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Abstract

Trait impulsivity has been linked to addiction in humans. It has been suggested that drug users with high trait impulsivity levels are more sensitive to
subjective drug intoxication. This study assessed whether subjective response to drugs differs between drug users with normal or high levels of trait
impulsivity. Regular drug users (N = 122) received doses of cocaine HCl, cannabis, and placebo in a three-way crossover study. Their mood, dissociative
state, and psychedelic symptoms were measured with subjective rating scales (CADDS, Bowdle, POMS). Trait impulsivity was assessed with the Barratt
Impulsiveness Scale. Cannabis increased dissociation and psychedelic state, as well as fatigue, confusion, depression and anxiety, and decreased
arousal, positive mood, vigor, friendliness, and elation. Cocaine increased dissociation, psychedelic state, vigor, friendliness, elation, positive mood,
anxiety and arousal, while decreasing fatigue. Only a few subjective items revealed a drug x trait impulsivity interaction, suggesting that psychedelic
symptoms were most intense in high impulsivity subjects. Trait impulsiveness ratings were negatively correlated with ratings of vigor (r = -.197) and
positively correlated with ratings of loss of thought control (r = .237) during cannabis intoxication. It is concluded that a broad association between

trait impulsivity and psychedelic subjective drug experience appears to be absent.
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Introduction

Impulsivity refers to actions that are poorly conceived, risky, or
premature and that may result in unfavorable outcomes (Evenden,
1999; Stanford et al., 2009). Pathological forms of impulsivity
may contribute to the etiology of mental disorders such as
addiction (De Wit, 2008). A range of animal studies have shown
that an association exists between trait impulsivity and addiction
(Belin et al., 2008; Economidou et al., 2009). Rats with higher
trait impulsivity were more likely to score higher on measures of
addiction, e.g. self-administration rates, following drug intake
than animals with lower impulsivity scores. The same has
been shown in humans. Persons exhibiting high levels of trait
impulsivity are more susceptible to substance abuse and display
increased relapse rates after drug abstinence (Pattij and De Vries,
2013). Also, among drug addicts, comorbidity with other mental
disorders associated with pathological impulsivity such as ADHD
(Wilens and Morrison, 2011) and bipolar disorder (Pettinati et al.,
2013) is very high.

Cannabis and cocaine are respectively the first and second
most used drugs in the European Union (EMCDDA, 2012).
Although mood and psychedelic effects after cannabis adminis-
tration have been extensively investigated (Battistella et al.,
2013; D’Souza et al., 2008; Henquet et al., 2010; Lex et al., 1984;
Ramaekers et al., 2006a; Toennes et al., 2008), there is a relative
paucity in psychedelic subjective data after cocaine administra-
tion. It has been shown that cocaine administration has a stimu-
lating effect on mood (Cascella et al., 1994; Penetar et al., 2006;

Rush et al., 1999; Walsh et al., 2009), but these studies mainly
measured general drug effects such as “feeling good” and “want-
ing to take again.” Also, although epidemiological evidence has
associated extensive cocaine use with psychotic disorders
(Morton, 1999; Roncero et al., 2012) and medication with a
similar mechanism of action as cocaine, such as dexamphetamine
and methylphenidate, has been shown to increase the likelihood
of psychotic symptoms (Curran et al., 2004), no studies so far
have investigated the acute effects of cocaine on measures of
dissociation or psychedelic symptoms.
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Likewise, only few studies have assessed the role of trait
impulsivity on the subjective experience of drug intoxication. For
example, high trait impulsivity was significantly associated with
greater arousal and euphoria following administration of
p-amphetamine (Cascella et al., 1994; Kirkpatrick et al., 2013),
but another study found no effect of trait impulsivity on mood
(White et al., 2006). In the present study, we examined whether
the level of trait impulsivity (normal or high) influences the
subjective response to acute administration of cannabis or
cocaine. We hypothesized that administration of cannabis and
cocaine to high impulsive subjects would evoke more intense
subjective effects as compared to normal impulsive subjects.
Increased sensitivity to subjective effects of cannabis and cocaine
may be particularly relevant in the realm of drug addiction and
contribute to an individual’s desire to seek drugs. Subjective
measures of mood, dissociative state and psychedelic symptom
scales were used to assess psychological states during drug
intoxication.

Materials and methods
Subjects

122 healthy regular users of both cannabis and cocaine (96 male,
26 female; mean (SD) age 22.84 (3.69)) participated at two
centers, Maastricht and Nijmegen. In Maastricht, subjects used
cannabis on average 51.20 times in the past 3 months, while
cocaine was used 4.53 times in the past 3 months. In Nijmegen,
subjects used cannabis and cocaine 39.00 and 2.74 times respec-
tively in the past 3 months. Overall, cannabis was used 44.78
times in the past 3 months and cocaine was used 3.68 times in
the past 3 months. Participants also indicated having used other
substances in their lives, i.e. 88% used XTC, 73% used ampheta-
mines, 61% used mushrooms, 20% used LSD, and 59% used
other drugs including but not limited to nitrous oxide, MDMA
crystals, DMT, and ketamine.

Subjects were recruited through advertisements in local
newspapers and by word of mouth. Before inclusion, subjects
were examined by a physician. They were checked for general
health and blood and urine samples were taken for standard
chemistry and hematology. Inclusion criteria were: written
informed consent; age 18-40 year; regular cannabis use: > 2
times/week; have used cocaine at least 5 times in the past year;
free from psychotropic medication; good physical health; normal
weight (BMI 18-28). Exclusion criteria were: cocaine depend-
ence according to DSM-1V criteria; presence or history of
psychiatric or neurological disorder as assessed during a clinical
interview; pregnancy or lactating; cardiovascular abnormalities;
excessive drinking (>20 units/week) or smoking (>20 cigarettes/
day); and hypertension.

This study was part of a larger trial on the association between
drug use and impulse control (see Dutch Trial Register, trial
number NTR2127) conducted according to the code of ethics on
human experimentation established by the declaration of Helsinki
(1964) and amended in Seoul (2008) and was approved by the
Medical Ethics Committee of the Academic Hospital of
Maastricht and Maastricht University. A permit for obtaining,
storing and administering cocaine and cannabis was obtained
from the Dutch drug enforcement administration. Subjects were
paid for their participation in the study.

Design, doses, and administration

Subjects participated in a double-blind, placebo-controlled,
double-dummy, three-way crossover study. Treatments were
placebo, 450 pg/kg THC (cannabis plant material, divided in two
doses of 300 and 150 pg/kg), as well as 300 mg cocaine HCI. In
the Nijmegen center, a booster dose of 150 mg cocaine was given
to a subset of subjects. Cannabis was administered using a vapor-
izer (Volcano) obtained from Storz & Bickel GmbH & Co
(Tuttlingen, Germany) and was used according to the manual
provided by the producer. Cannabis inhalation took place in a
standardized manner (Hazekamp et al., 2006). The vapor was
prepared from batches varying between 11-12% THC, a standard
potency for cannabis sold at Dutch pharmacies. The varying
potency was adjusted for in the weighing of the plant material.
Cocaine HCI or placebo was administered in an opaque white
capsule. Conditions were separated by a minimum wash-out
period of 7 days to avoid cross-condition contamination. Order of
conditions was balanced over subjects and sessions.

Procedures

Prior to experimental sessions, subjects were familiarized with
procedures on a separate training day. Subjects had to refrain
from all drugs of abuse (except cannabis) at least a week before
the start of the experiment until study end.

A test-day started with a urine drug screen to assess the
presence of benzodiazepines, opiates, cocaine, marijuana,
MDMA, and (meth)amphetamine and a breath alcohol screen;
female subjects underwent an additional pregnancy test. If
negative for substances (except cannabis) and pregnancy,
subjects could proceed with breakfast. This was followed by
vital sign measurements and blood samples. Immediately here-
after, subjects received a capsule containing either 300 mg
cocaine HCI or placebo orally (T0). Forty-five minutes after
TO, subjects inhaled 300 pg/kg cannabis or placebo (T1).
Immediately after T1, vital signs were measured, blood
samples were taken, and the Profile of Mood States (POMS)
questionnaire was administered. One hour after T1, a second
dose THC 150 pg/kg or placebo was given (T2). In the
Nijmegen center a subset (N = 47) of subjects received a sec-
ond dose of cocaine 150 mg HCI just prior to administration of
B-VAS. The aim of that booster dose was to prolong cocaine
concentrations during task performance that were conducted
after completion of the questionnaires and that will be reported
elsewhere. As such the booster dose was not expected to affect
B-VAS ratings because both were administered concurrently
but it might have affected CADSS ratings in this subsample
since these were taken 2 hours post the booster dose. At this
time, blood samples were also taken. For a schematic repre-
sentation of the testing day, see Figure 1.

Questionnaires

Barratt Impulsiveness Scale. The Barratt Impulsiveness Scale
version 11 (BIS-11) is a 30-item self-report instrument designed
to assess trait impulsiveness (Stanford et al., 2009). The BIS-11
has three subscales: (1) motor impulsivity, or acting without
thinking; (2) attentional impulsiveness, inability to focus
attention; and (3) non-planning, or not thinking carefully. Taken
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Figure 1. Schematic representation of a testing day. On the left the time is indicated from TO to T4. On the right, the procedure per center is
presented. Each study drug (cannabis, cocaine, or placebo) was administered to every participant in a randomized manner on one of three testing days.

together these subscales form a total impulsivity score. A total
score of 72 or above is taken as an indication of high impulsive-
ness, scores between 52 and 71 are indicative of normal
impulsiveness, and scores lower than 52 are representative of an
individual that is unusually over-controlled or who has not
honestly completed the questionnaire (Stanford et al., 2009). The
BIS total score was taken as the main dependent variable to
define overall trait impulsivity of study participants. The BIS-11
was administered during the training session.

Bowdle Visual Analog Scales. To assess the psychedelic effects
of cannabis and cocaine, a 13-item Visual Analog Scale (B-VAS)
first described in Bowdle et al. (1998) was employed. From the
B-VAS, composite scores of “internal perception” (five items)
and “external perception” (six items) were calculated, as
described in Zuurman et al. (2008) (see Table 1). In addition, all
13 items were analyzed separately.

Profile of Mood States. The Profile of Mood States (POMS) is
a self-assessment mood questionnaire with 72 items, rated on a
5-point Likert scale, with 0 being “not at all” to 4 “extremely.”
Subjects had to indicate to what extent these items were represen-
tative of their mood at that moment in time. Eight mood states are
classified and quantified by calculating the sum score of associ-
ated items for each mood state, i.e. anxiety (9 items), depression
(15 items), anger (12 items), vigor (8 items), fatigue (7 items),
confusion (7 items), friendliness (8 items) and elation (6 items).
Two composite scales were derived; arousal ((anxiety + vigor) —
(fatigue + confusion)) and positive mood (elation — depression)
(De Wit et al., 2002).

Clinician Administered Dissociative States Scale. The Clini-
cian Administered Dissociative States Scale (CADSS) (Bremner
et al., 1998) comprises 19 subjective items, ranging from 0 “not
at all” to 4 “extremely.” It is divided into three components: (1)
depersonalization; (2) derealization; and 3) amnesia. Summed
together, these subscales form a total dissociative score. The
CADSS is specifically designed to be a standardized measure of
present-state dissociative symptomatology.

Pharmacokinetic assessments

Blood samples to assess drug concentrations were taken directly
after T2 and 2 hours after T2. Blood samples were centrifuged at
3500 rpm and serum was frozen at —20°C until analysis for
pharmacokinetic assessments. For cannabinoid determinations,
serum was used (Serum-Gel Vacuette system of Greiner Bio-
One, Alphen a/d Rijn), whereas cocaine and metabolites were
determined in plasma (Glucose FX Vacuette system containing
2.5 mg/mL sodium fluoride and 2 mg/mL potassium oxalate). The
determination of A°-tetrahydrocannabinol (THC), 11-hydroxy-
THC (THC-OH), 11-nor-9-carboxy-THC (THC-COOQOH), cocaine
(COC), benzoylecgonine (BZE), and ecgonine methyl ester
(EME) in plasma was performed in a specialized forensic-
toxicological laboratory using validated procedures (Toennes
etal., 2005, 2008).

Statistics

All questionnaires were analyzed with SPSS 18.0. First general
linear model (GLM) analyses were conducted using repeated
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measures analysis of variance (ANOVA) with drug (three levels)
as within subject factor and center (Maastricht vs. Nijmegen) as
between subjects factor in order to check for treatment differ-
ences between the two centers. In case of a significant difference
between centers, correlation analyses between those variables
and THC serum concentration and cannabis use history were
conducted. Further GLM ANOVAs were done with drug (three
levels) as within subject factor, trait impulsivity (two levels: high
vs. normal) as between subjects factor, and drug x impulsivity as
the interaction term. If the sphericity assumption was violated,
the Greenhouse—Geisser correction was used. In case of signifi-
cant overall effect of drug or drug x impulsivity, separate drug—
placebo contrasts were conducted to establish the effects
of cannabis and cocaine (cannabis vs. placebo and cocaine vs.
placebo) and their interaction with impulsivity level (cannabis vs.
placebo * impulsivity score, cocaine vs. placebo * impulsivity
score). A sequential Bonferroni procedure was applied to correct
for multiple testing. The alpha criterion level of significance was
set at p = 0.05. Correlational analysis between subjective ratings
and individual Barratt impulsiveness score were conducted to
assess their association over a continuous impulsiveness scale for
each treatment condition separately.

Finally, a hierarchical regression analysis was conducted to
assess the effect of trait impulsivity (as a continuous variable),
up and above those of drug while controlling for cannabis use
history and treatment center. The analysis was conducted as a
confirmation of results from GLM models and to determine the
amount variance explained by each of the factors. In the hierar-
chical regression model cannabis use history and treatment center
(model 1), drugs (model 2) and trait impulsivity (model 3) were
successively entered to determine the % of variability accounted
for by each of the models.

Results

All subjects for whom complete performance data sets were
collected entered the GLM analyses. Complete datasets of
the POMS were collected in 121 subjects, the CADSS was
complete in 115 subjects and datasets of the B-VAS were
complete in 96 subjects. Missing data were due to incomplete
data (1 case in the POMS, 5 cases in the CADSS) or adverse
effects (nausea) in the cannabis condition (2 cases in the CADSS).
The B-VAS results were completed in a subset due to late inclusion
of the questionnaire in the study protocol.

Impulsivity score (BIS-11)

Forty-nine subjects had a score of 72 or higher and scored as
“high impulsive” on the BIS-11; 71 scored as “normal impulsive”
with a score in the range 52—71. Two subjects did not fill out the
BIS and could not be contacted to correct this. Trait impulsivity
(two levels) was thus included in the statistical model as a
between-subjects parameter. Trait impulsivity levels of subjects
did not differ between centers (t,1,5) = .68, p = .6).

Bowdle VAS

Mean (SE) B-VAS-scores in every treatment condition and a
summary of significant changes induced by cannabis, cocaine,

and their interaction with impulsivity as indicated by GLM drug-
placebo contrast analyses are given in Table 1.

Overall, all separate items of the B-VAS were affected by drug
(p < .015). Following drug—placebo contrasts it was shown that both
cannabis and cocaine increased the scores for internal and external
perception significantly (p < .001), with subjects during cannabis
intoxication scoring higher than after cocaine administration.

Drug-placebo contrasts showed that cannabis increased
subjective rating on all B-VAS items, whereas cocaine increased
ratings in about half of the items. Two items reached significance
for the cannabis x impulsivity interaction, namely item 5 and 9.
High impulsive subjects under the influence of THC had
increased difficulty in controlling their thoughts, as well as
having the idea that events, objects or other people had particular
meaning that was specific for them. Comparison of datasets from
the centers revealed that subjective feelings of high following
cannabis and cocaine were generally higher in subjects recruited
by the Nijmegen center as compared to the Maastricht center.
There was no significant correlation between blood concentra-
tion of THC or cannabis use history and the item high. No other
B-VAS scales were affected by the factor center. Hierarchical
regression confirmed the overall drug effect on each of the
subscales and identified a main effect of trait impulsivity on
“difficulty controlling thoughts” (see Table 2).

POMS

Mean POMS scores in every treatment condition and a summary
of significant changes induced by cannabis, cocaine, and their
interaction with impulsivity as indicated by GLM drug—placebo
contrast analyses are given in Table 3.

Overall analyses revealed an effect of drug on arousal,
anxiety, positive mood, confusion, fatigue, elation, vigor, depres-
sion and friendliness (p < .001). Separate drug—placebo contrasts
revealed that subjects under the influence of cannabis showed
increased levels of fatigue, confusion, depression and anxiety,
while arousal, positive mood, vigor, friendliness, and elation
were significantly decreased. Under the influence of cocaine,
subjects rated themselves as significantly more vigorous,
friendly, elated, anxious, aroused, and as having a higher positive
mood. Subjects were also significantly less fatigued after cocaine
administration.

The factor Impulsivity did not affect POMS rating, but the
interaction between drug x impulsivity reached significance for
arousal and approached significance for vigor. However, separate
drug-placebo contrasts showed no significant effects.

Comparison of datasets from the centers revealed that
subjective feelings differed on almost all subscales of the POMS.
Under the influence of cannabis, subjects in Nijmegen had a
significantly decreased score on the subscales elation, vigor,
friendliness, and arousal. Fatigue, anxiety, and confusion were
significantly increased in the Nijmegen center during cannabis
intoxication when compared to the Maastricht center. There were
no group effects for cocaine. Correlation analyses did not show a
relationship between THC concentrations and the subscales of
the POMS on which a group effect was shown. However, there
was a correlation between cannabis use history and almost every
subscale of the POMS. Cannabis use history was inversely
correlated with anxiety, depression, anger, fatigue and confusion
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Table 2. Total percentage of variance explained (R?) and R? change following addition of drug and trait impulsivity for B-VAS, POMS, and CADSS.

Bowdle scale
3 months, center)

Model 1 (cannabis use past

Model 2 (drug) Model 3 (trait impulsivity)

R? R? change R? R? change R? R? change
1: My body or body parts seemed to change 0.03* - 0.06 0.03* 0.07 0.01
shape or position
2: My surroundings seemed to change in size, 0.03* - 0.09 0.07** 0.09 0.00
depth or shape
3: Passing of time was altered 0.01 - 0.03 0.03** 0.04 0.00
4: 1 had feelings of unreality 0.04* - 0.11 0.07** 0.11 0.00
5: It was difficult to control my thoughts 0.01 - 0.03 0.03** 0.05 0.01*
6: Color intensity change 0.01 - 0.09 0.08** 0.09 0.00
7: Sound intensity change 0.00 - 0.08 0.08** 0.09 0.00
8: I heard voices and sounds that were not real 0.00 - 0.04 0.04** 0.05 0.00
9: I had the idea that events, objects or other 0.02* - 0.07 0.05** 0.08 0.00
people had particular meaning that was
specific for me
10: I had suspicious ideas or the belief that 0.02 - 0.06 0.04** 0.06 0.00
others were against me
11: I felt high 0.01 - 0.15 0.14** 0.16 0.00
12: I felt drowsy 0.02 - 0.10 0.08** 0.10 0.01
13: I felt anxious 0.03* - 0.09 0.06** 0.09 0.00
Internal perception 0.04* - 0.13 0.09** 0.13 0.09
External perception 0.01 - 0.10 0.09** 0.10 0.00
POMS
Elation 0.05** - 0.19 0.14** 0.20 0.00
Vigor 0.03** - 0.28 0.25** 0.29 0.01*
Friendliness 0.09** - 0.18 0.09** 0.18 0.00
Depression 0.01 - 0.06 0.05** 0.06 0.00
Fatigue 0.00 - 0.21 0.21** 0.22 0.00
Confusion 0.01 - 0.17 0.15** 0.19 0.02**
Positive mood 0.04** - 0.17 0.14** 0.17 0.00
Anxiety 0.01 - 0.01 0.00 0.01 0.00
Anger 0.01 - 0.01 0.00 0.01 0.00
Arousal 0.01 - 0.36 0.34** 0.38 0.02**
CADSS
Total 0.08** - 0.14 0.06** 0.14 0.00
Depersonalization 0.06** - 0.09 0.03** 0.09 0.00
Derealization 0.07** - 0.13 0.06** 0.13 0.00
Amnesia 0.07** - 0.10 0.03** 0.11 0.01

*Significant at p < .05 level; **Significant at p < .01 level.

(range r =-.36to r =-.21, p <. 02). There was a positive correla-
tion between cannabis use history and friendliness, arousal and
positive mood (range r =. 27 to r = .21, p < .03). Hierarchical
regression analysis confirmed the presence of treatment effects
on most of the subscales and in addition identified minor contri-
butions (R2 change < .02) of trait impulsivity to vigor, confusion,
and arousal (Table 2).

CADSS

Mean (SE) CADSS scores in every treatment condition and a
summary of significant changes induced by cannabis, cocaine,
and their interaction with impulsivity as indicated by GLM drug—
placebo contrast analyses are given in Table 3.

Overall, subjective ratings of depersonalization, derealization,
and amnesia were affected by the factor drug. Separate drug-
placebo contrasts revealed that both cannabis and cocaine signifi-
cantly increased subjective ratings of depersonalization and
derealization. In addition, cannabis also significantly increased
subjective ratings of amnesia. Cannabis effects on CADSS scores
did not differ between both impulsivity groups. Cocaine effects
on derealization however were more prominent in the group with
high trait impulsivity (F, ;05 = 5.32, p <.02).

Subjective ratings during drug treatments did not differ
between the two study centers. Hierarchical regression confirmed
the contribution of treatment effects to each of the CADSS
sub-scores but identified no significant contributions of the factor
trait impulsivity (Table 2).
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Figure 2. Scatterplots of Barratt impulsivity scores and subjective rating of vigor and difficulty controlling thoughts in every treatment condition.

Correlations between subjective ratings and
trait impulsiveness

Correlational analysis between subjective ratings and Barrett
impulsiveness scores revealed only 2 significant relations.
Vigor (r = -.197) and difficulty to control thoughts (r = .237)
respectively decreased and increased in subjects with higher
impulsiveness ratings during cannabis intoxication. No signifi-
cant relations were found between trait impulsiveness and
subjective ratings (POMS, CADDS, and Bowdle) during
cocaine or placebo. Scatterplots showing linear trends between
trait impulsiveness and vigor as well as loss of though control
are shown in Figure 2.

Pharmacokinetic assessments. Mean (SD) concentrations of
THC, cocaine, and their metabolites per study center are given
in Table 4. Mean concentrations of THC were significantly
(Fy0; = 18.16, p <.001) higher in subjects that participated in the
Nijmegen center as compared to the Maastricht center.

Discussion

The present study aimed to assess whether the level of trait impul-
sivity influences the subjective response to acute administration
of cannabis or cocaine as determined by questionnaires measuring
mood, dissociative states and psychedelic symptoms.

Results indicate that administration of cannabis and cocaine
significantly altered subjective ratings on nearly all subscales of
all questionnaires. Cocaine significantly increased ratings of dis-
sociation, psychedelic state, and feelings of vigor, friendliness,
elation, positive mood, anxiety, and arousal, while decreasing
fatigue. The effects on mood are in accordance with other studies
also showing mood improvement following cocaine (Penetar

et al., 2006; Rush et al., 1999; Walsh et al., 2009). Increased
ratings of dissociation and psychedelic state following cocaine
appear in line with studies reporting similar findings after admin-
istration of other stimulant drugs such as dexamphetamine and
methylphenidate (Curran et al., 2004). Cocaine use has been
implied in the occurrence of psychotic disorders, albeit mostly
with long-term cocaine “crack” users (Morton, 1999; Roncero
et al., 2012). Although none of the present subjects developed a
psychosis, the present results do suggest that cocaine can cause
dissociative symptoms (e.g. depersonalization, derealization,
psychedelic effects) even in non-addicted cocaine users.

Cannabis intoxication increased ratings of dissociation and
psychedelic state, as well as feelings of fatigue, confusion,
depression and anxiety, and decreased feelings of arousal,
positive mood, vigor, friendliness and elation. Previous studies
have also reported that cannabis increased subjective feelings of
high, fatigue (Ballard et al., 2012, 2013; Battistella et al., 2013;
D’Souza et al., 2008, 2012; Henquet et al., 2010; Kaufmann
et al., 2009; Kirk et al., 1998; Lex et al., 1984; Ramaekers et al.,
2006a, 2006b; Toennes et al., 2008; Zuurman et al., 2008), confu-
sion, and anxiety (Battistella et al., 2013; D’Souza et al., 2008;
Lex et al., 1984). Likewise, previous research has shown that
cannabis can induce psychedelic or dissociative states as assessed
with a CADDS questionnaire, Hallucinogen Rating Scale, or a
Psychotomimetic States Inventory (Ballard et al., 2012; D’Souza
etal., 2008, 2012; Stokes et al., 2009; Zuurman et al., 2008). The
latter scale particularly identified perceptual distortion, cognitive
disorganization, and mania as major psychotomimetic symptoms
following acute THC intoxication (Stokes et al., 2009). In
general, the scope of subjective experiences reported by the
subjects in the present study appears in line with previous reports
on the use of cannabis.

Trait impulsivity of subjects was classified using the Barratt
Impulsiveness Scale. Impulsivity levels of about 60% of the
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Table 4. Mean (SD) values of THC, cocaine, and their metabolites separately and averaged over study center.

Study center ~ Time point  THC THC-OH THC-COOH Cocaine Benzoyl-ecgonine Ecgonine methyl ester
(wg/L) (wg/L) (wg/L) (mg/L) (mg/L) (mg/L)
Maastricht T0 1.62 (3.38) 0.75 (1.64)  23.72(38.90)  0.00 (0.00)  0.00 (0.02) 0.00 (0.00)
T1 55.34 (29.20)  6.90 (4.76)  41.31(33.89)  0.27 (0.20)  0.50 (0.24) 0.16 (0.12)
2 37.62 (19.63)  5.90 (3.50)  43.41(32.38)  0.32(0.19)  1.02 (0.37) 0.25 (0.11)
T3 8.41 (5.02) 3.22 (1.89)  36.36 (30.90)  0.16 (0.10)  1.27 (0.53) 0.24 (0.10)
Nijmegen 70 1.52 (4.75) 0.51 (1.78)  18.38 (36.66)  0.00 (0.02)  0.01 (0.04) 0.00 (0.01)
T1 90.49 (79.19)  6.81 (3.92)  36.31(33.01)  0.23 (0.19)  0.48 (0.30) 0.12 (0.08)
T2 54.07 (42.54)  5.70 (3.54)  41.17 (39.49)  0.31(0.17)  1.21 (0.34) 0.26 (0.09)
T4 4.55 (2.95) 2.04 (1.23)  30.21(27.65)  0.18 (0.09)  1.80 (0.44) 0.33 (0.12)
Average T0 1.57 (4.14) 0.62 (1.72)  20.91(37.68)  0.00 (0.02)  0.00 (0.03) 0.00 (0.01)
T1 73.81 (63.09)  6.86 (4.32)  38.69 (33.38)  0.25 (0.19)  0.49 (0.27) 0.14 (0.11)
2 46.00 (34.19)  5.79 (3.51)  42.27 (36.03)  0.31(0.18)  1.12 (0.37) 0.26 (0.10)
T3/T4 6.46 (4.52) 2.63 (1.69)  33.25(29.33)  0.17 (0.09)  1.54 (0.55) 0.29 (0.12)

subjects were classified as normal whereas the remaining 40%
displayed high levels of impulsivity. GLM analyses revealed that
the subgroup of high impulsive subjects were more sensitive to
some of the psychedelic and dissociative effects produced by
cocaine and cannabis. Feelings of derealization following cocaine
administration were more prominent in high impulsive subjects
as compared to subjects with normal levels of impulsiveness.
During THC intoxication, high impulsive subjects displayed
stronger psychedelic effects than subjects will normal impulsiv-
ity levels. They reported more difficulties controlling thoughts
and were more likely to attribute personal meaning to events,
objects and other people. Drug-induced states of mood, as
assessed with the POMS rating scale, were not affected by the
level of trait impulsivity. Correlational analyses between impul-
siveness (as a continuous variable) and subjective experiences
only partly supported the interaction effects observed in the GLM
model. Trait impulsiveness ratings were negatively correlated
with ratings of vigor (r = —.197) and positively correlated with
ratings of difficulty controlling thought (r = .237) during cannabis
intoxication. No significant correlations between trait impulsive-
ness and subjective experience were observed during placebo
and cocaine treatment. These data suggest that the influence
of trait impulsivity level on subjective drug experience is very
limited and restricted to a few selective experiences only such as
loss of thought control during cannabis intoxication. In general,
an association between psychedelic effect, mood and trait
impulsively seems absent.

It has been suggested that personality traits may in part
determine risk of developing substance use problems (Koob
etal., 1998; Kreek et al., 2005). For example, preclinical work in
rats has demonstrated that impulsivity predicts susceptibility to
drug seeking and relapse (Everitt et al., 2008). Furthermore,
MR-imaging of high impulsive subjects revealed increased
dopamine release in response to pharmacological reinforcers
(e.g. amphetamine) whereas this effect was not seen in low impul-
sive persons (Buckholtz et al., 2010). This suggests that a pattern
of exaggerated dopamine response to reinforcers such as amphet-
amines could develop into drug abuse (Buckholtz et al., 2010).

Drugs administered in the present study are known to affect
dopamine release in the brain. Cocaine has been shown to
increase tonic dopamine (Di Chiara and Imperato, 1988), while
the effects of cannabis on dopamine release are indirect and more

complex. Preclinical evidence shows that cannabis increases
dopamine in the mesolimbic circuit during occasional, infrequent
use but decreases dopamine levels following repeated, chronic
use (Pistis et al., 2002; Verrico et al., 2003). Subjects participating
in the present study were all very experienced and regular
cannabis users. Therefore, it was expected that subjective
experiences after cannabis or cocaine administration would be
more prominent in subjects displaying either very low or very
high levels of tonic dopamine, since it has been suggested that the
relation between impulse control and dopamine follows a
U-shaped curve (Kreek et al., 2005; Weinshenker and Schroeder,
2007). This means that individuals with relatively low or high
levels of tonic dopamine may be more impulsive whereas
individuals with intermediate levels of tonic dopamine may exert
optimal control over their impulses. Since tonic dopamine levels
can influence mood, psychotic symptoms, and reality monitoring
(Artigas, 2013; Nieoullon, 2002; Schnider, 2001), it was expected
that high impulsive subjects would be more susceptible to the
subjective effects of cocaine (increase of dopamine release) and
less to the subjective effects of cannabis (decrease in dopamine
release). So far, it is unclear whether differences in trait impulsiv-
ity caused by low and high levels of tonic dopamine underlie
Barratt’s classification of normal and high trait impulsivity. The
present data seems to suggest this is not the case because such a
scenario would predict a generalized, exacerbated subjective
drug experience in high impulsive subjects which was not seen in
the current study. These results support a study by White et al.
(2006), in which subjective response to amphetamine administra-
tion was also shown not to be affected by trait impulsivity.

The present study was conducted in two study centers
that followed comparable study protocols. We conducted GLM
analyses to evaluate whether drug effects recorded in both
centers were comparable. These analyses revealed that changes in
subjective  mood following cannabis administration were
generally more intense in subjects that participated in the
Nijmegen study center as compared to the Maastricht center. We
speculate that THC influence was larger in the Nijmegen sample
due to differences in cannabis use history and mean THC concen-
trations that were observed between both centers. Subjects in the
Nijmegen sample were (somewhat) less experienced while their
mean THC concentration during cannabis treatment was higher as
compared to the Maastricht sample. Correlation analyses
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indicated that positive feelings (i.e. friendliness, arousal, positive
mood) during THC intoxication were positively correlated with
cannabis use history, while negative feelings (i.e. anxiety, depres-
sion, anger, fatigue, and confusion) were inversely related to his-
tory of use. This finding partly fits with previous research showing
that negative, impairing effects of acute THC intoxication decrease
with increasing cannabis experience, while positive experience
(i.e. subjective high) remains unaltered (Ramaekers et al., 2009).
Analyses of pharmacokinetic data furthermore revealed that mean
THC concentrations in subjects from the Nijmegen center were
about twice as high relative to the Maastricht center. Explanations
for the observed difference in THC concentrations are all specula-
tive but might include variations in titration of THC vapor, num-
ber of inhalations, and duration of inhalation. Though THC
administration protocols were identical in both centers, adher-
ence may have differed. However, no significant correlations
between THC concentration and magnitude of psychedelic effect
were found. It has been shown previously (Ramaekers et al.,
2006b) that correlations between THC concentration and magni-
tude of THC impairments are relatively low due to large inter-
individual variations. Yet, in general it is also clear that the
number of subjects that respond to THC intoxication increase
with dose and concentration (Ramaekers et al., 2006b). The pre-
sent finding that the mean THC concentration in the Nijmegen
sample was twice as high as compared to the Maastricht sample
may therefore in part explain why the former appeared more sen-
sitive to the effects of THC.

Subjects were asked not to use illicit drugs the week before a
testing day, but were allowed to use cannabis throughout the study.
All subjects were regular cannabis users and as consequence they
would be expected to test positive for cannabis use in urine screens
since cannabis use can be detected in blood and urine after at least
one month of abstinence (Bergamaschi et al., 2013; Ellis et al.,
1985; Karschner et al., 2009). This introduces the potential risk that
subjects were high on cannabis even before they received study
treatments in our laboratory. We did however collect blood samples
at baseline prior to treatments to check for baseline THC concentra-
tions in the study participant. These samples indicated that mean
baseline THC levels on average were very low (i.e. <2 pg/L) .
Previous research (Ramaekers et al., 2006b) has established that
THC concentrations <2 pg/L do not produce noticeable changes in
performance. We therefore expect that baseline THC levels in the
current study did not significantly affect treatment results.

In conclusion, the present study demonstrated that drug
users with high trait levels of impulsivity were somewhat more sensi-
tive to the psychedelic effects of drugs. However, these associations
were limited to a few subjective items and very low in correlational
strengths. It is therefore concluded that the influence of trait impulsiv-
ity on subjective experiences of drug use is mild and restricted.
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