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100-word abstracts for early printed program:
Recently, several studies including ours have reported fast intrinsic optical responses from various
neural preparations. Although these studies measured different optical properties, their result
commonly showed the monophasic change and larger relaxation time constant than that of the
electrical signal. To elucidate this difference in quantitative way, this study developed a new neuron
model with variable cellular volume and intracellular ion concentration, which were constant
quantities in the Hodgkin-Huxley model. As the result, the action potential induced cellular volume
changes with the time course and fractional variation similar to those of measured optical responses.

250-word abstracts for review:
There has been recently growing interest in optical recording of neural activity. Several studies
including ours have reported fast intrinsic optical responses from various neural preparations.
Although these studies measured different optical properties such as the transmittance, scattering and
birefringence, their results illustrated a couple of common features in the optical signals. The optical
responses show the monophasic change with larger relaxation time constant rather than that of the
electrical signal. This implies that the optical responses might represent other neurophysiological
event than the neuronal membrane potential. Some previous studies have tried to elucidate
qualitatively the origin of the optical responses using the cellular swelling. However, no study, to our
knowledge, has verified this hypothesis in quantitative way. In this study, the cellular volume change
associated with neural activity was theoretically calculated and compared with the measured optical
signals. For this calculation, we developed a new neuron model with variable cellular volume and
intracellular ion concentration, which were constant quantities in the Hodgkin-Huxley model. Using
physical theories such as the Nernst-Planck equation of diffusion and the continuity equation of
conservation, we built a set of coupled nonlinear differential equations to connect variables in our

model. As the result of numerical computation, the cellular volume showed the monophasic change,
the time course of which was similar to that of the optical response. In addition, the amount of
fractional changes in the cellular volume also approximately agrees with that of the optical response
in the order of magnitude.
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