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(test of "direct tolerance") and on the subsequent day with the drug
they had not been taking (test of "cross" tolerance), (4) a withdrawal or
"washout" period, in which the patients received placebos (Experiment I)

or no drug (Experiment II) in order to lose tolerance_ (5) a second

control period, in which the test doses of LSD and psilocybin were
repeated, in order to replicate the control data obtained in the first

control period and to determine if tolerance had been completely lost,
(6J second chronic administration, in which the patients received daily
doses of the alternate drug that they had not taken in the first period

of chronic administration ("cross-over"), and (7) finally, the second

challenfle, with test doses of LSD and psilocybin as in period 3.

Drugs and Doses. _ LSD and psilocybin 1 were given in 30 cc of cherry
syrup at 8 a.m. with the patients fasting. The syrup, which was used to

mask the bitter taste of the psilocybin, served as the placebo. In the
first and second control periods the patients received in randomized

order 1.5 mcg/kg of LSD, placebo, and 150 mcg/kg (Experiment I) or
210 mcg/kg of psilocybin (Experiment II) before chronic administration
of the drugs was begun. Detailed observations were made on these test
days. These control experiments were conducted at intervals of at least

five days in order that any tolerance conferred by the first drug would
be lost.

During the first and second periods of chronic administration the

patients in Experiment I received 0.25 mcg/kg of LSD or 25 mcg/kg of
psilocybin on the first day. These doses were increased 0.25 mcg/kg
(LSD) or 25 mcg/kg (psilocybin) daily until the patients were receiving

1.5 mcg/kg of LSD or 150 mcg/kg of psilocybin on the sixth day. These
doses were maintained until the tests of tolerance and cross tolerance

were performed. In Experiment II the patients received 0.15 mcg/kg
of LSD or 21 mcg/kg of psilocybin on the first day of chronic administra-

tion, increasing by 0.15 mcg/kg of LSD or 21 meg/kg of peilocybin daily
until the patients were receiving 1.5 mcg/kg of LSD or 210 mcg/kg of
psilocybin on the tenth day. These doses were maintained through the

twelfth day. The order in which the patients received the drugs in the
first and second periods of chronic administration was randomiTcd in

both Experiments I and II. During these periods of chronic administra-
tion, detailed observations were not made.

On the first day after completion of the period of chronic administra.

tion the patients were "challenged" with the dose of drug they had
been receiving (test of direct tolerance). On the second day, they were

1We are indebted to Drs. R. BmcH_g and C. HzNzr. of Sandoz Pharmaceuticals,
Hanover, New Jersey, for supplies of l_ilocybin and diethylamide of ly_egic acid
tartrate (LSD-25).

11"
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challenged with the test dose of the alternate drug (test of cross tolerance).
On both of these days detailed measurements were made.

The patients then received placebos for 7--10 days (Experiment I)
or no drug for 13 days (Experiment II). It was presumed that the
patients would lose any tolerance they had developed, since in previous
experiments (ISBELL et a_., 1956) tolerance was largely dissipated within
three days after discontinuation of LSD.

Following this withdrawal period, second control measurements were
obtained alter the patients had received in randomized order placebo
(Experiments I and II), 1.5 mcg/kg of LSD (Experiments I and II) and
150 mcg/kg (Experiment I) or 210 meg/kg of psilocybin (Experiment II),
with at least five days intervening between adminstration of LSD and
psilocybin.

The patients then again received the drugs chronically, those patients
who had taken LSD in the first period of chronic administration were
given psilocybin according to the schedules described above and vice
versa. They were then "challenged" with LSD and psiloeybin in the
manner described above.

Preliminary Assay. Experiment II. Since the test dose of psilocybin
(150 mcg/kg) had a lesser degree of effect than the test dose of LSD
(1.5 mcg/kg), a preliminary assay was carried out prior to Experiment II.
The dose-response curves obtained by ISB_.LL(1959) were extended and
210 mcg/kg of psiloeybin were estimated to be equal to 1.5 mcg/kg of
LSD. Accordingly, the above doses of LSD and psiloeybin were ad-
ministered on two occasions at intervals of seven days in random order
to 10 subjects. Statistical analyses (see below for method) revealed no
significant differences in any of the comparisons made (Table 5, Assay
Study).

Subjects. The subjects who volunteered for both experiments were
former opiate addicts who were serving sentences for violation cf the
United States narcotic laws. Their ages varied between 25 to 35 years,
all were physically healthy males, and none presented any evidence of
the major psychoses. All had psychiatric diagnoses of character or
personality disorders, and all had received LSD in previous experiments.
Ten subjects served in Experiment I, and 9 in Experiment II.

General Conditions. Subjects were housed in a special ward devoted
to clinical research. Temperature, respiratory rate and blood pressure
were measured three times daily after the patients had rested quietly in
bed during day_ on which special measurements were not being made.
The patients were observed by specially trained aides with long cx-
perience in detecting drug-induced changes in behavior.

Observations. During each day of the control periods and the periods
of chronic drug administration during which the patient_ were "chal-
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lenged" with placebo, LSD or psiloeybin, the following observations
were made at hourly intervals, after 10 minutes rest in bed, twice beforo
and eight times after administration of drugs: rectal temperature, pulse
rate, systolic blood pressure, pupillaty size and threshold for elieitation
of the knee jerk. The methods used were those previously described
(ISBELL et al., 1956; ISBELL et al., 1959; ISBELL, 1959). In addition, the
patients (with the help of an aide) completed a special questionnaire
at hourly intervals from 7:30 a.m. to 3:30 p.m. At these same times,
general notes on behavior were written. Clinical grades of the intensity
of the reaction were assigned on the basis of the system of ISBELLet al.
(1956).

Analysis o| Data. The changes in rectal temperature, pulse and
respiratory rates, pupillary size, blood pressure, and threshold for
elicitation of the knee jerk after administration of placebo and drugs
were calculated by subtracting the average of the two pre-drug observa.
tions from the values obtained at various hours. The areas under the

time-action curves for each particular measurement composed of these
figures were calculated by the method of WINTER and FLATAK]_R(1950),
thus converting all the data on a particular subject, a particular drug,
a particular measurement, and a particular day to one figure termed
"degree-hours" {temperature), "rate-hours" (pulse rate), etc. The total
number of positive responses on the questionnaire were counted over
the entire period, eliminating answers which were also scored positively
before the drug had been given. Means and standard errors of the
means were calculated according to standard statistical techniques.

The difference in the various measurements after placebo, 1.5 meg/kg
of LSD, and 150 or 210 meg/kg of psiloeybin (each individual drug
against itself) in the first and second controls were evaluated by a t-test

for paired observations (EDWARDS, 1946). In Experiment I the only
statistically significant difference found between the two sets of controls
was a decrease in the pyretogenic effect of psiloeybin (Table 2). In

Experiment II, significant decreases in the number of positive responses
on the questionnaire occurred in the second control (Table 3) after both

LSD and psilocybin. Because of these differences in the two controls,

the changes in response to the test doses of psiloc.ybin and LSD after
chronic administration of either drug were evaluated by comparing the
effects of LSD and psilocybin after the first and second periods of
chronic drug administration with the corresponding first or second
control. In addition, calculations were made using the averages of
the two controls. The latter procedure did not alter the significance
of the differences greatly, so only the tables showing the differences
calculated with the individual first and second controls are presented
herein.
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Table 2. l)i//erences in responses to placebo, LSD-25, and psilocybin
on first and second control_ in Experiment I

Measure Placebo LSD-25 Psilocybin

Temperature ....... + 0.98 _ 0.63 + 0.42 i 0.64 -- 1.24 -4- 0.53*
Pulserate ....... --11.53-!13.30 --12.62--18.40 --19.60± 9.30
Blood pressure ..... --1.10_ 15.70 --1.35!: 12.70 --25.404- 11.60
Pupillarysize ..... --0.291 1.65 +0.52-4- 1.18 +0.10:i: 0.83
Knee jerk ....... --12.564:11.90 --14.834-21.75 + 17.884- 18.70
Responses on questionnaire +0.904- 1.31 +0.60 i 6.10 +4.904- 9.65
Clinicalgrade ..... +0.104- 0.10 --0.304- 0.20 +0.204- 0.41

Figures represent the mean differences ± standard errors of the differences
between responses to the same dose of the same drug (placebo. 1.5 mcg/kg of LSD-25
and 150 mcg/kg of psilocybin) on _the first and second coritrols on 10 subjects. None
of the differences except that for temperature change after psiloeybin were signifi-
cant.

q- Indicates that the average measurement was increased on the second control.
-- Indicates that it was decreased.
* -= P < .05.

Table 3. DiHere_ces in responses to placebo, LSD-25, a_d psilocybin
i_* first and second controls in Experiment II

Measure Placebo LSD-25 Psilocybin

Temperature ...... 0.07! 0.74 --1.31! 0.58 --1.364-4- 0.68
Pulse rate ....... --9.72 i 9.81 --37.61 4- 17,69 _ 1.50 4- 19.50
Blood pressure ..... + 21.44-_: 16.48 --15.66 4- 18.13 6.33 -4- 18.98

• PupiUarychange .... --0.104- 1.66 +2.004- 1.82 +0.434- 1.59
Knee jerk ....... +14.44:_: 6.65 +8.75_23.24 --29.16-4-19.91
Responses to questionnaire 0 --32.00 t: 12.35" --29.00 4- 9.29**
Clinical grade ..... 0 --0.55 J: 0.28 --0.38 :[: 0.30

Figures represent the mean differences 4- the standard errors of the differences
between responses to the same doses of the same drug (placebo, 1.5 mcg/kg of LSD,
and 210 mcg/kg of psilocybin) in the first and second controls on 9 subjects.

+ Indicates an increased response on second control.
-- Indicates a decreased response on second control.
* Indicates significance < 0.05.
** Indicates significance < 0.02.

The differences in the effects of the two individual drugs (LSD vs

psilocybin) were also calculated for both control periods using the same
statistical technique for paired observations (Tables 4 and 5).

As explained above, the differences in the response after chronic

administration of both LSD and psilocybin were calculated by comparing
the responses after first and second chronic administrations of LSD

and/or psiiocybin with their respective first and second controls. Four

different comparisons were made: (1) response to LSD after chronic

administration of LSD {"direct" tolerance to LSD), (2) response to

psilocybin after chronic administration of LSD ("(.ross" tolerance to

psiloeybin), (3) reslxmse to psilocybin after ('hronie administration of
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Table 4. Equivalence o/do_age of LED and psilocybin in Experiment I

Mcmmre First Control Second Control

Temperature ...... --1.14 i 0.73 + 0.52 ± 0.66
Pube rate ....... +24.05±15.26 _ 31.00+ 18.11
Blood pre_ure ..... _ 22.75 -4-20.39 + 46.80-4- 15.43"*
Pupillary size ..... + 4.33 ± 1.24"** + 4.74 _ 1.24"**
Knee jerk ....... --6.88 ± 29.80 + 25.82 _ 17.81
Responses on questionnaire _- 41.40 ± 8.85*** + 37.10 _ 16.45"
Clinical grade ..... +0.60_ 0.16"** +0.10± 0.46

Figures represent mea_ differences ± standard errors of the differences be-
tween responses to LSD-25 (1.5 mcg/kg) and responsesto peilocybin (150 meg/kg)
in 10 subjects, on two separate occasions (lst and 2nd controls).

*P<0.05; **P<0.02; ***P<0.01.
+ Indicates LSD-25 stronger in effect than psilocybin.
-- IndirAtes psilocybin stronger in effect than LSD-25.

Table 5. Equivalence o do_e o/LSD and psilocybin in E_ _eriment II

Assay Study First Control Second Control
Measure (N ffi 10) (N _ 9) (N -- 9)

Temperature ...... --0.66± 0.40 --0.34_ 0.53 --0.29-4- 0.66
Pulserate ....... +25.55±11.98 _65.66±11.84"* +20.56±13.47
Blood pressure ..... +35.50±22.81 +44.44±22.24 +22.44_ 16.00
Pupillarychsnge .... +2.23+ 1.20 +1.85± 1.60 +3.42± 1.37"
Knee jerk ....... + 24.63 i 29.86 --4.72 _ 28.53 + 33.19 -4-21.04
ReQponses to questionnaire +9.70±10.74 +16.78±10.98 _13.78-4- 8.98
Clinicalgrade ..... --0.05i 0.22 --0.11± 0.20 --0.28± 0.18

Figures represent the mean differences -4- the standard errors of the differences
between responses to single doses of LSD-25 (1.5 mcg/kg) and responses to peilo-
cybin (210 meg/kg) on three separate occasions.

+ Indicates LSD-25 produced a greater response.
-- Indicates peilocybin produced a greater response.
* Indicates mignfficance < 0.05.
** Indicatee significance < 0.01.

psilocybin ("direct" tolerance to psilocybin), and (4) response to LSD

after chronic administration of psilocybin ("cross" tolerance to LSD).

The signs of the differences were so arranged that a minus (--) sign
indicated a decrease in the measurements after chronic administration

as compared with control, and a plus (+) sign indicated an increase.

Since psilocybin has a shorter duration of action than LSD, the

differences (except clinical grade) were also evaluated, using values

obtained at the peak of both LSD and psilocybin reactions rather than

using the area (integrated time action curves) as described above. In

addition, the differences were evaluated by a non-parametric rank order

test for paired observations (WILcOXO_, 1949). The significance of the

differences by these statistical techniques agreed well with those obtained

by the t.test on the time-action (area) figures, so only the differences
obtained by the area method are reported in this paper.
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Results

Controls. The differences in the responses to the same doses of the
same drug in first and second controls after placebo, LSD and peilocybin
are shown in Tables 2 (Experiment I) and 3 (Experiment II). In
Experiment I, the only change that was statistically significant (p_ 0.05)
was a decline in elevation of body temperature after the second control
dose of psilocybin. In Experiment H, a significant decline occurred in
the number of positive responses on the questionnaire following the
second control doses of both LSD and psilocybin. This might indicate
that some degree of residual tolerance was still present after 13 days.

Equivalence of Dosage. The differences in the responses to the two
different active drugs (LSD and psfloeybin) are presented in Tables 4
(Experiment I) and 5 (Experiment II). In Experiment I the responses
were generally greater, as indicated by the preponderance of positive
signs in Table 4, and these differences were statistically significant on
three measures in both the first and second controls. Therefore, in
Experiment I, the test dose of psilocybin (150 mcg/kg) was weaker than
the test dose of LSD (1.5 mcg/kg). In Experiment II, comparisons were
made on three occasions -- "assay study", first, and second controls.

The majority of the signs in Table 5 are positive, indicating that on the
average the effects of 1.5 mcg/kg of LSD were somewhat greater than
those of 210mcg/kg of psilocybin. The differences were, however,
statistically significant only in the case of the pulse rate in the first
control and the pupillary change in the second control. Since the failure
to demonstrate statistically significant differences may have been due
to the large variability in some of the measures, the effects of 210 meg/kg
of peilocybin in Experiment II may, therefore, still have been weaker
than those of 1.5 mcg/kg of LSD.

Tolerance and Cross Tolerance. The differences in the responses to
LSD and psilocybin after chronic administration of either drug an their
respective first and second controls are shown in Tables 6 (Experiment I)
and 7 (Experiment II). In both tables, the second column shows the
difference in response to LSD as compared with the corresponding first
or second control after chronic administration of LSI), and reflects
"direct" tolerance to LSD. The third column shows the difference in

response to psilocybin as compared with the appropriate control after
chronic admitlistration Of LSD, and reflects "cross" tolerance to psilo-
eybin. Similarly, the fourth column presents meaaures of "direct"
tolerance to psilocybin, and the fifth column "cross" tolerance to LSD.

Inspection of the tables shows tlmt results were very similar in the
two experiments. All signs are negative in both tables, indicating an
average detzrease in response on all measures. In the case of "direct"
tolerance to LSD (second co]umnR), t]l, _liffercncce reached statistical
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significance on six of seven measures in both experiments. In thecase
of "cross" tolerance to psilocybin (third colnmna) the differences were

statistically significant in five of seven measures (Experiment I), and
four of seven measures (Experiment II). In the case of "direct" tolerance

to psilocybin (fourth columns), statistically significant change occurred
in four measures (Experiment I), and in three measures (Experiment II).
In the case of "cross" tolerance to LSD (fifth columns), significant degrees

of change occurred in four parameters in both experiments. The measures
which reflected "direct" tolerance and "cross" tolerance most clearly

were the pupillary diameter, responses on questionnaire and the clinical

grades.
Discussion

The data show that a considerable degree of "direct" toleraneeto LSD

was developed in both Experiments I and II, and that patients "directly"
tolerant to LSD also had a considerable degree of "cross" tolerance

to psilocybin. Although statistically significant decreases did not occur
on as many measures, the data indicate that definite "direct" tolerance

to psilocybin was developed and that patients tolerant to psiloeybin
were "cross" tolerant to LSD. However, under the conditions of these

experiments, the degrees of direct tolerance to psiloeybin and cross
tolerance to LSD were less than the degrees of direct tolerance to LSD

and cross tolerance to psilocybin. In this connection, the fact that the
direction of change was negative (reduction in the degree of response)

may be important even though the differences did not reach statistically
significant levels in all parameters. Increasing the dosage and length

of time during which psilocybin was administered (Experiment II) did
not result in the development of any greater degree of direct toler.

ance to psilocybin and cross tolerance to LSD than occurred with
the lower dosage and shorter period of chronic administration in

Experiment I.
The finding that "direct" tolerance to psilocybin and cross tolerance

to LSD could not be shown on as many measures might be due to one,

or a combination of several factors. In Experiment I, the effects of the

dose of psilocybin were definitely less than the effects of the dose of

LSD employed, and in Experiment II the effects of the dose of psilo-
cybin prescribed were probably weaker than those of the LSD. Thus
the stimulus for the development of tolerance during chronic administra-

tion of psilocybin may have been weaker than was the case with LSD.

The length of action of psilocybin is shorter than that of LSD and, since
only one dose of each drug was given daily, the stimulus for the develop-

ment of tolerance was not present for as long a time during chronic
administration of psilocybin, and the time during which tolerance might

be declining, due to lack of sustained drug effect., was greater. Tolerance
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to different effects of the two drugs might develop at different rates.

Such differential rates of tolerance development occur; for example,
with morphine (rapid and nearly complete tolerance to the analgesic
effects, slower and only partial tolerance to the miotic and respiratory
depressant effects). One might also postulate that LSD and psilocybin
have somewhat different mechanisms of action or act on different

receptors. It is also possible that failure to demonstrate tolerance and
cross tolerance reflects nothing more than the high variability in certain
of the measures used (temperature, pulse rate, blood pressure, knee
jerk and, responses on the questionnaire). The data a_e not suffi-
cient for a'determination of the relative roles of any of these hypothe-
tical factors.

CERL_.TTI(1958) did not observe direct tolerance to the pyretogenic
effect of psilocybin on daily administration to rabbits, but did find
that rabbits "directly" tolerant to LSD were also "cross" tolerant to
the temperature-elevating action of psilocybin. Thus the results in the
rabbit are similar to those observed in man, and do not help in deciding
which of the possible explanations given in the preceding paragraph is
themostlikely.

B_ESTRI_.RI (1960) did not observe direct tolerance to psilocybin or
cross tolerance to psilocybin in patients receiving LSD chronically.
The details in BALESTRIERX'Spaper are not sufficient for a proper
evaluation, but the number of patients used was small and the doses
of psilocybin employed were low.

The development of "cross" tolerance between LSD and psilocybin
reinforces the idea derived from the similarity of clinical effects (IsBV.LL,
1959) that LSD and psilocybin induce psychic disturbances by some
common mechanism, or by different mechanisms which act through a
common final pathway. The data, of course, shed no light on the possible
nature of such a presumed common action. Biochemical, chemical,
ncurophysiological or psychological mechanisms (or some combination
of them) could be involved.

Summary

1. In two experiments, using a cross-over design, the development
of "direct" tolerance to LSD and psilocybin was measured after l0
(Experiment I) or 9 (Experiment II) volunteers had taken LSD in doses
increasing to 1.5 mcg/kg over the course of 6--7 days (Experiment I)
or 13 days (Experiment II). On another occasion, the same patients
received pailocybin in doses increasing to 150 mcg/kg over the course
of 6---7 days (Experiment I) or 210 mcg/kg over the course of 13 days
(Experiment II).
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2. The development of "cross" tolerance to psiloeybin in patients
"directly" tolerant to LSD was measured by "challenging" the patients,
after they had received LSD chronically, with 150 meg/kg (Experiment I)

or 210 mcg/kg (Experiment II) of psilocybin. "Cross" tolerance to LSD

was evaluated by "challenging" the patients, after they had received
psilocybin chronically, with 1.5 mcg/kg of LSD.

3. A high degree of "direct" tolerance to LSD developed in both

experiments, as manifested by statistically significant reductions in six
of the seven parameters of response. Patients "directly" tolerant to
LSD were also "cross" tolerant to psilocybin on five (Experiment I)

or four (Experiment II) parameters.

4. Definite "direct" tolerance also developed after chronic adminis-

tration of psiloeybin in both experiments, hut statistically significant
reductions occurred in fewer parameters of response (four in Experiment I
and three in Experiment II) than was the case with LSD. Patients
chronically treated with psiloeybin were also "cross" tolerant to LSD

on four (Experiment I) or three (Experiment II) measurements. The

degree of "direct" tolerance to psilocyhin was less than the degree of
"direct" tolerance to LSD.

5. The development of "cross" tolerance between LSD and psilocybin
reinforces the idea that these two drugs cause psychic disturbances by

acting on some common mechanism, or on mechanisms acting through
a common final pathway.
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