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The Effects of Elevated Potassium on the Survival
and Differentiation of Neurons in Culture

Shinju WATANABE

Department of Anatomy, Shinshu University School of Medicine
(Director : Prof. Yoshifusa SHIMrzu)

The effects of elevated potassium (K) medium on the survival and differentiation of neurons
in dorsal root ganglia (DRG) and sympathetic ganglia (SG) from chick embryos were studied in
explant and dissociated cell cultures. :

Elevated (40mM) K improved survival of both DRG and SG neurons. DRG neurons in the high
K medium showed cytoplasmic differentiation up to Murray’s stage 3, but no further development
or myelin formation could be observed in long-term culture,

In SG neurons, the nerve fibers tended to form thick bundles and their catecholamine (CA)
fluorescence increased with the number of days of culture in the high K medium. By contrast,
CA fluorescence was only faintly observed, except in a few intensely fluorescent cells, in the
normal K medium, It was, however, intensified when the medium was changed from normal to
high K, and was diminished by changing the medium from high K to normal, From these results,
it seems likely that SG neurons continue to differentiate adrenergically in the high K medium,
while they become cholinergic in the normal K medium, Shinshu Med. J., 82 : 554—566, 1984
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Control High K

Figs. 1-4 Phase-contrast photomicrographs of dissociated neurons 5 days in culture.
Living neurons are more numerous in the high K medium than in the control
medium. Fibroblasts in background are sparse in the high K medium as com-
pared with the control medium. (x150)

Fig. 1 Dorsal root ganglion (DRG) cells maintained in the control medium.

Fig. 2 DRG cells maintained in the high K medium.

Fig. 3 Sympathetic ganglion (SG) cells maintained in the control medium.

Fig. 4 SG cells maintained in the high K medium. Note the neurons showing
compact aggregation (=) and forming thick bundles of nerve fibers (=).

Figs. 7-10 Phase-contrast photomicrographs of DRGs in explant culture.

Figs. 7,8 2 days in culture. Nerve fibers radiate in bundles from the explant
of the ganglion (G) preceding outgrowth of fibroblasts. Fig.7 : Maintained in
the control medium. Fig.8 : Maintained in the high K medium. (x75)

Fig. 9 23 days in the control medium, Myelinated fibers (=) are clearly seen. (x600)

Fig. 10 30 days in the high K medium. Note the axon thickening (=). No my-
elinated fibers can be observed. Most of the neurons are in immature form. -
(% 600)
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Figs. 5,6 The effect of potassium on the survival of dissociated neurons in culture.
Neuron survival is expressed as the percentage of the initial neuron count.
Fach point represents the mean percentage = SD of neuron counts from 22

(DRG) or 16 (SG) dishes. The high K media (O) produce significantly higher
survival as compared with control media (@).
Fig. 5: DRG cells. Fig. 6 : SG cells,

Control High K

No. 6, 1984

557



Control High K

Figs. 11-14 Phase-contrast photomicrographs of the DRG cells. (% 1500)

Figs. 11,12 3 days in culture. The perikarya of the nerve cells are small in
size and their cytoplasm is rather homogeneous. The nuclei are eccentric
in position. Fig, 11 : Maintained in the control medium. Fig.12 : Maintained
in the high K medium.

Fig. 13 30 days in the control medium. The neuron has differentiated into
mature form. Light spiral channels are clearly seen in the cytoplasm. The
nucleus is located centrally. The satellite cells (=) are embedded in the
perikaryon,

Fig. 14 30 days in the high K medium., The nucleus is located centrally, but
the size of the perikaryon is smaller than that in the control medium.
The satellite cells (=) project out from the perikaryon.
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Fig, 15 The effect of potassium on devel-
opmental changes in the diameter of the
DRG neurons. The diameter increases
with days in culture, but more slowly in
the high K (O) than in the control (@)
media. The difference is significant after
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Fig. 16 The thickness of DRG neurons

during development. The thickness of
perikaryon scarcely changed throughout
the culture. The high K media (O) pro-
duce no significant difference in the
thickness as compared with the control
media (@),
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Fig. 17 The nuclear shift of DRG neurons
during development, D indicates the dis-
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Figs. 18-21 Phase—contrast photomicrographs of SGs in explant culture.

Fig. 18 2 days in the control medium, Nerve fibers show fine network on the
sheet of fibroblasts, (x75)

Fig. 19 2 days in the high K medium. Nerve fibers are dense and form thick
bundles. (x75)

Figs. 20,21 20 days in culture. No obvious difference can be observed between
the nerve cells in the control and in the high K medium. Fig.20 : Maintained
in the control medium,. Fig.21 : Maintained in the high K medium. (x860)

Figs. 22-26 CA fluorescence photomicrographs of SG cells in dissociated culture, (x200)

Fig. 22 12 days in the control medium. CA fluorescence is faintly observed
except in a few intensely fluorescent cells (=).

Fig. 23 12 days in the high K medium. Nerve fibers with intense fluorescence
show dense network,

Fig. 24 7 days in the control medium and then 10 days in the high K medium.
Fluorescence of nerve fibers appears.

Fig. 25 7 days in the high K medium and then 10 days in the control medium.
Fluorescence of nerve fibers diminishes.

Fig. 26 7 days in the high K medium and then 10 days in the control medium.
The arrow (wb) indicates a few intensely fluorescent cells with long processes.

560 EMEEFE Vol 32



B a3 5 K o gz

BRI & b PRA TRV 52%, SMIicZEd LB C BRI SE
AL, Figbb Murray?) o Stage 3 ¥ TO/ME 1 AR & B RIBR
LB bhieh olc, FHULICHER TR, BRI HBEERE UL, B OB L DS, 1

DIEX L OISR & DRICEBZEL RD Teh PREBHNT RG-S, Mo it R L (Figs.
STehdy BRI O B0 B DI T 3, 18), BMEEKEHTIL, LFMEMREL? %,
HEPMIWERRL (Fig. 15), B A EERSE LI MIE L aggregation R{F5 Z

No. 6, 1984 561



® W R %

Table 1 The effects of the high K medium on the CA fluorescence of SGs

Fluorescent nerve fibers

Intensely fluorescent cells

Experiment

1 week 2 weeks 1 week 2 weeks
Control - — + +
High K -+ H + +
*Control — High K — + + +
*High K — Control + - -+ +

* The medium is changed from control to high K, or from high K to control after

one week in culture.
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