Cambridge, *, United Kingdom
Relaxin family peptide receptor 4 (RXFP4), a Gαi/o-couple receptor, has been implicated in feeding behaviour as Rxfp4
knock-out mice have altered meal patterns and food preferences. Here we implemented the novel Rxfp4-Cre reporter
mouse as a functional tool to identify and characterise Rxfp4-expressing cells in the central nervous system.
Immunohistochemical technqiues demonstrated Rxfp4-expressing cells in multiple brain regions, with distinct
populations observed in the ventromedial hypothalamus (VMH), lateral and medial mammillary nuclei, retrosplenial
cortex and cortical amygdala. Single-cell RNA-sequencing of hypothalamic Rxfp4-expressing cells identified a cluster
of VMH Rxfp4-expressing neurons exhibiting transcriptomic signatures for an Esr1+ve population (Esr1, Tac1, Oxtr,
Rprm and Pgr) previously associated with food intake and body weight regulation. Hypothalamic Rxfp4-expressing
neurons were also found to express several neuropeptide receptors (Glp-1R, Cckar, Cnr1, Mc4r and Nmur2) known to
be involved in feeding. In addition, employing pseudotyped rabies and AAV-ChR2 viral tracing techniques, we found
that VMH Rxfp4-expressing neurons receive projections from regions associated with homeostatic food intake including
the paraventricular hypothalamus, arcuate nucleus and lateral hypothalamus, and project to regions of the reward system
including the bed nucleus of the stria terminalis, paraventricular thalamus, substantia innominata and central nucleus of
the amygdala. These findings indicate that VMH Rxfp4-expressing neurons may regulate the reward system to influence
ingestive behaviours and may represent targets to develop treatments for appetite-related disorders such as obesity and
anorexia nervosa.
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The Role Of Chloride Intracellular Channel 1 In Food Intake And Body Weight Regulation
RIZALDY ZAPATA, DINGHONG ZHANG, OLIVIA OSBORN
University of California San Diego, La Jolla, CA, United States
Background: Over one-third of US adults are obese and this causes or exacerbates over 200 other medical disorders
leading to worsening disease morbidity and mortality. Obesity is underpinned by positive energy balance believed to be
driven by hyperphagia arising as a consequence of increased hunger, decreased satiety or both. We previously reported
that elevated chloride intracellular channel 1 (Clic1) expression in the hypothalamus was associated with drug-induced
hyperphagia and weight gain. The objective of this study was to determine the role of Clic1 in the regulation of food
intake and body weight. Methods: In these studies, we used a combination of pharmacological and genetic approached
to determine the effect of Clic1 inhibition on food intake and body weight regulation in mouse models of HFD-induced
obesity and hypothalamic cells. Results: Clic1 expression is enriched in the arcuate nucleus of the hypothalamus and
expression is potently and specifically elevated in pro-feeding Npy/Agrp neurons in response to fasting. Increased Clic1
translocation is observed in fasted hypothalamic cells that was blocked by the treatment of the Clic1 inhibitor IAA94.
IAA94 treatment also blunted fasting-induced hyperphagia in mice. Clic1 KO mice had reduced food intake and lower
body weight compared with WT littermate controls without changes in energy expenditure. Furthermore,
pharmacological inhibition of Clic1 in obese mice resulted in highly significant weight loss and associated metabolic
improvements. In conclusion, inhibition of Clic1 represents a novel exciting target for anti-obesity therapeutics.
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Parent-Reported Changes To Children&Rsquo;S Eating During The Covid-19 Pandemic
MACKENZIE J FERRANTE, JULIANA GOLDSMITH, SARA TAURIELLO, STEPHANIE ANZMAN-FRASCA
University at Buffalo, Buffalo, NY, United States
Background/Objective: COVID-19 has impacted family eating behaviors, including increased intake of shelf-stable and
snack foods, increased home food preparation, and decreased restaurant patronage. Examination of parent perspectives
may further our understanding of these changes and their potential impacts. The analysis examined parent-reported
changes to children’s eating during COVID-19. Methods: An online survey of US parents with a 4-to-8-year-old child
(n=1000) was administered in October 2020. An open-ended question asked parents to describe whether and how their
child’s eating had changed during the pandemic. Responses (n=735) were independently double coded using thematic
analysis. Responses were assigned to 7 categories, with discrepancies resolved by the first author. Frequency of
responses in each category were analyzed, incorporating sampling weights. Results: Over half of parents (53%)
indicated a change to their child’s eating. Twelve percent mentioned increases in foods eaten at home. Changes to
children’s intake of foods away from home (e.g., restaurants, school) were mentioned by 29% of parents, with increases
in take-out and delivery mentioned by about one-quarter of those parents. A small subset of parents (7%) stated
pandemic impacts (e.g., job loss, less money for food, or health-related concerns) as causes for the child’s change in
eating. Few parents mentioned increases in healthy foods (e.g., fruits, vegetables; 3%). Conclusion: The majority of
parents reported their child’s eating changed during the pandemic, with many noting changes in meal location and
variability in the specific nature of the changes. Sociodemographic differences will be discussed. Understanding
COVID-19 impacts on children’s eating may help guide future research and policy.
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Is The Impact Of Adiposity On Taste Perceptions Moderated By Chronic Physical Exercise? An Overview Of

The Data From Nhanes 2013-2014.
ALEXANDRE-CHARLES GAUTHIER1, JOHANNES FRASNELLI2, VICKY DRAPEAU3, MIGUEL CHAGNON1,
MARIE-EVE MATHIEU1
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Introduction Taste is a key sensory modulator of eating behaviour and thus energy intake. The effect of acute exercise
has recently been confirmed especially regarding sweet and salty taste qualities. Physical activity (chronic) is a safe and
effective countermeasure to certain types of chemosensory loss, especially in older populations. Knowing that taste can
be impaired with increased adiposity, it is unknown if the adoption of an active lifestyle can mitigate such impairments.
Methods Data were extracted from NHANES 2013-2014 database. Perception of salt and bitter taste for Tongue Tip Test
and Whole Mouth Test, physical activity levels over an 8-9-day period and adiposity were analyzed for each participant.
Moderation analyses were used to study the impact of adiposity on taste perceptions, with physical activity levels as the
moderator. Results The 197 participants included in this project had a mean±standard deviation age of 49.1±5.2 years, a
mean body fat percentage of 31.7±7.6% and mean daily physical activity levels of 11 084±3531 MIMS. The association
between adiposity and both bitter Tongue Tip Test and overall result (salt+bitter) of Tongue Tip Test were moderated by
the adoption of an active lifestyle, with better taste scores observed in individuals achieving higher physical activity
levels. Perspectives This study is the first one to support the influence of an active lifestyle to preserve some taste
perceptions across a wide range of adiposity levels These results support the importance of an active lifestyle to prevent
a reduction in taste perceptions that can occur with increased adiposity.
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Title: The Role Of Nutrient Availability In Food Reward: A Pilot Study
AMBER KELLY, MARY ELIZABETH BAUGH , KIMBERLY BASKETTE, ALEXANDRA G.
DIFELICEANTONIO
Virginia Tech , Roanoke, VA, United States
Recently, post-ingestive consequences of food consumption, such as nutrient availability and energy density, have been
identified as important drivers of food choice. Here, we test whether nutrient availability, specifically the speed at which
carbohydrate becomes available for use, contributes to food reward and preference. In this five-week study,
metabolically healthy participants, aged 18-45 years, are exposed to 3 beverages, 6 times each. Each beverage contains a
novel flavor and either no calories (CS-), calories in the form of slow metabolizing maltodextrin (CS+Slow), or calories
in the form of fast-metabolizing sucrose (CS+Fast). Each beverage is consumed 6 times with 2 in-lab conditioning
sessions. In one session, finger-stick blood glucose is recorded before, 30, and 60 minutes after beverage consumption.
In another, change in energy expenditure (EE) is measured. We expect a fast rise in blood glucose and EE after the
CS+Fast beverage, a slow rise after the CS+Slow beverage containing maltodextrin, and no change after the CSbeverage. In a final testing session, changes in self-reported liking, wanting, and ad libitum intake of each beverage are
recorded. We hypothesize the flavor paired with the CS+Fast will be the most liked, wanted, and consumed. Our
preliminary data indicate blood glucose increases the fastest in response to CS+Fast. Post-test liking is higher for the
CS+Fast beverage than CS+Slow, or CS-. So far, we observe no difference in EE between the post-consumption
responses. These results provide preliminary evidence that speed of nutrient availability is important for food reward.
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Self-Reported Emotional Eaters Consume More Food Under Stress If They Experience Heightened Stress
Reactivity And Emotional Relief After Eating
REBECCA R. KLATZKIN1, HELEN FILES1, KATIE GAFFNEY1, BARRETT LEONHARD1, OLIVIA STREET1,
LAURENCE J. NOLAN2, HARRY R. KISSILEFF3
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Mount Sinai Morningside Hospital, New York, NY, United States
Individuals who assess themselves as emotional eaters do not reliably show increased food intake in response to stress
or negative emotions. This inconsistency could be attributable to individual differences that moderate the relationship
between self-reported emotional eating (EE) and behavioral measures of EE. Greater emotional relief from stress-eating
may provide negative reinforcement and promote EE in response to stress as a form of self-medication. We predicted
that greater emotional relief from eating (decrease in negative affect from stress to post-eating) would moderate the
moderation of the relationship between self-reported EE and food intake post-stress by heightened stress reactivity
(systolic blood pressure). 42 women (Means: age=19.5; BMI=23) completed assessments of eating behaviors.
Participants were given snacks after a mental stress task or rest period on separate days in counterbalanced order. The
moderated moderation model (PROCESS model 3) was significant, F(13,28)=4.7, p=.0003; R2=.68. There was a
significant conditional three-way interaction; self-reported EE predicted increased food intake post-stress only under
conditions of high stress reactivity and high emotional relief, F(1, 28)=5.2, p=.03. The increase in R2 attributable to the
moderation was .06, F(1,28)=5.4, p=.03. Stress reactivity moderated the relationship between EE and food intake with
increasing emotional relief. Both emotional relief (p=.02) and EE were significant predictors of food intake (p=.04). The
interaction between the moderators (stress reactivity and relief) was significant (p=.02); the interaction between EE and
relief was not (p = .05. Self-reported emotional eaters consumed increased amounts of food under stress as stress
reactivity and emotional relief upon eating increased.
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The Effects Of Intranasal Oxytocin On Taste Perception And Food Valuation: A Randomized, Double-Blind,
Placebo-Controlled Study
Freya RS Lalani1, Jean CJ Liu1, Kylie JQ Heng1, Hong Chang Tan2, Kwang Wei Tham2, Phong Ching Lee2
1
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Both rodent models and early clinical trials have linked oxytocin to reduced appetite and caloric intake. However, it
remains unclear what mechanisms underlie these effects. In this study, we examined whether intranasal oxytocin would
alter taste perception and the subjective value of food. Participants were 45 healthy men randomized to a double-blind,

placebo-controlled, cross-over trial. Following a baseline visit, each participant attended two sessions during which they
received either 2 doses of 24 IU intranasal oxytocin (spaced 30 minutes apart), or placebo. Participants then completed:
(i) taste perception tasks for sucrose and sodium chloride solutions (taste threshold, perceived suprathreshold intensity,
and suprathreshold preferences), and (ii) a willingness-to-pay task to measure the valuation of food. While we found no
significant effect of oxytocin on the key metrics of taste perception and willingness to pay, post-hoc exploratory
analyses revealed that participants perceived the lowest concentration of supra-threshold sucrose solution as being more
intense following oxytocin than after placebo (p = .038). Taken together, our results suggest that if oxytocin is able to
modulate appetite regulation, it is unlikely to do so via changes to taste perception or to the subjective valuation of food.
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In Vegan And Vegetarian Diets Status Of A Certain Nutrient Drives A Desire To Eat Foods Containing That
Nutrient
MICAH LESHEM1, SMADAR SHAUL2
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Israel
Nutrient deficiency or excess can alter taste hedonics and responses, for eg for calories, protein, or salt. Vegan and
vegetarian diets increasingly define distinct nutritional patterns, but their possible effects on taste hedonics and
responses are unknown. Here FFQ, questionnaires and taste tests examined whether these diets alter taste responses, and
relate nutrient hedonics to requirement in calories, macronutrients, electrolytes, diet composition, motives, and body
weight. Results showed that nutrient taste hedonics differ by diet: compared to omnivores (n=55), vegans (39) and
vegetarians (38) had lower protein and Ca++ intake but increased hedonic preference for protein- and Ca++-rich foods,
higher carbohydrate intake but preference for CHO-rich foods. K+-rich foods were also preferred. Nutrient-want may
drive preference for protein and Ca++. CHO preference may compensate for less energy from protein and fat, and K+
preference may indicate K+-rich vegetables. Vegans and vegetarians scored high concentrations of sucrose, and possibly
NaCl, more intense, and consistent with that vegans reported more sweetening of food and a test tea but less salting.
Vegans and vegetarians reported more vegans and vegetarians in their families but differed in dietary motives. Reported
familial and participant salt appetite was mildly related. There were some sex differences. In sum, in habitual diets the
status of a certain nutrient may drive a desire to eat foods containing that nutrient and basic taste sensation may be
modified. Together these may direct nutritional choice and sustain adherence to diet. Recognising diet-dependent
changes in taste hedonics and sensation could help plan specific diets.
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Positive Relationship In The Evening But Not In The Morning Between Impulsivity And Wanting To Eat In
Response To Stress
CASSANDRA LEWANDOWSKI, MICHAEL BRZYSKI, NAOMI MCKAY
SUNY College at Buffalo State , Buffalo , NY, United States
It has been shown that energy intake related measures change over the day in humans. Specifically, there is elevated
hunger and an increased desire to eat in the late afternoon and early evening compared to the morning. In addition to the
desire to eat overall, wanting to eat snack foods also increases throughout the day. It is possible that stress induced
changes to food cravings may also change over the day. Ghrelin, an orexigenic hormone that elevates in response to
stress, is more responsive to stress in the evening. It is not yet known, however, if self-reported stress eating changes
over the day and how daily fluctuation in anxiety and impulsivity may contribute. The current hypothesis was that eating
in response to stress would be higher in the evening and that anxiety and impulsivity would be contributing factors.
Participants were asked to fill out the same questionnaire on three separate days, at 10:00 am, 3:00 pm, and 8:00 pm.
The questionnaire was used to assess their wanting to eat in response to a stressful event, level of anxiety, and state
impulsivity. It was determined that wanting to eat in response to stress did not change over the day. Self-rated anxiety
was shown to be highest in the morning and low in the afternoon and evening (p<.001). In contrast, impulsivity was
highest in the evening (p= .002). Self-rated anxiety was not correlated to stress eating at any time during the day.
Impulsivity, however, had a strong correlation with stress eating in the evening (r = .58, p = .004) but only a trend in the
morning (r = .39, p = .06). These results allow for the possibility that impulsivity may have a higher role in driving
stress-induced intake over self-rated anxiety and this relationship is stronger in the evening.
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Gut Microbiota Link Dietary Fiber Intake And Short-Chain Fatty Acid Metabolism With Eating Behaviour
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Background: The gut microbiome has been speculated to modulate brain function and feeding behaviour through
multiple factors, including short-chain fatty acid (SCFA) signaling. Evidence on this relationship in humans is however
lacking. We here aimed to explore if specific bacterial genera relate to eating behaviour, diet and SCFA metabolites in
overweight adults. In addition, we tested whether eating-related microbiota relate to treatment success in patients after
Roux-en-Y gastric bypass (RYGB). Methods: Anthropometrics, dietary fiber intake, eating behaviour, 16S-rRNAderived microbiota and SCFA measured in feces and blood were correlated in young overweight adults (n=27 (9F), 2136 years, BMI 25-31 kg/m2). Correlated genera were compared in RYGB (n=23 (16F), 41-70 years, BMI 25-62 kg/m2)
and in control patients (n=17 (11F), 26-69 years, BMI 25-48 kg/m2). Results: In young adults, 7 bacteria genera, i.e.
Alistipes, Blautia, Clostridiales cluster XVIII, Gemmiger, Roseburia, Ruminococcus and Streptococcus, correlated with
healthier eating behavior, while 5 genera, i.e. Clostridiales cluster IV and XIVb, Collinsella, Fusicatenibacter and
Parabacteroides, correlated with unhealthier eating (all |r| > 0.4, FDR-corrected p <0.05). Some of these genera
including Parabacteroides related to fiber intake and SCFA metabolites, and to weight status and treatment response in

overweight/obese patients. Conclusions: In this exploratory analysis, specific bacterial genera, particularly
Parabacteroides, were associated with weight status and eating behavior in two small, independent and wellcharacterized cross-sectional samples. These preliminary findings suggest two groups of presumably beneficial and
unfavourable genera that relate to eating behaviour and weight status, and indicate that dietary fiber and SCFA
metabolism may modify these relationships. Larger interventional studies are needed to distinguish correlation from
causation.
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Irrational Beliefs Play A Role In The Relationship Between Adhd And Disordered Eating
LAURENCE J. NOLAN1, SUZANNE HIGGS2
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ADHD symptoms are associated with higher risk for disordered eating via elevated negative affect. Irrational beliefs
(IB), or cognitive distortions, are theorized in cognitive behavioral therapies to underlie psychopathology (e.g., negative
affect) and are associated with both disordered eating and ADHD. It has been theorized that the neurobiological
impairments in ADHD lead to maladaptive thoughts and beliefs which increase negative affect and provide positive
feedback to dysfunction. The present study was conducted to examine the role of IB in the relationship between ADHD
and disordered eating. 127 university students (online survey) completed measures of ADHD symptoms (ASRS-5),
impulsivity (UPPS+P), depression (Zung), IB (SGABS), eating disorder risk (SCOFF), restraint, emotional eating (EE),
and external eating (DEBQ). IB were significantly correlated with risk for eating disorder (r=.31), EE (r=.28), restraint
(r=.32), ADHD symptoms (r=.34), depression (r=.47), and negative urgency (NU; r=.36). To examine the role of IB as a
possible consequence of ADHD, serial mediation analyses with IB in the indirect pathway between ADHD and
disordered eating was conducted. The indirect path from ADHD to SCOFF via IB and depression was significant,
b=.015, SE=.01; 95%CI: .003–.034 (direct: b=.029, SE=.03; 95%CI: -.034–.092); F(7,119)=6.28, p<.001; R2=.27. For
the relationship between ADHD and EE, there was significant partial mediation through IB and NU, b=.005, SE=.004;
95%CI: .0003–.014 (direct: b=.040, SE=.02, 95%CI: .003–.077); F(7,119)=6.12, p<.001; R2=.26. To examine the
possibility that IB lead to higher ADHD symptoms in the pathway to disordered eating, serial mediation with ADHD as
a mediator was conducted. The analysis indicated a significant indirect path through ADHD and depression for the
relationship between IB and SCOFF, b=.003, SE=.002; 95%CI: .0003–.0066 (direct: b=.012, SE=.01; 95%CI:
-.009–.033). The association between IB and EE was similar with the indirect path through NU, b=.002, SE=.001;
95%CI: .0002-.004 (direct: b=.006, SE=.01; 95%CI: -.005–.018). The results show that IB play a role in the positive
association between ADHD and disordered eating. The results are consistent with the theory that IB may result from the
core neurobiological impairments to foster negative affect and worsen the symptoms of ADHD. This elevation of
negative affect may also increase the incidence of disordered eating in those with ADHD symptoms.
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Frequency Of Consumption And Virtual Portion Sizes Predict Short Term Weight Loss After Bariatric Surgery
CLAUDIO E. PEREZ-LEIGHTON1, JEONN D. HAMM2,3,4, JEANINE ALBU2,3, BLANDINE LAFERRèRE5,
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Energy intake is influenced by portion size and frequency of consumption. Virtual portions that represent typical intake
predicted weight loss at 3 months after bariatric surgery (Phys Behav, 223:113001), but whether this relationship is
influenced by frequency of consumption is unclear. Here, we demonstrate that change (Δ) in expected calorie intake
(ECI, the product of ‘typical’ portion size and frequency of consumption) can predict weight loss after surgery. Bariatric
surgery patients (N=54, BMI=44.7±6.2 kg/m2, 12.9% male) indicated frequency of consumption and created virtual
‘typical’ portions of twelve snack or meal foods (low energy-dense, LoED: apples, grapes, olives, turkey breast, salad,
edamame; high energy-dense, HiED: donuts, chocolate, chips, pretzels, fries, pizza) and six sweet beverages (LoED:
diet and regular soda, HiED: chocolate and vanilla shakes, milk, Ensure®) before and 3 months after surgery.
Bodyweight (kg) was recorded at both visits. For HiED salty snacks/meals, 90.9% of patients decreased ECI 3 months
after surgery. In these patients, reduction in ECI of HiED salty snacks/meals positively predicted weight loss
(b=6.78±2.9 kg/log Δkcal; P=0.04). For HiED beverages, 96.5% of patients decreased their ECI after surgery. In these
patients, reduction in ECI of HiED beverages negatively predicted weight loss (b=-3.82±1.8 kg/log Δkcal; P=0.05). In
patients that increased ECI of HiED salty snacks/meals or HiED beverages after surgery (9.8% and 3.5% respectively)
ΔECI did not predict weight loss. ΔECI of LoED foods did not predict weight loss. These data indicate that ΔECI
predicts short-term weight loss after bariatric surgery and the difference between HiED solid foods and beverages
warrants further investigation.
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Examining Teachers&Rsquo; Perceptions Of Children&Rsquo;S Appetite And Eating Regulation In Preschools
VIDHYA RAKUNATHAN, MAUREEN LIM, DIAN SHEEN CHOY, KERI MCCRICKERD
Singapore Insititute for Clinial Sciences, A*STAR Research Entities, Singapore, *, Singapore
Caregivers are essential in shaping a child’s eating behaviours. With children in Singapore consuming most meals in
preschool, teachers are central to children’s eating. This research explored children’s appetite and expression of eating
self-regulation in preschools by examining teachers’ perceptions, existing roles and mealtime practices. Thirty preschool
teachers working with Nursery (2-4 years old) or Kindergarten (4-6 years old) classes across 14 schools in Singapore
attended an individual, semi-structured interview conducted in English over video-call. The interviews were transcribed

verbatim then coded, and emergent themes/subthemes identified. The schools’ broader pedagogical approach was a key
theme that influenced both the level of autonomy afforded to children around food and the teachers’ perceived roles.
Approaches emphasising experiential learning, independence and choice placed a lower value on ‘food as nutrition’ and
viewed mealtimes as an opportunity for skills development. These teachers were more likely to view their role as ‘the
supporter’ of child independence. Approaches with a stronger emphasis on ‘routine and structure’ offered the least
opportunity for children to exercise autonomy at mealtimes and these teachers primarily identified with a role of ‘the
encourager’ to promote food intake and optimal nutrition. A rigid mealtime structure was perceived to both facilitate
and impede a child’s eating regulation skills, which further depended on child characteristics, such as age,
developmental stage and home environment. Findings highlight the interplay between both the teacher and child within
the wider approach to learning, and the importance of accounting for these when looking to support children’s eating
regulation through preschools.
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Implementing A Remote Grocery Shopping Intervention Designed To Improve Adherence To A Diabetic Diet
SHEREY TAN1, LINDSAY LASSETTER1, SARAH BARGNESI1, LILY MCGOVERN1, JULIA DROZDOWSKY1,
LEONARD H. EPSTEIN1,2, LUCIA LEONE3, EUNICE MAK1, JACLYN MASCI3, STEPHANIE ANZMANFRASCA1, 2
1

Department of Pediatrics, Jacobs School of Medicine and Biomedical Sciences, University at Buffalo, Buffalo, NY,

United States, 2Center for Ingestive Behavior Research, University at Buffalo, Buffalo, NY, United States, 3Department
of Community Health and Health Behavior, School of Public Health and Public Health Professions, University at
Buffalo, Buffalo, NY, United States
Type 2 diabetes has become increasingly prevalent as modern food environments pose challenges to selecting healthy
diets. Behavioral interventions may address such barriers by modifying the shopping environment to make healthier
choices more automatic. In the UB Grocery Shopping Study, adults who grocery shop in person and are diagnosed with
or at risk for type 2 diabetes were given recipe cards corresponding to a diabetic diet and randomly assigned to 1 of 3
groups: Control (grocery shopping in person), Online (shopping with Instacart), or Default (shopping with pre-loaded
Instacart ingredients corresponding to provided recipe cards). Participants (n=65, 84.4% female, mean age 53.2 years)
were asked to shop in accordance with their study group during weeks 2-4 of the 5-week study period. Our analysis
focuses on participant use and acceptance of study interventions, reported in week 5 (n=62). 65% of respondents
reported using provided recipes, and 41 of the 43 participants in the Online and Default groups used Instacart. 55% of
comments favored the recipes due to factors such as their variety and simplicity; in contrast, 45% spoke to negative
aspects such as unappealing or bland tastes. Certain recipes (e.g., orange chicken) were rated higher than others (e.g.,
polenta), suggesting use of the more well-liked recipes in future studies. About two-thirds of participants rated their
Instacart shopping experience as good or excellent, suggesting that many individuals found online grocery shopping
acceptable. These findings may inform future research and increase success of interventions for healthier grocery
shopping.
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Meal Patterns And Food Choices Of Female Rats Given A Cafeteria-Style Diet Before And After Roux-En-Y
Gastric Bypass.
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After Roux-en-Y gastric bypass surgery (RYGB), studies show that rats reduce consumption of high-sugar and/or highfat foods over time. Here, we investigated the behavioral mechanisms underlying these intake outcomes. Adult female
rats were singly housed in a new 5-Item Food Choice Monitor and provided a cafeteria diet comprised of 5 palatable
human foodstuffs varying in sugar and fat content. Intake and meal patterns were measured for 8 days (22h/day). Rats
were then assigned to either RYGB (n=11), or one of two control (CTL) groups: sham surgery (n=7) or a nonsurgical
control group receiving the same prophylactic iron treatments as RYGB rats (n=7). When again provided the same
cafeteria diet, all rats initially consumed a large meal, after which RYGB rats significantly reduced meal sizes relative to
CTL rats for the remainder of postsurgical access (8 d) resulting in significantly less intake. RYGB rats ate more slowly
during meals and altered the nycthemeral timing of intake, eating more daytime but fewer nighttime meals than CTL
rats. When returned to standard chow, rats in all groups showed hypophagia as is typical after removal of a palatable
high-sugar/-fat diet. Collectively, these meal patterns indicate that despite being motivated to consume a cafeteria diet
after RYGB, rats learn to modify eating behaviors by consuming foods more slowly across the entire day. Compared
with CTL, RYGB rats also ate proportionally more energy from complex carbohydrates and protein while decreasing the
proportion from fat, largely due to complementary shifts in the intake of specific foods. These changes in food choices
occurred slowly for most RYGB rats, suggesting that the changes in selected foods are not directly linked to the altered
behavioral patterns of ingestion.
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Acute Physiological Need States Increase Reward Sensitivity To Brain Stimulation Reward
RACHEL M DONKA, BRAEDEN G RODRIGUEZ, TED M HSU, JAMIE D ROITMAN
University of Illinois Chicago, Chicago, IL, United States
Physiological need states such as hunger and thirst drive organisms to perform goal-directed motivated behavior.
Reward-circuitry in motivated behavior may be engaged by the positively reinforcing properties of needed food and
fluid or by the negatively reinforcing properties of alleviation of the need state and its associated negative affect. Here
we examine changes in sensitivity of intracranial self-stimulation of the medial forebrain bundle under differing
physiological need states as an index of reward sensitivity. We hypothesized that acute states of physiological need
would increase reward sensitivity, while chronic states of physiological need would decrease reward sensitivity.
Stimulating electrodes were implanted in the medial forebrain bundle at the level of the lateral hypothalamus and
animals were trained to lever press for stimulation (N = 10). Using a rate-frequency protocol we determined the
threshold stimulation frequency (theta) that was reinforcing for each individual subject. We then measured how changes

in physiological state altered theta using a within-subjects design. We found that acute water deprivation, acute food
deprivation, and chemogenetic activation of glutamatergic neurons in the subfornical organ (SFO) in water-sated
animals decreased theta, indicating an increase in reward sensitivity compared to states of satiety. Although we
hypothesized that moderate chronic water restriction would elevate theta, we observed a small decrease in preliminary
studies, indicating increased reward sensitivity similar to acute treatments. Collectively, these results suggest that
treatments that induce physiological need increase reward sensitivity generally despite specificity in food and fluid
intake in response to need.
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Proopiomelanocortin Projections To The Nucleus Accumbens Modulate Acquisition And Self-Administration Of
Palatable Food Pellets
NICOLE L. ELIASON, AMANDA. L SHARPE
University of Oklahoma Health Sciences Center, Oklahoma City, OK, United States
Obesity is a crisis in the United States, with many co-morbid diseases that can drastically decrease quality of life. While
diet is a major focus for therapeutic intervention, the need to understand underlying appetitive neurocircuitry persists.
The hypothalamic arcuate nucleus serves as an integration point for circulating nutritional cues and mediates downstream appetitive behaviors. Proopiomelanocortin (POMC) projections within the hypothalamus are well-known for
their anorexigenic activity, but little is understood about the role of projections to the nucleus accumbens (NAcc). The
NAcc is best known for its role in reward-based learning, but the contribution of POMC projections to NAcc are
complex since the two major POMC-derived peptides (b-endorphin and a-MSH) have opposite effects on feeding. Our
objective here was to determine the effect of stimulating POMC projections in the NAcc on acquisition and maintenance
of operant food self-administration. Adult POMC-Cre mice were microinjected with a Cre-dependent retrograde adenoassociated viral vector expressing Gq designer receptor exclusivelyactivated by designer drugs (DREADD) into the
NAcc. Mice were trained to self-administer palatable 20-mg pellets in daily operant sessions. Acquisition of selfadministration (fixed ratio 30) and baseline self-administration were measured daily for 2 weeks. Throughout behavioral
testing, mice received daily injections of either JHU37152 (DREADD agonist) or saline (i.p., 15 min prior). Injection of
JHU produced a consistent increase in rate of acquisition, as well as a modest decrease in pellets earned between groups
following acquisition. These results suggest a complex role of POMC peptides within the NAcc that may increase
reward learning while decreasing consumption.
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Effects Of Junk-Food On Pfc And Bla Inputs To The Nucleus Accumbens And Cue-Potentiated Feeding
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Alterations in brain reward centers, including the Nucleus Accumbens (NAc), contribute to over-eating and craving that
drives the development and persistence of obesity in humans. In rats, cue-triggered food-seeking is enhanced in obesityprone rats and this behavior requires calcium-permeable AMPA receptors (CP-AMPARs) in the NAc. AMPA receptors
provide the main source of excitation to the NAc, a small portion of which are CP-AMPARs under basal conditions.
When placed on a sugary, fatty junk-food diet, a rapid and persistent increase in NAc CP-AMPAR synaptic transmission
is found in male obesity-prone, but not obesity-resistant rats. While this demonstrates junk-food induced enhancement
in glutamatergic transmission in the NAc, it does not provide any information about the specific inputs affected. The
NAc receives glutamate input from several regions, including direct connections from the medial prefrontal cortex
(mPFC) and basolateral amygdala (BLA). Here we used whole-cell patch clamp recordings in combination with a viral
optogenetic strategy to selectively record responses in either mPFC-to-NAc or BLA-to-NAc inputs after junk-food diet.
The contribution of CP-AMPARs to overall AMPAR transmission was determined using the CP-AMPAR selective
antagonist naspm. Initial data suggest circuit specific effects of junk-food consumption with increased CP-AMPAR
transmission in mPFC-to-NAc inputs, but not BLA-to-NAc inputs. Ongoing studies are examining how junk-food may
alter mPFC activity to promote CP-AMPAR insertion, and to determine the effects of junk-food on cue-potentiated
feeding. These experiments will better evaluate relationships between mPFC-to-NAc activity and cue-driven feeding
behavior, including how this may be altered by junk-food diet exposure.
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Blocking Glucose Utilization Via 5-Thio-D-Glucose Potentiates Sucrose-Evoked Dopamine Signaling In The
Ventral Tegmental Area.
VAIBHAV R KONANUR, MITCHELL F ROITMAN
University of Illinois at Chicago, Chicago, IL, United States
Midbrain dopamine signaling plays a critical role in behaviors motivated by physiological need in general and by
hunger specifically. There are multiple pathways by which hunger-related signals could recruit dopamine signaling to
food. Dopamine responses to food are regulated by central action of hormones and neuropeptides that relate hunger and
satiety. The brain also monitors glucose – its main metabolic substrate. Intracellular glucopenia enhances hunger ratings
and the rewarding value of sucrose in humans. However, it is unknown whether similar signals modulate dopamine
signaling evoked by food stimuli. Here, we monitored fluorescence resulting from increased intracellular calcium as an
indicator of dopamine neural activity in the ventral tegmental area (VTA) using in vivo fiber photometry. In ad libitum
fed rats, intra-oral sucrose delivery evoked a modest, phasic rise in VTA dopamine activity that was significantly
augmented by overnight food deprivation. In ad libitum fed rats, we administered the antiglycolytic agent 5-thio-Dglucose (5TG) or vehicle either 15 or 45 minutes prior to the intra-oral recording session via peripheral, lateral or fourth
ventricular injections. 5TG, 45 minutes post injection, significantly augmented the phasic dopamine response to sucrose
in a manner qualitatively similar to 20h of food deprivation. While effects were observed regardless of injection site,
fourth ventricular infusions exhibited the strongest response and the fourth ventricle was the only injection site where
effects were observed 15 minutes post injection. Ongoing work focuses on the hindbrain as a site sensitive to falling
glucose levels to ultimately drive the enhancement of food-evoked dopamine signaling.
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Diet-Induced Obesity Disrupts Food Motivation And Alters Ventral Striatal Circuits
BRIDGET A MATIKAINEN-ANKNEY, ALEXXAI V KRAVITZ
Washington University in St Louis, St Louis, MO, United States
Obesity poses a major health challenge in the United States – a majority of US adults are overweight or obese. Most

people who lose weight will ultimately regain it, yet despite the critical need, there are no widespread treatments for
obesity. One reason may be because we do not understand how obesity changes the brain in lasting ways so as to
contribute to persistent behavioral effects. Human and rodent literature suggests that obesity decreases activity and
motivation levels, behaviors known to be regulated by the accumbens (NAc). Human neuroimaging data suggests that
obesity alters activity in the NAc, and ex vivo rodent work suggest that excitatory inputs to the NAc are dysregulated
after diet induced obesity. Here we used optogenetic activation to show that prefrontal cortical projections to the
accumbens bidirectionally control effort output during a food seeking task in lean mice. We then used in vivo
electrophysiology to test whether amplitude of evoked currents in this circuit differed between lean and obese mice. The
data show that evoked responses from prefrontal-accumbens projections were significantly decreased in obese mice, and
that they exhibited altered motivated behaviors and food seeking. This suggests diet-induced obesity modifies corticoaccumbal circuitry so as to dysregulate food motivation, though this must be tested directly in future experiments. This
pathway presents a potential therapeutic target, perhaps with deep brain stimulation, to treat persistent behavioral effects
in people with obesity.
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Hunger Drives Perseveration By Dampening A Nucleus Accumbens Circuit
NICHOLAS K SMITH1, JARED M PLOTKIN1, BRAD A GRUETER2
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To meet energy demands, a hungry animal must use learned strategies to seek and consume food. These higher-order
motivated behaviors rely on circuits centered on the nucleus accumbens (NAc), and synaptic alterations within these
circuits underlie the powerful changes in behavior across different motivational states. Despite improved understanding
of how hunger is able to spur food consumption and stave off satiety, critical signaling mechanisms in key brain circuits
that mediate hunger enhanced food-seeking behavior remain poorly understood. Here we show that hunger enhances
food-seeking perseveration by dampening excitatory transmission in a NAc to lateral hypothalamus (LH) circuit. NAc
GPR171 receptor signaling is necessary for hunger-enhanced perseveration, but not persistence, of food-seeking
behavior. The endogenous ligand for GPR171, the neuropeptide BigLEN, acts within the NAc to suppress presynaptic
release probability of glutamate. This signaling mechanism modulates a select population of NAc neurons that project to
the LH, and suppression of this circuit in vivo is required for hunger to enhance food-seeking perseveration. These
results describe a hunger-driven neuromodulation that targets a distinct dimension of motivated behavior via dampening
an anatomically specific neural circuit, and they enhance our understanding of how state-dependent modulation shapes
the flow of information through the brain.
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Reduced Neural Activity In Nucleus Accumbens When Protein-Restricted Vs. Non-Restricted In Male Mice.
Karin L. Volcko1, Bernd Coester2, Erik Schéle3, Anders Xie3, Thomas A. Lutz2, Suzanne L. Dickson3, James E.
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Protein-restricted animals exhibit a preference for protein over other macronutrients, allowing them to select food
sources that will alleviate their nutritional deficiency. The neural basis of this protein appetite is not yet well-understood.
In these experiments, we used cFos immunohistochemistry to identify parts of the brain that are differentially active in
mice fed a control diet containing adequate protein, and mice fed a low-protein diet. First, we examined basal
differences in neuronal activation in male and female mice fed either (1) control (20% casein) diet, (2) protein-restricted
diet (5% casein) for 2 days, or (3) protein-restricted diet for 14 days. We found that male mice had fewer cFos-positive
cells in the nucleus accumbens shell and nucleus accumbens core after 14 days on the protein restricted diet, than did
male mice on the control diet or mice that had been on the protein-restricted diet for only 2 days. This difference was not
observed in female mice. There were no differences between groups in either sex in the lateral hypothalamus or anterior
piriform cortex. Ongoing experiments are comparing number of active cells in these and other brain regions following
intragastric infusion of protein and non-protein solutions in non-restricted and protein-restricted mice.
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The Macronutrient Content Of A Meal Modulates Reward-Based &Lsquo;Dessert&Rsquo; Intake Via
Fibroblast Growth Factor 21 (Fgf21)
CHIH-TING WU, KAREN K. RYAN
Department of Neurobiology, Physiology and Behavior, University of California, Davis, Davis, CA, United States
Pharmacological administration of the hepatokine FGF21 alters food choice, decreasing consumption of sucrose and
other sweet solutions and increasing consumption of protein. Conversely, endogenous secretion of FGF21 is modulated
by food intake. Eating low (4%)-protein, high (74%)-carbohydrate (LPHC) diet increases plasma FGF21, suggesting a
mechanism by which the macronutrient content of a meal may influence consumption of a subsequent dessert. We
hypothesized that individuals eating a LPHC meal to satiation, and then offered a sweet ‘dessert’, would consume less
dessert compared to controls eating a normal diet. Conversely, we hypothesized that individuals eating a LPHC meal to
satiation, and offered high (36%)-protein ‘dessert’, would consume more dessert compared to controls, and that these
changes in reward-based feeding are mediated by FGF21. We tested this in C57Bl/6J, liver-specific FGF21 knockout
(FGF21ΔL), neuron-specific-βklotho null (KlbΔN), and littermate control mice. Mice were maintained on either LPHC
or normal (18%)-protein control (NP) diets for 3 days to establish protein-depleted (PD) and protein-replete (PR) states,
respectively. This evokes high plasma FGF21 in LPHC-fed control, but not FGF21ΔL, mice. On day 4, PD and PR mice
were presented with a meal, followed by a 1-hour sucrose “dessert”. Contrary to our hypothesis, there was no effect of
PD on reward-based sucrose intake in C57 mice (1.36 ± 0.07 vs 1.53 ± 0.07 g, ns, n = 16-17 per group). However, when
sated C57 PD and PR mice were presented with a high-protein ‘dessert’, PD control mice ate markedly more dessert
compared to protein-replete ones (0.41 ± 0.03 vs 0.28 ± 0.02 g, p<0.01, n=16-17/group). This was abrogated in
FGF21ΔL [n=3-6/group, p (genotype x diet) <0.01] and KlbΔN mice (n=8-14/group, p <0.05), revealing neuronal
FGF21 signaling is required to enhance the reward-based feeding of dietary protein. Thus, our results demonstrated

endogenous FGF21, induced by dietary protein restriction, increased the reward-based eating of dietary protein, but not
sucrose, in mice.
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Cell Type-Specific Roles Of Amylin Receptors In The Ventral Tegmental Area On Cocaine Reinforcement In
Rats
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Cocaine abuse remains a significant public health problem in the United States. However, a safe and efficacious
pharmacotherapy remains to be discovered. Amylin is a peptide hormone secreted primarily from pancreatic β-cells.
Amylin receptors are heterodimeric protein complexes consisting of a calcitonin receptor (CTR-A or CTR-B) and one
receptor activity-modifying protein (RAMP1-3). Our preliminary studies indicate that activation of amylin receptors in
the ventral tegmental area (VTA) is sufficient to attenuate cocaine self-administration and the reinstatement of cocaine
seeking in rats. The relative contributions of CTRs expressed on VTA dopamine and GABA neurons in these behaviors
however is unclear. Thus, the goal of this study was to investigate the cell type-specific role of VTA amylin receptors in
cocaine taking and seeking. Using in situ hybridization, we found CTR-A/B expression on both dopaminergic and
GABAergic neurons in the VTA. Next, we knocked down the expression of CTRa selectively in VTA dopamine or
GABA neurons by infusing an AAV expressing a cre-dependent miRNA targeting CTR transcripts (AAV-FLEX-miRCTRa) into the VTA of transgenic rats expressing Cre recombinase specifically in TH- or GAD1-expressing cells. Our
results indicate that decreased endogenous amylin receptor expression in VTA dopamine neurons increased cocaine selfadministration, while CTR knockdown in VTA GABA neurons did not affect cocaine self-administration. These results
suggest that endogenous amylin receptor signaling in the VTA may inhibit cocaine taking by suppressing dopamine cell
activity. Taken together, these findings identify novel amylin receptor-expressing microcircuits in the VTA that may
have differential roles in cocaine-mediated behaviors.
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The Modern Food Environment: How Diets High In Fat And Sugar Impair Cognition And Alter The Gut
4:00
Microbiome In Rats
MARGARET J MORRIS
UNSW , Sydney, *, Australia
Increasing intake of energy dense ‘discretionary’ food items high in fat and sugar is a key risk factor for obesity.
Experimental work in rodents and emerging work in humans indicates that consumption of such diets, even over the
short term, is associated with metabolic dysfunction and mild cognitive impairment. Increasing evidence implicates
changes in the composition of the gut microbiome in these behavioural effects. To model dietary effects on intake,
cognition and the gut microbiome, our laboratory uses a high choice cafeteria-style diet, rich in saturated fat and sugars
(Caf), incorporating palatable supermarket foods in addition to regular chow, trebling energy intake versus chow fed
controls. Caf diet impairs hippocampal dependent forms of memory (novel place), which are also affected in people
consuming high fat, high sugar diets. When 5 week-old female rats consumed Caf or chow with/without 10% sucrose
solution, rats drinking sucrose increased their energy consumption further, and reduced their proportional intake of
protein and fat. Adiposity was increased in those consuming sucrose versus water and some impacts of sucrose were
observed on gut microbiome composition. Current work is examining relationships between individual macronutrients
and metabolic and gut microbiome changes. When rats are provided time-restricted (8 h/day) or unlimited access to
high choice Caf or regular chow, time-restricted feeding limits intake of both diets relative to unrestricted groups, and
time-restricted Caf access normalises body weight to that of unrestricted chow. Our goal is understanding how these
foods influence the gut-brain axis, allowing us to better predict the effects of diet on brain health and alleviate adverse
health effects.
5:00 - 7:00 PM

Gather.town
Happy Hour

Wednesday, July 14, 2021

10:00 - 11:00 AM

Virtual Room 1
MARS Lecture 3

Chair(s): Alain Dagher
10:00
Changing Environments To Change Behaviour
THERESA M MARTEAU
University of Cambridge, Cambridge, *, United Kingdom
Tackling obesity requires interventions effective at changing behaviour at scale to reduce how much we eat and drink.
Much of this behaviour is shaped by environments – physical, economic, digital and commercial - often outside of our
awareness. Interventions that change these environments show most promise in sustaining changes at the scale needed
to tackle obesity. Promising interventions in one of these environments - physical micro-environments (known also as
choice architecture or nudging) – are described in the Typology of Interventions in Proximal Physical MicroEnvironments (TIPPME; Hollands et al NHB 2017). These include those that reduce the availability of larger portion
sizes of food and drink, increase the availability of lower energy foods while also reducing the availability of higher
energy foods, and provide warning information on product labels. Implementing effective interventions to change
environments to change behaviour will often require strong political and public support. This is needed, for example, to
overcome industry opposition to policies that threaten their markets manifest in their lobbying policy-makers and the
public. Communicating evidence of intervention effectiveness shows promise in increasing public support for policies.
More will be needed to overcome the seemingly high political cost of regulating to change environments that currently
more readily enable unhealthier behaviour than healthier behaviour.
11:00 - 12:00 PM

Gather.town
Virtual Coffee Break

12:00 - 2:00 PM

Gather.town
Poster Session 2
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Brain Cannabinoid Receptor 1 Signaling Contributes To Stress Relief By &Ldquo;Comfort&Rdquo; Foods
KHULOOD ALMEHMADI1,2, DANA BUESING1, ANDREW KING1, ALEX SABO1, YVONNE ULRICH-LAI1
1Department

of Pharmacology and Systems Physiology, University of Cincinnati School of Medicine, Cincinnati, OH,

United States, 2Molecular, Cellular and Biochemical Pharmacology Graduate Program, University of Cincinnati School
of Medicine, Cincinnati, OH, United States
Rationale: Many individuals report eating sweet palatable foods for stress relief. However, the mechanisms underlying
stress relief by palatable foods are not clear. Brain endocannabinoid signaling at the cannabinoid receptor 1 (CB1R)
promotes palatable feeding and reduces hypothalamic-pituitary-adrenocortical (HPA) axis responses to stress,
suggesting that this system is well-poised to mediate stress relief by palatable foods. The present study tests the
hypothesis that brain CB1R signaling mediates the reduced HPA axis responsivity that occurs following an established
limited sucrose intake (LSI) paradigm in rats. Methods: Adult male rats received stereotaxic surgery to implant a
cannula directed to the lateral ventricle. Following recovery, rats with free access to normal chow and water were given
an additional drink bottle containing a small amount (4 ml) of 30% sucrose or water (controls) twice-day for 14 days.
On the morning of day 15, rats from each drink group received an icv infusion of AM251 (CB1R antagonist, 1000 ng/2
ul) vs. vehicle (n =7-10/group). After 30 min, the rats were given a 20-min restraint stress and tail blood samples were
collected at 0, 20, 40 and 60 min after restraint onset for measurement of the HPA axis (plasma corticosterone) response.
Rats then received an icv dye infusion prior to brain collection to confirm correct cannula placement and patency.
Results: The plasma corticosterone response to restraint stress was reduced by LSI compared to water controls
(p=0.002). Post-hoc analyses indicated that this effect occurred primarily in the vehicle-treated groups (positive control
for effective LSI HPA-blunting), and not in the AM251-treated groups. Together, the data implicate brain CB1R
signaling as a mechanism for LSI stress relief.
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A Novel Model Of Stress Eating In Mice
MARIE L FRANCOIS, ISABELLA CANAL DELGADO, LORI M ZELTSER
Columbia University, New York, NY, United States
Stress eating is associated with weight gain. This issue is understudied in rodents. Although several rodent paradigms
elicit binge eating of a palatable diet, these models do not usually cause weight gain. There are several assays that
combine stress and a feeding-related task. However, these typically use stress-induced suppression of feeding behavior
as a surrogate for anxiety- and depression-like behaviors. We set out to develop a new assay to study stress eating in
C57BL/6J male and female mice. Exposure to a novel environment after an overnight fast consistently suppressed food
intake in males but had variable effects in females. Heterogeneity in female responses was independent of estrous
cyclicity. To increase physiological relevance to humans, we assessed behavior in the active phase of the circadian cycle

and in the context of elevated body weight. Exposure to stress at the start of the dark phase increased the likelihood of
hyperphagic responses in both males and females. Elevated body weight due to chronic exposure to high fat diet
exacerbated stress-induced overeating, recapitulating epidemiological observations. In summary, we defined conditions
that can be used to investigate links between emotional eating and obesity in rodents.
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Post-Weaning Caf Diet Induces In A Short-Term Adiposity In Both Sexes But Differential Vulnerability To
Develop Anxiety-Like And Depressive-Like Behaviors In Male Rats
LUZ D. MOTA, CAROLINA ESCOBAR
National Autonomous Univesity of Mexico, CDMX, *, Mexico
Children are importantly affected by high fat / sugar diets and such diets are suggested to lead to depression and anxiety.
This study tested in young rats the effects of an early cafeteria diet (CAF) on metabolism and mood. HYPOTHESIS:
Consumption of CAF during the post-weaning period will cause metabolic syndrome, anxiety-like and depressive-like
behavior in infant Wistar rats. METHODS: At postnatal day 21, Wistar rats were randomly assigned to a control or to a
CAF group. After one week of exposure to CAF rats were tested in an open field, splash test and social play. At the end
of the behavioral tests rats were euthanized to obtain the abdominal fat pads and blood samples. RESULTS: In young
rats of both sexes the CAF diet significantly increased body fat (F (1, 27) 24.70, P<0.005), blood glucose (F (1, 23) =
6.29, P<0.05) and serum triglycerides (F (1, 29) x 21.86 P<0.0005). In the open field test, CAF diminished the number
of steps to the center (F (1, 28) = 0.1435, P <0.05) and rearing events F (1, 28) = 11.08, P <0.05) with a main effect on
males (P<0.05). In the splash test total self-wash events were reduced by CAF (F (1, 27) = 11.82, P <0.05) affecting
only CAF males with respect to their control (P <0.05). Total social play behavior was reduced by CAF (F (1, 26) =
30.6, P <0.05), sex (F (1, 26) = 24.2, P <0.05) and the interaction between both (F ( 1, 26) = 19.3, P <0.05). Grooming
events were increased by diet (F (1, 26) = 49.5, P <0.05) and the sex x diet interaction (F (1, 26) = 28.2, P <0.05), with a
main effect on males (P <0.05). CONCLUSION: This study points out that CAF can produce adverse effects after 7
days of consumption and that males show higher vulnerability to develop depression and anxiety-like behavior.
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Programming Of Maternal Stress Increases Juvenile Offspring Anxiety-Like Behavior In Rodents.
Heidi Rivera1, Chris Collins1, Benjamin Chase1, Braden Rose1, Austin Haskell1, Justyna Cage1
1

Hartwick College, Oneonta, NY, United States, 2Hartwick College, Oneonta, NY, United States, 3Hartwick College,

Oneonta, NY, United States, 4Hartwick College, Oneonta, NY, United States, 5Hartwick College, Oneonta, NY, United
States, 6Hartwick College , Oneonta, NY, United States
Epidemiological studies and animal studies reveal adverse events early-on in the life of the mother can have a long-term
impact on children. While data exists on maternal stress in adult offspring, there is a lack of information in juveniles.
The goal of the present study was to begin to examine the role of maternal stress on anxiety-like behavior during the
infant developmental stage. Rat dams were assigned to the maternal stress group (n = 5, dams underwent variable
psychological stress during the last 7 days of gestation) or the maternal control group (n = 4, dams underwent no stress).
Dam and offspring body weights were measured at the infant stage (i.e. postnatal day 22). Anxiety-like behavior were
determined in offspring with the elevated-plus maze (postnatal day 22). One female and one male offspring were used to
prevent cohort effects. Group differences in dam and offspring body weights and offspring elevated-plus maze behavior
were calculated with unpaired t-tests. During the infant stage, our results showed that stressed dams displayed a
significant decrease in their body weights relative to non-stressed dams (t(7) = 3.34, p = 0.01). Offspring from stressed
dams and non-stressed dams did not exhibit differences in body weight (t(16) = 0.13, p = 0.90). When looking at
offspring anxiety-like behavior in the elevated-plus maze, offspring from stressed dams revealed a significantly lower
amount of entries in the open arms relative to offspring from non-stressed dams (t(16) = 2.49, p = 0.03). Offspring from
stressed dams displayed no group differences in the time spent on the closed arm (t(16) = 0.74, p = 0.47). Together,
these findings indicate that maternal stress increases offspring anxiety-like behavior in infant offspring.
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Ghrelin Entry Into The Arcuate Nucleus Of The Hypothalamus Increases Following Chronic Stress
ANDREA SMITH, LINDSAY HYLAND, ALFONSO ABIZAID
Department of Neuroscience, Carleton University, Ottawa, ON, Canada
Ghrelin is a stomach-derived peptide hormone that increases food intake through the central activation of the growth
hormone secretagogue receptor (GHSR). Circulating ghrelin levels rise in response to chronic social stress, inducing
increased feeding and weight gain in mice. Ghrelin primarily functions in the brain to exert its orexigenic effects,
however, ghrelin movement into the brain is extremely limited due to the blood brain barrier. Notably, social stressors
have been found to increase permeability of the blood brain barrier. Chronic stress may increase the ability of peptide
hormones like ghrelin to enter the brain. We investigated the effect of chronic social defeat stress on ghrelin movement
into the brain in mice. Male mice underwent 21-days of chronic social defeat stress before being peripherally injected
with fluorescently labelled ghrelin, Cy5-ghrelin. The results showed that stress exposure increased Cy5-ghrelin
fluorescence in the arcuate nucleus of the hypothalamus, compared to non-stressed controls. Despite increased Cy5ghrelin accumulation in the arcuate nucleus, stressed mice did not exhibit changes to ghrelin movement in other brain
regions. Overall, the results suggest that increased food intake during stress may be facilitated by the increased ghrelin
accumulation in the arcuate nucleus.
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The Role Of Glp-1-Expressing Ppg Neurons In Modulating Anxiety-Like Behavior In Mice
NATALIA VALDERRAMA1, MARIE K. HOLT2, LINDA RINAMAN1
1Florida State University, Tallahassee, FL, United States, 2University College London, London, *, United Kingdom
Glucagon-like-1-peptide (GLP-1) robustly suppresses appetite. In addition, studies have shown effects on the
sympathetic nervous system, the hypothalamic-pituitary-adrenal axis, and on anxiety-like behaviors, suggesting a
potential role in mediating responses to stress. To investigate whether GLP-1 within the brain plays a role in modulating
stress responses, we used chemogentics to selectively manipulate the activity of GLP-1-expressing preproglucagon
(PPG) neurons in the caudal nucleus of the solitary tract (cNTS). Transgenic Glu-Cre/tdRFP mice (n=14) were
stereotaxically injected bilaterally into the cNTS with 200 nl of either AAV8-DIO-hM3Dq:mCherry (n=7) or AAV8DIO-mCherry (n=7). Following a three-week incubation period, anxiety-like behaviors were assessed in a battery of

behavioral tests following activation of PPG neurons with CNO (2mg/kg, 5ml/kg, i.p.). Time spent in the center of an
open field decreased by 71s (95% confidence interval [CI]: 29.3s,116s; p=0.016) and total distance decreased by 29.5m
(95%CI: 0.5m, 48.5m; p=0.035) in females, with no effect detected in males. When exposed to three different noise
startle intensities, CNO increased startle amplitude at the highest db level (effect size: 78.1mV, 95%CI:-2.31mV,
168mV) compared to saline in both sexes. CNO-induced PPG activation was insufficient to condition place avoidance.
These findings suggest that PPG neurons play a role in mediating behavioral stress responses in a sex-dependent
manner.
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Reciprocal Control Of Obesity And Anxiety&Ndash;Depressive Disorder Via A Gaba And Serotonin Neural
Circuit
GUOBIN XIA1, YONG HAN1, FANTAO MENG1, YANLIN HE1, DOLLADA SRISAI2, MONICA FARIAS1,
MINGHAO DANG3, RICHARD PALMITER4, YONG XU1, QI WU1
1

Baylor College of Medicine, Houston, TX, United States, 2Vanderbilt University School of Medicine, Nashville, TN,

United States, 3University of Texas MD Anderson Cancer Center, Houston, TX, United States, 4University of
Washington, Seattle, WA, United States
The high comorbidity between obesity and mental disorders, such as depression and anxiety, often exacerbates
metabolic and neurological symptoms significantly. However, neural mechanisms that underlie reciprocal control of
feeding and mental states are largely elusive. Here we report that melanocortin 4 receptor (MC4R) neurons located in
the dorsal bed nucleus of the stria terminus (dBNST) engage in the regulation of mentally associated weight gain by
receiving GABAergic projections from hypothalamic AgRP neurons onto a5-containing GABAA receptors and
serotonergic afferents onto 5-HT3 receptors. Chronic treatment with a high-fat diet (HFD) significantly blunts the
hyperexcitability of AgRP neurons in response to not only hunger but also anxiety and depression-like stimuli. Such
HFD-mediated desensitization reduces GABAergic outputs from AgRP neurons to downstream MC4RdBNST neurons,
resulting into severe mental dysregulation. Genetic enhancement of the GABAAR-a5 or suppression of the 5-HT3R
within the MC4RdBNST neurons not only abolishes HFD-induced anxiety and depression, but also robustly reduces
body weight by suppression of food intake. To gain further translational insights, we revealed that combined treatment
of zonisamide (enhancing the GABAAR-a5 signaling) and granisetron (a selective 5-HT3R antagonist) alleviates mental
dysfunction and yields a robust reversal of diet-induced obesity by reducing total calorie intake and altering food
preference towards a healthy low-fat diet. Our results unveil a neural mechanism for a reciprocal control of appetite and
mental states, which culminates in a novel zonisamide-granisetron cocktail therapy for potential tackling the psychosisobesity comorbidity.
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Determining Mechanisms Underlying Antipsychotic-Induced Hyperphagia Identifies Novel Regulators Of Food
Intake
RIZALDY ZAPATA, ALESSANDRA PORCU, DINGHONG ZHANG, OLIVIA OSBORN
University of California, San Diego, La Jolla, CA, United States
Antipsychotic (AP) drugs are highly efficacious treatments for psychiatric disorders but cause excessive weight gain and
subsequent development of metabolic disease. Increased food intake (hyperphagia) is the underlying driver of APinduced weight gain, although the specific mechanisms of action remain unknown. In a previous study, we identified a
hypothalamic transcriptional signature associated with APs-induced hyperphagia. Among the most significantly
upregulated genes by APs include the orexigenic peptide AgRP and the transcription factor nuclear receptor subfamily 5
group A member 2 (Nr5a2). Our chemical screen revealed that the antibiotic minocycline blocked both the induction of
Antipsychotic-Induced Gene eXpression Signature (APIGXS) and Olanzapine (OLZ)-induced hyperphagia.
The objective of this study was to determine the role of NR5a2 in AP-induced hyperphagia and weight gain. Methods:
Using a combination of genetic and pharmacological approaches, we investigated the role of Nr5a2 inhibition in
C57BL6 mice treated with APs. Results: Co-treatment of OLZ with Nr5a2 antagonist SR1848 resulted in significantly
reduced food intake compared with OLZ alone. Furthermore, hypothalamic levels of AgRP were significantly reduced
by co-treatment with SR1848. OLZ-induced food intake and body weight gain were specifically reduced by NR5a2
siRNAs delivered to the arcuate nucleus, compared with non-targeting- siRNA controls treated WT mice. In summary,
NR5a2 is a novel regulator of food intake and weight gain. Understanding and mitigating AP-induced weight gain is
important to prevent further exacerbation of the growing obesity epidemic and associated increase in prevalence of
metabolic disease.
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Glp-1 Receptor Agonism In The Interpeduncular Nucleus Decreases Opioid Reinstatement
RACHEL J. HERMAN1,2,3, KAEL RAGNINI2,3, YAFANG ZHANG2,3, HEATH D. SCHMIDT2,3
1Neuroscience

Graduate Group, Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA, United
States, 2Department of Biobehavioral Health Sciences, School of Nursing, University of Pennsylvania, Philadelphia,
PA, United States, 3Department of Psychiatry, Perelman School of Medicine, University of Pennsylvania, Philadelphia,
PA, United States
Fatal opioid overdose is a leading cause of preventable death in the United States. Uncovering the neural mechanisms of
opioid seeking will facilitate the development of novel treatments for opioid use disorder that may help to decrease or
prevent opioid overdose deaths. Our previous studies showed that systemic administration of the glucagon-like peptide1 receptor (GLP-1R) agonist Exendin-4 (Ex-4) decreased the reinstatement of opioid-seeking behavior, an animal model
of relapse, in rats. GLP-1Rs are expressed at high levels in the interpeduncular nucleus (IPN), a brain region that
regulates the mesolimbic dopamine system. Based on our pilot studies with systemic Ex-4, we hypothesized that
activation of GLP-1Rs in the IPN would attenuate opioid reinstatement. We trained rats to self-administer intravenous
oxycodone (0.06 mg/kg/infusion) or fentanyl (1.25 μg/kg/infusion) for 21 days on a fixed-ratio 5 schedule of
reinforcement. Drug taking was then extinguished by replacing the opioid solution with saline and turning off the
contingent light cue. After extinction, reinstatement of opioid seeking was assessed after an acute opioid priming
injection and re-exposure to conditioned light cues. Prior to each reinstatement test, rats were pre-treated with intra-IPN
infusions of vehicle or Ex-4 (0.01 or 0.1 µg). Our preliminary data show that intra-IPN infusions of Ex-4 dose-

dependently decrease drug + cue-induced reinstatement of opioid seeking. Overall, these results support a functional
role of IPN GLP-1R activation in Ex-4’s effect on opioid seeking and the use of GLP-1R agonists as a potential
treatment for opioid use disorder.
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A Receptor Pathway That Mediates Antipsychotic Drug-Induced Hyperphagia
LI LI1, EUN-SEON YOO2, JONG-WOO SOHN2, CHEN LIU1
1UT Southwestern Medical Center, Dallas, TX, United States, 2Korea Advanced Institute of Science and Technology,
Daejeon, *, Korea
The obesity epidemic has been associated with a substantial increase in the use (and abuse) of antipsychotic drugs
(APDs). Risperidone is one of the most prescribed APDs and can cause significant weight gain. However, the
underlying mechanism remains largely unknown. This is due in part to a lack of animal models that reproduce its
metabolic effects seen in human patients. To this end, we developed a mouse model that reliably recapitulates
risperidone-induced weight gain, adiposity, and glucose intolerance. We found that risperidone treatment acutely altered
multiple metabolic parameters and that hyperphagia was the primary cause of weight gain. To uncover the molecular
basis of risperidone-induced hyperphagia, we profiled the hypothalamic transcriptomes in risperidone-treated mice. Our
analyses identified ten genes whose expression directly responded to risperidone exposure. Among them, we found that
risperidone’s obesogenic effect depended on the melanocortin 4 receptors (MC4Rs) in Sim1 neurons. Moreover, these
receptors were also responsible for similar metabolic effects of olanzapine, another commonly prescribed APD. We
uncovered two mechanisms by which risperidone impairs central MC4R signaling. First, risperidone treatment reduced
hypothalamic Mc4r mRNAs before the onset of obesity. Second, whole-cell electrophysiology experiments
demonstrated that risperidone acutely inhibited Mc4r-expressing neurons via the opening of a postsynaptic potassium
conductance. Moreover, we showed that treatment with setmelanotide, an MC4R specific agonist, was effective in
mitigating metabolic syndrome in both risperidone- and olanzapine-fed mice. Meanwhile, it did not diminish
risperidone’s therapeutic efficacy in suppressing schizophrenia-like behaviors in mice.
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Unraveling The Role Of Amygdalar Glp-1 Signaling In Cocaine-Seeking Behavior
RILEY MERKEL1,2, KAEL RAGNINI1,2, RACHEL HERMAN1,2, YAFANG ZHANG1,2, HEATH SCHMIDT1,2
1Department of Biobehavioral Health Sciences, School of Nursing, University of Pennsylvania, Philadelphia, PA,
United States, 2Department of Psychiatry, Perelman School of Medicine, University of Pennsylvania , Philadelphia, PA,
United States
Preventing relapse and promoting abstinence remain the greatest challenges for treating cocaine use disorder(CUD).
Unfortunately, there are currently no FDA-approved pharmacotherapies to reduce the rate of cocaine relapse. Thus,
further exploration of the neurobiological mechanisms underlying relapse is critical for advancing novel approaches to
treating CUD. Activation of central glucagon-like peptide-1 receptors(GLP-1Rs) reduces the rewarding effects of drugs
of abuse and attenuates drug-seeking behavior during abstinence. However, the neural circuits mediating these effects
are not fully described. The central nucleus of the amygdala(CeA) is necessary for drug-related learning and the
reinstatement of cocaine-seeking behavior. We hypothesized that activation of GLP-1Rs in the CeA via I.C.
administration of the GLP-1R agonist Ex-4 would attenuate the reinstatement of cocaine-seeking behavior. Here, we
show that intra-CeA administration of Ex-4 dose-dependently attenuated the ability of an acute priming injection of
cocaine and drug-paired cues to reinstate cocaine seeking. To date, GLP-1R-expressing circuits in the amygdala have
not been characterized. Neural tracing and fluorescent in situ hybridization techniques were used to determine if GLP1R-expressing neurons in the CeA send monosynaptic projections to the bed nucleus of the stria terminalis(BNST). We
hypothesized that the BNST is a primary downstream target of CeA GLP-1R-expressing neurons due to its role in
withdrawal-mediated phenotypes. Preliminary data suggest that GLP-1Rs are expressed on a subset of neurons that
project from the CeA to the BNST. These findings establish a functional role of CeA GLP-1R signaling in cocaine
reinstatement and further support re-purposing GLP-1R agonists for treating CUD.
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Exendin-4 Pretreatment Decreases Aversive Taste Reactivity To Cue-Elicited Conditioned Opioid Withdrawal In
Rats.
MEGAN N. OLSEN, CODY FIELDS, BROOKE STOLTZFUS, PATRICIA S. GRIGSON
Penn State College of Medicine, Hershey, PA, United States
Background. We have hypothesized that avoidance of a drug-paired taste cue depends not only on devaluation of the
natural reward but also on the onset of a conditioned aversive state of withdrawal. To test this hypothesis, we first
established a model of conditioned withdrawal. We then used this model to assess aversive taste reactivity behavior (i.e.,
gapes) in response to intraoral delivery of a gustatory cue paired with opioid withdrawal and the effectiveness of a
glucagon-like peptide-1 receptor (GLP-1R) agonist in blockade of this conditioned state of withdrawal. Methods. Rats
were given an intraperitoneal (ip) injection of either saline (n=31) or 15 mg/kg morphine (n=33). Twenty-two h later,
saccharin was delivered one infusion/min/15 min to all rats via an intraoral (IO) cannula. Immediately thereafter, each
rat was ip injected with either saline (n=31) or 3 mg/kg naloxone (n=33). There were three such pairings. A test was
conducted the following day during which rats were pretreated with either saline (n=31) or 2.4 μg/kg exendin-4 (n=33)
twenty min prior to IO infusions. Aversive taste reactivity behavior was recorded and analyzed. Results. Rats treated
with morphine and, to a lesser extent, saline gaped significantly more when the saccharin taste cue was paired with
naloxone than when it was paired with vehicle. The average number of gapes to saccharin paired with naloxone (72 ± 21
gapes) was significantly reduced in morphine-treated rats that were pretreated with the GLP-1R agonist, exendin-4 (14 ±
10 gapes). Conclusions. These data show that rats with a history of morphine exposure exhibit aversive taste reactivity
during cue-elicited opioid withdrawal and that this aversive taste reactivity behavior can be blocked by pretreatment
with the satiety agent, exendin-4.
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Effects Of Morphine And Mitragynine On Unconditioned Intake Of Food And Water In Rats
Julio D. Zuarth Gonzalez1, Francisco Leon2, Marco Mottinelli2, Christopher R. McCurdy2,3, Lance R. McMahon1,
Guillaume DeLartigue1, Takato Hiranita1
1Department of Pharmacodynamics, Gainesville, FL, United States, 2Department of Medicinal Chemistry, Gainesville,

FL, United States, 3Translational Drug Development Core, Clinical and Translational Sciences Institute, Gainesville,
FL, United States
Amidst the current opioid public health crisis, compounds of interest have emerged in efforts to tackle the opioid
epidemic. Kratom (Mitragyna Speciosa) and associated commercial products are used to self-treat a plethora of ailments
including pain and opioid dependence. Among various constituents in kratom, mitragynine is the primary alkaloid. Both
mitragynine and opioids produce a dose-dependent decrease in the rate of conditioned responding for food. The aim of
the current study was to assess the effects of acute administration of mitragynine and morphine on unconditioned intake
of food and water. Methods: 16 Sprague-Dawley rats received morphine and mitragynine (each, 1.78, 5.6, 17.8, 56
mg/kg, IP) while ad libitum food and water intake were constantly monitored using an automated system beginning at
dark onset. Results: Both morphine and mitragynine showed a biphasic dose effect for food, in which low doses
increased food intake, whereas higher doses decreased food intake. Interestingly, all doses tested of morphine decreased
water intake, however, most doses of mitragynine increased water intake with the exception of (56 mg/kg). Conclusion:
High doses of both morphine and mitragynine appear to disrupt unconditioned food and water intake. Lower doses of
the drugs stimulate food intake but produce differential effects on water intake. These data suggests that different
mechanisms might be orchestrating the opposing effects of morphine and mitragynine on water intake.
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Capturing Daily Patterns In Appetite Using Ecological Momentary Assessment: A Feasibility Study
REBECCA L. ELSWORTH1, ELANOR C. HINTON2, JULIAN P. HAMILTON-SHIELD2, NATALIA S.
LAWRENCE3, JEFFREY M. BRUNSTROM1
1

Nutrition and Behaviour Unit, School of Psychological Science, University of Bristol, Bristol, *, United Kingdom,
Institute for Health Research, Bristol Biomedical Research Centre Nutrition Theme, University of Bristol,

2National

Bristol, *, United Kingdom, 3Department of Psychology, University of Exeter, Exeter, *, United Kingdom
Laboratory based appetite measures are limited in duration and often it would be helpful to understand how a weight
loss intervention impacts appetite over several days. This feasibility study explored whether ecological momentary
assessment (EMA) is a useful tool to capture daily patterns in appetite. Participants (n= 25, 4 male, mean age= 25.1,
SD= 9.8, mean BMI= 22.8, SD= 3.7) received text message EMA prompts every two hours from 0800 to 2200 on two
consecutive weekdays. EMAs explored appetite in the current moment, including visual analogue scales and a portion
size task to measure prospective food consumption (PFC). At 95%, overall compliance was higher than the minimum
criterion in EMA research with 87% of responses initiated within 30 minutes. Participants found the EMA protocol
acceptable, with 83% reporting EMAs had a little or no interference with their daily life and over 95% rating the
quantity and duration of EMAs as ‘completely’ or ‘very’ acceptable. Suggestions for improvement included individually
tailoring the start and end time of the EMA schedule to fit with daily routines. Area under the curve was significantly
positively correlated (n= 21) between day one and two for hunger (r= .509, p= .019), desire to eat (r= .487, p= .025) and
PFC (r= .963, p<.001), but not for fullness (r= .169, p= .463). Daily appetite peak minus trough was significantly
positively correlated (n= 25) between day one and two for hunger (r= .431, p= .032), fullness (r= .450, p= .024), desire
to eat (r= .447, p= .025) and PFC (r= .581, p= .002). In conclusion, this EMA protocol is an acceptable and useful tool
to investigate momentary appetite in real life. These findings will inform development of an EMA study to explore
changes in appetite during and after intermittent fasting.
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Consistency Of Meal Microstructure In Youth
BARI A. FUCHS1, ALAINA L. PEARCE1, KATHLEEN L. KELLER1, DIANE GILBERT-DIAMOND2, DAVID
KOTZ3, TRAVIS D. MASTERSON1
1The Pennsylvania State University, University Park, PA, United States, 2Dartmouth Geisel School of Medicine,
Hanover, NH, United States, 3Dartmouth College, Hanover, NH, United States
Eating behaviors within a meal (e.g., bites), termed meal microstructure, have been used to understand the control of
food intake, however, the stability of within-meal microstructure patterns is unclear. Therefore, we examined patterns of
cumulative bites and inter-bite-intervals (IBIs) within video-recorded ad libitum meals (mac and cheese, apples, carrots)
consumed by 14 healthy youth (4-17 yrs) enrolled in a 3-session repeated-measures study (n=9 completed >1 meal). To
test if meal microstructure patterns were consistent across meals regardless of meal duration, we examined behaviors
according to percent of meal elapsed. For each meal, cumulative bites and average IBIs were sampled every 10% of the
meal, with IBI defined as the time from the end of one bite to the start of the next. To test the hypothesis that meal
microstructure patterns are more similar within-person (WP) than between-person (BP), cumulative bite and IBI
patterns were compared across meals using root mean squared error (RMSE). RMSE for cumulative number of bites
was lower WP (mean(sd) = 7.5(9.5) bites) than BP (mean(sd) = 15.8(4.7) bites). Further, RMSE for IBIs was lower WP
(mean(sd) = 6.2(7.6) seconds) than BP (mean(sd) = 7.9(4.3) seconds). Individually, RMSE was lower WP than BP in
89% (n=8) and 78% (n=7) of youth for cumulative bites and IBIs, respectively. Results suggest that patterns of
cumulative bites and IBIs are more similar across meals consumed by the same youth relative to meals consumed by
different youths. These data provide initial support for the hypothesis that patterns of meal microstructure are consistent
in youth. Future research should assess the stability of these measures in larger samples and determine how they relate
to individual differences (e.g., age, energy intake).
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Taste Detection Thresholds And Liking For Foods During Pregnancy.
LORI A. HATZINGER, XIAOZHONG WEN, JENNIFER L. TEMPLE
University at Buffalo, Bufflo, NY, United States
BACKGROUND: During pregnancy, eating behaviors change due to changes in nutrient needs, food preferences, and
pregnancy-related nausea. Studies have found during pregnancy women connect nausea and aversions to foods. We
measured taste detection thresholds, pregnancy-unique quantification of emesis (PUQE) and liking of a specific food.
We hypothesize that taste sensitivity and PUQE score is inversely related to liking of foods. METHODS: Participants
were women between 12–28 weeks of gestation (n=59). During each trimester, we collected anthropometrics and
hedonic ratings of 6 LED and 6 HED foods. Taste detection thresholds were assessed for sucrose, NaCl, citric acid,
quinine, and dairy fat using a triangle test and staircase procedure. Nausea was measured using the PUQE scale. We

used linear mixed models to examine the relationship between variables. RESULTS: When interacting taste detection
thresholds and PUQE score, we found an inverse relationship between sucrose detection and liking of both baby carrots
(p=.017) and apple slices (p=.008) over time. We found an inverse relationship between NaCl detection and liking of
baby carrots (p=.037) and a positive trend with liking of skittles (p=.069). An inverse relationship between citric acid
detection and liking of sugar snap peas (p=.006) was also observed over time. CONCLUSTIONS: This data shows that
there is a relationship among taste sensitivity, nausea and liking of certain foods throughout pregnancy. This work could
give insight into factors that influence diet quality.
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Characteristic Context Of Soda Consumption: An Exploratory Study Based On Self-Reported Memories Of
Recent Eating Episodes
ANTONIO LAGUNA-CAMACHO
Autonomous University of the State of Mexico, Toluca, *, Mexico
Consuming sweetened beverages like soda is a dietetic pattern related to chronic illnesses. Identifying the context that
configures episodes of soda consumption could inform strategies for decreasing the frequency of this behaviour. This
study explored memories of episodes of soda or water consumption carried out over the preceding seven days by adults.
For each episode participants reported place, people present, type of episode and consumed foods. Categories were
formed for each reported contextual factor and food. Entering the elicited categories into logistic regression showed that
consuming cake/cookies, savoury snacks, sweets, fast food or typical fried food out of the home was associated with
higher probability of consuming soda, and that consuming fruits, meat or salad/vegetables at home was associated with
higher probability of consuming water. Hence soda consumption seems a marker of unhealthy eating that relates
possibly to broad distribution of soda and other high-calorie food in localities.

P84

Characterization Of Cumulative Intake Curves From Bite Data: A Comparison Of A Quadratic And A Novel
Model
ALAINA L PEARCE1, TIMOTHY R BRICK2
1

Department of Nutritional Sciences, Pennsylvania State University, University Park, PA, United States, 2Department of
Human Development and Family Studies, Pennsylvania State University, University Park, PA, United States
Dynamic patterns of behavior within a meal, termed meal microstructure, have been associated with energy intake,
weight status, and dysregulated eating. Meal microstructure can be characterized using cumulative intake curves (CIC),
traditionally assessed using continuous measurement of amount consumed over the course of a meal and characterized
using a quadratic model. A first-principles model proposed by Thomas et al., (2017), which we term the logistic
ordinary differential equation (LODE) model, has 3 strengths over the quadratic model: 1) it can simultaneously capture
both stimulation and satiation phases of eating; 2) the predicted curve asymptotes at total intake, while the quadratic
model’s inverted-U shape predicts eventual decline; and 3) model parameters are orthogonal, each capturing unique
information about the CIC. Therefore, we compared the LODE and quadratic models in a simulation study. Further, we
tested whether models could fit CICs using only total intake and bite timings (e.g., from meal video coding), which
would expand applicability to multi-item meals and studies outside the laboratory. Both models showed good parameter
recovery and similar model fit, as assessed via root mean squared error of predicted cumulative intake after each bite.
However, the LODE parameters were more distinct and had narrower confidence intervals. LODE’s theta parameter was
strongly correlated with the quadratic model’s linear and quadratic coefficients, whereas LODE’s r carried unique
information not described by the quadratic model. While the LODE model needs to be empirically validated, these
results are promising. Further, these results suggest CICs can be estimated from total intake and video-coded bite data,
expanding the contexts in which CIC’s can be estimated.
P85

Actual Beverage Intake Is Predicted By A Virtual Portion Creation Task
TAMIMA SULTANA1,2, JEON D HAMM2,3, JEANINE ALBU2, BLANDINE LAFERRèRE4, SUBHASH KINI5,
JANY DOTEL2, JEFFREY M BRUNSTROM6, HARRY R KISSILEFF2
1Barnard College, Columbia University, New York, NY, United States, 2Division of Endocrinology, Department of
Medicine, Mount Sinai Morningside Hospital, New York, NY, United States, 3Institute of Human Nutrition, Columbia
University Irving Medical Center, New York, NY, United States, 4New York Nutrition Obesity Research Center,
Columbia University Irving Medical Center, New York, NY, United States, 5Institute of Bariatric and Minimally
Invasive Surgery, Mount Sinai Morningside Hospital, New York, NY, United States, 6University of Bristol, Bristol, *,
United Kingdom
‘Virtual’ measures of beverage differed significantly across drinking contexts (Sultana
BFDG 2021). Here, the aim was to determine whether this portion-creation task can
predict actual intake, such that matched actual and virtual contexts are correlated
(convergent validity), and that unmatched contexts are not (divergent validity). Bariatric
surgery candidates (N=43, BMI=44.2±5.7 kg/m2, 6% male) and normal-weight controls
(N=31, BMI=22.3±1.7 kg/m 2 ,10% male) created virtual portion sizes of eight beverages
(chocolate and vanilla shakes, diet and regular soda, milk, beer, Ensure ® , and water)
under ‘satisfied’ (to feel comfortable) and ‘maximum’ (maximum tolerated) contexts.
Participants were instructed to eat chocolate ensure to capacity (“eaten so much I can’t
go on") and were interrupted at 150-g increments to rate how much they felt they had
eaten. For patients, intake at satiation (Sa, the amount that corresponded with the rating
“feel comfortably satisfied”), correlated with their comfortably satisfied portion (Co)
(b=0.66, r²=0.16, p=0.02), and intake at capacity (Ca) correlated with maximum portion
(M) (b=0.45, r²=0.13, p=0.018). Patients’ and controls’ intake at capacity did not
correlate with comfortably satisfied portion. For controls, maximum portion correlated
with intake at capacity (b=0.71, r²=0.31, p=0.003) as well as with intake at satiation
(b=0.51, r²=0.30, p=0.01), but comfort portion did not correlate with either. Thus, for
patients, matched pairs (Sa-Co, Ca-M) were significant and unmatched pairs (Sa-M,
Ca-Co) were not, while for controls, one matched pair was significant and one

unmatched pair was not. VPCTs for beverages are valid and specific proxies of
beverage intake for patients but are only partially valid for controls.
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Temperament, Eating And Weight Outcomes In Young Children: An Updated Systematic Review Of The
Literature
SARA TAURIELLO1, KAMERON MODING2, NELL ARONOFF3, ELIZABETH KUBINIEC1, STEPHANIE
ANZMAN-FRASCA1,4
1

Department of Pediatrics, Jacobs School of Medicine and Biomedical Sciences, University at Buffalo, Buffalo, NY,
United States, 2Department of Human Development and Family Studies, Purdue University, West Lafayette, IN, United
States, 3University Libraries, University at Buffalo, Buffalo, NY, United States, 4Center for Ingestive Behavior
Research, University at Buffalo, Buffalo, NY, United States
Childhood obesity remains a major global health challenge. Weight outcomes have been linked with child temperament,
defined as individual differences in reactivity and self-regulation. The current systematic review aims to provide an
updated summary of the evidence linking temperamental negative reactivity, surgency, and regulation superfactors to
early childhood feeding, eating, and weight outcomes. PubMed, PsycINFO and Embase databases, as well as scientific
meeting programs, were searched using keywords and subject headings. Publication dates were limited to 2012-2019 to
capture work completed since prior related reviews. Identified studies were eligible if they included children ages 0-5
years, a measure of child temperament, and a measure of either parent/caregiver feeding, child eating, or child weight.
7,113 articles and abstracts were identified and 143 were analyzed. Links between the overarching negative reactivity
superfactor and outcomes of interest were largely non-significant. Examination of specific negative reactivity
dimensions indicated that elevated emotionality, distress to limitations and difficult temperament were linked to
nonresponsive caregiver feeding practices and maladaptive child eating behaviors. In contrast, fear, sadness and
irritability were largely unrelated to child feeding, eating, or weight outcomes. Within the negative reactivity
superfactor, dimensions of emotionality, distress to limitations and difficult temperament were most strongly linked to
early childhood feeding, eating and weight outcomes. Breakdown by study quality and design, as well as parallel
findings for surgency and regulation will also be presented. Findings can inform the development of tailored efforts to
promote healthy eating and growth throughout childhood.
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Studying Modeling Of Food Intake During A Global Pandemic
LENNY R. VARTANIAN, SARAH A. RUBENSTEIN
UNSW Sydney, Sydney, *, Australia
People eat more when eating with someone who eats a lot, and eat less when eating with someone who eats very little.
This modeling effect is well-documented, but is based on situations in which the other people behave in a consistent
way, thus providing a clear norm. We were interested in the impact of more variable norms on people’s food intake.
Unfortunately, studying social influences on food intake during a global pandemic can be challenging when labs are
closed and people are not allowed to leave their homes. Thus, to address our research questions, we devised a novel
online task that would allow us to assess the impact of variable social-normative information on food-related decisions.
In three studies (total N = 1,042), female participants viewed an animation showing 10 other people (supposedly
previous participants) select the number of cookies they wanted for a snack, and participants then indicated how many
cookies they themselves would choose for a snack. The key manipulation related to how consistent or variable the
choices of those previous participants was. As with laboratory-based research on modeling of food intake, when there
was a clear norm, participants’ cookie selection adhered to the norm. When there was a small number of “dissenters”
whose responses were in contrast to the norm set by the majority, participants’ cookie selection still conformed to the
behavior the majority. It was only when the behavior of previous participants was highly variable that participants
behaved as if there was no norm. These findings highlight the power of social norms related to food decisions by
demonstrating that, except in extreme cases, people use the available information to discern a social norm that then
influences their behavior.
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Evaluation Of Autonomous Adolescent Eating Behaviors Through Ecological Momentary Assessment
AMANDA M ZIEGLER1, LORI A HATZINGER2, TEGAN H MANSOUR2, RACHEL A BARICH2, VICTORIA
KRASTEV2, JENNIFER L TEMPLE1,2
1Department of Community Health and Health Behavior, University at Buffalo, School of Public Health and Health
Professions, Buffalo, NY, United States, 2Department of Nutrition Sciences, University at Buffalo, School of Public
Health and Health Professions, Buffalo, NY, United States
Adolescence is marked by a shift from dependence on parents to establishment of eating autonomy. However, research
has yet to ecologically capture adolescents’ autonomous food choice behaviors across various environmental and social
contexts. The purpose of this study was to use ecological momentary assessment (EMA) to observe adolescents’ (1217y) autonomous food choice behaviors. A sample of adolescents (stratified by age/sex) completed baseline surveys and
7d of event and signal contingent EMA surveys via their personal smart phone. The EMA survey captured foods
consumed, selection rationale, eating company, eating location, independent food purchasing, and food preparation
behaviors. In this analysis, EMA responses were aggregated across n=47 respondents and descriptive statistics applied,
using Chi-square tests to examine categorical differences. The survey completion rate was 87%, capturing 1009 eating
occasions (EO) across meals (65.3%), snacks (30.4%), and drinks (4.3%). Adolescents selected their foods 73.5% of the
time, however this rate differed by EO with significantly less control during meals (64.6%) compared to snacks
(89.6%)/drinks (95.3%). Availability was the most common choice factor, followed by convenience, craving, and taste.
Nearly 80% of meals and 82% on snacks were consumed in the home. Adolescents ate meals alone less often (21.5%)
than snacks (38.1%), with friends present during 16% of meals and 29% of snacks. Adolescents cooked 26.4% of their
own meals and 38.6% of snacks, but only spent their money on food in 6% of EOs. Adolescents have a range of control
over their eating behaviors across locations and eating occasions. Future analysis will look at time series EMA patterns
and consider differences in behavior based on sex and age group.
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Vlm Ca/Npy Neuron Projections To The Perifornical Lateral Hypothalamus Mediate Feeding During

Glucoprivation.
PIQUE P. CHOI, KAYLA DILWORTH, QING WANG, LYNNE BRENNER, A.J. LI, SUE RITTER
Department of Integrative Physiology and Neuroscience, Washington State University, Pullman, WA, United States
Glucoprivic feeding is one of several counter-regulatory responses that facilitate restoration of euglycemia following
acute glucose deficit (glucoprivation). Prior work from our lab established that glucoprivic feeding requires ventrolateral
medullary (VLM) catecholamine (CA) neurons that co-express neuropeptide Y (NPY). However, the connections by
which VLM CA/NPY neurons trigger increased feeding are uncertain. Past work in our lab demonstrated that VLM
A1/C1 CA neurons activate perifornical lateral hypothalamus (PeFLH) neurons during glucoprivation. We therefore
hypothesized that NPY co-expressed by the VLM CA neurons elicits glucoprivic feeding by activating the PeFLH
neurons. To investigate the involvement of a VLM-to-PeFLH NPY pathway in gluoprivic feeding evoked by 2-DeoxyD-glucose (2DG), we used the ribosomal toxin conjugate, NPY-saporin (NPY-SAP) to selectively lesion NPY receptorexpressing neurons in the PeFLH of male rats. Next, to examine the subtypes of NPY receptors involved in the VLM-toPeFLH signaling, we pharmacologically blocked NPY receptors in the PeFLH during chemogenetic activation of VLM
A1/C1 CA neurons in transgenic TH-Cre+ rats. We found that NPY-SAP destroyed significant numbers of PeFLH
orexin neurons, but not PeFLH melanin-concentrating hormone neurons. The PeFLH NPY-SAP lesions attenuated 2DGevoked feeding but did not attenuate 2DG-evoked sympathoadrenal hyperglycemia. Finally, antagonism of PeFLH NPY
receptors attenuated feeding evoked by chemogenetic activation of VLM CA neurons. We conclude that a VLM CA
neuron projection to the PeFLH is necessary for glucoprivic feeding, and that feeding evoked by activation of this
pathway is mediated by NPY.
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High Fat Diet Feeding Blunts Agrp Neuron Response To Cold
Jennifer Deem, KAYOKO OGIMOTO, BAO ANH PHAN, SHANNON HU, MICHAEL SCHWARTZ, GREGORY
MORTON
University of Washington, Seattle, WA, United States
To defend energy homeostasis in the cold requires energy expenditure (to support thermogenesis) and energy intake
increase, enabling core temperature to be maintained with no change to body fat stores. When acutely housed at a mild
cold (14°C), mice increase both food intake and heat production rapidly (~minutes), and these responses occur in
parallel. We hypothesized a role for Agouti-related peptide (AgRP) neurons in this response and find their activity is
regulated by thermal sensory input, and they increase activity, measured by Fos induction and fiber photometry, upon
cold sensation. By inhibiting AgRP neurons during acute cold exposure, we also find this increase in AgRP neuron
activity is required for the hyperphagic response to cold. Recent evidence finds high-fat diet (HFD) feeding reduces
AgRP neuron responsiveness to gastric hormones and standard chow diet presentation, and we hypothesized that their
response to cold might also be blunted. We find that although 12-week HFD-fed mice exhibit intact thermogenic
responses to cold and defend a normal core body temperature, they fail to increase energy intake and consequently
experience weight loss not observed in chow-fed controls. To investigate whether HFD-feeding disrupts thermal
regulation of AgRP neuron activity, using Agrp-Cre/GFP marker mice, we find acute cold exposure rapidly induces Fos
(a marker of neuronal activation) in chow-fed mice, but this response is lacking in HFD-fed mice. This effect is
corroborated by a failure to increase hypothalamic Agrp mRNA even after five days of mild cold exposure. Further
testing will determine how the food intake response to cold has become uncoupled from other thermoregulatory
responses following HFD.
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The Sex-Dependent Role Of Lateral Hypothalamus Orexin Neurons In Learning And Memory
Brianna L. Pomonis1,2, Vijaya Mavanji1,2, Catherine M. Kotz1,2
1Department of Integrative Biology and Physiology, University of Minnesota, Minneapolis, MN, United States,
2

Geriatric Research, Education, and Clinical Center, Minneapolis VA Health Care System, Minneapolis, MN, United
States
Lateral hypothalamus (LH) orexin neurons are implicated in energy expenditure, feeding, and cognition. Earlier studies
showed orexin dysfunction impairs memory in orexin-ataxin mice, and that female mice have higher expression levels
of LH orexin receptors. Based on these findings, we hypothesized firstly, that stimulation of orexin neurons improves
cognitive function in mice; secondly, that orexin stimulation would decrease body weight and food intake; and lastly,
that female mice are more sensitive to the memory-enhancing effect of orexin. We manipulated orexin tone by
chemogenic activation of LH orexin neurons in 18-mo.-old orexin-cre mice (N=8). Mice were prepared with a
stimulatory designer receptors exclusively activated by designer drugs (DREADD) virus in the LH, recovered for 3
weeks to allow virus transfection, and randomly assigned to saline or clozapine N-oxide (CNO, DREADD activator)
treatment. Mice were then trained for cognitive testing using Barnes maze, contextual object recognition (CORT), and
two-way active avoidance (TWAA). Following training, mice received CNO or saline and were tested for learning and
memory 24 hours later. In a separate study, food and body weight were recorded 48 hours after treatment. Activation of
LH orexin neurons increased CORT discrimination index in female mice, reduced TWAA latency in male mice, and
increased number of TWAA escapes in male mice. No significant differences were found in food and body weight
between treatment groups. Orexin activation improved cognitive performance without significantly changing food
intake or body weight, suggesting these cognitive changes are not dependent on energy metabolism. Improvement on
different tests after orexin stimulation suggest types of cognition enhanced by orexin varies by sex.
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Transcriptomic And Functional Characterization Of Novel Obese Bardet-Biedl Syndrome Mouse Unravels GutBrain Metabolic Dysregulations And Potential Therapeutics
ARASHDEEP SINGH1, NAILA HAQ2, SHELBY LUCKEY1, SAMIRA MANSOURI1, HIMANSHU GOGOI1,
KATELYN ROURK1, LEI JIN1, SOFIA CHRISTOU-SAVINA3, GUILLAUME DE LARTIGUE1
1University of Florida, Gainesville, FL, United States, 2King's College London, London, *, United Kingdom,
3University

College London, London, *, United Kingdom

Bardet-Biedl syndrome (BBS) is a ciliopathic genetic disorder characterized by obesity, diabetes, and cognitive
impairment. BBS genes are critical for primary cilia function and receptor transport; however, whether mutations in
these genes disrupts hormone signalling that may explain the symptomatic mechanisms remains unclear. Methods: We

developed a new BBS5 knockout mouse (BBS5-/-) and evaluated for BBS symptoms compared to wildtype littermates
from 5 to 20 weeks of age (n=6-12/strain/gender) fed chow diet. To unravel underlying BBS phenotype mechanisms, we
performed immunophenotying of fat tissue and unbiased transcriptomics of the hypothalamus. Results: We discovered
that both male and female BBS5-/- mice exhibit all the classic symptoms observed in BBS patients, including
hyperphagia, cognitive impairments, glucose, and insulin intolerance, and 4-fold increase in fat mass on chow diet
compared to wildtype mice (p<0.001). BBS5-/- mice have increased proinflammatory macrophages and decreased
regulatory T-cells in the adipocytes suggestive of chronic inflammation as implicated in obesity. Hypothalamic
transcriptomics revealed disruption of key critical endocrine receptors in BBS5-/- mice. Confirming the predicted
neuroendocrine dysfunction, feeding experiments revealed resistance to both leptin and cholecystokinin (p>0.05), in part
explaining overeating in BBS5-/- mice. The receptor for the glucagon-like-peptide-1 (GLP1) was uniquely found to be
upregulated in the hypothalamus of BBS5-/- mice (p<0.001). Pharmacological administration of GLP1 receptor agonist
reduced food intake and body weight. Conclusion: BBS5-/- mice are a valuable new translational tool that provides a
proof-of-concept to test GLP-1 receptor-based therapeutic strategies for Bardet-Biedl syndrome.
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The Involvement Of Serotonin Projections From Dorsal Raphe To Paraventricular Thalamus In The Regulation
Of Food Intake
QIYING YE, XIAOBING ZHANG
Florida State University, Tallahassee, FL, United States
Although the central serotonin (5-HT) system has been known for the regulation of food intake, the specific 5-HT
projections in the control of feeding remain to be revealed. 5-HT axons have been found in the paraventricular thalamus
(PVT), a brain area that was recently reported to play a critical role in the regulation of feeding motivation and food
intake. However, it remains unknown whether PVT-projecting 5-HT neurons exert functional regulation on PVT
neurons for the control of food intake. Here, we used slice patch-clamp recordings and optogenetics to study the
functional role of PVT 5-HT signaling. Our results indicate that 5-HT depolarized PVT neurons through directly
activating 5-HT7 receptors in PVT neurons and disinhibited these neurons through depressing GABAergic
transmissions from zona incerta (ZI). In mice with intermittent high-fat high-sugar (HFHS) diets, the 5HT-induced
inhibition on ZI-PVT GABA transmissions was significantly impaired. Furthermore, we found that photostimulation of
PVT 5-HT axons excited PVT neurons in slices of Sert-Cre mice. Using patch-clamp recordings together with
retrograde tracers to target PVT-projecting dorsal raphe neurons, we found that food deprivation decreased the activity
of PVT-projecting dorsal raphe neurons. Together, our findings confirm that 5-HT signaling and PVT-projecting 5-HT
neurons regulate the activity of PVT neurons as well as ZI-PVT GABA transmission. Both the response of PVTprojecting 5-HT neurons to the energy states and intermittent HFHS diet-induced impairment in 5-HT inhibition of ZIPVT GABA transmission support the involvement of PVT-projecting 5-HT neurons in the regulation of food intake. In
future studies, we will focus on PVT-projecting 5-HT neurons for their role in the regulation of feeding behavior.
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Anatomical Mapping Of Collateralized Axonal Projections From Glucagon-Like Peptide (Glp1) Neurons That
Innervate The Paraventricular Nucleus Of The Hypothalamus (Pvn) And/Or Anterior Ventrolateral Bed Nucleus
Of The Stria Terminalis (Avlbst)
HUIYUAN ZHENG, VALENTINA SALAZAR, NATALIA VALDERRAMA, LINDA RINAMAN
Florida State University, Tallahassee, FL, United States
GLP1 neurons in the caudal nucleus of the solitary tract (cNTS) and intermediate reticular zone (IRt) project widely to
brain regions that regulate ingestive and other motivated behaviors. While the distribution of axons arising from GLP1
neurons is well established in rodents, it is unclear whether GLP1 neurons in the cNTS and IRt target the same brain
regions, and whether axons of individual GLP1 neurons collateralize to multiple targets. The present study addressed
these questions using our newly established Sprague Dawley Cre-driver rat model (i.e., Gcg-Cre). Two Cre-dependent,
retrogradely transported AAVs expressing distinct fluorophors (i.e., AAVrg-EF1a-DIO-hChR2:mCherry, or :EYFP)
were microinjected stereotaxically into the PVN and ipsilateral avlBST to label cell bodies and axon collaterals of GLP1
neurons innervating one or both sites. Rats were perfused 3-4 wk later, and sections processed to enhance fluorophore
detection. GLP1 inputs to PVN and avlBST arose from both the cNTS and IRt, and subsets of neurons in both hindbrain
locations were double-labeled. Axon collaterals arising from PVN- and/or avlBST-projecting GLP1 neurons were
observed in multiple brainstem, mesencephalic, diencephalic and telencephalic regions. Some regions (e.g., supraoptic
nucleus) contained predominantly double-labeled axons, whereas others (e.g., amygdala) contained mostly singlelabeled axons. Our emerging anatomical maps will reveal how GLP1 neurons within the cNTS and IRt contribute to
regionally-organized neural circuits associated with endocrine, autonomic, and behavioral control systems.
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Effects Of A Grocery Shopping Intervention On Purchases Among Adults Diagnosed With Or At Risk For Type
2 Diabetes
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United States, 2Center for Ingestive Behavior Research, University at Buffalo, Buffalo, NY, United States, 3Department
of Community Health and Health Behavior, School of Public Health and Health Professions, University at Buffalo,
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Introduction: Dietary approaches are recommended for type 2 diabetes prevention and management, but modern
environments pose challenges to following a recommended diet. The goal of this study was to test approaches informed
by behavioral economics to promote healthier grocery shopping among adults diagnosed with or at risk for type 2
diabetes. Methods: Adults (n=65, 84.4% female, mean age 53.2 years) diagnosed with or at risk for type 2 diabetes, who
typically grocery shopped in person, were given recipes consistent with a diabetic diet and randomly assigned to 1 of 3
groups: Control (grocery shopping in person), Online (shopping with Instacart), or Defaults (shopping with a pre-loaded
Instacart with items corresponding to provided recipes). During the 5-week study, participants shopped as usual in Week
1 (pre-test), shopped in accordance with their study group during Weeks 2-4 (intervention), and shopped as they liked in

Week 5 (post-intervention). We used general linear models to examine study group effects on calories, carbohydrates,
and sugar purchased using post-intervention receipt data (n=60). Results: The overall effect of study group on grocery
purchases post-intervention was not significant. However, when comparing purchases in the Defaults group vs. the other
two groups, there was evidence of lower calorie and lower carbohydrate purchases in the Defaults group (Cohen’s
d=.40). Discussion: Findings suggest potential impacts of the Defaults intervention on the energy and carbohydrate
content of grocery purchases post-intervention, highlighting the potential to leverage behavioral economics approaches
to facilitate dietary changes among adults at risk for or diagnosed with type 2 diabetes.
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Orthorexia Nervosa And Healthy Orthorexia In A Physically Active North American Population
JENNIFER L BRODOCK1,2, TRAVIS D MASTERSON3, HELENE HOPFER1,2, JOHN E HAYES1,2
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As defined by the Teruel Orthorexia scale (TOS), Orthorexia Nervosa (OrNe) is a pathological fixation on a healthy diet,
while Healthy Orthorexia (HeOr) is an interest in a healthy diet independent of psychopathology. The aim of this study
was to a) assess both types of Orthorexia using the TOS in a North American sample, and b) to explore if engagement in
regular physical activity is associated with a greater risk of Orthorexia. Here, a cohort of physically active adults
(n=927; 41% men) completed the TOS, and the Rapid Assessment of Physical Activity (RAPA), which is used to assess
aerobic activity level and participation in strength training and/or flexibility training, as part of a larger study on
consumer behavior. The TOS has two related but distinct subscales, Healthy Orthorexia (HeOr) and Orthorexia Nervosa
(OrNe). As expected, scores for HeOr and OrNe differed between our participants, with lower scores for Orthorexia
Nervosa in our sample. Individuals reporting participating in more aerobic physical activity had higher HeOr scores,
with the most active men having the highest scores. Notably, participants who reported regularly participating in
strength training had higher scores for both HeOr and OrNe, with men who strength train showing higher OrNe scores
than women. In addition, we found higher HeOr scores were associated with a lower BMI, and this finding was
significant in both men and women. Collectively, our data demonstrate the utility of the TOS in a physically active,
gender balanced, age diverse North American sample. Measures of Orthorexia were associated with self-reported
physical activity. Specifically, those who participate in regular strength training are more likely to exhibit orthorexic
behaviors, and this effect was more pronounced in men than women.
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Does Micronutrient Composition Influence Food Choice In Humans?
Jeffrey Brunstrom1, Mark Schatzker2
1University of Bristol, Bristol, *, United Kingdom, 2Modern Diet and Physiology Research Centre, affiliated with Yale
University, New Haven, CT, United States
The prevailing view is that humans solve the problem of meeting micronutrient requirements solely by preferring and
consuming a varied diet. However, despite a body of empirical findings indicating that food choice in animals is guided
by micronutrients, it remains unclear whether this is also true for humans. In response to this challenge, we developed
an approach that derives evidence from patterns of choices across a range of foods. In two studies (Study 1, N= 45;
Study 2, N= 83) adults selected one of two pairs of fruits and vegetables in a series of trials (N= 210). Consistent with
variety seeking, they preferred ‘varied’ over ‘monotonous’ pairs (same-food pairs were less attractive). However, and
even after controlling for explicit nutritional knowledge (Study 2) and food energy density (Study 1 and 2), we observed
a significant tendency to select pairings that offered; i) greater total micronutrient intake and ii) greater ‘micronutrient
complementarity’ (MC), i.e., a broader range of micronutrients. In a separate analysis, a similar pattern was observed in
two-component meals (e.g., steak and fries) drawn from a large national nutrition survey in the UK (1086 records).
Specifically, the MC of these meals was greater than would be predicted by chance (p<.0001) and when a meal provided
an excess of micronutrients (>100% daily recommended amount) then this occurred less often than by chance
(p<.0001), i.e., ‘micronutrient redundancy’ was avoided. Together, this work provides initial evidence that micronutrient
composition influences food choice (a form of ‘nutritional wisdom’). In turn, it exposes the potential for a complexity in
human dietary decision making that has not been recognised previously.
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Meal Size Decreases With Energy Density, But More So In Higher Energy-Dense Meals: Evidence For A TwoComponent (Volume And Calories) Model Of Satiation.
ANNIKA N. FLYNN, PETER J. ROGERS, JEFFREY M. BRUNSTROM
Nutrition and Behaviour Unit, School of Psychological Science, University of Bristol, Bristol, *, United Kingdom
Energy density (ED, kcal/g) is known to influence food intake and food choice in humans. Previous findings indicate a
positive, non-linear association between preference and ED in healthy adults. However, it is unclear whether this
relationship holds for energy intake. Using data from the UK National Diet and Nutrition Survey, we found that, in freeliving humans, meal intake (kcal) increased with ED in lower ED meals (~<1.5 kcal/g, B= 0.79, R2= .05) but decreased
slightly with higher ED meals (~>1.5 kcal/g, B= -0.28, R2= .04). Put differently, meal size (g) decreased with ED
(compensation occurred), and this association was much stronger in higher (~>1.5 kcal/g, B= -0.53, R2= .22) than in
lower ED (~<1.5 kcal/g, B= -0.91, R2= .06) meals. These results challenge the prevailing claim that humans show
insensitivity to ED. To explain these observations, we propose a two-component model of satiation (volume and
calories) in which volume is the dominant signal with lower energy dense foods and calories (nutrients) is the dominant
signal with higher energy dense foods. Further, the signal related to volume is an unconditioned within-meal response,
whereas the signal related to calories signal is based on expected satiety - a largely learned anticipation of the effects of
calories on satiety.
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Preliminary Evidence That Fear Of Food, Eating, And Weight Gain Is Linked To Postprandial Distress And
Restrictive Eating Via Elevated Fullness.
K. JEAN FORNEY, CHRISTOPHER R. FRANCE
Ohio University, Athens, OH, United States

Postprandial gastrointestinal (GI) distress is posited to maintain restrictive eating behaviors. The current study is a
preliminary test of the hypothesis that fear of food, eating, and weight gain is linked to postprandial GI distress via
elevated fullness.196 undergraduate women completed self-report assessments of fear of food, eating, and weight gain,
postprandial fullness, postprandial GI distress, and restrictive eating behaviors. A path model was tested evaluating the
hypothesis that fear of food, eating, and weight gain is linked to postprandial GI distress, which is linked to restrictive
eating behaviors and that elevated fullness accounts for the relationship between fear of food, eating, and weight gain
and postprandial GI distress. Fear of food, eating, and weight gain was linked to postprandial GI distress (Estimate =
.28, p <.001), which, in turn, was linked to restrictive eating behaviors (Estimate = .27, p <.001). The indirect effect of
postprandial fullness on the relationship between fear of food, eating, and weight gain and postprandial GI distress was
significant (Estimate = .13, p <.001). The current study provides preliminary evidence that 1) fear of food, eating, and
weight gain is linked to postprandial GI distress and 2) elevated postprandial fullness accounts for this relationship.
Study hypotheses should be evaluated using an experimental design to understand the causal role of fear in GI distress
among individuals with eating disorders. Future research should evaluate both psychological (biased
interoception/perceived elevated fullness) and physiological (CCK, PYY) mechanisms of the link between fear and GI
distress.
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Blood Uridine Regulates Food Intake In Humans
RUTH HANSSEN1, LIONEL RIGOUX1, KERSTIN ALBUS2, ALINA CHLOé KRETSCHMER1, SHARMILI
EDWIN THANARAJAH1, YVONNE HINZE3, PATRICK GIAVALISCO3, SOPHIE STECULORUM1, OLIVER
CORNELY2, JENS BRüNING1, MARC TITTGEMEYER1
1

Max Planck Institute for Metabolism Research, Cologne, *, Germany, 2Universitiy of Cologne, faculty of Medicine
and University Hospital Cologne, Cologne, *, Germany, 3Max Planck Institute for Biology of Ageing, Metabolomics
Core Facility, Cologne, *, Germany
Objective. Central uridine-diphosphate (UDP) and its P2Y6 receptor were recently discovered to regulate food intake in
rodents via activation of AgRP neurons in the arcuate nucleus of the hypothalamus. Blood uridine serves are the main
source for central UDP with high blood uridine levels increasing central UDP causing increased food intake in rodents.
While the role of peripheral uridine and central UDP in food intake regulation is progressively unraveled in mouse
models, the relevance of this pathway in the putatively more complex regulation underlying human food intake behavior
is unknown. Methods. We here investigate the relevance of blood uridine levels in the regulation of hunger and food
intake in humans in a randomized, placebo-controlled, cross-over designed study with 22 healthy, normal-weight (BMI
<25kg/m2) participants. We used an oral dose of the uridine precursor uridine-monophsophate (UMP) to increase blood
uridine levels and measured perceived hunger feelings as well as consecutive food intake. Results. We demonstrate in
humans that uridine functions as part of a rapidly adapting negative feedback circle with high uridine levels promoting
hunger and thus food intake and, in turn, food intake decreasing uridine levels and hunger feelings (mediation
analyses, p <0.001 and p = 0.046). We further demonstrate, that alterations of blood uridine levels exert relevant impact
on human food intake behavior, as oral UMP increased blood uridine levels and consequently food intake dependent on
body composition (F(1, 15) = 7.7, p = 0.01). Conclusion. Overall, we conclude that uridine is a relevant regulatory
mechanism of human food intake behavior representing a possible new target for therapeutic interventions counteracting
obesity.
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Children High On Food Responsiveness And Surgency Tend To Eat More Candy In The Absence Of Hunger
ERIKA HERNANDEZ, AMY M. MOORE, MICHELE E. MARINI, JENNIFER S. SAVAGE
The Pennsylvania State University, University Park, PA, United States
Eating in the absence of hunger (EAH), or eating palatable foods when satiated, is one pathway that may lead to obesity.
Child temperament and appetite-related eating behaviors have also been linked to child weight, yet research examining
relationships among children’s eating behaviors, temperament and EAH is lacking. Children (n=72, age 5-8 years) were
given a standard ad libitum lunch prior to free access to 11 candies (5 chocolate, 6 non-chocolate) and non-food
alternatives for seven minutes. All candies were pre- and post-weighed to calculate kcal intake. Parents completed the
Child Behavior Questionnaire and the Child Eating Behavior Questionnaire. General linear models examined the
associations between child temperament and eating behaviors with EAH kcal intake, adjusting for child age and sex. On
average, children consumed 193 kcals (100 chocolate kcals, 93 non-chocolate kcals). There was a significant interaction
between child surgency and food responsiveness on total EAH intake (p=.019) and chocolate EAH intake (p=.034); high
surgency and food responsiveness was associated with the highest kcal intake. Surgency was also marginally correlated
with non-chocolate EAH intake (r=.22, p=.062). There were no associations between child negative affect or effortful
control with EAH intake. Food responsiveness was marginally correlated with total EAH intake (r=.21, p=.069) and
non-chocolate EAH intake (r=.21, p=.076). Satiety responsiveness was not correlated with EAH intake. Findings
suggest that being high on both surgency and food responsiveness may predispose children to EAH, particularly of
chocolate candy. Parents with children high on these characteristics may need additional support to prevent EAH intake
and promote children’s healthy eating behaviors.
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Uncontrolled Eating Is Associated With Reported Frequency Of High Fat Food Intake In Black Adults
KARA I. HICKOK, KATHLEEN L. KELLER
Pennsylvania State University, University Park, PA, United States
Uncontrolled eating (UE) is an umbrella term describing the tendency to overeat, ranging in severity from eating
impulsivity to binge eating. UE is associated with greater dietary fat intake and obesity, however, most research has
been in Caucasians despite Black adults being disproportionately affected by obesity. We hypothesized that UE would
be associated with greater intake of sweet, added fat, and high-fat foods and negatively associated with reduced- and
“healthy” fats (i.e., nuts). Second, we tested whether intake of high-fat foods mediated the relationship between UE and
both waist circumference (WC) and body mass index (BMI). Data came from a cross-sectional study of 300, 18-66year-old Black adults (mean age 35±11.5 years). Across a 1-hour lab session, UE was assessed with the Three Factor
Eating Questionnaire and intake of fat-containing foods was estimated with a food frequency questionnaire. For
analysis, foods were separated into 5 groups: high-fat (e.g., bacon), reduced-fat (e.g., skim milk), added fats (e.g.,
butter), nuts (e.g., cashews), and sweet-fats (e.g., cake). WC and BMI were measured. After adjusting for BMI, partial

correlations showed that UE was positively associated with intake of reduced-fats (p=.03), high-fats (p<.001), added fats
(p<.001), and sweet fats (p=.001). Conversely, UE showed a weak negative association with intake of nuts (p=.08). UE
was also positively associated with BMI (p=.04) and WC (p=.02), and these relationships were independent of intake
of all the fat-containing food groups, demonstrating that higher fat food intake did not mediate the relationship between
UE and weight outcomes. UE in Black adults was positively associated with reported intake of high-fat and reduced-fat
foods. A weak negative association suggested UE may also be associated with reduced intake of nuts, which contain
cardioprotective fatty acid profiles. Upon replication of these findings, UE may be a novel risk factor that contributes to
the development of obesity and cardiometabolic diseases in Black adults.
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Nutrition Practices Of Dayshift And Nightshift Ems Workers
Tegan Mansouri, JENNIFER TEMPLE
University at Buffalo, Buffalo, NY, United States
Background: EMS clinicians work in shifts to provide 24-hour care. Shift work is linked with metabolic disease, and
over 70% of EMS clinicians report having overweight or obesity. EMS work is unpredictable and providers do not get
meal breaks. Inability to store food in their vehicles combined with limited overnight dining establishments leads to
reliance on convenience/fast food. The objective of this study was to describe the eating habits of EMS clinicians using
a mobile food log. Methods:We recruited EMS clinicians throughout the US to participate in a study involving 5 24hour monitoring periods. Participants wore Actigraphs to measure sleep duration and activity level. Remote food
photography was used to collect dietary data on 2 work days and 2 days off. Food photographs were analyzed using
Nutritionist Pro by a Registered Dietitian. We conducted repeated measures analysis of variance to compare energy,
macronutrient intake, and activity levels in day and night workers on and off shift. Results: We analyzed data from 37
EMS clinicians (22 day, 15 night, 29.7+8.5yrs old). Controlling for sex, night workers consumed more kilocalories
(M=1958.6+743) compared to day workers (M=1542.1+532.9;p=.027). Night workers consumed more fat on shift
(M=81.8g+8.5) compared to day workers (57.1g+25.1;p=.053). Night workers had fewer steps
(M=8,094+3482.1;11,123.4+2763.1,p=.042), more sedentary time (M=574.6+277.9;323.1+194.6, p=.01), and less
moderate activity (M=214.5+101.9; 293.3+86.7,p=.043) during a shift compared to day workers. Discussion: Among
EMS workers, night shift is associated with greater energy intake, and decreased physical activity during shifts. This
may contribute to positive energy balance and weight gain overtime, increasing risk for metabolic disease.
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Food Responsiveness Indirectly Affects Children&Rsquo;S Meal Intake By Influencing The Number Of Switches
Between Foods
Nick Neuwald1, Hugh Garavan2, Charles F Geier1, Alaina L Pearce1, Barbara J Rolls1, Emma Rose1, Stephen J
Wilson1, Maria Cevallos1, Olivia Romano1, Kathleen L Keller1
1

The Pennsylvania State University, State College, PA, United States, 2University of Vermont, Burlington, VT, United
States
Food responsiveness (FR) is a measure of a child’s susceptibility to the hedonic qualities of food, which has been
associated with increased consumption. Switching between foods in a meal may increase hedonic quality by enhancing
flavor variety and delaying sensory-specific satiation (SSS), thus leading to greater intake. We therefore hypothesized
that FR would be related to greater intake through its association with increased switching between different food items
at a meal. Data from an ongoing longitudinal study of 58, 7-8-year-old children (female=35, BMI-for-age% <85) were
analyzed. Meals consisted of chicken, pasta, broccoli, and grapes and were video recorded to calculate the frequency of
switches between food items. Water was served, but not included in analyses. Total intake was measured by grams and
kcal consumed. Parents completed the Children’s Eating Behavior Questionnaire to assess FR. The direct and indirect
associations were tested using linear regressions (adjusted for BMI% and pre-meal hunger). As hypothesized, there was
a positive effect of FR on both energy intake (p=.03) and grams consumed (p=.01). Additionally, there was an indirect
effect of FR on intake through food switching (p<0.05) such that greater FR increased switching and switching
increased intake. The results are consistent with the theoretical mechanism that FR is associated with total intake at a
meal through its impact on the tendency to switch between different foods. Studying food switching may help explain
individual differences in susceptibility to overconsumption. Future studies should directly assess the effects of food
switching on SSS.
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How Does Eating In The Absence Of Hunger In Children Relate To Child&Rsquo;S Bmi, Inhibitory Control
And To Maternal Controlling Feeding Practices?
KAAT PHILIPPE, CLAIRE CHABANET, SYLVIE ISSANCHOU, SANDRINE MONNERY-PATRIS
Centre des Sciences du Goût et de l'Alimentation, AgroSup Dijon, CNRS, INRAE, Université Bourgogne FrancheComté, Dijon, *, France
Young children have an innate ability to self-regulate their food-intake by following their inner sensations of hunger and
satiation. Children’s temperamental traits and environmental factors, such as controlling feeding practices, can alter their
self-regulation abilities and can induce weight gain in the long-term. The current study aimed to study how young
children’s eating in the absence of hunger (EAH) is related to their level of inhibitory control, body mass index (BMI)
and maternal controlling feeding practices (food as reward, restriction for health, restriction for weight control). Mothers
of 621 French children aged 2.00-6.97 years (51% boys, M = 4.11 years, SD = 1.34) completed a questionnaire with
items from validated questionnaires. Structural equation modeling was used to analyze the data. Based on the literature,
separate models were run for restriction for weight control and restriction for health, and the link between EAH and
maternal restriction was estimated in two directionalities: “child to parent” and “parent to child”. The results showed a
significant positive association between children’s EAH and their BMI z-scores. Restriction for health and restriction for
weight control were differently linked to EAH and to children’s BMI z-scores. Namely, low child inhibitory control,
food as reward and restriction for health were identified as risk factors for EAH. Restriction for weight control was not
linked to EAH, but was predicted by child BMI z-scores. Our results suggest that interventions aiming to reduce
children’s EAH, could consider training children’s general self-regulation, their self-regulation of intake, and/or
promoting adaptive parental feeding practices.
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Attention Eats It All: The Way You Look At Food Determines The Way Your Brain Represents It
LEONARDO PIMPINI1, SARAH KOCHS1, SIESKE FRANSSEN1, JOB VAN DEN HURK 2, ANITA JANSEN1,

ALARD ROEBROECK 2, ANNE ROEFS1
1Department of Clinical Psychological Science, Faculty of Psychology and Neuroscience, Maastricht University,
Maastricht, *, Netherlands, 2Department of Cognitive Neuroscience, Faculty of Psychology and Neuroscience,
Maastricht University, Maastricht, *, Netherlands
A dominant view in the literature claims that viewing high-caloric foods leads to increased activity in the reward
circuitry of the brain of people with overweight. However, the empirical literature is inconsistent. This may be attributed
to the double-sided nature of high-caloric foods, which concurrently have a high hedonic value and a low health value.
People’s mindset may alternate between focusing on hedonic versus health value, depending on, for example, their
emotional or physiological state and the current situation or context. Importantly, mindset may vary—unbeknownst to
the researcher—within and across participants as well as studies, complicating the interpretation of results. In this study
we test the hypothesis that food-related brain responses are moderated by attentional focus. Attentional focus (hedonic,
health, neutral) was manipulated, using a one-back task with food stimuli, while participants (32 healthy-weight, and 29
obese) were in the fMRI scanner. Univariate analysis showed that brain activity was not significantly different for
palatable vs. unpalatable foods or for high-caloric vs. low-caloric foods. Instead, brain activity was higher in the hedonic
than in the health and neutral attentional focus. Multi-Voxel-Pattern-Analysis (MVPA) showed that foods’ palatability
and calorie content could be decoded in several regions of the mesocorticolimbic system (e.g. Frontal Gyrus, Anterior
Cingulated, Insula), with results not moderated by BMI. In conclusion, the level of brain activity is not proportionate to
the reward value of food, and is not moderated by BMI. Instead, the level of brain activity reflects mindset, and food
palatability and caloric content are represented as multivoxel patterns of activation in the brain.
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Like Mother, Like Daughter: Intake And Liking Of Sweet And Salty Foods
ALISSA SMETHERS1, ELIZABETH CARNEY2, SARA SNELL1, VALERIE DUFFY3, JENNIFER FISHER2, JULIE
MENNELLA1
1Monell Chemical Senses Center, Philadelphia, PA, United States, 2Temple University, Philadelphia, PA, United States,
3

University of Connecticut, Storrs, CT, United States

Dietary patterns are established early, making childhood an important period and the home an important context for
understanding factors that shape food preferences. In the present ongoing study, we aim to determine the degree of
concordance in dietary intake and liking of sweet and salty foods among racially diverse groups of mother-daughter
(n=77) and mother-son (n=61) dyads. Children were between the ages of 3 and 10 y. Two objective measures of dietary
habits were obtained: a) 24-hour dietary recalls of added sugar (tsp/d) and sodium (mg/d) with oversight by a Registered
Dietitian; and b) Pediatric-Adapted Liking Survey (PALS) or Adult Liking Survey (ALS), validated tools that capture
dietary quality by measuring hedonic ratings of a variety of foods. Preliminary analyses revealed that intakes of added
sugar (≤10% daily energy intake) and sodium for adults (≤2300 mg/d) and children (≤1200-1800mg/d) recommended by
2020-2025 Dietary Guidelines for Americans were not met by more than half of dyads. Specifically, 56% of the children
and 65% of mothers ingested more added sugar whereas more than two thirds of both groups (77%) ingested more
sodium than recommended. Daily intakes of added sugar correlated with their liking of sweet-tasting manufactured
foods, as measured by PALS/ALS (P<0.006). Among dyads, maternal intakes of sweet and salty foods, and their liking
scores of those foods, correlated with respective intake and liking outcomes of daughters (P’s<0.007), but not sons
(P’s>0.35). The sex of the child can be a powerful determinant in what mothers feed their children. When excessive,
added sugar and sodium intake increases risks of diseases, for which there are sex disparities for some.
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Cross-Cultural Differences In The Association Between Food Energy Density And Food Preference.
YUJIA ZHAI, JEFFREY M. BRUNSTROM
University of Bristol, Bristol, *, United Kingdom
The energy density (kcal/g, ED) of a food is widely regarded as a predictor of its palatability. However, empirical
evidence indicates that this relationship is complex, with studies reporting inconsistent findings and some suggesting ED
predicts preference but only in relatively low ED foods. To explore this further, we completed a secondary analysis of
17 datasets from 7 studies, covering adults (n=3), adolescents (n=5), and children (n=9). Specifically, our objective was
to; 1) compare different cultures, and 2) evaluate evidence for a non-linear relationship between ED and liking by
comparing sets of low ED (<1 kcal/g) and high ED (>1 kcal/g) foods. Results showed that the relationship between ED
and preference is highly dependent on geographic region. In the UK, in four out of five datasets we saw a positive linear
association between ED and liking (r=0.30-0.59, all p<.05 with one exception: p=.072); with a steeper relationship for
low ED foods than for high ED foods (set 1: low ED: B=2.25, R2=0.284; high ED: B=0.22, R2=.092), which is the
evidence for non-linearity. By contrast, in France, negative linear associations were observed between the ED and
preference in high ED foods (5 datasets: r = –0.51~ –0.34, all p<.05 with one exception: p=0.065), but not in low ED
foods. Again, this provides evidence for non-linearity, but it also indicates that high ED foods are preferred less rather
than more. Finally, in the US, China, Chile, Denmark, and Italy, no relationship was observed between ED and
palatability. Together, our results indicate significant cultural differences in the relationship between food ED and food
preference, and that within single cultural contexts we see evidence for complex non-linear associations.
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Chorda Tympani Nerve Transection Does Not Permanently Alter Intake And Meal Patterns In A Cafeteria Diet
Paradigm In Rats Presurgically Exposed To The Foods.
CAROLINA R. CAWTHON, GINGER D. BLONDE, ALAN C. SPECTOR
Department of Psychology and Program in Neuroscience, Florida State University, Tallahassee, FL, United States
The role of gustatory innervation in food choice and nutritional regulation remains to be elucidated. Accordingly, we
monitored food intake and meal patterns in rats before and after chorda tympani nerve transection (CTx) using a 5choice cafeteria diet. Prior to this study, rats had a 10-day cafeteria diet exposure including 2 days with sucrose solution.
Rats were returned to chow for 3 weeks then had 8 more days of the cafeteria diet for baseline monitoring of intake and
meal patterns (22h/day). Two weeks later, rats (16 total; 8f, 8m) had either CTx or SHAM surgery (Sx) followed by 2
weeks recovery and a final 8 consecutive days of cafeteria diet monitoring. At baseline, groups had similar ingestive
profiles including the size, number, and intake rate of meals, and similar overall intake of energy, macronutrients, sugar,
and discrete foods. Post-Sx, these similarities persisted except for a small but significant increase in kcal intake

compared to the corresponding presurgical days by CTx rats (day x Sx, P=.04). This result was driven by the first half
of the post-CTx cafeteria diet exposure; kcal intake by CTx rats returned to analogous pre-Sx levels after that. The kcal
increase was not associated with an increase in intake of a specific food or macronutrient but accompanied a trend
toward increased sugar consumption. Rats that had SHAM Sx remained at pre-Sx kcal intake levels. It appears that for
rats having prior exposure to the cafeteria diet, CTx does not permanently alter the patterns of intake and meals seen
pre-Sx but may transiently increase total energy intake upon re-exposure to the palatable foods after neurotomy. We plan
to test rats without pre-Sx exposure to the foods as well as with transection of other gustatory nerves, alone and in
combination.
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Ventral Tegmental Area Dopamine Neurons Flexibly Encode The Taste Of Sucrose With Conditioned Taste
Aversion Formation And Extinction.
SAMANTHA J. HURH, MITCHELL F. ROITMAN
University of Illinois at Chicago, Chicago, IL, United States
Ventral tegmental area (VTA) dopamine neurons differentially respond to rewarding and aversive taste stimuli. The
value of taste stimuli change with experience but it is unclear whether dopamine responses change as well. Here, we
expressed a fluorescent calcium sensor in dopamine neurons of transgenic TH-Cre rats to measure the response to intraoral infusions of sucrose (0.3M) using in vivo fiber photometry. On the first day of the experiment (Conditioning), naïve
rats received brief intra-oral infusions of sucrose, which uniformly evoked an increase in VTA dopamine activity.
Immediately after, rats were randomly assigned to groups: Paired (n=8) received a malaise-inducing injection of lithium
chloride (LiCl; 0.15M, 20ml/kg i.p.) and Unpaired (n=7) received an equivalent volume of vehicle. The day after
Conditioning, rats received the opposite injection. In five subsequent daily recording sessions (Extinction), rats received
intra-oral infusions followed by a home cage sucrose preference test. While dopamine responses to intra-oral sucrose
were unchanged across days in Unpaired rats, they were significantly suppressed relative to Conditioning in Paired rats
on Extinction Days 1 and 2 (-0.60±0.12, -0.85 ± 0.72 z-score Δ dopamine, respectively). Dopamine responses reached
Conditioning levels on Extinction Day 3 and thereafter. Dopamine responses across Extinction sessions mirrored home
cage sucrose preference throughout the study. Thus, we show that pairing with malaise radically alters VTA dopamine
encoding of the taste of sucrose. However, these changes are not permanent and reverse with extinction sessions. Future
studies will aim to understand the changing synaptic weights on dopamine neurons during the conditioning and
extinction processes.
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The Influence Of Roux-En-Y Gastric Bypass And Diet On Nacl And Sucrose Taste Detection Thresholds And
Number Of Circumvallate And Fungiform Taste Buds In Female Rats.
KELLIE M. HYDE, GINGER D. BLONDE, A. VALENTINA NISI, ALAN C. SPECTOR
Florida State University, Tallahassee, FL, United States
Roux-en-Y gastric bypass (RYGB) in rats attenuates preference for and intake of sugar solutions, and sometimes blunts
responsiveness to sucrose in brief-access lick tests. Additionally, maintenance on a high fat diet (HFD) reportedly
decreases behavioral responsiveness to sucrose in rodents in short-term drinking tests. Because the behavioral tests to
date rely on the hedonic value of the stimulus to drive responsiveness, we sought to determine whether taste detection
thresholds to sucrose and NaCl are affected by these manipulations as measured in an operant two-response signal
detection paradigm. Female rats were maintained on HFD or chow for 10 weeks, at which point animals received
RYGB or SHAM surgery followed by a gel-based diet and then powdered chow. Upon recovery, half of the rats that
were previously on HFD were switched permanently to chow, and the other rats were maintained on their presurgical
diets (n=5-9/diet condition x surgery group). The rats were then trained and tested in a gustometer. There was a
significant interaction between diet condition and surgery on NaCl threshold that was attributable to a lower value in the
RYGB vs. SHAM in the HFD condition, but this failed to survive a Bonferroni correction. Importantly, there were no
effects of diet condition or surgery on sucrose thresholds. Additionally, although recent evidence suggests maintenance
on HFD alters taste bud number in the circumvallate papillae (CV) of mice, we did not find that diet significantly
influenced taste pores in the anterior tongue or CV of female rats. These results suggest that changes in sucrose
responsiveness in intake/preference or hedonically oriented tests in rats as a function of HFD maintenance or RYGB are
not attributable to alterations in taste sensitivity.
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Taste Infomation Appears Necessary For Tannic Acid Diet Driven Changes In Salivary Protein Expression
KIMBERLY F. JAMES1, VERENICE ASCENCIO GUTIERREZ1, KRISTEN E. KAY2, LAURA E. MARTIN3,
KATHRYN F. MEDLER4,5, ANN-MARIE TORREGROSSA1,5
1Department of Psychology, University at Buffalo, Buffalo, NY, United States, 2Department of Molecular Medicine,
Cleveland Clinic Lerner College of Medicine of Case Western Reserve University, Cleveland, OH, United States,
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Department of Food Science and Technology, Oregon State University, Corvallis, OR, United States, 4Department of
Biology, University at Buffalo, Buffalo, NY, United States, 5Center for Ingestive Behavior Research, University at
Buffalo, Buffalo, NY, United States
It has been previously demonstrated that exposure to a diet containing tannic acid (TA) alters salivary protein (SP)
expression in rats. Because sensory stimulation precedes SP changes, it is assumed that taste receptor activation is
responsible for the outcome. However, no studies have assessed the contribution of taste to SP induction. We explored
this relationship in two experiments. First, we collected saliva from wild-type mice and knock-out mice (KO) lacking
either TRPM5 or both TRPM4 and TRPM5. These mice are non-responsive to bitter stimuli but are still sensitive to
astringent stimuli. Mice were fed a diet containing either TA (5%), which is bitter and astringent or a non-bitter control.
All mice decreased food intake while on the TA diet. Wild-type mice showed SP upregulation (40, 25, and 20 kDa, p’s
<.05; trend in 14 kDa, p = .06) and the KO mice exhibited no changes in protein expression after diet exposure
suggesting that normal taste responding is necessary for SP upregulation. In our second experiment, we examined SP
expression in rats following exposure to various concentrations of a TA diet (1.5%, 3%, or 4.5%) or a non-bitter control.
We saw concentration dependent increases in protein expression in four of our bands of interest (37, 25, 18, and 14, p’s
≤ .05). While expression of the 35 kDa band increased over control (p ≤ .05) but the expression was not concentrationdependent (p > .20). These data suggest that some SP upregulation is dependent on the stimulus concentration, and
therefore likely works through a system that is able to detect differences in concentration.
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Optogenetic Perturbation Of At1Ar+ Afferents In The Nucleus Of The Solitary Tract Modulates Na+ Intake
CAITLIN M BAUMER-HARRISON, KAREN A SCOTT, ERIC G KRAUSE, GUILLAME DE LARTIGUE,
ANNETTE D DE KLOET
University of Florida, Gainesville, FL, United States
Angiotensin II (AngII) is produced in relation to blood pressure and body water and sodium (Na+) content and exerts
many of its effects by acting at the AngII type 1a receptor (AT1aR). Of relevance, AT1aRs are expressed on sensory
afferents that relay cardiovascular or gustatory information to the nucleus of the solitary tract (NTS). We have
previously found that optogenetic excitation of such afferents in the caudal NTS (cNTS) mimics the perception of
increased vascular stretch and initiates compensatory reductions in blood pressure. Intriguingly, this stimulation also
induces cFOS expression in brain areas that are involved in regulating water and Na+ intake (e.g., NTS, LC, BNST,
MnPO, and SON). Here, we hypothesize that optogenetic stimulation of AT1aR-expressing (AT1aR+) afferents within
the cNTS is sufficient to drive the reductions in water and Na+ intake that occur consequent to an enhanced detection of
stretch on the vasculature. To test this, genetically-modified male mice bred to express the excitatory channelrhodopsin
(ChR2) and/or enhanced yellow fluorescent protein (eYFP) in cells expressing AT1aRs were implanted with a fiber optic
targeting the cNTS. Water and 0.3M NaCl intake were measured using two-bottle preference tests in the presence and
absence of blue-light (1Hz, 1 min on/off, 10 min) under euhydrated, water deprived, hypovolemic, hypernatremic, and
Na+-deplete conditions. Na+ intake was significantly attenuated (p <0.05) during blue-light stimulation under
hypotensive and hypernatremic conditions, while there was no significant effect on water intake under any condition.
Overall, the implication of these studies is that AT1aR+ afferents within the NTS are sufficient to drive reductions in
Na+ intake.
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Identifying Regions Specific To The Control Of Fluid Intake By Glucagon-Like Peptide-1 Using VasopressinDeficient Brattleboro Rats
DESTINY J. BRAKEY1, KELCIE C. SCHATZ1, MATTHEW J. PAUL1, DEREK DANIELS1,2
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Department of Psychology, State University of New York at Buffalo, Buffalo, NY, United States, 2Center for Ingestive
Behavior Research, State University of New York at Buffalo, Buffalo, NY, United States
Fluid intake is controlled, in part, by the central actions of glucagon-like peptide-1 (GLP-1); however, it is not yet
known where or how GLP-1 is acting in the brain to control fluid intake. One problem in furthering our understanding
of GLP-1’s role in the control of fluid intake is that GLP-1 affects both drinking and feeding and these behaviors are
intertwined. To dissociate these normally intertwined behaviors, our lab is using a rat with a genetic mutation
(Brattleboro; BB) that causes extreme polydipsia without affecting food intake. We previously found that these rats were
hypersensitive to the fluid intake suppression by a GLP-1 receptor agonist, Exendin-4 (Ex4), without any differences
from wild-type (WT) rats in food intake suppression. The present studies found a suggestion that there are different
patterns of Fos expression in the brains of BB and WT rats after injection of Ex4. In the nucleus tractus solitarius and
area postrema, Ex4 treatment was associated with a greater number of Fos-positive cells. In the organum vasculosum of
the lamina terminalis and median preoptic nucleus, we found no treatment-related differences in WT rats, but in BB rats
we found that Ex4 was associated with fewer Fos-positive cells. In the paraventricular nucleus, subfornical organ, and
arcuate nucleus we found evidence for Ex4-induced increases in Fos in WT rats, but BB rats appear to have Ex4induced inhibition of Fos expression. Beyond these pharmacological differences ongoing studies are testing for
differences in these rats after physiological stimuli, such as water deprivation with and without subsequent drinking.
These experiments continue to provide important data that will be used to guide future studies on eating- and drinkingspecific effects of GLP-1.
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Thirst Sensitive Neurons Within The Anterior Cingulate Cortex Modulate Water Intake To Maintain Body Fluid
Homeostasis.
KHALID ELSAAFIEN1,4, JESUS D. PENALOZA-APONTE3,4, KAREN A. SCOTT1,4, ANNETTE D. DE KLOET2,4,
ERIC G. KRAUSE1,4
1Department of Pharmacodynamics, University of Florida, Gainesville, FL, United States, 2Department of Physiology
and Functional Genomics, University of Florida, Gainesville, FL, United States, 3Department of Neuroscience,
University of Florida, Gainesville, FL, United States, 44Center of Integrative Cardiovascular and Metabolic Diseases,
Gainesville, FL, United States
The anterior cingulate cortex (ACC) has recently emerged as a cortical structure involved in fluid ingestion and thirst
responses. Angiotensin II is a peptide that is secreted in response to challenges to volume homeostasis that acts on its
receptors to regulate fluid ingestion. This study investigates the role of neurons containing angiotensin receptors in the
ACC in the regulation of fluid homeostasis. We found an abundance of neurons expressing angiotensin type-2 receptors
(AT2R) in the ACC (ACCAT2R). These ACCAT2R neurons receive input from brain regions implicated in fluid
homeostasis such as the lamina terminalis. To examine whether ACCAT2R neurons play a role in thirst responses, we
delivered a Cre-inducible AAV to male AT2R-Cre mice to induce expression of the calcium indicator, GCaMP6f,
specifically within ACCAT2R. Following a GRIN lens implantation in the ACC, we recorded calcium events in
conscious freely moving mice during euhydration and 16-hour water deprivation. Intriguingly, dehydration significantly
increased the mean activity of ACCAT2R neurons as indicated by the amount of time neurons exhibited Ca2+events
(ΔF/F) greater than 3 standard deviations above baseline. Finally, to evaluate the function of these neurons,
channelrhodopsin-2 (ChR2) was expressed in ACCAT2R, and the ACC was optogenetically stimulated in conscious
freely moving mice that had access to water during euhydration and dehydration. Interestingly, the optogenetic
excitation of ACCAT2R significantly reduced water intake in dehydrated mice. Collectively, these results suggest that

AT2R containing neurons within the ACC are thirst sensitive neurons that inhibit water intake, possibly by signaling
satiation, to regulate body fluid homeostasis.
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E2 Enhances Glp-1 Suppression Of Fluid Intake In Female Rats
JULIA A. HOWELL, JESSICA SANTOLLO
University of Kentucky, Lexington, KY, United States
Estradiol (E2) attenuates feeding and drinking in female rats. Additionally, E2 augments GLP-1 induced reductions in
food intake and GLP-1 suppresses drinking in male rats. However, it is unclear if E2 modulates the effects of GLP-1 on
fluid intake. We, therefore, tested the hypothesis that E2 enhances the inhibitory effect of GLP-1 on water intake in
female rats. E2 treated ovariectomized (OVX) rats were water deprived for 24 h before receiving an intraperitoneal
injection of 0, 0.1, 1, 3 µg/kg exendin-4 (Ex-4), a GLP-1R agonist. After administration of Ex-4, water was returned,
and intake was recorded for 2 h using a contact lickometer. Ex-4 reduced fluid intake in a dose dependent manner and
E2 enhanced this anti-dipsogenic effect at the intermediate doses (0.1 and 1 µg/kg). Drinking microstructure analysis
demonstrated this reduction was the result of a decrease in burst number. These results suggest that E2 interacts with
GLP-1 to enhance post-ingestive feedback. Current studies are investigating mechanisms by which E2 may modulate
GLP-1 activity to inhibit drinking. E2 could directly regulate central production of GLP-1 in the NTS, therefore, we are
determining if ERα and GLP-1 are colocalized in this brain region. Additionally, E2 may influence intestinal GLP-1
release. We, therefore, are measuring plasma GLP-1 concentrations in OVX rats with and without E2 treatment after
rehydration. Lastly, E2 may upregulate GLP-1Rs located on inhibitory neurons within the lamina terminalis. We,
therefore, are measuring GLP-1R mRNA expression in the SFO and AV3V of OVX rats treated with E2 or oil.
Discerning the underlying mechanisms by which E2 and GLP-1 interact will aid in our understanding of how ingestive
behaviors are controlled in females.
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Bidirectional Effects Of Estradiol On The Control Of Water Intake In Female Rats
JESSICA SANTOLLO, ANDREA A EDWARDS, JULIA A HOWELL, KATHERINE E MYERS
University of Kentucky, Lexington, KY, United States
The inhibitory effect of estradiol (E2) on water intake has been recognized for over 50 years. Despite a rich literature
describing this phenomenon, we report a previously unidentified dipsogenic effect of E2 during states of low fluid
intake. Our initial goal was to test the hypothesis that the anti-dipsogenic effect of E2 on unstimulated water intake is
independent of its anorexigenic effect in the female rat. In support of this hypothesis, water intake was reduced during
estrus, compared to diestrus, when food was both present and absent (p <0.001). Water intake was also reduced by E2
treatment in ovariectomized rats when food was available, demonstrating a causative role of E2 (p <0.05). Surprisingly,
when food was removed, resulting in a significant reduction in baseline water intake, E2 increased drinking through
changes in postingestive feedback signals (p <0.001). Next, we tested the effect of E2 on water intake after an acute
suppression of intake induced by exendin-4 treatment. Water intake was inhibited for approximately 4 h after treatment,
yet the latency to begin drinking was reduced in E2-treated rats (p <0.05). Finally, to reconcile conflicting reports
regarding the effect of ovariectomy on water intake, daily water and food intake, and body weight were measured in
ovariectomized and sham operated rats. As expected, ovariectomy significantly increased in food intake and body
weight, but only transiently increased water intake (p <0.05). Together these results provide further support for
independent effects of estradiol on the controls of water and food intake. More importantly, this is the first
demonstration that E2 has bidirectional effects on water intake, representing a paradigm shift for our understanding of
how E2 controls fluid intake.
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Behavioral Evidence For A Role Of Rostral Nucleus Of Solitary Tract Gaba Neurons In Modulating Ingestive
Behaviors: A Chemogenetic Approach
Kalyanasundar Balasubramanian, Andrew Harley, Charlotte Klimovich, Susan Travers
College of Dentistry, Division of Biosciences, Ohio State University, Columbus, OH, United States
Central taste processing begins in the rostral nucleus of the solitary tract (rNST) which houses inhibitory GABA
neurons in addition to excitatory projection cells. Neurophysiological studies show that pharmacological and
optogenetic activation of local inhibitory circuitry suppresses rNST taste responses but how these signals impact
ingestive behavior is unclear. To explore this, we made rNST injections of cre-dependent AAV viruses driving
expression of mCherry alone (mC; N=5), inhibitory DREADDS (hM4Di; N=8) or excitatory DREADDS (hM3Dq;
N=8) in VGAT and GAD65-cre mice. After 3 weeks, food-deprived mice were tested with sucrose (0.03M-1.0M) in a
brief-access assay after IP injections of clozapine-n-oxide (CNO, 1mg/kg) or saline. Results were analyzed with
ANOVA. CNO injections in mC mice had no effect on consummatory (lick score: taste-water), appetitive (trial number,
latency to lick) or motor (ILI) measures of intake. Increasing or decreasing GABA activity in DREADD mice did not
influence appetitive measures. However, activating rNST GABA neurons produced a small increase (p=.003) in modal
ILI and a marked reduction in lick scores over most of the concentration range (drug, p<.0003). In contrast, inhibiting
rNST GABA activity produced no motor effects (p>.1) but augmented lick scores (drug, p=.025). Finally, we compared
the effects of suppressing rNST GABA neurons in sated versus deprived conditions. Satiety depressed lick scores to a
similar degree after CNO or saline injections (state, p=.01, drug, p=.03, drug X state, p=.2). This suggests that activity in
rNST GABA neurons can strongly modulate consummatory behavior but depressive effects of satiety on taste-driven
licking does not appear to involve this circuitry.
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Sex And Metabolic State Interact To Influence Expression Of Passive Avoidance Memory: Potential Contribution
Of A2 Noradrenergic Neurons
CAITLYN EDWARDS, TYLA DOLEZEL, LINDA RINAMAN
Florida State University, Tallahassee, FL, United States
Negative energy balance suppresses anxiety-like behaviors and promotes exploration in rats. Previous findings suggest
that this is linked to suppressed activation of neurons within the caudal nucleus of the solitary tract (cNTS). However,
the impact of metabolic state and role of cNTS neurons on learned avoidance is unexamined. We investigated these
questions using a task in which male and female rats learn to avoid a context (i.e., darkened chamber) after it is paired
with a single mild footshock. When rats later were tested for passive avoidance of the shock-paired chamber, male rats
tested in a food-deprived state and female rats (regardless of feeding status) displayed less avoidance compared to male

rats fed ad libitum prior to testing. Since prolactin-releasing peptide (PrRP)-positive A2 neurons and glucagon-like
peptide 1 (GLP1)-positive cNTS neurons are particularly sensitive to metabolic state, we examined whether they are
activated in conditioned rats re-exposed to the shock-paired chamber, and whether activation is modulated by metabolic
state. Compared to the control condition, chamber re-exposure activated PrRP+ A2 neurons and neurons within the
anterior ventrolateral bed nucleus of the stria terminalis (avlBST), which receives dense input from PrRP+ terminals. In
parallel with sex differences in passive avoidance, PrRP+ neurons were less activated in female vs. male rats after
chamber exposure. GLP1+ neurons were not activated in either sex. Overnight food deprivation before chamber reexposure reduced activation of PrRP+ neurons, and also reduced avlBST activation. Our results support the view that
PrRP+ A2 neurons innervating the avlBST contribute to expression of passive avoidance memory in a manner that is
modulated by metabolic state.
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Food Intake Inhibitory Effects Of Semaglutide And Gdf15: Mediating Mechanisms Are Distinct
MISGANA Y GHIDEWON1, HALLIE S WALD1, AARON D MCKNIGHT2, TITO BORNER1, AMBER L
ALHADEFF2, HARVEY J GRILL1
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University of Pennsylvania, Philadelphia, PA, United States, 2Monell Chemical Senses Center, Philadelphia, PA,
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Growth differentiation factor-15 (GDF15) and semaglutide (Sema) are both under evaluation as obesity
pharmacotherapies. Both drugs reduce food intake and body weight but target different receptors, suggesting that they
suppress food intake by engaging different mechanisms. Here, the behavioral and physiological mechanisms mediating
their anorectic effects were compared using rodent models. We examined [1] visceral malaise using pica behavior
(kaolin intake) and conditioned taste aversion (CTA), [2] food motivation using a progressive ratio test, and [3]
modulation of gastrointestinal (GI) satiation signals released by a preload (Ensure). All anorectic doses of GDF15
induced pica and conditioned an increase in disgust/aversion responses to palatable food. In contrast, not all anorectic
doses of Sema induced visceral malaise. Sema decreased active-lever presses for sucrose pellets as well as enhanced the
intake inhibitory effects of GI satiation signals. GDF15, however, did not impact motivation to work for food or GI
satiation signaling. We also tested whether either treatment altered agouti-related protein-(AgRP) neuron activity, since
these neurons have been implicated in appetite stimulation and food seeking. Fiber photometry measurements of
calcium signaling revealed that Sema, but not GDF15, potentiated AgRP neuron inhibition by intraperitoneal
cholecystokinin. Collectively, these data suggest that GDF15’s anorexia is induced primarily by visceral malaise, while
Sema’s feeding effect also involves enhanced satiation and appetitive inhibition.
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A Hindbrain Dopaminergic Neural Circuit Prevents Weight Gain By Reinforcing Food Satiation
YONG HAN1, GUOBIN XIA1, YANLIN HE1,3, YANG HE1, MONICA FARIAS1, YONG XU1,2, QI WU1
1

USDA/ARS Children’s Nutrition Research Center, Houston, TX, United States, 2Department of Molecular and Cellular
Biology, Houston, TX, United States, 3Pennington Biomedical Research Center, Baton Rouge, LA, United States
The neural circuitry mechanism that underlies dopaminergic (DA) control of innate feeding behavior is largely
uncharacterized. Here, we identified a subpopulation of DA neurons situated in the caudal ventral tegmental area
(cVTA) directly innervating DRD1-expressing neurons within the lateral parabrachial nucleus (LPBN). This neural
circuit potently suppresses food intake via enhanced satiation response. Notably, this cohort of DAcVTA neurons are
activated immediately prior to the cessation of each feeding bout. Acute inhibition of these DA neurons prior to bout
termination significantly suppresses satiety and prolongs the consummatory feeding. Activation of post-synaptic
DRD1LPBN neurons inhibits feeding, whereas genetic deletion of Drd1 within the LPBN causes robust increase in food
intake and subsequent weight gain. Furthermore, the DRD1LPBN signaling manifests the central mechanism in
methylphenidate-induced hypophagia. In conclusion, our study illuminates a hindbrain DAergic circuit that controls
feeding through dynamic regulation in satiety response and meal structure.
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A Neural Circuit Mechanism For Mechanosensory Feedback Control Of Ingestion
DONG-YOON KIM1,2, GYURYANG HEO1, MINYOO KIM1,3, HYUNSEO KIM1, JU AE JIN1, HYUN-KYUNG
KIM1,3, SIEUN JUNG1,2, MYUNGMO AN1,3, BENJAMIN H. AHN1,3, JONG HWI PARK1, HAN-EOL PARK1,
MYUNGSUN LEE1,3, JUNG WEON LEE1,4, GARY J. SCHWARTZ5, SUNG-YON KIM1,2,3
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Medicine and Neuroscience, Albert Einstein College of Medicine, New York, NY, United States
Mechanosensory feedback from the digestive tract to the brain is critical for limiting excessive food and water intake,
but the underlying gut-brain communication pathways and mechanisms remain poorly understood. Here we show that,
in mice, neurons in the parabrachial nucleus that express the prodynorphin gene (hereafter, PBPdyn neurons) monitor the
intake of both fluids and solids, using mechanosensory signals that arise from the upper digestive tract. Most individual
PBPdyn neurons are activated by ingestion as well as the stimulation of the mouth and stomach, which indicates the
representation of integrated sensory signals across distinct parts of the digestive tract. PBPdyn neurons are anatomically
connected to the digestive periphery via cranial and spinal pathways; we show that, among these pathways, the vagus
nerve conveys stomach-distension signals to PBPdyn neurons. Upon receipt of these signals, these neurons produce
aversive and sustained appetite-suppressing signals, which discourages the initiation of feeding and drinking (fully
recapitulating the symptoms of gastric distension) in part via signalling to the paraventricular hypothalamus. By
contrast, inhibiting the same population of PBPdyn neurons induces overconsumption only if a drive for ingestion exists,
which confirms that these neurons mediate negative feedback signalling. Our findings reveal a neural mechanism that
underlies the mechanosensory monitoring of ingestion and negative feedback control of intake behaviours upon
distension of the digestive tract.
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Viral-Mediated Tracing Of Lateral Hypothalamic Area Cells Projecting To The Dorsal Motor Nucleus Of The
Vagus
JENNA LEE, NATHAN PENCE, ALEX JOHNSON
Michigan State University , East Lansing, MI, United States
The lateral hypothalamic area (LHA) is a large diencephalic structure that spans the entire rostral-caudal axis of the
hypothalamus. The LHA houses a wide variety of molecularly distinct neuronal populations that play a critical role in a
range of processes related to energy regulation. LHA descending projections to regions with parasympathetic
innervation may serve a critical role in mediating neuronal control of metabolism. Thus, in this study we used a dualviral tracing approach to determine the nature of projections from the LHA to the dorsal motor nucleus of the vagus
(DMNV)—an area critically important for integrating parasympathetic information from the periphery. Female Sprague
Dawley rats received injections of retrograde AAV2 (rAAV2-Cre) containing Cre recombinase transgene into the
DMNV. When injected into axonal terminals, rAAV2-Cre is retrogradely transported to cell bodies and induces the
expression of Cre-recombinase in these cells. In addition, a Cre-dependent virus expressing mCherry was then
administered throughout the rostral-caudal axis of the LHA. This approach permits the identification and quantification
of LHA cells that monosynaptically project to the DMNV. Characterization of these neurons includes labelling of LHA
orexigenic neuropeptides Orexin and Melanin Concentrating Hormone to determine the proportion of these cells that
project to DMNV. Illustrating the locations of LHA projections to the DMNV will reveal insight as to function of these
networks and allow for future functional manipulations of this circuitry.
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Elucidating The Role Of Endogenous Nts Gpr-160 In Feeding Behavior.
MARCOS J. SANCHEZ-NAVARRO1, MICHAEL HAGAN1, JANE GAISINSKY1, MATTHEW R. HAYES1,
BENJAMIN REINER1, RICHARD CRIST1, WILLIS K SAMSON2, GINA LC YOSTEN2, LAUREN STEIN1
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Cocaine- and Amphetamine-Regulated Transcript (CART) exerts anorectic effects when delivered into nuclei involved
in energy balance control, such as the nucleus tractus solitarius (NTS). Indeed, vagal afferents terminating in the NTS
are putatively capable of CART release in response to ingestion of a meal and 4th ventricle CART delivery reduces
feeding in lean and obese rats. Importantly, the orphan G-protein coupled receptor (GPR160) recently was identified as
a receptor for CART. GPR160 shows abundant expression in nuclei essential to energy balance control, such as the
NTS, but the physiological role of this newly identified CART receptor in control of food intake has yet to be explored.
Here, we performed a virally mediated, targeted knockdown (KD) of NTS GPR-160 to evaluate the endogenous role of
this receptor on diurnal food intake, meal patterns, and body weight (BW) gain when rats are fed a chow or high fat diet
(HFD). Our results indicate that NTS GPR-160 KD leads to increased light phase and a trend toward decreased dark
phase feeding behavior that resulted in no net difference in BW gain whether animals were fed chow or HFD. We next
tested whether the lack of endogenous NTS GPR160 signaling affected feeding behavior in a fasting-refeeding test and
found that, compared to AAV-controls, GPR160KD increased refeeding following a fast when fed chow or
HFD. Additionally, to further characterize GPR-160 expressing cells in the NTS we performed single-nucleus RNA
sequencing (10x genomics), which uncovered abundant GPR160 expression in NTS microglia, opening up an intriguing
possibility that CART-GPR160 signaling might affect energy balance through microglia mediated mechanisms.
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Nts Ghrelin Receptor Signaling Attenuates The Intake Inhibitory Effects Of Cholecystokinin
HALLIE S WALD1, MATTHEW R HAYES2, HARVEY J GRILL1
1Institute for Diabetes Obesity and Metabolism, Department of Psychology, University of Pennsylvania, Philadelphia,
PA, United States, 2Department of Psychiatry, Perelman School of Medicine, University of Pennsylvania, Philadelphia,
PA, United States
To investigate the mechanism[s] mediating the hyperphagic effect of hindbrain ghrelin receptor (GHSR) signaling, we
examined whether increased hindbrain GHSR signaling [1] attenuates the intake inhibitory effects of gastrointestinal
(GI) satiation signals and/or [2] increases food motivation and food seeking. To determine whether the chow intake
inhibitory effect of GI signals is attenuated by hindbrain GHSR signaling, we administered a feeding subthreshold dose
of ghrelin to the fourth ventricle (4V), and also examined parenchymal ghrelin delivery to the nucleus tractus solitarius
(NTS), prior to administering an intake inhibitory dose of cholecystokinin (CCK). To determine whether hindbrain
GHSR signaling increases food seeking and feeding motivation, we administered intake stimulatory doses of ghrelin to
the 4V and measured fixed ratio 5 (FR5) and progressive ratio (PR) responding for sucrose and reinstatement of
chocolate pellet-seeking. While 4V ghrelin increased sucrose self-administration in FR5, it did not impact PR or
reinstatement. By contrast, increased hindbrain GHSR signaling, following either 4V or NTS ghrelin, significantly
attenuated the intake inhibitory effect of CCK. This behavioral effect is consistent with previous electrophysiologic data
by Appleyard and colleagues showing that ghrelin reduced the stimulatory effect of solitary tract stimulation on NTS
neurons. Ongoing experiments are exploring other aspects of hindbrain GHSR neurobiology via hindbrain
administration of the endogenous GHSR antagonist LEAP-2 and NTS directed shRNA GHSR knockdown. Together,
results indicate that hindbrain ghrelin-induced hyperphagia is attributable, in part, to attenuation of CCK-induced intake
inhibition, but not to increasing food motivation or food seeking.
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Cck Neurons In The Nts Are Directly Activated By Cck And 5-Ht Sensitive C-Fiber Vagal Afferents
ERIC T. WINZENRIED, DREW M. NEYENS, SUZANNE M. APPLEYARD
Washington State University, Pullman, WA, United States
Vagal sensory afferents carrying information from the GI terminate in the nucleus of the solitary tract (NTS) in the
hindbrain. Different subpopulations of NTS neurons then relay this information throughout the brain. Cholecystokinin
(CCK) is a satiety peptide that activates vagal afferents in the gut; however, CCK is also expressed in neurons in the
NTS. Chemo and optogenetic activation of these neurons decreases food intake, but what is less clear is how they are
activated normally and what type of information they receive. To address this, we identify NTS-CCK neurons by
crossing CCK-IRES-Cre mice (Jackson lab) with Rosa-tdtomato mice (Allen Institute) in a horizontal brain slice

containing vagal afferents in the solitary tract (ST). Voltage clamp recordings of NTS-CCK neurons show that
activation of the ST evokes excitatory post-synaptic currents (EPSCs) mediated by both AMPA and NMDA inotropic
glutamate receptors. Analysis of the EPSCs show ≈90% of NTS-CCK neurons receive direct, monosynaptic inputs, with
many also receiving indirect, or polysynaptic, inputs. NTS-CCK neurons are sensitive to the TRPV1 agonist capsaicin,
suggesting they receive inputs from C fibers. In addition, both CCK and 5-HT increased glutamatergic inputs onto NTSCCK neurons, with approximately 60% sensitive to CCK and 50% to 5-HT3 receptor agonists, as well as 30% sensitive
to both and 10% to neither. These findings suggest that NTS-CCK neurons are strongly driven by C-fiber vagal afferents
sensitive to CCK and 5-HT, both of which carry important information from the gut following a meal. Taken together
with previous studies, this suggests that NTS-CCK neurons integrate information from specific types of vagal afferents
before relaying it to other brain regions, such as the PBN and PVH.
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Hypophagia Without &Ldquo;Anxiety&Rdquo; In Gcg-Cre Rats After Chemogenetic Manipulation Of
Glucagon-Like Peptide 1 (Glp1) Neurons Within The Caudal Nucleus Of The Solitary Tract (Cnts)
HUIYUAN ZHENG, NATALIA VALDERRAMA, VALENTINA SALAZAR, STEPHEN FASUL, LINDA RINAMAN
Florida State University, Tallahassee, FL, United States
Central GLP1 signaling suppresses food intake and promotes anxiety-like behaviors in rodents. We recently established
a transgenic Sprague Dawley rat model (Gcg-Cre) in which Cre is expressed by GLP1 neurons within the cNTS and
intermediate reticular zone (IRt). In the present study, Cre-dependent AAVs expressing excitatory [AAV8-hSyn-DIOhM3D(Gq):mCherry] or inhibitory [AAV8-hSyn-DIO-hM4D(Gi):mCherry] DREADDs were microinjected into the
cNTS to target GLP1 neurons in that location. Control rats were microinjected with Cre-dependent AAV expressing
only the fluorescent reporter (AAV8-hSyn-DIO-mCherry). Beginning 3 wk later, food intake and anxiety-like behaviors
were assessed in rats after i.p. injection of saline or clozapine-N-oxide (CNO; 1.0mg/kg). At the end of the study, rats
were perfused 90 min after a final saline or CNO injection, and sections immunolabeled for cFos and mCherry to
identify AAV-transfected neurons. In Gq rats, CNO reduced dark-onset and overnight chow intake (2h, 16h) compared
to intake after saline. CNO did not alter food intake in Gi or control rats. Surprisingly, CNO did not alter anxiety-like
behaviors assessed in the elevated plus maze (EMPZ), open field (OF), or acoustic startle paradigm in Gq, Gi, or control
rats. Immunolabeling analyses confirmed that CNO activated cFos in 95% of mCherry-positive(+) cNTS neurons in Gq
rats, whereas only 3-5% of mCherry+ neurons expressed cFos in Gq rats after saline, or in Gi and control rats after
either CNO or saline. Our findings indicate that chemogenetic activation of GLP1 neurons within the cNTS is sufficient
to suppress food intake, whereas the emergence of anxiety/avoidance behaviors may depend on recruitment of GLP1
neurons within the IRt.
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Gpr35 Ligands Activate Vagal Afferent Neurons (Van) And Reduce Food Intake In High-Fat Diet-Induced Obese
Mice
DANIELLE ZUMPANO, HELEN RAYBOULD
University of California, Davis, Davis, CA, United States
Restoring VAN sensitivity to satiety hormones such as cholecystokinin (CCK) is a potential treatment for hyperphagia
and obesity. GPR35 is highly expressed by VAN and co-expressed with CCKAR. High-fat feeding (HFF) reduces levels
of endogenous GPR35 ligands but it is unknown whether GPR35 modifies food intake. We test the hypothesis that
GPR35 agonists activate VAN, increase CCK signaling and reduce HFF hyperphagia in mice. To determine the satiating
effects of GPR35 activation, HFF and low-fat fed (LFF) male mice were fasted for 6 hours prior to administration of
GPR35 agonist zaprinast (10 mg/kg IP) or vehicle (n=3-4/group, repeated measures). Zaprinast significantly reduced
food intake in HFF but not LFF mice (p<0.05). Zaprinast increased neuronal activation (fos immunoreactivity) in the
NTS of HFF mice relative to vehicle-treated mice, although this effect was not significant (n=3-4/group). These data
suggest that zaprinast may reduce food intake via a VAN pathway. Recent in vitro studies show that prebiotic human
milk oligosaccharides (HMOs), such as L-N-tetraose (LNT), are GPR35 ligands. We have previously shown that HMOs
decrease weight gain, restore CCK-induced satiety and increase CCK-induced fos immunoreactivity in the NTS of HFF
mice. To determine if GPR35 ligands act on VAN, nodose cultures (rat) were treated with zaprinast (10 μM) or LNT (10
mM) and neuronal activation measured via immunoblot for phospho-ERK/pan-ERK (pERK/ERK). Both zaprinast and
LNT increased pERK/ERK relative to vehicle (p<0.05); LNT-induced pERK/ERK was prevented by pre-treatment with
the GPR35 antagonist CID-2754687 (100 µM). Expression of GPR35 on VAN may be involved in modulation of satiety
signaling and is a novel target for treatment of hyperphagia and obesity.
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3:30 - 5:30 PM

Virtual Room 1
Symposium 3: The Gutsy Brain

Chair(s): Diana Williams
P1
How Do We Stop Eating When We Are "Mechanically" Full?
3:30
SUNG-YON KIM
Seoul National University, Seoul, *, Korea
Mechanosensory feedback from the digestive tract to the brain is critical for limiting excessive food and water intake,
but the underlying gut–brain communication pathways and mechanisms remain poorly understood. Here we show that,
in mice, neurons in the parabrachial nucleus that express the prodynorphin gene (hereafter, PBPdyn neurons) monitor the
intake of both fluids and solids, using mechanosensory signals that arise from the upper digestive tract. Most individual
PBPdyn neurons are activated by ingestion as well as the stimulation of the mouth and stomach, which indicates the
representation of integrated sensory signals across distinct parts of the digestive tract. PBPdyn neurons are anatomically
connected to the digestive periphery via cranial and spinal pathways; we show that, among these pathways, the vagus
nerve conveys stomach-distension signals to PBPdyn neurons. Upon receipt of these signals, these neurons produce
aversive and sustained appetite-suppressing signals, which discourages the initiation of feeding and drinking (fully
recapitulating the symptoms of gastric distension) in part via signaling to the paraventricular hypothalamus. By contrast,
inhibiting the same population of PBPdyn neurons induces overconsumption only if a drive for ingestion exists, which
confirms that these neurons mediate negative feedback signaling. Our findings reveal a neural mechanism that underlies
the mechanosensory monitoring of ingestion and negative feedback control of intake behaviors upon distension of the
digestive tract.
P2
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The Brain, The Gut, And Stress: Modulatory Role Of Hindbrain Glp1 And Prrp Neurons
LINDA RINAMAN
Florida State University, Tallahassee, FL, United States
Neuroendocrine, behavioral, and autonomic responses to physical and cognitive threats (i.e., stressors) are orchestrated
by complex neural circuits, including vagal sensory and motor pathways that link the brain and the gut. Vagal sensory
feedback from the gut is delivered to neurons within the caudal nucleus of the solitary tract (cNTS), a hindbrain region
that is uniquely positioned to integrate signals arising from both physical/interoceptive and cognitive/psychogenic
stressors. Within the cNTS, glucagon-like peptide-1 (GLP1) neurons and noradrenergic neurons that express prolactinreleasing peptide (PrRP) receive synaptic input from vagal afferents, and also from the hypothalamus and limbic
forebrain. GLP1 and PrRP neurons are engaged by many types of acute stress in rats and mice, and a wealth of data
support the view that these neurons provide a crucial link in distributed brain circuits that organize physical and
behavioral stress responses. In this presentation, I will discuss the anatomical and functional overlap between PrRP and
GLP1 neurons and their axonal projections, summarize our current state of knowledge regarding the role of these
neurons and signaling pathways in stress responsiveness, and present new data regarding the "metabolic tuning" of
stress-related behaviors in which GLP1 and PrRP neurons participate.

4:20

&Ldquo;Gut &Ndash; Brain &Ndash; And Beyond&Rdquo; - Mechanisms Underpinning The Efficacy Of The
Vertical Sleeve Gastrectomy
BRIAN J OLDFIELD, ANETA STEFANIDIS
Monash University, Melbourne, *, Australia
Bariatric surgery and particularly vertical sleeve gastrectomy (VSG) represents the only currently available, effective
and durable treatment for morbid obesity. Such surgeries are also becoming increasingly important in the correction of
other metabolic outcomes including type 2 diabetes. The mechanisms via which surgeries cause dramatic weight loss
and rapidly improve glucose regulation are incompletely defined but are likely to involve a gut - vagal afferent neuron brain conduit. Recent clinical and preclinical data has also implicated brown adipose tissue (BAT) in improved body
weight outcomes and our results have shown BAT to be pivotally involved in improved glycemic control after VSG.
The latter is in keeping with the well-defined role of BAT as an effective glucose sink. Here we describe studies that
show BAT to be central to VSG-mediated weight loss and glucose regulation in a rodent model. Specifically, we show
tissue specific glucose uptake that is enhanced by VSG and elimination of weight loss and the improved glucose
homeostasis when BAT is experimentally deleted. We also show elevated levels of “browned” white adipose tissue
(beige fat) after VSG that is likely to contribute to improved metabolic outcomes. We have also used combined
neurotropic viral tracing studies to establish a patent gut-vagus-brain-BAT pathway that may subserve such improved
metabolic outcomes. The essential nature of specific vagal afferent neurons to the efficacy of this circuit is investigated.
These data support a role for the vagally-mediated recruitment of BAT in the metabolic efficacy of the VSG.

4:45

Sensory Mechanisms Underlying Feeding Regulation
LING BAI
Chinese Institute for Brain Research
The size of each meal is tightly regulated by a physiologic system that measures the quantity and quality of ingested
food. This measurement happens primarily in the gastrointestinal (GI) tract, but the identity of the key cells, signals, and
pathways remains poorly defined. Here I will discuss our recent work identifying key sensory cell types in the
gastrointestinal tract that control food intake. Using single-cell RNA sequencing combined with target-tracing, we have
generated a molecular map of gastrointestinal sensory cell types and genetic tools that allow selective targeting of these

cells. I will describe how we are investigating the role of these sensory cell types in the regulation of feeding by
combining functional manipulations with behavioral and physiological measurements as well as recording of the activity
of key homeostatic neurons in the brain.
P5
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Q&A

3:30 - 5:30 PM

Virtual Room 2
Symposium 4: Neuropeptides: Not Fast But Curious

Chair(s): Carrie Ferrario
3:30
Insulin: A Neuropeptide. Who Knew?
JOSEPHINE EGAN
NIA/NIH, , MD, United States
In brain, insulin acts on insulin-specific receptors to modulate food intake by regulating appetite and it controls to some
extent peripheral metabolism through involvement in deposition of white fat and hepatic glucose output. It also is
involved in control of body temperature, mitochondrial function, brain cholesterol synthesis and synaptic formation,
neurotransmitter channel activity, potentiation of neuronal signaling, and reproductive function. In addition, insulin
signaling is a ligand that influences the degree of phosphorylation of tau protein, an early component in the development
of Alzheimer disease. It has been surmised that brain insulin derives from peripheral insulin and that insulin enters the
brain by way of transport on insulin receptors at the blood-brain barrier (cerebral vasculature) and blood-CSF barrier
(choroid plexus). However, in addition to peripheral insulin entering the brain from the circulation after a stimulus to
insulin secretion at beta cells in islets of Langerhans, we will describe recent discoveries regarding biologically active
insulin synthesis in the epithelial cells of the choroid plexus itself, most especially in the choroid plexus of the third
ventricle, and we will illustrate how this might affect local brain structures, their functions and neuronal connections. In
addition, we will explore how insulin produced in choroid plexus impacts ingestive behavior.
3:55

Unconventional Neurovascular Coupling Modality In The Hypothalamus In Response To A Systemic
Homeostatic Challenge
JAVIER STERN
Georgia State University, Atlanta, GA, United States
The hypothalamus plays critical roles in the regulation of bodily homeostasis, including the generation of coordinated
neurosecretory and autonomic responses during challenges to energy, fluid and electrolyte balance, among others. Some
unique functional and cytoarchitectural features of the hypothalamus include the diverse expression of functional
neuropeptides and the presence of a rich astroglial network. Strikingly, the hypothalamus is one of the most vascularized
regions in the brain. Still, a detailed characterization of the hypothalamic neurovascular unit, and the functional
significance of this uniquely rich vascularization remains puzzling. The classical model of neurovascular coupling
(NVC) implies that activity-dependent axonal glutamate release at synapses evokes the production and release of
vasoactive signals from both neurons and astrocytes, which dilate arterioles, increasing in turn cerebral blood flow
(CBF) to areas with increased metabolic needs. One limitation in the field is than In vivo imaging of neurovascular
coupling has largely been limited to dorsal superficial brain areas, which has led to the conventional view that this
modality of NVC is common to all brain regions. However, whether this model is also applicable to deep brain areas
that use less conventional neurotransmitters, such as neuropeptides, and which generally process information at a very
different spatio-temporal scale, is currently unknown. To start addressing some of these critical gaps in the field, we
developed a surgical approach to allow in vivo two-photon imaging from the ventral surface of the hypothalamus. Using
this approach, we aimed to measure NVC in the supraoptic nucleus (SON) in response to a systemic homeostatic
challenge. Using a transgenic rat expressing eGFP driven by the vasopressin promoter, in conjunction with the delivery
of intravascular fluorescent dyes, we were able to successfully image SON neurons and the local microvasculature in
vivo in anesthetized rats. During my presentation, I will summarize the results obtained thus far using this novel
approach, which overall support the presence of an unconventional, neuropeptide-mediated NVC modality in the SON.
Furthermore, I will discuss the potential functional implication for this form of NVC within the context of
fluid/electrolyte homeostasis.

4:20

Cellular And Circuit Mechanisms Of Neuropeptide Signaling
JENNIFER GARRISON
BUCK INSTITUTE, NOVATO, CA, United States
Neuropeptides are the most common signaling molecules in the CNS and can be found in nearly every brain region and
throughout the periphery. Acting as neuromodulators, neurotransmitters, and hormones, they regulate diverse behaviors,
including eating and drinking. Neuropeptide signaling can establish new points of communication between cells not in
physical contact and persist over relatively long timescales, which makes them challenging to study. While the
importance of neuropeptide signaling is well established, fundamental questions remain about their function and
network connectivity is poorly defined for most peptidergic signaling systems. In this talk I will highlight our recent
efforts to understand how the neural circuits controlling homeostatic systems change during aging in the mouse brain,
including recent technical advances that have allowed us to address some of these open questions.

P4
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Obesity Leads To Npy Switching From Y1 To Y2 Controlled Pathways To Promote Feeding
HERBERT HERZOG
Neuroscience Division, Garvan Institute of Medical Research, Sydney, *, Australia
Neuropeptide Y (NPY) in the arcuate nucleus (Arc) is known as one of the most powerful regulators of feeding. Here
we describe a previously unknown NPY feeding stimulatory pathway that is specifically activated under fasting
conditions and seems also be active and drives excessive feeding under obese conditions. This new circuit is specifically
controlled by Arc NPY neurons that do not co-express AgRP and acts preferentially on Y2 receptors located on POMC
neurons. Importantly, an adjustment of Y2 receptor mRNA expression is also observed in the Arc of HFD fed or
genetically obese db/db mice suggesting that feeding under positive energy balance conditions is driven by NPY
originating from AgRP-negative NPY neurons acting on high affinity Y2 receptors compared to the initiation of foodseeking behaviour, physical activity and energy expenditure under normal energy balance conditions being regulated by
NPY derived from AgRP-positive neurons predominantly acting on lower affinity Y1 receptors.
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Virtual Room 3
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P1
High Fat/High Sugar Diet Modulates Food Perception And Brain Response In Healthy Humans
3:30
SHARMILI EDWIN THANARAJAH1,2, ALEXANDRA G. DIFELICEANTONIO3, BOJANA KUZMANOVIC1,
KERSTIN ALBUS4, SANDRA IGLESIAS5, RUTH HANSSEN1,6, KLAAS E. STEPHAN1,5, OLIVER A.
CORNELY4, JENS C. BRüNING1,4,6, MARC TITTGEMEYER1, DANA M. SMALL7,8,9
1Max Planck Institute for Metabolism Research, Cologne, *, Germany, 2Department of Psychiatry, Psychosomatic
Medicine and Psychotherapy, University Hospital Frankfurt, Frankfurt, *, Germany, 3Department of Human Nutrition,
Foods, and Exercise, College of Agriculture and Life Sciences, Virginia Tech, Virginia, VA, United States, 4Cologne
Excellence Cluster on Cellular Stress Responses in Aging-Associated Diseases (CECAD), University of Cologne,
Faculty of Medicine and University Hospital Cologne, Cologne, *, Germany, 5Translational Neuromodeling Unit,
Institute for Biomedical Engineering, University of Zurich and Swiss Federal Institute of Technology, Zurich, *,
Switzerland, 6Policlinic for Endocrinology, Diabetes and Preventive Medicine (PEPD), University of Cologne, Faculty
of Medicine and University Hospital Cologne, Cologne, *, Germany, 7Modern Diet and Physiology Research Center,
New Haven, CT, United States, 8Yale University School of Medicine, Department of Psychiatry, New Haven, CT,
United States, 9Center for Transformative Research on Health Behaviors, Fralin Biomedical Research Institute at
Virginia Tech, Virginia, VA, United States
Animal models have shown that a high fat diet – in the absence of weight gain - leads to reduced preference for
nutritionally balanced food mediated by alterations in mesolimbic dopamine pathways. The underlying mechanisms and
especially the translation to human food intake behavior remains elusive. In the current study we investigated, whether
exposure to high fat food over 8-weeks, causes alterations in fat perception and preference, brain response to palatable
food as well as associative learning. We collected behavioral measures, blood samples and fMRI data before and after
49 healthy-weight participants were assigned to consume either a high-fat/high-sugar (HF/HS) or an equicaloric lowfat/low-sugar (LF/LS) yoghurt twice daily for 8 weeks. Despite no change in adiposity or metabolic measures, we found
that HF/HS, but not the LF/LS intervention reduced preference for very low and very high fat concentrations. On
neuronal level, we observed enhanced brain response during food anticipation in the midbrain, dorsolateral prefrontal
cortex and the thalamus as well as during food receipt in the insular cortex. In addition, HF/HS compared to LF/LS diet
enhanced brain activation related to associative learning: Particularly, we found increased prediction error tracking in
the ventromedial prefrontal cortex, ventral striatum and the posterior insular cortex. Taken together these findings
demonstrate that in humans repeated exposure to high energy dense food, in the absence of body weight or metabolic
change, can bias neural response in dopaminoreceptive brain areas thereby mediating multi-sensor integration and
shifting food preference.
P2
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Hippocampus Oxytocin Signaling Bidirectionally Influences Food Intake In Rats In A Social Context-Dependent
Manner
JESSICA J. REA1,2, CLARISSA M. LIU1,2, KESHAV SUBRAMANIAN1,2, RITA OHAN1, SCOTT E. KANOSKI1,2
1

Human and Evolutionary Biology Section, Department of Biological Sciences, Dornsife College of Letters, Arts and
Sciences, University of Southern California, Los Angeles, CA, United States, 2Neuroscience Graduate Program,
University of Southern California, Los Angeles, CA, United States
Oxytocin is a hypothalamic neuropeptide with diverse physiological and behavioral functions ranging from mediating
social behaviors to acting as a potent anorexigenic signal. Oxytocin receptors (OTR) are expressed in the dorsal
subregion of the hippocampus (HPCd) and previous work has established a role for HPCd OTR signaling in social
recognition memory. While the hippocampus is also known to influence energy balance, the role of OTR signaling in the
hippocampus on food intake control and social aspects of eating has not been investigated. Given that rats are highly
social animals, we hypothesized that hippocampal oxytocin’s effects on food intake in rats are dependent on social
context. Results reveal that direct HPCd oxytocin injections, using a dose that is subthreshold for intake effects when
administered to the lateral ventricle (0.05ug), significantly reduced home cage chow intake 30min after dark onset. To
investigate a potential role for social context in HPCd oxytocin-mediated food intake effects, rats were transported daily
to a familiar “visitor” cage to consume their first nocturnal meal(s) (0-60min after dark onset) either in the presence or
absence of a conspecific who also had access to food. On test days subjects received bilateral infusion of either vehicle
or 0.05ug oxytocin into the HPCd immediately prior to dark onset. Under the isolated condition, HPCd oxytocin did not
significantly alter chow intake. However, when tested with the familiar conspecific present, HPCd oxytocin
administration surprisingly increased chow intake relative to vehicle. Collectively these data reveal that OTR signaling
in the HPCd is capable of bidirectionally influencing food intake dependent on context familiarity and social factors.
P3
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Using The Memory Of Eating Task (Meat) To Systematically Study Memory Of Eating
BENJAMIN M. SEITZ, AARON. P BLAISDELL, A. JANET TOMIYAMA
UCLA, Los Angeles, CA, United States
A small but growing field has emerged linking memory processes to eating behavior. Studies using both human and
non-human animal models have demonstrated that memory of a previous meal can moderate future food consumption.
With this established, there is need to understand the factors that influence memory of eating. We created a novel
procedure called the Memory of Eating Task (MEaT) to systematically study the determinants of memory of eating. In
this task, participants are cued to repeatedly eat a single item of food while watching a film. Participants then complete a
distractor task before recalling the number of items consumed and recreating the task context from memory (i.e.
contextual memory of eating). Using the MEaT, we have completed an arc of studies in which we have learned that
eating behavior is better remembered than nearly identical behaviors that do not involve eating (Study 1), and that the

caloric density of a food item potentiates its ability to be remembered (Study 2). We have thus far ruled out glucose as a
potential mediator of this effect (Study 3). We have also measured how eating pace affects memory of eating (Study 4)
and found that a slower eating pace results in more accurate memory of eating. Further, we examine the relationship
between Body Mass Index and memory of eating in terms of accuracy for the amount consumed and accuracy of
recreating the eating context (across all studies, N = 605). We connect the results from these studies, in which
participants recalled what they ate moments earlier, to an ongoing debate regarding the validity and accuracy of selfreported dietary intake measures. Finally, we discuss how these findings relate to the broader literature on memory and
eating behavior and future directions using this novel paradigm.
P4
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A Novel Link Between Adiposity And Visuospatial Ability
H. ALEXANDER CHEN1,2, IRIS HOVENS1,2, XUE SUN1,2, ZACH HUETLIN1,2, DANA M SMALL1,2
1

Modern Diet and Physiology Research Center, New Haven, CT, United States, 2Yale University Dept. of Psychiatry,
New Haven, CT, United States
Conflicting reports exist regarding visuospatial ability in obesity. A recent examination of data from the Humane
Connectome Project found that visuospatial ability, measured by the Penn Line Orientation Task (PLOT), is among the
cognitive domains most negatively associated with BMI (Hovens et al. 2019). This finding may underlie altered
judgments of distance and slope steepness observed in obese individuals that may discourage energy expenditure
(Sugovic et al. 2016). 80 humans equally divided into healthy weight (HW – 20 male; BMI M=21.7 SD=2.0) and
overweight groups (OW – 20 male; BMI M=29.3 SD=3.9) completed PLOT. Participants also completed measures of
visual acuity, body composition, heart rate variability, eye blink rate, fasting glucose, TaqIA A1 allele status, and
HbA1C, as well as questionnaire that assessed depression, anxiety, dietary habits, and physical activity. A stepwise
linear regression was used to predict PLOT performance, with all psychological, anthropomorphic, and biological
variables entered as independent variables. Percent body fat was the only selected variable (F(1,17)=17.05, p<.000) with
a R2 of .19. This finding demonstrates that adiposity is associated with visuospatial ability independently of visual
acuity, glucose tolerance and diet, suggesting that the mechanism behind the effect may relate specifically to body size.
P5
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Chronic Food Uncertainty Promotes Food Reward, Overeating, And Weight Gain In A Novel Animal Model Of
Food Insecurity
Kevin P. Myers, Marta Majewski, Dominique P. Schaefer, Alexis M. Tierney
Bucknell University, Lewisburg, PA, United States
We commonly say that "ubiquitous" access to food is a major environmental driver of obesity, yet in reality many people
live with chronic food insecurity, characterized by limited, unpredictable food access. Paradoxically, food insecurity is
associated with obesity, although causal links are not understood and mechanistic research is challenging given the
complex web of socioeconomic variables involved. We propose an animal model can elucidate basic underlying
biopsychological impacts of the unpredictability inherent in food insecurity. In our model rats are maintained on a
'secure' schedule (SEC) of highly predictable 4x/day feedings of uniform size, or an 'insecure' schedule (INSEC) which
delivers the same total food over time as the SEC schedule but is constantly unpredictable regarding how much, if any,
will arrive at any given feeding, thereby manipulating uncertainty while equating total food intake. Subgroups in each
condition are fed ordinary chow or high-fat/sugar chow to identify separate and combined effects of insecurity and diet
quality. We find that chronic unpredictable food access per se (independent of diet quality) has several lasting behavioral
impacts including hyperactivity, increased meal size when provided a palatable liquid diet, and increased progressive
ratio breakpoints for sucrose indicating enhanced food reward. Rats maintained on the INSEC schedule subsequently
show both increased weight gain when provided ad lib food and slower weight loss during food restriction, suggesting
both behavioral and metabolic adaptations promoting weight gain. We propose this to be a potentially useful animal
model for mechanistic research, demonstrating that chronic food uncertainty is a previously unidentified factor
promoting obesity.

P6
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Early Life Western Diet-Induced Memory Impairments And Gut Microbiome Changes In Female Rats Are
Long-Lasting Despite Healthy Dietary Intervention
LINDA TSAN1,4, SHAN SUN2, LANA BRIDI4, LEKHA S. CHIRALA4, EMILY E. NOBLE3, ANTHONY A.
FODOR2, SCOTT E. KANOSKI4
1Neuroscience Graduate Program, Los Angeles, CA, United States, 2Department of Bioinformatics and Genomics,
Charlotte, NC, United States, 3Department of Foods and Nutrition, Athens, GA, United States, 4Department of
Biological Sciences, Human and Evolutionary Biology Section, Los Angeles, CA, United States
Consumption of a Western diet during adolescence results in hippocampus (HPC)-dependent memory impairments and
gut microbiome dysbiosis. Whether these adverse outcomes are reversible in adulthood following intervention with a
healthy diet is unknown. Here we assessed the short- and long-term effects of adolescent consumption of a Western diet
enriched with either sugar alone, or sugar and fat on metabolic outcomes, HPC-dependent memory, and gut microbiota.
Adolescent female rats (PN 26) were fed a standard chow diet (CTL), a chow diet with access to 11% sugar solution
(SUG), or a junk food cafeteria-style diet (CAF) containing a variety of fat- and/or sugar-enriched foods. During
adulthood (PN 65+), metabolic outcomes, HPC-dependent memory, and gut microbial populations were evaluated both
before and after a 5-week dietary intervention period where all groups were fed a diet of water and standard chow. Prior
to the dietary intervention both the CAF and SUG groups demonstrated impaired HPC-dependent memory, increased
adiposity, and altered gut microbial populations relative to controls. However, impaired peripheral glucose regulation
was only observed in the SUG group. The dietary intervention reversed the metabolic dysfunction in both the CAF and
SUG groups, whereas HPC-dependent memory impairments were reversed in the SUG, but not the CAF group. The
composition of the gut microbiota remained distinct from controls in both groups after dietary intervention. In
conclusion, while the metabolic impairments associated with adolescent cafeteria diet consumption are reversible in
adulthood with dietary intervention, the HPC-dependent memory impairments and the gut microbiome dysbiosis persist.

P7
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Food-Induced Anxiety As A Predictor Of Success Of Weight Loss After Bariatric Surgery
Rafah Chaudhry1,2, Jeon D. Hamm1,2,3, Jany Dotel2,3, Jeanine Albu2, Blandine Laferrère,4, Subash Kini5, Jeffrey M.

Brunstrom6, Harry R. Kissileff2,3
1Institute

of Human Nutrition, Columbia University Irving Medical Center, New York, NY, United States, 2Division of
Endocrinology, Department of Medicine, Mount Sinai Morningside Hospital, New York, NY, United States, 3Diabetes,
Obesity, & Metabolism Institute, Icahn School of Medicine, Mount Sinai, New York, NY, United States, 4New York
Nutrition Obesity Research Center, Columbia University Irving Medical Center, New York, NY, United States, 5Institute
of Bariatric and Minimally Invasive Surgery, Mount Sinai Morningside Hospital, New York, NY, United States, 6School
of Psychological Science, University of Bristol, Bristol, *, United Kingdom
Expected anxiety (EA, virtual rating of stress from eating a displayed portion) increased with portion size in patients
with anorexia nervosa (Appetite, 97:160-8). Here, we extended this task to a bariatric surgery (Roux-en-Y gastric bypass
or vertical sleeve gastrectomy) cohort to: 1) assess the anxiety-inducing potential of snack food pre- and post-surgery
and 2) test whether food-induced EA predicts post-operative weight loss (WL). Patients (N=38, BMI=44.2±0.9 kg/m2)
viewed five equally log-spaced images of eight snacks (low energy dense, LoED: apples, grapes, olives, edamame; high
energy dense, HiED: donuts, chocolate, potato chips, pretzels) and virtually rated their EA (0-100mm, VAS) as if they
had consumed the virtual portion. EA slopes for each snack were derived by linear regression of EA ratings from log
portions. Tasks were completed 1-2 weeks pre- and 3-mon post-surgery, and patients’ weights were recorded at 3 and 12
mon. Snack, energy density, and visit differed significantly (all p<0.0001) on EA slopes. Patients had steeper EA slopes
at 3-mon post-op (b=40.5±2.9 mm/log kcal) than at baseline (b=28.8±2.9 mm/log kcal). Average EA slopes for LoED
snacks were 5.7 mm/log kcal higher than for HiED. Donuts (b=44.5±2.9 mm/log kcal) had the highest, and potato chips
and grapes had the lowest, anxiety-inducing effects (avg b=26.6 mm/log kcal). Baseline EA slope for
pretzels negatively predicted 3-mon WL (b=-0.0801, R2=0.33, P=0.01) and baseline EA slope for
donuts negatively predicted 12-mon WL (b=-0.079, R2=0.41, P=0.05). By contrast, EA slope for
apples positively predicted 12-mon WL (b=0.096, R2=0.43 P=0.03). In conclusion, EA has predictive validity for WL
and could assist in the assessment of anxiety and eating disturbance after bariatric surgery.
P8
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Manipulation Of Hippocampal Perineuronal Nets Can Bidirectionally Modulate Dietary-Obesity Induced
Memory Impairment
AMY C REICHELT1,2, TIMOTHY J BUSSEY2, LISA M SAKSIDA2
1

University of Adelaide, Adelaide, *, Australia, 2Western University, London, ON, Canada

Perineuronal nets (PNNs) regulate neuronal plasticity and also protect neurons – primarily parvalbumin (PV+) neurons,
known to be critical for normal cognitive functioning -- from damage. Thus, although degradation of PNNs can increase
plasticity and rescue cognitive impairment, such degradation might also render neurons vulnerable, with negative
consequences. Here we designed an experiment to assess these two putative functions of PNNs, in the context of
dietary-obesity induced memory impairment. It was predicted that enzymatic degradation of hippocampal PNNs with
chondroitinase ABC would rescue memory ability when given following a memory-impairing high fat/ high sugar
(HFHS) diet, but would exacerbate HFHS diet-induced memory impairments when given prior to the diet, due to
damage from the diet to newly exposed neurons. The results confirmed this prediction: Recognition memory was
restored in HFHS diet mice when PNNs were ablated following 4 weeks of HFHS diet consumption and then tested on
the SLR task one week later. However, memory deficits in the SLR task were exacerbated when PNNs were removed
prior to the 4-week HFHS diet consumption period. Furthermore, chemogenetic silencing of hippocampal PV+ neurons
in PVCre mice that genetically express DREADD hM4Di demonstrated that memory performance in the SLR task is
mediated by PV neuron activity, suggesting that the observed improvements and impairments of memory were due to
altered functioning of PV neurons. These studies provide evidence for the dual role of PNNs in plasticity and protection,
and provide further evidence for PNNs as a novel therapeutic target, but with the caveat that both beneficial and
detrimental effects of PNN manipulations can obtain depending on the timing of PNN manipulation.
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A Big-Data Approach To Understanding Energy Balance And Body Weight In Laboratory Mice
10:00
ALEXANDER BANKS
Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, MA, United States
Maintaining a healthy body weight requires an exquisite balance between energy intake and energy expenditure. To
understand the genetic and environmental factors contributing to the regulation of body weight, we sought to establish
the normal range of food intake and metabolic rates for approximately 30,000 mice studied at 11 locations worldwide.
Despite standardized conditions and diets, mice exhibited a shockingly large degree of heterogeneity with the largest
experimental differences derived from institutional site due to differences in housing temperature. The variation in
physiological responses to institutional location eclipsed the contributions of body mass, locomotor activity, sex, or
season. Importantly, we do not find support for the claim that female mice have greater metabolic variation than male
mice. An analysis of these factors shows a normal distribution for rates of food intake and energy expenditure in the
phenotypic analysis of 2,246 knockout mouse strains and establishes a reference for the magnitude of phenotypic
changes in metabolic parameters. We again find discordant phenotypes for knockout strains studied at different
locations. These analyses provide new insights into how best to design, conduct, and analyze energy balance
experiments to maximize reproducibility. Furthermore, we describe CalR (calrapp.org), a new tool for the analysis of
indirect calorimetry experiments, to analyze raw data measuring food intake and metabolic rates. This tool and the
lessons learned from these studies will move us closer to the goal of increased transparency, rigor, and reproducibility in
metabolic physiology experimentation.
P2
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Go Big [Data] Or Go Home
E. LOUISE THOMAS
University of Westminster, London, *, United Kingdom
When MRI was first applied to the measurement of body composition, it was dismissed as overly expensive and
unnecessarily complex. The lack of available scanners hampered its widespread adoption and researchers had an uphill
struggle to justify its use. Body fat content could be estimated via cheap and indirect methods, so what was the point?
The increasing understanding of the importance of regional fat distribution in the development of metabolic disease,
coupled with a growing appreciation of the adverse role of excess fat deposited in the liver and muscle made the
methodology relevant. However, image acquisition and analysis were prohibitively expensive, limiting the size and
scope of studies. In the 1990s, n=40 would have propelled you to the forefront of big data. While MRI became accepted
as the gold standard for measurement of fat content and distribution, genetic studies were requesting large cohorts
(>100K) and thus relied on proxies such as BMI and waist-to-hip ratio. Only in the last few years with the emergence of
global consortia pooling data and the advent of Biobanks has genetics been combined with gold-standard measures of
body composition. However, with big data comes additional challenges, manual analysis of MRI images is timeconsuming, so the development of fast and reliable methods has been at the forefront of the field. The need to curate
ground truth data, build Deep-Learning pipelines and apply robust quality control has been essential for the
development of Big Data imaging. The number of phenotypes has expanded beyond all expectations, with >100 imagederived phenotypes being delivered in a matter of minutes. When it comes to big data image analysis, tomorrow is here
today.
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New Methods For Objective Measurements Of Eating Behavior In Free-Living Conditions
CHRISTOS DIOU1, VASILEIOS PAPAPANAGIOTOU2, KONSTANTINOS KYRITSIS2, IOANNIS SARAFIS2,
ANASTASIOS DELOPOULOS2
1Harokopio University of Athens, Athens, *, Greece, 2Aristotle University of Thessaloniki, Thessaloniki, *, Greece
New sensor technologies as well as signal processing and machine learning algorithms provide opportunities for
objective measurement of eating, including eating episodes and in-meal parameters. This enables the study of eating
behavior in free-living conditions, provides more detail and higher accuracy compared to self-reported data and has the
potential to support personalized guidance (for individuals) or provide evidence for policy interventions (at population
level). We have developed a method for chewing and snacking detection based on signals from audio, PPG and
accelerometer sensors. The proposed method was evaluated with 14 participants in challenging, free-living conditions
and achieved a weighted accuracy of 0.98 for detecting eating instances. The method was also adapted to recognize
attributes of the food texture of the consumed food and achieved high accuracy for crispiness (0.95) but was less
efficient for wetness (0.79) and chewiness (0.52) of foods. Another approach has also been developed that uses a
commercially available smartwatch to detect food intake events and aggregate them to meal occurrences. The method
uses the accelerometer and gyroscope sensors of the watch combined with signal processing and machine learning
algorithms to identify bites and distinguish them from other, non-eating movements. The method is unobtrusive and
achieved 0.92 F1 score for bite detection and a weighted accuracy of 0.95 for meal detection in a dataset with 12
participants. Finally, preliminary results from the ongoing BigO project (involving over 4,000 children and adolescents)
indicate that it is possible to extend such methods to large-scale monitoring to study population behavior to better
understand its relationship with the obesogenic environment.
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Using Population Neuroimaging To Understand The Cross-Talk Between Obesity And The Brain
VERONICA WITTE1,2
1University of Leipzig Medical Center, Clinic for Cognitive Neurology, Leipzig, *, Germany, 2Max Planck Institute for
Human Cognitive and Brain Sciences, Department of Neurology, Leipzig, *, Germany
Overnutrition and weight gain have been linked with abnormal functionality of homeostasis brain networks and changes
in higher cognitive functions such as reward evaluation, executive functions and learning and memory. In parallel,
evidence has accumulated that modifiable factors such as obesity and diet impact brain health and cognition through
systemic means. Using ‚big data‘ neuroimaging, we aim to shed light on the underlying mechanisms and to determine
both determinants and consequences of obesity at the level of human brain structure and function. To this end, ~2600
randomly selected adults (47% female, 18–80 years of age, BMI = 18–47 kg/m2) of a deeply phenotyped populationbased cohort underwent multimodal 3 T magnetic resonance imaging (MRI). We find that higher body mass index
(BMI) and visceral fat accumulation correlated with microstructure of the hypothalamus, lower thickness and
connectivity in default mode- and reward-related areas, as well as with subtle grey matter atrophy and white matter
lesion load in non-demented participants. Mediation analyses indicated that higher visceral fat affects brain tissue
through systemic low-grade inflammation, and that obesity-related regional changes translate into worse cognitive
performance. Observed links to inter-individual differences in self-reported 'food addiction’ symptoms were weak, and
single genetic polymorphisms did not link with brain measures in this cohort. Also, BMI showed a collinearity to
within-scanner head motion. In sum, our results support the view that overweight and obesity are intertwined with
markers of brain health in the general population. Meta-analyses and longitudinal cohort studies are underway to further
differentiate causation from correlation in obesity-brain research.
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Social Influences On Food Choices Of Humans
10:00
SUZANNE HIGGS
University of Birmingham, Birmingham, *, United Kingdom
Eating plays a central role in many social activities and there is ample evidence to suggest that social context exerts a
pervasive and powerful influence on what, and how much, people eat. For example, people tend to adapt their food
choices to those of others, which is known as modelling and they also use their eating behaviours to convey a favourable
impression of themselves to other people, which is known as impression management. One particularly powerful effect
is the tendency for people to eat more when eating with familiar others, relative to when eating alone, which is known as
the social facilitation of eating. This presentation will review recent research on social influences on eating in humans
with a specific focus on the social facilitation of eating. New data will be presented on the potential role of the social
facilitation of eating in longer term overconsumption. I will highlight knowledge gaps in the area and suggest potentially
fruitful directions for future research. Greater understanding of how social context influences food choices will open up
new opportunities for promoting healthier eating patterns.
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Oxytocin Receptors Demarcate Vagal Sensory Neurons Transducing Cardiometabolic Interoception: It May
Seem Like A Bit Of A Stretch.
ERIC G. KRAUSE1,2,3
1

Department of Pharmacodynamics, Gainesville, FL, United States, 2Center for Integrative Cardiovascular and
Metabolic Disease, Gainesville, FL, United States, 3McKnight Brain Institute, Gainesville, FL, United States
Oxytocin is a peptide that shapes the perception of social stimuli by activating oxytocin receptors (OxtR) in the brain to
orchestrate emotional and homeostatic responses. While less well-studied, OxtR(s) are also expressed within the
periphery and our experiments investigate the structure and function of neurons within the nodose ganglia that express
OxtR (NDGOxtR). In order to visualize NDGOxtR, we bilaterally injected Cre-inducible AAVs synthesizing mCherry or
tdTomato into the NDG of OxtR-Cre mice. We found that 83+3.4% of mCherry labeled cells contained OxtR mRNA
but only 21+1.8% of NeuN-labeled cells expressed mCherry. These results demonstrate that Cre-recombination
faithfully tracks the OxtR gene and OxtR(s) are not ubiquitously expressed, but rather, define a subset of NDG neurons.
Whole mount confocal scans revealed tdTomato fibers in the stomach, duodenum, carotid sinus and aortic arch, thereby
leading to the prediction that NDGOxtR mediate interoception of the gastrointestinal tract and vasculature. To test this,
the NDG of OxtR-Cre mice were bilaterally delivered Cre-inducible AAV synthesizing Gq-DREADD and/or mCherry.
Subsequently, mice were implanted with telemetry devices and housed in metabolic cages to monitor cardiometabolic
parameters. After surgical recovery, mice were delivered saline or clozapine N-oxide (0.3 mg/kg). Selective excitation
of NDGOxtR robustly decreased blood pressure, heart rate, energy expenditure and food and water consumption.
Collectively, our results demonstrate that NDGOxtR demarcate afferents mediating cardiometabolic interoception and
that their excitation reduces food and water intake, effects reminiscent of what occurs when distention is exerted on the
gastrointestinal and cardiovascular systems.
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Illuminating State-Dependent Regulation Of Hypothalamic Circuits For Social Motivation
JENNA A. MCHENRY
Duke University, Durham , NC, United States
Neural circuits must integrate environmental signals along with dynamic internal states to direct motivation for a variety
of needs essential for survival. The fixed and flexible features of neural systems that direct state-dependent motivation,
including social interaction and feeding, remain unresolved. The medial preoptic area (mPOA), an essential node for
social behaviors, comprises molecularly diverse neurons with widespread projections. Here we identify a steroidresponsive subset of neurotensin (Nts)-expressing mPOA neurons that interface with the ventral tegmental area (VTA)
to form a socially engaged reward circuit. Using in vivo two-photon imaging in female mice, we show that a large subset
of mPOANts neurons preferentially encode attractive male cues compared to appetitive food stimuli. Interestingly, a
separate subset is suppressed by social cues but excited by food cues. Reproductive ovarian hormone signals regulate
both the physiological and cue-encoding properties of these cells. Furthermore, optogenetic stimulation of mPOANts–
VTA circuitry promotes rewarding phenotypes, social approach and striatal dopamine release. Collectively, these data
demonstrate that steroid-sensitive mPOA neurons encode ethologically relevant stimuli and co-opt midbrain reward
circuits to promote prosocial behaviors critical for species survival. Ongoing efforts are examining whether VTA
dopamine neurons are tuned towards specific types of motivational stimuli (e.g., social vs. food cues). Identifying how
networks encode distinct forms stimuli across dynamic internal states is of critical importance because without this
information we are unlikely to discover the ways in which certain social and feedinng behavioral abnormalities arise.
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Social And Ecological Influences On Food-Associated Communication In Chimpanzees (Pan Troglodytes)
KATIE E. SLOCOMBE
University of York, York, *, United Kingdom
Chimpanzees, our closest living relatives, have to fulfil their nutritional needs in their rainforest habitat, whilst
simultaneously navigating their complex social world. Communication seems to play a vital role in allowing
chimpanzees to forage effectively, whilst also maximising their opportunities for valuable social interaction. I will
review a series of studies on the production of food-associated calls in wild chimpanzee males. One type of acoustically
graded food-associated call, called rough grunts, contain information for listeners on the value of the food source and
seem to attract individuals to the caller’s food source. Males are more likely to produce rough grunts when feeding on

large divisible food sources and seem to direct these calls to potentially valuable social partners: higher ranking male
friends. Important social partners are more likely remain with a focal male until the end of the feeding bout when the
focal male produced rough grunts at the start of the feeding bout, indicating that these calls may play a role in males
coordinating their feeding behaviour
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Exenden-4 Or Salmon Calcitonin In Nonhuman Primates
SHANNON C. O'BRIEN1, PIQUE P. CHOI2, MATTHEW M. HURLEY1, TIMOTHY H. MORAN1
1Johns Hopkins School of Medicine, Baltimore, MD, United States, 2Washington State University, Pullman, WA,
United States
Gut peptides such as CCK, GLP-1, and amylin have well-documented feedback roles in controlling feeding behavior.
Now that long-acting analogs are available, there is increased interest in the degree to which such peptide agonists in
combination might exert more potent efficacy on the suppression of food intake. While previous studies have
demonstrated additive effects of the GLP-1 receptor agonist Exenden-4 (Ex-4) and the amylin agonist salmon calcitonin
(sCT), the present study focused on comparing the effects of acute and multiple day administration of a long acting
CCK analog combined with either Ex-4 or sCT on the suppression of food intake in nonhuman primates. Adult male
rhesus monkeys received intramuscular injections of Ex-4 (0.1 ug/kg, 0.32 ug/kg, 0.56 ug/kg), sCT (0.032 ug/kg, 0.1
ug/kg, 0.32 ug/kg), and a long acting CCK analog (0.32 ug/kg, 1.0 ug/kg, 3.2 ug/kg) before the onset of 6-h food access.
The feeding program delivered food pellets upon lever presses during the allotted 6-h feeding window. When
administered acutely, combinations of the CCK analog and Ex-4 as well as CCK and sCT yielded similar additive
effects reducing food intake. However, when administered chronically over the course of a 5-day period, a combination
of 0.32 ug/kg of the CCK analog and 0.32 ug/kg Ex-4 resulted in a sustained suppression of food intake while the CCK
analog and sCT combinations produced inconsistent reductions. These data demonstrate the CCK analog and Ex-4
combination have an additive effect that reduces food intake and is sustained with daily administration, furthering the
understanding of how certain combinations of gut peptide agonists can influence the feeding behavior of nonhuman
primates.
P2
10:15

Brainstem Cholecystokinin Neurons Mediate Gdf15-Induced Anorexia
Amy A. Worth1, Rosemary HW. Shoop1, Giuseppe D'Agostino1, Garron T. Dodd2, Fiona M. Gribble3, Frank Reimann3,
Simon M. Luckman1
1Faculty

of Biology, Medicine and Health, University of Manchester, Manchester, *, United Kingdom, 2School of
Biological Sciences, University of Melbourne, Melbourne, *, Australia, 3MRC Metabolic Diseases Unit, Addenbrooke's
Hospital, Wellcome Trust/MRC Institute of Metabolic Science (IMS), University of Cambridge, Cambridge, *, United
Kingdom
The cytokine GDF15 is thought to mediate sickness-induced anorexia in humans and a number of animal models. In
rodents, GDF15 reduces food intake, decreases body weight and induces aversion, via its receptor, GFRAL. Expression
of GFRAL is restricted to a population of brainstem neurons that span the area postrema (AP) and nucleus of the solitary
tract (NTS). To understand how they drive such marked effects, we sought to phenotype GFRALAP/NTS neurons and
identify other brain areas that may be recruited as part of a neural circuit activated by GDF15. Using
immunohistochemistry in a variety of mouse models, we found that the majority of GFRAL-expressing neurons coexpressed the neuropeptide cholecystokinin (CCK). Systemic injection of GDF15 caused robust activation of GFRALexpressing CCKAP/NTS neurons, as assessed by cFos immunoreactivity. GDF15 also activated CGRPPBN, CRHPVH,
PKCδCeA and PKCδovBNST neuronal populations, highlighting them as potential downstream targets of GFRAL
neurons. Retrograde tracing from these regions illustrated that CCK-positive GFRAL neurons project directly to the
PBN, but not the PVH, ovBNST or CeA. The anorectic effect of GDF15 was blocked by systemic injection of a CCKreceptor antagonist, devazepide. Furthermore, selective ablation of CCKAP/NTS or CGRPPBN neurons, using virallytransduced Cre-dependent Caspase or TetTox constructs, rescued food intake in GDF15-treated mice. Collectively, these
data demonstrate that CCK-expressing GFRALAP/NTS neurons mediate GDF15-induced anorexia, likely through a
predominant projection to the PBN. Delineating the neural circuitry of GFRAL neurons will help us understand
anorexia in pathophysiological circumstances where circulating GDF15 is elevated.
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Lisdexamfetamine Dimesylate Reduces Food Intake And Improves Cognitive Control In Women With BingeEating Symptoms
ELIZABETH SCHNEIDER1, ELIZABETH MARTIN1,2, PIA ROTSHTEIN2, KASIM L. QURESHI1,2, SAMUEL R.
CHAMBERLAIN3,4, MAARTJE S. SPETTER1, COLIN T. DOURISH5, SUZANNE HIGGS1
1School of Psychology, University of Birmingham, Edgbaston, *, United Kingdom, 2Centre for Human Brain Health,
University of Birmingham, Edgbaston, *, United Kingdom, 3Department of Psychiatry, University of Southampton,
Southampton, *, United Kingdom, 4Department of Psychiatry, University of Cambridge, Cambridge, *, United
Kingdom, 5P1vital, Oxfordhsire, *, United Kingdom
Lisdexamfetamine dimesylate (LDX) is the only drug approved by the United States Food and Drug Administration for
treatment of Binge Eating Disorder (BED). Little, however, is known about the behavioural mechanisms that underpin
the efficacy of LDX in treating BED. The current study used a randomised, crossover, double-blind, placebo-controlled
design to investigate the effects of LDX in women with binge-eating symptoms (BES). Twenty-two women (BMI =
26.35 kg/m2 ± 4.98; age = 24.41 ± 6.87) with BES (Binge Eating Scale M = 28.36 ± 6.59) received either 50mg LDX or
placebo in a counterbalanced order. Participants completed cognitive tests, mood and appetite questionnaires, and had
ad libitum access to a pasta meal and a cookie snack. LDX reduced both pasta and cookie intake (F(1, 21) = 11.65, p
<0.01), with a greater effect on cookie intake (d = 0.65) than pasta intake (d = 0.52). LDX also decreased eating rate

(grams/minute) for pasta (t(21) = -3.14, p = 0.01), but not for cookies (p > 0.05). LDX reduced self-reported liking
ratings for pasta at the end of the meal (t(21) = -2.57, p = 0.02) and self-reported appetite ratings (F(1, 21) = 27.56, p
<0.01). On a measure of sustained attention, LDX reduced commission errors (F(1, 21) = 4.47, p = 0.048). These results
suggest the observed effects of LDX on food intake (and by implication the efficacy of LDX in treating BED) could be
related to the actions of the drug to reduce appetite and/or increase cognitive control.
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The Role Of The Gut Sweet Taste Receptor In Regulating Cck And Pyy Release In Response To D-Allulose And
Erythritol In Humans
Fabienne Teysseire1,2, Valentine Bordier1,2, Aleksandra Budzinska3, Nathalie Weltens3, Jens F. Rehfeld4, Jens J. Holst5,
Bolette Hartmann5, Christoph Beglinger1, Lukas Van Oudenhove3, Bettina K. Wölnerhanssen1,2, Anne Christin MeyerGerspach1,2
1

St. Clara Research Ltd at St. Claraspital, Basel, *, Switzerland, 2University of Basel, Basel, *, Switzerland,
for Brain-Gut Axis Studies, Translational Research Center for Gastrointestinal Disorders, Department of
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Chronic Diseases, Metabolism & Ageing, KU Leuven, Leuven, *, Belgium, 4Department of Clinical Biochemistry,
Rigshospitalet, University of Copenhagen, Copenhagen, *, Denmark, 5Department of Biomedical Sciences and Novo
Nordisk Foundation Center for Basic Metabolic Research, Faculty of Health and Medical Sciences, University of
Copenhagen, Copenhagen, *, Denmark
Introduction Whether D-allulose- and erythritol-induced gut hormone secretion is mediated via the sweet taste receptor
T1R2/T1R3 is not yet known. The aim of this study was to investigate the physiological role of T1R2/T1R3 by
assessing the effect of lactisole - a competitive inhibitor of the T1R3 subunit - on PYY, CCK, and GLP-1 release in
response to intragastric (ig) administration of D-allulose and erythritol in humans. We also studied the effect of the
T1R2/T1R3 blockade on gastric emptying (GE). Methods We performed a randomized, controlled, double-blind,
crossover study on 18 healthy subjects (5 men; mean age: 24±4.2 years, range 19-39 years; mean BMI: 21.9±1.7 kg/m2,
range 19.1-24.3 kg/m2). In six test sessions, subjects received an ig administration of 25g D-allulose or 50g erythritol,
dissolved in 300mL water, or 300mL water (placebo), with or without 450ppm lactisole, respectively. [13C]-sodiumacetate was added for determination of GE. Blood and breath samples were collected at fixed time intervals to measure
CCK, PYY, GLP-1 and GE. CCK was measured with a radioimmunoassay; PYY and GLP-1 (which is currently being
analyzed) with sensitive ELISAs. Data were analyzed using linear mixed model analysis. Results D-allulose and
erythritol (vs water) lead to a significant secretion of CCK (PHolm<0.001, respectively) and PYY (PHolm<0.001,
respectively), which was not affected by lactisole. Erythritol lead to a significant retardation in GE (PHolm=0.0002),
whereas the other treatments did not affect gastric emptying. Conclusions We show for the first time that ig
administration of D-allulose induces the release of CCK and PYY. The lack of effect of lactisole on CCK and PYY
suggests that D-allulose- and erythritol-induced CCK and PYY secretion is not mediated by T1R2/T1R3, so the
mechanism remains to be determined.
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Gip Receptor Agonism Attenuates Glp-1 Receptor Agonist Induced Nausea And Emesis In Preclinical Models
TITO BORNER1,2, CAROLINE E. GEISLER1, SAMANTHA M. FORTIN1, RICHARD COSGROVE3, JORGE
ALSINA-FERNANDEZ3, MRIDULA DOGRA3, SARAH DOEBLEY2, ROSA M. LEON1, MISGANA Y.
GHIDEWON4, HARVEY J. GRILL4, RICHARD C. CRIST1, BENJAMIN C. REINER1, MINRONG AI3, RICARDO
J. SAMMS3, BART C. DE JONGHE1.2, MATTHEW R. HAYES1,2
1Department of Psychiatry, University of Pennsylvania, Philadelphia, PA, United States, 2Department of Biobehavioral
Health Sciences, University of Pennsylvania, Philadelphia, PA, United States, 3Lilly Research Laboratories, Eli Lilly
and Company, Indianapolis, IN, United States, 4Department of Psychology, University of Pennsylvania, Philadelphia,
PA, United States
Glucose dependent insulinotropic polypeptide (GIP) and glucagon like-peptide 1 (GLP-1) are incretins that help
orchestrate post-prandial glucose levels by augmenting insulin secretion. Current FDA-approved GLP-1 analogs are
highly efficacious at normalizing glycemia and reducing body weight, however they elicit nausea and vomiting in a
significant percentage of patients. Recent studies employing GLP-1/GIP dual analogs have yielded promising results in
pre-clinical models and clinical trials, notably providing greater body weight loss and better glycemic control than GLP1 receptor (GLP-1R) agonism alone. Intriguingly, GIP receptor (GIPR) activation reduces emetic responses following
gut peptide PYY and cisplatin administrations in ferrets and beagles, suggesting potential anti-emetic effects. Here, we
show in three different species (i.e., mice, rats and musk shrews) that a long-acting GIP analog blocks emesis and
attenuates illness behaviors (e.g., conditioned taste avoidance and kaolin intake) elicited by GLP-1 receptor activation,
while maintaining reduced food intake, body weight loss, and improved glucose tolerance. The area postrema and
nucleus tractus solitarius (AP/NTS) of the brainstem are required for food intake and body weight suppression by GLP1R ligands and processing of emetic stimuli. Utilizing single-nuclei RNA-sequencing, we identified the cellular
phenotypes of AP/NTS GIPR- and GLP-1R-expressing cells on distinct populations of inhibitory and excitatory
neurons, with the greatest expression of GIPR on GABAergic neurons. This work suggests that combinatorial
pharmaceutical targeting of GLP-1R and GIPR will increase efficacy in treating obesity and diabetes by reducing nausea
and vomiting.
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Chemotherapeutic Treatments Induce Anorexia Via The Action Of Gdf15
ROSEMARY HW. SHOOP1, AMY A. WORTH1, AMELIA C. CATTON1, CLAIRE H. FEETHAM1, NICOLAS
NUNN1, ISABELLA CULOTTA1, TAMER COSKUN2, PAUL J. EMMERSON2, JAMIE HONEYCHURCH1,
SIMON M. LUCKMAN1
1University of Manchester, Manchester, *, United Kingdom, 2Eli Lilly, Indianapolis, IN, United States
GDF15 is a cytokine which is released in response to cellular stress and damage, for example following administration

of the chemotherapeutic drug, cisplatin, in mice. Increased GDF15 leads to anorexia and weight loss via action on its
receptor, GFRAL. GFRAL expression is restricted to neurons in the caudal brainstem, most of which project to the
parabrachial nucleus. Here we tested whether other, non-platinum-based therapeutics also cause the secretion of GDF15
and whether blocking GFRAL could counter the activation of anorectic brain pathways. Mice were treated with four
different chemotherapeutic regimens based on a range of drug classes. A single dose of cisplatin (CIS; 4 mg/kg) or
cyclophosamide/adriamycin (CA; 167mg/kg and 4mg/kg, respectively) caused a decrease in food intake and body
weight, and increased plasma GDF15 levels at 24 hours. By comparison, paclitaxel (TAX, 20mg/kg) or gemcitabine
(GEM, 120 mg/kg) failed to affect food intake or body weight significantly, nor did they increase GDF15. There was a
positive correlation between GDF15 levels and drug-induced anorexia/weight loss. GFRAL knock-out mice or wildtype mice pre-treated with a GFRAL blocking monoclonal antibody (mAb), failed to show anorexia in response to either
CIS or CA. Likewise, pre-treatment with the GFRAL mAb completely blocked neuronal induction of FOS protein in
both the caudal brainstem and parabrachial nucleus. Increased GDF15 secretion is a common feature of these
chemotherapies which cause anorexia. This signalling system or its downstream pathways may therefore be good targets
for the development of co-therapies to reduce chemotherapy-induced weight loss, treatment non-adherence, and the
accompanying increased risk of mortality.
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Glp-1 And Insulin Sensitivity Modulate Association Learning And Motivated Behaviour
RUTH HANSSEN1, ALINA KRETSCHMER1, SHARMILI EDWIN THANARAJAH1, BOJANA KUZMANOVIC1,
LIONEL RIGOUX1, TAMARA SITNIKOW1, KERSTIN ALBUS2, OLIVER CORNELY2, SANDRA IGLESIAS3,
KLAAS ENNO STEPHAN3, JENS BRüNING1, MARC TITTGEMEYER1
1Max Planck Institute for Metabolism Research, Cologne, *, Germany, 2University of Cologne, Faculty of Medicine,
Cologne, *, Germany, 3University of Zurich and ETH Zurich, Zurich, *, Switzerland
To regulate food intake, our brain integrates homeostatic signals about our physiological needs with cues about
environmental outcomes. Hereby, dopaminergic (DA) neurons in the midbrain play a crucial role in learning about cueoutcome associations (e.g. cues indicating food reward) and prompting motivational responses (e.g. effort spending for
reward). As DA midbrain activity is sensitive to metabolic mediators - such as insulin or glucagon-like peptide 1 (GLP1) -, we hypothesized that learning and motivation are modulated metabolically. In a randomized, placebo-controlled,
crossover design study, 21 lean (BMI <25 kg/m2) and 17 obese (BMI > 30 kg/m2) participants received liraglutide as
GLP-1 analogue or placebo on two separate testing days. Learning was assessed using an associative learning task
within the MRI, in which participants had to learn the association between auditory cues and visual stimuli. Motivation
was measured using a force task, in which participants had to spend physical effort for rewards. Hunger, insulin and
glucose levels and systemic insulin resistance were also assessed. Learning and motivation were impaired in insulin
resistant humans in comparison to insulin sensitive participants (F(5, 170) = 2.2, p = .045; F(1, 35) = 6.2, p = .017). GLP1 normalized learning and motivation in insulin resistant humans (F(5, 301) = 4.0, p = .002; F(1, 127) = 5.1, p = .026) by
enhancing encoding in the mesostriatal neurocircuitry but did not affect learning or motivation of insulin sensitive
participants. Collectively, our behavioral and fMRI findings reveal that GLP-1 modulates learning and motivation and
normalizes both in insulin resistant humans via its effects in the mesoaccumbens pathway.
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Sex And Obesity Differentially Influence Central Insulin Action To Food Cues
LORE WAGNER1, RALF VEIT1, CHRISTIAN KÜBLER1,2, ANDREAS L. BIRKENFELD1,2, MARTIN HENI1,2,3,
HUBERT PREISSL1,2, STEPHANIE KULLMANN1,2
1

Institute for Diabetes Research and Metabolic Diseases of the Helmholtz Center Munich at the University of Tübingen
German Center for Diabetes Research (DZD e.V.), Tübingen, *, Germany, 2Department of Internal Medicine IV,
University of Tübingen, Tübingen, *, Germany, 3Institute for Clinical Chemistry and Pathobiochemistry, University
Hospital Tübingen, Tübingen, *, Germany
Central insulin action influences cognitive processes, peripheral metabolism and eating behavior. However, the
contribution and interaction of obesity, age and sex on central-insulin action still remain unclear. In a randomized
within-subject design, we measured neural reactivity to food cues in 60 participants (30 women, BMI 18-32 kg/m2, age
21-69 years) on two separate days. After intranasal insulin (INI) or placebo (PL) spray administration, visual food cues
were presented during functional magnetic resonance imaging. Afterwards, participants were asked to rate the presented
food cues for wanting (“how much they want to eat the presented food cues”). In response to high versus low caloric
food, INI evoked higher activity in the amygdala compared to PL. Furthermore, 3-way interactions between sex, BMI
status and nasal spray were identified in multiple cortical regions. Women with overweight and obesity and men of
normal weight showed higher cortical activity in response to INI compared to PL. Higher central insulin responsiveness
in the insular cortex was associated with better peripheral insulin sensitivity and higher cognitive restraint. Moreover,
neural activity parametrically modulated by wanting ratings revealed a significant interaction between sex and nasal
spray. In response to INI compared to PL, men showed lower dorsolateral prefrontal cortex (DLPFC) activity with
increasing wanting ratings, whereas women showed higher DLPFC activity. Obesity and sex, but not age, influenced the
central-insulin mediated neural activity to visual food cues in brain regions implicated in reward and cognitive control.
These findings show that central insulin action differentially affect men and women, which may have consequences for
metabolism and eating behavior.
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Oral Somesthesis: The Foundation Of Flavor
BARRY G GREEN
The John B. Pierce Laboratory, New Haven, CT, United States
Flavor has most often been described as the integration of taste and smell in the context of adjunct somatosensory
perceptions such as texture and temperature. In this talk I will argue in favor of a broader, operational definition of
flavor, namely that it comprises all sensations perceived in the mouth that influence the consumption of food and drink.
This view not only recognizes that oral somesthesis is a component of flavor, as others have also proposed, but further
suggests that it plays a central role in the mechanisms of flavor perception via its multisensory, interactive, and
integrative properties.
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RICK SAMSON
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Hoebel Prize For Creativity
THOMAS LUTZ
In my presentation, I would like to give an overview of the last 30 years of amylin research, since when I first heard
about this peptide in 1991 during my PhD. The first focus was on the role of amylin (IAPP) in the pathophysiology of
diabetes mellitus in cats, but this focus shifted towards the hormonal metabolic effects of amylin, in particular its eating
inhibitory effects. Over the years, more and more laboratories became interested in amylin research and as much as
amylin "created" my careeer, I tried to contribute to the creation of the amylin story and contribute to the establishment
of amylin as one of the important hormones in metabolic control. As we know today - may perhaps have a promising
future as anti-obesity drug.
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ALLEN LEVINE
Behavioral plasticity: role of neuropeptides in shaping feeding responses. Allen S. Levine. University of Minnesota.
Since the 1970s there have been a host of studies dealing with the way neuropeptides regulate ingestive behavior.
Studies have looked at macronutrient intake, meal patterning, reward, brain and peripheral circuitry and many other
parameters important to eating. Ingestive behavior is not static, but rather dynamic and it changes depending on
environmental and physiological factors. For example, we eat for many reasons other than hunger, including taste,
pleasure, stress, boredom, and social events. A piece of toast may provide energy but is not particularly rewarding.
However, if one has been food deprived, this toast may be extremely rewarding. A neuropeptide might affect feeding
differently when one is eating alone or with their family. A peptide might alter food intake differently depending on the
physical form of a food, such as a liquid or solid. Over the past forty years our laboratory has conducted a variety of
studies utilizing injections, immunohistochemistry, gene expression and hunger discrimination techniques, to name a
few, to evaluate effects of centrally and peripherally acting peptides, including opioids, NPY, ghrelin and oxytocin. And
what we have consistently found is that behavioral plasticity has a profound impact on on the way neuropeptides affect
eating. This journey has led us to conclude that in order to properly define the role of a given neuropeptide in ingestive
behavior, one must not disregard the multitude of functional interactions between neuropeptidergic systems and the
internal and external cues that contribute to shaping the hugely complex behavior that we describe with the simple word
‘feeding’

P5

Closing Remarks
DEREK DANIELS

5:00 - 6:00 PM

Virtual Room 1
Happy Hour

Friday, July 16, 2021

1:00 - 2:00 PM

Virtual Room 1
Business Meeting

Chair(s): Derek Daniels
P1
President'S Report
Derek Daniels
P2

Secretary/Membership Report
Kevin Myers

P3

Treasurer’S Report
Kellie Tamashiro

P4

Long Range Planning Report
Diana Williams

P5

Program Committee Report
Scott Kanoski

P6

Communications Committee Report
Andrea Tracy

P7

New Investigator Advisory Board
Ted Hsu

P8

Diversity Committee Report
Alex Johnson, WILL DE LARTIGURE

P9

New Business
Derek Daniels

P10

Election Turn Over

