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Electrical Responses of Astrocytic Glia from the
Mammalian Central Nervous System Cultivated
in vitro®

During the past years methods for the cultivation of
various areas of the mammalian central nervous system
have been developed? In addition to neurons these ex-
plants provide large quantities of glial cells which be-
come, in the course of cultivation, more or less isolated so
that they can easily be observed with phase contrast
microscopy. Time lapse cinematographic records revealed
that such astrocytes can exhibit slow rhythmical move-
ments? similar to those of amoebaz or slime molds. For the
present study, astrocytes from the midbrain and from the
cerebellum of the kitten were used which were cultivated
according to our standard methods on 12X 50 mm cover
slips in roller tubes. The cultures were kept in the incuba-
tor at 37°C for 30 to 50 days before they were used for
electrophysiological experiments. By this time the astro-
cytes were separated from one another to such a degree
that single elements could be easily distinguished (Fig. 1).

The cultures were mounted in a chamber approximately
4 mm deep. The bottom of this chamber consisted of a
microscopic slide cut to approximately 12 mm in width
and its roof was formed by the cover slip on which the
cultures were grown. After the chamber was filled with
Gey’s balanced salt solution the cells were observed with
Zeiss phase contrast optics at a magnification of approxi-
mately 600X, while the recording and stimulating
electrodes were introduced from below through the open
sides of the chamber at an angle of 10 to 30 degrees with
the aid of a modified Leitz micromanipulator. The place-
ment of the electrodes in and near the cells was made
under visual control. The recording microelectrodes were
filled with 3 M KCl-solution and had a tip diameter of
less than 0-5 u and a direct current resistance between 10
and 25 M£Q. The stimulating electrodes consisted of a pair
of glass capillaries filled with Gey’s balanced salt solution.
The one close to the cell had a tip diameter between 5 and
15 u, whereas the other one which was immersed some
distance away in the chamber fluid was a plain glass
tubing of about 1 mm in diameter.

Stimulating pulses were obtained from a Grass stimu-
lator used in conjunction with an isolation unit. The pulse
duration was approximately 1 ms. Intracellular potentials
were recorded with a unity-gain preamplifier designed
and constructed by Bax® The input capacity of this
amplifier was of the order of ¢-3 pF and the grid current
could be adjusted to zero at or near the working input
voltage. A DuMont oscillograph was used for recording
and the records were photographed with a Grass camera.
In the attempt to pierce single astrocytes with the record-
ing microelectrodes in many cases considerable difficulty
was encountered due to the plasma clot in which the cells
were embedded. The plasma clot made it difficult to
achieve clean penetration of the cell body which, in such
cases, was injured to such a degree that precise records
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could not be obtained. Similar difficulties were reported
by Crain® in his experiments with chicken embryo spinal
ganglia in vitvo. Only in areas where clot liquefaction had
taken place could clean penetrations of glia cell bodies be
performed.”

Fig. 1a and b. Photomicrographs showing representative astrocytes
in the living state and the position of the electrodes during the
recording time. a Field close to the center of the culture where the
cells have retained their original netlike connections. A recording
microelectrode (R) is introduced in one astrocyte whereas a larger
stimulating electrode (8) is located near the cell. At times the stimu-
lating electrode was used as an injection pipette by means of which a
limited amount of isctonic KCl solution could be placed in the im-
mediate vicinity of the cell. b A flatly spread out astrocyte somewhat
isolated in the outer zone of outgrowth. The recording electrode (R}
is introduced into the cell whereas a small stimulating electrode {8} is
placed very close to the surface membrane of the cell. The outline of
the nuclear membrane lies outside the plane of focus. Thirty-five day
old cultures, phase contrast. The magnification is indicated by a bar
ina.

On penetration of an astrocyte there was a sudden shift
in the recorded direct current potential of usually less than
50 mV, the recording tip being negative to the potential
of the surrounding fluid medium. On few occasions the
potential shift was as large as 70 mV. When a small
amount of an isotonic KCI solution was introduced by
means of a small injection pipette placed in the im-
mediate vicinity of the cell under investigation, the nega-
tivity of the intracellular potential decreased rapidly. On
cessation of the outflow of the KCl solution from the in-
jection pipette the negativity returned toward the original
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Lusanvmenfassung
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