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Introduction

In order to postion and shift an electrode
accurately and to record stable neural
activity in the cerebral cortex of animals,
several types of microdrives have been

~4)

developed' In the Davies type drive, an
electrode is driven vertically by the precise
rotation of gears and horizontally by the
sliding of the electrode holder”. In the
Evarts type drive, an electrode is moved
horizontally by eccentric rotations of

the electrode holder and vertically by the

hydraulic positioner?”. These devices are

manipulated by hand. Recently, three
dimensional microdrive was developed,
in which };ydraulic remote control was
adopted only in the vertical direction®’. In
the present study, a new microdrive was
developed to make an accurate and rapid
positioning of a recording microelectrode
not only in the vertical direction but also
in the horizontal direction by hydraulic
remote control in the cerebral cortex of

an animal®~®.
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Construction and performance

Fig. 1shows schematic diagrams of the
apparatus (A. frontal view, B. lateral view).
The apparatus consisited of a hydraulic
drive (MICROMANIPULATOR; MO-103,
Narishige ) and cortical chambers. The
hydraulic drive consisited of block-X, Y, and
Z, each containing a hydraulic cylinder so
that its displacement could be controlled by
the remote hydraulic drives via the oil
tube in the direction of, respectively the X,
Y, and Z axis of the coordinate system. The
cortical chambers consisited of outer and

inner stainless steel chambers which were
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filled with paraffin oil to reduce the
pulsations of the cortical surface. A mova-
ble transparent plastic disk of diameter 32
mm and thickness 1.5mm served to seal the
outer chamber, with the electrode passing
through a minute pore of diameter
1.5mm in the center of this disk. Fig.1C
shows the top view of the disk and the outer
chamber.

After performing a craniotomy, the
cortical chamber was fixed to the animal’s
skull with dental cement and filleed with par-
affin oil through a minute pore in the
disk. The chambers were kept liquid-tight
by 1) adjusting the pressure of an O-shaped

/ silicon grease

felt washer

electrode

Fig.l1 Three dimensional microdrive.
views of the microdrive. C shows the top view of the chamber part
and the plastic disk (indicated by hatched lines) consisting of the
driver. D shows an enlarged figure of the center of the plastic disk.
An electrode is inserted into the central pore of the plastic disk
which slides on the chamber and is hydraulically driven in the
directions of the X, Y, and Z axis of the coordinate system.

A and B show frontal and lateral
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stainless steel ring with three screws, 2)
enclosing silicon grease in the space between
the electrode and the plastic disk with a
felt washer and a hollow screw (Fig. 1 D), 3)
sealing the oil injection pore of the disk
with a fine screw. It was possible to reduce
the pulsations on the cortical surface to less
than 50 #m. The outer chamber and the
bottom of the hydraulic driver were fixed to
the metallic arm A, and the plastic disk
and the driving block-Y were fixed to the
metallic arm B.  The hydraulic driving
block-Z was connected to the recording
electrode. As block-X and Y moved in the
directions of the X and Y axis, the plastic
disk also moved in these directions sliding
over the top of the outer chamber, and as
block-Z moved in the direction of the Z axis,
the recording electrode moved up and down.
The movable range of an electrode was 10
mm X 10mm on the X-Y plane, and 10mm in
the direction of the Z axis. Fig.2 shows

the photograph of the microdrive.
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Fig.2 Photograph of the microdrive.

By injectiong the dye through the tip of
the glass electrode at the target points, and
by examining the locations of these dye
spots in serial sections of the cerebral cortex,

the error between the desired value and the
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Fig.3 Control accuracy of the microdrive. A shows actual positions and
locus of the electrode tip assinged in 20 zm steps in the direction
of the X axis (the abscissa) and Y axis (the ordinate). B shows
actual positions and locus of the electrode tip assigned in 10 zm

steps in the direction of Z axis.
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actual value of the electrode movement was
measured. Fig.3 A shows actual positions
and locus of the electrode tip in the direction
of the X axis (the abscissa) and Y axis (the
ordinate). They were assigned in 20 um
steps. Serial numbers of filled points
indicate the order of electrode setting.
Point 122 is an actual position assigned to
the point 1 after positioning the point 121 to
see the repeatability. Fig. 3B shows actual
positions and locus of the electrode tip in
the direction of axis Z (the ordinate). They
were assigned in 10 um steps (the abscissa).
Point 11 is an actual position assigned
to the point 0 after positioning the point
10. Because of the sliding friction, the
repeatability was approximately 20 um on
the X-Y plane, and 5 #m in the direction of
the Z axis.

The remote control of the microdrive was
accomplished by the rotation of the stepping
motors via key board operation of the
computer system, which was reported in the

previous paper®’.
Application and Discussion

As a practical application of the micro-
drive, it was mounted on the somatosensory
cerebral cortex of the cat, and a tungsten
At each

microelectrode was positioned.
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target point in the cortical oral area, the
single-unit activity was recorded extracellu-
larly and could be held at least for 2 —3
hours®. Utilizing the microdrive, it has
been easy to position rapidly and accurately
a microelectrode on the surface or in the
depths of the brain of animals®. Though
slight errors were seen in the horizontal
direction, which might be due to partial
friction of the sliding disk, the driving
accuracy of the electrode, particularly in the
horizontal direction, was higher than that
of conventional instruments'~*. The liquid-
tightness within the chamber and ability to
suppress the pulsation of cortical surface
was of the same order as a conventional
chamber. However, if an intracellular reco-
rding is intended using this microdrive, it
will probably be necessary to control the
electrode positions more accurately by a

feedback control technique.
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Abstract : A hydraulic microdrive of a recording microelectrode was developed for rapid

positioning of a recording microelectrode both in the vertical and horizontal direction

with a range of 10 X10 X10mm in the cerebral cortex of a conscious or an anesthetized

animal. The apparatus consisted of a three dimensional, remotoly-controlled microdrive

unit and metallic chambers to suppress the cortical pulsations. The repeatability range of

the apparatus was 5 ym in the vertical direction and 20 #m in the horizontal direction.

Using the three dimensional microdrive, stable single-unit activity could be recorded for at

least 2—3 hours at a target point in the cerebral cortex of a cat.
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