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RELAZIONE:  
 

1. BACKGROUND AND JUSTIFICATION 

Obesity is a multifactorial, chronic disease, recognized as a serious public health problem. According to the World Health 

Organization (WHO), 39% of the world’s adult population were overweight in 2014 and 13% are obese, also 41 million 

children under the age of 5 were overweight or obese in 2014. The development of a safe and effective pharmacological 

option for the treatment of obesity has been elusive and as such the management of obesity remains a major challenge.  

It is known that chronic access to highly palatable foods in animals can lead to escalating intake, bingeing, and alterations 

in brain stress and reward pathways, indicating a breakdown of normal regulatory processes and loss of control over 

intake (Avena et al. Neur. Biobeh. Rev. 2008 32:20-39; Kenny Nat Rev. Neur. 2011 20;12:638-51). This is perhaps best 

reflected by the fact that obese animals will persist in their responding for palatable energy-dense food, but not standard 

chow, despite response-contingent punishment (noxious footshocks). By contrast, lean control animals demonstrated 

suppressed responding for palatable food in response to contingent punishment (Johnson and Kenny Nat Neuros. 2010 

13:635-41).  This suggests that the “value” of palatable food is increased in obese relative to lean rats. Somewhat 

paradoxically, the same overweight animals that demonstrate elevated value of palatable food, reflected by consumption 

that is resistant to contingent punishment, show a profound deficit to their willingness to work for such food under fixed 

ratio (FR) or progressive ratio schedules of reinforcement that reflect goal-directed behaviors (responding is outcome-

dependent). Therefore, obesity doesn’t just reflect a state in which the motivational value of food is pathologically 

increased across all relevant measures in rodents. Instead, obesity seems to reflect selective perturbation of specific 

aspects of food-related motivated behavior. Interesting in this regard are the recent observations that obese animals 

demonstrate greater levels of habit-like responding under a random interval (RI) schedule of reinforcement (responding is 

outcome-independent) than lean controls (Furlong et al. J Neurosci. 2014 2;34:5012-22; Kendig et al. Physiol Behav. 

2013 15;120:164-72; Tantot et al. Appetite 2017 108:203-211). Thus, the development of obesity is associated with a shift 

in food-related responding away goal-directed and toward habit-like responding.  Such a shift away from goal-directed to 



habitual behavior in obese animals may explain why their food seeking responses become impervious to negative 

outcome (contingent punishment). Here, we hypothesize that the emergence of habitual behavior at the expense of goal-

directed motivation may contribute to the dysregulated feeding patterns that contribute to the generation and maintenance 

of an obese state. 

2. RESULTS 

Thirty-two male Wistar rats were food restricted to maintain them at approximately 85% of their their free-feeding body 

weight and trained in an operant chamber (Med Associates) to lever press for food pellets (45 mg pellets; TestDiet, 

Richmond, IN). Rats were divided into two groups and trained to acquire the food-seeking response using different 

reinforcement schedules during 1 h daily sessions: a fixed-ratio 5 (FR5) 20 s timeout or a variable interval (VI) 60s 

schedules. Under this first condition, the delivery of one pellet reward results every five presses of levers, while under VI 

schedule the reinforcement occurs, on average, after n amount of time, contingent on a lever press. When stable 

responding was established under both schedule of reinforcement (Fig. 1), ad libitum access to food was allow to all rats. 

As shown in Fig. 2 sated rats under FR condition significantly reduced their responding [p < 0.001] while in the VI animals 

the responding decreased to a much lower degree [p < 05]. This result suggested the VI schedule of reinforcement 

impairs a rodent’s ability to inhibit responding when the value of an outcome is reduced.   

can promote the development of habitual actions in sated rats and to better investigate between volitional (i.e., goal-

directed) and habitual behavior (Dickinson. Philos T Roy Soc B. 1985 308:67–78) we performed an outcome devaluation 

procedure. 

 

 

Instrumental performance under FR5 or VI interval  schedules of reinforcement in restricted (Fig. 1) 

 or sated rats (Fig. 2). Mean total number (±SEM) rewards earned during 1h self administration. 

 

To further assess the effect of different training schedules on outcome devaluation the same rats underwent a classic 

satiety induced devaluation task (Furlong et al. J Neurosci. 2014 2;34:5012-22. Each rat was tested twice, under both 

devalued and non devalued conditions. For the devalued condition, rats were given 1 h ad libitum access to their outcome 

earned during instrumental training (pellets) in an individual feeding cage. For the non devalued condition, rats were given 

1h ad libitum access to the food not earned during instrumental training (standard chow). Immediately after this, rats were 

placed in the operant chambers and lever-press responding tested in a 15 min extinction test. The following day, rats 

were given a retraining session identical to the final training day (FR5 or VI 60 s) and then the rats were tested in the 

opposite condition (rats that were in the devalued condition were now placed in the non devalued condition and vice 

versa). The result confirmed the VI group showed a reduced sensitivity to the value of the outcome, infact there was no 

significant difference in the number of presses in the devalued condition compared to their presses in the non-devalued 

(valued) condition (Fig. 3). Instead FR5 rats significantly reduced their lever pressing in the devalued versus valued 



conditions [p < 0.01], showing goal-directed behaviors: they were sensitive to changes in outcome value and decreased 

their presses to earn the outcome that is pellets just eaten for an hour. 

 

 

Fig. 3 Devaluation test. Mean total number (±SEM) lever pressing  during 15 min extinction test. 

***: within group difference (p < 0.001). 

 

 

ONGOING STUDIES 

AIM 1: Characterize the obesity-induced changes to goal-directed and habitual feeding strategies.  Obesity will be 

induced through 8 weeks of ad libitum access to a cafeteria-style palatable energy-dense diet in mice (cheesecake, 

chocolate bacon etc.) (Johnson and Kenny Nat Neuros. 2010 13:635-41). Throughout the development and maintenance 

of obesity goal-directed and habitual operant performance for food rewards will be assessed. 

AIM 2: Visualize D1 and D2 MSN activity in the aDLS during operant performance as obesity develops 

The anterior dorsolateral striatum (aDLS) is recruited to maintain habitual responding even in the face of outcome 

devaluation both for drug (Jonkmann et al J Neurosci. 2012 28;32:4645-50) and food reward (Furlong et al. J Neurosci. 

2014 2;34:5012-22). Medium spiny neurons (MSNs) are the predominant class of neurons found in the striatum and are 

sub-classified based on their expression of dopamine receptors (dopamine 1 receptor (D1R) vs. dopamine 2 receptor 

(D2R)). Therefore, it is an interesting possibility that the development of obesity may shift the balance of D1 and D2 

MSNS in aDLS to diminish goal-directed and enhance habit-like responding for food We will use the nVista 

endomicroscopy system from Inscopix (www.inscopix.com), which consists of an implantable endommicroscopic lens 

used in conjunction with a miniature integrated microscope that can be mounted to the head of rodents (Fig. 4a, 4b). This 

assembly can be used to monitor emission of GCaMP mediated fluorescence from individual neurons in the brains of 

rodents providing a means to visualize dynamic cellular activity at the level of single cell resolution even in deep brain 

structures (Fig. 4c, 4d). Based on the findings from AIM 1 we will track the activity of individual D1 and D2 MSNs as 

obesity develops and food seeking patterns switch from goal-directed to habitual. This will reveal how obesity-associated 

changes to neural patterning in aDLS facilitate the switch of feeding strategies from goal-directed to habitual.   
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ANOVA table

Interaction

Training

Value

Subjects (matching)

Residual

SS

20592

1444

18225

39627

23531

DF

1

1

1

30

30

MS

20592

1444

18225

1321

784.4

F (DFn, DFd)

F (1, 30) = 26.25

F (1, 30) = 1.093

F (1, 30) = 23.24

F (30, 30) = 1.684

P value

P < 0.0001

P = 0.3041

P < 0.0001

P = 0.0796

* * *

*S ig n if ic a n tly  d iffe re n t fro m  v a lu e d  c o n d itio n  u s in g  B o n fe rro n i te s t.



2: Effects of manipulating D1 and D2 MSNs in aDLS using 

DREADDs on food responding. Based on the data from 

AIM 2 we will manipulate neuronal activity specifically in D1 

or D2 aDLS neurons during goal-directed or habitual food-

seeking linked to D1 and D2 neuronal activity. Facilitating or 

inhibiting neuronal firing during feeding-related tasks will allow 

the causal relationship between aDLS neuronal signaling to 

obesity-induced changes to food-seeking patterns to be 

established. Together these results will suggest how 

palatable foods exposure influences/accelerates the shift from 

goal-directed to habitual control of feeding behavior 

Thus, the overall scope of this project is to causally link 

obesity associated shifts to habitual feeding patterns to 

aDLS neuronal ensemble activity. This will inform on the 

cellular signaling cascades that influence human 

decision-making processes when selecting a less healthy 

food or continuing to eat when no longer hungry. 

 
 

Figure 4. In vivo endomicroscopic monitoring of neuronal activity 

in freely moving rodents. a: Mouse with head mounted miniscope. 

b: Schematic detailing the experimental setup required for 

successful in vivo imaging C: Live cell activity recording of aDLS D1 

neurons in mouse. d: Traces representing individual D1 activity in 

the aDLS. 

 


