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In the first observations on the effect of polarizing currents
on the discharge of isolated elements in the cat's retina (GraxiT,
1946) it was noted that just as polarization influenced the thresh-
old to light so slso did illumination change the threshold neces-
sary to elicit a discharge by polarization. Neither effect was
seen with all elements. The influence of polarization upon stim-
ulation with light has since been analyzed from various points
of view by GERNAXDT (1947) and Graxit (1948 a, b). This paper
will briefly describe some results obtained in the reversed experi-
ment when the threshold of polarization was measured both in
the dark and during illumination with light of known multiples
of the threshold effect,

Four questions have been raised in the present experiments,
(i) Can illumination depress the electrical threshold? (ii) Can
illumination facilitate the clectrical threshold? (iii) C'an anodal
elements become cathodal or, wee verse, cathodal ones anodal
under the influence of illumination? (iv) Do the electrical and

light thresholds after illumination return to normel along similar
curves?

Methodl.

‘The fully dark-adapted eye of the decercbrate cat was used together
with the micro-clectrode technique for isolation of retinal elements in
the manner developed in this laboratory and several times deseribed
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{e. 9. Grawrr, 1947). Polarization electrodes were inserted in the nasal
and temporal corners of the eye. The anodal elements then respond
to the make of the anodal current, the cathodal ones to the make of
the cathodal current. The miero-electrode picks up the discharge on
the retina just inside the nasal electrode which determines the polarity.
Current reversal produces off-discharges in both types of elements at
cessation of polarization, in both cases also preceded by inhibition.
Similarly the on-effects to the make of the eurrent, for both types of
element, are succeeded by inhibition at the break (see particularly
Graxrr, 1948 a).

The .experiments were begun. by determining the polarity of the
element isolated, i, e. by finding out whether the on-effect was elicited
by the anode or the cathode, as stated above. Then the thresholds
in milliamperes for both anodal and cathodal effects were measured
for 3 sec, of polarization. This must not be done too rapidly or the cle-
ments are liable to vary in sensitivity to the eurrent. Sometimes the
thresholds varied too much for quantitative work but generally they
did not do so and could be used in the experimental analysis, The next
step consisted in measurements of the light thresholds at “on” and ‘“off”
for 3 sec. exposures to some wave-length from our Wright colorimeter
(WrIGHT, 1946), mostly 0.510 g, but other wave-lengths were also tried.
The offjon-ratio at the threshold varied from element to element as
pointed out before (Grawrr and Tawsiey, 1948). When afterwards
the eye was illuminated with a stimulus 1,000 times the threshold-
light this factor wes always based on the more sensitive of the two com-
ponents. Oceasionally stronger non-spectral stimuli were used, generally
the Ilford spectral filters for red, green and violet, pleced in a beam
of 80O m. c. i

The polarization device, with its commutator for changing the diree-
tion of the current and a high resistance in series with the eye, wes
gwitched on and off by hand and so it was impossible to measure the
polarization thresholds during illumination very quickly. However,
when large chenges were obtained they were penerzlly noted already
+within the first minutes of illumination. The element refused to respond
to the polarizing eurrent that had elicited a discharge in the dark-ndap-

eye.
tm'ifhg eye was kept illuminated for 10—20 min. during whichfinal
values were obtained for the change in the electrical threshold. Then
followed recovery in the dark and measurements of the light and polari-
sation thresholds until both had become normal, If the thresholds did
not recover the results were considered unrelinble even though, to all
appearsnce, the spike was as perfect as in the beginning.

Results,

We can describe the results very briefly because their inter-
pretation is so diffienlt that very little iz gained by piving more
details than are necessary for answering the questions raised

;
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above, In all, successful measurements were carried out with
98 elements. .

(i) Illumination at 1,000 times threshold strength can raise
the threshold to polarization in all types of element_ but does
not necessarily do so in all elements, Some remain uninfluenced
but in many of the uninfluenced elements a definite decrease of
electrical sensitivity was noticed when stronger lights were used
(8—800 m. c. or Ilford filters in the 800 m. c. light beam). Others
withstand strong illumination without change of electrical thresh-
old. The amount of change varies so much from element to ele-
ment that it proved impossible to unravel any correlations with
respect to type of element or offfon-ratio. The typical effect of
illamination was & depression of the electrical threshold which
generally was instantaneous but sometimes the fhreshold de-
creased or increased during continued illumination. In this
material the anodal elements proved to be more sensitive to the
effect of illumination on the polarization threshold than the
cathodal omnes,

Some examples will show the order of magnitude of the maximal
changes when both the on- and the off-component were affected
symmetrically. The letters D and L will be used to denote the
dark- and light-adapted states respectively. The values are given
in milliamperes. 0.06D—0.1L, 0.075D—0.50L, 0.3D—0.7L. These
three elements were anodal and illuminated at 1,000 times the
threshold. There were four pure on-elements but in all of them
the effect was small or absent though in one definite. The on-
elements, as pointed out before, are cathodal (GeErvawDpT and
Granrr, 1947). The effects were generally small or absent in
the cathodal on/ofi-elements too but it proved possible in most
of them, by increasing the strength of illumination, to obtain
definite and easily measurable drops in the electrical thresholds,
The following are examples of such cathodal elements for which
stimulus strength had been increased by using the Ilford spectral
green filter: 0.075D—0.85L, 0.2D—0.85L, 0.25D—0.43L. The
transmission of the 800 m. ¢. stimulus is reduced to about 10 %
by the Tiford green filter.

(ii) Can facilitation of the electrical threshold be demonstra-
ted? m“”ﬂ the P_Ulﬂﬁz&tion thresholds several times proved to
be uninfluenced by illumination it was difficult to be quite certain
about the existence of facilitations. It is true that there were

some cases in which facilitation was noted but the effects were
9—491378. Acta phys. Seandinaw. Vol, 18,
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small, Perhaps the safest statement at the moment is that facilita-
tion seems probable (see below).

(iii) Do shifts of polarity occur? Such shifts are sometimes
regularly obtained, indeed, a modest degree of asymmetry of
the effect of illumination on the opposite poles needed for make-
and break-discharges is quite common. Greater degrees of asym-
metry amounting to complete shifts of polarity have also been
geen. Since these cases are very interesting some examples will
be given.

An anodal element with an offfon-ratio of 1.8 at wave-length
0.510u gave the characteristic anodal make- and cathodal break-
discharge to polarization between 0.20—0.25 mA. Immediately
after illumination with the test light (1,000 times the threshold)
the element refused to respond to polarization with 0.5 mA.
Somewhat later, during polarization, it showed reversed polarity
and responded with a cathodal make- and break-discharge to
0.28 mA and oceasionally with an anodal break-discharge to
0.25 mA. There was full recovery in the dark and the eleetrical
threshold also returned to normal. The element again became
anodal. Repetition of the illumination experiment, this time
performed at wave-length 0.460u at 1,000 times threshold
strength. Complete reversal of polarity with cathodal make- and
anodal break-discharge already for 0.15 mA after 4 min. of illu-
mination. Afterwards complete recovery of light threshold and
the polarity swung back to normal together with the return of
the original polarization threshold. The element again became
anodal and required 0.26 mA to respond. This is one of the cases
where alzo a real facilitation of the polarization threshold seemed
probable.

A cathodal element with offfon-ratio 16. Before illumination
the polarization threshold was 0.2 mA. At this strength the cle-
ment was giving a good cathodal meke- and an anodal break-
discharge. Tllumination with Ilford spectral violet filter in the
800 m. c. light beam. The polarization threshold fell to 0.5 mA;
there was now anodnl make- and cathodnl break-discharge

Thus complete reversal of polarity. Full recovery afterwards in
the dork. After 5 min. the clement again became cathodal and
responded to 0.25 mA with strong typical effects.

A third element that reversed its polarity did not return to
pormal after illumination and maintained its-shift of polarity.
The off/on-ratio also changed from 0.042 to 0,11 but since this
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took place at a higher absolute level of sensitivity tb light it was
impossible to contlude that the element had been damaged in
the course of the experiment. The spike was perfect all the time.
There were no adjustments necessary to maintain the spike in
the course of the experiment and a very large number of readings
were taken. It was several times illuminated and always made a
rapid recovery. g _

Since in addition several elements underwent minor shifts of
polarity we conclude that illumination can re-balance cerfain
elements suggesting very definitely that the on/off-element con-
sist of anodal and cathodal components either of which may be
suppressed or, perhaps, enhanced by illumination. To be noted is
that all these effects are obtained with illuminations of relatively
modest strength. With strong lights we have sometimes seen very
large depressions of the electrical threshold.

(iv) The relative rates of recovery of light and polarization
thresholds may vary from element to element but the gereral
rule noted was that the polarization thresholds recovered very
quickly and long before the light thresholds, particularly in cases
were the latter underwent large depressions leading to delayed
recovery (GERwAwDT, 1948).

Finally remains fo be mentioned that the changes of the polari-
zation thresholds did not necessarily require changes in the spon-
taneous frequency of the discharge, The spontaneous rhythm did,
of course, change very often as a consequence of illumination but
in some cases this effect was modest or absent, in others the
thythm re-established itself later during illumination without
concomitant changes in the polarization thresholds. The change

in the latter were not therefore secondary to the variations in
the spontaneous frequency.

Discussion.

Since light elicits large changes of potential in the reting it
seems natural to compare the effects of illumination upon the
polarization thresholds with the effects of polarization on the
qleut:icﬂ.ll thresholds of nerves. These are known to be consider-
able, It is well known from psychophysical work that the state
of adaptation influences the electrical thresholds (see e. g.
SCHAEFER, 1942) and the essentia] question raised by this work
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is therefore whether the analysis of single elements ean add
anything to our knowledge of such phenomena,

In this respect there is an inferesting parallel with the reversed
type of experiment dealing with the effect of polarization upon
the light threshold. In these experiments foo (GrawiT, 1948) the
light thresholds of the anodal elements were highly sensitive to
polarization, those of the {always) cathodal pure on-elements
practically not at all, and those of the cathodal on/off-elements
were generally difficult to inflnence, but a minority of the cathodal
elements was as sensitive as some anodal ones, In the anodal
ones it was particularly easy to elicit strong inhibition of the
light threshold by polarization with the depressing (cathodal)
pole.

All these results were interpreted to signify that the simple
cathodal on-elements were deficient in structures sensitive to
polarization, the anodal elements amply supplied with such
structures, the majority of the cathodal onjoff-elements being
more like the pure on-elements whilst the minority behaved like
fthe anodal ones and possessed these structures.

From this point of view it seems of fundamental importance
that only a certain number of the elements, and particularly
some ancdal ones, are so designed that the modest light adapta-
tion used in these experiments easily raises the electrical thresh-
old. This result sugpests that the direct path through receptor,
bipolar and ganglion cell, shared by all elements, is deficient in
structures which are capable of being influenced by modest light
adaptation so as to make the element relatively more insensitive
to electrical stimulation.

(Clearly the direct path through receptor, hipolar and ganglion
cell is neither very semsitive to polarization (Graxir, 1948 a)
when tested with the light threshold nor is its polarization thresh-
old particularly sensitive to the changes set up by illumination,
The former experiment was easier to perform and so it could be
shown that the curves relating light thresholds to polarization
strength in the case of the anodal elements differed fundamentally
from those of the pure on-clements which could be regarded as
prototypes of pure cathodal elements (GraxiT, 1948 a).

In both types of analysis the anodal onjfoff- and pure off-cle-
ments appear to be extremes representing one type of design
whereas the majority of the eathodal onjoff-elements tend to
appronch the eathodal pure on-clements as the other extreme.
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The latter seem to be deficient with respect to some Bt:uutu:_«es
possessed in abundance by most anodal elements. .The enrlier
experiments on the effects of polarization upon the light thresh-
olds suggested that these structures must be 1nf.e::muncmls. Ac-
cordingly these internuncial neurones of the retina appear as
structures which, when polarized, easily set up potential changes
influencing the light thresholds or vice versa, when illuminat_ed,
easily set up potential changes with the result that the electrical
threshold is raised. Light and polarization are to some extenv
interchangeable with respect to the internuncials with which the
anodal elements are particularly well supplied.

These results are thus interpreted tc mean that certain inter-
nuncial cells represent an organ designed for the production of
electrical potential serving the ultimate purpose of directing
and controlling the internal switchboard and thereby also the
offfon-ratio. This mechanism was used by one of us (GraxTT,
1948 b) to study the colour sensitivity of the retinal elements.

The fact, that the polarization thresholds returned to nofmal
after light adaptation before the light thresholds did so, shows
that what might be called “photochemical sensitivity” is some-
vhing very different from what is being measured by the polariza-
tion threshold. Hence the depression of photochemical sensitivity
may persist after the time when the electrical test shows that the
“internal switchboard” is functioning normally.

The cases in which a shift of polarity were noted seem to us
valuable as a warning against too much schematization. They
show that some elements contain both anodal and cathodal
components and that definition by polarity thus to some extent
depends upon what components happen to be in the majority.
There is apparently a zone of overlap of cathodal and anodal prop-
erties between the theoretically pure amodal and cathodal ele-
ments, Whether such shifts of polarity are due to blocking poten-
tials or to active withdrawal of certain synaptic knobs under the
influence of electrical forces we do not know. The second possi-
bility should not be left out of sight.

Long ago one of us (Graw1T, 1938) introduced the concept “‘elec-
tm-?ﬂapt?tmu’ to account for the fact thet the light-adapted
frog’s retina had a more prominent negative component than
the d”k:“’daPifﬁd one and that certain other potential changes
:i::rﬂﬁtiimd light adaptation. The idea that potential changes

re-balance an organ such as the retina is therefore not based
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on the present results alome. (For further discussion, see e, g.
GraxtT, 1947)

Summary,

Polarizing electrodes were placed in the masal and temporal
corners of the eye of the dark-adapted decerebrate cat and the
threshold discharge of retinal elements to polarization and illu-
mination was measured by studying the spikes isolated by a
micro-electrode in the eye.

In certain types of element the threshold to polarization rose
when the eye was illuminated at 1,000 times threshold strength,
in others not.

Some elements that in the dark had a lower threshold for anodal
currents became more sensitive to the cathode during illumination
and, vice verse, some elements with lower thresholds to cathodal
stimulation became more sensitive to apodal stimulation during
illumination.

After illumination the polarization thresholds often returned
to normal before the thresholds to illumination did so.

The authors are indebted to the Rockefeller Foundation for o
grant to the Nobel Institute for Neurophysiology.
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