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Low doses of LSD previously have been shown to produce a retinal effect
similar to stimulation with low frequency flashing lights or moving visual patterns.
The present study extended these findings to high LSD doses, which resulted in
retinal effects similar to stimulation with high frequency or constant, steady il-
lumination. Retinal activity was derived from measurements of the average tonic
discharge levels per unit time of the optic tract. Although high doses of LSD
produce retinal changes in association with behavioral visual unresponsivity, no
alteration in this tonic activity appears upon stimulation with changing visual
stimuli. The data indicate a direct retinal action of LSD. However, the resultant
behavioral visual unresponsivity does not appear to be due to retinal changes
alone.

Introduction

Lysergic acid diethylamide (LSD) produces many effects in the body,
not the least interesting of which are its effects on the visual system. It is
well known that one of the psychotomimetic effects of this drug is the pro-
duction of so-called visual hallucinations which in the human often consist
of the experience of patterned lights, flashes, honeycombs and lattices. The
possibility that these psychological effects may be due to the retinal action
of LSD has been raised by Apter and Pfeiffer (2) who found that the
electroretinogram (ERG) in the cat showed spontaneous electrical activity
after suitable doses of this drug. These authors seem to have ruled out
muscle artifacts or efferent feedback systems.

We extended these findings to the optic tract and lateral geniculate body
of the cat, and recently have shown that the tonic activity levels of these
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structures increase after low doses of LSD (14). Similar increases were
produced by stimulation with flickering light or changing visual patterns.
Arduini and Pinneo (5) originally observed that the tonic discharge level
in the optic chiasma during steady light illumination is less than the dis-
charge in total darkness, and that low flicker rates cause an increase while
high flicker rates produce a decrease of this tonic activity (6). We have
confirmed these findings in our laboratory. From these data we have de-
rived the hypothesis that if low doses of LSD induce a low-flicker effect,
high doses should produce an effect resembling that resulting from stimula-
tion with high flicker rates or steady, constant illumination. In this case we
would expect high doses of LSD to decrease the tonic discharge level of the
optic tract and lateral geniculate, in contrast to low doses.

We were also concerned with finding an explanation for the lack of be-
havioral response to visual stimuli, exhibited by animals treated with high
LSD doses (10). That this lack of response is related to changes in the
visual system and its connections and not the result of nonspecific toxic
effects is supported by the fact that such subjects are extremely responsive
to auditory stimuli and manifest no motor weakness. Conceivably, one ex-
planation might be that the retina is in a state resembling continuous light
adaptation and is less excitable by visual stimulation. This may be analo-
gous to the blurring and disappearance of contours which occurs when reti-
nal units become adapted to fixed images (12). However, as one of us has
reported (13), enhanced cortical evoked potentials to light flash occurred
after high doses of LSD. This suggests that the visual system is still func-
tional and that the behavioral "blindness" results from altered perceptual
and integrative mechanisms. In this respect we wanted to determine
whether or not the retina, as well as the cortex, retains an ability to react
quantitatively to visual stimuli while the animal is behaviorally unrespon-
sive. The data we will present indicate that a high dose of LSD induces a
retinal state analogous to stimulation with high flicker rates, as well as a
lack of behavioral response to visual stimuli, but without a concomitant
loss in retinal responsivity, measured in terms of tonic discharge activity.

Method

To measure the tonic activity levels of the optic tract and lateral genicu-
late body during various conditions of this experiment, the technique de-
scribed by Arduini and Pinneo was used (4). Bipolar electrodes were
placed in the optic tract and lateral geniculate nucleus of twenty cats-
twelve acute and eight chronic experiments. The amplified signal was then
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1ed through a band -pass filter (500--10 000 cycle/ see band width) in to a
Ballantine RMS meter. The d-e voltage output of this meter is directly
proportional to the root mean square voltage of the input signal which in
turn has been related by Arduini and Pinneo to the average number of unit
impulses per unit time (4). Assuming an all-or-none discharge system
around our electrodes, since slow activity was filtered out, the voltage out-
put of the meter is directly proportional to the average impulse rate in the
optic tract and geniculate nucleus. This RMS output was then fed to a
driver amplifier which in turn operated an Acromag electromechanical in-
tegrator. A timer in series with the driver and integrator allowed setting of
a constant integration time of 10 sec.

All subjects were placed in a sound-insulated, light-proof chamber. A
tungsten 200-watt overhead lamp provided about 60 foot-candles illumina-
tion as measured from a white card at the cat's eye level. Flicker stimula-
tion and moving or changing visual patterns were supplied, respectively,
by a Sylvania R1l31C glow modulator tube and striped cards, waved
manually in front of the eyes.

The usual procedure was as follows: (i) The light-adapted control read-
ings were obtained after 5 min in the light. (ii) Changing visual stimula-
tion was presented. (iii) Dark tonic discharge was measured after at least
30 min in complete darkness. (iv) LSD (0.25-1.0 rug/kg, ip) was injected
under subdued red light to minimize visual stimulation. (v) Post-drug
measurements in the dark started 10 min after injection. (vi) Post-drug
light measurements were made after 5 min light adaptation. (vii) Finally,
the effects of changing visual stimulation were again determined.

In one cat radio-frequency lesions were made in the optic tract bilaterally
about 3 mm posterior to the optic chiasma in order to interrupt any cen-
trifugal fibers. Recordings from this cat were obtained from the optic
chiasma.

Sodium pentobarbital (40 mg/kg, supplemented when necessary) was
administered to the anesthetized cats at least l.5 hours before recording.
Electrode placements and lesions were verified histologically afterwards.

Results

Our first objective was to measure the tonic activity levels of the optic
tract and lateral geniculate bodies under light and dark conditions in twelve
anesthetized acute preparations. Figure 1 shows the comparison between
those levels before and after LSD. The combined RMS readings in the dark
control are considered as 1000/0 and the tonic discharge levels under all
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FIG. 1. Combined tonic discharge levels of twelve anesthetized cats under various
experimental conditions. Solid bar = optic tract j striped bar = lateral geniculate body.

other conditions are expressed as a percentage of this baseline level. In
nine of the twelve preparations, the optic tract tonic discharge decreased
in the steady light. Combining the data of all twelve cats shows a total
decrease of 25% as compared wi th their dark discharge levels (left side
of figure). This decrease is significant at the 0.05 level according to the
Wilcoxon Paired Signed-Ranks Test (15) and confirms the finding of
Arduini and Pinneo (5), although we found more variability than they
reported. The same relationship was obtained in the lateral geniculate
body. Steady light decreased the tonic activity level by 200/0 in ten of the
twelve preparations, also significant at the 0.05 level of probability. In one
animal the activity level of the geniculate decreased while the tract activity
increased slightly. With this exception, both tract and geniculate showed
changes in the same direction as a result of steady light conditions.

After administration of LSD (0.25-0.75 mg/kg, ip) the tonic activity
of the tract decreased by a statistically significant 380/0 in the dark
(P < 0.05, two-tailed test). Light adaptation did not reduce this level
further, although it was significantly less than the light-adapted control
level (75 vs. 590/0, (p < 0.05). Thus both stimulation with steady light
.and administration of high doses of LSD reduced the tonic discharge activ-
ity of the tract. Also, after LSD, light stimulation was relatively ineffective
.in producing the typical reduction in discharge activity. The same situation
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applies to the geniculate, in which tonic activity decreased by 42910 from
its dark control level but showed no further decrease in the light after drug
injection.

Our original hypothesis concerning high doses was also tested in eight
unanesthetized cats with electrodes chronically implanted in the same
structures. Figure 2 shows the decrease in RMS levels after LSD, in both
dark and steady light. There is, however, one interesting difference between
the chronic and acute preparation. In the pre-drug control the light tonic
discharge level was not decreased, compared to the dark, in the unanesthe-
tized animals. We attributed this to the fact that in our initial runs these
cats were unrestrained in a nonuniform visual field. The head and eye
movements could then result in changing visual patterns impinging upon
the retina, and thus result in increased tonic discharge levels, similar to the
effect of stimulation with low flicker rates. This was checked by lining
our observation cage with white cardboard. Under these conditions of
minimized pattern stimulation the tonic levels of all three cats tested de-
creased in the light as in the restrained, acute preparations. However, be-
cause of the small samples in each group (five in the unlined cage, three
in the uniform field) we have combined all the unanesthetized cat data
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FIG. 2. Combined tonic discharge levels of eight chronically implanted, unanesthe-
tized cats under various experimental conditions. See text. Solid bar = optic tract;
striped bar = lateral geniculate body.
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into one group. Consequently Fig. 2 shows no decrease III the tonic dis-
charge under conditions of steady light. The same situation applies to the
post-LSD light data. Comparing the LSD dark and light levels with their
respective dark and light control levels shows that the LSD decreased
activity in all eight cats in both optic tract and lateral geniculate in the
dark condition, while under conditions of steady light there were two in-
stances of slight increases. This total decrease, with the two exceptions
included in the signed-rank test, was statistically significant (p < 0.05).

Bilateral section of the optic tract at the level of the nucleus entopedun-
cularis did not affect the results; LSD produced a decrease in the tonic
discharge activity from the optic chiasm well within the range found in
the optic tract of the anesthetized group.

The effect of low flicker rates and moving, striped patterns is shown in
Fig. 3. The combined tonic activity levels of twelve cats (six anesthetized
and six unanesthetized) in steady, constant light is represented as 100%,
both before and after LSD, while the tonic activity levels during changing
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FIG. 3. Effect of changing visual stimulation on combined tonic discharge levels of
six anesthetized and six unanesthetized cats. Steady light conditions are considered as
1000/0. Solid bar = optic tract; striped bar = lateral geniculate body.
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visual stimulation is depicted as a percentage of these respective measures.
As indicated above, changing visual stimulation prior to LSD increases the
tonic impulse activity in both optic tract and lateral geniculate body. These
increases amounted to 17570 in the former and 16670 in the latter. After
LSD, changing visual stimulation also increased the tonic activity levels
in these structures, in this case amounting to 156,/0 in the optic tract and
17070 in the geniculate body. Again, these increases over their respective
steady light control were statistically significant (p < 0.05). Although the
optic tract shows less of an increase in tonic activity after LSD, applying
the matched-pairs signed-ranks test to the two groups of data under
changing visual stimulation conditions demonstrates no significant dif-
ference. As Fig. 3 indicates, LSD exerted little if any effect on the ability
of changing visual stimulation to increase the tonic activity levels of the
eat's optic pathways.

Discussion

Although there is little doubt that LSD affects other neural systems (1,
9, 13), it is probable that our results, as well as those of Apter and Pfeiffer
(2), represent retinal changes. The LSD-induced changes in the ERG ob-
served by these authors persisted after section of the optic nerves and
ocular muscles (2). Brindley and Hamasaki reported no evidence of cen-
trifugal influences on the ERG (7), and as we have shown above, high
LSD doses reduced the tonic activity levels in the optic chiasm after
section of the optic tract, which presumably interrupted most if not all
centrifugal fibers that may exist.

The data illustrated in Fig. 1 suggest that high doses of LSD affect the
eat's retina in a manner similar (but not necessarily identical) to stimula-
tion with high flicker rates or constant, steady illumination. Both of these
manipulations decrease the tonic discharge levels of the optic tract and
lateral geniculate body. These data supplement those of earlier studies
which showed that low doses of LSD produce an optic effect, as indicated
by tonic activity changes, similar to that produced by low flicker rates
(14). The relative decrease produced by steady light appears to be com-
parable in magnitude to that reported by Arduini and Pinneo (5), and
might have decreased even further in our study if a more intense light
source had been used. Whether it would be possible to increase light
intensity or adjust dosage levels so that equivalent retinal effects are
obtained cannot be stated at present. In several cases LSD reduced the
tonic activity levels to a value very close to the effect of light alone, but
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the variability in tonic activity levels and the small sample used here pre-
cludes any demonstration of dose-response relationships.

In order to obtain measurements of tonic activity under conditions of
dark and steady light in unanesthetized cats, Arduini and Pinneo had to
restrain their animals in a head-holder to avoid the effects of changing
visual stimulation (6). We found it too difficult to restrain our cats after
LSD, but careful observation during those periods when the eat's head was
still, especially in a uniform-field box, showed that in those instances steady
illumination also reduced the tonic activity levels. Figure 2 combines the
readings obtained from all unanesthetized cats and consequently shows no
decrease under light conditions due to changing visual stimulation. How-
ever, based on the findings of Arduini and Pinneo (5, 6) and our own
observations under the special circumstances outlined above, i.e., the three
cats in the lined cage, we conclude that steady light or high flicker rates
reduce the tonic activity levels in unanesthetized cats as it does in anes-
thetized subjects. Again, LSD results in decreased tonic discharge, while
at the same time the cat is behaviorally unresponsive to visual stimuli.

Although we seem to have a possible explanation for this visual unre-
sponsivity by suggesting that LSD drives the retinal elements into a state
equivalent to steady light-adaptation, and therefore unreceptive to bright-
ness gradients (12), the data illustrated by Fig. 2 and 3 are against this
interpretation. Changing visual stimulation, whether produced by shifting
the gaze in a nonuniform field (Fig. 2) or in the form of flicker or patterned
moving cards (Fig. 3), is about as effective after LSD as before in increas-
ing retinal activity.

Similarly, the finding by Evarts that LSD alters synaptic transmission
in the lateral geniculate (10), determined by the use of single electrical
shocks to the optic nerve, cannot be invoked as an explanation for the lack
of behavioral response. One of us (13) has shown that cortical and genicu-
late evoked responses to light flash are enhanced in unanesthetized, visually
unresponsive cats after high doses of LSD. This enhancement effect not
only suggests a viable visual pathway, but also is in line with Arduini and
Hirao's (3) view that the tonic discharge activity from the retina represents
an inhibitory influence on the cortex and that reduction of this activity
level (as with steady light illumination or high LSD doses) results in
enhanced cortical evoked potentials (8).

Two possible explanations of the behavioral "blindness" may be offered.
(i) The lack of visual response is a consequence of retinal effects of LSD,
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but our measuring technique is inadequate to detect the relevant changes.
(ii) Central factors, with or without retinal interaction, are responsible
for the visual behavior deficit. Substantial evidence exists which demon-
strates that LSD affects the limbic system (1, 9), and that a syndrome
described as "sensory agnosia" results from lesions in this system (11).
The fact that our cats were still responsive to auditory and tactile stimula-
tion may not be against this possibility since such reactions were also
altered. Thus a sudden sound evoked an exaggerated startle reaction but
without clear localization or orientation responses, while a tactile stimulus
evoked hissing and snarling, withdrawal or defense reactions resembling
"sham rage." Despite the evidence presented in this paper for retinal effects
of LSD, these considerations indicate that a more central site of action,
possibly in the limbic system, must still be invoked in any explanation for
the behavioral visual unresponsivity.
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