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Oscillatory neuronal activity is the fundamental signature
of neural networks. In the EEG literature, the oscillations
are described as belonging to different frequency bands
that are commonly used in clinical monitoring. EEG
activity at different frequencies is associated with different
states of alertness. Generation of the oscillations depends
on the internal states of cell assemblies within the neural
network. Oscillatory activity in the theta band (4-12 Hz) is
linked to memory processes and higher frequencies in the
gamma band (30-80 Hz) are thought to be involved in
higher cognitive functions [1]. In addition, oscillations in
different frequency bands can couple together to engage in
temporal synchronization and network dynamics [2].
Oscillations can coordinate different brain areas to syn-
chronize their activities and such cross-area interactions
may contribute to neuronal communication and informa-
tion processing [3]. In vivo electrophysiological studies
have shown that the hippocampus exhibits prominent theta
activity and that the theta oscillation could play pivotal
roles in spatial representation and synaptic plasticity [4].
Using the completely isolated rat hippocampus in vitro,
Wang and colleagues [5] showed that local field potentials
and whole-cell recordings in CAl exhibit a spontaneous
low-frequency oscillation around 0.5-1.5 Hz. This oscil-
lation consisted of membrane potential depolarizations and
bursting activity. Using paired patch recordings from two
neurons simultaneously, the authors further demonstrated
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that pairs of CAl principal neurons show synchronized
oscillatory activity.

Previous studies have shown that GABAergic neurons
contribute to low-frequency oscillations, so the authors
then did a series of pharmacological manipulations on
GABA, receptor-mediated transmission. First, they
blocked GABAergic transmission by applying a GABA
receptor antagonist and found that the hippocampal oscil-
latory frequency decreased (the frequency of membrane
potential depolarization was restored when the antagonist
was washed out). In addition, they found that the peak
amplitude of the membrane potential depolarization was
not changed by the antagonist. Furthermore, neither the
threshold for generating spikes nor the synchronization
between CA1 principal neurons changed after antagonist
application. These data revealed a role of
GABA, receptor-mediated synaptic transmission in the
generation of low-frequency oscillations.

Next, the authors recorded from the hippocampal fast-
spiking interneurons and investigated how the GABA,
receptor antagonist affected the CA1l interneuron oscilla-
tion. The fast-spiking interneurons exhibited a
low-frequency oscillation and, similar to the excitatory
CA1 neurons, this oscillation slowed when bicuculline was
applied to the bath. Apart from GABA, receptor-mediated
GABAergic transmission, GABAg receptors may also play
a role in the oscillatory activity, so the authors blocked
these receptors but found no effect on the oscillatory fre-
quency of CAl principal cells. Then they examined how
the CAl oscillation responded to an increase in GABA,
receptor activity. In line with the data that blockade of
GABA receptors slows the CA1 oscillation, application of
the GABA, agonist midazolam increased the oscillatory
frequency in CAl principal neurons. The amplitude of the
membrane potential was not changed by the midazolam.
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Fig. 1 Schematic showing the main findings that principal cells (PC)
and fast-spiking interneurons (FS) show spontaneous slow oscillations
and FS cells fire earlier than PCs.

Using paired recordings from CAl principal cells and
fast-spiking interneurons, the authors were able to deter-
mine the relationship between these two cell types and
showed that they were synchronized. Further, they mea-
sured the timing relationship between the firing in the two
types and found that fast-spiking interneurons fired spikes
earlier than the principal cells within a single cycle of
oscillation. This synchronization indicates that the two cell
groups interact with a preferred timing relationship. The
authors then examined how excitatory transmission con-
tributed to the CA1 oscillation. When the Schaffer collat-
erals were stimulated in hippocampal slices, blockade of
AMPA receptors with different concentrations of DNQX
reduced the EPSP frequency and amplitude accordingly.
The CAL1 oscillation was blocked by high concentrations of
DNQX and slowed by low concentrations. These results
provide a role for excitatory synaptic transmission in the
CAL oscillation.
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This study points to the phenomenon that the rat CAl
network by itself exhibits a slow oscillation in vitro
(Fig. 1). Previously, GABAergic interneurons had been
shown to inhibit themselves or other GABAergic neurons
to promote disinhibition [6]. This study complements the
previous studies by providing interesting findings of a slow
oscillation in CA1 principal cells and interneurons medi-
ated by GABA 4 receptors [7]. This work reveals important
aspects of the interneuron circuit for generating slow
oscillations and provides insights for understanding
GABAergic transmission in hippocampal networks.
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