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Introduction

Lysergic acid diethylamide (LSD) is one
famous molecule—in many ways the ar-
chetypal psychedelic substance. Its fame is
underscored by its wide recognition simply
as “acid.” Its potency, long duration of ac-
tion, and penetration into society (especially
in the United States) during the impassioned
1960s, has created for it an enduring legacy.

Psychedelic medicines are old, very old:
peyote spirituality in ancient America, sha-
manic use of Psilocybe mushrooms, aya-
huasca and other medicine plants of Ama-
zonia, iboga in Africa, the mysterious soma
of ancient central Asia, and the equally
mysterious kykeon of the ancient Greek Ele-
usinian Mysteries. LSD is new. It has not
been found—at least not yet—as a natural
product created by plants or fungi, and it
was not the first psychedelic chemical to be
identified (this being mescaline, many years
prior). Its psychoactive properties were dis-
covered in 1943, and it burst onto the cul-
tural scene in the second half of the 20th
century via promising clinical investigation
and large-scale popular use having far-flung
ramifications to philosophical, musical, and
artistic expression, and to social activism as
well. While legally restricted at the highest

level for the past half-century—classified a
Schedule I (One) controlled substance in the
United States Controlled Substances Act of
1970 and the United Nations Single Conven-
tion of 1971—its popularity remains high.
Lifetime prevalence of use (2010 survey
data) in the United States is estimated to be
around 23 million individuals, correspond-
ing to 9% of the population over the age of
12 years (Krebs & Johansen, 2013a).

LSD and other psychedelics may be de-
scribed as amplifiers or activators of mental
processes, leading to heightened awareness
of perceptions, thoughts, and feelings, as
well as loosening of psychological defenses.
This may reveal aspects of mind normally
out of awareness and catalyze experiences
that are powerfully novel and galvanizing.
The complex effects of psychedelics have
resulted in a variety of terms applied to de-
scribe them: psychotomimetic (mimicking
the symptoms of psychosis), hallucinogen
(generating hallucinations), entheogen (gen-
erating experiences of the divine), and psy-
chedelic (mind revealing).

On the one hand, this manifesting or re-
vealing of normally hidden aspects of the
psyche may contribute to insight and creativ-
ity, catalyze transformative mystical or spiri-
tual experiences, and provide a springboard
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for psychotherapeutic work. On the other
hand, the same amplification of the psyche
may contribute to acute anxiety and panic—
a “bad trip”—and possibly ongoing psycho-
logical distress. LSD and other psychedelics,
like all drugs, are pharmakon—the ancient
Greek word from which the English words
pharmaceutical, pharmacy, and pharmacol-
ogy are derived. Pharmakon means “medi-
cine” and “poison” at the same time—a pro-
found notion, all too often forgotten.

The acute and long-term effects of LSD
and other psychedelics are highly sensitive to
set and setting. Set is used to describe what
the user brings to the experience: intentions,
expectations, prior experience (or the lack
thereof), memories, personality, and current
state of one’s mind and body. Setting is the
environment in which use takes place: alone,
with others, with a therapist or guide, inside
in a closed space, outside in a natural set-
ting, and so forth.

The word psychedelic was coined in 1956
by psychiatrist Humphry Osmond (1917-
2004). He sought to create a new term that
better captured the uniquely powerful quali-
ties of these substances. He shared some of
his thoughts on this in correspondence with
the author Aldous Huxley (1894-1963;
1977). After considering a number of pos-
sibilities, Osmond (1957) settled on psyche-
delic (Greek psyche = “soul, mind”; deloun
= “make visible, reveal”) because “it is clear,
euphonious, and uncontaminated by other
associations.”

Osmond formally proposed the name in a
paper he delivered at a 1956 meeting at the
New York Academy of Sciences on the topic
of “psychotomimetic drugs.” After listing a
small number of substances (including LSD)
known at the time to be psychedelic, Os-
mond (1957, p. 419) remarked,

What an array of substances for daring inqui-
ry! What work for generations to come! . .. We
know little enough about the most familiar of
these agents, and there are only vague correla-
tions between the physical and mental changes
that they cause. Considering their interest in
medicine alone, our lack of information is
disquieting, but they are of more than medi-
cal significance. They reach out to psychology,
sociology, philosophy, art, and even to reli-
gion. Surely we are woefully ignorant of these
agents and this ignorance must be remedied.
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Chemical and Pharmacological
Properties of LSD

LSD is the diethylamide derivative of lyser-
gic acid, the latter being the core structure
of the ergot alkaloids, a group of chemi-
cals produced by ergot fungus (Claviceps
purpurea). The LSD molecule (see Figure
8.1) possesses two chiral centers at carbons
5 and 8; thus, there are four enantiomeric
stereoisomers. Of these, only one—(5R,8R)-
LSD—is known to have significant physio-
logical activity. This isomer is dextrorotato-
ry; thus, the physiologically active isomer is
sometimes referred to as (+)-LSD or d-LSD.
Hereafter, we will simply designate it as
LSD. Inverting (reflecting) the chiral con-
figuration at the 8-position gives (5R,8S)-d-
iso-LSD. Inverting the configuration at the
S-position gives (55,8R)-I-iso-LSD. And in-
verting the chiral configuration at both the
Sv-position and the 8-position gives (5S,8S)-
[-LSD (Nichols, 2018a). None of these enan-
tiomers has shown any significant psychoac-
tivity in humans (Shulgin & Shulgin, 1997).

Indeed, most chemical modifications of
the LSD molecule result in substantial de-
creases in potency. A very small number of
analogues have been found to have potency
comparable to LSD in laboratory animal
tests of drug discrimination: the dimethyl-
azetidine derivative of the amide, and the
N-6 replacements of methyl with either
allyl or ethyl (Hoffman & Nichols, 1985;
Nichols, 2018a, 2018b; Nichols, Frescas,
Marona-Lewicka, & Kurrasch-Orbaugh,
2002). The N-6 allyl and ethyl analogues

(SR,8R)-Lysergic acid diethylam-
ide, or d-LSD.
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have also been described as psychedelically
active in humans, with potency comparable
to that of LSD (Shulgin & Shulgin, 1997).

LSD is generally referenced as either the
free base (molecular weight [MW] = 323.5)
or the tartrate salt (MW = 398.5; ratio of
two molecules of LSD to one molecule of
tartrate). Sometimes in published work it
is not stated whether reported quantities
refer to the free base or tartrate salt; thus,
there may be a degree of uncertainty as to
the exact quantity of active drug employed.
With respect to stability, renowned chem-
ist Alexander Shulgin (1925-2014) has re-
marked that “LSD is an unusually fragile
molecule, [though] as a salt, in water, cold,
and free from air and light exposure, it is
stable indefinitely” (Shulgin & Shulgin,
1997, p. 492).

At the time of its discovery, LSD was the
most potent psychoactive substance known.
Threshold psychoactive dose—the dose
below which no alteration of mental state
is generally discernable—is around 5-10 pg
(0.005-0.01 mg). Fifty to 400 pg is gener-
ally considered the typical psychedelic dose
range. Although higher doses can and have
been administered, there have been no care-
fully controlled studies of doses outside of
this typical range. There are, however, in-
triguing case reports suggesting that higher
doses (e.g., 500-1,500 pg) may confer ad-
ditional therapeutic benefit for some people
(Grof, 1980/2001). An impressive self-report
chronicling more than 70 personal LSD ses-
sions using doses of 500-600 pg and con-
ducted on a regular schedule over a period of
20 years described remarkable transpersonal
and transcendental experiences of deep and
lasting psychological value (Bache, 2019).

Human and rodent studies indicate that
tolerance to the behavioral and psycho-
logical effects of LSD occurs rapidly, with
substantial loss of effect after 2-3 days of
repeated use. There is cross-tolerance with
other “classical psychedelics”—mescaline
and psilocybin. Tolerance also dissipates
rapidly, after several days of cessation
(Cholden, Kurland, & Savage, 1955; Gresch,
Smith, Barrett, & Sanders-Bush, 2005; Hint-
zen & Passie, 2010; Isbell, Belleville, Fraser,
Wikler, & Logan, 1956; Nichols, 2016).

LSD is efficiently absorbed via the oral-
digestive route. Time of onset is around 30
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minutes, with peak effects generally reached
by 2-3 hours. Peak effects may be main-
tained for another 2-3 hours, and substan-
tial effects may continue for 10-12 hours
following administration (Dolder et al.,
2017; Hintzen & Passie, 2010).

Following oral-digestive administration
of 100 or 200 ug in healthy humans, plas-
ma concentration peaks at approximately
1.3 ng/ml or 3.1 ng/ml, respectively. Peak
is reached at about 1.5 hours and exhibits a
half-life of 2.6 hours. LSD induces modest
increases in blood pressure, with 100-200
ug doses producing peak systolic increases of
15-20 mm Hg and peak diastolic increases
of 10 mm Hg. Heart rate increased by 10-15
beats per minute at peak, and body tem-
perature by 0.5 degrees Celsius. Autonomic
changes varied in proportion to plasma con-
centration of LSD (Dolder et al., 2017). The
lag between peak plasma concentration and
peak subjective effects may be attributable
to movement of LSD from the blood circula-
tion to active sites in the brain and/or other
mechanisms of delay in cellular-molecular
response pathways (Dolder et al., 2017).

Studies in a variety of animals since the
1950s indicate that LSD is metabolized by
liver enzymes to structurally related, though
physiologically inactive, derivatives (Passie,
Halpern, Stichtenoth, Emrich, & Hintzen,
2008). A predominant metabolite is 2-oxo-
3-hydroxy-LSD. Very little (~1%) LSD is
eliminated in urine as unchanged drug
(Dolder et al., 2017).

In the published research studies, LSD has
been administered either via capsule by the
oral-digestive route, or by intravenous injec-
tion. However, illicit LSD used in nonmedi-
cal settings is frequently self-administered
via the oral-buccal route; that is, small dos-
age amounts and methods of illicit packag-
ing (e.g., blotter paper, liquid, small tablet)
are conducive to simply letting the drug be
absorbed in the mouth. Because of hepatic
metabolism, one would expect this to have
greater bioavailability relative to that of
oral-digestive absorption. However, to our
knowledge, this comparison has not yet
been carefully investigated.

With respect to the comparative effects
of LSD administered by intravenous ver-
sus oral-digestive routes, it has been noted
that an intravenous dose of 75 pg produced
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similar ratings on an altered state of con-
sciousness assessment scale as an oral dose
of 100 pg, and lower ratings than an oral
dose of 200 pg (Liechti, 2017). It has also
been noted that the comparative dose effects
of LSD administered by intravenous versus
oral-digestive routes are far more similar
than the comparative dose effects of psilocy-
bin administered by these two routes; psilo-
cybin is approximately 10 times less potent
by the oral route compared to the intrave-
nous route (Carhart-Harris et al., 2015).

The Discovery of LSD by Albert Hofmann

The story of LSD’s discovery as told by Al-
bert Hofmann (1906-2008) is truly one
of the great tales in the history of modern
science. Hofmann (2013) relates the story
eloquently in his autobiographical memoir,
LSD: My Problem Child.

Following doctoral work at the Univer-
sity of Zurich investigating the chemistry of
chitin, the structural material from which
invertebrate exoskeleton is composed, Hof-
mann in 1929 went to work for Sandoz, a
pharmaceutical company located in Basel,
Switzerland. There he joined a project in-
vestigating cardioactive glycosides isolated
from squill and foxglove plants. After com-
pleting work elucidating the chemical struc-
tures of these compounds, he transitioned in
1935 to work on ergot alkaloids.

Ergot (Claviceps purpurea) is a fungus
that grows on cereal grains and wild grasses,
especially rye. Extracts of ergot have been
used by midwives for centuries as an aid to
childbirth, promoting uterine contractions
and facilitating difficult childbirth. Also
possessing vasoconstrictive properties, ergot
extracts were useful in reducing postpartum
bleeding.

Outbreaks of ergot growth on cereal
grains appear to have led to mass poison-
ings of entire villages in Europe during the
Middle Ages. Symptoms of ergot toxicity
include the central nervous system effects
of seizures, mania, and psychosis, as well
as painful gangrene resulting from periph-
eral vasoconstriction. Ergot poisoning was
referred to as Saint Anthony’s fire, referenc-
ing the fiery pain of the condition and the
third-century Christian monk Anthony of
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Egypt (251-356), patron saint in the healing
of skin conditions.

Ergot contains a diverse array of alka-
loids, many of which are derivatives of ly-
sergic acid. Arthur Stoll (1887-1971), Albert
Hofmann’s supervisor at Sandoz, had spent
several years investigating the chemistry of
the ergot alkaloids and had isolated and
identified ergotamine several years prior to
Hofmann’s arrival at Sandoz. When Hof-
mann began work on ergot alkaloids, the
intention was to develop chemical deriva-
tives having beneficial medicinal properties,
while perhaps also being less toxic. In 1938,
Hofmann sought to produce a diethylamide
derivative of lysergic acid, drawing inspira-
tion from the commercial pharmaceutical
agent Coramine, a respiratory and circula-
tory stimulant marketed by Ciba, another
Basel pharmaceutical company. Coramine is
nicotinic acid diethylamide, and Hofmann
hoped that lysergic acid diethylamide might
be a new and improved respiratory and cir-
culatory stimulant.

Thus, in November 1938, Hofmann syn-
thesized lysergic acid diethylamide (Lyserg-
saure-diethylamid), labeling it in his notes
“LSD-235,” because it was the 25th in a series
of ergot alkaloid derivatives he had made.
Hofmann passed the new chemical along to
his colleagues in the pharmacological testing
department of Sandoz, where it was found
to have unremarkable effects in tests with
laboratory animals and deemed not suitable
for further exploration. Hofmann moved on
to making other derivatives of ergotamine.

The following year, World War II began
to consume Europe. Although Switzerland
was a neutral country, it nonetheless main-
tained a small defensive army, and Hofmann
spent time engaged in military activities dur-
ing this period (Hagenbach & Werthmiiller,
2011). He also had a growing family, and
he and his wife Anita were parents of three
young children by 1943. All the while, he
continued his work on derivatives of ergot
alkaloids. Two of his products of that era
later became widely used medications: meth-
ylergometrine (Methergine) for stimulation
of uterine contractions and reduction of
postpartum bleeding, and dihydroergotox-
ine (Hydergine) to improve cognitive func-
tion, especially in elderly persons. And amid
all this, Hofmann did not stop thinking
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about LSD. He had a feeling, an intuition,
that this chemical was more interesting than
what had been appreciated in the initial in-
vestigation of its properties.

And yet I could not forget the relatively “unin-
teresting” LSD-25. A peculiar presentiment—
the feeling that this substance might possess
properties beyond those established in the first
pharmacological studies—induced me, five
years after that first synthesis, again to pro-
duce LSD-235, so that a sample could be given
to the pharmacological department for further
tests. This was quite unusual; experimental
substances, as a rule, were definitely stricken
from the research program when once deemed
to be lacking in pharmacological interest.
(Hofmann, 2013, p. 18)

Thus, on April 16, 1943, Hofmann re-
synthesized his creation of 5 years earlier.
During the final purification steps, he began
to experience unusual sensations. Later, he
submitted this description as part of a report
to his supervisor:

Last Friday, 16 April 1943, I was forced to in-
terrupt my work in the laboratory in the mid-
dle of the afternoon and to go home, being af-
fected by a remarkable restlessness, combined
with a slight dizziness. At home I lay down
and sank into a not unpleasant, intoxicated-
like condition, characterized by an extremely
stimulated imagination. In a dream-like state
with eyes closed (I found the daylight to be un-
pleasantly glaring), I perceived an uninterrupt-
ed stream of fantastic pictures, extraordinary
shapes with an intense, kaleidoscopic play of
colors. After some two hours this condition
faded away. (Hofmann, 2013, p. 18)

Rather than simply dismiss his unusual
Friday-afternoon experience, Hofmann
surmised that perhaps it resulted from in-
advertent absorption of a small amount of
the novel chemical he had been synthesizing.
He resolved to investigate this possibility the
following Monday by intentionally ingest-
ing a small measured amount of LSD. Thus,
near the end of his day of work on April 19,
1943, Hofmann measured out a very small
quantity of LSD—0.25 mg (250 pg)—an
amount chosen to be at the lower limit of
any presumed effectiveness of even a very
potent ergot alkaloid or other natural prod-
uct. At 5:00 P.M., 40 minutes after ingesting
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the LSD, Hofmann recorded in his labora-
tory notebook:

“beginning dizziness, feeling of anxiety, vi-
sual distortions, symptoms of ataxia, desire to
laugh.” Here the notes in my laboratory jour-
nal cease. I was able to write the last words
only with great difficulty. By then it was quite
clear to me that LSD had been the cause of the
remarkable experience of the previous Friday,
for the altered perceptions were of the same
type as before, only much more intense. I had
to struggle to speak intelligently. I asked my
laboratory assistant, who had been informed
of my self-experiment, to escort me home. We
went by bicycle, no automobile being avail-
able because of wartime restrictions on their
use. On the way home, my condition began to
assume threatening forms. Everything in my
field of vision wavered and was distorted as if
seen in a fun-house mirror. I also had the sen-
sation of being unable to move from the spot.
Nonetheless, my assistant later told me that we
had bicycled quite rapidly. Finally, we arrived
at home. (Hofmann, 2013, p. 19)

My surroundings had now transformed them-
selves in a most terrifying manner. Everything
in the room spun around, and familiar objects
and pieces of furniture assumed grotesque,
threatening forms. . . . Even worse than these
demonic transformations of the outer world
were the alterations that I perceived within
myself, in my inner being. Every exertion of
my will, every attempt to put an end to the
disintegration of the outer world and the dis-
solution of my ego, seemed so much wasted
effort. A demon had invaded me, had taken
possession of my body, mind, and soul. ... My
body seemed to be without sensation, lifeless,
strange. Was I dying? (Hofmann, 2013, p. 20)

Albert Hofmann was inadvertently ex-
periencing the world’s first full-blown acid
trip. He was unprepared for the experience,
and it was not pleasant. The family physi-
cian was summoned, as was Hofmann’s
wife, Anita. She and their three children had
traveled that day to visit her parents in an-
other city. The physician indicated that there
were no signs of a threatening illness, ex-
tremely dilated pupils being the only abnor-
mal symptom present. After several hours,
Hofmann’s distress began to abate.

Slowly I returned from a weird, unfamiliar
world to my reassuring, everyday reality. The
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horror softened and gave way to a feeling of
great fortune and immense gratitude; more
normal perceptions and thoughts returned,
and I became more confident that the danger
of insanity was decidedly past. Now, little by
little, I could begin to enjoy the unprecedented
colors and plays of shapes that persisted be-
hind my closed eyes. Kaleidoscopic, fantastic
images burst in upon me, alternating, varie-
gated, opening and then closing themselves
in circles and spirals, exploding in colored
fountains, rearranging and hybridizing them-
selves in constant flux. It was particularly re-
markable how every acoustic perception, such
as the sound of a doorknob or of a passing
automobile, became transformed into optical
perceptions. Every sound generated a vividly
changing image, with its own particular form
and color. (Hofmann, 2013, p. 21; original
emphasis)

Late in the evening Hofmann’s wife ar-
rived back home and, exhausted, he was fi-
nally able to sleep. Upon awakening the next
morning, he was struck by how refreshed he

felt.

A sensation of well-being and renewed life suf-
fused me. My breakfast tasted delicious and
gave me extraordinary pleasure. When I later
walked out into the garden, in which the sun
now shown after a springtime rain, everything
glistened and sparkled in a fresh light. The
world was as if newly created. All my senses
vibrated in a state of utmost sensitivity, which
lasted for the entire day. (Hofmann, 2013,
p. 22)

Hofmann was impressed that his memory
of the previous evening’s experience of ex-
treme intoxication was clear and vivid, and
there were no negative “hangover” effects.
He quickly appreciated that he had synthe-
sized a truly amazing chemical—one that
generated a novel constellation of powerful
psychological effects, having potency un-
precedented among known pharmaceuti-
cals, and possibly low physiological toxicity
as well. In 1943, there was little apprecia-
tion of the brain as a neurochemical system.
The only known neurotransmitters at the
time were acetylcholine and norepinephrine,
and these were known via their actions in
the peripheral autonomic and neuromus-
cular systems, not the brain. Yet here was
a chemical—LSD—a very tiny quantity of
which had a powerful impact on the psyche,
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presumably because of some chemical inter-
action within the brain. Hofmann and his
colleagues proposed that this could be of
extraordinary utility as a therapeutic and
research tool in psychiatry.

That same year, a report describing LSD’s
chemical properties was published by Ar-
thur Stoll and Albert Hofmann (1943). In
1947, Werner Stoll, son of Arthur and a phy-
sician at the Psychiatric Clinic of the Univer-
sity of Zurich, described the effects of a se-
ries of LSD administrations on several dozen
healthy individuals, as well as a number of
patients suffering from various mental disor-
ders (including schizophrenia). A U.S. patent
for LSD as a therapeutic agent was filed in
1948. However, Sandoz believed that more
research was needed to explore LSD’s po-
tential therapeutic utility. To facilitate this,
beginning in the late 1940s (and continuing
until 1966), Sandoz produced LSD under
the brand name Delysid and made it avail-
able to physicians and psychologists for the
purpose of conducting clinical and scientific
research. The user’s manual (package insert)
for Delysid indicated the availability of two
forms—a sugar-coated tablet (25 pg) and a
liquid solution (100 pg)—and provided the
following descriptive text (Hofmann, 2013,
pp- 40-41):

INDICATIONS AND DOSAGE

Analytic psychotherapy, to elicit release of
repressed material and provide mental relax-
ation, particularly in anxiety states and ob-
sessional neuroses. The initial dose is 25 mcg.
This dose is increased at each treatment by 25
mcg until the optimum dose (usually between
50 and 200 mcg) is found. The individual
treatments are best given at intervals of one
week.

Experimental studies on the nature of psy-
choses: By taking Delysid himself, the psychia-
trist is able to gain an insight into the world of
ideas and sensations of mental patients. Dely-
sid can also be used to induce model psychoses
of short duration in normal subjects, thus fa-
cilitating studies on the pathogenesis of mental
disease. In normal subjects, doses of 25 to 75
mcg are generally sufficient to produce a hal-
lucinatory psychosis.

Pathological mental conditions may be in-
tensified by Delysid. . . . Delysid should only
be administered under strict medical supervi-
sion. The supervision should not be discon-
tinued until the effects of the drug have com-
pletely worn off.
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Hofmann often stated that he did not
find LSD, that rather, it found him—that
it was a discovery the world needed and he
was but the vehicle, a “little Swiss chemist.”
Hofmann’s “scientific discoveries, his philo-
sophical writings, his wisdom and the depth
of his humanity, have established his reputa-
tion as one of the outstanding personalities
of our era” (Feilding, 2008, p. v). LSD has
had an enormous and extended impact on
the modern world, and Hofmann’s scientif-
ic work was of the kind deserving a Nobel
Prize. However, due to the complex circum-
stances that followed the emergence of the
use of psychedelic chemicals in the wider
culture, such honors are not yet within the
realm of consideration. Contemporary so-
ciety is still working to achieve a balanced
perspective on LSD.

LSD and the Origins
of Biological Psychiatry
and Neuropsychopharmacology

The early 1950s witnessed the beginnings of
conceptualizing connections between brain
function and behavior in terms of chemistry.
In 1949, the lithium ion’s calming effect on
mania in psychiatric patients was reported
from Australia. In 1952, in Paris, the anti-
histamine and sedative chlorpromazine was
tested on psychiatric patients and found to
have dramatic effects in reducing symptoms
of mania and psychosis. Not long thereafter,
the mood-elevating effects of antituberculo-
sis drugs, later appreciated to be inhibitors
of monoamine oxidase, were observed.
Alsoin 1952, a semmal paper proposing a
relationship among brain chemistry, mental
illness, and the psychotomimetic effects of
mescaline was published by British psychia-
trists Humphry Osmond and John Smythies
(1922-2019). Another important event in
this early trajectory was the 1952 discovery
of the chemical serotonin (5-hydroxytrypta-
mine [5-HT]) in the mammalian brain. This
substance was known at the time to be pres-
ent in the gut and in the blood and to affect
smooth-muscle contraction and blood-vessel
tone (Green, 2008; Twarog, 1988; Whitak-
er-Azmitia, 1999). The appreciation of sero-
tonin’s structural similarity to LSD then led
to the proposal that “mental disturbances
caused by lysergic acid diethylamide were to
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be attributed to an interference with the ac-
tion of serotonin in the brain” (Woolley &
Shaw, 1954, p. 229; see also Green, 2008).

In the years that followed, biogenic amine
theories of psychosis and depression came
to dominate the emerging field of biologi-
cal psychiatry, and dozens of medications to
treat the symptoms associated with psycho-
sis and depression were developed with these
hypotheses in mind. This has continued un-
abated now for more than a half-century.
The development of the contemporary disci-
plines of biological psychiatry, psychophar-
macology, and neurochemistry owe a great
deal to the discovery of LSD and the con-
necting of its powerful effects on the psyche
to chemical interactions in the brain (Nich-
ols & Nichols, 2008).

LSD has high affinity for many neu-
rotransmitter receptors in the brain and
body, in particular receptors for serotonin
and dopamine (Nichols, 2016; Nichols et
al., 2002). The major psychedelic effects of
LSD, as well as other classical psychedelics
(psilocybin, mescaline, DMT), have been
largely associated with agonist actions at the
serotonin type-2A (5-HT,,) receptor (Nich-
ols, 2016). Elegant studies have revealed
elements of the complex molecular orches-
trations activated by the binding of LSD (as
well as other ligands—neurotransmitters
and drugs both psychedelic and nonpsy-
chedelic) to serotonin receptors (Kim et al.,
2020; Wacker et al., 2013, 2017).

Additional support for the interaction be-
tween LSD and monoamine neurotransmit-
ter systems comes from interview data as-
sessing the impact of chronic use of several
psychiatric medications on the magnitude
of LSD’s psychedelic effects. Use of tricyclic
antidepressants or lithium was found to be
associated with subjective increases in hal-
lucinatory and psychological responses to
LSD, while use of selective serotonin reup-
take inhibitor or monoamine oxidase inhibi-
tor antidepressants was found to decrease
or even eliminate the subjective response to
LSD (Bonson, Buckholtz, & Murphy, 1996;
Bonson & Murphy, 1996).

Serotonin and multiple types of sero-
tonin receptors are located throughout the
body and brain, and serotonin is known to
be involved in the regulation of numerous
processes, including modulatory effects on
mood, anxiety, arousal, sleep, sexual activ-
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ity, appetite, memory, perception, and emo-
tion (Nichols & Nichols, 2008).

While LSD’s effects at 5-HT,, and other
serotonin receptors is a key aspect of its in-
teraction with human physiology, it is good
to keep in mind our inclination to oversim-
plify the complexity of living organisms. We
often seek straightforward explanatory pic-
tures revolving around single identified neu-
rotransmitters and receptors, and simplistic
ways of thinking about brain circuits. How-
ever, the functioning of even a single living
cell is well beyond our capacity to explain in
detail, and certainly there are many pieces
of the cellular and molecular story linking
LSD and its psychedelic effects yet to be dis-
covered.

The First Phase of Clinical Research:
1950s and 1960s

Throughout the 1950s and 1960s, there were
numerous clinical studies of the therapeu-
tic utility of LSD in diverse circumstances.
Among these were facilitation of psychologi-
cal exploration in analytic psychotherapy;
production of “model psychoses” in order
to investigate and appreciate experiences of
psychotic patients (e.g., psychiatrists, other
clinicians, and researchers working with
psychoses could ingest the drug to induce a
personal experience of the symptoms); treat-
ment of anxiety and depression associated
with terminal illness; treatment of alcohol-
ism and other addictions; and treatment of
chronic depression, manic—depression, and
psychosis (schizophrenia).

Many of these studies were conducted
rather informally in the clinics and offices
of psychotherapists. And even when investi-
gations were conducted in research institu-
tions associated with medical centers and
universities, they were conducted at a time
that lacked today’s standards of institutional
oversight and scientific meticulousness. An
excellent review of this era indicates that
“the standards for scientific reporting on
clinical studies were often much less rigor-
ous than they are today and relied heavily on
the judgment of clinical investigators (rather
than on validated outcome measures). . . .
Thus, the early studies with LSD are best
understood as providing valuable pilot data
on safety and efficacy, as well as testable hy-
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potheses for future studies” (Bonson, 2018,
pp. 592, 598).

The first human clinical study with LSD
published in English appeared in 1950 and
described the administration of LSD to 29
psychiatric patients, most of whom were di-
agnosed with schizophrenia and other severe
conditions (Busch & Johnson, 1950). The
study was intended to facilitate the expression
of material that might be of use in analytic
psychotherapy. While other clinical investi-
gations of this era also administered LSD to
patients having psychosis, it is often conclud-
ed that there is little evidence that it produced
beneficial results in such cases (Bonson,
2018). Nonetheless, pioneer LSD clinical re-
searcher and psychotherapist Stansilav Grof
(born in 1931) describes examples of success-
ful treatment of select psychotic individuals
in highly structured, intensive inpatient set-
tings (Grof, 1975, 1980/2001).

As a component of the psychotherapeutic
treatment of anxiety and mood disorders,
LSD was primarily explored in two different
ways (Pahnke, Kurland, Unger, Savage, &
Grof, 1970). So-called psycholytic therapy
involved using smaller doses of LSD (e.g.,
25-150 pg) on a periodic basis as a compo-
nent of ongoing psychoanalytic therapy, to
loosen psychological defenses and facilitate
exploration and processing of emotionally
charged material. Psychedelic therapy used
larger doses (>200 pg) with the intention of
producing ego dissolution and perhaps a full
mystical experience. In this circumstance,
LSD’s transformative power is proposed to
derive from some sort of dramatic reconfigu-
ration of neural and psychological dynamics.

Another area of significant clinical re-
search during the 1950s and 1960s was the
treatment of alcohol addiction (Dyck, 2006,
2008; Grinspoon & Bakalar, 1979/1997; Li-
ester, 2014; Mangini, 1998). While many of
these projects claimed to be effective in re-
ducing alcohol abuse, they suffer, like other
investigations of that era, from lack of clear
standards of outcome and well-designed
controls (Bonson, 2018). Nonetheless, a me-
ta-analysis of six published studies from the
1960s—all of which were conducted using
randomized controls—showed efficacy of
LSD in decreasing drinking behavior from a
single high dose (210-800 pg) administered
in the context of a therapeutic treatment
program (Krebs & Johansen, 2012).
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The initial investigation of alcoholism
treatment in the early 1950s (Humphry Os-
mond and collaborators) operated from a
hypothesis that a psychedelic-induced state
of somatic and cognitive chaos might have
similarities to the life-threatening delirium
tremens (DTs) of alcohol withdrawal, and
foster such a psychic shaking-up that sobri-
ety would be a result. Later the hypothesis
shifted away from any specific association
with DTs and more toward the evocation
of a transformative mystical experience,
wherein the subject would experience il-
luminative insights that resulted in lasting
changes of reduced self-destructive behavior
(e.g., addictive use of alcohol).

These studies drew the attention of Bill
Wilson (1895-1971), a recovering alco-
holic who in the 1930s cofounded the very
successful self-help network of Alcoholics
Anonymous (AA). Wilson’s own recovery
from alcoholism had been catalyzed by a
spiritual (mystical) experience he had while
in treatment in 1934 (Alcoholics Anony-
mous, 1984). By the late 1950s, Wilson had
been abstinent from alcohol for more than
20 years, but he was nonetheless interest-
ed in seeing what the LSD experience was
about, and whether it would be something
that AA ought to recommend to those who
were still struggling with breaking free from
the grip of alcohol dependence.

Between 1956 and 1958, Wilson trav-
eled to California and engaged in several
LSD psychotherapy sessions at the UCLA/
LA Veterans Administration Medical Center
with Drs. Sidney Cohen (1910-1987) and
Betty Eisner (1915-2004). He found these
experiences to be similar to the experience
that propelled him into recovery years be-
fore and was thus optimistic that LSD might
be of help to other alcoholics. However, the
AA directorship was not supportive of the
idea of recommending a psychoactive drug
to individuals suffering from a drug (i.e., al-
cohol) addiction; thus the use of LSD as a
therapeutic tool was not further discussed
within the AA organization (Alcoholics
Anonymous, 1984; Walsh & Grob, 2005).

Reviews of clinical work with LSD in
those early decades, covering tens of thou-
sands of drug administrations in controlled
settings, describe wide-ranging results while
speaking to valuable therapeutic poten-
tial and very low rates of adverse reactions
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(Cohen, 1960; Malleson, 1971; Pahnke et
al., 1970). The early era of clinical research
was ripe with promise and set the stage for
further and more careful exploration of the
complex effects of LSD on the psyche.

The Cultural Context of the 1960s

In parallel with the academic and clinical
investigation of LSD in the 1950s, the U.S.
government (the Central Intelligence Agency
[CIA] and various components of the De-
partment of Defense) sponsored secret pro-
grams of investigation that explored the use
of LSD as a chemical weapon, one that could
mentally incapacitate an enemy without kill-
ing them. Also of interest was the possibility
that LSD might aid interrogation, placing in-
dividuals in a vulnerable state of mind more
conducive to disclosing information. While
some of the academic and clinical investi-
gations taking place at legitimate research
institutions received funding through these
government programs, other programs were
more covert and blatantly unethical, such as
those that administered LSD and other in-
toxicating drugs to individuals without their
knowledge or consent, in order to observe
the effects. Although many of the records of
these projects appear to have been destroyed
or redacted, enough remains for journalists,
using the U.S. Freedom of Information Act,
to have produced several comprehensive ex-
posés of the era (Kinzer, 2019; Lee & Sh-
lain, 1985; Marks, 1991; Stevens, 1987).
And at least one of the researchers has re-
called and recorded events of that era as well
(Ketchum, 2006).

Concern developed at the time regarding
dependence on a foreign company (Sandoz
in Switzerland) to supply LSD, prompting
the CIA to ask an American pharmaceuti-
cal company to develop a means of syntheses
that could be independently patented. Thus,
a total synthesis of lysergic acid—one not re-
quiring ergot fungus as the starting materi-
al—was published in 1956, and a patent was
filed the same year (Kornfeld et al., 1956).
Eventually the U.S. government abandoned
these programs exploring the weaponization
of LSD (Lee & Shlain, 1985).

By the end of the 1950s, information about
psychedelic substances was penetrating pop-
ular American culture. The influential au-
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thor Aldous Huxley (1954) had written The
Doors of Perception, detailing his experi-
ence with mescaline, and R. Gordon Wasson
(1898-1986) had authored an article in 1957
in the popular weekly magazine Life describ-
ing his experience with shamanic ceremonial
use of hallucinogenic mushrooms in Mexico.
Poet Allen Ginsberg (1926-1997) wrote in
1959 a 154-line poem on “Lysergic Acid”
and another on “Mescaline” (Ginsberg,
1961), and the popular philosopher of Asian
spiritual traditions Alan Watts (1915-1973)
wrote glowingly of the psychological power
and potential of LSD in 1960 and 1962.

For several years beginning in 1958, Ken
Kesey (1935-2001) was affiliated with a
postgraduate writing program at Stanford
University in California. Nearby, at the
Menlo Park Veterans Administration Hos-
pital, government-funded research projects
were taking place, administering LSD and
other powerful psychoactive substances to
volunteer subjects and recording their ef-
fects. Kesey, who previously had no appre-
ciation of such substances, volunteered to
ingest LSD and answer questions put to him
about his experience. Around the same time,
he also worked as a clinical aid in the psy-
chiatric treatment unit at the same hospital.
All this contributed to the creation of his
highly acclaimed novel One Flew Over the
Cuckoo’s Nest (1962).

Kesey went on to become a public ad-
vocate of LSD, traveling far and wide in a
wildly painted bus named Further—includ-
ing a trip across the breadth of the United
States in 1964. He and a group of friends,
the “Merry Pranksters,” orchestrated a se-
ries of West Coast LSD parties called “Acid
Tests,” with music provided by a new band,
The Grateful Dead. At one point, the author
Tom Wolfe (1930-2018) tagged along with
the Pranksters for several weeks and subse-
quently birthed a widely read and highly ac-
claimed book describing the philosophy and
adventures of Kesey and the Pranksters: The
Electric Kool-Aid Acid Test (1968).

Meanwhile, on the East Coast at Harvard
University, Timothy Leary (1920-1996) and
Richard Alpert (1931-2019) began their Psi-
locybin Research Project in 1961. In 1963
they were dismissed from Harvard as a re-
sult of the psychic turmoil that can ensue
with use of psychedelics (Dass, Metzner,
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& Bravo, 2010; Lattin, 2010). Immediately
after this, their focus of exploration shifted
to LSD. They produced a classic guidebook
of sorts—The Psychedelic Experience: A
Manual Based on the Tibetan Book of the
Dead (Leary, Metzner, & Alpert, 1964)—
appreciated for its recommendations in use
of the psychedelic experience as an opportu-
nity for psychological and spiritual learning
and growth.

Unfettered by the etiquette of the acade-
my, Leary attracted a great deal of media at-
tention with his flamboyant and provocative
style. He gave numerous public lectures pro-
moting personal experimentation with LSD
and other psychedelics (Leary, 1983). Alpert
journeyed to India in 1967 and came back
as Ram Dass (Dass, 1971; Walsh & Grob,
2005). His writings and public lectures over
the decades have contributed to the intro-
duction of Asian spiritual philosophies into
American culture. Ralph Metzner (1936-
2019), a graduate student who worked with
Leary and Alpert at Harvard, went on to be-
come a pioneering scholar of consciousness
and its transformations, academic educator,
renowned shamanic teacher, and psycho-
therapist (Metzner, 1968, 2017).

There were multiple other foci of experi-
mentation with LSD during the 1960s. A leg-
endary and enigmatic character of the era,
Al Hubbard (1901-1982), sometimes called
the “Johnny Appleseed of LSD,” introduced
key individuals far and wide to its power-
ful experiential effects (Lee & Shlain, 1985;
Fahey, 1991). And in the San Francisco re-
gion later known as Silicon Valley, a group
of engineers and psychologists investigated
LSD’s potential to aid creative problem solv-
ing (Fadiman, 2011; Walsh & Grob, 2005).

As millions of doses of LSD were being
ingested in a vast array of uncontrolled set-
tings, adverse reactions to its powerful psy-
chological effects may have been anticipat-
ed. The impressive safety record and positive
outcomes of LSD used in controlled thera-
peutic and research settings did not neces-
sarily extend to situations of uncontrolled
and ill-prepared use, and the adverse events
that did occur were often exaggerated by
the media (Siff, 2015). By 1966 there were
widely read magazine stories with headlines
such as “LSD: The exploding threat of the
mind drug that got out of control. Turmoil
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in a capsule: One dose of LSD is enough to
set off a riot of vivid colors and insights—or
of terror and convulsions” (Life magazine
cover of March 25, 1966).

Research concluding that LSD produced
chromosome damage and birth defects ap-
peared in prominent scientific and medi-
cal journals and was repeated often in the
popular press. While these findings were
soon discredited, the additional negative
contribution to LSD’s reputation had been
accomplished and there was no going back
(Dishotsky, Loughman, Mogar, & Lip-
scomb, 1971; Presti & Beck, 2001).

Genetic damage was only one of many
1960s-era myths that sprang up around
this powerful substance. Others were that
users frequently “went crazy” and remained
crazy: “Use LSD seven times and you are
legally insane,” went one such myth. Star-
ing at the sun and going blind, thinking one
can fly and jumping from a high place, and
ingesting LSD often contaminated with ad-
ditives such as strychnine and amphetamine
were among other pervasive myths (Presti
& Beck, 2001). The social discourse related
to LSD very likely had substantial impact
on how users interpreted their experiences:
Was one dealing with the complexities of the
psyche and the state of the world, or was one
going permanently insane? The development
of informed-user subcultures in the 1960s—
peer groups that could educate and counsel
one another—Ilikely helped to modulate and
reduce potential adverse reactions (Becker,
1967).

In 1966, Sandoz withdrew Delysid from
the market. But it was clear already that
Delysid (diverted from clinical and research
projects) alone could not provide for the de-
mand engendered by the growing popularity
of LSD. Other sources were necessary; thus,
there emerged a number of underground
chemists who operated with an intention to
synthesize LSD and make it widely available.
This began in the United States and Europe
in the early 1960s. Among these chemists
who became publicly well known were Au-
gustus Owsley Stanley (1935-2011), known
as Owsley, who produced LSD between
1965 and 1967; Tim Scully (born in 1944),
who produced LSD from 1966 to 1969; and
Nicholas Sand (1941-2017), who produced
LSD on and off between 1966 and 1996. All
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were arrested at various times, and all spent
periods in prison for manufacturing LSD.
Tens of millions of doses were synthesized
and distributed. And to this day, LSD con-
tinues to be available in the illicit market.

For at least some of these underground
chemists, their mission was self-described as
alchemical—a bow to the ancient discipline
that preceded modern chemistry. Alchemy
was concerned both with transformations of
matter (here, the synthesis of LSD) and with
transformations of the psyche (here, the belief
held by the chemists that their work would
shift and transform the collective human
mindset) (for a beautiful exposition on alche-
my and LSD, see Metzner, 2017). Quoting
Nicholas Sand (2001, p. 39; Grimes, 2017):
“This planet must be lovingly cared for or we
are all doomed. We are the guardians of life
and planetary harmony. This is where we are
going. That is what I have seen in my visions,
and that is what I have been working for all
of my life. That is what I will continue to do
until my last breath.”

The high potency of LSD requires that
small quantities be accurately partitioned
into individual dosage units. Sandoz’s Dely-
sid came packaged as a tablet or liquid solu-
tion of precise concentration. The LSD pro-
duced by chemists such as Owsley and his
contemporaries was primarily distributed
in tablet or capsule form. Another method
of dose packaging was called “window-
pane”—LSD-impregnated gelatin. In the
1960s, the dosage unit of illicitly synthe-
sized and distributed LSD was typically in
the 200- to 333-pg range—a strong psyche-
delic dose. Sometime in the 1970s, “blotter”
LSD began to appear, a mode of distribu-
tion that has remained a dominant form of
illicit LSD for nearly five decades. Here, ab-
sorbent paper is saturated with LSD in solu-
tion, calibrated so that the quantity of LSD
absorbed into a small measured area (one-
fourth inch square) contains a one-unit dose
of drug. The blotter paper is perforated, so
that the dosage units can be easily divided
and a sheet of blotter paper typically has 30
x 30 = 900 dosage units. In addition, over
the decades, LSD blotter paper has been
imprinted with an astounding panoply of
colorful art. Beginning in the early 1970s,
illicit LSD began to appear in reduced dos-
age: Rather than 200+ ug per dosage unit,
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a unit dose was found to often be in the 60
to 100 ug range (based on estimates deter-
mined from blotter acid confiscated by law
enforcement).

Perhaps the single most important factor
in bringing about the severe legal restrictions
on LSD was its association with the 1960s
counterculture, driven in large part by op-
position to the war in Southeast Asia, but
also very much opposing the growing mili-
tary—corporate control of society in general.
The impact of this association is difficult to
overestimate in its import to the demoniza-
tion of LSD and subsequent draconian legal
control (also applied to other psychedelics,
and to cannabis as well) (Lee & Shlain,
1985; Stevens, 1987).

The first laws against LSD were institut-
ed in 1966, including U.S. federal prohibi-
tion of manufacture and sale (although not
yet possession). An increasing set of legal
restrictions at state and federal levels de-
veloped over the following years. In 1968,
LSD possession was outlawed federally, and
when the comprehensive Federal Controlled
Substances Act was implemented in 1970,
LSD (as well as other known psychedelic
chemicals) were deemed Schedule I con-
trolled substances—drugs lacking approved
medical use and considered highly danger-
ous and prone to abuse as well. The follow-
ing year, the United Nations Convention on
Psychotropic Substances pronounced LSD to
be Schedule I internationally. Once widely
accepted for its therapeutic and research po-
tential, LSD was now illegal at the highest
level, worldwide.

While it has sometimes been convenient
to place blame for this severe regulation as
a response largely catalyzed by the activities
of a few specific individuals—with the most
frequently scapegoated individual by far
being Timothy Leary—it seems highly likely
the complex course of events of the 1950s
and 1960s would have resulted in a similar
outcome no matter what individuals with
their unique personalities had been involved.
LSD and other psychedelics are incredibly
powerful, and contemporary Western soci-
ety lacked the shamanic and spiritual infra-
structure to guide and contain that power.
It is important to remember this as we move

forward with the benefits—such as they may
be—of hindsight.

INDIVIDUAL HALLUCINOGENS
Adverse Effects and Toxicity

For LSD (and other psychedelic substances)
the most significant adverse effects are acute
anxiety and panic—the so-called “bad trip.”
Such adverse effects can be minimized or
contained with appropriate attention to set
and setting. Actually, in the context of a
therapeutic process, such firsthand contact
with difficult psychological material can
be the springboard for significant positive
shifts—a transformational antecedent rath-
er than an adverse effect. This may be sup-
ported by a skilled therapist or guide, and
also may happen within the course of one’s
own internal process. Any single experience
with LSD may contain both positive and
negative mood states. The longer-term take-
away from an experience depends altogether
on how one relates to psychological material
that emerges and, very 1mportantly, how one
then integrates the experience into one’s life.
There are reports of individuals suffering
long-term anxiety, depression, and psycho-
sis in association with LSD use. Even so,
reviews of clinical administrations of LSD
during the 1950s and 1960s have document-
ed very low rates of adverse effects (Cohen,
1960; Malleson, 1971). Moreover, the pub-
lished literature from this era suggests that
chronic adverse effects, when they do occur,
are most often associated with psychological
instability prior to exposure to LSD (Grin-
spoon & Bakalar, 1979/1997; Strassman,
1984). For example, persons with certain
personality disorders, active bipolar or psy-
chotic conditions, or latent mental disorders
(e.g., a positive family history for schizo-
phrenia, suggesting a possible genetic risk
for developing psychosis) may have symp-
toms triggered from LSD use and suffer
chronic problems thereafter. Such individu-
als would also be at risk from exposure to a
variety of other environmental stressors.
More recently, assessments of LSD and
other psychedelic use in uncontrolled non-
medical settings have been conducted by an-
alyzing comprehensive survey data compiled
annually in the United States via the Nation-
al Survey of Drug Use and Health (NSDUH).
Analyses of NSDUH data between 2001 and
2004 (Krebs & Johansen, 2013b) and be-
tween 2008 and 2012 (Hendricks, Thorne,
Clark, Coombs, & Johnson, 2015; Johan-
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sen & Krebs, 2015) found no relationship
between lifetime use of psychedelics (LSD,
psilocybin-containing mushrooms, mesca-
line, peyote cactus) and any negative mental
health outcomes—including symptoms char-
acteristic of a variety of mood, anxiety, and
psychotic disorders, other serious psycho-
logical distress, and engagement with men-
tal-health treatment (inpatient, outpatient,
psychiatric medication). One of these stud-
ies found an association between lifetime
psychedelic use and reduced likelihood of
psychological distress, suicidal ideation, and
suicidal behavior (Hendricks et al., 2015). By
way of contrast, lifetime prevalence of use of
other illicit drugs (cocaine, stimulants, seda-
tives, opioids, cannabis) was associated with
increased psychological distress and suicidal
ideation, as well as suicide planning and at-
tempts (Hendricks et al., 2015).

It is now generally agreed that LSD is
physiologically safe, especially when mod-
erate doses are used. Cardiovascular and
other autonomic effects are modest. There
has never been a documented death due to
LSD use at typical recreational doses (Ero-
wid, 2018a; Nichols & Grob, 2018). More-
over, there have been cases of individuals
consuming massive doses and surviving
without any reported residual effects. For
example, eight individuals insufflated a very
high dose of LSD, believing it to be cocaine
(Klock, Boerner, & Becker, 1974; Nichols &
Grob, 2018). They received emergency medi-
cal treatment 15 minutes after insufflating
the drug, at which point five were comatose.
Three required assisted ventilation. Tachy-
cardia was also present, as well as hyper-
thermia and generalized bleeding in some
of the patients. Blood analyses measured
up to 26 ng/ml, and gastric analyses up to 7
mg/100 ml. There were no seizures reported,
and none of the eight patients required sup-
portive treatment extending past 12 hours.
“Most did not remember being brought to
the hospital; otherwise no apparent psycho-
logic or physical ill effects were noted in a
year of follow-up examinations of five pa-
tients” (Klock et al., 1974).

While there have been fatalities associ-
ated with engaging in dangerous behavior
while intoxicated, there appear to be only
a very small number of such reports involv-
ing LSD—impressively low when contrasted
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with the tens of millions of doses of LSD
consumed over more than 50 years of wide-
spread popular use. Other deaths initially
associated with LSD were later ruled to be
due to excessive restraint by police or to in-
gestion of drugs other than LSD (Nichols &
Grob, 2018).

The advent of synthetic drugs unrelated
to LSD but possessing substantial physi-
ological activity at submilligram doses has
given rise to a situation wherein blotter sold
at festivals, concerts, and other venues and
portrayed as “blotter acid” containing LSD
actually may contain no LSD and rather, on
a number of occasions, has been found to
instead contain potent synthetic intoxicants
that carry dangers not associated with LSD.
One such substance, 25I-NBOMe (4-io-
do-2,5-dimethoxy-N-[2-methoxybenzyl]-
phenethylamine), is powerfully active at sub-
milligram doses. Unlike LSD, the NBOMe
substances can produce potentially lethal
effects such as hyperthermia, hyperten-
sion, tachycardia, agitated delirium, seizure,
and rhabdomyolysis (Erowid, 2018b; Gee,
Schep, Jensen, Moore, & Barrington, 2016;
Nichols, 2016; Nichols & Grob, 2018; Wal-
terscheid et al., 2014).

Another possible adverse effect that is
often associated with LSD, especially in pop-
ular discussion, is the notion of a flashback.
This word was introduced in early 20th-
century English to describe insertion into
the temporal sequence of a narrative or film
of events taking place at an earlier time. By
1970, it had appeared in the popular media
in association with LSD (Linkletter & Bell,
1970) and soon thereafter was used in the
clinical literature (Shick & Smith, 1970).
Years later Timothy Leary (1983) would po-
etically use the word as the title for his auto-
biographic memoir. (The word has also been
applied as a descriptor of dissociative reac-
tion in the diagnostic criteria for posttrau-
matic stress disorder [PTSD], for example,
in the Diagnostic and Statistical Manual of
Mental Disorders [DSM]).

In their excellent discussion of the flash-
back notion applied to LSD and other
psychedelics, Grinspoon and Bakalar
(197911997, p. 159) have this to say:

Studies of flashbacks are hard to evaluate be-
cause the term has been used so loosely and
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variably. On the broadest definition, it means
the transitory recurrence of emotions and per-
ceptions originally experienced while under
the influence of the drug. It can last seconds or
hours; it can mimic any of the myriad aspects
of a trip; and it can be blissful, interesting, an-
noying, or frightening. Most flashbacks are
episodes of visual distortion, time distortion,
physical symptoms, loss of ego boundaries, or
relived intense emotion lasting a few seconds
to a few minutes. Ordinarily they are only
slightly disturbing, especially since the drug
user usually recognizes them for what they
are; they may even be regarded lightheartedly
as “free trips.” Occasionally they last longer,
and in a small minority of cases they turn into
frightening images or thoughts.

One way of conceptualizing flashbacks
is that memories may be recorded more ro-
bustly in the psychedelic state and may sub-
sequently be more prone to reactivation and
recall. Another related conceptualization of
flashbacks is psychodynamic, a reemergence
of conflictual material encountered dur-
ing the time of the drug action and not yet
fully processed: “Sessions in which the drug
activates areas of difficult emotional mate-
rial and the individual tries to avoid facing
them can lead to prolonged reactions, un-
satisfactory integration, subsequent residual
emotional or psychosomatic problems, or
a precarious mental balance that becomes
the basis for later ‘flashbacks’” (Grof,
1980/2001, p. 134).

In the 1980s a small number of case re-
ports detailing hallucinatory visual sensa-
tions persisting beyond the phase of acute
intoxication with psychedelics led to the
introduction of a new diagnostic category
in DSM-III-R (American Psychiatric Asso-
ciation, 1987): posthallucinogen perception
disorder. The diagnostic criteria were slightly
modified in DSM-IV (American Psychiatric
Association, 1994) and the diagnosis given
a new name: hallucinogen persisting percep-
tion disorder (flashbacks). This condition is
abbreviated as HPPD and has continued as a
diagnosis (without the inclusion of the word
flashbacks) in DSM-5 (American Psychiat-
ric Association, 2013). There are claims that
HPPD is more commonly associated with
LSD than with other psychedelics.

Note that the early reviews of adverse ef-
fects associated with tens of thousands of
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administrations of LSD in clinical settings
did not report any occurrence of persisting
sensory disturbances or other flashback-type
symptoms (Cohen, 1960; Malleson, 1971).
Nor did the more recent analysis of NSDUH
data reveal anything that looked like symp-
toms of HPPD or flashbacks (Krebs & Jo-
hansen, 2013b). Attempts to study the valid-
ity and prevalence of HPPD have concluded
that while it may be a genuine, although
uncommon, condition, and that symptoms
may indeed develop in association with psy-
chedelic use, it is perhaps more related to ex-
acerbation of preexisting psychological and
neurological conditions of anxiety and/or
disturbances of visual processing (Baggott,
Coyle, Erowid, Erowid, & Robertson, 2011;
Halpern, Lerner, & Passie, 2018; Halpern &
Pope, 2003).

Because of its legal classification as a
Schedule I controlled substance, which, by
definition, possesses a “high potential for
abuse,” LSD is often assumed to be addic-
tive. However, LSD, like other classical psy-
chedelics, has negligible addictive potential,
and very low potential for people to use re-
peatedly and suffer adverse consequences as
a result (Nichols, 2016).

The Renewal of Human Research
with LSD

The legal restrictions imposed on LSD be-
ginning in the late 1960s resulted in virtually
no formal human investigation for nearly 40
years. The emergence of the current phase
of sanctioned clinical and scientific investi-
gation with LSD began after human studies
using other Schedule I psychedelic substanc-
es (DMT, 3,4-methylenedioxymethamphet-
amine [MDMA], and psilocybin) had paved
the way.

Beginning in the first decade of the 21st
century, survey research (> 500 persons) in-
dicated that individuals suffering from pain-
ful cluster headaches reported shortening
of headache duration and extended periods
of remission from oral doses of self-admin-
istered LSD (or psilocybin, in the form of
mushrooms), sometimes with doses that were
infrequent and subpsychedelic (Schindler et
al., 2015; Sewell, Halpern, & Pope, 2006).
The therapeutic efficacy of LSD and psilo-
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cybin mushrooms in this regard was seen as
comparable to or better than the best of the
conventional available medical treatments.
There has also been one small study (five
patients) demonstrating therapeutic efficacy
in cluster headache of the nonpsychoactive
LSD analogue 2-bromo-LSD, a derivative
originally synthesized by Hofmann and col-
leagues at Sandoz in the 1950s (Karst, Halp-
ern, Bernateck, & Passie, 2010; Troxler &
Hofmann, 1957).

One of the therapeutic indications for
ergot-based pharmaceuticals produced by
Sandoz since the early days has been treat-
ment of migraines and cluster headaches.
Ergotamine tartrate, sometimes used in con-
junction with caffeine (Sandoz: Cafergot)
has long been available. Another lysergic
acid derivative is methysergide (1-methyl-D-
lysergic acid butanolamide; Sandoz: Deseril
and Sansert). The use of these ergot-derived
pharmaceuticals has been largely eclipsed
by the introduction of triptan medications,
beginning with sumatriptan in the early
1990s. There has yet to be a controlled clini-
cal study of LSD for the treatment of head-
aches.

The first controlled (randomized, double-
blind, placebo-controlled) clinical study
of LSD since circa 1970 was conducted in
Switzerland and initial findings published
by Gasser and colleagues (2014). Twelve
patients with anxiety associated with life-
threatening illness were treated with LSD-
assisted psychotherapy using a moderate
dose (200 pg) or an active placebo (20 pg).
The participants who received the psycho-
therapy with the active dose showed a sig-
nificant reduction in state, or short-term,
anxiety at 2-month follow-up. A 12-month
follow-up study reported sustained reduc-
tions in both short-term and long-term, or
trait, anxiety and increases in quality of life,
with no reported adverse effects (Gasser,
Kirchner, & Passie, 2015).

A major aspect of the current human stud-
ies with psychedelics (LSD and, even more
extensively, psilocybin) has been to revisit
some of the themes that emerged from the
first phase of human research (e.g., treat-
ment of anxiety and depression associated
with life-threatening illness, treatment of
addiction, and capacity to occasion spiritual
experience) now applying modern standards
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of rigorous controls and validated assess-
ment instruments. Another major aspect is
to bring to bear the technologies of func-
tional brain imaging (functional magnetic
resonance imaging [fMRI], electroencepha-
lography [EEG], magnetoencephalography
[MEG], etc.) and cellular and molecular
biology to further elucidate physiological
mechanisms associated with the actions of
LSD and other psychedelics on the human
brain and body.

Studies (double-blind, placebo-controlled)
with healthy human subjects in Switzerland
have resulted in a number of published re-
ports commenting on phenomenology, phys-
iology, and psychological effects, as well as
data on neural correlates of LSD-induced
states of mind (summarized in Liechti,
2017). These studies used either 100 or 200
pg of LSD orally. Various physiological and
psychological changes are described, includ-
ing increased happiness, closeness to others,
openness, trust and empathy, and impaired
recognition of fearful faces (Dolder, Schmid,
Miiller, Borgwardt, & Liechti, 2016; Schmid
et al., 2015).

Several reports describe neural correlates
related to perceptual, cognitive, and emo-
tional experiences, and hypothesize relation-
ships between regional brain activity and
emotional processing, as well as neural net-
work connectivity and subjective experienc-
es (Mueller et al., 2017; Miiller et al., 2017,
2018; Schmidt et al., 2018). Another study
out of Switzerland linked LSD-induced ef-
fects, including induction of a dream-like
state of consciousness and attributions of
personal meaningfulness, to 5-HT,, recep-
tor agonism and also to activity in particu-
lar brain regions (Kraehenmann et al., 2017,
Preller et al., 2017).

Studies in London (using intravenous
doses of 40-80 pg LSD, found to be approx-
imately equivalent to 100 pg by oral admin-
istration) looked at a number of psychologi-
cal outcome measures, as well as measures
of brain activity using fMRI and MEG.
Researchers commented on imagination,
mental imagery, synesthesia, psychosis-like
symptoms, emotional response to music,
heighted mood, and increases in optimism
and trait openness (Carhart-Harris et al.,
2015; Carhart-Harris, Kaelen, et al., 2016;
Kaelen et al., 2015; Terhune et al., 2016).
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Also described were increases in cortical
and thalamic functional connectivity and its
relationship with subjective reports of ego
dissolution (deflned as a lessening of a sense
of a “self” or “ego” distinct from others and
separate from the environment) (Carhart-
Harris, Muthukumaraswamy, et al., 2016;
Tagliazucchi et al., 2016).

The capacity of LSD-catalyzed experi-
ences to have long-term (perhaps lifelong)
impact on behavior suggests that LSD may
have profound impact on neuronal connec-
tivity and memory formation. At cellular
and molecular levels, LSD and other psyche-
delics have been found (both in vivo and in
cell culture) to enhance processes associated
with synaptic plasticity, such as growth of
dendpritic spines and other neuronal process-
es (Ly et al., 2018). LSD has also been found
to influence the expression of genes associ-
ated with transcription factors and other
mediators of synaptic plasticity (Martin &
Nichols, 2018; Nichols & Sanders-Bush,
2002).

Microdosing of LSD

Microdosing is a term used in pharmacol-
ogy to describe administration of miniscule
doses of a drug, well below the threshold for
therapeutic activity (Passie, 2019). Lately it
has been applied in reference to ingesting a
small, subperceptual amount of a psyche-
delic substance—usually about one-tenth
of a moderate dose generally used for a full
psychedelic trip—and has reportedly grown
in popularity over the past several years
(Anderson et al., 2019; Passie, 2019). A
commonly used microdose of LSD is in the
range of 5-10 pg. However, it is important
to bear in mind that contemporary informa-
tion about microdosing of LSD comes pri-
marily from users in informal settings who
often do not know precisely what dose they
are taking.

A study of the impact of small doses of
LSD (4-20 pg) on 14 individuals was con-
ducted in the 1950s (Greiner, Burch, &
Edelberg, 1958). And the effects of subpsy-
chedelic doses (e.g., 20-50 ng), although not
generally subperceptual doses, were often re-
searched in the early days of LSD clinical in-
vestigation (Passie, 2019). In addition, some
of the pioneer investigators occasionally ref-
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erenced the potential psychological value of
lower (subpsychedelic) dosages. Albert Hof-
mann speculated in a 1970s interview that
perhaps doses of circa 25 pg might be useful
to investigate for potential antidepressant ef-
fects (Hofmann & Horowitz, 1976).

Contemporary interest in microdosing
has been in part catalyzed by James Fadi-
man (born in 1939), a psychologist whose
involvement in LSD research dates to the
early 1960s (Walsh & Grob, 2005). Fadi-
man (2011) has offered a protocol to person-
ally assess the effects of microdosing by tak-
ing the subperceptual dose on the morning
of every fourth day for a period of perhaps 1
month, tracking and recording any perceived
differences between these different days, all
the while engaging in one’s regular daily ac-
tivities. This protocol avoids the buildup of
tolerance, as well as provides opportunities
to contrast one’s experience of “on” versus
“off” days. Accounts of individuals using
this protocol describe things such as im-
provement in focus of attention and produc-
tivity, and sometimes improvement in mood.
Reports were summed up as indicating that
many respondents related “positive and
valuable” experiences. A common denomi-
nator of several stories was offered—that
these individuals reported functioning “a
little better than normal” (Fadiman, 2011;
Fadiman & Korb, 2019).

Currently, the number of published studies
on the microdosing of LSD or other psyche-
delics is very small and largely uncontrolled.
Internet-based surveys have addressed self-
reported effects of respondents to microdos-
ing of a variety of psychedelics (Johnstad,
2018) and personality differences between
individuals who microdose versus nonmi-
crodosing controls (Anderson et al., 2019).
An unblinded study in the Netherlands using
microdoses of psilocybin-containing mush-
rooms found increases on several measures
of creative thinking (Prochazkova et al.,
2018). The first randomized, double-blind,
placebo-controlled study of LSD microdos-
ing (5, 10, and 20 pg), conducted in the Unit-
ed Kingdom, reported the only significant
effect of small doses of LSD was overestima-
tion of intervals of elapsed time by the par-
ticipants (Yanakieva et al., 2019).

The question of therapeutic benefits aside,
one may wonder whether the regular and
frequent use—even if not daily use—of
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small doses of LSD or other psychedelic sub-
stances might result in subtle, or not-so-sub-
tle, withdrawal symptoms when regular dos-
ing is curtailed, as has been found to occur
with antidepressant medications—so-called
“antidepressant discontinuation syndrome”
(Horowitz & Taylor, 2019). Given the role
that serotonergic mechanisms likely have in
withdrawal effects that occur after stopping
daily antidepressant medications, one may
surmise that analogous mechanisms could
be operative with regular microdosing of
LSD.

As other facets of human LSD research
have been initiated or renewed within the last
decade, we can expect more well-controlled
and published investigations of microdosing
in the near future. Such investigation should
be able to establish more definitively the ef-
fects on human cognition and emotion of
ingesting tiny doses of LSD. Until this is ac-
complished, it is impossible to say which and
how much of the reported effects of subper-
ceptual doses are due to specific pharmaco-
logical interaction of LSD with brain physi-
ology, and how much may be attributed
solely to belief and expectation—so-called
“placebo effects.” Such expectation effects
might even be enhanced as a result of LSD’s
complex and colorful history; that is, how
could something not be expected from such
a remarkable substance? Placebo effects in
pharmacology can be and often are substan-
tial, and this alone is a profound statement
about the power of the mind-body connec-
tion.

Coda: Shamans, Medicines,
and the Nature of Mind

The most salient aspect of LSD and other
classical psychedelics is the effect they can
have on the psyche—shaking it up, open-
ing it to new information and insight, even
transforming one’s worldview. Somehow
this is related to interactions with brain
physiology, although the details are likely
to be more subtle and complex than what
are presently envisioned. This metamorphic
potential of LSD, used under suitable con-
ditions, could transform the landscape of
treatment for conditions of mental distress,
such as depression and anxiety.

The discovery of LSD set Albert Hofmann
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on a lifelong path investigating the chemis-
try of plants and fungi used by indigenous
cultures around the world in spiritual and
healing ceremonies. All the while, he contin-
ued his work at Sandoz in pharmaceutical
chemistry, going on to become the direc-
tor of the department of natural products
(Hagenbach & Werthmiiller, 2011). Hof-
mann collaborated with mycologist-botanist
Roger Heim (1900-1979) and ethnomycolo-
gist R. Gordon Wasson to investigate Psilo-
cybe mushrooms used by Mazatec shamans
of southern Mexico. Conducting extractions
and separations, with subsequent testing on
himself for psychoactive effects, Hofmann
identified the molecules psilocybin and psi-
locin from Psilocybe mushrooms and estab-
lished their psychedelic activity (Hofmann,
2013; Hofmann, Heim, Brack, & Kobel,
1958).

His work with Psilocybe mushrooms led
Hofmann to investigate the chemical con-
stituents of another shamanic substance
from southern Mexico known as ololiubqui
in the ancient language of the region, the
seeds of flowering morning glory plants:
Turbina (Rivea) corymbosa and Ipomoea
violacea. Here, he identified the surprising
presence of lysergic acid amide and other
related alkaloids similar to what had been
previously identified in ergot. He further-
more concluded the psychoactive potency of
lysergic acid amide to be at least 10 times
less than that of LSD and far less interesting
in its effects (Hofmann, 2013; Hofmann &
Tscherter, 1960).

In 1962, Hofmann accompanied Wasson
to Mexico to collect samples of a novel plant
used in Mazatec healing ceremonies. Ritu-
al use was documented, and plant samples
were obtained and brought back for botani-
cal and chemical investigation. Botanical
identification established the plant as one
not previously described, and it was given
the name Salvia divinorum. Hofmann’s at-
tempt to identify the psychoactive chemical
component was not successful, in that the
material he carried back with him to Swit-
zerland no longer retained psychoactivity.
Twenty years later, the primary psychoac-
tive chemical component was isolated and
identified by Mexican scientists and named
salvinorin A (Hofmann, 2013).

Hofmann collaborated with renowned
ethnobotanist Richard Evans Schultes
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(1915-2001) to write two books on psycho-
active plants and fungi used by indigenous
cultures for healing and shamanic rituals:
The Botany and Chemistry of Hallucinogens
(Schultes & Hofmann, 1980) and Plants of
the Gods: Origins of Hallucinogenic Use
(Schultes & Hofmann, 1979; later expanded
in Schultes, Hofmann, & Raitsch, 2001).
And he collaborated again with Wasson and
with scholar of classics Carl Ruck (born in
1935) to propose that the kykeon beverage
consumed by the participants in the sacred
ritual of the Eleusinian Mysteries of ancient
Greece may have contained hallucinogen-
ic ergot alkaloids (Wasson, Hofmann, &
Ruck, 1998).

Ancient and contemporary spiritual and
shamanic traditions may hold wisdom about
the nature of mind and world that modern
biophysical science—and psychology, psy-
chiatry, and medicine—is perhaps poised
to receive and integrate into our evolving
understanding of who we are as conscious
beings and how we relate to the physical
world. As Grof (1980/2001, p. 12) wrote
in the reissue of his classic 1980 book LSD
Psychotherapy, “It does not seem to be an
exaggeration to say that psychedelics, used
responsibly and with proper caution, would
be for psychiatry what the microscope is for
biology and medicine or the telescope is for
astronomy. These tools make it possible to
study important processes that under nor-
mal circumstances are not available for di-
rect observation.”

LSD and other psychedelics expand our
capacity to probe mental states directly and
open the psyche to far-reaching new kinds
of experience. Let us be propelled by the in-
spiring winds of this venture, deepening our
understanding of mind and allowing us to
more clearly chart a course toward personal
and societal healing and transformation.
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