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1 The pharmacological potencies of the resins from three different samples of Brazilian
marihuana (A, B and C) were determined through corneal areflexia in rabbits, decrease of
spontaneous motor activity and induction of catatonia in mice, and decrease of rope climbing
performance of rats.
2 The A9 -tetrahydrocannabinol (A9 THC) content of the marihuanas, measured by gas

chromatography, was 0.82, 2.02 and 0.52%, respectively, for samples A, B and C.
Approximately 2% cannabinol was present in samples A and B whereas the content of
cannabidiol was approximately 0.1%.
3 The petroleum ether extraction of the samples A, B and C yielded, respectively, 12.06,
14.56 and 4.26% of resin.
4 In all animal tests resin B was nearly twice as active as resin A, whereas C was the weakest.
5 The smoke of the marihuana samples was inhaled by 33 human subjects, under a

double-blind standardized procedure. Pulse rate, a time production task and an evaluation of
psychological effects were recorded.
6 The smoke of 250 mg of sample B provoked disruption of the time production task,
increased pulse rate, and induced strong psychological reactions in four of the six subjects who
received it. Similar effects, although slightly smaller, were obtained with 500 mg of sample A.
On the other hand, 500 mg of sample C did not differ from placebo.
7 It is suggested that it is possible by means of animal tests to predict the potency of a

marihuana sample in man.

8 In parallel experiments, A9-THC was administered to other human subjects and to
laboratory animals in a manner similar to that in which the marihuana samples were
administered.
9 Comparison of the results between the marihuanas and A9 -THC showed that in man and in
the laboratory animals marihuanas A and B induced effects two to four times greater than
expected from their A9 -THC content.
10 It is suggested that there may be potentiation of the effects of A9 -THC by other
substances present in these marihuana samples.

Introduction

The first report dealing with the administration of
marihuana to humans in a double-blind procedure
did not appear until 1968 (Weil, Zinberg & Nelsen,
1968). These authors and Manno, Kiplinger,
Haine, Bennett & Forney (1970) have pointed out
that the way the subjects smoke a marihuana
cigarette, has often not been taken into considera-
tion, and yet this may be important in determining
the amount of active principles delivered to a

subject. Furthermore, in many of the studies
the content of (-)-A9 -trans-tetrahydrocannabinol

(A9 -THC) in the plant material used was either
not mentioned or reported imprecisely (Crancer,
Diller, Delay, Wallace & Haykin, 1969; Caldwell,
Myers, Domino & Merrian, 1969a & b; Manno,
Kiplinger & Scholz, 1971). The chemical composi-
tion of marihuana may be another important
factor. It is not yet certain whether the potencies
of different marihuana samples are due only to
their content of A9 -THC or to differences in their
chemical compositions. It has been suggested that
other cannabinoid compounds may interfere with
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the action of A9 -THC (Carlini, Santos, Claussen,
Bieniek & Korte, 1970; Isbell, 1971; Kubena &
Barry, 1972). On the other hand, as far as we
know, no previous report has been published in
which a marihuana sample smoked by human
beings had been previously studied in laboratory
animals in order to assess its pharmacological
potency. It has been suggested that certain tests in
laboratory animals can detect differences in
potency between samples of marihuana which
correlate with their content of A9 -THC (Carlini et
al., 1970).

Recently, Renault, Schuster, Heinrich & Freed-
man (1971) developed a simple method of
administering marihuana smoke to humans which
allows for the standardization of smoke admini-
stration. Briefly, the method consists of burning a
known amount of marihuana in a pipe connected
to a spirometer. The subject then inhales the
smoke from the spirometer under standardized
conditions. In the present experiments three
different samples of marihuana and A9 -THC were
given to human beings and to laboratory animals
in order to observe: a) whether the potencies of
the samples were the same among the species
studied; and b) whether the effects could be
explained solely by the A9-THC content of the
samples.

Methods

Plant material

Samples A and B were apprehended by the Sao
Paulo State Police; sample C originated from a
plant cultivated at the premises of Escola Paulista
de Medicina. We are grateful to Drs Orlando
Rosante and Diniz Junqueira from the Sao Paulo
Police for supplying samples A and B and to Prof.
J. Ribeiro do Valle for sample C.

Gas chromatography analysis of samples A and
B was kindly performed by the Research Triangle
Institute of North Carolina, USA; sample C was
assayed by Dr U. Claussen of Bonn University. The
results are shown in Table 1.

Animal studies

Preparation of cannabis resins. Fifty g portions
of the marihuanas were extracted for 12 h with
petroleum ether as described by Carlini & Kramer
(1965); after the petroleum ether evaporation they
yielded, respectively, 12.06, 14.56 and 4.26% of
resin. Suspensions of the extracted resinous
material in saline (0.9% w/v NaCl solution) plus
Tween-80 and a control solution were prepared as
recommended by the same authors. The plant
residue left after petroleum ether extraction was
thoroughly dried and used thereafter as placebo in
the human experiments.

Measure of corneal areflexia in rabbits (Gayer
test). This was performed as described by
Santos, Sampaio, Fernandes & Carlini (1966).
Adult male albino rabbits weighing 2.5 to 3.5 kg
were used. Suspensions of cannabis resins con-
taining 0.5 to 4.0 mg/ml were injected at a
constant speed of 0.04 ml/min through the
marginal vein of the ear of adult albino rabbits.
The corneal reflex was tested 10 times on each eye
every 3 minutes. The abolition of at least 80% of
the responses in the last three sets of tests was
considered a positive assay, after which the
infusion was discontinued. The total amount of
cannabis resin injected was then calculated per kg
of rabbit weight.

Measure of spontaneous motor activity in
mice. Four photocell cages as described by
Carlini & Silva (1968) were used. Male albino mice
three months old and weighing 25-30 g were
employed. Three or four doses in geometric
progression were used for each drug, and at least
10 mice used for each dose. All drugs were given
through the intraperitoneal route between
9 h 00 min and 10 h 00 min, and immediately
after injections the animals were put into the cages
where they remained for a period of 2 hours. The
total number of light beam interruptions was
counted and the values found for the control
animals were taken as 100% for calculations of
ED50 according to the log-probit-method of Miller

Table 1 Gas chromatography analysis and % of resin of marihuanas A, B and C.

% constituents (wiw) in the plant material

W9-THC A8-THC Cannabinol Cannabidiol % extracted resin

0.82
2.02
0.52

0.1
0.1

1.56
2.12

0.06
0.16

12.06
14.56
4.26

Marihuana
plant

A
B
C

THC = tetrahydrocannabinol.
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& Tainter (1944). Analysis of variance was
performed among the control and drug treatments.
When a significant difference was obtained, further
comparison between control and each drug group
was made by Student's t test. The same statistical
procedure was followed in the catatonia and rope
climbing experiments (see below).

Measure of catatonia in mice. The procedure of
Carlini et al. (1970) was followed. Male albino
mice three months old and weighing 25-30 g were
used. The animals had their forepaws lifted on to a
horizontal glass rod which was 4.5 cm from the
floor. Each animal was put in this position three
times, at 20 min intervals, up to 3 h after the
injections. Four doses with at least 10 mice per
dose were used for each compound. The total time
in seconds that the animal remained in this
imposed position was considered as a measure of
catatonia. The theoretical maximum of catatonia
(100%) shown by an animal should, therefore, be
10,800 s (equal to 3 hours). The time of catatonia
recorded from the drug-injected animals was
converted to percent values to allow calculation of
the ED50 by the method of Miller & Tainter
(1944).

Rope climbing performance test in rats. This test
was carried out as described by Karniol & Carlini
(1973); the data are expressed in the way
recommended by these authors.

Human studies

Selection of subjects. For the marihuana sam-
ples, the subjects were 11 male physicians and 22
male medical students who volunteered. They had
never smoked marihuana before. Eight of the
subjects served in more than one experiment, and
in these cases the interval between the two sessions
varied from 7 to 18 days. Their ages and weights
varied from 18 to 42 years and 51 to 80 kg. They
were distributed into several groups (placebo or
marihuana samples), balanced for age, weight and
smoking habits. They were told that they were
participating in a marihuana experiment, and that
they might receive a small or large dose or even
placebo. The experimenter administering the
marihuana did not know what drug he was giving.
A preliminary experiment with four other
volunteers, whose results were not entered in the
general data, was performed without double-blind
conditions in order to give the experimenters an
opportunity to choose the dosage levels of the
samples. In another series of parallel experiments
14 other volunteers were exposed to three doses of
A9 -THC as explained above (Karniol & Carlini,
1973).

Administration of the marihuana smoke to human
subjects. A quantity (62.5 to 500 mg) of finely
chopped plant, either A, B or C, was burned in a
pipe connected through latex tubing to a 6 litre
Palmer spirometer. The smoke inside the apparatus
was then mixed with air to make 6 litres.
Immediately after this operation (which took 2 to
3.5 min depending on the amount burned), the
subjects started to inhale the mixture by mouth,
with their noses blocked, according to the
following schedule: 5 s of inhalation, 15 s of
breath holding, 35 s of normal breathing of room
air, until all 6 litres were consumed. This took six
to nine cycles as described above or 5.5 to
8.5 minutes. To administer A9-THC, 0.1 to 0.4 ml
of an alcoholic solution containing 50 mg/ml of
A9 -THC was added to 500 mg of placebo powder
and the mixture was thoroughly mixed to allow
most of the alcohol to evaporate.

Test procedure. Table 2 summarizes the pro-
cedure. Each volunteer was physically examined,
and interviewed by a psychiatrist (I.G.K.) to
ensure that he had no history of severe
psychopathology and that he was in apparent good
mental health at the time of the experiment. They
were then told in detail what was to be done, how
they should inhale the smoke and that they would
be asked to describe their feelings. The subjects
were then asked to be seated in an isolated
laboratory, and to relax while pulse rate was
measured 10 times at 1 min intervals. After this
the subjects performed a time production task, i.e.
they were asked to estimate a 60 s interval, 10
times. In the first five estimations (Estimation T 1)
there was no feedback from the experimenter. The
following five estimations (Estimation T2) were
performed with feedback, the experimenter saying
either 'correct', 'too short', or 'too long'
immediately after each estimation. The marihuana

Table 2 Protocol for marihuana investigation in man.

Time
(min)

0-30 Physical examination; psychiatric interview.
30-35 Explanation of the experiment.
35-55 Resting period; control pulse rate

measurements.
55-65 Time production tasks Ti and T2.
65-69 Burning marihuana; preparing the

spirometer.
69-76 Inhalation period.
76-96 Pulse rate measurements; time production

tasks T3 and T4.
96-276 Psychiatric observation and occasional

pulse rate measurements.

Events
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was then burned, the smoke collected in the
spirometer, and the subjects inhaled it as described
above. After inhalation, pulse rate and estimations
T3 and T4 (with and without feedback) were again
determined as before, but now the measurements
were made concomitantly. T3 and T4 took about
15 to 20 min to complete. The subjects continued
to be observed for an additional 1 to 3 h period,
depending upon the symptomatology presented.
About every 10-15 min the experimenter returned,
sat behind them, asking questions about and
recording their feelings and sensations, and then
measuring their pulse rate. The psychological
effects of drug action, were graded from 0 to 4,
according to the subjective report of at least three
symptoms in a grade:

Grade 0: nothing or slight anxiety.
Grade 1: slight feeling of well-being; feeling of

lightness; paraesthesia in extremities; slight diffi-
culty in concentration; dizziness; somnolence; cold
hands and sweating.

Grade 2: definite feeling of well-being;
euphoria; colours are brighter; intense paraesthesia;
uninterested by the surroundings; some difficulty
in reporting feelings; sometimes slight sensation of
fear; intense difficulty in concentration.

Grade 3: marked sensation of euphoria
intercalated with moments of apprehension;
intense introspection with resistance to describing
feelings; sensation of being watched; sounds are
clearer and colours are brighter; laughing without
reason; concentration almost impossible due to the
rapid flow of ideas; extremities very heavy; unable
to visualize intact objects with eyes closed (e.g.
watch seen without numbers or hands).

Grade 4: feelings of well-being followed later
by panic; intense sensation of being watched;
coherent thoughts impossible due to the rapid
flow of ideas; in general, subject knows what is
happening, but loses the knowledge from time to
time and panic starts; cinaesthesia; striking visual
hallucinations.

As explained above, in another series of parallel
experiments several doses of A9-THC were given
to rats, mice, rabbits and to human volunteers.
The overall data and some aspects of the results
will be given here; the details of the experimental
procedure and other data are given elsewhere
(Karniol & Carlini, 1973).

Results

Human studies

General physical reactions of the sub-
jects. Thirty-one of the subjects receiving mari-
huanas A, B or C did not present any marked

physical signs or symptoms after the inhalation of
smoke. Occasionally, paroxysmal episodes of
coughing or a sensation of nausea were reported.
However, two of the subjects who smoked 125 mg
of marihuana B and 500 mg of marihuana A
respectively, complained of faintness, vague
physical discomfort and profuse sweating. The
blood pressure of one of these subjects fell to
60/30 mmHg from a pre-drug level of
100/80 mnmHg. These symptoms were quickly
relieved in both subjects by putting down their
heads below body level. Such effects did not
appear in the volunteers receiving A9 -THC.

Pulse rate. The larger doses of A9-THC and of
marihuanas A and B increased pulse rate. The
effect was seen even at the first measurement after
the end of inhalation and reached a peak after a
maximum of 8 min, returning to levels near
normal within 20 to 50 minutes. The increase was
dose-dependent. Table 3 shows the average results
expressed as a percentage of the pre-smoking
period. Plants A and B significantly increased pulse
rate when compared to placebo and B was nearly
twice as active as plant A; plant C had practically
no effect. Marihuanas A and B induced effects of
greater magnitude than were expected from their
A9 -THC content. Thus, 500 mg of A (containing
4.0 mg of A9-THC) and 250 mg of B (5.0 mg of
A9 -THC) induced an increase of pulse rate
comparable to that obtained with 10 mg and larger
than that seen with 5.0 mg of A9-THC.

Time production task. A9-THC, and marihuanas
A and B affected estimation T3 significantly
(Table 4). Sample C did not differ from placebo.
Again, plant B was more active than plant A. The
figures in Table 4 represent absolute deviations
from 1 min (above or below). The direction of
such deviations can be seen in Fig. 1, for the
largest doses of the three marihuana samples. After
marihuanas A and B, respectively, 41 and 67% of
the subjects estimated less than 55 s as being
1 minute. As no dose-effect relationships were
obtained in this measure, direct comparison with
A9-THC is difficult. Nevertheless, the effects of
250 and 500 mg of plant A (containing 2.0 and
4.0 mg of &9-THC) and of 125 and 250 mg of
plant B (2.5 and 5.0 mg of A9-THC) were similar
to those of 5 and 10 mg of A9-THC. Although
objectively the subjects overestimated the length
of time that had elapsed, they later said they had
the impression that time was passing slowly and
thought they had underestimated the passing of
60 seconds. However, these effects decreased when
estimation was helped by feedback (estimation
T4).
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Table 3 % increase in pulse rate in man after smoking varying amounts of three samples of marihuana and of
A9 -tetrahydrocannabinol (A -THC).

Amount of Corresponding
plant smoked amount of A9-THC Number of % difference in

Drug (mg) (mg)t subjectst pulse rate (±s.e.)

Placebo A or B 250 or 500 - 7 +8.3 ± 3.0

A9-THC 5§ 5.0 5 +19.0 ± 5.7
10§ 10.0 4 +28.6 ± 7.3*
20§ 20.0 5 +51.5 ± 4.5***

Marihuana A 125 1.0 4 +13.4 ± 2.7
250 2.0 6 +22.9 ± 3.9*
500 4.0 5 +33.7 ± 4.2***

Marihuana B 62.5 1.2 4 +15.0 ± 5.5
125 2.5 4 +31.4 ± 3.9***
250 5.0 6 +36.0±7.1**

Marihuana C 250 1.2 3 +10.9 ± 2.4
500 2.5 3 +15.5 ± 7.8

t The same for Tables 4 and 5.
t % was calculated taking the average of the last three measurements before smoking as 100%, and comparing it
with the greatest value after smoking. Student's t test, comparison made with placebo group: *PO 0.02;
**P < 0.01; ***P < 0.005.
§ A small volume (0.1-0.4 ml) of an alcoholic solution containing 50 mg/ml A9-THC was added to 500 mg
placebo powder and the mixture was thoroughly mixed to allow most of the alcohol to evaporate (see Karniol &
Carlini, 1973). (Same for Tables 4 and 5.)

Table 4 Effects of three samples of marihuana and of A9 -tetrahydrocannabinol (A9 -THC) on a time
production task in man.

Seconds of deviation (±&e.) in producing 1 min, before

plant smoked (T1 and T2) and after (T3 and T4) drug inhalation

Drug used (mg) Tlt T2t T3 T4

Placebo A and B 250 or 500 5.6 ± 1.5 6.2 ± 2.0

A9-THC 5 13.3 ± 3.2*** 5.9 ± 2.1
10 9.9 ± 4.6* 6.0 ± 2.6
20 18.0±2.8*** 5.8±3.2

Marihuana A 125 9.4 ± 4.0** 6.1 ± 3.1
250 12.5 1.1 5.6 0.4 9.5 ± 2.6*** 6.2 ± 2.0
500 8.9 ± 4.1* 7.8 ± 3.3

Marihuana B 62.5 4.8 ± 2.0 4.9 ± 1.7
125 10.7 ± 3.1**** 6.5 ± 2.3
250 13.6 ± 4.0**** 6.1 ± 2.2

Marihuana C 250 7.0 ± 3.2 5.8 ± 2.7
500 3.9± 1.9 6.0± 1.8

t Ti and T2 represent the average of 20 estimations selected according to a table of random digits (Wyatt &
Bridges, 1967) from the total of estimations performed by all subjects (33 subjects x5 estimations for
each = 165 estimations).
The asterisks at column T3 indicate statistical differences from placebo group. Student's t test: *P< 0.1;
**P < 0.05; ***P < 0.02; ****P < 0.005.

20
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Psychological effects. Table 5 shows the psycho-
logical reactions reported by the subjects. The

* larger the doses of A9-THC and of plants A and B,
the larger the number of subjects showing positive
reactions. For example, with 250 mg of B, four of
the six volunteers gave reactions graded three and
four. On the other hand, two of the seven subjects

/\* who smoked placebo reported discrete changes
that were recorded as grade one; subjects receiving

/* marihuana C behaved as the placebo group. Again
the effects of plants A and B were larger than

/ /*, expected from their A9-THC contents. For
example, 250 mg of B (containing 5.0 mg of
A9 -THC) induced more reactions graded three and
four than 10 or 20 mg of A9-THC. It was further
observed that the psychological effects started
around 10 min after the end of inhalation and
reached a maximum 20 to 30 min later, subsiding
within 1 to 3 hours. The peak of psychological
disturbances, therefore, did not coincide in time

T2 T3 T4 with the peak of pulse rate effect. In general, the
subjects who showed the largest psychological

rlme estimation disturbances (grades three and four) were also
those who showed the largest pulse rate and time

e samples of Cannabis sativa production changes.
and of placebo on a time production task of
volunteers. Times Ti and T2 (m) indicate the control
estimations, before drug inhalation. Note that the
percentage of subjects producing 1 min as below 55 s
increased significantly (T3) after smoking 500 mg of
plant A (o) and 250 mg of B (o). 500 mg of marihuana
C (A) and placebo (-) were inactive. The asterisks
indicate statistically significant differences from
placebo group (Chi square test; P < 0.05).

Animal studies

Corneal areflexia in rabbits. Table 6 shows the
results of these tests. Resin B was significantly
more active than resins A and C but did not differ
significantly from A9-THC. The actual net content
of A9-THC in the injected amounts of resins, as

Table 5 Distribution of subjects in a scale of psychological reactions, according to the effects produced by
samples of marihuana and by A9-tetrahydrocannabinol (A9-THC).

Amount ofplant
smoked (mg)

Placebo 250 or 500 mg

A9-THC 5 mg
10 mg
20 mg

Marihuana A 125 mg
250 mg
500 mg

Marihuana B 62.5 mg
125 mg
250 mg

Marihuana C 250 mg
500 mg

Number of subjects with
psychological reactions graded as:

0 1 2 3 4

5 2 0 0 0

1

0

2
1
0

3
1
0

4
0
1
1
3
2

1
2
1

0
2
2

1
1
2

0
1
1

0
0
2
0
1
1

0
0
3

0
1
0
0
0
0

0
0

1

2 1 0 0 0
2 1 0 0 0
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Fig. 2 Effects of marihuana resins A, B and C on the rope climbing performance of trained rats. (0) Climbing
time in seconds after injection of 1.0 ml/kg of control solution; (o, o, a) climbing time in seconds after the
injection of 20 mg/kg of, extracts A, B and C respectively, The results are for an average of five animals per drug.
The asterisks indicate significant differences from controls (Student's t test; P < 0.05).

calculated from the chemical data of Table 1, are
shown in the last column of Table 6. On the other
hand, by considering the values obtained in this
test with A9-THC, the yield of resins obtained
directly from the plants and their values for the
Gayer test, it was calculated (Carlini, Santos,
Claussen, Bieniek & Korte, 1970) that marihuanas
A, B and C should contain approximately 4.8, 9.3
and 1.3% A9-THC, respectively, to explain their
activities in the Gayer test. In other words,
marihuana resins induced corneal areflexia with
doses smaller than expected from their A9-THC
content.

Spontaneous motor activity in mice. Table 7
shows the decrease in motor activity produced by
10-80 mg/kg of A9-THC, resins A, B and C, and

the ED50'S calculated from these data. The
estimated ED50 for resin A (82.5 mg/kg) was
extrapolated from the curve, as it was outside the
experimental dose range. The same occasional
need to extrapolate in order to obtain estimates of
ED50's is also seen in Tables 8 and 9. Resin B was
more active than A and C in reducing the motor
activity of mice. On the other hand, the resins
were less active than A9-THC. However, as seen in
the last column of Table 7, resins A and B were
more active than would be expected from their
A9 -THC contents.

Catatonia activity in mice. The dose-response
curves for A9-THC and sample B were apparently
not parallel, which made a potency comparison
difficult (Table 8). However, a new experiment

Table 6 Effects of resins obtained from three samples of marihuana, and of A' -tetrahydrocannabinol
(A' -THC) on the corneal reflex of rabbits (Gayer test).

Cannabis preparation Number of animals
mg/kg (±se.) A9-THC or of

resin to abolish corneal reflex
Corresponding amount
of A9-THC (mg/kg)

0.101 ± 0.01
0.250 ± 0.02* t
0.159 ± 0.02
0.320 ± 0.03** t

0.101
0.017
0.021
0.033

Student's t test, comparison made with A?-THC: *P< 0.05; **P4 0.01; comparison made with resin B:
tP < 0.05.

50r

40

CD

-0
E

0)
._

._

30F

201

1C

A9-THC
Resin A
Resin B
Resin C

5
6
7
8

305



306 E.A. CARLINI, ISAC G. KARNIOL, PIERRE F. RENAULT & C.R. SCHUSTER

E ul) r-0 c. ci> CV)
E.

m
1-
0 C) lb
+1 cl) f',- 000

:3 c6 ui L6 tx 'i CE
`Z,- -0 C) u (,b 4-

. IZ6 (6 6 c. U,0 CV) W.- CV) 0
C) 0c 0 +1 +1 +I +I

r-- u') 0) cl)
c. c. oi0 LO m coa +!

q; tx
0 0

+1 00 .0 00 LO
c - C) LO w c 00 cvi lll. 6> C twi.E0 oi C6 = 0 m ;z vi , U-) ol

Q) t r I'l. N th 00 - l9t E q) +1 +1 +1 +1
+I +I +I CD 04 CV) EI.E CV) V) Ln 04
r- 04 m CD co co 0 0 Z

lb Q .
-6..-

m t +1 +1 +1 4) (6 6 c;
00 LO r- C4 Lf)
- 00 CV) 0

C-4 v
Lo r- r-0 0

.c
s LnC J:h CDth CO) r LnLO LO 0 CV) 00 04 ui04 LO CV) CD CD a

0
+1 +1+1 +1 +1 +1 +1 +10 qT CV) V 0 a Ln M'- CD CY)

CII) a) ci E Ln C400 IqV 004 I* E c v-

0 M cl) 0 o C14 CLCL u
q; c

a 00 0 IRT co
+1 Ln tii 0 V m

v- W CN LnC)
0 0 tall -H +1 +1 +1+1 +1 +1 +1 +I +I +I +1
C V m
M W Ln r- W Z PIZ r-,V/

C Q.W CN V 0 CN LOE CN CN
o m

Ln

N rth 0 CN L6 ui u.0 0 N.1 -.E m W LO V
%, '"' V/ m 'D

14 th +1 +1 +1 +1 +I > +1 +1 +1 +10 V W V 0 rA Ln r- C) M44 N +1th lqt Ln v 0
4-0 6 ui r-: c6N m LO E q; 0 CD Lo UD

E 4-. 0 U) 'Ir T- 0
M %..2 'r. P
CA :3 %I.-

0 0
'4. 0

Ln 75 10 43 4-0

N m r- Lo N 0
+.- E c. li

E +1 +4 +4 +1 C C +I +I +I0 m co 0 0
&- m in LOm N U

V-. N V M 412. to (6 (6
4-1 a

C CL 0 m 7t
W 0 4-1 W !b4-0 &- C.0 CL
0 Z E m Ln

m L6C C
+1 +1 E +1
cn cn 0 C ci v
N 0 +1Q1 C 4) uiLO Cl. -8 C a CLo E 2a 0

> 0 C > ct E
& 0 0
>

< z < m 0 Z < W
b- C C C

00 C 0 W 4D
M cr 4) M cc er L) cc M

QL
cn co cn



EFFECTS OF MARIHUANA IN LABORATORY ANIMALS AND IN MAN 307

carried out with A9 -THC gave an ED50 of
37.1 ± 12.0 mg/kg. Furthermore, this lack of
parallelism may be insignificant compared to the
large limits of error found in the catatonia test.
Thus, it seems that resin B, in this test, was also
more active than resins A and C. As seen in
Table 8, their respective ED53's were 33.9, 52.5
and 89.3 mg/kg. On the other hand, sample B was
as active as A9 -THC. However, the actual contents
of A9-THC in the resins were smaller than
expected, as can be seen in the last column of
Table 8.

Rope climbing performance of rats. Figure 2 and
Table 9 summarize the results. Again, resin B was
the most active and C the least active. No
difference was found between resin B and
A9-THC. Again, as shown in the last column of
Table 9, the A9-THC contents of the resins were
smaller than expected.

Discussion

A9 -THC and two of three samples of marihuana
smoked by volunteers under a standardized
procedure, increased pulse rate, disrupted a time
production task and induced psychological reac-
tions which varied from mild to marked
distortions in mood and perception. These effects,
although they did not occur concomitantly, varied
quantitatively according to the plant sample used.
As a rule, the dose and/or the sample that was
more active in changing pulse rate was also more
efficient in disrupting the time production task and
in inducing psychological symptoms. The peak
pulse rate changes preceded peak psychological
symptoms by 10 to 20 minutes. This symptomato-
logy has been described before for marihuana and
A9-THC (Weil et al., 1968; Manno et al., 1970;
Manno et al., 1971; Isbell & Jasinski, 1969;
Tinklenberg, Melges, Hollister & Gillespie, 1970;
Hollister, 1970; Melges, Tinklenberg, Hollister &
Gillespie, 1970; Isbell, Gorodetzsky, Jasinski,
Claussen & Korte, 1967).

The effects on the time production task deserve
further comment. The disruption was clearly
observed at estimation T3, but decreased at
estimation T4 when subjects were given feedback.
This could be explained on the supposition that
when the drugged subjects were left undisturbed,
without feedback, the drug effects could manifest
themselves more freely; and, as a consequence, the
rapid flow of ideas could more readily impair
concentration. Another interpretation could be
that the drug's effect on the time task wears off
very rapidly so that at estimation T4 the subjects
were again able to estimate correctly. However, we

favour the former hypothesis. It might be possible
that the experimenter can limit the psychological
effects of marihuana, and, when drugged subjects
are given batteries of tests and other procedures,
the total manifestations of a marihuana 'high' may
not be seen. In this respect, it is interesting that
Tinklenberg et al. (1970) reported that when the
subjects were exhorted to try as hard as possible
they could mitigate considerably the influence of
marihuana on attention.

Comparison of potencies was made between
A9 -THC and the marihuana samples, or among the
samples, in spite of the large limits of error found
in some experiments (for example, see Tables 8
and 9). However, as these limits of error are
usually found in experiments with cannabis and as
in all the experiments performed with rabbits,
mice, rats and man, the same relative potencies
were obtained, the differences found were taken
into consideration.

Thus, the activity of marihuana B was
approximately double that of A when pulse rate,
time production task or psychological reactions
were measured. Marihuana C, on the other hand,
was practically inactive. The results obtained from
rabbits, mice and rats paralleled those obtained in
man, showing that marihuana B was twice as active
as marihuana A, and that C possessed weak
activity. This is evidence that marihuana has
consistent effects depending upon potency
amongst these four species and suggests that it is
possible through animal tests to predict the
potency of a marihuana sample in man. Thus, 250
to 500 mg of a plant, the petroleum ether extract
of which abolishes the corneal reflex of rabbits at
approximately 0.150 mg/kg, prolongs rope
climbing time of rats at an ED50 of about
13 mg/kg, reduces motor activity and induces
catatonia in mice at ED50's of 37 and 33 mg/kg
respectively, can be expected under the conditions
we have stated to induce strong psychological
reactions in human subjects.

According to the chemical analysis (Table 1),
250 mg of sample B and 500 mg of samples A and
C should contain respectively 5.0, 4.0 and 2.5 mg
of A9-THC. However, the results we have obtained
with the human volunteers indicate that the
activity of 250 mg of sample B and 500 mg of
sample A was comparable to the effects of at least
10 mg of A9 -THC. The same discrepancy was also
obtained with the laboratory animals; thus, as
mentioned before in the Results, according to the
Gayer test, 4.8 and 9.3% respectively of A9 -THC
would be expected in samples A and B. Results
greater than expected were also obtained in rats
and mice.

These data suggest that the potency of the
marihuana samples we have used cannot be
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explained solely on the basis of their content of
A9 -THC. They can not be explained either by the
amount of A8 -THC in samples A and B which was
0.1%. (We are grateful to National Institute of
Mental Health for performing these assays.) It is
possible, however, that a synergistic action of
other compounds with A9-THC occurred. For
example, Kubena & Barry (1972) sug;ested such a
role for the n-propyl analogue of A -THC. It is
interesting in this respect that not only the
n-propyl but also a methyl analogue of A -THC
has been identified in our sample B (Vree,
Breimer, Van Ginneken & Van Rossum, 1972). On
the other hand, as we have suggested before
(Karniol & Carlini, 1972), the relatively large
amount of cannabinol (Table 1) present in our

samples A and B could be potentiating the effects
of A9 -THC.

It is also pertinent that interaction between
A9 -THC and other cannabis constituents may not
be limited to potentiation. For example, canna-
bidiol has recently been found to inhibit some
effects of A9 -THC in laboratory animals (Karniol
& Carlini, 1973b). This fact does not invalidate the
present results, because, as shown in Table 1,
marihuanas A and B are practically devoid of
cannabidiol.

This work formed part of a thesis for D.Sc. presented by
I.G.K. at Escola Paulista de Medicina, April 1972. E.A.C.
and I.G.K. were in receipt of fellowships from Fundacao
de Amparo a Pesquisa do Estado de'Sao Paulo.

References

CALDWELL, D.F., MYERS, S.A., DOMINO, E.F. &
MERRIAM, P.E. (1969a). Auditory and visual
threshold effects of marihuana in man. Percept. Motor
Skills 29, 755-759.

CALDWELL, D.F., MYERS, S.A., DOMINO, E.F. &
MERRIAM, P.E. (1969b). Auditory and visual
threshold effects of marihuana in man: Addendum.
Percept. Motor Skills 29, 922.

CARLINI, E.A. & KRAMER, C. (1965). Effects of
Cannabis sativa (Marihuana) on maze performance of
the rat. Psychopharmacologia (Berl.) 7, 175-181.

CARLINI, E.A., SANTOS, M., CLAUSSEN, U.,
BIENIEK, D. & KORTE, F. (1970). Structure activity
relationship of four tetrahydrocannabinols and the
pharmacological activity of five semi-purified extracts
of Cannabis sativa. Psychopharmacologia (Bert.), 18,
83-93.

CARLINI, E.A. & SILVA, G.R. (1968). Lack of
correlation between DAO inhibitory strength and
catatonic inducing property of aminoguanidine. Acta
Physiol. Latinoamer., 18, 311-3 15.

CRANCER, A., DILLER, J.M., DELAY, J.C.,
WALLACE, J.E. & HAYKIN, M.D. (1969). Com-
parison of the effects of marihuana and alcohol on
simulated driving performance. Science, 164, 851-854.

HOLLISTER, L.E. (1970). Tetrahydrocannabinol isomers
and homologues: contrasted effects of smoking.
Nature Lond., 227, 968-969.

ISBELL, H. (1971). Clinical pharmacology of marihuana.
Pharmacol. rev., 23, 337-338.

ISBELL, H., GORODETZKY, C.W., JASINSKI, D.R.,
CLAUSSEN, U. & KORTE, F. (1967). Effects of (-)
delta-9-trans-tetrahydrocannabinol in man. Psycho-
pharmacologia (Bert.), 11, 184-188.

ISBELL, H. & JASINSKI, D.R. (1969). A comparison of
LSD-25 with (-) A9-trans-tetrahydrocannabinol
(THC) and attempted cross tolerance between LSD
and THC. Psychopharmacologia (Berl.), 14, 115-123.

KARNIOL, I.G. & CARLINI, E.A. (1972). The content
of (--) A9-trans-tetrahydrocannabinol does not

explain all biological activity of some Brazilian
marihuana samples. J. Pharm. Pharmac., 24, 833-835.

KARNIOL, I.G. & CARLINI, E.A. (1973a). Comparative
studies in man and in laboratory animals on A8 - and
A 9 -trans-tetrahydrocannabinol. Pharmacology, 9,
115-126.

KARNIOL, I.G. & CARLINI, E.A. (1973b). Pharma-
cological interaction between cannabidiol and A9 -
tetrahydrocannabinol. Psychopharmacologia (BerL),
33, 53-70.

KUBENA, R.K. & BARRY III, H. (1972). Stimulus
characteristics of marihuana components. Nature
Lond., 235, 397-398.

MANNO, J.E., KIPLINGER, G.F., HAINE, S.E.,
BENNETT, I.F. & FORNEY, R.B. (1970). Compara-
tive effects of smoking marihuana or placebo on
human motor and mental performance. Clin. Phar-
macol. Ther. 11, 808-815.

MANNO, J.E., KIPLINGER, G.F. & SCHOLZ, N. (1971).
The influence of alcohol and marihuana on motor and
mental performance. Clin. Pharmac. Ther., 12,
.202-211.

MELGES, F.T., TINKLENBERG, J.R., HOLLISTER,
L.E. & GILLESPIE, H.K. (1970). Marihuana and
temnporal desintegration. Science, 168, 1118-1120.

MILLER, L.C. & TAINTER, M.L. (1944). Estimation of
the EDso and its error by means of logarithmic-probit
graph paper. Proc. Soc. exp. Biol. Med. (N. Y.), 57,
26 1-264.

RENAULT, P.F., SCHUSTER, C.R., HEINRICH, R. &
FREEDMAN, D.X. (1971). Marihuana: Standardized
smoke administration and dose effect curves on heart
rate in hiamans. Science, 174, 589-591.

SANTOS, M. SAMPAIO, M.R.P., FERNANDES, N.S. &
CARLINI, E.A. (1966). Effects of Cannabis sativa
(marihuana) on the fighting behavior of mice.
Psychopharmacologia (Ber.), 8, 437444.

TINKLENBERG, J.R., MELGES, F.T., HOLLISTER,
L.E. & GILLESPIE, H.K. (1970). Marihuana and
immediate memory. Nature, Lond., 226, 1171-1172.



EFFECTS OF MARIHUANA IN LABORATORY ANIMALS AND IN MAN 309

WEIL, A.T., ZINBERG, N.E. & NELSEN, J.M. (1968).
Clinical and psychological effects of marihuana in
man. Science, 162, 1234-1242.

WYATT, W.W. & BRIDGES, C.M. (1967). Statistics for
the behavioral sciences. Boston, D.C. Heath and
Company.

VREE, T.B., BREIMER, D.D., VAN GINNEKEN, C.A.M.
& VAN ROSSUM, J.M. (1972). Identification in

hashish of tetrahydrocannabinol, cannabidiol and
cannabinol analogues with a methyl side-chain. J.
Pharm. Pharmac., 24, 7-12.

(Received August 1, 1973)


