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Foods that are rich in fat and sugar significantly contribute to over-eating and escalating rates of obesity. The consumption of palatable foods can
produce a rewarding effect that strengthens action-outcome associations and reinforces future behavior directed at obtaining these foods.
Increasing evidence that the rewarding effects of energy-dense foods play a profound role in overeating and the development of obesity has
heightened interest in studying the genes, molecules and neural circuitry that modulate food reward2. The rewarding impact of different stimuli
can be studied by measuring the willingness to work to obtain them, such as in operant conditioning tasks®. Operant models of food reward
measure acquired and voluntary behavioral responses that are directed at obtaining food. A commonly used measure of reward strength is an
operant procedure known as the progressive ratio (PR) schedule of reinforcement.*5 In the PR task, the subject is required to make an increasing
number of operant responses for each successive reward. The pioneering study of Hodos (1961) demonstrated that the number of responses
made to obtain the last reward, termed the breakpoint, serves as an index of reward strength®. While operant procedures that measure changes
in response rate alone cannot separate changes in reward strength from alterations in performance capacity, the breakpoint derived from the PR
schedule is a well-validated measure of the rewarding effects of food. The PR task has been used extensively to assess the rewarding impact of
drugs of abuse and food in rats (e.g.,58), but to a lesser extent in mice®. The increased use of genetically engineered mice and diet-induced
obese mouse models has heightened demands for behavioral measures of food reward in mice. In the present article we detail the materials and
procedures used to train mice to respond (lever-press) for a high-fat and high-sugar food pellets on a PR schedule of reinforcement. We show
that breakpoint response thresholds increase following acute food deprivation and decrease with peripheral administration of the anorectic
hormone leptin and thereby validate the use of this food-operant paradigm in mice.

Video Link

The video component of this article can be found at http://www.jove.com/video/3754/

Protocol

*Most important steps.

1. Equipment and Software

1. Training and testing is carried out in mouse operant chambers equipped with two ultra-light, retractable levers' positioned on either side of a
food receptacle (see Table 1). A stimulus light is located above each lever and there is a house light at the top of the cage. A pellet dispenser
is located outside of the chamber. Each chamber is housed inside a sound-attenuating cubicle with ventilating fan. Chambers are connected
to a PC computer with MedPC |V software via a "Smart Control" interface cabinet.

Note: When ultra-light levers are not available it is recommended that nose-poke be used as the operant response for mouse studies. However,
with both options available we suggest selection of ultra-light levers as a more reliable measure of motivation given that nose-poke responses
can be triggered by exploratory sniffing.

2. The MedPC programs used to run operant tasks are written in Medstate notation code which a user can learn with the help of the
programming manual provided. Programming provides flexibility for the user to modify existing codes or generate unique experimental
parameters. Certain codes can be obtained for free from Med Associates "Medstate Notation Repository" http://www.mednr.com. Additional
codes may be purchased from Med Associates.

2. Mouse Acclimation and Food Restriction

1. Upon arrival mice are group-housed for at least 10 days to acclimatize to a reverse 12 h light/dark cycle and provided with ad libitum access
to standard chow and water. In our case we use adult C57BL/6 mice purchased from Charles River (St. Constant, QC). All mouse
manipulations and behavioral experiments are performed during the dark cycle. All procedures involving the use of animals were approved by
the CRCHUM Animal Care Committee.
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Mice are subsequently singly-housed and food restricted (70% of their daily food intake) until they reach 90-95% free-feeding body weights in
order to facilitate acquisition of lever-press responding. Mice were provided their daily quota of food in the home cage after the termination of
session. Upon reaching 5-10% weight loss, the daily food allotted is adjusted to stabilize the lower body weights for the remainder of the
training period. Once mice have attained acquisition criteria (see below) they are put back on an ad libitum feeding schedule. Mice regain lost
body weight in about 3-4 days.

Mice are handled in the test room for 3 consecutive days prior to the first training session. The day prior to the start of training 10-15 high-fat
and high-sugar (HFHS) pellets are placed into the home cage to prevent the potential influence of food neophobia on operant performance.
We use 20 mg HFHS, dust-free, precision food pellets (14 mg also available) containing 48.9% Kcal as fat (Bio Serv, Frenchtown, NJ).

3. Operant Training

1.

Mice are initially trained to press the lever on a fixed ratio (FR)-1 reinforcement schedule whereby a single lever press elicits the delivery of a
food pellet to the receptacle. Only one lever is designated as "active" (triggering delivery of food reward) and the allocation of right and left
levers is counterbalanced between mice. It is important to add at least a 5 second timeout (TO) to the FR1 schedule (FR1/TO-5), during
which additional lever-pressing does not result in the delivery of a food pellet. This TO period allows time for mice to consume the food pellet,
however longer time outs may be used if the experimenter feels it is necessary for their mouse model. Each FR training session lasts 1 hour
or when 50 pellets have been delivered.

*Acquisition Criteria: The criteria used to determine acquisition of food-maintained operant responding includes: (1) a minimum number of
active responses and rewards earned; (2) a measure of discrimination between active and inactive levers, and (3) between-session
performance stability. Mice exhibiting discrimination of 23:1 for the active versus inactive lever and obtaining = 20 rewards per session over
three consecutive sessions are considered to achieve acquisition criteria’®. We have observed that the majority (~75%) of C57BL6 mice
require about 7-10 days of training to achieve acquisition criteria. Mice that do not reach acquisition criteria by this time undergo further
training for an additional 5-7 days. We exclude mice from testing (~5% of cases) when there is no progress by the extra 5th training day. It is
important to keep in mind that impaired operant acquisition may be an outcome of certain pharmacological and genetic interventions and
should therefore be documented.

Following three successive sessions of obtaining = 20 pellets, the schedule is increased to FR5/TO-5 seconds in which 5 active lever presses
trigger the delivery of the food pellet. Training on the FR5 schedule lasts three days.

*The mice are then trained in the progressive ratio (PR) schedule of reinforcement. The response ratio schedule during PR testing can be
calculated as per Richardson and Roberts (1996)'" using the following formula (rounded to the nearest integer):

= [56 (R*0.2)] -5

where R is equal to the number of food rewards already earned plus 1 (i.e., next reinforcer). Thus, the number of responses required to earn

a food reward follow the order: 1, 2, 4, 6, 9, 12, 15, 20, 25, 32, 40, 50, 62, 77, 95 and so on. The final ratio completed is the breakpoint.

A PR session lasts a maximum of 1 hour. Failure to press the lever in any 10 min period results in termination of the session. Performance on
the PR schedule of reinforcement is considered stable when the number of rewards earned in a 1 hour session deviates by <10% for at least
3 consecutive days.

4. Progressive Ratio Testing and Validation

1.

To validate food-maintained operant responding in the PR task, one can assess breakpoint responding following manipulations known to
modulate food reward. A relatively easy test to carry out is food deprivation which will increase the motivational state of the mouse for food
and thereby increase breakpoints. Mice must first be tested in the PR task during a period of ad libitum feeding until stable, baseline
performance is achieved. The day after the last "baseline" day food is removed from the home cage and mice are then tested in the PR task
24 hours after the start of the fast.

We also investigated whether peripheral administration of the anorectic hormone leptin would have the opposite effect on breakpoint
thresholds. Leptin (A.F. Parlow, National Hormone and Peptide Program, NIDDK) was dissolved in sterile PBS. PR testing was carried out
following an IP injection of PBS on one day and then following injection of leptin (5 mg/kg) the following day. Leptin was injected one hour
prior to PR testing. Breakpoints were compared using a paired t-test (GraphPad Prism).

5. Representative Results

When testing the ability of food deprivation to modulate breakpoint responding on a PR schedule of reinforcement, we expect to significantly
increase breakpoints as shown in Figure 1. In this experiment a 24 h period of food deprivation produced a ~3.6-fold increase in breakpoints as
compared to those obtained in the free-feeding baseline state thereby suggesting that food deprivation increases the rewarding effects of food. In
contrast, peripheral administration of the anorectic hormone leptin (5 mg/kg, IP) one hour prior to testing should decrease breakpoint responding
as shown in Figure 2.
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Figure 1. Fasting increases the rewarding effects of food. A 24 h fast significantly increased breakpoints on a progressive ratio (PR) schedule of
reinforcement in mice (n=4). MeantSEM; *p<.05.
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Figure 2. Leptin decreases food reward in mice. Peripheral leptin administration (5 mg/kg) decreased PR breakpoint response thresholds in mice
(n=4). Mean+SEM; *p<0.05.

Operant conditioning tasks provide an effective means to evaluate changes in the motivational properties of food. The experimental procedures
detailed in the present article permit training mice to lever press for food rewards and stably respond on a PR schedule of reinforcement.

Measuring the amount of food consumed does not provide the same readout as effort-based response measures since not all factors that affect
food intake modulate the rewarding effects of food. For example, depleting utilizable glucose by peripheral 2-deoxyglucose administration in rats
increases the amount of freely available food consumed but fails to alter break points in a PR task for food'2. PR breakpoint responding can also
reflect changes in the quality of food rewards. For example, break points are positively correlated with sucrose concentration demonstrating that
motivation for sucrose increases in a manner that follows sweet taste®. Here we demonstrate that 24h food deprivation substantially increases PR
breakpoints for HFHS food in mice. In contrast, we found that peripheral administration of the anorectic hormone leptin significantly decreases
breakpoints for HFHS food in mice. These findings are consistent with previously reported actions of food deprivation and leptin on reward
thresholds in rats'214,

When using this protocol it is important to keep in mind that acquisition of food-maintained operant responding is significantly enhanced by
regular training (every 1-2 days) and by increasing the motivational state of the mouse by implementing a food restriction regimen. In addition,
ensuring that mice exhibit relatively stable responding on one reinforcement schedule before moving on to more complex schedules (e.g, FR1 to
FRS5) is key to minimizing variable performance during testing. Despite the application of these steps, it is not unusual to obtain some variability
especially between different mice. For this reason, it is highly recommended to use a within-subjects (repeated measures) design when possible
to remove across subject variability. Although within-subject testing is not possible for investigating stable genetic modifications (i.e., knockout
versus control mice) it can be used to examine the influence of drugs, lesions or acute genetic (e.g., optogenetic) manipulations.

Obesity and obesity-related illnesses are a growing problem that has increased the urgency to identify the molecules and neural pathways
involved. Accumulating evidence highlights the important role of brain reward circuitry in food craving, increased caloric intake and weight gain.
The PR task is a valuable tool for measuring the impact of neurobiological, genetic or pharmacological manipulations on the rewarding effects of
food.

Production and Free Access of this video-article is sponsored by Med Associates, Inc.
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