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It has been shown in previous siudies
that visual hallucinations are part of the
total response to both d-lysergic acid dieth-
ylamide, (LSD-25)2%* and #-ethyl-3-piper-
idyl benzilate .hydrochloride (JB 318).4%
It has never been demonstrated, however,
-there these drugs act to induce this phe-
nomenon.  Since visual hallucinations can
arise from any level of the visual pathways
{ie.. retina to the cerebral cortex)? the
problem of defining the hallucinogenic mech-
anism is quite complex. Various workers
have attempted to gain insight into this
problem by studying the effects of hal-
lucinogenic drugs on different levels of the
visual pathways. The objective techniques
used have been primarily electrophysiologi-
cal and most of the studies have been done
on animals, Drug effects have been noted
on (1) cortical potentials, both spontanecus
and evoked, (2) synaptic transmission at
different levels of the visual system, and
f3) optic tract responses to photic stimubi,
Retinal function evaluation has included
hoth electroretinographic and visul thresh-
old studies.

Purpura ™ found that doses of LSD up
to 60ug. per kilogram caused facilitation of
eortical responses to photic stimulation in
unanesthetized paralyzed cats. Inhibition of
these induced potentials occurred at duses
of 70pgr-100pg. per kilogram® Purpura
alser found that the visual cortical response
1o fateral geniculate by stimulation was
facilitated with 151} while the Tes|HAISe o
sulrasylvian stimulatton was inhibited, Var
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Health

ious workers have observed changes in the
electroencephalogram (EEG) after LSD in
both man and animals® The changes
usually observed involved the loss of alpha
waves and the occurrence of the “arousal”
pattern, i¢, low amplitude fast activity.
Rinkel et al.! and Gastaut et al’? found
slight increases in the frequency<of the
alpha rhythm in most human subjects,
Evarts et al.’® studied the effects of LSD
{1 mg. per kilogram) on synaptic transmis-
sion in the visual system of the cat. They
found a pronounced decrease in the ampli-
tude of the geniculate postsynaptic response
to optic nerve stimulation, while certain
synapses—those of the retina and those be-
tween the lateral geniculate radiations and
visual cortex cells—proved to be extremely
resistant to any blocking effects of this
drug. They also noted that large doses of
L5 (25 mg. per kilogram) caused a
decrease in the amplitude of the optic nerve
response to photic stimulation of the retina.
The dectroretinogram (ERG) has been
evaluated primarily in animals. " Apter
and Pfeiffer 4% pave 010 mg. of LSD
{33pg. per kilogram) to anesthetized cats
and found that spontaneous retinal poten-
tials occurred about 10 minutes later, At
the same time spontaneous potentials from
the optic nerve and large spikes from the
vistal cortex were also recorded.  1f the
L erve wis sectioned while Spemtateons
potentials were recorded the spikes in the
oceiptal cortex and the potentials in the
proxmmal stwnp of the oplic neive disap-
preared whereas those in the distal stump of
the optic nerve and retinag persisted. Afrer
the spontancous retinal  potentials disap-
peared, the entire ERG comples. was in-
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creasad n il

duration.

amplitude prolomged
In other reports '™ Apter noted  the
same ERG tindings in cats after administra-
tion of mescaline, strychuine, and atropine.
In addition, all drugs used were found to
prolong the presence of a detectable 1KRG
in enucleated cat eyes. L.SD prolonged this
response to 5 to 12 minutes as against the
usual duration of 2 to 4 minutes in controls,
I'vans, Jacobson, and Gestring ™ studied
the effect of LSD (SO0pg.-75ug. per kilo-
gram) on the FERG in the opossum and
noted, in most records, “spike-like activity”
which disappeared within 24 hours. Jacob-
son and Gestring ® found that doses of
LSD smaller than 25ug. per kilogram had
no effect on the ERG of the cat, but doses
greater than S0pg. per kilogram sometimes
produced spontaneous potentials. The au-
thors not:;d no effects of L.SD on the ex-
cised retifa of man, cat, or monkey.
Only one electroretinographic study with a
human subject has been previously reported.
This subject, studied by Jacobson,* received
50pg. of LSD and did not report hallucina-
tions. No changes were noted in the ERG.
Visual threshold studies have been re-
ported both in animals? and in man?®
Blough studied the effect of [.SD on the
absolute visual threshold of the pigeon®
and found a substantial eclevation of this
threshold. The largest risc was about 1.8
log units and the elevations had diminished
considerably in 5 hours. - ‘Within 24 hours
all thresholds were back to normal levels.
Carlson 2! studied the effect of LLSI) on
the absolute visual threshold in inan. He
tested 9 normal subjects and varied the
pupillary control by using a 2 mm. artificial
pupil in 4 subjects, homatropine dilatation
in 2 subjects, and a natural pupil in 3

subjects. The drug was given intravenously {

one hour before testing. A dose of 50pg.
was used in 3 subjects and Mpg. in 6
subjects. He found that threshold values for
the entire adaptation curve were raised a
small but definite amount, The cone portion
was elevated more than the rod portion of
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the curve. No cffect was noted on the rate
of adaptation. Pecause of the consistency of
subject responses the author did not feel
that inattention, impaired ability 1o con-
centrate, or possible interfering visual hal-
lucinatory effects cansed  the  elevation of
threshokd,

In the previously cited studies, LSD and
mescaline, drugs with similar central and
autonomic nervous system effects and chem-
ical structure, were the hallucinogens em-
ployed. In the present study, the two drugs
used, LSD and JB 318, are similar in hal-
lucinogenic properties but differ in chemical
structure and in certain autonomic and
somatomotor effects.  LSD is an indole
amine with adrenergic autonomic effects;
JB 318 is a piperidyl derivative with
anticholinergic properties. The hallucino-
genic effects of the two drugs overlap but
differ in some respects. LSD is more likely
to induce brightly colored, vivid, but simply
structured hallucinations such as mosaics,
rings, dots, and clouds ; after JB 318 images
are more likely 1o be gray, white, or black
and include people, faces, landscapes, and
animals.

1t is evident that hallucinogenic properties
of drugs can be studied only in conscious
and cooperative man. The purpose of the
present study therefore was twofold: (1)
to evaluate the cffects of two hallucinogenic
drugs on retial function in man, and (2)
to relate possible retinal effects to the oc-
currence of hallucinations.

Method

Retinal function was  studied with the
15RG and the dark-adaptation curve. Color
vision testing was also done in 7 subjects. A
total of 40 experiments was carried out on
19 medical students, Twelve were males, all
were between 21 and 30, and all were trained
subjects, having participated in drug studies
previously. All had normal ophthalmological
findings and were free of psychotic or major
neurotic disorders. The subjects were in-
formed that they would receive cither a
hallacinogenic  or  nonhallucinogenic  drug
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and were instructed to report all bodily and
mental changes in detail. Drugs were ad-
ministered by the oral route with subjects
in the fasting state,

Three kinds of drug experiments were
carried out. 1. Ten subjects on 13 occasions
received large hallucinogenic doses of LSD
or JB 318 e, 75ug. to 100pg. 1.SD or
7.5 to 150 mg. B 318 2. To determine if
retinal effects of these agents were dose
dependent, 3 subjects on 5 occasions received
smaller nonhallucinogenic doses, i.c., 2.5
to 5 mg. JB 318 or 25pg. 1.SD. 3. Four
subjects received one nonhallucinogenic
analogue of LSD or JB 318. These
analogues, 1 methyl-d-lysergic acid bu-
tanolamide tartrate (UMI.-491) and N-
ethyl-3-piperidyl dipheny! acetate (JB 808),
in the doses employved herein, exhibited no
psychotomimetic properties in preliminary
studies but induced autonomic effects qualita-
tively similar to the hallucinogenic agents.?3
The rationale for emploving the analogues
was as follows. If retinal effects occurred
with both hallucinogenic and nonhallucino-
genic agents they probably were not related
to the hallucinogenic properties but to some
other effect that each drug and its analogue
have in common. On the other hand, if only
the hallucinogenic drugs induced retinal
effects, these effects are probably intimately
related to the hallucinogenic properties.

Approximately half the subjects received
a drug on the first trial and no drug at
the second trial, thus serving as their own
controls; the other half served as controls
first and received the drugs on a later trial.
FFourteen subjects participated in one drug
trial, and 5 subjcects participated in at least
two drug trials. The frequeney  distribu-
tion of drugs and doses is shown in Table 1.
IFor hoth the control and the drug trials the
subjects reported 1o the laboratory in the
fasting state: their pupils were dilated ; and
an initial KRG and dark-adaptation curve
were obtained.  In the control trial the
studies were repeated after one hour.  In
the drug trial the agent was administered
orally and the ERG and dark adaptation
studies were repeated  after the subjects
106/726
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TABLE 1.—Distribution of Drug and Conirol Trials

Bubjects
No. of Reporting No. of
Drug Visual Control
Drug Dose Trials Changes Trials
18D 28.0 ug. 2 0
75.0 ug. 7 7 7
JR318 2.5 mg. 1 0
5.0 mg, 2 0
7.6 mg. 1 1 1
10.0 mg. 6 5 é
12.5 mg, 1 1 1
15.0 mg. 1 1
UML 2.0 mg. 1 0
4.0 mg. 1 0
JB808 5.0 mg. 1 0
10.0 mg. 1 0
r

reported illusions and/or hallucinations; if
these effects were not reported, the studies
were repeated in about an hour. When
retinal functions were not being measured
dim illumination was maintained in the
room. Brief interviews were carried out at
intervals of 5 to 10 minutes to determine
the occurrence of psychological effects.
Simple hallucinations were defined as those
consisting of circles, dots, clouds, mosaics,
etc. Complex hallucinations were defined as
those consisting of faces, people, animals,
landscapes, etc.

In all subjects onc eve was used for
adaptation studies and the other for ERG
testing ; the untested eye was always patched.
Both eyves were dilated with cyclopentolate
hydrochloride (Cyclogyl) ; the testing was
begun 30 to 45 minutes after the last ap-
plication, at which time the pupiilary size
usually measured between & and 83 mm.
The patient was first placed in complete
darkness for 3 minutes and then exposed to
a preadapting ilumination of 2,400 lux for
7 minutes. Dark-adaptation threshold meas-
urements were begun immediately at the
completion of preadaptation ; scotopic elec-
troretinographic  testing was  started 10
mimutes later.

Adaptometry was done with the Gold-
mann-Weekers adaptometer. Urior to ex-
perimental trials all subjects received one
training session i which the full test was

ol o, No, 1960
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carricd out. The purpose of the test was

explained at that time. The subject fixated
on a 2 mm, red light of variable brightness
located about 10 degrees above the center
of the test object, which was an opal disc
of 3.6 cm. i diameter subtending a visual
angle of about 11 degrees. The stimulus
was presented in the form of light flashes
of one second in duration, the dark interval
also bemg one second. The test light was
calibrated at a maximum irtensity of 6 lux
and at the onset was presented at an in-
tensity of 0.6 lux with the subsequent direc-
tion of change dependent on the response
of the subject. An attempt was made to
maintain a constant rate of change of stim-
ulus intensity. Both the “on” and “off”
thresholds were noted and the approximate
true absolute ihreshold was calculated as an
average of these values according to the
method of Gunkel and Bornschein.?* Each
subject was tested for a total of 30 minutes
with the responses being charted con-
tinuously during the first 3 minutes, at
half-minute intervals during the next 7
minutes, and every minute for the remainder
of the test. The subject was always notified
immediately before the test light was pre-
sented and before a rest period. Between
each rest period 4 “on” and 4 “off” re-
sponses were charted, and the consistency of
these responses gave a good indication of
the reliability of the subject.

The evaluation of the dark-adaptation
curve was based on measurement of (1)
the times of the final cone threshold, rod-
cone break, and final rod threshold; (2)
the value of the final cone threshold, and (3)
the value of the rod threshold at 8, 10, 15,
20, 25, and 30 minutes,

The electroretinographic examination in-
cluded an evaluation of scotopic single
flash responses at 4 or more intensities and
scotopic single flash responses at the lowest
intensity with a blue filter, The subject
was at rest on a bed and the lamp, a
Grass PS-1 photic stimulator, was centered
24 in. above the tested eye. A 1.5 mm. red
fixation light was placed below the center
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of this lamp. The active electrode, a Burian-
Allen contact lens, was placed on the cornea
of the eye 1o he tested and the indifferent
clectrode on the bridge of the nose. The
ground clectrodes were placed either on the
The stimulus
intensity was varied by using the different
intensity settings on the photic stimulator.
At cach intensity an attempt was made to
obtain at least 3 good responses in terms
of steadiness of baseline and consistency of
response. A time interval of at least one-
half minute between the lower intensity
stimuli and one minute between the higher
intensity stimuli usually sufficed to prevent
a change in amplitude in succeeding scotopic
responses. A blue stimulus was obtained
by the use of a Grass Wratten filter which
had a peak transmission of about 55% at
450 mp with less than 1% transmission at
570 mp. Recordings were obtained with
the direct ink-writing Grass electroenceph-
alograph. The pens were calibrated so that
a deflection of 4 mm. equaled 100uv.;
a second channel with a calibration of
4 mm. for 200uv. was also used with large
amplitude responses.

The evaluation of the ERG included 3
measurements, on a millimeter ruler, of the
a- and b-wave amplitudes at each intensity.
Two observers made measurements to offset
possible errors.

Color testing was done with Hardy-Rand-
Rittler (H-R-R) pseudoisochromatic plates.
Seven subjects were color tested before and
after the administration of a drug.

forchead or on both ears.

Results

Fifteen subjects experienced visual hal-
lucinations after the larger doses of LSD or
JB 318 Only 2 subjects of this group
described complex hallucinations (both with
JB 318), and all of this group described
simple hallucinations. In addition, 2 subjects
receiving LSD and 4 subjects receiving
JB 318 reported auditory hallucinations. In
all 15 subjects illusions were also noted.
Six subjects who received the lowest dosage
of these drugs did not report hallucinations
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Fig. 1.—Dark-adaptation curves for trials with
nonhallucinogenic analogues and low-dosage hal-
lucinogens. Values of each curve were plotted from
averages of all trials.

(Table 1); 5 of these 6 subjects received
a larger dose of drug at a different trial
and at that time did report hallucinations.
One subject did not hallucinate at an ex-
pected hallucinogenic dose (10 mg. of
JB 318).

Dark-adaptation studies revealed essen-
tially similar findings for control, non-
hallucinogenic  analogue, and low-dosage
hallucinogen trials (Figs. 1 and 2). The
average differences between the threshold
values of the first curve (first control or
predrug curve) and those of the second
curve (second control or postdrug curve)
were always less than 0.2 log unit—most
often less than 0.1 log unit. All values of
the second curve tended to be shightly lower
than those of the first. The time values

TABLE 2.—Dark Adaptation Findings in One Subject
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Iig. 2—Dark-adaptation curves for trials with
hallucinogens and with no drug (control). Values
of each curve were plotted from averages of all
trials.

were almost the same for first and second
curves—the largest difference being about
minute. The dark-adaptation curves
during the period when hallucinations were
reported (I'ig. 2) showed a different pattern.
All the rod threshold values of this curve
were noticeably higher than the predrug
curve, and the rod-cone break usually oc-
curred later. The average rod threshold
differences between predrug and postdrug
curves ranged from 0.4 to 0.7 log units and
the average rod-cone break was delayed
about three minutes in the postdrug curves.

An example of the findings in one subject
is shown in Table 2. This subject ex-
perienced some peripheral autonomic effects

with the 3 mg. dosage of JB 318, but re-

one

Changes
JB 3185 Mg, JB 3R 10 Mg, T e s e
Control Trinl - - - —h— - Control I8 318 JB 38
i1l -2 Refore After Refore After Trial 5 Mg, 10 Mg,
Time of Final Cone
Threshold 25 2 3.5 4 2 25 - (LS +0.5 +0.5
of Rod-Cone Break ] 6.5 8 7.4 6 NG L& - 0.8 +2.5
of Final Rod
Threshold 23 Pt 2 .18 IR 2.5 0 o8 [
Value at Final Cone
Threshold 1.3 4.3 +2 .1 4.3 .45 [l (8] +u.2
Rod-Threshold
at 8 minutes 4.2 4.1 1 47 3N 4.5 (L8] [Uk) +0.7
at 10 minutes 3.7 kXN 3.4 iR 3.3 1l ol v $0.8
at 15 minutes 2.3 24 2 2 FRG P toa 0l +0.2
“#t 20 minutes 1% 1IN A 2 [KH 2 " 02 +0.4
#t 2% minntes 1.7 X3 Ix [} [ 20 ot [} 05
at 30 mimites 1.4 14 (X3 [ ] [} Ly toy ol tie
Time in minutes 10726 L Values i Lag Units
108/728 ol od, Nogz v
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ported hallucinations only after the 10 mg.
dose,

Three subjects showed a slight variability

| [ SR . . ) :
i 2RI 2 CN . . . . .
e §%833 8 of response (l.urlng the first _ﬁu minutes of
= | 2 s8s8382 ¢ postdrug testing not noted in the predrug
= KT Re B . . . .
I~ } §738° 8 trial; however, in no other instances did the
i3 i L
- reliability of performance appear to be
- D affected by the presence of hallucinations or
12 BRIFH B R R )
E trt++ 4 other effects. This reliability was estimated
< .
2 by the consistency of the responses, even-
3 A Y ponses,
Sl memwn ness of the curves, and spread between the
D e S “on" and “off” thresholds.
The LRG changes are summarized in
° - Ll 3 L) iy g4
1. s=ed 8% & Iable 3. The cffect of the retest on a- and
f 32 éééég 3 b-wave amplitudes was similar in control,
5 gesee ° nonhallucinogenic analogue and low-dosage
H trials. The a-wave usually remained about
£ y
=12 = gg'TTg ? the same or showed a slight decrease in
s = ! ! amplitude whereas the b-wave usually de-
&l g creased in amplitude on repeat testing.
X ‘2 s °eveR In contrast to these results, records ob-
Gl 3 b tained after subjects reported hallucinations
E almost always revealed an increase in the
28 V8 8 _ . H .
'g 2 T T T b-wave dmplftude and very frequentl){ the
S 2 28 s8 = a-wave amplitude. The average amplitude
S s|® ge oo o .
s é | increase for the b-wave was 27 to 41pv.
’: £ (Table 3); that for the a-wave was from
gl 32 88 = 8 to 16pv. The range of b-wave amplitude
gl TT 77 7 . g P
51 2 changes included increases up to 100uv.
Li| = The changes in amplitude at 4 intensities are
a < ©e @0 shown in 1 subject at a 10 mg. dose of
d < I+ 0
<
l-' CONTROL TRIAL JB 318 10 MG
28R 8 .1 .2 BEFORE AFTER
2 TT797 1
Qo Qoo o
g 1% 22222 & AN VAN N\ I\
2
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| abhn ":.é-":. T ) N
| w "E' @ T G -« -
| g&‘..s.. §§§ |L|;'z|:?1 - e
| EBEEEREE 19z Fig. 3.--ERG findings in one subject showing a

control trial and a hallucinogen trial (JB 318).
Note decrease in amplitudes in second  column
(control No. 2 record) and inerease in amphitade

in fourth column (postdrug record).
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JB 318 (Fig. 3). In this subject the second
record in the control trial shows a slight
decrease in a- and b-wave amplitudes
whereas an increase in amplitudes is seen
at all intensities after JBB 318,

Color testing of 7 subjects with the
H-R-R pseudoisochromatic plates did not
reveal any differences before and after
either hallucinogenic drug at the larger doses.

A statistical analysis was made of the
changes in the ERG and in dark adaptation.
The ERG data analyzed included the a-wave
and b-wave amplitude changes at all intensi-
ties for all experiments. The adaptation data
evaluated included the change in time of the
rod-cone break and the change in the rod
threshold values in every experiment.

The question asked of the data was: Is
there a significant change in pertinent aspects
of the electroretinograms and dark-adapta-
tion curves after second control trials,
smaller doses of hallucinogenic drugs, non-
hallucinogenic analogues, and larger doses
of hallucinogenic drugs? No assumptions
were made about the form of the distribution
of the data and the direction of results was
not predicted in advance. Therefore, a two-
tailed nonparametric test, the Wilcoxon
matched-pairs signed-ranks test, was em-
ployed.2®

ARCIHTNVES OF OPHTIHALMOLOGY

There was no major difference in any
aspect of the data between the first and
second control measurements, and between
the predrug and postdrug measurements for
the smaller doses of JB 318 and LSD and
for the nonhallucinogenic analogues. In
general, there was a tendency for both
a- and b-waves to diminish slightly in size
during the second control measurements as
compared to the first. The same minor de-
crease on retesting was also apparent in
those experiments in which a smaller dosage
of the hallucinogenic agents or nonhallucino-
genic analogues were administered.

The analysis for the larger doses of LSD
and JB 318 was done both for each drug
separately and for the two drugs together.
The only essential difference between the
two analyses was in the significance of the
a-wave changes.

The calculations for the two drugs to-
gether are shown in Tables 4 and 5.
Significant changes (p<0.01) include (1)
delay in the rod-cone break, (2) elevation
of the rod thresholds at each time period,
and (3) increase in the amplitude of the
b-waves at every intensity. The changes in
the a-wave amplitude were not uniformly
significant. For the analysis involving both
drugs togecther the changes in the a-wave
were significant (p<0.03) at intensitic: 1

TasLe 4—Statistical Evaluation of Adaptometry Differences
by Wilcoxon Matched-Pairs Signed-Ranks Test

Differences Rorl-

Drug Dose Cone Break Time *

LSD-75 ug. +2.0
<75 mR. +3.0
<75 uR. +3.0
-75 MR, 445
-TH uu. +2.0
h ek 4745
-7h ug. t 45
JB31K-15 my. ta3o
-12.5 my, tio

BURTS (0
<10 mg. P25
-10 mg. [
10 my. [P
BUNITS [

- 79 mg n

¢ In minutes Nt N
o loe units T oon L
| SR P
110/730
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+0.6 402 +03
410 +0.3 +0.5
+1.0 405 “+0.1
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Differences Int. 1 Differences Int. 2 Differences Int. 4 Differences Int. 8 Diflerences Int. 16

RS

Drug Dose A B A B A

L3D:-75 uR. +28 +25 +23 +24 0
75 uR. +50 +25 +25 +28 0
-5 g 0 +2% 0 +25 +25
=TS . 0 +50 0 +50 +50
78 uR. 0 +25 [0 +25 +25
78 up. [ +28 0 +25 0
<75 g, o +25 +28 +25 +25

JB3IR 15 me. +12.5 +60 (] +12.8 —87.5

-12.% mg. 0 +78 0 +37.8 0
-10 mg. 0 +5 +3 +37.8 0
-10 mg. +24 +40 0 +50
-10 mg. 0 +25 1] +12.8 1]
-10 mg. +25 +5 +50 +50 +75
-10 mg. +25 +25 +25 (1]
- 7.5 mg. +12.5 +67.5 +25 +37.5 +8

N=7 N=15 N=7 N=14 Nm?7
T=0 T=0 T=0 T=0 T=8
P<05 P<Ol P<05 P<O0l P<NS

e A e it e s S g

TABLE S.—Statistical Fvaluation of ERG Differences® by Wilcoxon Matched-Pairs Signed-Ranks Test

Differences
[P Blue Filter
B A B A B ' B
+28 +28 +25 0 +80 +25
+28 0 +25 0 +38 +28
+25 0 +25 +25 +28 +325
+80 +80 +10 420 +100 +80
+80 +25 +50 +50 +80 +80
+28 0 +25 +25 +2 +2
480 0 +50 0 +25 +50
+25 —28 +50 0 +78 0
+87.5  +128 4100 0 42 +s0
+12.8 0 +37.8 428 0 +12.8
+25 +128 4318 4318 +28 +25
+125 28 +125  —25 +28 0
+88 +25 +350 0 +28 +73
0 430 425 4B +25 +2
+37.84 4128 40 +25 42 +37.8

N=14 N=10 N=15 N=9 N=14 Ne13
T=0 T=12 T=0 Te=6 T=0 T=0
P<Ol P<NS P<0l P<os P<Ol P<ol

* All differences in microvolts.

2, and 16 and not significant at intensities
4 and 8. When the effects of both drugs were
evaluated separately the a-wave changes
were not significant at any intensity. Since
the a-wave is usually more resistant to
circulatory or drug effects it is not surprising
that the amplitude changes were smaller and
less frequent than those of the b-wave.

Comment

The results of the dark adaptation and
ERG studies demonstrate significant changes
in retinal function in association with
hallucinations.

The changes in visual threshold or dark
adaptation were evident in the entire rod
portion of the curve and indicated a mild
impairment of rod function. These chanfes
consisted of an elevation of the entire rod
adaptation curve and a delay in the rod-
cone break. The absence of change in the
cone portion of the adaptation curve indi-
cates a lack of measurable drug effect on
cone function.

The finding of an increase in the ampli-
tude of the b-wave of the ERG can be
interpreted in several ways. An improve-
ment in retinal function or an increase in
retinal blood tlow could produce such a
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change. To interpret this change as an im-
provement of retinal function is unrea-
sonable in this study, since a corresponding
improvement of dark adaptation, rather than
the impairment which occurred, would be
expected. It is also unlikely that a change
in retinal blood flow occurred, since it has
been shown that there is no change in
cerebral blood flow under the influence of
LSD.%s

An increase in the scotopic b-wave has
been noted in mild circulatory disturbances
in man. This response, designated as
“supernormal” by Karpe,®” has been de-
scribed in patients with papilledema,?® early,
incomplete, or branch venous obstructions,?®
branch arteriolar obstructions,®® hyperten-
sion,?! and in the congestive phase of acute
glaucoma?® TFinally, a retinal toxin in low
doses or as an initial effect of any dose may
produce an increase in the scotopic b-wave.
Noell has noted this effect in rabbits with
sodium azide, pentobarbital (Nembutal),
and trichloroethylene in low doses.®? Granit
demonstrated that the scotopic b-wave is
markedly decreased in amplitude during
prolonged use of ethyl-ether.3® He indicated
that, at times, an initial effect may be a
temporary increase in the b-wave amplitude.
Nakajima demonstrated an increase in the
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scotopic b-wave amplitude as a temporary
initial change caused by many of the amino-
phenoxyalkane compounds in rabbits; thesc
agents eventually produced a depression of
this wave and ultimate retinal damage® Tn
another study the same author reported the
effect of 6 compounds causing an inhibition
of retinal respiration and 4 compounds
causing an inhibition of retinal glycolysis.*®
All of the inhibitors of retinal respiration
and certain dinitriles (glycolysis inhibitors)
caused an initial increase in the scotopic
b-wave. The b-wave eventually decreased
in amplitude corresponding to a degenera-
tion of the retina.

In the present study, in view of the
visual threshold findings, we interpret that
the increase in amplitude of the scotopic
b-wave is caused by an impairment of retinal
function such as might occur after a mildly
toxic agent or during a hypoxic period.

We have not attempted to measure effects
other than those on the retina. Whether or
not the hallucinogenic agents had other
effects on the visual apparatus, it is clear
that they induced retinal changes at the
same time they induced hallucinations. These
findings suggest that these hallucinations
may be mediated, at least in part, through
changes in retinal function. A previous re-
port citing the failure of LSD (lpg. per
kilogram) to induce hallucinations in two
blind subjects with optic nerve pathology
lends support to this thesis3® One subject
had a history of methyl alcohol poisoning
and the other a severed optic nerve caused
by a gunshot wound.

Summary

The retinal cffects of 2 hallucinogens,
N-ethyl-3-piperidyt benzilate hydrochloride
(JB 318) and d-lysergic acid diethylaide
(1.SD-25), were studied in 19 trained
human subjects. The drugs were used in
both hallucinogenic and  nonhallucinogenic
doses. The retinal effeets of 2 analogues of
the hallucinogens were also studied, These
drugs, N-cthyl 3-piperidyl diphenyl acetate
CJB ROK) and Tmethyl d Iysergic acid bu
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tanolamide tartrate (UML-491), had au-
tonomic and central effects similar to the
hallucinogenic  drugs but did not pro-
duce hallucinations. The retinal functions
studicd were dark adaptation and elec-
troretinographic responses.

Fifteen subjects hallucinated after larger
doses of either JB 318 or LSD 25 and
significant changes in the ERG or in dark
adaptation values occurred. In the ERG
the primary change was a consistent increase
of the scotopic b-wave amplitude. The
a-wave amplitude also increased in many
records after larger doses of the hallucino-
genic agent. In dark-adaptation studies the
changes were an elevation of the entire rod
threshold and a delay in the rod-cone break.

No significant changes in retinal function
were found in 6 subjects receiving smaller
nonhallucinogenic doses of LSD and JB 318,
in 4 subjects receiving nonhallucinogenic
analogues of these agents, and in 14 subjects
participating in control trials without drugs.

The changes noted were interpreted as
hypoxic or toxic retinal effects of the
hallucinogen. The findings indicate that
the hallucinogenic effect of these psy-
chotomimetic agents is related to concomitant
changes in retinal function.

Department of Ophthalmology, University of

Mlinois College of Medicine, 1853 W. Polk St.
(12).
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