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0 O O O Phase Precession in Hippocampal Neuronal Ensembles as a Function of Time
A sequence A-B-C can be learned by sequential Hebbian association (A -> B etc.),
but there is a difficulty: unless the ensemble discharge patterns change rapidly relative
to the time-constant of the synaptic associative mechanism (100 msec for LTP), the
network can get ‘trapped’ in one state. For example, the sequence A-A-B-B-C-C might
get stuck because A -> A. Hippocampal neurons exhibit a property known as ‘phase
precession’ that may solve this difficulty. When an animal passes through the 'place
field' of a cell, the cell begins to fire late in the theta rhythm cycle and the firing phase
shifts progressively earlier with subsequent cycles. Thus, a sliding window of the
event sequence is replicated in temporally compressed form within each cycle, making
the ensemble codes at the beginning and end of the theta cycle (7140 msec) essentially
uncorrelated. This could solve the timing problem. Yamaguchi and McNaughton,
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(1998) proposed that precession results from nonlinear dynamics in a coupled
oscillator system, in which activation of a cell by an external pattern would elicit a
subthreshold oscillation that persists for several seconds and whose intrinsic frequency
would increase progressively. The relative phase of the firing of such a cell with
respect to the mean field oscillation would thus exhibit a systematic advance, i.e.,
phase precession. Although previous analyses have suggested that hippocampal cell
firing phase shifts as a function of location, the following observations suggest that
time is the primary independent variable: 1) if the rat stops after entering the place
field, phase precession continues; 2) if the rat turns around in a place field on a track,
the cell continues firing while the rat faces the opposite direction, which it normally
does not do if the rat first runs to the end of the track; 3) spikes emitted early in the
place field (i.e., at late phase), have greater spatial selectivity than later spikes. These
findings imply that once firing and the phase shift are initiated, they continue
independently of subsequent input and depend only on time. Recent in vitro studies
(Faulkner & Brown 1999) have identified neurons in perirhinal cortex that exhibit a
gradually increasing firing frequency after being activated. Such cells could provide
the gradually increasing intrinsic frequency parameter necessary for the Yamaguchi
model.
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