will take several years to complete car-
cinogenicity studies of EMPD in vivo
and to enact any appropriate regulations.
The close structural similarity of
EMPD to the carcinogenic and mutagen-
ic chemicals TDA and MMPD, as well as
the results reported here, imply that
EMPD should have been subjected to
thorough evaluation for skin absorption,
carcinogenicity,” and mutagenicity in a
variety of test systems before it was used
in hair dyes. The use of the then-un-
tested MMPD after the removal of the
carcinogen TDA from hair dyes, and the
recent introduction of untested EMPD
after the carcinogen MMPD was re-
moved from these products, underscore
the importance of considering possible
relationships between chemical structure
and biological effects before exposing
consumers to new chemicals.
MICHAEL J. PRIvAL
VALERIE D. MITCHELL
YorLanDA P. GoMEZ
Genetic Toxicology Branch,
Food and Drug Administration,
Washington, D.C. 20204
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Disinhibition in a Visual Aftereffect

Abstract. The tilt aftereffect of adapting to two different orientations simultane-
ously is weaker than the aftereffect of adapting to the more effective of the two
orientations alone. This finding is consistent with explanations of orientational after-
effects in terms of lateral inhibition between cortical orientation detectors, but not
with explanations in terms of neural ‘‘fatigue’’ from excitation.

Visual contours that differ in retinal
orientation may interact and produce
distortions in their apparent orientation.
For example, a line tilted 10° clockwise
from the vertical induces an approximate
2° to 4° apparent counterclockwise tilt in
a vertical test line when it is presented
simultaneously with and adjacent to the
test line (tilt illusion, orientation con-
trast), or when it is inspected prior to the
test line (tilt aftereffect); the magnitude

of the perceived orientation shifts varies .

with the angle between the interacting
lines (/). Such contour interactions have
been suggested to be manifestations of
lateral inhibition between orientation de-
tectors in the human visual cortex 2-5),
a form of inhibition for which there is
good neurophysiological evidence in the

visual cortex of the cat (6). The hy-
pothesis of orientation-specific inhibi-
tion seems uncontroversial when applied
to simultaneous psychophysical contour
interactions, but the hypothesis that
aftereffects of spatial adaptation are the
result of inhibition rather than of neural
““fatigue’’ following prolonged excitation
(7) is debated (8, 9). We have obtained
evidence for the role of inhibition in the
tilt aftereffect by adopting Carpenter and
Blakemore’s (4) disinhibition paradigm.
They showed that the orientation con-
trast induced by, for example, a 10°
clockwise inducing line may be canceled
(rather than increased) by a second
clockwise inducing line. In our experi-
ment, the subject adapted to two orienta-
tions simultaneously.
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The stimuli (inset in Fig. 1) were black
lines, 0.03° wide and 1.3° long, viewed
binocularly in a modified tachistoscope
(Scientific Prototype N-1000). The back-
ground luminance was approximately
40 cd/m?, and the contrast between the
line and the background, defined as
(Lmax— Lmin)/(Lmax + Lmin), where L is
luminance, was about 0.3. The adapting
pattern consisted (except for the control
condition) of two lines: A; was fixed at
12° clockwise tilt, the orientation of A,
was varied between 6° and 60° clockwise
tilt (/0). The test pattern consisted of a
vertical test line (7) and a variable mi-
crometer-controlled comparison line (C).
The subject’s task was to set C parallel
to the apparent orientation of 7. The ori-
entation of C was read to the nearest
0.07°.

To generate an aftereffect, the subject
viewed the adapting pattern for 2 min-
utes, moving his eyes along a horizontal
fixation bar to avoid confounding with
afterimages. This initial adaptation peri-
od was followed by a sequence of 1.5-
second presentations of the test pattern
and 10-second readaptation periods; this
sequence was continued until five set-
tings were made. The experimental ses-
sions opened with five parallel settings of
C and T without previous adaptation;
this null position was rechecked before
each new adapting condition.

Figure 1 shows results for two subjects
adjusted to a common baseline. Except
when A, and A, were superimposed (ac-
tually a second run of the control condi-
tion), the aftereffects of adapting to two
orientations were weaker than the after-
effect of adapting to A, alone. The reduc-
tion was most pronounced when A, and
A, formed an angle of 10° to 15°; as the
angle between the two adapting lines
grew, the aftereffect gradually returned
to the baseline, but it did not fully regain
its strength at the largest angle tested.
Thus, the angular function of the reduc-
tion effect was similar to the angular
function of the aftereffect itself (7, 10).

These results follow directly from the
hypothesis that the tilt aftereffect is an
aftereffect of lateral inhibition between
orientation detectors (3). During the ad-
aptation phase the inhibitory signals
from neurons optimally excited by orien-
tation A, to the vertical and near-vertical
detecting neurons are reduced by them-
selves being inhibited by neurons opti-
mally excited by orientation A,; con-
sequently the aftereffect decreases, since
it depends on the amount of inhibi-
tion received by the vertical and near-
vertical detecting neurons during adap-
tation.

The results are, on the other hand, dif-
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ficult to reconcile with explanations in
terms of neural fatigue from prolonged
excitation. According to this view, the
angular function of the tilt aftereffect re-
flects the excitatory bandwidth of orien-
tation channels. If orientation channels
were independent, as implied by the ear-
ly models (7), the excitatory effects of A,
and A, on neurons with optimal orienta-
tions along the vertical and near-vertical
meridians should simply sum and pro-
duce stronger aftereffects. But the same
prediction follows from a fatigue-from-
excitation model that recognizes inhib-
itory pathways between channels (/7).
Since, in our experiment, the second
adapting orientation A, was in the range
where, by itself, it induced a tilt after-
effect (10), it would mean that its ex-
citatory influence must be stronger than
its inhibitory effect (otherwise, it could
not induce an aftereffect). In fact, the in-
troduction of A, should, according to
such a model, increase the level of activi-
ty in neurons with optimal orientation
along the vertical meridian both by its di-
rect excitatory influence and by its dis-
inhibitory effect on A; and should lead to
stronger aftereffects. Our experiment
demonstrates weaker aftereffects under
these conditions, results consistent with
the inhibition hypothesis. By implica-
tion, our results also support the view
that the orientation specificity of visual
aftereffects reflects the broad tuning
properties of inhibition in the domain of
orientation rather than of the excitatory
bandwidth of the channels (12).

The hypothesis of interchannel inhibi-
tion, proposed on psychophysical
grounds for spatial frequency, move-
ment, and retinal disparity (/3), offers a
unitary explanation for many, if not all,
simultaneous and successive psycho-
physical interactions within the domains,
but the evidence that aftereffects are re-
sults of inhibition is not quite conclusive
(I14). Our results provide a strong case

- for the role of orientation-specific lateral

inhibition in the tilt aftereffect and add
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Fig. 1. Tilt aftereffect from adapting to two
orientations simultaneously. The adapting
and test patterns are shown in insets; A; and
A, are adapting lines, T is the test line and C is
a comparison line. The figure plots strength of
the aftereffect (difference between pre- and
postadaptation settings of C) as a function of
the orientation of A,, with A, fixed at 12° of
clockwise tilt (indicated by arrow). The dashed
line indicates the aftereffect produced by
adapting to A, alone; the results for the two
subjects have been slightly adjusted along the
ordinate to a common baseline. Standard de-
viations of the settings were in the order of
0.12°.

considerable circumstantial evidence to
the more general hypothesis. How inhi-
bition persists to produce aftereffects we
do not know (15).
SVEIN MAGNUSSEN*

WOLFGANG KURTENBACH
Neurologische Universitdtsklinik mit
Abteilung fiir Neurophysiologie,
D-7800 Freiburg im Breisgau,
West Germany
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