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THE EFFECT OF LSD ON THE SLEEP-DREAM CYCLE

AX EXPLORATORY STUDY

WILLIAM J. GREEN, M.D!

In the past decade, the sleep-dream cy-
¢le in humans has been much studied. In-
have been concerned with
various aspeets, including the effect of
pharmacologic agents. However, a cur-
rent review of approximately 1,100 refer-
ences on lysergic acid diethylamide (LSD)
revealed no study directed to the relation-
ship of LLSD and the sleep-dream cycle.
The present paper therefore reports an
initial exploration of the effect of 1.SD on
the sleep-dream cycle.

The cyelic EEG activity which can be
expected in normal individuals in a typi-
enl night of sleep has been identified.
Dement and Kleitman (9) divided these
patterns into four stages: 1) a low-voltage,
modified alpha pattern, with irregular fre-
quency; 2) presence of 14 cyele per second
geep spindles and occasional K-complexes
with a low-voltage background; 3) random
delta  waves with some superimposed
spindling; 4) half or more of the record
dominated by large delta waves and no
spindling. During sleep, Stage 1 appears
in conjunction with bilaterally synchro-
nous, conjugate, rapid vertical and hori-
zontal eye movements (REMs) at approx-
imately 90-minute intervals, and has come
te be known as rapid eyc movement pe-
risds (REMPs). The REMs do not ordi-

*Veterans Administration Hospital, Topeka,
Kapsas. This paper results from a study con-
dusted at the VA Hospital with support by Hos-
pitel Project 331, P6-64, and was presented to the
Tasulty of the Menninger School of Psychiatry in
pamial fulfillment of the requirements for gradua-
tiog, The writer wishes to express his appreciation
fo;';éhe advice and assistance of Dr. Howard Shev-
rmigf the Menninger Foundation. Thanks are also
extepded to Dr. R. E. Reinert, Chief of Staff, and
MrARichard B. Shackelford, Research Unit, of the
m@gka Veterans Administration Hospital.
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narily appear in Stages 2, 3 or 4, known
as NREMPs (no rapid eye movement pe-
riods). Numerous investigators (1, 8, 10,
18, 20, 21) have reported that subjects arc
more likely to report dreaming when
awakened from REMPs than when awak-
ened from NREMPs. Rechtschaffen (26)
found that NREM period mental activity
was more like thinking than dreaming,
more conceptual and more concerned with
the contemporary life of the subject.
Physiologic changes have been reported
(19, 20) to occur during the rapid cye
movement, periods (REMPs). Some of
these are increased and irregular respira-
tion, increase in blood pressure and pulse,
an increased arousal threshold and a
marked decrease in gross body movements.
Snoring has been reported not to occur
during REMPs (20), or to be extremely
rare (12). Some investigators have sug-
gested that the psychological status during
dreaming may be a third state of mind
when compared to wakefulness and non-
dreaming sleep (e.g., no rapid eye move-
ment period). Comparison of the EEG pat-
tern during an REMP and the awake state
reveals similarities which are not present
in any of the other stages of sleep. With
this frame of reference, some investigators
have deseribed the REMP status as being
most near wakefulness, hence “light sleep.”
The physiologic changes associated with
REMPs have been termed to be the result
of “activation” (to be discussed below). Be-
cause REMPs show a waking-like EEG
pattern of cortical activity, some workers
have inferred the psychological status of
the two to be alike. However, this assump-
tion may be questioned in terms of evidence
that links arousal thresholds and galvanic
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skin resistance (GSR), both of which are
inercased during REMPs. The GSR has
been reported by numerous investigators
(3, 6, 11, 27, 30, 31) to vary inversely with
the state of alertness or arousal. States of
relaxation are accompanied by high skin
resistance levels, with a maximum being
reached during sleep. Situations causing
startle, attention, alertness, anticipation
and apprehension are accompanied by low
skin resistance. The GSR phenomenon is
thought to be related to the permeability
of the sweat gland lining, which is mediated
by the sympathctic nervous system. The
GSR seems to be inversely related to the
activity of the vigilance system (reticular
activating system) (31). Hawkins (16)
found the basal skin resistance to be higher
during REMPs than NREMPs and a
progressive increase in basal resistance to
occur, paralleling the greater amount of
REMPs in the last half of sleep.

Reports in the literature (24) indicate
that the principal changes in the EEG
after LSD administration are in the al-
pha rhythm (8 to 13 cyecles per second) of
awake subjects, with an increase in the
rate of 1 to 3 cycles per second and the
appearance of beta rhythm (18 to 30 cycles
per sccond). These changes have been
observed in cortical and subcortical re-
cordings. It has been suggested (19) that
hypnotic drugs decrease the amount of
total nightly dream time by increasing
the depth of sleep and deercasing the
amount of Stage 1 EEG. One study (15)
concluded that a large dose of alcohol, in
normals, reduced the amount of Stage 1
EEG associated with rapid eye movements
and inferred dream time. It has been sug-
gested that depressants to the central nerv-
ous system decrease the frequency and
increase the amplitude of EEG waves, and
stimulants of the central nervous system
increase the frequency and decrease the
amplitude of EEG waves (7). It would
seem to follow that stimulants would de-
crease the depth of sleep and provide part

of the setting in which Stage 1 EEG with
rapid eye movements (REMs), and dream-
ing occurs. However, amphetamine has
heen found to inhibit the REMPs in sub-
jects undergoing experimental dream dep-
rivation. Oswald (25) observed that
amphetamine addicts in the abstinence
syndrome had an alteration of the rapid
eye movement periods (REMPs). The
changes that Oswald reported include the
onset of REMPs as soon as 4 minutes
after sleep onset as contrasted to a normal
time lapse of about 70 minutes. Further,
the REMPs lasted as long as 70 minutes,
compared to a normal duration of about
10 minutes in the first two hours of sleep.
Total nightly dream time was as high
as 48 per cent; the usual amount is about
22 per cent. Normal functioning returned
immecdiately if amphetamine was given but
if not, the return to a normal cycle took 3
to 8 weeks.

1.SD and related drugs are commonly
called hallucinogens (4), although the ab-
normal mental states they produce arc not
always characterized by hallucinations.
L.8D is a semi-synthetic amide of rye ergot.
It was investigated in dogs by Rothlin in
1938, but was abandoned when undesirable
side-cffeets were found., In 1943, Albert
Hoffman, a Swiss biochemist, while syn-
thesizing LSD tartrate in an effort to
producce a stimulant, accidentally inhaled
a small quantity of the drug. He experi-
enced feelings of depersonalization, visual
hallucinations, body image distortion,
euphoria and distortion of time pereeption.
Subsequently, studies have identified the
following pharmocologic properties of
LSD:

Central action: changes in psychic ac-
tivity manifested by excitation, mood
changes, perceptual disturbance, halluci-
nations, depersonalization, and body-
image distortions.

Somatomotor changes: pyramidal ef-
fects, extrapyramidal effects, ataxia, and
spastic paralysis.
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Autonomic nervous system activity: re-
spiratory depression, hypotension, brady-
cardia  or tachycardia, hyperglycemia,
temperature rise, mydriasis, pilomotor re-
action, lacrimation, nausea and vomiting.

Peripheral action: constriction of the
smooth muscle of the uterus, vagina, bron-
chioles and blood vessels.

The latent period for autonomic effects
of LSD is 20 minutes; the psychic effects
appear in 40 minutes, reach a peak in 2
to 3 hours, and last 8 to 12 hours. The
amount of LSD required to produce symp-
toms 1s minute: 60 to 200 micrograms.
The effects arc generally dose-related, but
they are modified by the subject’s person-
ality and the setting in which it is given.

LSD may be described as ergotropic in
its action in that it produces excitement
and inereases sympathetic activity, sen-
sitivity to external stimuli and skeletal
muscle tone. Ergotropic agents in general,
including  mescaline, amphetamine and
cphedrine, if given in sufficiently large
doscs, induce behavioral changes and il-
lusions in man. One attempt to explain the
psychotomimetic effect of LSD is based on
the similarity of its chemical structure to
epinephrine, so that it may possibly inter-
fere with the epinephrine cycle. The indole-
like chemical structure is found in LSD,
mescaline, psilocybin, serotonin, reserpine
and other psychotomimetics such as hash-
ish, ibogaine and harmine.

The effect of LSD and other psycho-
tomimetics in producing an artificial
“model psychosis” (2) in a controlled lab-
oratory setting has provided the stimulus
for a large number of LSD studies. These
investigations have focused on understand-
ing the metabolic, neurophysiologic and
ncuxopharmdcologlc changes that may be
involved in naturally oceurring psychoses.
Some understanding of the changes in
nightly dream time which may be produced
by LSD administration could further the
knowledge of the role of dreams in funec-
tional psychoses.

DREAMS AXND PSYCHOSES

Freud (14) proposed that dreams func-
tion to provide a safety valve for partial
discharge of instinctual drives (wish-ful-
fillment) and thus preserve sleep. It
therefore follows that in mental disorders
postulated to have increased instinctual
drive pressure there is an incrcased dream-
ing time. When psychological disorganiza-
tion begins, it would be expected that the
total nightly dream time will increase in
order that reintegration of psychological
functioning comes about through drive
reduction. Fisher (13) has deseribed & pa-
tient from whom he obtained sleep-dream
data before, during and after an acute
scluzophlomc disorganization marked by
delusions and hallucinations. The patient’s
bascline total nightly dream time was 28
to 30 per cent (according to Fisher, con-
siderably higher than the 20 to 22 per cent
found for normal samples), but inecreased
rapidly to 50.1 per cent at the onset of the
acute psychosis. The dream time percent-
age level subsequently returned to previous
levels following the administration of 20
to 30 milligrams  of trifluoperazine
(Stelazine). Fisher assumed that instine-
tual drive pressure striving for discharge
was markedly increased at the most acute
stage, when the ego defenses were patho-
logically weakened, allowing the emergence
of the dream cycle into the waking state
n the form of delusions and hallucinations,
If LSD produces a temporary intensifica-
tion of instinetual drive strength similar
to what appears to happen in a psychosis,
it may be hypothesized that the total
nightly dream time would increase follow-
ing administration of LSD.

SUBJECT

The subject (S) was a 38-year-old Cau-
casian male, a patient in the alcoholie
treatment program of the hospital. He had
been scverely alcoholic for the past five
years but had no delirium tremens or
psychotic episodes. He was alert, oriented,
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with no memory impairment and no per-
ceptual disorder; his measured intellectual
level was in the bright normal range. He
stated he had generally recalled dreaming
every other night and did not experience
anxicty dreams (e.g., nightmares). For two
weeks prior to the experiment, as well as
the intervening week between the bascline
and LSD sessions, S was asked to keep a
dream log. He recalled no dream details
during that time. He described being told
by his wife that he frequently snored, oc-
casionally talked in his sleep, and vaguely
remembered a few episodes of slecpwalking
during childhood. Examination revealed
him to be free of physical and neurologie
impairments, and all laboratory studies, in-
cluding EKG and EEG, were within nor-
mal limits. There had been conversation
among the ward patients who had been
given LSD in previous experiments and
also some who were currently being tested.
S thought beforechand that he might have
“some wild dreams” because he had heard
that remark from a previous participant in
the alcoholic treatment program.

METHOD AND TECHNIQUE

Three hundred micrograms of LSD were
administered to S at 12 noon, once during
his hospital stay as a participant in the
alecoholic treatment program.2 After re-
ceiving LSD, S experienced a daytime psy-
chotomimetic reaction (rated as “three” on
the scale) with distortion of reality and
mental confusion. (The level scale of
Chwelos et al. [5] for LSD reactions ranges
from a level of one to six: one is charac-
terized by resistances taking the form of
running away from the drug, denial of the
drug’s potency, and holding onto reality;
six is characterized by a psychedelic reac-
tion with a revealing eestatic experience,
a fecling of one with God and man similar
to a religious conversion experience, and

*Chotlos, J. W. and Reinert, R. E. Veterans Ad-
ministration Study P11-63, Research Project in
Alcoholism.

the discovery of new and greater insights.)
Continuous all-night EEGs were recorded,
with two baseline nights (BL! and BL2)
in succession, followed a week later by
the LSD experimental night and the two
nights following (FU! and FU2). The time
of retiring at night and morning awaken-
ing was approximately the same for all
five sessions, with the awakening time
dictated by ward policy.

The procedure for monitoring EEGs and
cye movements continuously through the
night has been deseribed by Dement and
Kleitman (9). In the present study at
least five channcls of information were
obtained for each session. Three eye-move-
ment and two EEG echanncls were re-
corded. The electrode placements were
prefrontal, parietal and outer canthi leads.
Bipolar and car reference EEG recordings
were made. A microphone on S8’s bed per-
mitted continuous appraisal of his noise
and sound.

The galvanic skin resistance (GSR)
measurenients were obtained with an Air-
borne Tissue Resistanee Monitor, Model
152, impressing a current of eight cyeles
per second square wave. The two GSR
electrodes were placed on the left foot.
GSR  readings were obtained intermit-
tently by direct readings in K ohm values
on the LSD night and the two follow-up
nights (there was a technical failurc on
the baseline nights).

MEASURES

For the purpose of this paper only data
from REMPs will be reported. The dimen-
sions to be deseribed are: time of onsct of
REMPs during the sleep sessions, per cent
REMPs, actual duration of REMPs, vari-
ous indicators of activity during REMPs
(e.g., gross body movements, voealizations,
GSR), occurrence of isolated bursts of
REMPs (to be deseribed below).

Because S was awakened each morning
at the same time (6:00 a.m.) on all ses-
sions, he was interrupted at different points

in his fourth d
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in his fourth dream cyele. It was therefore
difficult to compare this last eyele for all
sessions. It was decided to analyze the
first three dream-cycles because they were
comparable for all sessions.

RESULTS

Onset of first emergent Stage 1: The
onset of the first REMP for the LSD ses-
sion was approximately a half-hour later
that for any of the other four sessions: 72
minutes as compared to 48, 46, 43, 45 for
BL', BL*, FU' and FU? respectively. Be-
cause of this delay during the LSD session,
when S was awakened he had just begun
his fourth REMP.

Per cent REMPs: The calculated dream
time percentages were: 18.32 (BLY), 21.65
(BL*), 26.45 (LSD), 2943 (FU'Y), and
21.87 (F'U%).

Actual duration of REMPs: The aver-
age duration of REMPs in minutes was in
the expeeted direction: 14.1 (BL?Y), 19.05
(B12), 2848 (LSD), 32.38 (FU!) and
17.72 (FU*).

Activity during REMPs: Gross body
movements during REMPs were indicated
by movement artifacts on the EEG and
were generally related to sounds relayed
over the microphone placed on S’s bed.
Body movements were most frequent on the
L.SD night and least frequent during the
baseline nights. The follow-up nights fell in
hetween the two extremes. As one would
expeet, there was a progressive increase in
the number of body movements as the
dream periods became longer in duration.

Vocalizations: A variety of sounds made
by S were recorded, such as grunts, groans,
moans, snorts, snores, “uh” and “uh-uh.”
Snoring occurred in all REMPs during
the ILSD night, and in the third REMP
during both follow-up nights, but in none
of the bascline REMPs.3

Galvanic skin resistance: Technical dif-
ficulties prevented obtaining GSR read-

*Shoring occurred once in the fourth REMP of
BIL.? but was not included in Table 4.

TABLE 1
Time of First Appearance of Successive REM Ps*

Minutes after Sleep Onset

|
REMP | ‘
{ BL l BL: | LSD | Fur I FU2
\ [ I !
\ | :
1 48 ) 46 : 2 0 43 1 45
2 117 ' 130 | 152 | 128 f 106
3 216 ) 218 | 268 | 260 1 224

* REMP = rapid eye movement period; Bl =
haseline night; LSI) = experimental night with
LSD; ¥U = follow-up night.

TABLE 2
Total Duration of Successive I{Iﬂll’s*
Duration in Minutes
REMP ‘ -
BL | B | LSD ’ FUI | FU
s 5 |
1 8.66 ( 7.00 7.80 | 14.83 1 7.50
2 21.66 | 13.16 | 27.16 | 33.66 | 27.16
3 12.00 | 37.00 | 50.50 | 48.66 | 18.50
|

* REMP = rapid eye movement period; BL =
baseline night; LSI) = experimental night with
LSD; FU = follow-up night.

TABLE 3
Gross Body Movement during a REMP*

REMP ’ L ; BL: | LSD { FUr { FU:
AR
2 o | 1 -
3 J 1o 15 | 10 l 7

|
* REMP = rapid eye movement period; BL =

baseline night; LSD) = experimental night with

LSD; FU = follow-up night.
TABLE 4
Vocalization during a REMDP*
REMP | BL | BL i LD | Fu | FUe
| | |
! | I
1 4 0 10 ’ 13 0 | 0
2 | 0 0 | 0 o
3.1 0 \ 1|8
* REMP = rapid eye movement period; BL, =
baseline night; LSD = experimental night with
LSD; FU = follow-up night.

ings during the baseline nights. The GSR
readings were highest on the LSD night, in-
dicating the presence of lower tissue con-
ductance than on the follow-up nights.
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TABLE 5
7. 8. R. during a REMP*

i Readings in K Ohms

REMP ;
BL' = .BL? ‘l LSD ‘ FU! } FU?
| | \
1 e l 51.5 | 41.0 \ 46.6
2 } - = 31.2 ] 30.7 1 27.3
3 | —— | — |30.2 23.7‘24.5
i

* RIEMP = rapid eye movement period; BL =
baseline night; LSI) = experimental night with
LSD; FU = follow-up night.

TABLE 6
Isolated DBursts of REM*

rREMP | BL | BL: | LSD FU | KU
|
x
10 0 1 1 \ 1
2 0 0 1 0 1
3.0 0 | 0 1 1|1

_:—lyinl-ﬂ;\/ll’ = rapid eye movement period; BL =
baseline night; LSD = experimental night with
LSD; FU = follow-up night.

The cited readings are mean values which
were obtained by taking the first four
readings of each REMP before the dream-
ing was interrupted temporarily by the
appearance of Stage 2 EEG. The figures in
Table 5 indicate the GSR at the begin-
ning of the three REMPs but do not indi-
cate the overall course during a whole rapid
eye movement period (REMP).*

The G.S.R. range during a sleep-dream
cycle was progressively lower during sleep,
in contrast to the basal skin resistance fig-
ures reported by Hawkins et al. (16).

*During these sessions the GSR readings were
high at the onset of sleep (more so on LSD) but
gradually decreased to a range where the readings
varied in a cyclic fashion fairly consistently. Dur-
ing an individual sleep-dream cycle the resistance
(in K ohms) was lowest in Stage 4, with progres-
sive increases in resistance readings as the stage of
sleep went from Stage 4 to Stage 1 with REMs.
There were minor fluctuations of the GSR on the
meter durlng an REMP, with a decrease in re-
sistance paralleling an interruption of dreaming. A
burst of REMs frequently produced a small si-
multaneous immediate increase in the K reading.
During a given REMP, it was observed on moni-
toring that a decreasing GSR foretold of the
cessation of the REMs and the end of the dream
period.

J. GREEN

These authors found the basal skin resist-
ance to be greater in the sccond half of
sleep, paralleling that part of sleep asso-
ciated with a greater amount of dreaming,.

Bursts of Stage 2: During the dream
periods there were intermittent interrup-
tions with varying amounts of Stage 2
ELG in most of the cycles of all the ses-
sions. During the transitory Stage 2, an
isolated single burst of Stage 1 lasting
about ten seconds with an isolated REM
was observed (Table 6). There were no
other related observations at the times of
the isolated bursts. The isolated single
REM burst, not present on baseline nights,
occurred in all LSD cyecles and all but one
cycle of the follow-up nights.

On both baseline nights the experimenter
found S pleasant and cooperative, but on
the LSD night he was irritable, sarcastic
and suspicious. The latter behavior per-
sisted on FUY, but on FU?2 he again scemed
pleasant and friendly.

DISCUSSION

The dream periods on the LSD night
were different in a variety of respects from
those on the baseline and follow-up ses-
sions. The hypothesized increase in dream
time on the LSD night occurred: a still
higher percentage of dream time was pres-
ent on the first follow-up session. The
dream periods on the LSD night were dif-
ferent from all other sessions in the follow-
ing ways: there was marked delay in onsct
of dreaming after sleep onset; increased
gross body movements; increased vocaliza-
tion; and higher GSR readings. The “drive
discharge” hypothesis does not cxplain the
paradoxic effect of LSD in increasing
dream time at the same time that activity
which is normally associated with non-
REMP sleep also increases. After sleep on-
set, the GSR varied in a repetitive cyclic
pattern during the sleep-dream cycles. The
lowest GSR readings occurred in Stage
4 EEG: the highest readings were In Stage
1 EEG.
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The LSD night dream time was approxi-
mately five per cent higher than the basc-
line sessions. The dream time increase was
even more marked on FU?, suggesting that
the dream stimulus effeet of LSD continued
until FU* when the percentage returned to
baseline levels. At the same time S's irrita-
hility, hostility and suspiciousness, as seen
on the LSD night and FU! night, had dissi-
pated on FU# and he was as pleasant as
during the baseline nights. On the LSD
night S was awakened just after the onsct
of his fourth REMP, and it scems very
probable that the amount of total nightly
dream time would have exceeded all other
sessions if he had been permitted to sleep
another hour. (Usually cach succeeding
dream period inereases in duration.)

During normal sleep there is a minimum
of gross body movements detectable on
the EEG during REMPs as compared to
NREMP sleep. Jouvet (17) and others
have reported that the desynchronized
EEG pattern associated with REMPs in
cats was marked by the absence of electro-
myographic activity of the neck muscles.
In humans, evidence indicates that gross
body movements frequently seem to func-
tion as transition points ending the REMP,
as well as fragmenting dreams within a
dream period. In this study, however, on
the LSD night there were frequent gross
body movements, markedly exceeding the
other sessions. Next in order of frequency
was FUL followed by FU2, BL2 and BL,
with some parallel in the order of dream
time pereentage.

Vocalization is normally minimal or
absent during REMPs, and on the base-
linc sessions none occurred. There was a
marked amount of vocalization on the
LSD night, with a variety of grunts, snorts,
moans and meaningful exclamations such
as “uh” and “uh-uh.” Such expressions did
not occur on any other session. Next in
order of vocalization frequency was FU?2,
and FU! recorded only one. Vocalization
occurred with about equal frequency both

with and without associated gross body
movenients.

Snoring in humans has been reported as
rare {12) or nonexistent during REMPs.
For snoring to oceur it is necessary for
the pharyngeal arca to be relaxed or hypo-
tonic. Some investigators have used the
usual absence of snoring during REMPs to
support the claim that Ss are then more
alert (pharyngeal tonicity prevents snor-
ing) than they are in other ERG stages of
sleep (with snoring). That reasoning also
implies  that Ss cannot experience the
exciting imagery of a dream and snore at
the same time. In this study, snoring oc-
curred on BL?2 but during the fourth
REMP (hence not considered in the data
as previously noted). Snoring occurred
during all L.SD REMPs and in the third
REMP of both follow-up nights. This §'s
snoring lasted varying amounts of time,
some intermittent for one to two minutes,
but at other times he snored during much
or all of the REMP, with some durations
of approximately 20 minutes without in-
terruption of the snoring.

During REMPs of all sessions there
were instances of temporary interruption
of Stage 1 REMP with a Stage 2 EEG pat-
tern. During the latter, an isolated burst
of Stage 1, lasting approximately ten see-
onds with a single isolated REM, occurred
during all LSD REMPs and during all
but one REMP on the follow-up sesslons,
and not during the baseline sessions. These
REM bursts appeared to be related to
LSD and its probable sustained effects.
This may be a manifestation of the
REMP-stimulating effect of 1SD, with
persistence on the follow-up nights, even
though the dream time percentage returned
to baseline level on the second follow-up
night.

In the only other study thus far reported,
Muzio (22) administered small doses (10
to 30 micrograms) of LSD to young adults
at bedtime. Some of his findings were
very similar to those of the present study.
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These were: 1) a general increase in body
motility and restlessness; 2) maintenance
of the periodicity of the sleep cyele; 3)
appearance of REMs during Stage 2; and 4)
an increase in dream time percentage on the
LSD night. The methodology of the experi-
ment and the LSD dosage were different and
may be related to some differences such as
the presence of occasional EEG and behav-
ioral arousals, a marked prolongation of the
second REMP in four Ss with a subsc-
quent decrease in the duration of the
third, fourth and fifth REMPs. However,
some findings in the present study on the
LSD night were not found by Muzio et al.
(22), including: 1) a progressive increase
in the duration of the REMPs; and 2) a
continued increase in dream time percent-
age on FUL, followed by recovery to base-
line levels on FU% The commonality of
LSD in these two studies makes the com-
parisons striking.

In spite of the increased motoric dis-
charge and vocalization which might be
taken to mecan that S was more aroused,
GSR readings were higher. This para-
dox is comparable to other indices regard-
ing the place that Stage 1 occupies along
a “depth” dimension. A state of arousal
during REMPs is indicated by the desyn-
chronized EEG pattern, absence of snoring,
increased irregular respiration and in-
creased heart rate; increased arousal thresh-
olds and GSR readings presumably in-
dicate a ‘“decp” state. One study (16)
concluded that the incrcase in GSR in-
dicated that dreaming was “deep” sleep.
However, Darrow (6) suggested that dis-
turbing conditions which occasion the re-
lease of ecpinephrine in the bloodstream
nmight be associated with a decreasc of
the adaptive palmar sweat secretion and
therefore with an increase in GSR instead
of a deercasc. He found that the GSR
decreased following intravenous injection
of %, cc. of adrenalin in one S.

“Tixcessive and disturbing excitation in
which primitive automatic mechanisms

are released from higher level control tends
to be associated with a marked increase
in blood pressure and may provide indica-
tion that there has been a departurc of
galvanic measurements from parallelism

~with higher level facilitative processcs.

Marked blood pressure increase in the ab-
sence of overt activity may provide in-
dication of intracortical conflict, and, pos-
sibly of ‘relative functional decortication’”
(6, p. 87).

It is therefore possible, in the light of
Darrow’s evidence, for an increase in
GSR to be associated with autonomic
activation rather than a state of tranquility.

The half-hour postponement of the first
REMP on the LSD night may be explained
neurophysiologically on the basis of the
indole-like chemical structure of LSD.
This postponement may be compared to
the inhibitory effect of amphetamine on
REMPs (amphetamine has an indole-like
chemical structure). LSD produced no
dream deprivation, On the FU! night
the continued LSD effect was accompanied
by a dream time percentage which was
three per cent more than the LSD night.
The chemical structure in itself would not
explain the other findings of increased
dream time, indicators of activity during
REMPs, or isolated REMP bursts.

The findings in the present study are
not fully explained by either the “drive
discharge” hypothesis or the “indole struc-
ture” hypothesis. Some other hypothesis
may fit the findings better. For cxample,
the direct pharmacologic effect of LSD to
increase dream time may have created a
special problem for this constricted and
avoidant S. The increase in gross body
movement, and vocalization may have rep-
resented attempts by S to terminate the
dream by either awakening, shifting into
NREMP sleep, or acting out the drama
of the dream in movements and vocaliza-
tions. Such an interpretation would assume
that for this S dreams under the influence
of LSD were particularly disturbing. The
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possibility of having “some wild dreams”
which might be revealing must have been
threatening to the degree that he might
have reacted psychologically against it for
protection. The latter can be seen in his
restlessness and vocalizations, perhaps a
response to the dream stimulus of LSD.
His stated reluctance to have “wild dreams”
might also explain the postponcment of the
first REMP on the LSD night. In spite
of the motoric discharge, the S continued
drcaming without recourse to somnambu-
lism and with sleep preserved. The in-
creased gross body movements and vocali-
zation during REMPs may have helped to
achieve partial discharge of the pharma-
cologically intensified instinctual drives
with preservation of sleep.

This S has been described by his wife
as talking and, rarely, walking in his
sleep. The experimenter’s request that he
keep a dream log prior to the study was
apparently so threatening to S that he
said he recalled little or no dream content
for a period of two weeks. For example, at
best he could only recall one dream about
grade school, which he could not amplify.
More striking was his inability to recall a
dream when awakened in the midst of a
REMP at the end of the LSD session.

The effect of LSD in a S with a rela-
tively normal personality might be pro-
foundly different from the effect on this
S. The signs of activity during REMPs
and postponement of the onset of dreaming
might be replaced by minimal activity in
prolonged REMPs, a much higher increase
in dream time percentage, and the onset of
dreaming might be soon after sleep onset,
if it is assumed that the paradoxic
“arousal” indicators can be accounted for
by defensive activity as well as the phar-
macologic effect of the drug.

This study reported here has a number
of limitations. Only one S was used, and
it is hard to generalize to a larger popula-
tion. In the abscnce of studies dealing
with the sleep-dream cycle of chronic al-

coholies, it is difficult to know to what
extent departures from the normal sleep-
dream cyele in this S during the predrug
(LSD) baseline sessions were related to
the experimental situation, S’s personality,
or some unidentified neurophysiologic fac-
tors. There was no cffort to control for a
possible placebo effect, although various
double-blind LSD studies have shown that
the drug has distinctive effects. It is known
that this S had certain anticipations about
the cffect of LSD on dreaming. It is hard
to estimate the extent to which his readi-
ness to have “wild dreams” following the
administration of LSD may have in itself
disturbed the sleep-dream cycle, independ-
ent of any pharmacologic cffect. Only a
placebo study could answer this question
conclusively. Nevertheless, the variety of
effects and the surprising nature of some of
these warrant closer examination.

SUMMARY

The effect of LSD on the sleep-dream
cycle was studied in a man, including
examination of two baseline nights, fol-
lowed by a day with administration of 300
micrograms of LSD and two follow-up
nights. S was allowed to sleep through the
nights without interruption until 6 a.m.
Various spontaneous responses during sleep
and dreaming were noted. Galvanie skin
resistance was measured on the LSD and
follow-up sessions after technical failure
on baseline sessions.

The anticipated increase in dream time
on the LSD night occurred; a still higher
percentage of dream time was present on
the first follow-up session. The dream pe-
riods on the LSD night were different from
all of the other sessions in the following
ways: marked delay in onset of dreaming
after sleep onset; increased gross body
movements; increased vocalization; higher
GSR readings. After sleep onset, GSR
varied in a repetitive cyclic pattern
during the sleep-dream cycles. The lowest
GSR readings occurred with Stage 4
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