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Abstract—Spread of epileptic activity of the entorhi- The entorhinal cortex shows synchronized activity of
nal cortex is prevented by the hippocampal dentate gyruseural population that is sent to the dentate gyrus. Theta
On the other hand, granule cells in the dentate gyrus welhythm is also a partially synchronized activity. We believe
fire during theta rhythm. The dentate gyrus may work athat synchronized activity may contribute to signal process-
a band-pass filter for the theta rhythm. We here preseimtg in the hippocampus. In the present study, we suggest
properties of theta rhythm selection in the dentate gyrus @ possible contribution of synchronized neural activity to
rat hippocampal slices and propose a computational dentdiléering properties. The periodic synaptic input and the

gyrus model that accounts for the rhythm selection. random synaptic input were delivered to the dentate gyrus
network model. Filtering properties of the dentate gyrus

1. Introduction network model depend on the degree of synchronization of
granule cells.

Granule cells in the hippocampal dentate gyrus are
deeply hyperpolarized in slice preparations. The denta&e Methods
gyrus prevents spread of epileptiform activity from the en="
torhingl cortex [;][2][3]. On the other hand, iim vivo 2.1. Experimental Procedure
experiment, during theta rhythm, the granule cells show
repetitive firing. Firings of granule cells are phased locked We prepared 400m thick horizontal hippocampal slices
with the theta rhythm. Midozet al. have suggested that the from male Wistar rats, 3-5 weeks of age (60-130 g) (Fig.1).
dentate gyrus works as theta rhythm selection [4]. It seenThe dentate gyrus was separated from CA1 and CA3 re-
that the dentate gyrus preferably transmit theta rhythm fgions by a sharp knife. This isolation prevents interactions
the hippocampal CA3 region. However, the theta rhythrbetween the dentate gyrus and G8A3. The hippocam-
selection has not been confirmed in the hippocampal sligal slices were placed on the liqyigs interface chamber
preparations. In the present study, we show properties pfaintained at 34« 0.5 °C. Artificial cerebrospinal fluid
the theta rhythm selection using horizontal slices of theas bubbled with 95% ©and 5% CQ. Field potential
dentate gyrus. was recorded by a glass microelectrode (tip diameter: 20-
Hilar region is located between the dentate gyrus and tf89 um). The recording electrode was placed at the granule
hippocampal CA3 region. Mossy cells in the hilar regiorcell layer in the dentate gyrus. The perforant path was stim-
frequently receive excitatory synaptic input from granuleilated by a fine bipolar electrode.
cells and CA3 pyramidal cells [5][6]. The mossy cells con- Periodic 20 current pulses were delivered to the per-
nect granule cells and interneurons in the dentate gyrus [fbrant path. The range of the input frequency was 0.1 to
Feedback loops including the mossy cells can contribute 10 Hz. Field potentials to the perforant path stimulation
filtering properties of the dentate gyrus. were recorded. We averaged the amplitude of the popula-
We have shown filtering properties of a fundamentajion spikes.
dentate gyrus network model [8]. Random synaptic input
to mossy cells leads to properties of a band-pass filter B> pantate Gyrus Network Model
the fundamental dentate gyrus network model. The prop-
erties of a band-pass filter depend on a variance of the ran-We proposed a fundamental network model of the den-
dom synaptic input to the mossy cells. In the present studigte gyrus [8]. The fundamental network model consists
we propose a larger-scaled dentate gyrus network modef. 2 granule cells, 2 basket cells, and 2 mossy cells. The
In the fundamental network model, we assumed a sourgeanule cells connected the basket cells through excitatory
of random synaptic input to mossy cells. In fact, granulsynapses. The basket cells inhibited the granule cells. The
cells and CA3 pyramidal cells are sources of the randogranule cells also connected the mossy cells through excita-
synaptic input to the mossy cells. Here we prepare sevetaky synapses. The mossy cells connected the granule cells
granule cells as presynaptic neurons for mossy cells.  and the basket cell through excitatory synapses. The mossy
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Periodic input @ Random input @

Figure 1: Slice preparation of the hippocampal dentate

gyrus. The electrical stimulation was delivered to the peffigure 2: The dentate gyrus network model. Periodic
forant path fibers (STIM). synaptic input and random synaptic input were delivered to

the granule cells and the basket cells through the perforant
path.

cells received excitatory synaptic input from sources of ran-

dom signals. Inter-pulse intervals of the random Synap'"L(fle cells was 50 ms. The standard deviation of the ran-

'n(?:;ntgatlh;S?ﬁ)ist?;gellﬁhvever;i:rﬁmgrf\;glm W:Sngg?]:\sle \?\;(dom synaptic input was 25 ms. The interpulse interval of
P ' ' e random synaptic input was drawn from an exponential

varied the standard deviation of the exponential diStribUtiOHistribution The svnaptic weiaht for the random svnantic
between 0 and 30 ms. _ ' ynap 9 ynap
input was 0.06:S.

The fundamental network model can be extended to a
larger-scaled network model. We assumed an exponen-
tial distribution as a source of random synaptic input t3- Results
mossy cells in the fundamental network model. As mos
cells, in fact, receive synaptic input from granule cells an
CA3 pyramidal cells, the source of random synaptic input
to mossy cells can be replaced by population activity of 20
granule cells. In the present dentate gyrus network model,
the mossy cells receive excitatory synaptic input from the
granule cells. The granule cells receive random synaptic
input by the perforant path stimulation. The dentate gyrus
network model proposed here consists of 9 granule cells, N \
9 basket cells, and 3 mossy cells. The network structure *— Val
. . . . Trg W
is shown in Fig. 2. A granule cell innervates a basket cell 084 .
and 3 mossy cells. The basket cells give inhibitory synaptic h—
input to the granule cells. This is a feedback inhibition to 00 4 ‘ .
the granule cells. Each mossy cell gives excitatory synaptic
input to 6 granule cells and 6 basket cells. The mossy cells
give lateral inhibition to the_ granule ce_lls through the baSFigure 3: Filtering properties of the dentate gyrus in hip-
ket(;:ellls. Refer to Appendix for equations of each neuroBocampal slice preparations.
model.

.1. Theta Rhythm Selection at the Dentate Gyrus in
Hippocampal Slice Preparations

Normalized Field Potential

Stimulus Frequency (Hz)

2.3. Frequency Characteristics The perforant path stimulation evoked population spikes
at the granule cell layer in the hippocampal dentate gyrus.

We delivered 100 periodic pulses My granule cells Figure 3 shows the mean amplitude of the population
andNsync basket cells through synapseédync is the num-  spikes evoked by the periodic perforant path stimulation.
ber of common perforant path fibers to both types of cellThe amplitude of the population spikes were normalized
The number of spikes of the granule cell #1 was counte@dy the amplitude at 0.1 Hz. The amplitude of the popula-
The firing probability was defined as the ratio of the numtion spike depended on the input frequency of the perforant
ber of spikes to the number of the periodic pulses. Randopath stimulation. At 5 Hz, the population spike was about
synaptic input was also delivered to the granule cells (91.8 times as large as the population spike at 0.1 Hz. Hip-
Nsynd). HereNsyncwas 3, 6, or 9. pocampal slice preparations vary in the stimulus frequency
The mean interval of the random synaptic input to granthat causes the maximum amplitude from 5 to 10 Hz. The
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frequency range of 5 - 10 Hz corresponds to the frequen@eriment. The stimulus frequency range between 5 - 10
range of theta rhythm. The amplitude of the populatiofiz corresponds to the frequency range of theta rhythm.
spike decreased in the frequency range above 5 Hz. Frhe stimulus frequency that caused maximum response de-
thermore, application of the GABAreceptor antagonist, pended on the preparation. The amplitude of fEPSP did not
bicuculline, removed properties of the theta rhythm seledepend on the stimulus frequency (data not shown). This
tion. Bicuculline enhanced the amplitude of the populatioindicates that internal synaptic connections in the dentate
spike in the higher frequency range (20 - 100 Hz). Howgyrus contribute to the theta rhythm selection.
ever, the size of the population spike in the frequency range The properties of a band-pass filter are caused by random
between 0.2 - 1 Hz was not changed by bicuculline. synaptic input to mossy cells in the present dentate gyrus
network model. Synaptic projection from granule cells
3.2. Rhythm Selection in a Dentate Gyrus Network causes the random synaptic input to mossy cells. Prob-
Model ability distribution of the random synaptic input to mossy

We first introduce filtering properties of our fundamen-CeIIS is determined by the degree of synchronization in pop-
lation activity of granule cells. A suitable degree of syn-

tal dentate gyrus network model. In the frequency rangléh L lati ity of | I lead
between 2 - 5 Hz, the firing probability was larger than of ronization in population activity of granule cells can lea

%. The firing probability at 5 Hz was about 2.5 times ad® (e Properties of a band-pass f"Leri n !ne pertodic per:
large as the firing probability at 0.2 Hz. The higher fre-Orant path input frequency range below Z, the mossy

quency input reduced the firing probability. Without theCells stochastically fire by random synaptic input through
e granule cells. Random firing of the mossy cells prevents

random synaptic input to the mossy cells, the dentate gyr[‘% odi ; hi In th odi ¢
network model showed properties of a low-pass filter. the periodic perforant path input. In the periodic perforant

Degree of synchronization in the perforant path inpu'i)ath input frequency range between 3 - 5 Hz, as the mossy

modified filtering properties of the present dentate gyru‘%eIIS are phgsg-locked with the periodic perforant path in-
ut, the periodic perforant path input is not prevented. In

network model. In the present study, the number of syrf2

chronized periodic synaptic input was varied. The firin%ﬂe Ire?ju;ency rgngﬁ_t‘)’_fﬁ thor hi%hehr, tge Leedb?fk and
probability depended on the number of synchronized p ne feed-forward inhibitions through the basket cells pre-

riodic input N When Ngyne = 3, the firing probabil- vent firing of the granule cells. Well synchronized periodic
sync sync = 9,

ity was generally suppressed in the whole input frequencfge rforanthpath input dcl)les r_1rcr)lt generate the ranfjom fsynlaptic
range. AtNsync = 6, the frequency characteristics of the fir-! put ;[(I)t t € Tﬁssg Cf tS IS caut?;:s Eropzrtllespo a low-
ing probability were likely to be a band-pass filter (Fig.4).Ioass fiter in the dentate gyrus network model.  Foor syn-

The firing probability was almost 100% in the input fre_chronization in the gran_ule cells input is buried under the
quency range of 3 - 5 Hz, while less 70 % at 0.5 Hz. As thE}andom perforant path input. The random perforant path

firing probability was improved in the low frequency range,'npm inhibits most periodic perforant path input. Those

a largeNeyne (=9) caused properties of a low-pass filter results indicate that the degree of synchronization in neu-
syne " ral population activity can contribute to modifying filtering

properties in the dentate gyrus network model.
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