THE BLACK VJAULT

This document was obtained from The Black Vault, an online database
of declassified government documents. This particular record is housed
in the MKULTRA/Mind Control Collection, a compilation of more than
20,000 pages declassified by the Central Intelligence Agency (CIA).
The entire collection is free to download and online at:

http://mkultra.theblackvault.com


http://mkultra.theblackvault.com

= e - e

A4t

-

» psiloeybin can be developed.

2 3

Psychopharmacologia 2, 147159 (1961)

Fm;n the National Institute of Mental Health Addiction Research Center,
U. 8. Public Health Service Hospital, Lexington, Kentucky

Cross Tolerance Between LSD and Psiloeybin
. By
TLirris Ispenr, A. B. Wornacu, A. Wikrer und E. J. MINER
A Reccived December 10, 1960 )

.

Recently it has been shown (Horyay ef al., 1958a; Deravetal, 1958,
IsprLL, 1959) that 0-Phosphoryl-4-hydroxy-N-dimethyl tryptamine
(hereafter referred to as psilocybin), 2 compound isolated (Homwax et al.,
1958b) from certain species of mushrooms that are used ceremonially
by Mexican Indians (Tassoy and Wassox, 1057), has psychotomimetic
properties similar to those of the diethylamide of lysergic acid (LSD-23).
The close resemblance of the patterns of symptoms induced by LSD
and psilocybin suggested that these drugs produce mental aberrations
by some common action or by affecting different mechanisms sharing
a common final pathway. Since the cffects of LSD diminish rapidly
when the drug is given daily (ISBELL ¢f al., 1956), it was felt that if the
LSD and psiloeybin syndromes have a common mechanism, this hypo-
thesis could be further tested by determining if “cross tolerance” between
the two drugs esisted. In other words, if the degree of the reaction
induced by a given dose of psilocybin was significantly less in a person

" tolerant to LSD, cross tolerance would be said to exist; and, conversely,

the reaction to a given dose of LSD should be reduced in a person tolerant
to psilocybin. In the latter case it is implied that “direct” tolerance to

Methods

Experiments. Two experiments were performed at different times.
Experiment II was carried out to determine if administration of a larger
dose of psilocybin given over a longer period of time than in Experi-
ment I would create a greater degree of tolerance and cross tolerance.

A ““cross-over” design using each patient as his own control was
employed in both experiments and is summarized in Table 1.

Both experiments consisted of seven periods: (1) first comérol, in
which measurements were obtained after the test doses of psilocybin and
LSD, (2) first chronic adminisiration, in which patients received either
psilocybin or LSD once daily in doses increasing to the test level over
period of 6—12 days, (3) first test of tolerance and cross folerance, in
which patients were “challenged” with the drug they had been taking
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Table 1. Summary of experimental designa Jor Experiments I and I1

Drags and D A
Perlod Expt. }i‘)' of T A ozuva . Romarks
bt Subjects x* * Subjocta y
1. Firgt control . . . . . . . . 1 7—8 LSDS L.6; PB, Ps 150. | Puw? 150; VL, LSD LG I'o obtain basal data
I 88— LSD 1.6, 1, I's 210 s 210, 1, LSD Order of tests randomized.
At least 5 days betweon
. s and LSD
2, First chronic administration . 1 61 LSD increasing to 1.5 Py increasing to 150 T'o develop tolerance
1 12 LSD increasing to 1.6 | Vs increasing Lo 210
3. Yirel test of tolerance and ‘
cross-tolerance . . . . . .. I ] LSD 1.5, Py 150 s 150, LSD LG Test of tolerance and cross
: 1 ] 1L.SD LG, Ps 210 Iy 210, LS L5 toleranco
4. Withdrawal period . . . . . 1 7—10 | Pl " To loso toleranco
1I L None None .
5. Seccond control . . . . . .. 1 7—8 L, Vs 160, LSD 1.0 18D L5, V), Py 160 To replicate control data
1 89 P, Py 210, LSD LG LS L5, P, s 210 'o test, loss of tolerunce
6. Second chronic administration i 6—7 Py incrensing to 160 LSD increasing to 1.5 “Cross-over” Lo develop
1 12 Py increasing to 210 LSD increasing Lo 1.5 tolernneo
7. Second test of tolerance and '
cross-tolerance.. . . . . . . 1 2 Ps 150, LSD 1.6 .S 1.5, I's 150 Test of tolerance and cross
1 2 s 210, LD 1.5 1.SD 15, 14 210 toleranco

1 Nubjects “x” reeeived LSD chronically, fivst.

e

2 Subjects 'y

received psilocybin ehronically, it

3 LSD «x dicthylamide of lysergic acid; Pl == placeho; Py = prilacybin.

indiented by the onler in whiclh they nppear in the section of the tablo for thal period

the dose in megfky,
h i

.
P

Tho order of administrdion of the drag in cuch period Is
L Figures after the symbols for the drugs indicate
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(test of “direct tolerance”) and on the §ubscthent day with the drug
they had not been taking (test of *‘cross” tolerance), (4) a withdrawal or
“yoashout” period, in which the patients received placebos (Experiment I)
or no drug (Experiment II) in order to lose tolerance, (3) 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 peripd and to determine if tolerance had been completely lost,
(6_) second ghronic 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
challenge, With test doses of LSD and psilocybin as in period 3.

Drugs aud Doses. LSD and psilocybin® were given in 30 cc of cherry
syrup at S 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 meg'kg of LSD, placebo, and 150 meg/kg (Experiment I) or
210 meg/kg of psilocybin (Experiment 1T) 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 chronie administration the
patients in Experiment I received 0.25 meg’kg of LSD or 25 meg'kg of
psilocybin on the first day. These doses were increased 0.25 meg/kg
(LSD) or 25 meg/kg (psilocybin) daily until the patients were receiving
1.5 meg/kg of LSD or 150 meg/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 meg/’kg
of LSD or 21 meg kg of psiloeybin on the first day of chronic administra-
tion, increasing by 0.15 meg/kg of LSD or 21 meg/kg of psilocybin daily
until the patients were receiving 1.5 meg/kg of LSD or 210 meg/kg of
psilocybin on the tenth day. These doses were maintained through the
twelfth day. The order in which the patients reccived the drugs in the
first and second periods of chronic administration was randomized 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 adniinistra-
tion the patients were “challenged” with the dosc of drug they had
been receiving (test of direct tolerance). On the second day, they were

1\We arc indebted to Drs. R. BIRCHER and C. ITexzE of Sandoz Pharmaceuticals.
Hanover, New Jersey, for supplics of psilocybin and diethylamide of lysergic acid
tartrate (LSD-25).
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challénged with the test dose of the alternate drug (test of cross tolerance).
On both of these days detailed mcasurements 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 al., 1956) tolerance was largely dissipated within
three days after discontinuation of LSD. ..

Following this withdrawal period. second control measurements were
obtained after the patients had received in randomized order placebo
(Experiments Land II), 1.5 meg, kg of LSD (Experiments I and II) and
159 meg'kg (Experiment I) or 210 meg kg of psilocybin (Experiment II),
ith 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 psilocybin in the
manner described above.

Preliminary Assay. Eaxperiment II. Since the test dose of psilocybin
(150 meg/kg) had a lesser degree of effect than the test dose of LSD
(1.3 meg/kg), a preliminary assay was carried out prior to Experiment II.
The dose-response curves obtained by ISBELL (1959) were extended and

" 210 megikg of psilocybin were estimated to be equal to 1.3 meg kg of

1.SD. 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).

Subjeets. The subjects who volunteered for both experiments were
former opiate addicts who were serving sentences o violation of the
TUnited States narcotic laws. Their ages varied between 25 to 33 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 IL
General Condifions. Subjects were housed in a special ward devoted
to clinical research. Temperature, respiratory rate and blood pressure
were measured threo times daily after the patients had rested quictly in
bed during days on which speeial measurements were not being made.
The patients were observed by specially trained aides with long ex-
perience in detecting drug-induced changes in behavior.
Ohservations. During each day of the control periods and the periods
of chronic drug administration during which the patients 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 before
.and eight times after administration of drugs: rectal temperature, pulse
rate, systolic blood pressure, pupillary: size and threshold for elicitation
of the knee jerk. The methods used ‘were those previous]y described

(IsBELL ef al., 1956; IsBELL et al.. 19530; IsBELL, 1959). In addition, the .
- patients (with the help of an aide) completed a special questionnaire
“* at hourly intervals from 7:30 a.. to 3:30 p.m. At these same times,

general notes on behavjor were written. Clinical arades of the intensity
of the reaction were assigned on the basis of the system of ISBELL et al.
(19s8). .

Analysis of 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 FLATARER (19509,
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), ete. The total
number of positive responses on the questionnaire were counted over

the entire period, climinating 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 130 or 210 meg kg of psilocybin (each individual drug
.against itself) in the first and second controls were evaluated by a f-test
for paired observations (Epwanps, 1046). In Experiment I the only
statistically significant difference found between the two sets of controls
was a decreasc in the pyretogenie effect of psiloeybin (Table 2). In
Experiment II, significant decreases in tlie number of positive responses
on the questionnaire occurred in the sccond control (Table 3) after both
LSD and psiloeybin. Beeause of these differences in the two controls,
the changes in response to the test doses of psiloeybin and LSD after
chronie administration of either drug were evaluated by comparing the
effects of LSD and psiloevbin after the first and second periods of
chronic drug administration with the correspouding 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
caleulated with the individual first and second controls arc presented
herein.




D p)

Table 2. Differences in responses to placcbo, L3DN.25, and psilocybin

on first and second controls in Experiment I -
easure | Placebo LSD-23 . Psilocybin
Temperature . . . . . . +0.98-= 0.63] +042-= 0.64| —1.24-= 0.33*
Pulserate . . . . . . . {=1133213.30 | 1262 =18.4) | —19.60= 1.30
Blood pressure . . . . . —110=1350 —Li53=12.70| =23 40 =11.60)
Pupillary size . . . . . —0.20= 165] +052= LIS| +0.10= 033
RKneejerk . . . . . . . | —1256=11.00 | —1433 = 2155 | -~ 17.83 = 18,50
Responses on questionnaire| +0.90—= 131! —060= 610 —=450= 89.565
Clinical grade . . . . .| +0.10= 0.10] —0.30= 0.20 +~0.20= U.41

Figures repra)enc the mean dlfferences = standard errors of the differences
between responses to the same dose of the same dms.' (placebo, 1.3 meg/ke of L.ED-25
and 150 meg/kg of psilocybin) on the first and second controls on 10 sub]ecta Noue
of the differences e.rcept that for temperature change after psilocybin were signifi-
cant.

- Indicates that the avemge measurenent was increased on the second coutrol.

— Indicates that it was decreased.

*=P <.05.

Table 3. D:/ferencea in responses to placebo, LSD-23, and psilocybin
in first and second conirols in Experiment I

Measure | Placebo | L$D-25 Psilocybin
Temperature . . . . . . 0.07 ’: 0.7 —131+=~ 038 | —138%= 0.63
Pulserate . . . . . . . —0.72 = 931 | —37.681 =179 | +1.30=19.30

- Blood pressure . . . L2144 — 1643 | —13.60 = 18.13 6833 =13.08
Pupillary change . . . . —0.10= 1.68] =2.00= 182 | +043= 1.30
Kneejerk . . . . . . . | +144d = 6651 35522324 | —20.16 1091
Responses to questionnaire 0 —32.00 = 12.35* —29.00 = 0.20**
Clinical grade . . . . . 0 —0.33= 0.23 | —038= 0.3

Figures represent the mean differences - the standard errors of the differences
between responses to the same doses of the same drug (placebo, 1.5 meg/kg of LSD,
and 210 meg/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 coutrol.

* Indicates significance < 0.03.

** Indicates significance < 0.02.

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

‘psilocybin) were also calenlated for both control periods using the same

statistical technique for paired observations (Tables 4 and 3).

As explained above, the differences in the response after chronic
administration of both LSD and psiloeybin were caleulated by comparing
the responses after first and secoud chronic admiunistrations of LSD
and/or psilocybin with their respective first and second controls. TFour
different comparisons were made: (1) respouse to LSD after chronic
administration of LSD (“dircet” tolerance to LSD), (2) response to
psilocybin after chronic administration of LSD (“eross” tolerance to
psilocybin), (3) response to psiloeybin after chronic administration of
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Table 4. Equivalence of dosage of LSD and psilocybin in Experiment 1
Measure } ¥irat Control Second Control

Temperature . . . . . - —114=-0.73 +0.32= 0.66
Pulserate . . . . . o« o 2405 =13.26 L 31.00-18.11
Blood pressure . .. . . . 42275 = 2039 L 46.80 = 15.43**
Pupillary size, . . . . . L 433 1.24%%* o4 T4 = 1.24%**
Knee jetk .. » - » « % —-6.58 = 29.50 4925821781
Responses on questionnaire ~ 41,40 = 3.5*** L 37.10 % 18.45*
-Clinieal grade . . . . . < 0.60 & 0.16%** 4+0.10= 0.48

Figures represent mean differences = standard errors of the differences be-
tween responses to LSD-23 (1.5 meg/kg}.and responsesto psilocybin (150 meg/kg)
in 10 subjects, on two separate occasions ( 1st and 2nd controis).

* P L0035 **P <0.02; **P <00l

-+ Indicates LSD-23 stronger in effect than psilocybin.

~— Indicates psilocybin stronger in effect than LSD-25.

Table 5. Equivalence of dosage of LSD and psilocybin in Experiment I

say § 3 5
— Ry | B | Second Contol
Temperature . . . . .« - —0.66= 0.40| —0.3+= 0.33 —0.29 0.60
Pulserate . . . . . . .1 +925.55=11.98| +65.60 = 11.84%*{ = 23,56 = 13.47
Blood pressure . . . . . |+ 35.30 =2281 | +H44=222¢4 |- 22,44 - 16.00
Pupillary change . . . . | 223% 1.20) +1.85= 180 3422 137
Kneejertk . . . . « - . +2463220861 —+.72=28.33 |+ 33.10 =21.04
Responses to questionnaire | - T0Z10.74| 167821098 | +13.98 % 3.93
Clinical grade” . . . . . | —0.05= 022 —0.11% 0.20 —0.23= 0.18

Figures represent the mean differences = the standard errors of the differences

between responses to single doses of LSD-25

cybin (210 meg/kg) on three separate occasions.
. 2 Indicates LSD-25 produced a greater response.
— Indicates psilocybin produced a greater response. .
* Indicates significance < 0.05.
** Indicates significance < 0.01.

psilocybin (“direct” tolerance fo psilocybin), and
after chronic administration of psilocybin (
The signs of the differences were so
indicated a decrease in the measuremen
as compared with control, and & plus {

Since psilocybin has a shorter duration of
differences (except clinical grade) were also ev

(1.5 meg/kg) and responses to psilo-

(4) response to LSD
“orass’” tolerance to LSD).
arranged that a minus (—) sign
ts after chronic administration

+) sign indicated an increase.

action than LSD, the
aluated, using values

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

using the arca (integrated time action curves
addition, the differences were e¢va
test for paired observations (WILCOXON,
differences by these statistical technicues agreed s
by the t-test on the time-action (arca) figures,
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Pablo 6. Lolerance and cross tolerance, Kxperiment 1
[

Moeasuro

Alter L8D chroulcully

Aftor psilocybin chronleally

LSD
(“Direct” tolerance)

Pallocyhin
(“Crosn™ tulerance)

el -
> Pultocybla
¢ Disect” Loleranes)

18D
(“Cross’ toleruncey -

Temperaturo. . . .
Pulsorate . « . . .

Blood pressure . . . .
Pupillary give . . . .

Knco jerk .

Climical grade . .«

Tigurcs represent the mean
found upon testing with LSD-25 (1.6 megfleg) of psilocybin (150 mey
£ P < 0.05; P <0.02; P <00 — Yudicates o decreaso i

.
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—2214 OR1*
—70.15 4 11,385+
—82.35 4 18.05%%¢
—1LOL T L.G2res
—54.174: 24.80
— 622074 18.70%+*

— 170 0.40%**

—0.904 0.73

—18.054-15.22

—40.50 | B.20%**
—5A5F 1.08%*
— G840 17.67%++
—ORB0: D.20%¢
— 185 020w

— 150 046
—21.90 |- 14.40
— 20504 11.97
— .50 Loy
(212 16.24%4%
— 0601 6.21
— 086 0.24%*

Table 7. Tolerance and cross lolerance, Keperiment 11

—0.22: 0.74
—10.55F 9.20
— 2190 1186
—5ADE 1.54ees
—068.77 4 20.51 %+
—57.90 ] 10.30%*
— 1354 0.31%%

differences - standard orrors of the differences between vespective control values and the valucs
Jkg) after chronic ndministration of eithor drug Lo 10 subjects,
1 response after chronic intoxivation, :

Mueasuro

AMier LSD elirouteally (12 days)

After psiloeybin ehironfeally (12 dayw)

Test with LD
“dircet® tolermnco
Lo L3

Chinlenge with psiloeyhin
“erons’ toloraney
to psitocybin

st with pailocybin
“diveel” toferance
to pailocybln

Challenge with LD
“eros’ tulerance
to L8P

Temperaturo, . . .«
Pulserate . . . . .

Blood pressars . . . .
Pupillary change . . .

Kunee jerk .

e & s s & & e o s

Responses to questionnairo . . .

Clinical grade . . . .

Tigures represent the mean
found upon testing with 1

P S )

—1.80-4 0.65*
— 40,106 - 19.5700%
—44.01 - 18.97*
— IO 2onees
—40.97 -} 20.50
—55.44 |- 17.27%*
— 1444 0.18%+¥

LSD-25 (1.5 mogflig) or pailocybin (210 megflg) alte
-+ Indientey incrense in response after chironic intoxicationy -— Tad
* Tndicutes significance < 0.03; ** Tndicates siguificance < 0.02;

— 165 0.30%%¥
—47.44 - 2139

—h.4iG - 15.07

B0 1ATees
— 12,69 - 30.61
—30.88 - 11.07%%*
— L84 0.31%*

—1.27-} 081
8211 -1 14,79
2008 1862,

— G5 1.45%%

—2.41 - 25.04
—47.11 . 0.85%%*
— 2054 Q.21+

et

TRy AN o

— L3 050
(LA |- 15,6040
—07.83 . 2811

— ] o 2 I2es

—0.97 : 18.04
—09.60 £ 13.38%++

—1.88 - 0.20%%*

differences -|- stundard errors of the differences hetweew rvespeclive control values and the valucs
r chronic administration of vither g to O suhjiu:es;
ieates o deercase in yesponse after chronie intoxication,
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i Results
Controls. The differences in the responses to the same doses of the
same drug in first and second controls after placebo, LSD and psilocybin
are shown in Tables 2 (Experiment-I) and 3 (Experiment II). In

Experiment T, the only change that was statistically significant (p<< 0.03)
_was & decline in elevation of body temperature after the second control
#,dose of psilocybin. In Experiment II, 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 psilocybin) are presented in Tables +
(Experiment I) and 5 (Experiment T1). 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 meg-kg) was weaker than
the test dose of LSD (1.3 megikg). 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 meg/’kg of LSD were somewhat greater than
those of 210 meg/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 effcets of 210 meg kg
of psilocybin in Experiment II may, therefore, still have been weaker
than those of 1.3 megjkg of LSD. -

. Tolerance and Cross Tolerance. The differences in the responses to
LSD and psilocybin after chronic administration of either drag 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 LSD, and reflects
sqirect” tolerance to LSD. The third column shows the difference in
response to psilocybin as compared with the appropriate control after
chronic administration of LSD, and reflocts “cross” tolerance to psilo-
cybin. Similarly, the fourth column presents. measures of “‘direct”
tolerance to psilocybin, and the £ifth column “cross” tolerance to LSD.

Inspection of the tables shows that results were very similar in the
two experiments. All signs are negative in both tables, indicating an
average decrease in responsc on all measures. In the case of “direct”
tolerance to LSD (sccond co}umns), the differences reached statistical

.
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significance on six of seven measures in both experiments. In the-easc

of “cross” tolerance to psilocybin (third columns) the differences were
statistically significant in five of seven measures (Experiment I), and
four of seven measures (Experiment IT). In the case of “dircct” 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 pupillazy diameter, responses on questionnaire and the elinical
grades.

i , Diseussion

The data show that a considerable degree of ““dlirect” toleranceto 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 psiloeybin. 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 psiloerbin
were “cross” tolerant to LSD. However, under the conditions of these
experiments, the degrees of direct tolerance to psilocybin and cross
tolerance to LSD were less than the degrees of direct tolerance to LSD

- and cross tolerance to psiloeybin. 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 statistieally
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 cfoss tolerance to LSD than occurred with
the lower dosage and shorter period of chronic administration in
Experiment 1. :

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 cffects of the
dose of psiloeybin were definitely less than the cffects of the dose of
LSD employed, and in Experiment II the cffects of the dose of psilo-
cybin prescribed were probably weaker than those of the LSD. Thus
the stimulus for the development of tolerance during chronie 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 dosc of cach drug was given daily. the stimulus for the develop-
ment of tolerance was not present for as loug 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 differcnt 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 are not suffi-
cient for o determination of the relative roles of any of these hypothe-
tical factors. . :

Ceererrr (1958) did not observe direct tolerance to the pyretogenic
effect of psilocybin on daily adininistration to rabbits, but did find
that tabbits “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
the most likely.

BaLESTRIERE (1960) did not observe direct tolerance to psiloeybin or
cross tolerance to psilocybin in patients receiving LSD chronically.
The- details in BALESTRIERI’S paper 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 hetween LSD and psilocybin
reinforces the idea derived from the similarity of clinical effects (IsBELL,
1959) that LSD and psilocybin induce psyehic 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, chemieal,
neurophysiological 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 psiloeybin was measured after 10
(Experiment I} or 9 (Experiment II) volunteers had taken LSD in doses
increasing to 1.5 meg kg over the course of 6—7 days (Experiment I)
or 13 days (Experiment II). On another occasion. the same patients
reccived psilocybin in doses inereasing to 150 megikg over the course
of 6—7 days (Experiment I) or 210 meg;kg over the course of 13 days
(Experiment II).
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3, The development of “cross” tolerance to psilocybin 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 meg/kg (Experiment II) of psiloeybin. “Cross” tolerance to LSD
was evaluated by “challenging™ the patients, after they had received
psilocybin chronically, with 1.5 megkg of LSD.

3. A high degree of “dircct” 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 ‘eross” tolerant to psiloeybin on five (Experiment I)
or four (Experiment II) parameters.
£. Definite “direct” tolerance also developed after chronic adminis-

tration of psilocybin in both experiments, but 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 psilocybin were also “cross” tolerant to LSD
on four (Experiment I) or three (Experiment I1I) measurements. The
degree of “direct” tolerance to psilocybin was less than the degree of
“direct’* tolerance to LSD.

5. The development of “cross” tolerance between LSD and psilocybin
reinforces the ides 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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