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THE CONSISTENCY AND MAGNITUDE O/ the

, decrease of the latency o/ HEM (rapid eye
movement) and dream incidence by LSD

'- (lysergic acid diethylamide) infusion warrant
"the assumption of a relationship between

" intracellular LSD increase (LSD has been

° Contributiont0 shown to inducea serotonin-likereaction fromhuman brain), and REM or dream incidence.
A psychophysiologic mechanism capable ofJ¢

Ser0t0niny 'e0r ,ucin ,,o,,uci o,ioo.scribed. It is concluded that paradoxical
sleep is the physiologic manifestation of the
interplay of a norepinephrine-dependent

0f Dreaming process fostering arousal and aserotonin-dependent process promoting sleep.

,,o (LSDInfusion)*
per night and increased brain serotonin by

precursor consumption, _'9-_: and decreased
dream time and decreased brain serotonin

content_. '-_ mainly induced by reserpine. ]5
k_ Because of the several intermediary proc-

CLARA TORDA PH.D., M.D.
•F., New York City esses, assumption of an interrelationship
_o'- between brain serotonin and dreaming is

,uxl AssociateClinicalProfessor,StateUniversityof New highly inferential.
_'_' YorkDownstateMedicalCenter,Brooklyn,NewYork The experiments described here represent
_, an attempt to ascertain whether or not the

899 latency of dream incidence shortens during

erie _ a mild but acute increase of brain scrotonin,
ula- OIOME OF THE PSYCHOPHYSIOLOGIC factors since such decrease of latency would offer a

_th responsible for sleep, paradoxical REM far more direct evidence of an interrelation-
_ot (rapid eye movement) sleep, and dreaming ship between intracerebral serotonin release
or,, have been identified, l-_ Animal experi- and incidence of dreaming. Since sero-
_" ments offer conclusive evidence that the tonin does not readily pass the blood-brain
?ork

prerequisite for falling asleep is a release of barrier, TMone may either attempt increasing
intracerebral serotonin. "_-4 Observations brain serotonin through consumption of a

an- based mainly on the effects of intracerebral precursor substance or imitate such increase
_a injections on the behavior and the electro- by introducing a competitive inhibitor.
_' encephalogram of animals led to the con- Because the time required for yielding
:,_9.
,_in <clusion that paradoxical sleep is the physi- brain serotonin after intake of a precttrsor is

_a. ologic manifestation of the interplay of two, variable, intravenous infusion of a competi-
_, at times opposing processes, namely, a rive inhibitor, LSD (lysergic acid diethyl- "

,ee .norepinephrine-dcpendent process fostering amide), seemed to be the procedure of
_.- " arousal and a serotonin-dependent process choice. LSD readily passes tim blood-brain

_" ,_promoting sleep.*,6 Since dreaming anti barrier,_ _and in low concentrationsLSD has
a.: IREM may also occur independently, _ the been shown to induce a serotonin-like reac-
_*" Conclusive experimental evidence based on tion from human brain. _-''4 LSD also

t¢_ animal studies regarding the processes un- usually increases the dream time if con-
: • tterlying REM induction cannot be directly sumed before one falls asleep. 's.:_

art _pplied to dreams. Furthermore, direct_40

'dream studies cau be conducted only in Methods
' man. So far we know only that there is a

_t. ",_oincidence between increased dream time Electroencephalograms and dream rec-
a_ . ords were obtained from 2 subjects during
• ' ".& * Prenentt.d in part at the Fall Meeting of the American

of . _:i'hy_iological ,¢M,ciety, Washington, D.C., August, 1967. eleven consecutive nights. Since the rec-
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TABLE I. Effect of LSD infusion on latency of paradoxical sleep and dreaming in the following

- Infusion theta activity is
Time After REM Sleep (Onset Dreaming (Awakened reaching the hipI

Onset of _ in Minutes) -- _After Onset of)_ campal fibers acr

, ' Third Time Fourth Third cleusof the sept,:
--Night-_ '_" REM, Since REM REM from an oscillati

Serial Total Start Infusion Third (Two (Forty
:i Number Number Substance (Minutes) Length REM Minutes) Minutes) ramidal cell bed:

of their apical &
2, 3, 5, 7, 9, 10 6 Saline 30 60 90 Yes No synapses of the "
4 1 , I._D 30 19 49 Yes ...
6 ,1 LSD 40 15 55 Yes ... axon collaterals _
8 1 LSD 50 10 60 > Yes cells, theta activit
2, 3, 5, 7, 9, 10 6 Saline 30 60 90 Yes No mixed, at times,
4 1 LSD 50 II 61 Yes ... stimulifrom the (

6 1 LSD 40 15 55 Yes ... apical dendrites. _
8 1 LSD 30 17 47 Yes ...

apses are cholin(

logic conditions,
tonin are stored

ords obtained during the first night are ninety minutes. Dreams have not been ally inside the sa
known to differ from those obtained during reported from the non-REM periods by the in adjacent struct

consecutive nights, 27 they were discarded. 2 subjects. LSD infusion reduced the tonin into the
Before retiring, an intravenous infusion latency of the next REM period and dream- space or entrance
needle was inserted into the cubital vein ing to ten to nineteen minutes instead of the these spaces initk
and was left in place at least to the end of expected forty to sixty minutes, transport from !i

the fourth REM period. During the con- presynaptic term:

trol nights (2, 3, 5, 7, 9, and 10) the subjects Comment the calcium ion gr
received an infusion of saline for ten min- - surface of the pr

, utes, starting thirty minutes after the onset The consistency and magnitude of the Since acetylcholin
! !. of the third REM period. During the decrease of the latency of REM and dream cleft against a c

J, fourth, sixth, and eighth nights, LSD was incidence by LSD infusion warrant the as- dient is impeded,

i infused in concentrations of about 5 gain- sumption of a relationship between intra- mission occurs, r

ili mas per minute, hffusion was started in cellular LSD (serotonin) increase and REM the amount of _,
one of the subjects thirty, forty, and fifty or dream incidence. Presynaptic restc

minutes after the onset of the third REM One may conceptualize the mechanism of lowed by normal

period during the fourth, sixth, and eighth action of LSD and serotonin in inducing cium ion, and, th(
night,_ respectively. This order was re- dreams taking into account our knowledge release into the s
versed in the second subject, based on human and animal experimenta- synaptic transm

) , During the fourth REM period, the sub- tion. Content analysis of dreams of sub- creased generatio:
i jects were awakened every night by a taped jects with bilateral hippocampal lesions '-'_ latter amount o.,

instruction: "Tell me what is on your mind and with Korsakoff's disease _'_and observa- the necessary inh
right now," repeated, if necessary, in tions on the coincidence of dremns and spe- the processes rel)r

' thirty-second intervals until verbal reports cific frequency ranges of theta activity 3° of awareness, an
were forthcoming. Similarly, thirty min- led to the conclusion that dreaming is, at awhile. It is, t
utes after the fifth REM period, the sub- least partly, an awareness of the visual con- ' dreams are pert(:

jects were also wakened to learn about the comitants of processes related to memory , serotonin-depend_
content of the reports during a non-REM storage and retrieval. 3' Seemingly, this , vanish after rest(

period. The reports were taped, and the continuously ongoing process is kept from assumption is su]
tapes were evaluated by two unbiased conscious awareness through inhibitory wide-scale resear<
judges for presence of dream fragments, processes, also represented by the theta ac- the process of fall
For several technical reasons, larger sam- tivity. Measures decreasing this inhibitory tracerebral seroto

piing of the population was not possible, activity result in dreaming. 3°.3_ Both sere° _ all the 200 human
tonin and LSD, if locally introduced into encing some form

Results the lfippocampus, decrease the amplitude of tions. 37
theta activity by synaptic inhibitioll of the Dreams and ha

The results are summarized in Table I. generation of the theta activity. ::'a_ f qualities. Since i
During the control nights, the latency of the The meclmnism of action of serotonin and !, during unusuar c
fourth REM period and dreaming averaged LSD in decreasing theta activity is effected l conditions may be1
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in the following way: A prerequisite for ences of the other qualities. Should these
theta activity is afferent reticular activity intracerebral processes affect the wave
reaching the hippocampus via septohippo- shape of the read-out signal, 38the memories
campal fibers across the intact medial nu- retrieved from old memory stores will differ
cleus of the septum. _'z Theta waves result accordingly. Since LSD modifies various
from an oscillating dipole across the py- cerebral processes, the hallucinations may
ramidal cell bodies and the distal region reflect a combined effect of these changes,
of their apical dendrites. 2_.:3,_a Since the some as yet unidentified. According to the
synapses of the pyramidal cells and their mechanism described, LSD will temporarily
axon collaterals are supplied by the basket decrease some inhibitory mechanisms re-
cells, theta activity is prevalently inhibitory, sponsible for keeping many cerebral proc-
mixed, at times, with weaker excitatory ' esses from conscious awareness. Thiswould
stimuli from the excitatory synapses of the result in dreaming during sleep and in hallu-
apical dendrites. _3 The hippocampal syn- cinations during wakefulness. The as-
apses are cholinergic. 22,34 Under physio- sumed connection between dreams, hallu-
logic conditions, acetylcholine and sero- cinations, and memory storage and retrieval
tonin are stored in the hippccampus, usu- processes is further substantiated by LSD
ally inside the same presynaptic terminals hallucinations being heavily loaded with old
in adjacent structures. 3_'38 Release of sero- memories. 39 The LSD-induced changes in
tonin into the presynaptic intracellular the activity of sensory neurons may easily
space or entrance of the infused LSD into result in fluctuating changes of the memory
these spaces initiates a massive calcium ion retrieval signals, leading to the constantly
transport from the synaptic cleft into the changing quality of LSD mentation. _°
presynaptic terminal, causing a reversal of The decrease in LSD mentation of corn-
the calcium ion gradient across the synaptic ponents dependent on neocortical activity

' surface of the presynaptic membrane. 6'_'_4 results from direct inhibition of neocorti-
Since acetylcholine release into the synaptic cal synaptic activity. _ The scintillating
cleft against a changed calcium ion gra- geometric quality, specific for LSD hallu-
dient is impeded, decreased synaptic trans- cinations, results from the local effect of
mission occurs, resulting in a decrease of LSD on the retina, 4_perhaps also on other
the amount of theta activity generated, structures of the visual system.
Presynaptic restorage of serotonin is fol-

lowed by normal redistribution of the cal- $umfflary
cium ion, and, therefore, free acetylcholine
release into the synaptic cleft and normal LSD infusion during sleep decreased the
synaptic transmission, resulting in in- latency of both the incidence of REM and
creased generation of theta activity. The ofdreamsin man.
latter amount of theta activity contains A psychophysiologic mechanism capable
the necessary inhibition sufficient to keep of inducing dreams and hallucinations has
the processes represented by dreaming out been described. Dreams are viewed result-
of awareness, and we stop dreaming for ing, in part, from awareness of the visual
awhile. It is, therefore, proposed that concomitants of processes related to mem-
dreams are perceived as a result of this ory storage and retrieval. Perception of ,.
serotonin-dependent chain reaction and these continuously ongoing processes is kept
vanish after restorage of serotonin. This from awareness by special inhibitory mech-
assumption is supported by the results of anisms, for instance, theta activity. Tern-
wide-scale research revealing that during porary and periodic decrease of these in-
the process of falling asleep, not only is in- hibitory processes during sleep may result
tracerebral serotonin released, 2-_ but also, in dreams. A serotonin-dependent bio-
all the 200 human subjects reported experi- chemical chain reaction has been identified
encing some form of hypnagogic hallucina- capable of modifying synaptic transmission
tions.37 in cholinergic hippocampal structures re-

Dreams and hallucinations share several suiting in changes in the generated tlmta

qualities. Since hallucinations occur only activity, and, therefore, leading to dreams.
during unusual cerebral conditions, these Restorage of serotonin results in termina-
conditions may be responsible for the differ- tion of dreams.
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