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COMPARISCON OF THE REACTIONS INDUCED
BY PSILOCYBIN AND LSD=-25 IN MAN

The use of certain intoxicating mushrooms by Indians-%n
Mexlco has been reviewed by Hofmann et al. (1958). V.;P. and
R, G. Wasson (1957) have reported the way in which theAmushfooms
are taken by the iexlican Indians end the hallueinatory X
experiences occurring following their ingestion. Hofmann et.al.
{1958a) have described the identification of the mushrooms and
their successful culture by Helm, and by Heim and Cailleux.
ﬁotmann‘gglggg (1958} isolated a pure compound from the
mushrooms which had the characteristics of an indoleamine and
which contalned phosphorus. Later the compound was ldentifled
as O=Phosphoryle=l-hydroxy=H=dimethyl tryptamine, was synthesized
(Hofmann, 1958; Hofmann et al., 1958 a and d) and named psiloéybln.:
Preliminary studies in man (Hofmann.é§.g£,71958a) showed that ;
the compound, in ﬁoscs of 4 to 8 mg, induced an abnormal mental
state resembling tha£ seen after LSD or mescaline. In animals
{Cerletti, 1958), psiibcybin caused neurovegetative symptoms
although it had no high degree of activity én peripheral
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gutonomic structures., The autonomic effects of psilocybin
seemed to be due to central sympathetic stimulation. It
facilitated spinal reflexes and caused an "arousal® pattern
in the EEG, although motor behavior was aepressed.

Because of the chemical relationship of psilocybin to
serotonin and to bufotenine, and because of the possible role
of serotonin (5-hydroxy tryptamine)} in the fuhctlon of the
gentral nervous system, a detalled comparison of the effects
of psilocybia with those of the die;hy!amide of d-lysergic
acid (LSD=25) in man was thought to be of i{aterest. '
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METHODS

' Preliminary Experiments. ln order to confirm the dose
range reported by Hofmann et al. (1953a), several preliminary
experiments were done in which 7 volunteers ingested g
psilocybin orally in doses ranging from 0.5 to 8.0 mg/70 kg of
body weight. Thess experlments indisated that psilocybin
caused definite mental effects ln doses of 2 to 8 mg/70 kg
which were accompanied by puplllary di!atatlon.'increased.tendon
reflexes, and increascd blood pressure. The meatal effects of
psilocybin seeméd to resenblz those of LSD. A more detalled
experiment was then carried out utitlizing ¢ patients,

Sub jects, The subjecis used In these experinments weré
all negro males who were former dfug addicts and who were
serving sentences.for violation of the United States narcotic
laws, Their ages .ranged bestween 22 aﬁd 10 years, All_weré in
godd physical healtﬁ, and none presented evidence of aay of
the major psychoses. All had experienced the effects of

LSD-25 in previous experiments,
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General Conditions, The experiments were all conducted

in a special ward devoted to clinical research. Observations
weré made by specially trained attendants wilh many years of ~
experience {n observing patients who have received various
drugs. The patients entered this speciai ward on the night
before the experiments were conducted. They were awakened at
6:30 a.m. Each patient was free to mix and minglé with other
patients in a common dayroom, or t¢ remain in his own room, a3
he preferred. |

’ Qgggg. L5D=25 and psnocybin1 were administered in
sclution in raspberry syruap. The syrup was used in order to
mask the sung.uy bitter taste of psilocybin. Drugs were
administered at 6 a.m. with the patients fasting. Alllpatlents
received, in a randomized dalanced order, a placebo, 1.0 and
1,5 meg/kg of LSD, 57, 86, and 11k mcg/ug of psilocybin

(4.0, 6.0 and 8.o'mg/7o kg)e The "single-blind" procedurs

was followed throughbut...The patients were not aware of the
identlity of the drugs ﬁiven on a specilic day but ong of the

attendants, for reasons of saofety, did know what medication

had been given.




Observations. The following observations were made at

hourly intervals from 7 a.m. to 4} p.m. after the patients had
rested quietly for ten minutes in bed: rectal temperature,
pulse rate, respiratory rate, systolic gnd diastolic blood
pressure; diamcter of puplls, and thresholds for 2liciting the
Knse jerks Hethods for making these mcasurene:nis were those
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previous]y ccscribed (Isbell ¢t al, 1Y isbell gt al, 1959).
a.Ma

3330 pe.m. patients
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At hourly intccvals from 7:3C

n

modified from that of Abramson et al

cempleted a questionnaire
k1955), with the help of an aide. A short mental status
examination was made one and cnce=half to two hours after the
drug and & grade3 (scale 0-l) of the Intensity of the reaction
was assigned according to the systeﬁ used in rating the

intensity of the LSD reaction (lsbell et al, 1956).

Anhlvsis of Data. The chalge é;ter ¢rugs in rectal
temperature, pulsé.and respiratory rates, systolic and diastolic
blood pressures, pupillary size, and threshoid for elicitétion
of the kneejerk were éalculated by subtracting the figures
cbtalined at various hours after the drugs from the average of
fhe two pre-drug observations. The areas under the timeeaction

curves for each subject, and for each dose of each medication -

for the various measurements, were thea calculated by the




method of Winter and Flataker (1950). This procedure converis

all the dats on a particular measurement for an tndividunl
recelving a given éose of & drug to one figure. The number of
positivc responses on the questionnalres after the drugs were
counted over the eatire cbservation peried, eliminating answers
walch were also scored positively before the drug;. Means and
standard errors of means were calculated according to standard
statistical techniques., Thes t=test for paired observations
was used in evaluating the significance of differences in the
®objective™ {temperature, puplls, etc.) signs (Edwards, 1546).
Nonparanetric tests (Wilcoxon, 19h9i-wete used in evaluating
the signi:icancs of differences in the number of positive
responses on the questionnaire and oﬁ the ciinical grade. »

Measurements of pupillary diameter (an ®ob Jective® measure)
and .number of positive responses on the questiomnaire { a
Msub Jective® measure) wers tabulated and averaged at each
observation time befo;e and after the drugs, In order to
obtaln time-action curves.

Regression lincs for dose=effect curves, calculations of

relative potency and conflidencs timits were calculated by the

methods described hy Biiss (1952).




Page 7

In order to compare the pattern of subjective response,
the 57 questions cohstltnting the quesifonnaire were classified
fate nine categorlés,h The questionnaires were then.scored by
counting the number of §atlents responding positively to a
given question two or more times after administration of the
drug, after which the number of'patienté responding positively
to a given category of questions was detsrmined ﬁy adding the
totals for all the questions constituting the particular
category. '

RESULTS

General Clinical Description of the Pasilocybin Rz2acticn.

This description of the reaction occurring after psilocybin is
‘bdased primarily on the data obtained with the 11k mcgn/kg dose,
Following administration of psilocyblin orally the patients
usually spontane&usly reported the first subjective effects
within 10 to 15 minutes. These effeccts consisted of vague
 sensations that things looked, felt, or seemed‘pacullar, and
wers accompanied by mild anxiety. After 30 minutes, anxiety
became qulte definite and was expressed as consisting of fear
that something evil was going to heppen, fear of insanity, or
of death, At thls time, changes in moecd, usually in the
direction of eclation (despite the anxiety) and sometimes in

the direction of depressicn, occurred. The patients reported
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tncreased keenness of hearing, paresthesia, and b;urring ef
vision. . Onc hour after the drug the rsaction was well ’
developad. Aaxiety became more marked and,.ln some c3ses was
'1ntense; Elation, when present, was great and in some patients
was expressed by almost continuous gales of laughter,.
Alterations {n practically all sensory modalities were meationed,
partlcularly in touch, hearing and ?ision. A3 !s'the casec with
LSD, distortion of visual perception was outstanding, and
invelved distance, depth, size, shape and cslor. Visual
distortion usually varied raplély from mcmente=to-moment.
Perception of elementary visusal hallucinations were commonly
rzportad.. These entéptlc phencmena consisted of colored lights
which flickerad and coalesced to form patiterns varying in a
kaleldoscopic fashion, or of shadows that scemed to dancs on

the wall., In sensitive patients, the 1ights or shadows were
percsivad as s definlte person, objlect, or animal which the
tndlvidual could name. The patients reporied insreased
difflculty in thinking, difficulty la concentration, and in
carrying out simple arithmetical cal&ulations or reading. They
reported a "rush of thoughts,” with one thought replacing

another beforse the first was completad. A fesling of alteration ;“

in the individuzl's ocwn body ocecurred ccensistently énd varfed

ST
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from simple feeling of being light or heavy to marked . f
alterations in size, shape or color. Some patients felt they
had become very large? or had shrunk to the size of children.
Their hands or feet did nct seem to be their own, and sometimes
took on tha appearance of animal paws. At times, patients had
the sensatlon that they could see the blood snd bones in their
own body or in that of another person. They repérted many ‘
tantasies or dream-lika states in which they seemed to Ee
elsewhefe. Fantastic experiences, such as trips to the moon
ér‘livlng in gorgeous castles, were pccésionally reported,
Despite these striking subjective experiences, the patients
remained orlented in tinme, placé and person. Ig'most instances
the patients did Aot-lose their insight, but realized that the
effects were due to the drﬁg. Two of tho 9 patients, however,
did lese insight and felt that their experiences were caused

by the experimenters controlling thelr minds., Reaction usually
reached its peak onc and one=half hours after the drug was
given and remained i{ntense for two to threc hours. I% sudsided
almost completely five 2¢ six hours after the drug ﬁas given.
The sutjects most frequently compared the subjective

experienceg after psilocybln to thoss occurring after LSD of -

marihuana,

Sz




Qb Jective ‘easuremaents. The data on the objectiye :X

N

measurcnenty are shown in table 2, Significant changés as
_coapared with the placebo were observed after doth doSeB of
LSD and after ona or mer: of the doses ef psilocybin tn the
cases of reclal temperature, pulse and respiratory rates,
gystallce bDlood pressure, puaillary size. and threshold for
elicitation of the kneejerk. Thus, psilocyblin induced a

pattern of autonomic and central nervous system excitation

4". '

similer to that caused by LSD, but was, of course, less potent

than the latter drug.

Sublective Messurements, Significant changes, as compared

with placeto, occurred after gll doses of both drugs; with

respect o number of positive respenses on the questionnaire

and tc the clinica! grade. Data on the "patisrn of response®

is shewn {n table 2. ¥®hen the patterns after the two drugs

are cemparzsd at tha mest nearly equivalent doses (1.0 megm/kg

of LS, and 114 megm/ig of psilocybin) it is evident that the

paiterns after the two ‘drugs are very similar, except in

fncidzaze of ™irusz halluelnatlons,?
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The time-course after placebe and the various doses of
the twp'drugs is shown in tables 3 and 4. The time of onset
{s very similar éfler.both drugs. This result may be, to some
extent, an artefact of the fixed observation times, since
patients consistently began to report sﬁhjective changes
sooner after psilocybin than after LSD, Definite pupillary
dilatation cccurred one -hour after both drugs, with the peak
effect occurring at one hour after psilocybin and two hours
after LSD. As judged by number of respcnses on the-question-
naire, the reaction was beginning to subside by the third to
the fourth hour after both drugs, reaching insignificant levels
five end oné=half hours after psilocybin and six and oneehalf
hours after LSD. The length of action of psilocvbin seems
definitely shorter than that of LSD,

Comparative Potency of LSD and Psilocybin., From the data,

a number of dose;effect curves comparing the potency of LSD

and psilocybin can Se constructed. Thosc based on the total

course {pupillary diaméter, nunber of positive responses and ‘
clinical grade) ylelded estimates that LSD is approximately T
100=150 times as potent as psilocybin. Since the total course
of the psilocybin reaction was shorter than that of the LSD
reaction these estimates of potency could be misleading., For

\—"————"“‘\‘,,M,.,——v—
this reason, change in pupillary diameter al two hours and the
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number of positive responses at one and one-=half hours were

calculated and used in constructing the doseecffect curves

. shown in figure l, - Analysis of these data ét approximately
peak effect for both drugs gave potency estimates with 5 per
cent confidence limits of ! megm/ig of LSD being equivalent to
121 (103-156) megm/kg of psilocybln in the case of puplllary
change, end to 110 (60=-218) mcgm/kg in the case of responées,on
the questionnaire. These two dose-effect curves met the usual
tests for parallelism and slope. Unfertunately, the preliminary
éxperiments gave a scmewhat high impression of the potency of
psilocybin, so thgt the highest dose of psilccybin used

(114 mcgm/kg) correS§onded approximately to the lowest dose of
LSD {1 mcém/kg). A dose of psilocybin higher than 11l megm/kg
and a dose of LSD lower than ! mcgm/kg would have yielded a

more elegant estimate of comparative potsncy.

D1SCUSSICH

The reactlons obsérved after oral administratlion of LSD=25
and psilocybin are remarkadbly similar. After both drugs, there
is evidence of autonomic excitation (elevated temperature,
dilated pupils, increased blcod pressure and increased respirae

tory rate) and of increased hyper-irritadbility in the central

D-/57
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nervous system {decreased threshold fer eltcitation of the
kneejerk)., After both drugs, snxiety, difficulty In concene
tration and thiaking, sense of strangeness, marked sensory
perceptual distortion (especially visual), alterations in body
image {depersonalization), and eiementary and irue hallucinations
occﬁrred. It is, of course,rpossiﬁle that the methods of
measurensnt and the situaticn in which the.experiments were
conducted contribute {n some degree to this similarity. The
sub jects had already experienced the effects of LSD, and very
iike!y would expect similar symptoms from any drug given in
this particular testing situation. The uss of a questioanaire
may alsc suggest certaln symptoms. On the other hand, patterns
of effects similar to those seen after LSD have not bheen
observed after sdministration of amphetamine, scopolamine,
parbiturates, oplates, chlorpromazine and many other drugs with
marked effects on the ecentral nervous system. Thus it seems
i{ikely that the similarity between the reactions induced by LSD
and psilocybin i{s a real phenomenon, and suggests that socme

"N

common blochemical or physiological mechanism is responsible Ty

. ¢ Al
for the cffects of the two drugs. Experiments in which (f‘ LY
| NASN

o DI P A

sudb jects tolerant to LSD are challenged with psilécyhln and
vice versa ("cross tolerance®™) might help settle the questlonleu 2

of the blological identity of the reactions caused by the two fﬁ{;f

drugs. 3
i
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The similarity in chemical structure of psilocybin and
S=hydroxytryptamine naturally leads en¢ to Speculate~that
psilocybin may cause an sbnormal mental state by interfering
- with the actions, syhthesis. disposltion or metabolig degrada= |
tion of S~hydroxytryptamine. Others have hypothesized that
LSD=25, bufotenine and other psychosomimetic drugs might act
through such mechanisms{ Since_psllocybln f3 a much simpler |
compound than LSD, it may prove to be an important tool for
biocchemical studies bzaring on the role or'serotonin in brain
function. Investigations in animalg will be necessary to sghed
1ight on these possibilities,

SUMMARY

1. The reactlon induced by oral administratlon of 57 to
11 mecgm/fikg of O=Phosphorylel=hydroxy=N-dimethyltryptanine
{psilocydin) has been compared with that induced by'a~placebo
and LSD=25 (1.0 to-l;S mggm/kg) in 9 subjects.

2, Both LSD end psilocybin caused elevations in body
temperature, pulss and respiratory rates, and systolic bdlood

pressure, Thrashold for elicitation of tﬁe knee jerk was

decreased by both drugs.




3. After both drugs, abnormal mental states characterized

by feelings of strangeness, difficulty in thinking, enxiety,
altered sensory perception (particularly visual), elementary
and true visual hallﬁcinations, and alterations of body {mage

were reported by the subjects.

. The effects of psilocybin did not peré!st as long as
those of LSD.

5. LSD is 100 to 150 times as potent as psilocybin.,
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FOITNCTE 1.

Footnote I, We are indebted to Drs. R. Bircher
and C. Henze of the Medlical Department, Sandoz Pharma-

ceuticals, Hanover, New Jersey, for generous supplies

of LSD-25 and psilocybin.
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FOOTROTE 2.

Footndtu 3. The clinical grage wes bascd on the
mental status examination and grades aésigncd according
to the following scheme:d- | )

Graue &§ Mo reacticn,

Grade 1t Anxiety’and nérvousness without perceptual
gistortiocn or nallucinations,

Grade 2: Anxiety, nervousness and visuél éﬁrceptuai
dfstcrtion without “trué” hallucinations,

Grade .3: Anxiesty, ne}vousness, perceptual distortion
and "true" hallucinatians but with.insight raintainzad
{patients report‘that'effecta are duce to drugs), and

Grade iy: Seme as grade 3, excapt-;hai fnsight
(realization that the eifects are due to the drug) is
iost. ‘

The g¢rading system has the aisadvantage that tae
‘varigcus grades may not form a cantinuous scale. It glves
no information concerning the quantitative aspects of the
symptoms which.go into determining the gradzs. Like tae
questibnnaire, howaver, it yields'peproducible é;ta on =z

repeated administration of the same dose of LSD, and good

dose-effect responses are obtained.




FOOTNOTE 4. -

Footnots 4. The nine categories are shown in
table 2, It is of course evident that'a large number
of othzr categorlies coﬁld be devised and that therg-
migiat be many ways of plasslfyidg a particular'questiod.
There appears to be no easy way out of this difficulty,
so the classification must be regarded as completely

arbitrary.

J
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g " | ' Table 1 S
o . ¢ . ) S
é Comparison of totsl course of psilocybin and LSD reactions. 7\
n. ' :
TREATMENT ) '
Mzosure Placebo LSD~-25 Psilocybin :
_ 1.0 meo/kg 1.5 meg/ig 57 meo/ig 06 meo/kg 11 moofia
-Temperaturd |+ 2,72 0.32 |e 562 oy |o 4.5t 048 s 3.5%2 0.26) 5.2 1.35 |+ 4.6c 0.26
: ‘ Fuleme Ratel ’3708 F 4 1’.‘.05 *"67.3xtl708 | '820&*10.9 1’31.9 E ] 8.9 -!'1‘,1.6 * 100!} “'7901xt 1206
Rea: -agtory X
Rate. 4‘13;1 x 3.1 ‘32.¢t 309 '.‘3607 2 701 "21'.-5 8.1 4‘26.!]. . 4 8.2 "'3703(2 701
SYystolic - T \ x ’ x
Blood Pressurk +15,6 2 13.5 +6l;.tf‘t 10,9 +9.6 £17,5 |+31.4 & 12,6 61,7 2 11 +47.8 2 16.9
Diastolic | x | -
NMeood Pressure -17.5 3 1109 » 901 x 1901 "3502 : 1007 L ] 8.2 3 907 "1507 : 11 L 6.6 b 4 1306 ' -
Puplllary x x X ' X x
Mameter 0.2 % lok +10.2 = 1018 0!5.0 e 2.1 +* 309 * 0.9 4, 6.0 ¢ loh. 4+ Scl,- : 1.9
Falellar \ x - ‘.
Refiex 1 +20,7 £ 11,1 | =-50.9 t 31 =-72.9 ¢ 21 + T.1 £ 19,2 -lﬂ.gt 10.h -65.;:& 23.8
o ositive | xx : xx . X
ans ~rs 2 0.1¢ 0.3 | 57" 223.2 | 98 £ 26,6 | 2, 2 5.9 |38 163 |38 +n1
: XX XX XX XX H¥
_‘ Clinical grade3 0 2 O 2.2% 0,38 2,8+ 0.17 1.2 ¢ 0,2 1.832 o.4 2.0+ 0,36
( 1 - Figures are mzans * standard errbrs (9 subjects) of areas under time-action curves (“degree-
hours," "beat-hours," etc.). The signs indicate Increases (+) or decreases (~=) {n the

measuremnent.

2 = Means ¢ standard errors of number of questions scored positively in the T4 hours after the
drug which were not scored poslitively before the drug.

} =~ Means 2 standard errors of intensity of mental reaction based on a scale ‘of 0-lg.
* « Significantly different from placebo (P « 0.05).
- Significantly different from placebo (P < 0.05, non-~parametric test).




Table 2

Comparison of pattern of "mental® response
after psilocybin and LSD in 9 subjects, -

-~

Number of Responses in Category

Numberr R Total p1 5 Lep Patl
of ' esponse Placebo s{locvbin

Cateqorvl Questions Possible3 1.0 I.S 7 86 it
General 7 63 0 25 36 16 23 2
Di{fficulity
{n thinking h ] 36 0 10 19 2 8
Alteration ,
in mood ' 3 271 .0 9 15 3 8
Alteration | o

- in touch L 36 ) 11 17 3 L 1
Alteration ' :
in hearing L - .36 0 th 16 6 .8
Visual ' | . -
distortion 10 Lo - 0 19 31 13 16 1
"Elementary™ ’
hallucinations 5 LS - 0 11 18 5 9
"True® |
haliucinations L 36 0 4 9 3 2
Deperscnalie : | E
zation 13 . 117 0 19 33 15 ib 1

1 = Refers to type of questions, e€.g., "feeling strange®” {general);

mreet look old" (depersonalizatiecn); "am happy” (mced); "things

look small® (visual distortloﬁ); N4g difficult to concentrate’ ..

(thinking), etc.

2 = Number of subjects times number of questions in the category.

5-/%
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Hours Before or After Drug

Table 3
Time course of effects of LSD=25 and psilocybin on pupillary size,

Page 2L

Treatment -1 0 s +2 »3 - b +5 +6 +7 +3
Placebo 3.8 307 . 309 308 309 308 307 - 309 309 309
LSD, 1.0 mco/kg 3.8 3.8 49 S S 5.2 5.2 19 b LG
LSD, 1.5 meg/kg 3.7 3.7 5.6 6.1 6ul 5.3 5.9 5.6 S 5.3
| Psilocybin .

57 meg/hg hel  Bel 48 ko hoh B3 L3 Ly Boh Ll€
Psilocydin '

86 meg/kg 3.8 3.9 5.1 49 b7 L7 bl b6 bl LS
Ps!locybin' ' .
114 meg/kg 4.3 b S.8 5.9 S Sel b9 LeT  Leb S

Figures are means of pupfllary diameter in milllmeter on 9 subjects.

D-r47




Table It

-~
B e
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Page

Time course of effects of LSD=25 and psilocybin on questionnaire,

Hours Before or After Drug

Treatmant -1/2 +1/2 &+ 13 +2% +3% +4t 454 +6% +
“Placebo 0 0.1 o 0 0 0 0 0
LSD’ 1.0 mcg/kg 0 309 1203 1).1..3 13.2 701{- ’-I-.l 1.2 0
LSD, 1.5 mcg/kg 0 S«1 18,5 19.8 17.7 15.8 10.9 6.8 1
Psilocybin,

S? mcg/kg o 201.'- 502 6.3 6.6 2.9 0.6 0.22
Psliocybin,

86 meg/kg 0 2.0 10.8 10.9 7.9 .9 0.6 o -
Psilocybin, g -

114 mcg/kg o .14 12.6 10.6 6.1

1.9 0.33 0

D~/4 ¢




LEGEND FOR FIGURE 1.

Figure 1. Relationship of dose of LSD-25 and

psilocybin to change in size of pupils and to number

of positive responses on the questionnaire,




o
| PUPILLARY CHANGE QUESTIONS Q\\ ' ‘
. 3.0 AT TWO HOURS _ _ AT 11I/2HOURS 20 - .
: =
@ 9 Z '
= 2.4 6 =
D w
. m
w B A
O ‘ //' O
|.8 ' ’/ O -rl
Ll Y=34.7 logX+2.33 .~ i2
[:_] \ . . 0 ”/ 8
n Y=5.84logX+1.56 9-7 e .
e e cysiN m
p I P PSILO o
w e o ol - .
(D P N ’1’ 8 O
pd _~6 ps\LOCYB\ AN =
< 7 ‘ , L7 Y=25.42 logX~-39.19 w
I e /0 ;
o - X 4
0.6 e |
P Y=3.56 logX-5.82 4
.°0 :
(‘ " I McgLSD=12l (103-156) Mcg PSILOCYBIN IMcgLSD=110(60-218) Mcg PSILOCYBIN
| LsD-25 1O Y ' 10 15 T
PSILOCYBIN 57 86 14 57 86 “na

LOG DOSE Mcg/Kg




v e -

FIGURE 1. Comparison of the reactions induced by -
psilocybin and LSD-25 in man. :

By Harris Isbell, M. D.
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