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Percepiicn and Diochemical [Measures

By Lro E. Horustir, M.D. aANp ALAN M. Harrman, PiD.
ESCALINE, lysergic acid diethylamide (LSD-25) and psilocybin each
tend to evoke analogous disturbances of mental functions when ad-
stered to normal subjects or psychiatric patients. Although a number of
Berences between the clinical syndromes preduced by mescaline and
-25 have been noted (mescaline tending to increase withdrawal or “cata-
a”, LSD-25 tending to produce giggling, silliness or “hebephrenia”), the
larities are more striking.! Scidem have both drugs been given to the
ne subjects under comparable conditions, making comparisons of clinical
- g¢ndromes difficult. One direct comparison between LSD-25 (1 to 1.5 meg/K)

and psilocyin (37 to 114 meg/X) has revealed remarkably similar clinical

reactions, that from psilocybin being somewhat shorter.® A recent study of each
of the three drugs given to 16 normal.subjects indicated minor differences be-
tween them in the autonomic, neurologic or psychic symptoms evoked, mes-
“galine tending to be more potent than the others in producing psychic ef-

&wtﬁ Additional controlled observations of the comparative clinical syndromes

ﬁcm these three drugs seemed needed.

" Even less data were available for comparing perceptual or biochemical
~¢hanges from these drugs. Visual eifects, particularly hallucinations involving
’ pﬁolor, have been the most striking perceptual change from all three drugs. We

decided to study some aspects of this phenomenon, our hypothesis being that
- golor perception is enhanced by these drugs from the participation of stimuli
t ordinarily eliciting coler. Selected physiologic and biochemical measure-
ments were also studied. Total circulating eosinophils were measured because
‘% conflicting reports in the literature regarding the effect of LSD-23. Urinary

iflorganic phosphorus (P) and creatinine were measured because of reports of
creased urinary inorganic P following LSD-25.4 Determinations of total
ids, cholesterol, and free fatty acids (FFA) were used as possible indicators
fat mobilizaticn. Measurement of blood glucose was done to make certain
js moiety was not changed in such a way as to secondarily affect FFA levels.
is aspect of action of these drugs had not been previously studied. Serum
tamic oxalacetic transaminase {SGO-T) titer, alkaline phosphatase and
udccholinesterase activity were measured to determine whether the drugs
¥ any deleterious effect on hepatic functions, a point previously raised.?
e test for pseudocholinesterase activity was also of interest in that activity
human serum in vitro has been reported to be strongly blocked by LSD-25,
: actual measures of changes in serum activity following the drugs had not

;J his work was supported by grant MYP-3030, National Institutes of Mental Health. Val-
le technical assistance was given by Agnes Wright and Norma Rosenquist.
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236 . HOLLISTER AND HARTMAN

been made before.® Copper oxidase activity was also studied for the first time
and scemed of possible interest in view of notions relating ceruloplasmin to
schizophrenia or to endogenous psychotogens (taraxein).

Procepunes

We systematically compared these three drugs on the basis of the clinical syndromes
produced, cifects on certain aspects of color perception and selected physiologic and bio-
chemical measurements. Doses of drugs were fixed as follows: Mescaline, 3 mg./K; LSD-25,
1 meg/K; psilocybin, 130 meg/K; cach was given orally. Volunteer subjects sclected on the
basis of pr}o" sereening to rule out overt psychopathology were tested at weekly intervals.
Order of drug administration was randomly assigned to cach subject. Although subjects
were aware of the nature of the drugs being studicd, they were not told the order in which
the drugs were administered until all trials were completed. Subjects were intelligent, being
able to report experiences well and cooperate fully in the trials. Drugs were administered
in a comparatively austere environment, a small room with a chaise longue and the test
cquinment present. An attendant stocd by but subjects remained alone except during
neriods of testing. Twenty subjects were studied, 18 completing trials with aill three drugs.

An assessment of the clinical syndvome produced by the drugs was made immediately

f cor cach drug experience had cleared. Subjects were asked to complete a questionnaire
2 45 itens regarding symptoms and signs expericnced. Twenty-five of these were questions
most frequently answered positively by subjecis in other studies with psychoioimimetic
¢rugs, involving chiefly somatic or perceeptual effects,” The remaining 18 questions were
derived from another similar questionnaire, emphasis being laid upon specific psychic
Sympioms.®

Color perception studies were accomplished just pripr to drug administration and two
houss after. Two types of stimull were used: those which are ordinarily assoclated with
color phenomena and those which are not. Adequate color stimuli included the Farnsworth-
Muasell hue discrimination test, consisting of 85 colored buttons to be arrayed in order
of graded hues, and inducticn of a strong after-image by a light stimulus following which
the induced colors were named and matched on a color comparator. Inadequate color
stimuli included a black and white disc rotated at four speeds, four pure tones at ap-
proximately the same degrees of loudness, and both visual and auditory stimuli presented
together. If during these tests the subject perceived colors, these were named and matched
on o color comparator.

Before each drug trial, subjects had fasted for from 8 to 12 hours. Urine was collected
for dctermination of inorganic P and creatinine prior to drug administration and for two
hours after on 18 subjects. Determinations of total circulating eosinophils, total lipids,?

wrgumc P, creatinine, SGO-T, and copper oxidasel® were made on blood specimens ob-

tained prior to each drug and two hours later on 18 subjects. Similar determinations of
free fatty acids (FFA)11 and alkaline phiosphatase activity were made on 12 subjects, and
of cholesterol, glucose and pseudocholinesterase activity!2 on six.

ResurTts

Clinical syndromes from the three drugs were comparable in kind and
degrec, considering the possible failure to achieve ideally “equivalent” doses
of wrugs. The frequency 'of specific symptoms is summarized in table 1. As a
rule, severity of symptoms paralleled frequency. Mescaline proved most active
i cvoking somatic effects, differences between drugs being less marked with

sercepiual or psychic symptoms. Psychic symptoms were encountered less
uuiacntxy than anticipated. This was especially true of symptoms frequently
mentioned as psychotomimetic: visual, auditory, or other types of hallucina-
tious, depersonalization, paranoid ideation, or alterations of body image. Most

o~

.
o+
i




e

MESCALINE, LSD-25 AND PSILOCYBIN 237

b

Table 1.—Symptoms and Signs Reported by Subjects Recciving Psilocybin
(150 mcg./K), Mescaline (5 mg./X) or LSD-28 (1 mcg./K) in Random
Ovrder with Blind Control under Like Conditions

Psilo Mese LSD
Symptom/Sign N=19 N=20 N=20 Commcnts
Somalic
Dizziness, unsteadiness 16 18 17
Weoakaess, fatigue 13 14 11
Tloc or cola feelings 11 13 14 Both reported
Appetite changed 3. 13 14 Most - decreased
Shaking of hands or body 8 14 11
Naused 7 18 6
Drowsiness 15 9 s
Puresthesias, extremitics 9 13 8
Heavy or light extremities 8 11 S Both equally
1l feeling, malaise 3 15 6
Blurred vision 11 6 8
Change in sweating 7 10 5
Salivation changed 4 11 7 Most decreased
Perceptual
Altered shapes or colors 9 17 9
Difficulty in focussing 13 11 11
Change in hearing 9 8 7 Shaxpened
Synesthesias 2 2 3
Psychic
Change in niood 12 13 14 - Ruppyy sad, Eritablz
equally
Tremuling fuside & i6 10
Distorted time sense . 9 11 bt
:Difficulty expressing thoughts 7 11 11
Visual hallucinations 7 9 7 Colored patterns most
Depersonalization 9 6 8 V
Unusual tension, anxiety 7 7 7
Dreamnlike feeling 9 8 6
Loss of control of thoughts 2 5 7 Come too fast
Altered body image 1 4 2 Distorted acral parts
Sexual feelings 1 1 3
Paranoid ideas 1 3 2
Hallucinations of smell, taste 1 3 1 Possibly real stimuli
Time disorientation 2 1 1
Space disorientation 2 1 1
Hallucinations of touch 2 0 2 Possibly real stimuli
Auditory hallucinations 0 2 1 Possibly real stimuli

sublects found the mescaline experience to be the most intense and longest,
lasting eight to ten hours in a few cases.

Coler discrimination, as measured by the Farnsworth-Munsell test, was de-
creased by all drugs, but only sx(‘mnyantly by psilocybin, without significant
ciferences between the drugs. The effects of drugs differed for various hues:
LSD-25 increased errors sxgmﬁcai‘uy in the red-yellow and yellow-orange
wreas, mescaline increased errors through a wider range but not significantly
in any, and psilocybin did likewise. AH drugs tended to increase the duration
of after-image, though only psxlocybm sxgmﬁcantly, the numbers of colors
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238 ) . HOLLISTER AND HARTMAN

reported in the after-image were significantly increased by all three drugs.
Zach of the three drugs increased perception of color evoked by dicker to a
highly sigaificant degree. The more error in hue discrimination, the less color
was evoked by flicker in the same spectral area. Combined ficker and tone
stimuli led to responses beyond those elicited for eithier alone, but a significant
increase occurred only with LSDD-25. These studies have been reported in
detail elsewhere.?

Results of the biochemical and physiologic measurements are summarized
for each of the three drugs in table 2. Significant Cecreases were noted in

urinary excretion of inorganic phosphorus relative to creatinine and in ivia

circulating eosinophils in the blood. Free fatty acids were significantly in-
creased. These changes were consistently observed with each of the three drugs
and were of comparable magnitude. Only one other significant change was
noted, an increase in copper oxidase activity after tre::ment with psilocybin.

Discussron

Under the conditions of this study and among the screened subjects used,
clinical syndromes from the three drugs were quite comparable. In terms of
rclative frequency, somatic changes were most common and psychotoimetic
ones least. Possibly the latter would have been more pronounced wii. higher
doses of drugs, but it does not seem likely that appreciably different qualitative
syndromes would have been produced. One must surmise that in any given
subject, the clinical syndrome produced by any of the three drugs could be
reproduced by the others under appropriate test conditions and using “equivas
lent” dosces.

The major finding of interest in regard to color perception was the increased
role of normally inadequate stimuii for eliciting color perception during treat-
ment with psychotomimetic drugs. This finding held true for each of the
inadequate stimuli tested: Colors evoked by flicker, cither with or without
combined pure tones. Response to an adequate stimulus, the Farnsworth-

Munsell color discrimination test, was reduced cn the other hand, errors in

arraying hues increasing under the drugs. These findings tend to support the
hypothesis that heightened and unusual perception of colors following psychot-
Y g I >

omimetics may result from the action of normaily inadequate stimuli. Al-
though slight differences were noted between the drugs, similarities of their
eiiccts on color perception were more pronounced.

Heduction in urinary excretion of inorganic P, previously described from
L5D-25, has now been found to occur equally with mescaline and psilocybin.
e mechanism o this reduction is still not clear. A definite fall in circulating
>hils was also demonstrated for each of the three drugs, very likely being

ecific effect analogous to the fall following epinephrine administration.

Mobilization of lipids as manifested by increased FFA has not been previously
ceseribed from these drugs, but occurred to a comparable degree from all
wisve. Zach drug evoked symptoms and signs suggestive of sympathetic stimula-
tion (feeiings of anxiety and tension, biurred vision, dilated pupils, tremors,
rausea, increased deep tendon reflexes). Possibly fats were mobilized by a
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dircet neurogenic mechanism or "*CO]]JMx]y by adrenal release of catechol-
amines. As might have been expected, serum total lipids and choiesterol were
10t seasitive Lnou‘f} to measure such acute e¢ffects on lipid mobilization.

Some of the remaining findings are of interest. No significant altcrations

vere noted in three fairly seasitive hepatic tests. If any impairment of hepatic
h netion occeurs with these drugs, it is more subile than can be tested by asual
laboratory means or foliows the peak clinical effects. The significant rise in
copper oxidase with psilocybin is difficult to explain, but the actual change in
activity was minor, appearing to be of little consequence.

SUMMARY

Mescaline, lysergic acid @.e\n} lamide ( LSD-23) and psilocybin were studied
in 20 screened subjects, 18 receiving all three drugs. Drugs were administered
under similar test conditions, doscs were constant between drugs and subjects,
assignments to drug followed a latin-square scquencp, and" ;ubwc;s were un-
awarc of the drug given on cach wial. ul nical syndromes were assesscd b / &
questionnaire completed by the subjects ‘odowmff each drug trial. Color per
ception was studied by means of bou: adequate " and madequdte stimuli for

eliciting color phu“,mcn a, measuremens seing ioken before and two hours
after drug was administered. :‘ number of selected biochemical and physiciogic
measurements were ﬂlS madce at SIITHLJ.L times.

Clinical syndromes were compamole in kind and degree from all three drugs,

it from mescaline being most pronounced. Somatic manifestations Preuo..,.
A.;.l\,d, mychmon imetic symptoms (other than visual hallu muuons) being
relatively uncomraon. Color » Y'I'CCPLIOD was not much altered when adequate
stimuli were used, but color phenomena were mpmmoly enhanced from in
&{AL;UUL\LG S'Cll'nl.lii \f""‘Or diffcrcrces in COIOL ‘,7&, Ccptual Gu\,(,ts were not C:

l

';7\;‘;\. cen the three dr ugs, but simiiaritics were greater. Each of the three C;rugs
.1‘4;; ficantly decrease d urly vy excretion of inorgenic phosphorus, incrcascd
wlasima free fatty acids and decreased total c“cmating eosinophils. Of the
ovher bioc“emwm measurements made, only one other significant change was
noted; an increase in copper oxidase activity after psilocybin.

The three psychotomimetic drugs were quite comparable in the areas
studied. One "g"xt assume that they have many common mechanisms of
action despite their chemical differences.
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