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Mitigating the Challenges in Rodent Operant Conditioning Behavior
Concurrent With PET and Optogenetics

Operant conditioning is a highly effective strategy for the study of cognition in rodents. Although the circuitry mediating
associative learning is still under investigation, the nucleus accumbens is critical to translating motivation into action.
During operant conditioning, the animal learns and creates memories, as it links a reward, such as a drug or sweet treat (the
strawberry milkshake appears to be a superior motivator), with specific stimuli and motor response. For example, rats may
begin to associate lever pushing or a particular tone with food reward. Alternatively, a negative stimulus, such as a foot shock
when a lever is, or is not, pressed can also be used.

The process of operant conditioning, however, is sensitive to a variety of influencers, from choice of reinforcer, to animal stress
levels. Further limitations include the long length of time typically required to teach animals, especially a large cohort.

Body and head restraint of the animal is a fraught, yet necessary, component of neuronal recording or imaging, during active
task-performing. In 2009, Isomura et al. described a new head-restrained, multi-rat task training system. Seventy-four rodents
learned voluntary forelimb movement of grasping a lever, while head-restrained, for a water reward. In this way, the group
was able to perform juxtacellular recordings, for the first time, in awake, non-anesthetized rodents, elucidating the cortical
microcircuitry underlying self-initiated voluntary movements.

The TaskForcer Device Reduces Stress and Learning Times in Rodents

Traditional operant conditioning paradigms allow rodents to run free
while learning to associate a specific task, such as lever pushing, with
a subsequent reward (or punishment). Under these conditions, training
is time-consuming and can take up to several weeks. Animals are also
susceptible to distraction and stress, which can negatively impact
experimental results. The Amuza TaskForcer device eliminates these
variables during operant conditioning ultimately leading to faster
learning times, less stress for animals, and less variability during data
collection.

The TaskForcer is a modular, fully customizable device that can be tailored to the needs of the experiment. The metal body-
restraining tube can be placed in the animal’s home cage for several days to allow for exploration and acclimation. During
operant conditioning, the animal will stay inside of the cylinder, remaining still, calm, and focused on learning the task.
Additional components include the optional head restraint for neural imaging and recording, the cue system, which can be
fashioned for audible, visual, or olfactory prompts, and the reward system, which may be specifically made with levers or
pedals, as well as liquid-dispensing spouts.
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Case Studies

Researchers continue to decode the neuronal circuitry modulating voluntary limb movement in awake rodents. Using tools
that prioritize decreased stress in animals during head restraint operant training, such as the TaskForcer, it is now possible and
less arduous to implement optogenetics, electrophysiological recording, and even PET imaging, to observe brain regions and
circuitry in real-time during specific motor task function.

Ipsilateral-Dominant Control of Limb Movements in Rodent Posterior Parietal Cortex

The novel Right-Left-Pedal task developed by Soma et al.(2017), in which head-restrained rats learn to control pedals with
their forelimbs, is the first behavioral task able to induce and monitor distinct forelimb movements. Using a custom-made
Amuza operant conditioning system, rats, surgically fitted with heat-plates, push both pedals down and hold them for at least
one second to begin each trial. Once the trial begins, animals then push and release either the right or left pedal with their
corresponding forelimbs. Using only contextual cues,animals selected the correct lever so as to acquire the reward, a drop of
sugar water dispensed by a spout connected to a micropump. When the incorrect lever was pushed, there was no saccharine

Using this behavioral configuration along with electromyography (EMG) evaluation, researchers conducted optogenetic studies
to identify the neurons in the motor cortex that control contralateral and ipsilateral forelimb movement.

In 2019, Soma et al. utilized the same operant conditioning paradigm with head-bar implanted rats, alongside optogenetic
stimulation of neurons, to describe a role for the posterior parietal cortex (PPC) in voluntary limb movements. In this study,
following conditioning, EMG activity was recorded in the right upper forelimb during operant task performance. The authors
performed extracellular multineuronal recordings and optogenetic stimulation experiments in head-fixed animals engaged
in the right-left pedal task. Optogenetic stimulation identified the PPC as evoking ipsilaterally biased forelimb movement,
while the motor cortices were associated with contralateral forelimb movements. Optogenetic inhibition of the PPC through
GABA release led to a shift in limb preference during the task. This paper is the first to show that rodent PPC contributes to
ipsilaterally based motor responses, which is different from what is observed in primates. This suggests that although the
rodent and primate PPCs are anatomically similar, they evolved to serve different functional roles.
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Image created in reference from Fig 9.E in 2019, Soma et al.
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Ventral Striatum Links Motivational and Motor Networks During Operant-Conditioned Movement in Rats

Hori et al. (2019) showed that the ventral striatum (VS) connects motivational and motor networks during an operant
conditioning task in rodents. It is difficult to control animal behavior in an open environment. Here, the authors utilized
Amuza’s operant training system to effectively train rats to perform a spout-lever task in the absence of any distractions, which
is unavoidable in a free-moving environment. In the study, 54 head-fixed animals learned to associate pulling the lever with
the correct forelimb following a cue sound. If the rat pulled the spout-lever towards its mouth after the tone, it was rewarded
with 10 microliters of sugar water. Subsequent trials began approximately three seconds after the end of the previous trial.
Training was completed in three days.

The same custom-made head-fixation device was used during both operant training and positron emission tomography (PET)
scanning. Radioactive 18F-fluorodeoxyglucose (18F-FDG) was injected into the tail vein of rats 30 minutes prior to the end of
operant conditioning training, effectively taking a snapshot of the brain during the task.

PET scanning then measured whole brain glucose metabolic activity during operant activity to identify areas associated with
motivational behavior. Subsequent analysis demonstrated that activity in the VS traveled to the medial prefrontal cortex and
primary motor cortex via the thalamus, indicating that the VS acts like a hub for motivational and motor processing. In addition
to elucidating the roles of these specific neural pathways, this study established a protocol for measuring whole brain level
metabolic changes during operant conditioned forelimb movement.
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