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Summary. 1. The objective and subjective effeets of 0.5 and 1.5 meg/kg of LSD
intramuscularly were eompared with thosoe of 75 and 225 meg/kg of (—)-A%trans-
tetrahydrocannabinol by smoking in the same eight subjects.

2. The objective effects of LSD and THC dificred markedly. LSD increased body
temperatare, systolic and diastolie blood pressare, lowered the threshold for the
knee-jerk, and dilated the pupils. THC had none of theso effeets but caused more
marked tachyeardia than did LSD.

3. The subjectivo effects of the two drugs conld not be readily distinguished by
the methods used. Both LSD and THC are psychotomimetic drugs.

4. Patients tolerant to LSD were not eross-tolerant to THC, indicating that the
mental effects of the fiwo drugs are probably mediated by different mechanisms.

Key-Words: Cannabis — Marihuana — (—)-4%Tetrahydrocannabinol —
Lysergic Acid Dicthylamide — LSD Tolerance -~ LSD and '"FHC Cross-Tolerance,

The psychotomimetie effects of Cannabis sativa (marihuana, hashish)
have heen known for thousands of years and deseribed in many ancient
writings (Luwix, 1964; Cuorra, 1939). These deseriptions have men-
tioned subjective phenomena resembling those seen alter administration
of lysergic acid diethylamide (LSD). Research on Cannabis has been
hampered by the very difficult chemistry of the resin of that plant,
which meant that pharmacological investigations were performed with
crude and impure mixtures or with synthetic materials that were not
known to correspond exactly in chemieal structure to those isolated
from the plant. Recently it has been shown (ISBELL ef al., 1967) that
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(—)—A9-trans-h‘tmhydrommmbinnl1 (hereafter referred to  as THC)
causes the same kind of mental cffeets as those described after adminis-
tration of crude Cannabis preparations. Furthermore the psychotomi-
metic effeets of TIC were shown to be dependent on dose. Because of
the resemblance of the subjective mental effeets caused by THC to
those causcd by LSD, a direct comparison of the effects of the two drugs
in the same subjeets was thought of interest in order to delincate further
any resemblances and differences between the syndromes produced by
the two drugs. In addition, an attempt to determine whether patients
tolerant to L.SD would be cross-tolerant to THC might give some
indication as to whether the two drugs caused their effects by similar
mechanisms.

Methods
Experiments

Two experiments were performed —the comparison study and the
cross-tolerance study. Tn the comparison study the same patients reccived
at weekly intervals in randomized order a placebo, 0.5 meg/kg and
1.5 meg/kg of I8D intramuscularly, and 75 meg/kg and 225 meg/kg of
THC by smoking. In the cross-tolerance study ten pationts received in
randomized order at weekly intervals placebo, 1.5 meg/kg of LSD LM,
and 225 meg/kg of THC by smoking (control doses). The subjects were
made tolerant to LSD by daily injection of 0.5 meg/lkg of LSD increasing
to 1.5 meg/kg over a period of 10 days. They were challenged with
1.5 meg/kg TSD M. (test of direet tolerance) on the cleventh day, and
then on the following day with 225 meg/lkg of THC by smoking (test of
cross-tolerance).

Subjects. Wormer opiate addicts sorving scntences for violation of
the United States narcotic laws volunteered for the experinients. Their
aces ranged from 22 to 53 years. All were physically healthy and pre-
sented no evidence of serious mental disturbances. All had been abstinent
from opiates for six months or more before beginning the experiments.
All had used marihuana at one time or another prior to being arrested.
All smoked tobacco cigarcttes habitually. Originally, 10 subjects bogan
the comparison study. Two of these dropped out after experiencing

psychotic reactions following TITC, so that only 8 subjects completed

1 Supplied by courtesy of Prof. F. KorTr and associates, Organisch-chemisches
Institut der Universitiit Bonn. The material was isolated from hashish by extrac-
tion with organic solvents and purified by countercurrent distribution. The name
(—)-./1"-ir(m.s-totmhydmcann;Lbinol uscs the official numbering system of the
American Chemical Socicty to designate the location of the double bond. The com-
pound has also been designated (—)-A'-tetrahydrocannabinol by other chemists
using a different numbering system.



117

that experiment. Ten subjects began the cross-tolerance study and all
completed it. Five of the same subjeets who served in the comparison
study also served in the eross-folerance sturly.

(Yeneral Conditions. All experiments were conducted in a special ward
devoted to clinical investigation. In the comparison study, the subjeets
entered the ward the night before drugs were given and remained through
the night following completion of the observations. In the cross-tolerance
study, the subjeets were housed in the experimental ward for the duration
of the experiment.

Observations. In the comparison study the following observations
were made at 7:00 AM, $:00 AM, 9:00 AM, 10:00 AM, 11:00 AM, 1 :00
PM, and 3:00 PM by specially trained attendants after the subjects had
rested quietly in hed for ten minutes: rectal temperature, pulse rate,
systolic and diastolie blood pressure, threshold for the knee-jerk (the
number of degrees of are through which a hinged reflex hammer had to
fall to clicit the patellar reflex), and pupillary diameter by photographing
the pupils under conditions of constant light and accommodation. These
measures were termed “objective’” parameters.

At 7:30 AM, 8:30 AM, 9:30 AM, 10:30 AM, 11:30 AM, 1:30 PM
and 3:30 PM the patients completed, with the help of an aide, a speceial
questionnaire containing 63 items?. Ten of these questions were taken
from the general drug scale of the Addiction Rescarch Center Inventory
(I arwrTzEN, 1966), ten from the LSD seale, and 10 from the marihuana
(Ma) scale of the same instrument, which was developed using DMIIP
|1 -hy(lmxy-:}-(1’,2’-dimothyl h(\plyl)-(’».ﬁ,ﬂ-(rimothyl-"i,S,S),]0-1‘-0tmhydro-
cannabinol], a potent congener of "THC. The items constituting the LSD
and marihuana scales have been shown empirically (ITarrTZEN, 1966)
to give high scores after LSD and DMIID compound (Apans ef al., 1948),
a synthetic drug with marihuana-like effeets, and the items constituting
the general drag scale give high seores with nearly all types of drugs with
central nervous system effects. The remaining 33 questions were taken
from the questionnaire previously used in studies of LSD and similar
agents (AnrRAMSON of al., 1955) and consisted of items dealing with
alterations in mood, distortion of sensory perception, alterations in body
image, illusions, delusions, and hallucinations. These 33 questions were
termed the “psychotomimetic seale”. The questions making up the
various scales were placed in random order throughout the questionnaire.

In the cross-tolerance study the same observations were made and
the same questionnaire was administered at the same times on control
and test days, oxcept that the observations at 3:00 PM and the ques-
tionnaire at 3:30 PM were not obtained.

2 Copics of the various scales will be made available on request.
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Drugs

Lysergic acid diethylamide monotartrate was dissolved in distitled
water in a coneentration of 100 meg/ml and sterilized by autoelaving.
The solution also contained 1 mg/ml of ascorbic acid as an anti-oxidant
and was stored in a refrigerator and protected from light. (—)-A°-trans-
tetrahydrocannabinol was dissolved in 95%), ethanol in a concentration
of 10 mg/ml, refrigerated and protected from light. The LSD placebo
was sterile isotonic saline solution. The ealculated dose of tetrahydro-
cannabinol was injected with a syringe and needle into the second and
third fifths of an ordinary tobacco cigarctte on the night before an ex-
periment. and the cizarctte dried without heating. The TIIC placebo
consisted of an ordinary tobacco cigarette into which 95°/, cthanol had
been injeeted and dried. Cizarettes were smoked in 5 min or less. In the
comparison study cach patient received an intramuscular injection and
smoked a cigarette on cach test day. At weekly intervals and in randomiz- .
ed order each patient received the following five combinations: 1L.SD
placcho plus TIIC placebo; 0.5 meg/kg of LSD plus TUC placebo;
1.5 meg/kg of T8D plus TIHC placebo; 76 meg/kg of THC plus LSD
placeho; and 225 meg/ke of THC plus LSD placebo. Neither patients nor
observers knew what drugs were being given on any particular day
(““doubleblind” technique).

Tn the cross-tolerance study, the patients reccived at weekly intervals
in random order the following drugs prior to chronic administration of
L.SD: THC placebo plus LSD placeho; THC 250 meg/kg plus LSD
placebo; and THC placebo plus 1.5 meg/kg of LSD. These cxperiments
constituted the controls. The patients then received at 8:00 AM each
morning an intramuscular injection of LSD. The initial dose on the first
day was 0.5 meg/kg and was increased by 0.25 meg/kg daily until the
patients were receiving 1.5 meg/kg by the 5th day. This dose was then
maintained through the 10th day. On the eleventh day the patients
received T.SD, 1.5 megfkg, and smoked a placebo cigarctte—test of
direet tolerance to LSD. On the next day they received a placebo in-
jection and smoked a cigarette containing 250 mog/kg of THC—test of
cross-tolerance to THC. On both days the ohservations described under
“Methods” were made. Sufficient TITC was not available for a study of
possible development of direct tolerance to TIIC and cross-tolerance to

I.SD.

Statistical Analysis

Tn the comparison study the data for cach objective parameter for
cach dose of cach drug were tabulated for cach patient cach obscrvation
time and means calculated so as to obtain time action curves for each
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measurement. In addition, the total number of correct responses (for
gome items in the LSD, marihuana, and general drug scales the correct
response that counted in the scoring was a negative one) at each time
was tabulated for cach patient and cach dosc of each drug. The areas
under the time action curves for cach objective parameter for each dose
of each drug and cach patient were calculated by the method of WINTER
and Fratakrr (1950). The total number of correct responses on the
questionnaire was obtained by summing the totals at each observation
time for cach paticnt. Means and standard errors of means were calculated
by standard statistical methods. The significance of differences between
means was evaluated by the _“‘t” test for correlated data (Epwarps,
1946).

In ovder to caleulate relative potencies in the comparison study, the
scores on cach scale (psychotomimetie, general drug effect, marihuana
and LSD scales) were tabulated and summed for cach subject and for
cach dose of ecach drug, using the data for the 8:30 AM and 9:30 AM~
observations only. The times were chosen because of differences in the
time action curves of LSD and TTHC. They represent “peak’ rather than
total time action eflects. The relative potencies of TLSD and TIIC were
then ecaleulated, where possible, for each of the scales using the method
described by FiNnEY (1964).

In the cross-tolerance study the arcas under the time action curves
were approximated by summing cach response for the most significant
objective parameters (pupillary size for LSD and pulse rate for THC).
The total number of correet responses on the questionnaire was counted
for all drugs. The confidence limits of the response to the placebo were
calculated by the standard method (Epwarps, 1946). The significance
of differences between the control and test doses of LSD were evaluated
by the “t” test for correlated data (EpwarDS, 1946).

Results

Com parison Study. The effects of 1.SD and TIC over the total ob-
servation period are summarized in Table 1. LSD caused the expected
effects of inercasing hody temperature, pulse rate, systolic and diastolic
blood pressure, lowering the threshold for the knee-jerk and inereasing
pupillary size. In contrast, TIC had no significant effects on temperature,
systolic blood pressure, threshold for the knee-jerk and pupillary dia-
meter. No ataxia could be detected by clinical observation. The out-
standing effect of THC was induction of marked tachycardia. Similar
comparisons utilizing the data at time of peak effect (2 hours for the
objective parameters and 11/, hours for subjective cffects) gave results
similar to those for the total effects and are accordingly not reported.



Table 1. Comparison of objective and subjective effects of (- )- V-trans-tetrahydrocannabinol (TIIC)} and LSD. Areas and responses on

questionnaire
Measure Drug and Dose
Placebo LSD LSD THC TIHC
0.5 meg/kg 1.3 meg/kg 75 meg/kg 225 meg/kg

Temperature 4+ 28 4 0.32 + 4.1 = 0.26 4 32+ 06 L0285+ 0.7 + 25 = 08
Respiratory rate — 075+ 6.5 112 + 75 — 8.9+ 6.3 L 6.5 4137 4+ 18.8 + 4.0
Pulse rate + 395 4+ 148 +~62 L1354 +67.84 82 +79.5 204 +04.25 - 21.1
Systolic blood pressure L 40.8 -+ 6.7 L0645 --14.0 -+~ 67.8 L 11.7 + 385 144 +26.3 -=106.6
Diastolic blood pressure 4030 22132 - 16.0 =117 4272 145 — 14.75 4 13.8 — 225 +12.2
Pupillary size — 0.19+ 03 + 4.66 - 0.66 - 6.5 4095 - 0.31 4+ 0.22 + 0.7 + 08
Threshold for knee-jerk -+ 44 4-13.0 —36.6 + 7.0 —45.9 + 10.1 — 10.0 -+ 14.6 —14.1 + 14.6
Total questions 8.6 4 7.2 45.6 -+ 9.7 101 + 18.4 29.8 4-12.8 69.9 =221

Figures represent means (N = 8) of arcas (sce text) under time action curves - one standard error except for questions where figures
are means of total positive responses on questionnaires -= one standard error. Figures are in terms of “degree-hours’ (temperature),
“hreath-hours™ (respiration), “beat-hours” (pulse), “mm/hours” (blood pressure), “mm/hours” (pupil), and “degree-hours” (knee-jerk).
A positive sign indicates an increasc over the average of the two pre-drug observations, a negative sign indicates a decrease.

Table 2. Tolerance to LSD and test of cross-tolerance to { — )-A°-trans-tetrahydrocannabinol

Parameter Placebo® LSDe® THC?

Control Test g Control Test “p
Pupillary change —.3(—1.1t0.5) + 4.3 1.4 4.01¢ + .1 + 0.6 0.84
Pulse change + 22 (10 to 33) + 51 -+ 26 2.28¢ -- 69 + 77 1.1t
Positive questionnaire responses 6 (—3 to 15) 81 5.9 4.67¢ 51 40 1.70

a The figures for placebo represent the mean of the areas under the time action curves with the 95%/, confidenice limits in parenthesis.

b The figures are the means of the areas under the time-action curves (N = 10) done before (control) and after (test) daily administra-
tion of LSD. Note that the responses to the test dose of LSD are markedly attenuated as compared with control, indicating direct to-
lerance, whereas those after the test dose of THC are not, indicating no cross-tolerance.

¢ For this value of “t”, p < 0.05. 4 For these values of “t”, p < 0.01.

(V4!
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Both drugs caused the expected subjective effects, including distor-
tions, alterations in mood and. with the higher doses, hallucinations. As
mentioned above, two patients withdrew after experiencing psychotic
reactions following THC.
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¥ig.1. Responses on the four scales of subjective ecffects. Open cireles represent
the mean namber of responses to LSD at the doses indicated. Solid circles represent
the mean number of responses to THC. The figures in the arrows on the psycho-
tomimetic and general drug scales represent the relative potency of LSD as com-
pared with THC. with the confidence limits being shown in parentheses underneath

The comparisons on the four scales are shown in Fig.1. Valid assays
meeting the statistical requirements for slope, parallelism, and equi-
valence of response were obtained with the psychotomimetic and gencral
drug effect scales. LSD was 160 times as potent as THC (95°/, confidence
limits 129.4—177.8) on the psychotomimetic scale and 150 times as
potent as THC on the gencral drug scale (95°/, confidence limits 21.9 to
1242.0). Valid assays were not obtained with the marihuana and LSD
scales. LSD did not produce a significant dose-related response on the
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marihuana items and TIHC was less effeetive in producing a response on
the LSD scale than it was on the psychotomimetic and general drug scales.

Cross-Tolerance Study. The results of the cross-tolerance study are
summarized in Table 2 and Fig.2. All responses to the test dose of LSD
after chronic administration were significantly reduced when compared
with the control dose, indicating that a high degree of direct tolerance
had developed. The responses to the test dose of THC were, however,
not significantly reduced, indicating that no cross-tolerance to THC was

present in patients tolerant to LSD.
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Fig.2. Attempted cross-tolerance between ISD and THC. Note the significant

reductions in the responses to the test dose of L.SD as compared with control, indi-

cative of tolerance to L.SD. In contrast there were no significant responses to the
test dose of THC as compared with control, indicating no eross-tolerance

Discussion

The patterns of the objective effects of LSD and THC can easily be
distinguished. THC does not cause the temperature and blood pressure
inercases, pupillary dilatation and hyperreflexia so charactesistic of
1SD. The lack of effect of THC on pupillary size is particularly note-
worthy, since mydriasis (as judged clinically) is frequently mentioned
as a sign of marihuana intoxication. On the other hand, THC causes a
much greater increase in pulsc rate at the time of peak effect than does
LSD. In addition, THC causes injection of the conjunctivae and pseudop-
tosis, effects not characteristic of LSD.
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The subjective effects caused by the two drugs could not be dis-
tinguished as expocted by the general drug scales, but in addition could
not be differentiated by the psychotomimetic scale, even when the
responses on that scale were broken down into classes of items dealing
with alterations in mood, sensory distortion, hallucinations, cte. On the
other hand, the subjective states produced by THC and LSD can be
distinguished by the mean group responses on the marihuana and L8SD
scales. The number of items in the LSD and marihuana scales and tho
mamber of subjects were too few to allow meaningful pattern analyses.
For this reason, specific difterences in the subjective states produced by
the two drugs cannot be determined at this time,

The results of the cross-tolerance study were uncquivocal—patients
tolerant to I.SD were not cross-tolerant to THC. Because of this fact, and
because of the distinet differences in objective effects, it scems certain
that the mental effects of THC are due to mechanisms within tho central

nervous system which differ from the mechanisms underlying the effects .
of LD,
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