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EXPERIENTIA 274

Electroencephalogram Potentials Evoked by Hemi-Retinal Stimulation

Electrophysiological localization for visual stimulation
has been studied in the normal human cortex by means
of averaged evoked potentials. These were recorded at
the scalp in response to half-field visual stimulation.

Apparatus. A one meter diameter hemisphere provided
high luminance white light adaptation at a level of
100 ft-L to reduce the effects of stray light exciting non-
adapted retina or cortex. An aperture at the center of
the hemisphere admitted light from a xenon flash lamp
and reflector (Grass photic stimulator). Back of the
aperture was a red glass filter (Corning 2412) and a
diffusing ground glass both in front of the flash lamp.
The subject was positioned at the center of the hemisphere
with a head and chin rest 50 cm from the stimulus light.

Standard EEG electrodes (5 mm diameter) of the
chlorided silver type were attached to the scalp with
clectrode cream following the International 10-20 EEG
system with additions!. Monopolar recording was used
with linked ear lobes as the common reference. Amplifica-
tion was by differential a—c amplifiers feeding into a
digital signal averager (Fabri-Tek).

Procedures. For all data collection, one half of the
aperture in the adaptation hemisphere was occluded with
a white cardboard mask. Thus the xenon flash stimulus
was presented to the subject as a half disc 15° vertical
by 7.5° horizontal extending to the right or left in his
visual field. Stimulation consisted of the red stimulus
light flashing at a rate of 3.3 H. for a summation of
256 flashes. Photic stimulator intensity was maintained
at a constant level (1-4). Monocular stimulation was used
with the other eye covered by an opaque black eye patch.
The subject was directed to fixate the center of the ver-
tical edge of the stimulus.

For an eye movement control, electroculogram (EOG)
electrodes were attached to the skin near the nasal and
temporal corners of the stimulated eye. The resulting
EOG potentials were averaged at the same time as the
cortical potentials were recorded. ¥or an EEG reference
control, some experimental sessions were conducted with
the active monopolar electrodes positioned as usual, but
with the reference electrode positioned on the midline
either at the chin or forehead.

Results and discussion. Figure 1 illustrates electro-
physiological localization achieved under these condi-
tions. Electrode positions P, and T, were located over
the left cortical hemisphere while P, and T4 were over
the right. The solid line represents the evoked potential
resulting from stimulation of the right visual field. The
component labeled P,, is larger over the left hemisphere
than over the right. The evoked potential resulting
from stimulation of the left visual field is represented
by the dotted line. In this case, the P,, component
is larger over the right hemisphere than over the left
(component labels similar to VaucHAN)2 This contrast
between the responses of the 2 cerebral hemispheres to
stimulation of the 2 halves of the visual field is con-
sistent with the anatomy of the visual pathways. The
lateral half of each visual field projects to the con-
tralateral cerebral hemisphere.

Evoked potentials have been recorded in response to
eye movements with a non-flickering stimulus3® The
results of the control procedures in the present experi-
ment, however, showed that lateral eye movements were
not the cause of these differing cortical potentials. EOG
recordings were essentially flat, indicating no eye move-
ments were synchronized with the flickering stimulus
light. The results of the control procedures also showed
that the differing evoked potentials were not artifacts

of reference electrode position. In spite of increased
biological noise from the midline positions, essentially
the same results were found in response to half-field
stimulation as when using linked earlobes as the reference.

More detailed representation of the locus of these
evoked potentials was provided from 17 electrode posi-
tions. 9 channels were recorded simultaneously (4 on
line, 5 on FM tape), and a second 9 were recorded sub-
sequently. The resulting potential distributions are shown
in Figure 2 on a posterior view of the scalp. Stimulating
the right half-field produced a positive P, peak over the
left hemisphere near P, with an apparent negative maxi-
mum at a lower position over the right hemisphere.
Conversely, stimulating the left half-field produced a
positive P;, peak over the right hemisphere near P,
with a small negative peak over the left hemisphere.
The axis of the voltage distribution is not generally
horizontal, but may show different angles of tilt for
different subjects. Similar potential distributions are
found for either right or left eyes in the same subject.

This differentiation of P;, amplitude between the 2
hemispheres as a function of which lateral half-field was
stimulated has been found in 6 subjects tested. For 1
subject, Py, consisted of 2 sub-peaks, but its amplitude
showed the same localization over the 2 hemispheres as
was found for the other subjects. Latencies for the P;a
peak varied among subjects from 63 to 74 msec with a
mean of 68 msec. In some subjects, other early EP com-
ponents have also shown hemisphere differences related
to lateral visual stimulation, such as the negative com-
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Fig. 1. Evoked potentials from stimulation of right visnal field
{solid line) and left visual field (dotted line). Py, P,, Tj, Tq are elec-
trode positions. A positive potential at the labeled electrode is
upward. Amplitudes of component P,, were measured vertically
between the latencies marked by the arrows.
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Fig. 2. Posterior scalp view of the P, potential distributions from
stimulation of the right visual field (upper plot) or left visual field
{lower). Electrode location at the bottom midline is the inion.
Moving forward are electrodes at 109, distance (O}, 20%, 30%
(P;), and 509, (C;). Moving left horizontally from O; are electrodes
at 15% distance, 30% (Tj), and 509 (T;). Also shown in the upper
left quadrants are electrodes P; and C,;. Directly below the first
electrode to the left of O, is one on line horizontally with the inion.
Similar positions are recorded on the right hemisphere (even-
numbered). Potentials are microvolts x 10.

Photolysis and Birefringence of Frog Rods

‘When an action potential is transmitted through nerve
fibres they exhibit an almost synchronous change in
birefringence!. It is, therefore, of interest to inquire
whether photoreceptors may not also manifest changes
in birefringence following the absorption of light.

The effect of light on the properties of frog rods? can
be studied in more detail with spectral lights if the
time-course of events is tracked than was done in
ScumIDT’s pioneering study?® 3 distinct processes can
be distinguished and related to the photolysis of rhodopsin
if the photometric density of the material is studied
under similar conditions.

Single dark-adapted frog rods were examined with a
polarizing microscope. Their nominal retardance was
measured with a Brace-Kéhler compensator by the
method of Bear and Scumitr?. The densitometric data
were obtained by passing light through a small number
of randomly orientated rods, collecting it on a photo-
electron multiplier and displaying the resultant photo-
current on a cathode-ray oscillograph. Data from 3
experiments are shown by the open symbols in the
Figure. The measuring and bleaching lights were the
same, 4 = 506 nm, and the intensity equalled 3.03 X
1018 g.s/m?%/s. These data follow an exponential (half-
time = 16 sec).

Specialia

403

ponent preceding P, or the negative component following
P,a. The preceding negative component is very small,
however, and difficult to measure reliably in the present
averages.

Clinical studies on hemianopic patients support the
interpretation that these localized evoked potentials
result from stimulation of visual half-fields2 4.5, Research
is continuing on the contour mapping of these potential
distributions, and to determine the possible cortical
sources for these potentials.

Conclusions. We conclude that under photopic experi-
mental conditions it is possible in normal subjects to
achieve sharply differentiated evoked potentials over the
2 cerebral hemispheres with lateral half-field stimulation.
This finding has implications both for the understanding
of normal visual brain functioning and for the clinical
problem of hemianopia®.

Zusammenfassung. Als Reaktion auf Reizung der late-
ralen Gesichtsfeldhilfte wurden evozierte Potentiale der
Hirnrinde des Menschen registriert. Reizung der einen
Gesichtshilfte erzeugte friihzeitig ein Maximum der Po-
tentiale der gegenseitigen Hemisphédre sowie Phasen-
umkehr der Potentiale der gleichseitigen Hemisphére.
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If the monochromatic light used in the polarizing
microscope is absorbed by rhodopsin then the nominal
retardance measures essentially the dichroism due to
the orientation of the unbleached rhodopsin molecules?:5,
But this is impossible with light of long wavelengths,
which are not appreciably absorbed by rhodopsin. The
filled circles in the Figure show average results for the
retardance (per unit path-length) measured with 1 =
589 nm and A = 620 nm. The active light was the same
as that used in the densitometric data, namely 1 = 506 nm.
Similar sets of data can be obtained with measuring
lights of A = 567 nm and even A = 506 nm if a correction
is applied for the contribution due to dichroism.

The results shown with the filled circles may hence
represent a change in the birefringence of the rod: they
follow an exponential (half-time = 46 sec); the final
value (Bw) for the bleached material lies within the
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