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Many studies reported that membrane potential of a neuron fluctuates between two stable states (depolarized ‘up’ state and hyperpolar-

ized ‘down’ state). A neuron fires at the up state but rarely fires at the down state. Thus, the two states fluctuation is likely to influence in-

formation processing in the brain, because spike activity of a neuron conveys information in the brain. In this review, I will discuss possi-

ble functional roles and underlying mechanisms of the two states fluctuation.
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Fig. 1

Two states membrane potential fluctuation of a rat striatum neuron. (a) Intracellular trace for 6.4 s. Membrane potentials corresponding to the up
and down states are labeled at the right ends of the trace. (b) Histogram of membrane potentials shown in (a). The histogram does not include
the action potentials. The histogram shows clearly distinct two peaks that correspond to the up and down states. Adapted from ref. 1 and used

with permission.
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Fig. 2

Phase space for the two dynamical variables. The horizontal axis rep-
resents membrane potential and the vertical axis inactivation term of
the channels for hyperpolarization-activated current. The black and
gray solid lines are the nullclines dV/dt = 0 and dh/dt = 0, respective-
ly. The circles indicate the stable fixed points that correspond to the
two stable states of membrane potential, and the square indicates
the unstable fixed point. The white line represents the separatrix,
which is the border between the basins of attraction of the up (dark
gray) and the down state (light gray). Arrows indicate the trajectory
of the dynamic variables during (dashed lines) and after (dash-dotted
lines) an outward current injection (left) or a simulated stimulus input
(right). Adapted from ref. 4 by permission from Macmillan Publishers
Ltd: Nature Neurosci, copyright (2005).
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Fig. 3

Firing pattern of TE neurons and the Markov model of two states fluctuation. (a) Experimentally recorded spike activities on three trials are shown.
For each trial, activity of one neuron is indicated in the top and that of the other in the bottom row. The vertical lines represent spike timing. For
each neuron, there are two distinct periods: the period during which the neuron fires (firing period) and the period during which the neuron does
not fire (non-firing period). Moreover, firing periods and non-firing periods of the neurons overlap well, respectively. These characteristics are qual-
itatively consistent with the results of our model analysis. (b) A schematic diagram of our model. For a neuron pair, synchronized two-state Markov
processes describe fluctuations in firing rates of the neurons that are likely to correspond to membrane potential fluctuations (the top and the
third trace from the top). The neurons fire only at the up-state (the second from the top and the bottom trace).
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