A statistical mapping strategy to identify
inspiratory neurons among active cells in the
pre-Botzinger Complex
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1. Introduction

The two-photon fluorescence imaging technique has become a popular method to
acquire in vivo multicellular neural and glial activities using fluorescent dyes. In
respiratory neurobiology, spontaneous rhythmic activities, mainly in the two regions
of the medulla, the preBotzinger complex (preBotC) and the parafacial respiratory
group (pFRG), have been investigated with differentiation between neurons and
astrocytes by using genetically encoded fluorescent proteins. The OGB1 dye
increases its fluorescence intensity when a cell is activated. While the OGB1 dye 550 um thick
stains both neurons and astrocytes and temporal changes of cellular activities can be
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(Feldman & Del Negro, Nature Review, 7, 232-242, 2006)

recorded as fluctuations of fluorescence intensity associated with the intracellular i 160807 010
calcium concentration, RFP (Red Fluorescent Protein) is expressed specifically in " ) )
astrocytes and indicates the location of astrocytes within an image. Thus the i Local Field Potential
imaging technique provides rich information on neural and glial activities with large " (LEP)
size data sets. However, because of its multi-dimensionality, low S/N ratio and sz Band-pass filtered (0.2-2.5 kHz)
artifacts, there is a need for the development of attentive and qualitative analysis 50 and digitized at 10 kHz.
methods to extract spatio-temporal pattern of the neural activation and evaluate their -1 T
statistical significance. o

In this study, OGB1 imaging data and RFP image data acquired from the preB6tC OGB-1 imaging
were .anal}./zed. We have u'sed a two dlmensmnal af'ﬁn'e transfomatlop for the 511-551 nm band-pass filter with excitation by 800 nm wavelength
coreglstratlon of the OGB1 imaging data, .1n'0rder to ehml.nate motion artifacts and 257 x 257 pixels (= 250 x 250 um) at about 10 Hz
applied local means and standard deviations filters, in order to correct the
nonuniformity of the variance map of the OGB1 imaging data and the intensity map RFP image
of the RFP image, for the purpose of precisely discriminate the location of active 606-676 nm band-pass filter with excitation by 750 nm wavelength
neurons and astrocytes. Moreover we attempted to detect inspiratory neurons among 515 x 515 pixels (= 250 x 250 pum)
active neurons using time-lagged cross correlation analysis. Signal-averaged image from three successive scanning images

3. Data analysis

3.1 Coregistration of the Ca2+ imaging data for motion artifact reduction 3.2 Uniformization of the variance map of OGBI imaging data and RFP image
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3.3 Time-lagged cross-correlation analysis 3.4 Stochastic activation among inspiratory cells
(Neuroscience Letters, 2015) Y. Oke, D. Boiroux, F. Miwakeichi Y. Oku
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e B 4. Discussion
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We have succeeded in differentiating the location of neurons and astrocytes

ki = e b . among active cells by processing variance maps of OGB1 imaging data and
0 RFP image data, and identified inspiratory neurons by time-lagged cross-
o correlation analysis.
o2 However, we did not find any astrocyte whose wave form would resemble
o9 the wave form of LFP even though considering time-lags, i.e. there is no

overlapping area between binary RFP image and the correlation map. This
might be due to a limitation of the linear analysis approach but might also
suggests that inspiratory astrocytes do not exists.

Green: Astrocyte, Hot: Inspiratory neuron
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