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Head-Restraining Systems in Neuroscience

Head-restraining systems have been used by researchers in the field of neuroscience for many years to study a number of different
paradigms. Recording neural activity during rodent behavior through imaging or electrophysiology techniques provides an opportunity
to understand brain function at a new level of detail. Head-restrained behavioral assays are commonly used in neuroscience research
as they allow monitoring of neural circuits in real-time during complex operant behavior. One of the biggest challenges of head-
restraint behavioral neuroscience research is ensuring experimental accuracy and easily reproducible data, as many different variables
and factors can impact results. Training mice to feel comfortable while carrying out a specific task under head-restriction procedures
has proven to be very difficult and time-consuming (1). To combat this, a number of head-restrained training protocols have been
developed to help minimize labor input and maximize reproducibility. Before head-restrained training procedures, it would take
several months to train a single mouse to perform head-restrained operant behavior. Voluntary or self-head restraining systems have
alleviated many of these problems, allowing for more quantitative, qualitative and reproducible results.

Common Problems associated with Head-Restraint Training:
e Animals are not trained efficiently
e Animal stress from handling affecting results

e Animal stress from head-restrain affecting results - animals don't like the headfication - neggative association - mice would
need to be re-trained

e Recordings picking up activity that is not related to the task

Previous Soultions

Reports of self-head restraining systems for rodent research have been documented since the 1980s (2). Since then, a number of very
successful self-head restraining systems have been developed and used by a number of labs to answer specific research questions.
David Tank’s lab at Princeton University developed a voluntary head restraining system optimized for 2-photon microscopy. Rat
models where rats were trained to self-restraint for up to 8 seconds, and were able to move freely between trials. The development of
a clamp that could both immobilize the head of the rat as well as reposition to image the same neural populations was the basis of the
approach. Researcher handling was limited apart to transporting the animals and husbandry. Timothy Murphy’s Lab based in British
Columbia developed a fully automated self-head restraining system for imaging in mice which showed mice could also be trained in
the same fashion (3). While these protocols successfully generated results, the experimental setup was optimized specifically for the
imaging system being used. This means results could potentially vary significantly depending on the recording modality being used by
the experimenter. Considering the complexity and variety of these set-ups, a standardization of the behavioral paradigms which also
includes the habituation and task training phase, and not just the recording system, can help reproducibility and scalability of results.

Our Solution

The Self Head-Restraining Platform — developed by O’Hara and Dr. Andrea Benucci, was designed specifically to overcome both the
issue of experimenter bias and small sample size by enabling automatic mouse head-restriction. Essentially, it teaches mice to train
themselves to perform head-restricted operant behavior while greatly increasing data throughput. It is completely automated, attaches
to the home cage, and can run around the clock without experimenter supervision.
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Figure: Automated Voluntary Self-Head Restraining System Apparatus Components:

(a) Overview of complete restraining system and corridors which are opened and closed to allow different subjects access to the behavioral task at different times. (b)
Apparatus of the system are labelled showing how the homecages are connected to the main corridor and controlled by automatic doors. (c) Schematic of the complete
pathway the mice takes in order to reach the head-restrainer at the end of the main corridor to carry out behavioral task. IR sensors are placed before the door to the
main corridor, which automatically close the door to the other home cage ensuring access to only one animal at a time. (d) The sequence of steps leading to head-
restriction. The head plate (black bar on the mouse’s head) is progressively restrained into rails that get narrower as the mouse moves forward(1,2). The forward motion
of the head plate mechanically lifts the latching pins, which are then lowered back down due to gravity (3,4). Continued forward movement by the mouse then lifts and
lowers the second set of pins (4). After the session ends, a computer-controlled motor lifts up both pins and releases the mouse.

Case Study

In this study (4), researchers demonstrated that mice were able to be trained in two different behavioral tasks based on separate sensory
modalites: visual and auditory. With the use of the Self Head Restraining System, the training for the visual task went exceedingly well.
The researchers were able to produce one trained mouse every 2 days (~1.3 hours of rig time). Assuming all of their setups were used at
their current capacity, 48 animals could be trained per day.
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Orientation Discrimination Task

Mice implanted with headbars were individually housed in standard cages which were connected to the set-up. LCD monitors placed

25 cm in front of mice were used to present the visual stimuli. Circular grating was placed in the central part of the visual field which
had a clockwise (c) or counterclockwise (cc) rotation option. Mice reported their perception of the stimulus orientation with c/cc
rotations of the wheel for corresponding c/cc rotations of the grating stimulus, with the wheel rotation controlling the orientation of
the visual stimulus in real time (closed loop). A correct response was a ¢ (or cc) rotation to a cc (or c) rotated stimulus, resulting in a
vertically oriented grating, the target orientation. After a correct response, the vertically oriented grating remained on the screen for
an additional 1 s to promote the association between the vertical orientation and the reward. Correct responses were rewarded with a
small amount of water. Incorrect responses were punished with a 5 s time-out stimulus consisting of a full-field, flickering square-wave
checkerboard with 100% contrast. If there was no rotation crossing a near-vertical threshold of 10° for 10 s after the onset of the closed
loop, the visual stimulus disappeared and the next trial started.

Go-No-Go Auditory Detection Task

For the auditory discrimination task, in addition to the setup for visual discrimination task, a speaker was placed 10cm in front of

the mouse head. Mice had to detect the occurrence of an 80 dB, 10 KHz pure tone played five times (for 500 ms, five pulses of 5 ms
duration at 10 Hz). This go stimulus was presented in 70% of the trials. In the remaining 30% of the trials, the mouse was exposed to
an unmodulated ~50 dB background noise (no-go stimulus). Mice had a 2 s window from the end of the go stimulus to report the tone
detection by rotating a small wheel at least 70° in either direction. Correct detections were rewarded by 4 ul of water. A performance
index of stimulus detectability was calculated. In miss responses (Miss, no-go responses to go stimuli) mice did not receive any reward
or punishment and a new trial would start after a randomized ITI duration.
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