


































































































































































































































































































1968). Frank and Pinsky (1966) found that in isolated slabs of
cerebral cortex TTX inhibited the potentials that normally can be
evoked by electrical stimulation. Furthermore, this toxin has been
found (McIlwain et al., 1969; Pull et al., 1970; Okamoto and Quastel,
1970b) to depress the uptake of Na ion by cortical slices, caused

by glutamate stimulation. These pieces of evidence are in agreement
with the effect of TTX in producing the reductions of the extent of

the transparency increase and the magnitude of the ion movements

during SD, but do not explain why the blocking is incomplete. There
are at least three possible explanations for this incomplete blocking.
Firstly, it could be surmised that TTX acts only on the axonal membrane
but not on the membranes of the cell bodies and dendrites. Thus, in
the presence of TTX only the axons would be prevented from participating
in SD. However, axons do not seem to change during SD (Van Harreveld,
1958). An exclusive effect on the axons can therefore not explain the
effect of TTX on the retina. Secondly, one could postulate that TTX
depresses Na movement in the plasma membrane of somas and dendrites,
but less effectively than on the membrane of the peripheral nerves.
This is not an unreasonable speculation since these parts of the neuron
have, in addition to electrically excitable components, areas which

are chemically excitable and hence may be insensitive to the toxin.

The third explanation is that some of the cellular elements which

participate in SD are not affected by TTX. These cellular elements



may be neurons or glial cells. The first possibility is suggested

by the finding of Koketsu and Nishi (1969) that action potentials

in the sympathetic ganglion of the frog are indeed resistant to TTX.
Glial elements have been observed to show electrical responses

similar to, but much slower than those exhibited by neuronal elements
(Tasaki and Chang, 1958). Based on this observation and the slowness
of SD, Galamos (1961) suggested that glial elements would be involved
in SD. In the present study as much as 24 mM/kg w.t., of intracellular
K were released during one wave of SD. This amount of K constitutes
about half the exchangeable intracellular K (45 - 50 mM/kg w.t.) of
the entire retina used for the observation, suggesting that some of
the K ions released during SD are derived from the glial elements, or,
in other words, that glial elements participate in SD. However, the
possibility that glial elements participate in SD has been questioned.
Van Harreveld and Stamm (1954) and Hull and Van Harreveld (1966) found
that SD could not be evoked in, or propagated through an area of
cerebral cortex damaged by asphyxia to such an extent that the sponta-
neous electrical activity was aboliéhed; such cortices show an abundance
of glia. Van Harreveld, Terres and Dernburg (1956) also showed that
SD was not transmitted through a narrow region of cortex in which
extensive neuronal degeneration with glial proliferation had been
induced by a knife cut. Grafstein and Sastry (1957) found that in a
chronically isolated slab of cerebral cortex, in which much more injury

to neurons than to glia cells can be expected, much stronger electrical



stimuli were required to elicit SD. Furthermore, the accompanying SPC
was of much lower amplitude, and the velocity of propagation of SD

was slightly decreased. Finally, electron micrographs of the cerebral
cortical tissue fixed by freeze substitution at the height of SD

show swelling of dendritic elements but no .clearcut evidence of a glial
involvement (Van Harreveld and Khattab, 1967). These observations
strongly suggest that neuronal elements are required for the development
and the propagation of SD.

The results of the TTX experiments also shed light on the mechanism ¢
underlying SD. According to Grafstein's hypothesis (see Introduction),
SD is initiated by an intensive neuronal activity which causes a release
of intracellular potassium. Since the neuronal activity will certainly
be abolished in the presence of TTX, the failure of this toxin to
completely prevent SD indicates that neuronal burst is not necessary
for SD. Furthermore, another basic requirement of Grafstein's hypothesis
is that the amount of intracellular K released from the activated
neurons is large enough to depolarize adjacent neural elements. In the
present study, SD was observed in tﬁe isolated retina with its extra-
cellular fluid in equilibrium with the bathing solution. The retina is
very thin and the K ions can diffuse rapidly into the bathing solution.
It is therefore doubtful that the intracellular K released during SD can
accumulate in the ECS and build up a high enough concentration to
markedly depolarize adjacent neurons. A mechanism other than that

proposed by Grafstein is therefore required to account for the



development and propagation of SD.

As mentioned in the Introduction, a different mechanism underlying
SD has been proposed by Van Harreveld (1959). The principal of this
mechanism is similar to that of Grafstein's hypothesis, but glutamate,
instead of K is believed to be the agent released by the cellular
elements of nervous tissue. This amino acid would cause depolarization
of cellular elements and thus be involved in the development and
propagation of SD. It was found that a concentration of glutamate
as low as 0.2 mM/1 in the physiological solution bathing the isolated
retina can elicit SD (Van Harreveld and Fifkova, 1970). It seems
therefore possible that under the in vitro experimental condition
employed in the present study the glutamate released from the cellular
elements of the retina can elicit SD in adjacent tissues before the
amino acid is lost into the bathing solution. Since TTX has been
reported to antagonize the effect of glutamate in causing the uptake
of extracellular material by the nervous tissues in vitro, one could
argue that the failure of TTX to completely prevent SD and its
concomitant ion movements is not iﬁ agreement with the proposed role
of glutamate in the propagation of SD., However, TTX does not completely
suppress, but only depresses the uptake of extracellular Na by cortex
slices in response to glutamate (McIlwain et al., 1969; Pull et al.,
1970; Okamoto and Quastel, 1970b). Also the transparency increases

in isolated retinas stimulated with glutamate is not completely



abolished by TTX (Van Harreveld and Fifkova, 1972). These observations
are in agreement with the incomplete blocking of SD and its concomitant

ion movements by TTX observed in the present study.



CONCLUSION

The results of the present study on the isolated chicken retina
are basically in agreement with, and hence support, the concepts of
SD developed by previous investigators. Evidence was presented for
the postulate that during SD an inward shift of extracellular Na occurs,
and that this Na shift is not due to an arrest of the ion pump but is
a consequence of an increase in Na permeability of cell membranes.
It is furthermore suggested that this increase in membrane permeability
is the basic mechanism underlying SD and is probably caused by a

glutamate released from cellular elements of the nervous tissue.
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