Respiratory coupled fluctuations in pupil size in mammals
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Introduction

In recent work, we identified a novel, systematic fluctuation in human pupil size that follows the phase of the respiratory cycle (PRP
response)’. Although these pupil size changes are small, they are robust and consistent across a wide range of experimental
conditions. When we became aware of an open dataset of mice containing behavioral data at rest and during tasks, including pupil
size?, we decided to try to infer their breathing phase from the movement of the nose tip and look for a PRP response in mice.
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and 4 task recordings per mice. Puplil size was already present in the data,
whereas breathing phase was inferred by taking a Hilbert transform of
bandpass filtered (1-10 Hz) nose tip y-coordinates. The breathing data was
validated by plotting OB activity over the inferred breathing data, which
showed strong correlations (see plot on the right). Pupil size was then
calculated for each phase bin as in humans.

We used the ENSZ2 package to translate the calcium
Imaging data to spiking activity for higher time
resolution. Then we plotted the average normalized
spiking activity from the left and right OB over the
inferred breathing cycle.
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rest. Both breathe slightly slower during
the task compared to rest, but this was
only significant in mice.
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Conclusions

* Puplil size fluctuates over the breathing cycle in a systematic manner in both mice and humans.

* This leads us to hypothesize that this is a widespread mammalian phenomenon.

* Peak pupil size seems to phase shift slightly when comparing rest with task conditions.

* We currently don’t know how closely the fluctuations in pupil size in mice phase match those found in humans.
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