applied gallamine was to eliminate out-
ward sodium currents almost complete-
ly, suggesting that the open sodium
channels were occluded by the positively
charged gallamine molecules. Occasion-
ally, the combination of slowed inactiva-
tion and occlusion could be seen as a
rapid initial decline in inward current,
followed by a later decay that was slower
than Na™ inactivation in the control rec-
ords. This effect was particularly notice-
able at potentials near the Na™ equilibri-
um potential. In general, gallamine did
not change the time course of sodium
activation or maximum sodium perme-
ability. The nodal action potential fol-
lowing internal application of gallamine
was prolonged by two to three times, as
might be expected from the voltage-
clamp results.

In addition to gallamine, we examined
the effects of internally and externally
applied acetylcholine, carbamylcholine,
and d-tubocurarine. No effects on sodi-
um permeability were seen at concentra-
tions up to 10 mM. At this high concen-
tration, acetylcholine and carbamylcho-
line (but not d-tubocurarine) slightly re-
duced the potassium conductance (10 to
20 percent), presumably because of their
structural resemblance to TEA™. Since
gallamine is effective at much lower con-
centrations, its action is likely to be
reasonably specific.

The actions of gallamine on the potas-
sium channel resembled those produced
by TEA® (7-9), except that gallamine
was approximately five times more po-
tent than TEA™. In most respects, the
effects of internal gallamine on the sodi-
um channel mimicked those of another
neuromuscular blocking agent, pancu-
ronium bromide (2), although gallamine
did not decrease maximum sodium per-
meability. Although gallamine did not
affect the sodium channel acutely, this
may not remain true with long-term ex-
posure to the drug.

The high affinity of gallamine for the
potassium channels of nerve membranes
may have significant consequences in
gallamine-paralyzed preparations. Par-
ticularly in neurophysiological studies,
total paralysis is often required. The
minimum paralyzing concentration (cal-
culated on the assumption that the extra-
cellular fluid is approximately 20 percent
of body weight) of gallamine in human,
cat, and rat are approximately 19 pM, 11
pM to 25 uM, and 69 uM, respectively
(10-12), and concentrations up to ten
times these levels are occasionally em-
ployed. The voltage-clamp data show
that even 10 wM gallamine produces a
detectable effect on gk. Indeed, at con-
centrations lower than those required for
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neuromuscular block, gallamine has
been shown to effect repetitive firing in
both mammalian muscle and amphibian
nerve fibers (13-15). The entry of galla-
mine to the central nervous system in
intact preparations is impaired by the
blood-brain barrier; but, particularly in
experimental studies, this barrier is often
breached by surgical or pathological pro-
cesses. Consequently, it is important to
note that while the myelinated axons of
the mammalian central and peripheral
nervous systems have few exposed po-
tassium channels (16), their central syn-
aptic endings are significantly affected
by potassium-blocking drugs (/7). Thus,
one would expect gallamine, upon gain-
ing access to the central nervous system,
to have an excitatory effect on central
nerve activity commensurate with its po-
tassium-blocking property, and such an
effect has been reported (/8).

In view of the potent effects of galla-
mine on neural potassium and sodium
channels in mammalian and amphibian
nerve fibers, its continued use as a spe-
cific neuromuscular blocking agent
should be reexamined, especially in cir-
cumstances where the blood-brain barri-
er may be disrupted by surgical or patho-
logical processes.

K. J. SMiTH
C. L. ScHAUF
Department of Physiology,
Rush University,
Chicago, Ilinois 60612
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A Novel Ilusion of Bars Made from Triangles

Abstract. A repetitive pattern of a triangular luminance profile may be perceived
as a triangular-wave grating or as a square-wave grating. This illusion may reflect
the operation of cortical phase-selective mechanisms that are biased toward
particular phase relations and favor abrupt luminance gradients.

Visual illusions can provide insights
about the processing of information by
the visual system. Presumably these per-
ceptual errors highlight neural opera-
tions that normally escape notice during
everyday visual experience. Recently we
happened to discover a novel illusion
produced by viewing a one-dimensional
grating pattern with a triangular spatial
luminance profile (Fig. 1). Rather than
maintain its initial appearance, the dis-
play soon became multistable—the per-
cept alternated between a true triangu-
lar-wave grating and what appeared to
resemble more closely a square-wave
grating (Fig. 2) of the same period. We
then inquired about the conditions nec-
essary for experiencing this illusory
square-wave grating and considered po-
tential reasons for its occurrence.

0036-8075/81/0605-1172$00.50/0 Copyright © 1981 AAAS

The triangular-wave grating in Fig. 1
was generated electronically on a cath-
ode-ray tube (CRT) display (/). Once
perceived, the illusory square-wave grat-
ing remains present for several seconds
before reverting to the genuine triangular
wave. Typically, the alternations of these
two distinct percepts resemble the rever-
sals of a Necker cube. As a rule, each
luminance peak and trough in the trian-
gular-wave grating becomes the edge of
an illusory bar. The illusion itself is bi-
stable in that the light bars may appear
either to the left or to the right of the
luminance peak (Fig. 2, C and D); as a
result, the illusory square-wave grating
may appear to shift in phase (2). Some
observers have spontaneously reported
that the bars of the illusory square-wave
grating often appear to lie in different

SCIENCE, VOL. 212, 5 JUNE 1981



depth planes, such that the set of dark
bars appears behind the set of light bars.
The illusion, when it is seen, encom-
passes the entire display rather than be-
ing spatially local. By varying spatial
frequency on the CRT display and re-
cording the percentage of the total view-
ing time the illusion was experienced (its
predominance), we found the optimum
value to be around 1 cycle/deg. The
illusion may be experienced at any orien-
tation.

The illusion is not experienced until
the contrast amplitude of the triangular
wave reaches a level sufficient to push at
least two of the frequency components
above their own threshold. On the basis
of the characteristic shape of the human
contrast sensitivity function, we predict-
ed that less contrast above detection
threshold would be required to first cre-
ate the illusion at a low spatial frequency
than at a high spatial frequency. This
prediction was confirmed: at 0.5 cycle/
deg, contrast had to be raised only 8 to
10 dB above absolute detection thresh-
old in order for the triangular-wave grat-
ing to be seen as an illusory square-wave
grating some of the time; at 2 cycle/deg,
although the minimum detection thresh-
old was actually lower than at 0.5 cycle/
deg, almost a full log unit of additional
contrast (20 dB) was needed for the
subject to begin experiencing the illu-
sion. Further increases in contrast en-
hanced the predominance of the illusion
at the lower, but not at the higher, spatial
frequency.

We considered three possible explana-
tions for the illusion. First, the illusion
could be characterized as a perceptual
inference (3). If an array of bars were
situated in depth relative to a back-
ground plane and were illuminated from
an appropriate angle from either side, the
resulting luminance profile (and hence
retinal image) would resemble a triangle
wave. Consistent with this interpretation
is the perception of depth that sometimes
accompanies the illusion and that can
itself assume either of two spatial organi-
zations depending on whether light bars
are seen to the left or to the right of a
luminance peak. We have been unsuc-
cessful, however, in biasing the illusion
toward one particular depth organization
by adding potent information, in the
form of real shadows, about the direction
of the source of illumination (4).

A second explanation is that the illu-
sion arises from the superimposition, by
eye movements, of the proximal stimu-
lus upon an afterimage (5). If the proxi-
mal stimulus is superimposed on an af-
terimage with a phase difference of
+ 90° (and multiples of 7 rad), summa-
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tion of these two wave forms could yield
a wave form resembling the illusion. To
test this hypothesis, we presented expe-
rienced observers with the triangular-
wave grating for short durations (approx-
imately 100 msec) to eliminate the role of
eye movements. Under these conditions,
observers often reported that the flashed
grating resembled the illusory square-
wave grating (6). In a second condition,
observers were instructed to fixate a
point on a continuously presented trian-
gular-wave grating of 0.5 cycle/deg. This
instruction, which should have mini-
mized superimposition by eye move-
ments, did not systematically influence
the predominance of the illusion com-
pared with instructions to scan the stim-
ulus freely. In a third condition, we
produced an afterimage of a triangular-
wave grating by transilluminating a pho-
tographic negative of the grating. De-
spite this effective stabilization of the
pattern on the retina, observers still ex-
perienced the illusion. These converging
lines of evidence militate against expla-
nations of the illusion based solely on the
superimposition of an afterimage and
proximal stimulus.

A third potential explanation of the
illusion is suggested by the fact that the
triangular-wave grating and a réal
square-wave grating share identical Fou-
rier components that differ in terms of
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their phase relations (7). A square-wave
percept could result from a triangular-
wave grating if the analysis of the phase
information of the frequency compo-
nents were performed by an unstable
process or one that tended to be biased
toward particular phase relationships. If
the illusory square-wave grating results
from instability or bias among phase-
selective mechanisms, then decreasing
(by adaptation) the relative sensitivity of
the phase mechanism signaling ‘‘square-
wave’’ phase should temporarily bias the
percept in favor of the triangular-wave
grating. To test this hypothesis we had
observers track the appearance and dis-
appearance of the illusion in each of
three conditions: without prior adapta-
tion (baseline), with direct adaptation to
a real square-wave grating, and with
interocular adaptation to a real square-
wave grating. In the two adaptation con-
ditions the observer was exposed to a 1
cycle/deg vertical square-wave grating
for 2 minutes, during which the observer
continuously scanned the display irregu-
larly to minimize differential light adap-
tation of the retina. After this initial
period of adaptation, the genuine square-
wave grating was replaced by a triangle-
wave grating of the same orientation and
spatial frequency, and the pbserver re-
ported the fluctuations in the appearance
of the grating for a 30-second period. The
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Fig. 1. Grating with a triangular spatial luminance profile. The points of peak luminance appear

as thin, bright, vertical stripes; the luminance falls off gradually and symmetrically on both sides
of these peaks. After a few moments of viewing this display, however, the resulting percept
belies the actual luminance distribution in that it more closely resembles a set of bars with
abrupt edges. Initially, the illusion may take some time to appear, after which it appears and
disappears. Shaking the figure horizontally may facilitate the appearance of the illusion.
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observer was then readapted to the genu-
ine square-wave grating for 20 seconds,
after which another 30-second test pe-
riod followed. This adapt-and-test se-
quence was continued until completion
of seven test periods. Three observers
were tested (Fig. 3).

Without prior adaptation to a real
square-wave grating (U), the illusion was
experienced for about half of the obser-
vation period, with individual durations
averaging 3 seconds. When the same eye
was used during adaptation and test (D),
predominance fell by about 50 percent,
so that the test display was seen more
frequently as a triangular-wave grating
(8). Moreover, predominance was re-
duced significantly even when one eye
was adapted to the genuine square-wave
grating and the other used during the test
(I) (the unstimulated eye, during both the
adaptation and test, always viewed a
second CRT display of the same lumi-
nance and dimensions). For both condi-
tions of adaptation-—direct and interocu-
lar—recovery from adaptation (as evi-
denced by a return to the predominance
before adaptation) occurred within about
4 minutes. This interocular transfer of
adaptation implicates a cortical or cen-
tral mechanism.

In two corollary experiments we found
that adaptation of a 1 cycle/deg sinusoi-
dal grating of the same orientation, con-
trast, and spatial frequency as the trian-
gular-wave grating had no effect on the
predominance of the illusion. This result
indicates that the reduction in predom-
inance of the illusion with square-wave
adaptation was not due to spatial fre-
quency adaptation. We also found that
adapting to a horizontal square-wave
grating but testing with a vertical triangu-
lar-wave grating yielded much smaller
reductions in the predominance of the
illusion, thus demonstrating that the
underlying process is orientation-selec-
tive. '

In a final experiment we used a com-
puter to generate on the CRT compound
gratings consisting of the first three
frequency components shared by the
square-wave and triangular-wave grat-
ings.: These components were placed in
either peaks-add (triangular) or peaks-
subtract (square) phase, and their rela-
tive amplitudes were set to correspond
to those of a true triangular-wave grating
or those of a true square-wave grating.
When both phase and amplitude of the
components corresponded to those of a
triangular-wave grating, the illusion was
robustly experienced; this result demon-
strates that three components are suffi-
cient to trigger the process responsible
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Fig. 2. Spatial luminance profiles of (A) a
square-wave grating and (B) a triangular-wave
grating. (C and D) Perceived brightness pro-
file of the illusion. The illusion may assume
one of two states. As denoted by the dashed
lines, a luminance ramp of the triangular-

wave grating may become either a light bar or
dark bar of the illusion.

for the illusion. When the components
were in square-wave phase the pattern
never looked triangular, regardless of the
amplitude of the components. The illu-
sion was vivid when the components
were of square-wave amplitude but in
triangular-wave phase. This last obser-
vation specifically implicates phase as
the essential ingredient for the illusion.
The results from all these experiments
support the hypothesis that the illusion
stems from instability among phase-se-
lective mechanisms. Although this hy-
pothesis is consistent with other evi-
dence for the existence of phase-selec-
tive mechanisms in human vision (9), it
does not explain why viewing a triangu-
lar-wave grating leads to the illusory
square wave whereas viewing a genuine
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Fig. 3. Percentage of total viewing time (pre-
dominance) during which the observer experi-
enced the square-wave illusion after different
conditions of adaptation. For the unadapted
(U) condition, the observer viewed the test
stimulus—a 1 cycle/deg vertical triangular-
wave grating of 30 percent contrast. During
direct (D) and interocular (f) adaptation, a 2-
minute monocular adaptation period to a 1
cycle/deg vertical square-wave grating of
higher contrast preceded the viewing of the
test display.

square-wave grating never generates an
illusory triangular wave. This lack of
symmetry implies that certain phase re-
lationships are inherently more stable
and that a phase anisotropy could lead to
a bias on the part of the visual system for
abrupt edges rather than gradual lumi-
nance gradients.

L. E. LEGUIRE

R. BLAKE

M. E. SLoANE
Cresap Neuroscience Laboratory,
Northwestern University,
Evanston, Illinois 60201
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Electroencephalographic Tolerance and Abstinence Phenomena

During Repeated Alcohol Ingestion by Nonalcoholics

Abstract. Certain measures of the auditory average evoked response are sensitive
to alcohol and provide evidence for abstinence and tolerance during and after 10
days of alcohol consumption by nonalcoholics. Electroencephalographic techniques
provide a single sensitive measure for the study of the etiology of tolerance and
abstinence with particular reference to a new area of investigation with nonaddicted

humans.

Mendelson (/) proposed that the phar-
macological criteria of alcoholism most
amenable to systematic investigation are
tolerance and physical dependence. The
study of these phenomena and the rela-
tionship béetween them has been exten-
sive, but largely limited to infrahuman
species or to humans already suffering
from a long history of chronic alcohol-
ism. A further restriction on such inves-
tigations has been the relative absence of
techniques whereby both tolerance and
physical dependence are assessed by
comparable response indices. This led
Begleiter and Porjesz to conclude that
“to choose one technique to measure
tolerance and another to assess physical
dependence will continue to produce in-
comprehensible findings” (2, p. 356).
They proposed the use of electroenceph-
alography (EEG) as a remedy, since the
same objective and quantifiable response
measurements can be used to assess the
effects on central nervous system excit-
ability of both exposure to ethanol (3)
and its removal (¢). Our investigation is,
to our knowledge, the first attempt to use
quantitative EEG measures in a study of
both tolerance and withdrawal in nonal-
coholic humans.

Eight male volunteers (5) were in-
formed of the purpose and risks of the
study before consenting to participate.
Subjects remained on our clinical re-
search unit for the 16 days of the study.
A battery of electrophysiological and
psychological tests, administered twice
daily, included spontaneous occipital
EEG; vertex auditory average evoked
potentials (AEP’s) following 0-, 20-, 50-,
and 90-dB tone stimuli; heart rate; hand
tremor; postural sway; smooth pendular
pursuit eye movements; verbal recall;
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and intoxication self-rating in that order.
The order of testing remained constant
throughout the study. The 16 days of the
study were divided into three phases; the
first 3 days were a preliminary baseline
(baseline 1), followed by a 10-day alco-
hol phase, and a 3-day final baseline

(baseline 2). On each day of the investi-
gation, the test battery was administered
twice, once before and once 20 minutes
after the subject drank a beverage. Dur-
ing the baseline periods, the beverage
was 500 ml of orange juice, and during
the alcohol phase, alcohol (1 g per kilo-
gram of body weight) mixed to a 10
percent solution with an orange juice
vehicle. During the alcohol phase, breath
alcohol was tested by a standard breath
analysis machine immediately after the
measurement of the auditory evoked re-
sponses. For six subjects, the beverage
was consumed at 1400 hours, and for
two, at 1000 hours. During the alcohol
phase, after completing the second test
battery, subjects consumed additional al-
cohol (0.9 g/kg) over 2 to 3 hours to keep
blood alcohol concentrations elevated
over a significant portion of each day.
For these days, before-beverage testing
occurred approximately 19% hours after
the completion of the previous day’s
alcohol ingestion.

From the spontaneous EEG, power
spectral analysis techniques were used
to derive estimates of the percentage of
alpha, beta, and theta powers in addition

Table 1. Auditory evoked response means and standard deviations associated with 90- and 50-
dB stimulus levels for the three phases of the experiment. Significance levels are for
comparisons of before- and after-beverage scores (analysis of variance).

Baseline 1

Measure (days 1 to 3)

Alcohol
(days 4 to 13)

Baseline 2
(days 14 to 16)

90-dB stimulus

Variance (uv)?

Before 1.13 = 0.52 1.41 = 0.49%*** 1.17 = 0.43

After 1.08 = 0.63 0.98 = 0.40 39+ 0.44
ANR (dB)

Before —14.75 = 2.34 —-13.97 = 2.30%** —-14.54 = 2.50

After —15.63 = 3.43 —-15.97 = 2.56 —-14.02 = 2.12
N, latency (msec)

Before 111.25 = 13.38 104.53 = 8.79%** 103.58 = 11.23

After 107.63 = 9.68 109.17 = 10.10 105.00 = 13.26
P, latency (msec)

Before 182.54 = 16.11 176.53 = 15.29* 173.91 = 14.35

After 175.08 = 11.17 172.33 = 14.31 175.67 = 13.74
NP, amplitude (uV)

Before .06 = 2.63 10.20 = 2.46%** 9.13 = 2.74
After 8.71 = 2.82 7.72 = 4.34 87 = 2.88
50-dB stimulus

Variance

Before 0.62 = 0.32 0.71 = 0.32%** 0.64 = 0.26

After 0.67 = 0.33 0.53 = 0.27 0.69 = 0.29
ANR

Before —17.38 = 2.46 —-17.22 = 2.30%** -17.37 = 1.98

After —-17.82 = 2.36 -18.76 = 2.19 -17.18 = 1.92
N, latency

Before 120.58 = 16.55 120.75 = 14.32 118.75 = 14.23

After 121.46 = 11.91 124.81 = 17.72 115.43 = 13.37
P, latency

Before 195.88 = 16.04 191.69 = 15.98 186.42 = 16.05

After 190.71 = 20.81 192.79 = 21.19 188.87 = 22.60
N,P,

Before 5.59 = 1.95 6.34 = 1.87** 6.31 = 1.54

After 5.63 = 2.02 5.01 = 1.89 6.51 = 1.68
*P < 05, **P <01, *EpP < 005, *EEXP < 001,
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