In a previous article (4) some stud-
ies were described which were con-
ducted at the sensory deprivation lab-
oratory at Princeton University with
the goal of identifying hallucinogenic
factors in sensory deprivation. The
article concluded with the suggestion
that some form of visual stimulation
may be necessary for the production
of hallucinations. In that series of ex-
periments, as in the series reported
here, a very specific set of criteria was
used before a “reported visual sensa-
tion” was classified as a visual halluci-
nation. These criteria were (i) un-
controllability of onset, content, and
termination; (ii) “out-thereness”; (iii)
scannability; and (iv) apparent reality.

A summary of the experimental pro-
cedures and of the results obtained is
presented in Table 1. Studies 1 to 6 were
described in the previous article (4); in
studies 7 to 12 we attempted to specify
the hallucinogenic factor in study 2, the
only one of the earlier series in which
such a factor seemed to be operating.
As the table shows, none of these ma-
nipulations succeeded in eliciting visual
hallucinations from any considerable
proportion of the subjects.

For study 7, we used visual stimuli
which were small and varied (pre-
sumably, more like those used in study
2 than the nonhallucinogenic stimulus
of study 6). In study 8 we presented
stimuli which were not only small and
diverse, but in addition were unstruc-
tured and varied in location (5). In
studies 9, 10, and 11 we tested other
hypotheses about hallucinogenic influ-
ences in sensory deprivation. In study
9, motility was greatly reduced (see 6);
in study 10, subjects were made highly
anxious concerning the sensory depriva-
tion experience by being given fear-
arousing instructions (see 3); and in
study 11, previous experience with un-
usual visual imagery [with a “Ganzfeld”
(7)] and instructions strongly encour-
aging the subject to expect and to re-
port such imagery (see I, pp. 17-21)
were coupled with the visual stimulation
administered in study 8. Finally, study
12 was a replication [except for the
duration of confinement, which is ap-
parently not a crucial factor (/)] of
study 2; in the replication, but not in
the original study, no hallucinations
were reported.

If, following the procedures of other
experimenters, we had classified any
“reported visual sensation” as an hallu-
cination, then our results would have
appeared to be quite similar to those
which have been reported previously,
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for the majority of subjects in those
studies where we collected “reported
visual sensation” data did experience
such sensations (see Table 1). For this
reason, we strongly urge that, before
discussing the phenomenon of halluci-
natory imagery in sensory deprivation,
experimenters adopt some standard set
of criteria and classify “reported visual
sensations” as meeting or not meeting
these criteria. This would be no guar-
antee against disagreements; but it
would at least ensure that we are all
disagreeing about the same thing.
PETER SUEDFELD
JACK VERNON
Department of Psychology, Princeton
University, Princeton, New Jersey
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Primate Retinal Responses: Slow Changes during

Repetitive Stimulation with Light

Abstract. Sudden, repetitive illumination of the dark-adapted monkey eye
produces transient changes in the electroretinogram and transocular potential

which can last an hour or longer.

During studies of steady-state retinal
responses of monkeys (Macaca mul-
atta) to flickering monochromatic
stimuli of large angular subtense, an
extremely slow oscillation in the elec-
troretinogram has been observed which
does not appear to have been completely
noticed by earlier investigators. The
phenomenon is of importance because

it complicates quantitative evaluation
of the electroretinogram especially
after stimulation with moderately bright
light. It is of additional interest in dem-
onstrating the exremely long time that
must elapse for some retina responses
to reach a steady-state after sudden
changes in illumination.

The monkeys studied in these ex-

1 ‘, I T I 1
+ 200 5
> - ) 430
> :: 2
= « o o
~ L e c
glso— R . 23
.g . . . .....: . . : ::o K §.
s 100f ’ ’ S
w 50 oL -1 2

O L.I 1 1 | 1 | -
0 10 20 30 40 50 60

Time (min)

Fig. 1. Changes in the electroretinogram and transocular d-c potential during stimu-
lation with square-wave monochromatic (610 mg) light at 4 cy/sec. The flickering
stimulus has equal intervals of light and dark, and begins at time zero. The electro-
retinogram scale represents peak amplitude of responses photographed from an

oscilloscope.
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periments were anesthetized with Nem-
butal, maintained firmly in place by
means of a mouthpiece, and stimulated
with a Maxwellian field subtending 90
degrees of visual angle through a pupil
dilated by either phenylephrine hydro-
chloride or cyclopentolate hydrochloride
or both. A direct-current (d-c) ampli-
fication system with silver chloride
electrodes recorded both the elec-
troretinogram and the transocular d-c
potential simultaneously. One electrode
was placed within Tenon’s capsule, be-
hind the globe, and the other in a
corneal contact lens. The light source
was a well regulated 1000-watt high-
pressure Xenon arc lamp, the output of
which was continuously monitored dur-
ing the experiments. The monkeys were
routinely dark-adapted for 20 minutes
before flickering stimuli were pre-
sented to the eye. Stimulation was con-
tinued wuntil the retinal responses
reached a steady-state, the criterion be-
ing the production of a constant elec-
troretinogram after each stimulus of
the flicker.

With flickering lights which did not
raise the retinal illumination greatly
from the dark-adapted state, the elec-
troretinogram came to an equilibrium
with the stimulus within seconds and
there was little or no detectable shift
in the transocular potential. If the in-
tensity of stimulation was greater,
transient changes in the electroretino-
gram became prolonged and the trans-
ocular potential exhibited a slow tran-
sient increase. With moderately bright
illumination, the amplitude and wave-
form of the electroretinogram changed
considerably during the first few min-
utes of stimulation; thereafter the am-
plitude slowly increased to a maximum
at 5 to 10 minutes and then decreased
again to a minimum at 20 to 25 min-
utes. This slow oscillation of the am-
plitude of the electroretinogram grad-
ually decreased in a lightly damped
manner after an hour or more of main-
tained stimulation. The transocular po-
tential showed a similar oscillation
which appeared to be in phase with
that of the electroretinogram (Fig. 1).
The phenomenon occurred with either
sinusoidal or square-wave light func-
tions and with energy from both ends
of the visible spectrum. The energies
necessary to elicit these changes were
not excessively large, being in the order
of 10® quanta sec™ deg™ at 502 my.

Similar light-induced oscillations in
the transocular d-c potential of the
human eye have been described (1)
and this study demonstrates their
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counterpart in the monkey. Parallel os-
cillations in the electroretinogram have
not been reported hitherto. Biersdorf
and Armington (2) observed that the
human electroretinogram can slowly
increase during light adaptation and
speculated upon the possible relation-
ship between this and a similar change
in the d-c potential of the human eye.
This evidence from the monkey eye
strongly supports their conjecture and
makes it appear likely that the oscilla-
tory changes in the electroretinogram
also occur in man.

Methods other than light stimulation
which can alter the transocular d-c
potential such .as either electric cur-
rent (3) or the administration of sodium
azide (4) also influence the amplitude
of the electroretinogram. These effects

are relatively rapid. The slow, oscilla-
tory behavior observed in these retinal -
responses appears to be a unique con-
sequence of light stimulation.
P. Gouras
R. E. CARR
Ophthalmology Branch,
National Institute of Neurological
Diseases and Blindness,
Bethesda, Maryland 20014
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Vestibular Nuclei: Activity of Single Neurons

during Natural Sleep and Wakefulness

Abstract. The rate of spontaneous discharge of second-order vestibular neurons
is higher during wakefulness than during drowsiness and synchronized sleep.
The activity of units recorded from the lateral (and superior) vestibular nucleus
remains unmodified or is slightly increased during desynchronized sleep, in spite
of the complete disappearance of the postural tonus. Units in medial and descend-
ing vestibular nuclei show bursts of rapid discharge associated with the eye
movements characteristic of desynchronized sleep.

Sleep characterized by the well-
known electroencephalographic  pat-
terns of slow waves and spindles
(synchronized sleep) is interrupted by
short episodes of low-voltage, fast

waves (desynchronized sleep) (I, 2).
The desynchronized sleep, at least in

the cat, appears to be deeper than the
synchronized phase (3).

During episodes of desynchronized
sleep, the electromyogram of the
cervical antigravity muscles is silent
(2), while rapid eye movements sud-
denly appear (I). Neurons localized
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Fig.1. Spontaneous discharge of single units recorded in different experiments from
lateral (A4), superior (B), and medial (C) vestibular nucleus during synchronized
sleep (left column) and during the episodes of rapid eye movements occurring in
desynchronized sleep (right column). Upper records show the unit activity; lower rec-
ords show the eye movements recorded from electrodes placed above the orbit. Voltage
calibrations correspond to 500 uv and apply to the units. Time calibration: 0.5 sec.
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