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CAM[, J., D. GUERRA, B. UGENA, J. SEGURA AND R. DE LA TORRE. Effect of subject expectancy on THC intoxication 
and disposition from smoked hashish cigarettes. PHARMACOL BIOCHEM BEHAV 40(1) 115-119, 1991 .--Subject expectancy 
on cannabis effects was assessed in a balanced-placebo study in experienced consumers who smoked cigarettes containing hashish 
(200 mg hashish with 11.5% THC per 1 g tobacco cigarette) (n=24) or placebo (n=24). Although statistically significant differ- 
ences were not found between subjects who received the drug with positive or negative expectancy, a tendency toward more 
marked subjective effects was shown in subjects who expected and received the drug. This trend was supported by the significant 
difference observed in the mean AUCo-25 of the heart rate between subjects who smoked hashish with positive or negative expect- 
ancies. In subjects who received hashish, the sum AUCo_za 5 of THC and COOH-THC of those who expected the drug was greater 
than in those who did not expect it (p<0.05). The ratio THC/COOH-THC AUCo-2o5 was lower in those with positive expectancy 
than in those with negative expectancy (p<0.02). An increased metabolism of THC was shown in subjects with positive expect- 
ancy. Positive expectancy induced powerful subjective effects in the absence of active THC. Expectancy appeared to influence 
smoking behavior, as seen in higher plasma levels of cannabinoids for the group who received the drug. 
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THE influence of set and setting in interpreting the results of 
marijuana behavioral effects has been systematically stressed (4, 
8, 12, 14, 27). Results of clinical trials revealed that changes in 
mood following marijuana use could be attributed to a number 
of variables, such as personality, previous marijuana experience, 
and expectations (11, 22, 28, 30). 

It has been observed that the subjective effects experienced 
by many marijuana smokers were more influenced by psycho- 
logical factors than by the tetrahydrocannabinol (THC) content 
of the cigarettes smoked. At the same dose of THC, the subjec- 
tive response was different depending upon the companions. 
Subjects tested individually showed the relaxed, slightly drowsy, 
and undramatic state usually seen in the laboratory, whereas 
those in a group setting showed elation, euphoria, uncontrolled 
laughter, and a marked lack of sedation (14). It has been also 
shown that the subject's mood following marijuana use was sig- 
nificantly related to the prevailing moods of other subjects in the 
group (24) and that low doses of cannabis can have different 
effects when smoked in the company of friends or strangers (18). 

The effect of expectancy on cannabis effects has not been 
fully described. It has been reported that self-ratir~gs of intoxica- 
tion obtained from experienced marijuana users interact with 

subject's expectancy and behavior at a moderate dose of mari- 
juana (5). Whereas some studies showed that subjects adjusted 
their smoking of marijuana cigarettes differing in THC content 
(9,10), other studies demonstrated that the pattern of smoking 
marijuana is not immediately adjusted to titrate the inhaled dose 
of THC (3, 21, 29), thus suggesting that smoking marijuana 
probably represents, to a larger extent, a learned technique based 
on previous experience and interaction with other smokers. 

Alcohol studies using a balanced-placebo design (23) re- 
vealed that cognitive expectancies on subjective effects clearly 
increased craving for alcohol consumption, sexual arousal and 
aggression, and may disturb mood, motor skills and memory 
(13, 16, 19, 26). In addition, subjects who expected alcohol es- 
timated greater amounts of alcohol in their drinks that those who 
expected nonalcohol beverage, especially when low doses were 
used (15). We used the balanced-placebo design to test the rele- 
vance of expectancy on cannabis effects of hashish cigarettes in 
healthy experienced cannabis smokers. 

METHOD 

A balanced-placebo, double-blind clinical trial was designed 
to examine the pharmacological interaction between alcohol and 
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hashish and the relevance of the subjects' induced expec- 
tancy (1). 

Subjects (n = 96) were recruited from contacts in the student 
community. Sufficient alcohol experience (monthly consump- 
tion, from 700 to 4000 ml) and personal experience with hash- 
ish (at least 12 times per year but a maximum of two times per 
day) were requirements for inclusion as well as absence of signs 
of disease as judged from physical examination and routine lab- 
oratory parameters before the study, and written informed con- 
sent according to the authorized protocol ("Direcci6n General 
de Farmacia y Productos Sanitarios," 85/27). Subjects with 
medical and psychiatric pathologic antecedents, particularly those 
who fulfilled criteria of drug dependence, except tobacco smok- 
ing, were excluded. 

Subjects were informed of the purposes of the investigation 
and that they would receive either alcohol, hashish, both drugs 
together, or their corresponding placebos. They were told that 
the final selection of drug administration would be determined 
by lot immediately before the start of the experiment. This was, 
however, a false lot that induced the required expectancy, inde- 
pendently of how drug administration was randomly selected, 
and this belief was reinforced throughout the experiment. The 
efficacy of deception was assessed at the end of the experiment 
by an external investigator. The participants were randomly as- 
signed to treatment groups of six subjects each in a factorial 
2 x 2 x 2 x 2 basis (combination of the two drugs, their respec- 
tive placebos and the expectancy towards the consumption of 
each drug). Subjects were assigned to one of four drug condi- 
tions: active alcohol, placebo alcohol, active hashish or placebo 
hashish. Within each of these groups expectancy was indepen- 
dently manipulated for alcohol (expected/not expected) and hash- 
ish (expected/not expected). Thus some subjects expected to 
receive drug combinations, although these were not actually 
given. 

Subjects were fasted overnight and required to abstain from 
alcohol and hashish use for 48 hours before each experiment. 
This was confirmed by chemical analysis of blood samples taken 
prior to drug and placebo administration. Before the beginning 
of the experiments, subjects filled out a set of questionnaires 
about previous drug experience, self-estimated level of perfor- 
mance while under the effects of alcohol and hashish (20) and 
the Eysenck Personality Questionnaire (6). 

The experiments were performed in groups of two subjects 
and began at 10 a.m. The false lot did not permit the same ex- 
perimental condition to be assigned to the two subjects who par- 
ticipated on the same day. Alcohol was administered in long 
cold alcoholic drinks based on vodka and tonic water containing 
a total dose of ethanol of 0.5 g per kg. Several drops of bitters 
and lemon juice were added to this mixture to successfully mask 
the placebo drink. The ingestion of alcohol or placebo beverage 
accounted for a period of 30 min. 

Hashish cigarettes containing 23 mg of THC or its placebo 
were administered by smoking for a period of 10 mln, starting 5 
rain after the end of beverage consumption (minute 0 to 10 in 
the present study). Cigarettes consisted of a mixture of 600 mg 
Virginia tobacco, 200 mg of aromatic smokable herbs (Honey- 
rose ®) with or without 200 mg of hashish. A filter was adapted 
to avoid the formation of a roach and to ensure smoking of the 
entire cigarette. The hashish material contained 11.5% of THC 
as determined by gas-liquid chromatography and was provided 
by the "Servicio de Control de Estupefacientes," Spanish Min- 
istry of Health. 

Throughout the experiment the subjects self-rated their degree 
of alcohol intoxication or hashish high by means of two inde- 
pendent 0-100 vertical scales. Zero was defined as sober and 

100 as the most drunk or most "stoned" they had ever been in 
any social situation. Heart rate was recorded simultaneously at 
predose and at 10, 25, 40, 55, 85, 145,205, and 325 min after 
the beginning of cigarette smoking. 

Blood samples were taken in basal conditions and at 3, 5, 7, 
10, 15, 20, 25, 40, 55, 85, 145, 205, and 325 min after the 
beginning of cigarette smoking. Plasma levels of delta-9-THC 
(THC) and 11 nor-9 COOH-delta-9-THC (COOH-THC) were 
measured by RIA (Research Triangle Institute, NC). The coeffi- 
cient of variation for THC at 8 ng/ml was 6.6% (8.23±0.55, 
n=6) ,  at 30 ng/ml 3.5% (32.86- 1.15, n--6), and at 80 ng/ml 
11.9% (85.42±10.19, n=6) .  The corresponding values for 
COOH-THC at 8 and 30 ng/ml were 10.9% (8.02±0.88, n=  12) 
and 12.6% (31.84±4.01, n=  12), respectively. 

The experimental parameters (Cmax, maximum blood concen- 
tration; Emax, maximum effect; Tm~ x, time to either maximum 
blood concentration or maximum effect; AUC, area under the 
curve) for plasma levels of THC and COOH-THC and self-rated 
effects were evaluated. The area under the curve was calculated 
by the trapezoidal method. The sum of and the ratio between 
AUCo_2o5 for plasma levels of drug and metabolite were used as 
tentative indicators of the global ingestion of cannabinoids and 
the degree of metabolism. 

All comparisons were made by ANOVA test using SPSSx ® 
software, version 3.12. The compare between AUC of self-rated 
effects, Mann-Whitney test was used. Data are presented as 
mean ± SD. 

RESULTS 

From 207 eligible subjects, 96 male paid volunteers aged 21 
to 30 years were selected. Eighty-seven percent were students 
and 88% smoked cigarettes on a regular basis. Data presented 
here refers only to half of the 96 participants who did not re- 
ceive the alcohol beverage, but who did smoke cigarettes con- 
taining hashish (n = 24) or placebo (n = 24). Data were analyzed 
according to four experimental groups of 12 subjects who, inde- 
pendently of alcohol expectancy, received hashish or placebo 
cigarettes and were told they would or would not smoke the 
drug; each of these groups included a pure-hashish deceived ex- 
perimental subgroup of six subjects who also received hashish 
or placebo cigarettes, did not expect alcohol, and were told they 
would or would not smoke the drug (R/E, received/expected; 
R/NE, received/did not expect; NR/E, did not receive/expected; 
NR/NE, did not receive/did not expect). 

Eighteen (33.8%) of the 48 participants were heavy hashish 
smokers (between once or twice a day and two to six times a 
week), 13 (27%) declared consumption of hashish once a week, 
and 13 (27%) from one to three times a month. 

No significant differences were found between the treatment 
groups concerning previous drug experience, dimensions of Ey- 
senck Personality Questionnaire (EPQ), and self-estimated level 
of performance while under the effects of hashish (SEPH). Mean 
scores for extraversion (14.7 ~ 3.3), neuroticism (8.8_+4.3), 
psychoticism (6.0-2.9),  and lie (13.8±3.7) were no different 
from scores for healthy volunteers participating in clinical trials 
(2). The mean SEPH score was 14.2--.9.3 (maximum score, 
60). An inverse relationship between SEPH and previous drug 
experience was found (r = .  160, p<0.05). 

Deception was achieved in 42 (87.5%) of the 48 subjects as 
determined by interrogation. Of the six subjects who were not 
deceived, three received hashish but were told that they would 
not receive the drug and the other three smoked placebo but 
were told they would receive hashish. Dimensions of the EPQ 
and SEPH values of subjects deceived were not statistically dif- 
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FIG. l. Time course of ratings of self-reported overall hashish high 
(mean values) (diamonds: R/E, received/expected; triangles: R/NE, re- 
ceived/did not expect; circles: NR/E, did not receive/expected; squares: 
NR/NE, did not receive/did not expect). Data referred to the pure hash- 
ish-deceived experimental group of six subjects. 

ferent from subjects not deceived. 
In R/E subjects, self-rated hashish high reached a peak at 

41.2_+34.3 min (Tm~,). The peak effect of R/NE subjects and 
NR/E, appeared at the same time (22.7_+17.5 and 20.5---9.6 
rain, respectively). The peak value of the self-reported high on 
the scale (Em~x) was different between the groups: 33.6_+ 17.1 
for R/E, 25.0__-20.1 for R/NE, and 24.1 _+ 16.3 for those NR/E. 
The control group (NR/NE) rated only basal values. Time course 
ratings of self-reported overall hashish high (mean values) are 
shown in Fig. 1. 

The overall high (AUCo_325) of the groups that received the 
drug (R/E, mean AUCo-325 4,925; and R/NE, mean AUCo-325 
3,339) and of the group that expected the drug (NR/E, mean 
AUCo_325 2,036) was significantly higher than the overall basal 
rate of the control group (mean AUCo_325 111) (R/E vs. NR/ 
NE, Z=0.004; R/NE vs. NR/NE, Z=0.004; NR/E vs. NR/NE, 
Z=0.025); R/E subjects rated higher than, but not statistically 
different from R/NE subjects (Z=0.37). 

In the group of subjects who received and expected hashish 
(R/E) and received and did not expect hashish (R/NE), the heart 
rate reached a peak (Tmax) at 11.3_+3.3 and 13.9_+4.3 rain, re- 
spectively. Both values were significantly different from those 
of subjects who did not receive and expected hashish (NR/E) 
(6.6_+5.2 rain, p<0.02), and subjects who did not receive and 
did not expect hashish (NR/NE) (6_+4.5 rain, p<0.0004). 

The mean of maximum heart rate (Em~ ,) observed in the 
above-mentioned four groups were 119.1_+ 17 .6 ,106 .2-  + 19.5, 
102.9-+15.5, and 94.4-+18.8 for R/E, R/NE, NR/E and NR/ 
NE, respectively. Statistically significant differences were only 
observed between subjects that received and expected hashish 
and subjects who did not receive the drug (R/E vs. NR/E, 
p<0.03; R/E vs. NR/NE, p<0.0004). 

The mean AUC of the heart rate recorded for the groups that 
received hashish was calculated between the time interval 0-25 
which was the moment when most subjective effects occurred. 
The mean AUCo_25 of the heart rate recorded for the group that 
expected hashish (NR/E) (2,741 _+348, n =  10) was higher, al- 
though not significantly different from that of the Control group 
(NR/NE) (2,573 _+ 526, n = 12), nor was it significantly different 
from that of subjects who received hashish althougll they did not 
expect it (R/NE) (2,459_+377, n=9) .  Only the heart rate re- 
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FIG. 2. Comparison between the group that received hashish and ex- 
pected the drug (R/E) and the group that received hashish and did not 
expect the drug (R/NE) with regard to (A) the mean AUCo_ ~ of heart 
rate, (B) sum of AUCo_2o5 of THC and COOH-THC, and (C) ratio of 
AUCo._~5 between THC and COOH-THC. Data referred to the group of 
12 subjects. 

corded in the group that received and expected the drug (R/E) 
(AUCo_25 2,998 -+ 397, n = 10) was significantly higher than that 
of the group that received and did not expect the drug (R/NE) 
(p<0.007) and the control group (p<0.04) (Fig. 2). 

Figure 3 shows the mean time-course of THC and COOH- 
THC of subjects who smoked hashish cigarettes with different 
expectancies. In the group that expected the drug, the THC Cma x 
was 172.2 ng/ml, Tm~x 19.9 min and COOH-THC Calyx 64.7 
ng/ml, Tma x 30 min. In the group that did not expect the drug, 
the THC Cm~, was 165 ng/ml, Tma x 11.4 rain and COOH-THC 
Cm~ 33.5 ng/ml, Tm~ x 29.6 min. As shown in Fig. 2 the sum 
of AUCo_2o5 of THC and COOH-THC in the group that 
expected to smoke hashish was higher than that of the group that 
did not expect to receive the drug (Z AUCo-2o5 16,604 __ 12,722, 
n=12  vs. 10,521_+6,491, n=10,  p<0.05). The ratio of 
AUCo-2o5 between THC and COOH-THC also varied in accor- 
dance with the expectancy of the groups (ratio AUCo_2o 5 
0.77_+0.32 vs. 1.2_+0.41, p<0.02). 

Statistical analyses of all data showed that the groups which 
differed only with respect to alcohol expectancy were not differ- 
ent. Therefore, the heart rate of THC and COOH-THC levels 
recorded were always independent of alcohol consumption and 
the effects of alcohol expectancies. 

D I S C U S S I O N  

In this study, the random allocation of participants in the dif- 
ferent experimental groups gave rise to homogeneity within each 
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FIG. 3. Time-course of THC ( - )  and COOH-THC (x-x) plasma con- 
centrations (mean values) in subjects who smoked hashish cigarettes and 
expected the drug (R/E) (top) and who smoked hashish and did not ex- 
pect the drug (R/NE) (bottom). Data referred to the group of 12 sub- 
jects. 

group and between the groups as far as personality, previous 
drug experience, and SEPH. It has been reported that toxico- 
logic history has a significant influence on the subject's expect- 
ancy of the effects of alcohol. An inverse relationship was found 
between SEPH and previous hashish experience. Subjects with 
less hashish experience estimated that their performance would 
be more greatly affected than performance estimated by subjects 
with greater hashish consumption. This coincides with findings 
reported in alcohol studies (20,25). 

The use of a balanced-placebo design has proven that it is 
possible to deceive subjects receiving low doses of hashish and 
to make them believe that they have not receive the drug, or 
that thay have done so. Subjects who received the drug (R/E 
and R/NE) showed subjective effects that were sufficiently marked 
and significantly different than those experienced by subjects in 
the control group (NR/NE). Although statistically significant 
differences were not found between subjects who received the 
drug with positive or negative expectancy, a tendency toward a 
more marked subjective effect was shown in R/E subjects. This 
trend is supported by the significant difference observed in the 
mean AUCo_25 of the heart rate between subjects who smoked 
hashish with positive or negative expectancies. 

The subjects with positive expectancy seem to inhale larger 
quantities of caunabinoids from the cigarettes. Although it is not 
possible to determine the exact bioavailability of these cigarettes, 
differences between the AUC obtained for THC and COOH- 
THC varied according to the expectancy created. In studies on 
the smoking of cigarettes containing marijuana, it has been sug- 
gested that approximately 50% of THC originally contained is 
released in the smoke assuming that the whole cigarette is 
smoked. It would appear that the amount of THC released in 
the smoke is relatively independent of the volume inhaled or the 
length of inspiration (7,17). It has been shown that in the sec- 
ond half of a cigarette less smoke is inhaled than in the first 
half. The smoker adjusted the puff volume of smoke to deliver 
an amount of THC to the mouth that would achieve a desired 
level of intoxication (29); this might explain, in part, the declin- 
ing plasma levels of THC that have been recorded during the 
latter portion of a marijuana cigarette (21). Results are contra- 
dictory when explored if smokers adjust the dynamics of smok- 
ing to the potency of the cigarette (10,29). Assuming that the 
pattern of smoking is not immediately adjusted to titrate the in- 
haled dose of THC, the differences observed in the AUCo_2o5 of 
THC and COOH-THC could be attributed to a higher intake of 
cannabinoids in subjects who expected the drug, compared to the 
group that did not expect hashish. 

The differences shown in the ratio AUCo_2o5 THC/COOH- 
THC could indicate that in the group with positive expectancy 
there was a greater metabolism of THC to COOH-THC in the 
same period of time. A possible reason for this would be that in 
this group of subjects the heart rate was higher, which could 
have increase the metabolic extraction of THC to COOH-THC 
through an increased liver blood flow. A comparison of these 
pharmacokinetic data should be interpreted with caution because 
cognitive expectancies were not subjected to a crossover design 
study, because the balanced-placebo design prevented subjects 
who were suitable candidates from repeating a study that they 
were already conversant with. 

In conclusion, positive expectancy to hashish after placebo 
consumption may induce subjective effects similar to those pro- 
duced by low doses of the drug. Subjects who are invited to 
smoke a cigarette containing hashish, if they are induced with 
positive expectancy of the drug, can obtain a larger amount of 
THC from the cigarette compared with when they do not be- 
lieve they are smoking hashish. Positive expectancy induced 
powerful subjective effects in the absence of active THC. Ex- 
pectancy appeared to influence smoking behavior, as seen in 
higher plasma levels of cannabinoids for the group who received 
the drug. 
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