
Accepted manuscripts are peer-reviewed but have not been through the copyediting, formatting, or proofreading
process.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution and reproduction in any
medium provided that the original work is properly attributed.

Copyright © 2016 the authors

This Accepted Manuscript has not been copyedited and formatted. The final version may differ from this version.

Research Article: New Research | Neuronal Excitability

Phase-dependent modulation of oscillatory phase and synchrony by long-lasting
depolarizing inputs in central neurons

Phase-dependent effects of long depolarizations

Satoshi Watanabe1,2 and Moritoshi Hirono3

1Department of Bioengineering and Robotics, Graduate School of Engineering, Tohoku University, Sendai
980-8579, Japan
2Graduate School of Pharmaceutical Sciences, University of Tokyo, Tokyo 113-0033, Japan
3Graduate School of Brain Science, Doshisha University, Kyoto 610-0394, Japan

DOI: 10.1523/ENEURO.0066-16.2016

Received: 20 March 2016

Revised: 22 September 2016

Accepted: 27 September 2016

Published: 5 October 2016

Author Contributions: SW Designed research; SW and MH Performed research; SW Analyzed data; SW
Wrote the paper.

Funding: JSPS Kakenhi
15K01275

Funding: JSPS Kakenhi
15K06788

Conflict of Interest: Authors report no conflict of interest.

Japan Society for the Promotion of Science (JSPS).

Correspondence should be addressed to Satoshi Watanabe, Department of Ultrastructural Research,
National Institute of Neuroscience, National Center of Neurology and Psychiatry, 4-1-1 Ogawa-Higashi, Kodaira,
Tokyo 187-8551, Japan, E-mail: satoshi-watanabe@umin.ac.jp

Cite as: eNeuro 2016; 10.1523/ENEURO.0066-16.2016

Alerts: Sign up at eneuro.org/alerts to receive customized email alerts when the fully formatted version of this
article is published.







Limax 

valentianus







Limax

Limax



Recording in an isolated brain preparation of Limax 
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Whole-cell recording in mouse cerebellar Purkinje cells 



Calculation of the phase-response relationship 
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Data fitting and statistical analysis 
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Phase-dependent effects of NO-mediated long-lasting depolarizations 
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Effects of NO-mediated inputs on network synchrony 
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Spike phases of putative NO-releasing neurons  



Relationship between long-lasting and pulse inputs 
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Phase-dependent effects of long-lasting depolarization on phase shifting  
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Effects of long-lasting depolarization on network synchronization 
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Physiological significance of synchronization 
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Dynamic effects of NO 
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Table 1: Statistical analyses 
 Data structure Type of test Power 
a circular data Rayleigh test NA 
b normal distribution unpaired t-test 1.000 
c normal distribution unpaired t-test 0.790 
d von Mises distribution Rayleigh test NA 
e normal distribution unpaired t-test 1.000 
f normal distribution unpaired t-test 0.995 
g normal distribution unpaired t-test 0.928 
h normal distribution unpaired t-test 0.573 
i normal distribution unpaired t-test 0.742 
j normal distribution unpaired t-test 0.990 
k von Mises distribution Rayleigh test NA 
l von Mises distribution Rayleigh test NA 
m von Mises distribution unpaired two sample 

(Watson-Williams) test 
0.169 

n normal distribution unpaired t-test 0.158 
o von Mises distribution Rayleigh test NA 
p von Mises distribution Rayleigh test NA 
q von Mises distribution paired two sample test 0.720 
r normal distribution paired t-test 0.051 
 


