W

UNIVERSITY of
WASHINGTON

Introduction

The hippocampal formation, which includes the hippocampus and entorhinal cortex, is critical for memory

formation. However, it is not clear how the moment-to-moment activity of neurons in this region influences ongoing

behavior.In both monkeys and humans, modulations in pupil diameter have been shown to reflect image novelty
and recognition memory'. In addition, this mnemonic pupil response is diminished in people with Alzheimer’s
disease® who presumably have neurodegeneration of the entorhinal cortex. Here we investigated the relationship
between the mnemonic pupil response and single-unit activity in the monkey entorhinal cortex.

Because the menmonic pupil response begins ~600 ms after the appearance of a visual stimulus, we analyzed
neural activity in response to stimulus onset, in a time period prior to this pupil response. We examined, on an
Image-by-image basis, whether there was a relationship between the strength of modulations in neuronal firing
rate and the size of modulations in pupil diameter than reflected stimulus novelty.

Methods

The spiking activity of entorhinal neurons was recorded as monkeys freely viewed large, complex images.

30 - 60 images were each presented 2x within a trial block (2-3 blocks / session).
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Pupil memory response for individual images

Pupil tends to be larger the 2nd time an image is encountered, starting ~600 ms after image onset.
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Cell novelty response covaries with pupil memory response

Neurons exhibited variable spiking responses to image onset, and this variablility correlated with the pupil memory response. Importantly, the
modulation in neural activity occured within the first 400 ms after image onset, whereas the pupil memory response was observed later. Across the
population, 21% of cells (36 / 171) showed significantly different firing rate modulations between images with low vs. high pupil memory responses.
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Pupil memory is correlated with memory-related eye movements

Monkeys look away from an image sooner the 2nd time it is encountered.
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View-time memory

Longer viewing of novel images is not due to the passage of time
during a session (looking less at images presented later). Average
viewing time before looking away was significantly greater for the 2nd
block of novel images in a session than the immediately preceding
block of repeated images for both monkeys across all sessions (p <
0.05 for 28 sessions across 2 monkeys).

Images eliciting the largest and smallest
view-time memory behavior respectively
elicted larger and smaller pupil memory
response.
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Conclusions

e The neuronal novelty response in entorhinal neurons was correlated with the size of the pupil memory
response, on an image-by-image basis.

e The pupil memory response was not due to visual salience, and occurred after correlated changes in
neuronal activity, consistent with the idea that the neural activity drives the pupillary response.

e Importantly, spiking activity in the entorhinal cortex was better correlated with the pupil memory
response than with general puplil size.

Taken together, these findings identify a neural correlate in the entorhinal cortex for the pupil memory
response, reflecting memory strength for individual images. The pupil memory response is an untrained,
easily assessed response in both humans and monkeys, and provides an index of episodic memory for
a unique experience (an image) after only one exposure. Future research utilizing these responses has
the potential to advance our understanding of how the output of the neural activity in the hippocampal
formation affects motor output in real time’.
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Pupil memory behavior occurs earlier than view-time memory

The earlier recognition memory behavior is observed after image onset, the more narrow the time window
within which to seek neural activity that causes the behavior.

In view-time memory, we can infer that the neural signature of memory occurs in the time period before the
monkey looks away from a repeated image. Here, the monkeys look away away on average 3 to 5 seconds
after image onset, leaving a wide window of time (3 to 5 seconds) in which to try to observe neural memory
signal. In contrast, pupil memory behavior emerges on average ~600 milliseconds after image onset.
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