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Abstract To understand spatiotemporally coordinated
activity in neural networks and interaction between dif-
ferent areas or layers in brain tissue, simultaneous multi-
site recording is a prerequisite. For in vitro studies pur-
suing these goals, substrate integrated, planar microelec-
trode arrays (MEAS) have been developed to monitor
spikes and local field potentials. Here we report for the
first time recordings of single-unit spike activity with
MEAs in acute slice preparations of the rat cerebellum.
We compare these recordings to results of conventional
techniques, and discuss the recording conditions in view
of the equivalent circuits commonly used. Simultaneous
recordings with tungsten microel ectrodes and MEAS ver-
ified that recording characteristics and signal-to-noise ra-
tios of MEA electrodes were comparable to those of con-
ventional extracellular electrodes. Spike shapes were
identical on both electrodes. We found no detectable
overlap between spike signals recorded at neighboring
MEA electrodes (200 um spacing). Neuronal spike activ-
ity was detected with MEA electrodes at distances of up
to 100 um from the site of spike generation. We conclude
that extracellular recording of independent single-unit
spike activity with MEASs is indeed suitable to monitor
network activity in acute slices, making MEASs an excep-
tionally useful tool for the assessment of fast network
dynamics in acute slices.

Keywords Microelectrode arrays - Cerebellum - Brain
slices - Spatiotemporal structure of spike activity -
Network activity

Experimental evidence indicates that the spatiotemporal
organization of neuronal activity plays a crucia role in
information processing in the neocortex (Abeles et al.
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19934, 1993b; Riehle et al. 1997). To capture spatiotem-
porally structured spike activity, single-unit neuronal
activity must be recorded at many different sites simulta-
neously. Furthermore, these recordings need to be me-
chanically and physiologically stable to allow recording
times sufficiently long to yield relevant samples of spike
activity, or to evaluate synaptic plasticity resulting from
neuronal interaction.

Recently, substrate-integrated, planar microelectrode
arrays (MEASs) have been introduced to record neuronal
activity in in-vitro preparations with up to 70 electrodes
simultaneously. These devices have been successful in
detecting local field potentials (LFPs) and spike activity
in cultures of dissociated spinal cord and cortical cell
cultures (Gross et al. 1993, 1997), individual Retzius
cells, acute retina preparations and cardiac myocytes
(Brivanlou et al. 1998; Fejtl et a. 1998; Kamioka et al.
1996; Hammerle et al. 1994; Meister et a. 1994;
Connolly et a. 1990; Wheeler and Novak 1986). It
seems likely that in these preparations neurons lie on or
even grow directly on the surface of the electrodes. Sim-
ilarly, acute retina preparations adhere to the electrode
with a clean tissue surface and thus establish tight
contact with the surface of the electrode.

In spite of this range of preparations, the recording of
spike activity in the most widely used application, acute
dlice of brain tissue, has not yet been described in MEA
recordings. In acute slices, the tissue surface of the slices
is covered with a layer of dead or injured cells and cell
fragments produced by the cutting process. This layer of
debris prevents close contact between intact, active neu-
rons and the recording electrode, thereby presumably re-
ducing the seal resistance (R, between the signal source
and the reference electrode in acute brain slice prepara-
tions. Typicaly, only the comparatively large electrical
fields of LFPs were readily detected (Grattarola and
Martinoia 1993; Wheeler and Novak 1986; Wheeler
et a. 1989). The detection of the smaller extracellular
fields generated by individual spikes has not been report-
ed yet, and has commonly been assumed to be hindered
by an insufficient Ry in acute slices.



Here we report for the first time reliable recording of
multiple single-unit spike activity with MEASs in acute
dlice preparations of the cerebellum and discuss the re-
cording conditions in view of the equivalent circuit com-
monly used. We conclude that extracellular recording of
spike potentials with MEASs is not prevented by the layer
of debris. In slice preparations of the cerebellar cortex
and the neocortex, single- and multiunit spike signals and
LFPs were reliably recorded, alowing visualization and
analysis of the network activity on different time scales.

Materials and methods

Spike activity was recorded with substrate integrated thin-film
MEAs (Multi Channel Systems, Reutlingen, Germany) as de-
scribed previously (Egert et al. 1998, Hammerle et al. 1994,
Janders et al. 1996; Nisch et al. 1994). Briefly, MEASs consisted of
60 electrodes etched from gold layers on a 5x5-cm glass carrier
using thin-film photolithography. Each MEA electrode was a disk
of 10 or 20 um diameter at the tip of a conducting gold lead, insu-
lated with silicon nitride (Si;N,). The electrode surface was coated
with alayer of titanium nitride (TiN), increasing the effective sur-
face area of the electrodes and thus lowering electrode impedance.
Electrodes were arranged in an 8x8 pattern on a 100- or 200-pm
grid. A glass ring (diameter 20 mm; glued to the base plate with
silicone rubber; Sylgard 184, World Precision Instruments, Berlin,
Germany) formed a recording chamber with avolume of 1.5 ml).

The signals from the MEA electrodes were amplified (x1200),
band-pass filtered (10-3200 Hz) with a 60-channel amplifier,
and sampled at 25 kHz/channel on 60 channels simultaneously
(MEA-60 System, Multi Channel Systems, Reutlingen, Germany).
Data were analyzed offline using a specifically designed Matlab
Toolbox! (Mathworks, Natick, MA). In some experiments we
tested for cross talk between neighboring MEA electrodes and
compared MEA to conventional tungsten electrodes (TEs). The
voltage at two neighboring MEA electrodes and an additional TE
(12 MQ, WPI) was sampled at 20 kHz with a CED 1401/Spike 2
(Cambridge Electronic Design, Cambridge, UK). The signal from
the external TE was amplified using either 1 of the 60 MEA am-
plifier channels or a conventional differential amplifier (A-M Sys-
tems, Everett, WA; x1000, 0.3-5 kHz).

MEASs were used repeatedly and were cleaned before each ex-
periment with a neutral |aboratory detergent in an ultrasonic bath
(2% Ultrasonol 7, Carl Roth, Karlsruhe, Germany, 10 min) and
subsequently rinsed in distilled water.

Coating

To improve tissue adhesion, MEAs were coated with cellulose
nitrate (CN, Schleicher & Schuell, Dassel, Germany) dissolved in
methanol (0.14 mg/ml). About 4 pl of this solution was spread out
over approximately 25 mm? around the central recording area and
dried in air.

Preparation of slices

Parasagittal and horizontal cerebellar slices (300 pm thick) were
prepared from Sprague-Dawley rats on postnatal days 9-28 as de-
scribed previously (Heck 1993). Animals were anesthetized with
diethylether. The brain was quickly excised and rinsed in ice-cold
(<4°C) artificial cerebrospina fluid (ACSF; contentsin mM: NaCl
132.0, KCI 2.0, KH,PO, 1.2, MgSO, 1.1, NaHCO; 19.0, CaCl,
2.5, p-glucose 10.0, continuously gassed with 95% O,, 5% CO,).
Slices were cut with a vibratome (Microslicer DTK-1000, DSK,
Japan) and stored at room temperature. Recordings were per-

1[http://www.brainworks.uni-freiburg.de/projectsymea/meatool s/
overview.htm]
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formed at room temperature (24°C). In some control experiments,
Ca%* in the ACSF solution was replaced with Mg2+, or tetrodo-
toxin (2 puM, Sigma-Aldrich, Deisenhofen, Germany) was added
to the bath solution. Slices were perfused for several minutes be-
fore examination of the effects.

Electrode resistance

The ohmic component of the electrode impedance was assessed
for MEA electrodes alone and for MEASs with a slice mounted on
the electrode surface using the impedance measuring facility of an
extracellular amplifier (A-M Systems, Everett, WA; delivering
1 pA current at 1 kHz with capacitance compensation). The repro-
ducibility of this measurement was +50 kQ (resistance range
0.3-2 MQ) with capacitance compensation and readout on an
oscilloscope screen.

Spatial integration/resolution of electrodes

To evaluate the spatial resolution of MEA electrodes and possible
overlap of neurona populations recorded with neighboring elec-
trodes, we calculated cross-correlograms of spike trains and spike-
triggered averages of raw waveforms recorded on several pairs of
MEA electrodes. Spikes were detected offline using a threshold
criterion and sorted according to their principal component com-
position. Any spike that could not be assigned clearly to one neu-
ron was discarded from the analysis.

In a typical experiment, an MEA electrode picking up single-
unit spike activity with good signal-to-noise ratio (SNR) was cho-
sen as the reference electrode (RE). After spike detection and sort-
ing (see below) cross-correlations were calculated for spike trains
recorded at RE and those on directly neighboring electrodes that
picked up spikes at an SNR sufficient for spike sorting. For all
eight neighboring electrodes, a signal average was calculated trig-
gered on the single-unit spikes recorded at RE. This spike-trig-
gered average was used to estimate the electrical field produced
by the trigger unit recorded at RE.

As a measure of the noise bandwidth, we calculated the stan-
dard deviation of short periods (several milliseconds) of record-
ings without detectable spikes. In a gaussian distribution, more
than 99% of the sampled values lie within a range of +3 times the
standard deviation (g) around the mean. We thus set +3xg of the
background noise (calculated from segments without spike activi-
ty) as the minimum reasonable threshold value (6) for spike detec-
tion in anoisy signal. For the assessment of duplicate spike detec-
tion on neighboring MEA electrodes, signals that did not cross 8
were defined as undetectable.

Spatial extent of the spike signal

To identify the location of a selected cell recorded at an MEA
electrode, again termed RE, and the size of its detectable electrical
field, we probed the surrounding tissue volume with an external
electrode. Extracellular glass micropipettes (3-6 MQ, 0.1-3 kHz,
WPI DAMB80 amplifier) were used in this case since the vertical po-
sition of the tip could be determined. For this purpose, a light guide
was attached to the end of the electrode to illuminate its tip. At each
position, the signals at RE and micropipette were recorded simulta-
neoudly for 2 min. To prevent damage to the cell under observation,
we recorded at positions in a plane approx. 40 um above the MEA
surface. The spikes detected at RE were sorted as described above
to isolate a single-unit signal. For our purposes it was important to
ensure that these spikes stemmed from a single unit. We therefore
accepted an underestimation of the spike rate by the sorting proce-
dure to minimized ambiguities. To ensure stable spike detection dur-
ing the experiment we chose trigger spikes from a population of
large spikes. Under these conditions, the shape of the spikes record-
ed at both electrodes was comparable as long as spikes were found
at al at the micropipette. Comparing corresponding minima and
maxima of the spike peaks thus gave a robust indication of the de-
cay of the electric field with distance from the source.
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Fig. 1 Examples of continuous
MEA recordings. Sample re-
cordings from a parasagittal

(A) and a horizontal cerebellar
dice (B) from aP15 and a P14
rat, respectively. The micro-
graphs show the cerebellar
dlices mounted on the MEA
electrodes. The traces are typi-
cal recordings in these particu-
lar preparations from electrodes
marked with filled circles
(activity was also found on
electrodes marked by open
circles) (wmwhite matter,

gcl granule cell layer, pcl Pur-
kinje cell layer, ml molecular
layer, pia pial surface)

The identified spikes (reference spikes) were then used as a
trigger for spike-triggered averaging (STA) of the signal recorded
from the micropipette. This average thus gives the waveform
found at the micropipette when a reference spike was detected. We
then determined minima and maxima of the STA (X,,) at times
corresponding to the minimum and maximum of the average refer-
ence spike respectively (X,ef”) for each recording position with
the coordinates x, y at a given height above the MEA electrodes.
To compensate for variations of the absolute size of the spikes
during the experiment, we describe the extracellular field as the
ratio of these values found at the micropipette position and the
corresponding value of the simultaneously recorded reference
spikes (e.g., min(Xy)/min (Xrer,), max (Xy)/max (X, ). This
results in one ratio for minima, maxima, and total amplitude, re-
spectively, at each recording site. The value thus obtained is arel-
ative measure of the magnitude of the signal at the micropipette
positions. From these, we estimated the continuous field structure
by bicubic interpolation of the corresponding ratios for a plane
supported at the recording positions.

Results
Recordings in sagittal cerebellar slices

Cerebellar Purkinje cells (PCs) have a flat, fan-shaped
dendritic tree oriented parallel to the sagittal plane. Owing
to their shape, PCsin sagittal slices remain largely undam-
aged, except for those immediately at the surface. Further-

more, because soma and dendrite lie in the same sagittal
plane, intact Purkinje cell somata can be found in high
density close to the surface of the dice. In slices mounted
onto MEASs, the recording electrodes cover an area of one
to two lobuli, depending on the animal’s age. Molecular,
Purkinje cell, and granule cell layers, and white matter are
readily distinguished. Purkinje cell somata form a thin
(30-50 pum) layer with about 400 cells'mm?2. The molecu-
lar layer extends between the Purkinje cell layer (PCL)
and the pial surface. It contains the PC and Golgi cell den-
drites, parallel fibers, and the somata and dendrites of the
inhibitory basket and stellate cells. The granule cell layer
between PCL and white matter holds the granule cells, the
ascending part of their axons and Golgi cell somata and
axons. Examples for signals recorded in these layers in
sagittal and horizontal dlices are shown in Fig. 1. The dis-
tribution of electrodes beneath the layers of the cerebellar
dicesisgivenin Table 1.

Single-unit spikes were reliably recorded with MEAS
from acute sagittal dlices of the cerebellum (Fig. 1A),
with SNR ratios up to 10. Electrodes detected mostly
multiple single-unit activity in all tissue layers. The
overall fraction of electrodes detecting spikes in sagittal
dlices was 29.5% (N=20 dlices), with the probability of
spike detection varying between different layers of the
cerebellar cortex. Electrodes located underneath the PCL



Table 1 Distribution of the electrode positions over cortical layers.
Fraction of electrode positions with successful detection of spike
activity in sagittal dices. Signal quality was rated on a scale of
0-5 during recording, with 0 indicating no spikes and 5 an SNR of
at least 3x6. Because of its extent, most electrodes are located in
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the granule cell layer. The relative yield of spikes bearing elec-
trodes and signa quality was, however, best in the Purkinje cell
layer, i.e., closest to the Purkinje cell somata. Numbersin parenthe-
ses give the standard deviation (ML molecular layer, PCL Purkinje
cell layer, GCL granule cell layer, WM white matter)

ML PCL GCL WM Ngices
Electrode distribution 29% (7) 14% (6) 36% (7) 20% (8) 15
Spike bearing electrodes 29% (26) 39% (31) 38% (22) 20% (15) 17
Subjective signal-to-noise ratio 2.4 (0.94) 3.3(1.43) 2.7 (0.88) 1.7 (0.94) 17

had the highest probability of spike detection. Spike po-
larity reflected the position of the electrode relative to
the signal source, i.e., negative close to the soma or posi-
tive in the dendritic tree. Spikes found in the Purkinje or
granule cell layers were negative, matching the cerebel-
lar architecture, and positive peaks were regularly de-
tected in the molecular layer. The temporal structure of
the spike trains and the spike rates were comparable to
those found with conventional microelectrode record-
ings.

Comparison of MEA and conventional
tungsten electrodes

Spikes were also detected in slices cut horizontally, with
an SNR comparable to what we found in sagittal slices
(Fig. 1B), dthough in horizontal slices there were gener-
aly fewer recording sites with spike activity. Recording
of single-unit spike activity was most successful in slices
from animals younger than 21 days postnatal. The proba-
bility of detecting spike activity, but not their SNR, de-
creased thereafter. We could not record spike activity in
dlices from animals older than 28 days postnatally. Both
sagittal and horizontal slice preparations were viable for
up to 16 h. Spike activity was abolished by tetrodotoxin
(TTX), withdrawal of Ca2* or cooling of the slice to
11°C.

To compare recording properties of MEA and con-
ventional electrodes, we simultaneously recorded with
two neighboring MEA electrodes that both showed
single-unit spike activity and with one external tungsten
microelectrode or glass micropipette. The TE was posi-
tioned close to one of the MEA electrodes such that both
would pick up the same unit spike (Fig. 2A). To compare
spike shapes and to test for duplicate detection of agiven
unit, we calculated spike-triggered averages of the signal
at three neighboring electrodes. Defining in turn the
spikes of each of the three electrodes as trigger events,
we generated spike-triggered averages of the signals on
the other two electrodes. Spike shapes recorded with
MEA and TEs were comparable. The unit spike recorded
on electrode MEA 1 left no visible trace in the spike-
triggered averages generated from the signals on MEA 2
and the TE (Fig. 2B, upper row). The electrode MEA 2
and the TE picked up spikes from the same unit. Thus,
the average of the TE signal triggered on the spikes re-
corded on MEA 2 looks like the averaged TE signal,
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Fig. 2A, B Comparison of spike detection characteristics of MEA

and conventional tungsten microelectrodes. A Schematic diagram
of the recording situation. Electrode distances are drawn to scale.
Two neighboring MEA electrodes (MEA 1, MEA 2), both of which
picked up spike activity, were selected and a TE tip was posi-
tioned about 10 pm above MEA electrode 2. B Each plot in the
matrix shows a spike-triggered average of the data recorded on
one electrode (indicated in the column title), triggered on 300—
500 spikes of a unit recorded on the electrode indicated by the row
title. Each of the three plots on the top left to bottom right diago-
nal thus shows the average unit spike signal on the respective elec-
trode. The spike shapes on MEA and TEs differ because of the
different filter properties of the respective amplifiers

triggered on its own spikes (Fig. 2B, middle and lower
row, middle and right column). The average signa re-
corded on the neighboring MEA 1 electrode triggered on
the MEA 2 or TE spike (Fig. 2B, left column, middle
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Fig. 3A—C Relevance of the signal overlap observed. A Spike-
triggered averages (black) in comparison to typical single-trial
traces (gray) on RE (central plot) and on the eight immediately
neighboring MEA e€lectrodes. The peaks detected by spike-
triggered averaging are far smaller than the background noise
level. B The peaks revealed by spike-triggered averaging are well
below the useful limit for spike detection (+3x0), i.e., spikes de-
tected on neighboring electrodes appear, if at all, only as a sub-
threshold signal. C If background noise were additive, small
spikes could occasionally cross the threshold and contribute to an
apparent correlation of spike trains at neighboring electrodes. In
this example, we calculated the cross correlations between the
spike trains at the outer MEA electrodes with that of the center
electrode (the autocorrelation is given for this electrode, with the
center peak graphically removed for clarity). These cross correla-
tions did not reveal significant peaks, indicating that each elec-
trode gives an independent sample of the local spiking activity.
Empty axes indicate electrode positions without detectable spike
activity. Vertical bars in C indicate 10 counts/bin (bin width
10 ms)

and lower row) shows a positive peak. This peak was
smaller than the noise band defined by the 6 criterion
and, thus, below the threshold for spike detection (see
below).

To assess the possibility of duplicate detection of a
neuron at neighboring MEA electrodes, we calculated
cross-correlograms of the spike trains and spike-trig-
gered averages of the signal traces.

Large reference spikes, presumably generated by
cells close to RE, produced only minute voltage peaks at
surrounding electrode positions (Fig. 3A, 200 and
283 pm between neighboring electrodes on either side
and along the diagonals, respectively). These averaged
voltage peaks were well within the noise band defined
by 6 (Fig. 3B). We obtained the same results with exter-
nal TEs placed at comparable distances to an MEA elec-
trode which recorded the trigger spikes (Fig. 2B). When
small spikes, presumably originating from neurons at
some distance from RE and located between two elec-
trodes, were used as reference spikes, the spike-trig-
gered average sometimes showed peaks larger than 6 on
one of the neighboring electrodes. Occasionally, elec-
trodes in the molecular layer detected a positive going
peak, synchronous to spikes at a corresponding location
in the PC layer, suggesting dendritic sources (e.g.,
Fig. 1B, 3rd and 4th traces). We did not find any clear
triphasic spikes that would typically be expected for ax-
onal sources.
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Theoretically, even small spikes added to the back-
ground noise in a systematic, e.g., temporally correlated
way, may influence spike detection when low voltage
thresholds are used. We further tested for correlations
between spike trains from neighboring electrodes in
sagittal slices. Spikes in these trains were again detected
when crossing 6. Such spike trains did not show signifi-
cant correlations, independent of spike size (40 pairs
from spike populations on pairs of neighboring elec-
trodes, see Fig. 3C). Thisisin agreement with the expec-
tation, based on the neurona connectivity in sagittal
cerebellar slices, where the only excitatory fibers run
perpendicular to the slice plane. The only anatomically
possible interaction between PC would be inhibitory
through synaptic input from basket, stellate or other PCs.
However, cross-correlograms did not show negative cor-
relations either.

Estimation of the e ectrical field of the neuron detected

By scanning the slice in the vicinity of one RE with a
micropipette, we estimated the approximate extent of the
reference unit’s detectable electrical field. Measurements
were made at various locations in a plane parallel to the
MEA surface (white circles in Fig. 4B). For each loca-
tion, the amplitude ratios of the spike-triggered averages
(local/reference signal) were calculated. From these
values, the amplitude ratios for intermediate positions
were estimated by bicubic interpolation. From the result-
ing matrix, a surface plot was generated. The maximum
in this plane of ratios indicates the likely position of the
reference unit's soma, i.e., the signal source. This was
typically found within a radius of approx. 30 pm around
the MEA electrode center.

The value of the R,, which, according to the equiva-
lent circuit, is the parameter most critical for the SNR of
spike recordings, cannot be measured directly. For an
approximation of R, we calculated the difference be-
tween the ohmic component of the MEA electrode im-
pedance at 1 kHz with and without the slice tissue in
place. Surprisingly, there was no detectable difference of
the electrode impedance between these conditions. Like-
wise, with the slice mounted on the MEA surface, there
was no detectable difference in impedance between elec-
trodes picking up spike signals with good SNR and elec-
trodes that did not pick up any spikes.
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Fig. 4A, B Estimate of the electrical field around a reference unit.
A Parasagittal dice of the cerebellum with the recording area
(square) and the position of the Purkinje cell layer marked. B An ex-
ternal glass micropipette was used to determine the average electrical
signd generated by the reference unit at the positions marked with
white circles. These support locations (40 um above the MEA sur-
face) were used for bicubic interpolation of the relative field strength
(relative amplitudes with respect to the reference electrode) and the
location of the reference unit in the plane of the dice. The maximum
spike size (bright area) on the micropipette was found 20 um from
the MEA electrode (small square), which is outside the geometrical
eectrode radius (10 pum). The example suggests that it is not neces-
sary to establish membrane contact with the cell body for spike re-
cording. The shape of the spikes found at that site and the position of
the MEA electrode indicate that a cell body in the Purkinje cell layer
(dashed linein A) was recorded (contour lines mark steps of 0.1)
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Discussion

We have shown here for the first time that recording of
single-unit spike activity in acute slice preparations
using planar, substrate-integrated microelectrode arrays
is possible. The comparison of MEA with conventional
TEs showed that both types of electrodes had very simi-
lar electrical propertiesin terms of spike shapes and spa-
tial resolution. This suggests that recording from the un-
derside of the slice has no disadvantages in this experi-
mental configuration, even though the supply of vital
substances and oxygen by diffusion might be more diffi-
cult on this side than on the exposed upper surface of the
slice, where single electrode recordings are usualy per-
formed. Although spike-triggered averages in some
cases revealed small peaks, these were well within the
background noise band and did not contribute to spike
detection. Since SNRs at soma-proximal positions were
much higher than SNRs at any other position and
dropped rapidly with distance, our recordings reflect
local spike activity amost exclusively. Thisisillustrated
by the structure of the electrical field of the reference
units. The observation that spike trains with spikes of
any size recorded from neighboring electrodes were un-
correlated suggests that even cells located between elec-
trodes may not be detectable on both. It must be kept in
mind, however, that spike sorting may not isolate single-
unit spikes from multi-unit populations of small spikes,
which could obscure correlations of the resulting time
series (Gerstein 2000; Bar-Gad et al. 2001).

Equivalent circuits developed to describe the condi-
tions for recording spike activity with surface integrated
electrodes demand that the resistance between recording
site and reference electrode R, be much higher than that
between recording site and signal source (Fromherz et al.
1993; Grattarola and Martinoia 1993). The lowest value
used for R, in a modeling study was 1 MQ (Grattarola
and Martinoia 1993). According to Fromherz et a., high
Rs values require intimate contact between the mem-
brane of the recorded neuron and the electrode (From-
herz et al. 1991). Furthermore, theoretical considerations
about the recording situation with extracellular elec-
trodes suggested that the SNR depends on the value
of the R between the signal source and the ground
electrode (Fromherz and Stett 1995; Grattarola and
Martinoia 1993). Our results indicate that assumptions
made about the electrical equivalent circuit, especialy
about a high value for Ry as a prerequisite of single-unit
spike recording, are incorrect. The resistance of the
MEA electrodes was not changed when a slice was
mounted, and resistances of electrodes that picked up
spike activity and those that did not were identical within
the resolution of our measurement (x50 kQ).

While these values may not be a precise measure of
the absolute value of the impedance, the lack of asignifi-
cant change of the electrode impedance indicates that Ry
is likely not in the MQ range as was expected. They
further suggest that the distance over which an electrode
picks up signals from a spiking neuron is larger than
might be expected from previous model considerations
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(Fromherz et al. 1991, 1993; Grattarola and Martinoia
1993).

We propose that the most important difference be-
tween cerebellar and other slice preparations is the pres-
ence of ongoing spontaneous spike activity at a high rate
in cerebellar dlices. Because of the fan-shaped anatomy
of the Purkinje, stellate, and basket cell dendrites spread-
ing in the sagittal plane, a sagittal cut presumably damag-
es these dendrites only dlightly. Therefore, sagittal cere-
bellar slices most likely have only athin layer of dead or
injured cells. They may be special in that healthy, active
neurons may be closer to the MEA electrodes than in tis-
sues in which neurons branch more homogeneously in al
three dimensions and, hence, may suffer more damage by
the dlicing procedure. However, we also obtained reliable
single-unit spike recording, from horizontal slices, whose
surface is perpendicular to the plane of the PC dendritic
tree, in neocortical slices and, as a component of field po-
tential recordings, in acute hippocampus slices (data not
shown). We assume that there is a layer of dead and in-
jured cells on horizontal slices similar in thickness to the
debris layer on hippocampal and neocortical slices. It is
interesting to note that in standard slice preparations
(without MEAS) inspected with infrared video microsco-
py healthy cells are found 15-30 pm from the slice sur-
face (data not shown), which is in good agreement with
the dimensions of the electrical field found in our experi-
ments. From these results we conclude that recording of
single-unit spike activity in acute slice preparations with
MEA technology does not critically depend on the thick-
ness of the debrislayer (and, thereby, on R).

The recording of single-unit spike activity from many
locations simultaneously in acute preparations extends
the applicability of the MEA technology to the investiga-
tion of fast dynamics of neural network activity. Thisisa
particularly interesting aspect in view of the increasing
evidence for the importance of dynamic interactions be-
tween groups of neurons on a millisecond time scale
(Abeles et al. 19933, 1993b; Ahissar et al. 1992; Riehle
et a. 1997; Diesmann et a. 1999). MEA technology thus
provides a new important and easy to use in-vitro tool
for the investigation of spiking neural networks.
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