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General introduction
and outline of the thesis

1

General introduction

1

Heroin dependence
General introduction and outline of the thesis

Heroin dependence is a chronic, relapsing disorder characterized by compulsive
heroin use despite harmful consequences, loss of control resulting in the inability
to reduce or to stop illicit heroin use, and the development of negative emotions
(e.g. dysphoria, anxiety, irritability) when there is no heroin available (1).
Opioid dependence causes severe problems for patients and their family members
and imposes an enormous economic burden on society (2,3). Worldwide, opioid
dependence is one of the most common illicit drug dependencies (together with
cannabis, cocaine and amphetamine dependence) with a mean estimated prevalence
of 0.22% (2). The majority of patients are male (70%). In Australia, the United States
and Canada, the estimated prevalence of problematic opioid use is 0.63%, 0.58%
and 0.30%, respectively (4). In Europe, the estimated prevalence of problematic
opioid use among adults (15-64 years) is 0.42% (range 0.10% - 0.80%) and the
main illicit opioid that is used is heroin. Most of the opioid use in Europe occurs
in urban areas among marginalized populations. There have been two waves of
increasing heroin use in Europe: one starting in the mid-1970s and another one in
the mid to late 1990s. Countries with the highest prevalence of heroin dependence
in Europe are the United Kingdom, Latvia, Malta and Luxembourg. Countries with
the lowest prevalence are Turkey, Hungary, Poland and The Netherlands (5). In The
Netherlands (10.5 million inhabitants in the age range of 20-65 years), there are
about 14,000 problematic opioid users (0.13%) (6). Heroin can be inhaled, snorted
or injected (5). In The Netherlands, currently heroin is mainly used by inhalation
(>90%), i.e. ‘chasing the dragon’ (7,8). This term is used on the streets, and refers
to chasing the ‘dragon’s tail’ of smoke with a straw, after vaporizing the heroin by
heating it carefully on aluminum foil (8).
However, not all people that once tried heroin became addicted. Many people
have tried heroin and yet most did not become addicted. This is an intriguing
phenomenon and little is known about the factors that prevent certain people who
started to use heroin from becoming addicted to it. Personality traits have been
associated with the risk for becoming opioid dependent (9). Opioid dependent
people score significantly higher than healthy controls on Novelty Seeking (9), Harm
Avoidance and Self-Transcendence, and significantly lower on Reward Dependence,
Self-Directedness and Cooperativeness (10). However, nothing is known about the
personality traits of people who used heroin, but never became dependent to it. In
this thesis, we use the Cloninger’s Temperament and Character Inventory (TCI) to
study personality factors in relation to both the unproblematic and the problematic
use of heroin (11). In order to assess the possible protective role of personality, we
will also study illicit opioid users who never became opioid dependent.
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Nevertheless, many heroin users did become opioid dependent. In The Netherlands
there are currently about 14,000 problematic heroin users and 10,000 of them (71%)
are in contact with the treatment system (12). The majority of these patients are
treated with methadone, buprenorphine or pharmaceutical heroin directed at reduced
illicit opioid use and improvement of functioning and quality of life. Only a minority
is treated in abstinence oriented programs with or without pharmacological support
of an opioid receptor antagonist such as naltrexone (12). However, a worldwide
move towards recovery-oriented treatments is taking place with more emphasis
on total abstinence of all opioids. This change in orientation is also taking place in
The Netherlands with an increased interest in total abstinence, the use of opioid
receptor antagonists (naltrexone) to support abstinence and the intention to reach
full personal recovery (13,14). However, very little is known about the support for
abstinence oriented treatments in patients and treatment providers and even less
is known about the acceptability of naltrexone injections as one possibility to reach
stable abstinence of all opioids. This is important, because there are serious doubts
about the effectiveness of oral naltrexone. At the same time, some studies suggest that
extended-release naltrexone (intramuscular injections or subcutaneous implants) is
more effective than oral naltrexone, mainly due to the better long-term compliance
(15,16). However, there are also indications that (extended-release) naltrexone might
be associated with anhedonia and depression (17), side effects that may seriously
hamper full personal recovery. In this thesis, we study the interest and acceptability
in intramuscular extended-release naltrexone injections in patients and treatment
providers in methadone, buprenorphine and heroin maintenance programs in The
Netherlands. In addition, we study the risk of anhedonia and depression in rodents
and humans treated with (extended-release) naltrexone.
Neurobiological aspects of heroin dependence
After intravenous injection or inhalation, heroin (diacetylmorphine) almost
immediately enters the brain, and is converted there into its main active metabolites:
morphine and 6-monoacetylmorphine (6-MAM) (18). By binding to the µ-opioid
receptor, heroin induces its well-known euphoric effects (19).
In addition, animal studies have suggested that dopamine release in the nucleus
accumbens plays an important role in compulsive drug seeking behaviors in general
and more specifically in compulsive heroin (self-)administration (20–22). In addition,
administration of dopamine receptor antagonists have been shown to interfere with
the development of these heroin drug seeking behaviors in rodents (23–25). Unlike
stimulants like dexamphetamine, the effect of heroin on the dopamine system is
indirect. Animal studies have shown that active heroin metabolites induce dopamine
release by decreasing the inhibitory activity of gamma-aminobutyric acid (GABA)
neurons on the dopamine neurons in the ventral tegmental area (18). It has also been
found that, after release, dopamine binds to pre- and postsynaptic dopaminergic
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receptors and that stimulation of the postsynaptic dopamine receptors may cause
the motivational effects of heroin (18,26). In line with this, heroin cue-exposure
and heroin craving have been reported to be associated with increased dopamine
release in the right putamen in abstinent opioid-dependent patients (27). Dopamine
release also plays an important role in the rewarding effects of other substances of
abuse; stimulants (28), nicotine (29) and alcohol (30). Therefore, a role of dopamine
release in the effects of heroin seems logical. However, several recent studies have
suggested that dopamine release per se does not play a role in the euphoric effects
of heroin, in heroin self-administration and in the anticipation of heroin reward.
For example, a recent human study, in methadone-maintained patients, did not
find an increase in dopamine release after use of opioids, while patients did feel a
‘high’ (31). In addition, an animal study in which a dopamine D1 receptor antagonist
was administered in the nucleus accumbens did not reduce self-administration of
heroin (24). Finally, a study in methadone-maintained patients has shown that
striatal dopamine release did not increase the anticipation of heroin reward (32).
These unexpected findings may result from differences between the studies in the
duration of the dependence, the current state of substance use (actively using, in
opioid maintenance treatment or abstinent) or the (neuroimaging) techniques
used and subjects that were studied, e.g. heroin may induce dopamine release in
non-dependent animals and healthy volunteers, whereas dopamine release may
be blunted in chronic heroin-dependent patients. Indeed, while the stimulant
dexamphetamine is able to induce striatal dopamine release in healthy controls,
this effect is blunted in recreational dexamphetamine users, cocaine dependent
and heroin dependent patients (33–35). Nevertheless, although not all results are
consistent, several studies have suggested that repeated heroin use induces changes
in the dopamine system, e.g. a blunted dopaminergic response (33–35). In addition,
e.g. abstinent opioid-dependent patients showed lower dopamine transporter (DAT)
availability compared to healthy controls (36–39). Thus, both the opioid and the
dopamine system seem to play a role in the rewarding effects of heroin.
Extended-release naltrexone
Naltrexone is a competitive µ-opioid receptor antagonist that is used in opioid
dependent patients as part of abstinence-oriented treatment to prevent relapse after
detoxification. It blocks the µ-opioid receptor to prevent heroin from having a direct
euphoric effect. However, in randomized controlled trials, oral naltrexone treatment
is not better in producing sustained abstinence than placebo, mainly because of
poor treatment compliance (40). Extended-release naltrexone formulations (XRNT)
were developed to overcome this poor compliance (41). Meanwhile, both naltrexone
implants (42) and injections (41) have shown to be effective clinically. In opioid
dependent patients, naltrexone injections improve treatment retention, reduce
craving, and prevent relapse (16,43).

13

1
General introduction and outline of the thesis

There are, however, concerns about blocking opioid receptors with (extendedrelease) naltrexone, because opioid receptors are also directly involved in hedonic
responses to natural rewarding behaviors (17). In response to natural rewarding
activities, such as eating and sex, endogenous opioids are released that bind to the
µ-opioid receptor (44). As mentioned earlier, via this mechanism, dopamine release
may be induced (depending on the a priori condition; see earlier), by decreasing
the inhibitory activity on dopamine release of GABA-ergic neurons, and thereby
produces motivational effects. So, at least theoretically, when µ-opioid receptors are
blocked by naltrexone, this may lead to a decrease in dopamine release in response
to natural rewarding activities (i.e. anhedonia).
After its binding to the postsynaptic dopamine receptors, dopamine is degraded
or transported back into the presynaptic dopaminergic neuron via the DAT. Thus,
the DAT removes dopamine from the synapse, and thereby controls the dopamine
levels in the synapse. In response to chronic changes in dopamine release, and
thereby changes in dopamine levels in the synapse, DAT expression will change
(45,46). Indeed, studies have shown that chronic naltrexone administration results
in decreased striatal DAT availability (47) probably as a compensatory response
to the (chronically) decreased dopamine levels in the synaptic cleft. Interestingly,
human studies have also shown that anhedonia and apathy are associated with
decreased DAT availability (48,49). Therefore, we hypothesize that (extendedrelease) naltrexone may affect DAT expression and thereby may cause depression
and anhedonia. However, previous human studies using self-report questionnaires
have shown inconsistent results regarding use of naltrexone and the occurrence
of anhedonia (50–53). Therefore, more knowledge about these potential sideeffects is needed for patients and their treatment providers using both self-report
questionnaires and biological indicators of such side effects, including a possible
reduction in striatal DAT availability. Striatal DAT availability can be measured
with several techniques, including storage phosphor imaging in animals ex-vivo
(54), and with Single Photon Emission Computed Tomography (SPECT) and Positron
Emission Tomography (PET) in living animals and humans (55).

Objective and outline of this thesis
The first study in this thesis (Chapter 2) includes heroin dependent patients, heroin
users that never became dependent and healthy controls that never used heroin
to assess both protective and risk factors for heroin use and the development of
heroin dependence. The emphasis in this study is on personality as one of the most
important factors. This knowledge is important for a better understanding of the
addiction process and for the planning of future prevention strategies that may need
to be tailored to specific personality factors (56,57).
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Internationally there is a renewed interest in personal recovery and related to
that the abstinence oriented treatment of opioid dependent patients with or without
the pharmacological support of (extended-release) naltrexone. XRNT injections are
already registered in the United States and Russia, but not in most other European
countries, including The Netherlands. Chapter 3 explores the need for abstinence
oriented treatments among patients and the acceptability of naltrexone injections
by these patients and their treatment providers using a self-report survey.
There are, however, concerns that blocking opioid receptors with (extendedrelease) naltrexone leads to less pleasure from natural rewarding daily activities
(i.e. anhedonia and depression). Therefore, one of the major aims of this thesis
was to study whether treatment with (extended-release) naltrexone affects striatal
DAT availability and pleasure from natural rewarding activities. This was studied
both in animals (Chapter 4) and in humans (Chapter 5), using the same
radioligand, [123I]FP-CIT, to assess ex vivo and in vivo striatal DAT occupancy by
naltrexone, respectively.
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Abstract

2
PERSONALITY AS A RISK FACTOR FOR OPIOID USE AND A PROTECTIVE FACTOR FOR OPIOID DEPENDENCE
22

Background: Most studies investigating the role of personality as a risk factor for
the development of opioid dependence compare dependent opioid users with healthy
controls who never used heroin. In order to understand the potential protective
role of personality, it is crucial to compare illicit opioid users who never became
dependent with dependent opioid users.
Aims: This study aims to examine the role of personality as a risk factor for opioid
use and as a protective factor for the development of opioid dependence.
Methods: Comparing personality factors between three groups: (1) 161 neverdependent illicit opioid users who have been using illicit opioids but never became
opioid dependent; (2) 402 dependent opioid users in methadone maintenance
treatment or heroin-assisted treatment; and (3) 135 healthy controls who never used
heroin. Personality was assessed with a short version of Cloninger’s Temperament
and Character Inventory.
Results: Never-dependent opioid users reported more Novelty Seeking and Harm
Avoidance and less Self-Directedness and Cooperativeness than healthy controls
and more Reward Dependence and Self-Directedness, and less Harm Avoidance
than dependent opioid users. Furthermore, never-dependent opioid users reported
more Self-Transcendence than both dependent opioid users and healthy controls.
Conclusions: Never-dependent opioid users may have started to use opioids
partly due to their tendency to seek novel and/or spiritual experiences (high Novelty
Seeking, high Self-Transcendence) and their tendency to avoid aversive stimuli (high
Harm Avoidance), whereas they may have been protected against the development of
dependence by their need for social approval (high Reward Dependence) and their
self-efficacy (high Self-Directedness).
Keywords: Personality, Opioid, Dependence, TCI, Risk factors, Protective factors
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Opioid dependence is a worldwide health problem with severe medical and social
consequences (1). In The Netherlands, the estimated number of problematic heroin
users amounts to 18,000 (2), of which almost 13,000 (72%) are registered in addiction
treatment services: 60% in methadone and buprenorphine maintenance treatment,
5% in heroin-assisted treatment (medical prescription of diacetylmorphine), and 7%
in abstinence oriented treatments. Most of these interventions are proven effective
and both morbidity and mortality have been reduced resulting in an increasing life
time expectancy of opioid addicts in The Netherlands (3).
However, many more people have tried heroin and very little is known about
the factors that protect heroin users from becoming heroin dependent. The current
study attempts to fill this gap with special emphasis on the role of personality as
a potential protective factor for the development of opioid dependence in subjects
with a life-time history of self-exposure to illicit opioids.
Personality traits such as impulsivity have been associated with continued
use, relapse, and unfavourable treatment outcomes in several substance use
disorders, including opioid dependence (4), cocaine dependence (5,6), and alcohol
dependence (7–10). Cloninger’s Temperament and Character Inventory (TCI) has
been frequently used in these studies and several of those studies have shown that
opioid dependent patients score significantly higher on Novelty Seeking (NS) than
healthy controls (11–16). Novelty Seeking is also associated with an increased risk
of early drug experimentation, which is consequently associated with an increased
risk of dependence later in life (11). Opioid dependent patients also score higher
on Harm Avoidance (HA; (13–16)). Opioid use may function as a self-medication
strategy to control anxiety and to overcome feelings of inadequacy (15), which
could explain the association between high anxiety personality traits and opioid
dependence. Lower Self-Directedness (SD) is an element of an immature personality
profile, which is often found in addicts (13,16). Self-Directedness and sometimes also
Cooperativeness (C) and Reward Dependence (RD) were reported to be significantly
lower in opioid dependent patients compared to healthy controls (11,13,14). Higher
Reward Dependence is an indication of increased sensitivity to social approval
and social rewards (14), and low Reward Dependence thus makes it is easier to use
illegal drugs (11). However, Fassino et al. (13) found that Reward Dependence was
only significantly lower in heroin addicts when they also had a personality disorder.
Previous studies did not show a difference in Persistence (P) between opioid dependent
patients and healthy controls. Finally, Korf et al. (17) found that the never-dependent
opioid users in this study had a non-conventional life style and most of them were
alternative or artistic, traits that are associated with high Self-Transcendence
(ST). Finally, previous studies have reported that opioid dependent people score
significantly higher on Self-Transcendence than healthy controls (11,13,14).
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In most of these studies, opioid dependent patients were compared with healthy–
opioid-naïve–controls or different opioid dependent groups were compared with each
other. Unfortunately, there are no studies comparing the personality characteristics
of opioid dependent patients with those of illicit opioid users who never became
dependent. Such data could be very important for a better insight in the risk factors
and underlying processes responsible for the development of heroin dependence and
the prevention and early treatment of dependence.
Therefore, the aim of this study is to identify personality traits associated with
the development of illicit never-dependent opioid use and the protection against
dependence in never-dependent opioid users by comparing opioid users who never
became opioid dependent (NDO), dependent opioid users (DO), and healthy controls
without any substance use disorder who never used illicit opioids (HC).
Based on the above summary of the literature, and assuming that neverdependent opioid users have TCI scores between those of dependent opioid users
and healthy controls, we test the following hypotheses: (1) never-dependent opioid
users score lower on Novelty Seeking and Harm Avoidance, and higher on Reward
Dependence, Self-Directedness and Cooperativeness compared to dependent opioid
users; (2) never-dependent opioid users score higher on Novelty Seeking and SelfTranscendence compared to healthy controls; (3) dependent opioid users score
higher on Novelty Seeking, Harm Avoidance and Self-Transcendence and lower on
Reward Dependence, Self-Directedness and Cooperativeness compared to healthy
controls, and there will be no difference on Persistence between dependent opioid
users and healthy controls.

2. Methods
This study is part of the ongoing research project “Opioid Receptors and Addiction:
a Genetic Approach.” The primary objective of the project is to determine risk and
protective factors for the development of opioid dependence, including genetic
polymorphisms, family history of mental disorders and personality. This report
concerns the role of personality in the risk of never-dependent illicit opioid use and
the protection against the development of illicit opioid dependence.
2.1. Subjects
Three different samples were recruited, including a total of 698 participants (Table 1):
2.2. Group 1. Never-dependent illicit opioid users (NDO)
Subjects in this group (N=161) had to demonstrate a lifetime history of self-exposure
to illicit opioids, as indicated by at least five and a maximum of 100 opioid selfadministrations. To minimise the possibility that these participants would become
opioid dependent after entering the study, first opioid use should have taken place
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Table 1. Socio-demographic and opioid use characteristics in never-dependent opioid users (NDO),
dependent opioid users (DO) and healthy controls (HC).
DO
402

HC
135

P

39.3 (8.6)

44.7 (6.9)

40.8 (9.9)

<0.001

Male

69.6%

77.9%

52.6%

<0.001

Caucasian

84.5%

72.9%

88.1%

<0.001

Medium secondary school or higher

92.5%

53.0%

95.6%

<0.001
<0.001

Mean age (SD)

Married or cohabiting
Age first opioid use (mean + SD)

25.5%

15.4%

64.4%

21.8 (5.6)

20.2 (5.6)

-

0.002

44.0%

96.1%

-

<0.001

Duration of opioid use > 1year

Eleven respondents had missing values for ‘Age first opioid use’ (11 DO) and 15 respondents had missing
values for ‘Duration of opioid use >1 year’ (2 NDO, 13 DO).

at least 2 years before entering the study. These participants were recruited through
“convenience” sampling, like advertisements in local media, as well as through
“snowball” or “chain referral” sampling (17). About one third (32%) of these
participants had taken illicit opioids 5–9 times, about half (52.6%) had taken them
10–49 times, and the rest (16%) had taken illicit opioids more frequently. The vast
majority (87%) had experience with illicit heroin, more than half (57%) with opium
and 43% had used both substances (17). Unfortunately we have no information on
the route of administration.
2.3. Group 2. Dependent opioid users in methadone maintenance or
heroin-assisted treatment (DO)
Subjects in this group (N=402) had to be DSM-IV opioid dependent for at least
5 years. They were recruited from methadone maintenance programs (N=200) and
heroin-assisted treatment programs (N=202) in The Netherlands (18–20). In the
Netherlands, the route of administration of street heroin is mainly (90-95%) through
inhalation of heroin vapors (chasing the dragon) and intravenous use occurs in only
5-10% of all subjects (2). Similar heroin consumption patterns are seen in the Dutch
treatment settings, including methadone maintenance treatment and heroin assisted
treatment programs (2,20). These two subgroups did not differ on any of the TCI-105
subscales and were therefore treated as one group in all analyses.
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NDO
161

N

2.4. Group 3. Healthy controls (HC)
Subjects in this group (N=135) had no history of any illicit opioid use and no history
of alcohol or drug (including cannabis) dependence (DSM-IV). Nicotine dependence
was not an exclusion criterion. They were recruited in The Netherlands through
“convenience” sampling, like advertisements in local media, personal contact, or
referral by others.
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All participants had to be at least 25 years of age.
The study was approved by the Central Committee on Research Involving
Human Subjects (CCMO) in the Netherlands (protocol number P04.0156C) and all
participants gave written informed consent.
2.5. Assessment
Socio-demographic characteristics: Information about age, gender, country of
origin, education and marital status was collected using a standard questionnaire.
Ethnicity was operationalized as follows: a subject was considered Caucasian when
both parents originated from a European country or the USA and non-Caucasian
otherwise. The latter group comprised mainly of subjects with parents from Asian
countries, Surinam, Middle Eastern or Hispanic countries.
Diagnosis: The SUD section of the computerized fully structured Composite
International Diagnostic Interview (CIDI Auto 2.0; (21)) was used to obtain DSM-IV
substance dependence diagnoses. The CIDI can be used by non-clinicians and has
good reliability and validity when compared to semi-structured interviews such as
the AUDADIS and the SCAN (22).
Personality and personality disorder: Cloninger’s Temperament and Character
Inventory (TCI; (23)) was used as the main personality questionnaire in the study.
The TCI is a self-report, yes-or-no type questionnaire, designed to quantify individual
differences on four temperament and three character dimensions. A validated Dutch
translation of the TCI is available, including a shortened version (TCI-105), in which
the original 240 items are reduced to 105 items with 15 items per scale. With the
TCI-105, all seven dimensions of the TCI are measured: Novelty Seeking (NS), Harm
Avoidance (HA), Reward Dependence (RD), Persistence (P), Self-Directedness (SD),
Cooperativeness (C) and Self-Transcendence (ST).
2.6. Statistical analyses
Single imputation (mean imputation) was used for missing items on the TCI. This
was performed for each scale by replacing the missing value with the mean score of
the non-missing items of the person for the specific scale.
To determine whether groups significantly differed on socio-demographic
characteristics, one-way ANOVA and Chi-square tests were used for continuous
and categorical variables, respectively.
A MANCOVA was performed with the seven scales as dependent variables, group
as an independent factor, gender, education (‘medium secondary school or higher’)
and ethnicity (‘Caucasian’) as co-factors and age as a covariate. All covariates
fulfilled the parallel slope assumption. When the multivariate test was significant,
univariate ANCOVAs were used to determine which scales significantly differed
between groups. Post-hoc tests were used to compare the groups for each dependent
variable where ANCOVAs showed significant group differences. To adjust for multiple

testing, statistical significance was defined as p < 0.0024 (Bonferroni correction for
three groups and seven TCI scales: α=0.05/21=0.0024).
All statistical analyses were performed using IBM Statistical Package for the
Social Sciences (SPSS) version 20.

3.1. Sample characteristics
Socio-demographic characteristics and opioid use of the three groups are presented
in Table 1. The groups differed significantly on several socio-demographic and
opioid use characteristics. The DO group was older, contained more males and less
Caucasians and a lower level of education compared to the NDO and the HC groups.
The percentage of married and cohabiting persons was higher in the HC group than
in the NDO and DO groups. In addition, we found a small but significant difference
in the age of onset of first opioid use between the DO and the NDO groups.
3.2. Temperament and character inventory
Internal consistency of the TCI-105 subscales was very similar for all three
groups and generally good to excellent with Cronbach’s α ranging from 0.533 for
Cooperativeness in the HC group to 0.895 for Self-Transcendence in the NDO
group. The TCI-105 scores of the HC group fell within the norm scores of the Dutch
population (data not presented).
In the MANOVA, we found a significant multivariate effect of group on the
TCI-105 scales, Pillai’s Trace, V = 0.4, F (14, 1382) = 24.7, p = < 0.001. The seven
ANCOVA’s showed no significant group by sex, group by education, group by age
and group by ethnicity interactions on the TCI-105 scales. Results of univariate
ANCOVAs and post hoc tests are given in Tables 2 and 3. Within the NDO group there
were participants with (N=99) and without (N=65) a lifetime DSM-IV substance use
disorder diagnosis other than opioid dependence. However, these two subgroups
did not differ on any of the TCI-105 subscales, and therefore the NDO-group was
treated as one group in all analyses.
3.3. Group comparisons
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Never-dependent opioid users vs. dependent opioid users: Compared to dependent
opioid users, never-dependent opioid users scored significantly lower on Harm
Avoidance (conform hypothesis) and higher on Reward Dependence and SelfDirectedness (both conform hypotheses) and Self-Transcendence. No significant
differences in Novelty Seeking (not conform hypothesis) and Persistence scores were
found between these groups (Table 3).
Never-dependent opioid users vs. healthy controls: Compared to healthy controls,
never-dependent opioid users scored significantly higher on Novelty Seeking, Harm
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Avoidance and Self-Transcendence (all three conform hypothesis) and significantly
lower on Self-Directedness and Cooperativeness. No significant differences in
Reward Dependence and Persistence scores were found between these groups
(Table 3).
Dependent opioid users vs. healthy controls: Compared to healthy controls,
dependent opioid users scored significantly higher on Harm Avoidance and SelfTranscendence (both conform hypotheses) and significantly lower on Reward
Dependence, Self-Directedness and Cooperativeness (all three conform hypotheses).
No significant Novelty Seeking scores were found between these groups (not conform
hypothesis; Table 3).

Table 2. TCI-105 scores of never-dependent opioid users (NDO), dependent opioid users (DO) and
healthy controls (HC), ANCOVAs and post hoc tests.
NDO
161

DO
402

HC
135

F (2, 691)

P

Pairwise comparisons
between groups

Novelty Seeking

8.6 (3.0)

7.8 (2.7)

7.3 (2.9)

7.4

<0.001

NDO > HC

Harm Avoidance

5.6 (3.7)

7.7 (3.8)

4.1 (3.3)

49.1

<0.001

DO > NDO > HC

Reward Dependence

9.4 (2.8)

8.2 (2.7)

9.7 (2.6)

13.1

<0.001

HC, NDO > DO

Persistence

8.3 (3.4)

7.8 (3.0)

8.6 (2.5)

4.4

0.013

Self-Directedness

11.5 (3.2)

9.3 (3.6)

13.8 (1.9)

70.1

<0.001

Cooperativeness

12.4 (2.6)

11.5 (2.7)

13.9 (1.4)

28.7

<0.001

HC > NDO, DO

Self-Transcendence

7.4 (4.6)

5.7 (4.2)

3.2 (3.3)

38.7

<0.001

NDO > DO > HC

N

Means represent raw data that were not adjusted for gender, education, ethnicity and age (SD).
Seventy of the 698 subjects (13 NDO, 47 DO, 10 HC) had missing items on the TCI-105 (1-9 items), but none
of the participants missed four or more questions from one scale.

Table 3. Standardized effect sizes (Cohen’s d) for significant (p<0.0024) differences in TCI-105 scores
between never-dependent opioid users (NDO), dependent opioid users (DO) and healthy controls (HC).
NDO/DO

NDO/HC

DO/HC

Novelty Seeking

NS

0.42

NS

Harm Avoidance

-0.58

0.49

1.07

Reward Dependence

0.42

NS

-0.51

Persistence
Self-Directedness
Cooperativeness
Self-Transcendence
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HC > NDO > DO

NS

NS

NS

0.55

-0.86

-1.30

NS

-0.65

-0.86

0.47

1.05

0.56
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The present study compared personality factors in three groups: illicit opioid users
who never became dependent, opioid dependent patients in methadone maintenance
or heroin-assisted treatment and healthy controls who never used illicit opioids.
Confirming most of our hypotheses, never-dependent opioid users reported more
Novelty Seeking and Harm Avoidance and less Self-Directedness and Cooperativeness
than healthy controls and more Reward Dependence and Self-Directedness, and
less Harm Avoidance than dependent opioid users. Furthermore, never-dependent
opioid users reported more Self-Transcendence than both dependent opioid users
and healthy controls.
The higher level of Reward Dependence in never-dependent compared to
dependent illicit opioid users means that never-dependent illicit opioid users were
more sensitive to social approval (14) and this may have protected them against
developing dependence. In contrast, persons with low Reward Dependence who
experiment with illegal use may be less influenced by the social disapproval of their
illegal drug use (11). In addition, the higher level of Self-Directedness in neverdependent illicit opioid users may have helped them to better adapt and regulate their
behavior to fit the situation in agreement with individually chosen goals and values
and may thus have protected them from developing uncontrolled drug use behaviors
and opioid dependence (14). In contrast, low Self-Directedness is an element of an
immature personality profile, which is often found in addicted people. Therefore,
higher scores on scales for Reward Dependence and Self-Directedness may have
protected the never-dependent illicit opioid users from losing control and becoming
addicted. The higher Self-Transcendence levels in never-dependent illicit opioid users
compared to the other two groups suggests that they were susceptible to fantasy and
daydreaming, and this is enhanced by the use of opioids (11). Therefore, high SelfTranscendence in never-dependent illicit opioid users may have been involved in the
choice to experiment with opioids. Furthermore, the high level of Harm Avoidance
in never-dependent illicit opioid users may be related to their use of opioids in order
to control anxiety and to overcome feelings of inadequacy as is indicated by the fact
that the highest Harm Avoidance scores were found in the dependent opioid users,
somewhat lower Harm Avoidance scores in the never-dependent illicit opioid users,
and the lowest Harm Avoidance scores in the healthy controls. In contrast to our
hypothesis, never-dependent illicit opioid users had similar Novelty Seeking scores
compared to dependent opioid users, but consistent with our expectations, neverdependent opioid users had significantly higher Novelty Seeking scores than healthy
controls. These findings suggest that Novelty Seeking is a risk factor to start using
illicit opioids but not a specific risk factor to develop opioid dependence.
Unexpectedly, Novelty Seeking was not very high in the dependent opioid users,
although this has been found in several previous studies (11–16). However, the
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dependent opioid users were addicted for a much longer period and were older than
those in most of the previous studies (11,13–15). This may explain the difference
between the present finding and earlier studies.
Lower Self-Directedness and Cooperativeness and higher Self-Transcendence
compared to healthy controls was found in both dependent opioid users and
never-dependent opioid users, indicating the presence of an immature or frail
personality (13) in illicit opioid users. Consistent with earlier studies, we found
that dependent opioid users scored significantly higher on Harm Avoidance and
Self-Transcendence and significant lower on Reward Dependence, Self-Directedness
and Cooperativeness than healthy controls (11,13–16). From these results we can
conclude that the opioid dependent and healthy control samples are congruent with
samples in previous studies and that differences between never-dependent illicit
opioid users and dependent opioid users and healthy controls cannot be attributed
to sample specificity.
Besides several study strengths, such as the relatively large study groups and the
inclusion of never-dependent life-time illicit opioid users, some study limitations
need to be considered. First, this is a retrospective study, and it is, therefore, not
possible to determine whether differences in personality traits are a cause or a
consequence of drug use and dependence. A second limitation is that there is still a
chance that some of the never-dependent opioid users did become dependent after
participation in the study. To minimize this risk, first opioid use had to occur at least
2 years before the start of the study - in order to include subjects that had not become
dependent in the first 2 years after using illicit opioids - and a maximum lifetime
opioid use of 100 times was set. Thirdly, not all character dimensions remain stable
during life. Personality traits are susceptible to change over time (24), in particular
Novelty Seeking, Self-Directedness and Cooperativeness (25). The groups differed
in age, but all group comparisons were adjusted for age. Finally, gender influences
the risk of drug use, with men being more likely to use drugs than women (26).
Moreover, some studies have found that opioid drug use in women tends to escalate
more rapidly than in men (27). In the present study, the group of never-dependent
opioid users contained more females than the groups of dependent opioid users.
However, all group comparisons were adjusted for gender.
The current findings are important for the planning of prevention strategies,
because TCI personality profiles can be used in the screening of youngsters in
order identify those adolescents with an increased risk for illicit opioid use and
dependence, and for a personalized intervention based on their personality profile
(28,29).
In summary, never-dependent illicit heroin users may have started to use heroin
partly due to their tendency to seek novel and/or spiritual experiences (high Novelty
Seeking, high Self-Transcendence) and their tendency to avoid aversive stimuli (high
Harm Avoidance), whereas they may have been protected against the development of

dependence by their need for social approval (high Reward Dependence) and their
self-efficacy (high Self Directedness).
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Table S1. Internal consistency of TCI-105 scales in never-dependent opioid users (NDO), dependent
opioid users (DO) and healthy controls (HC) (Cronbach’s alpha [95% CI]).
NDO

DO

HC

Novelty Seeking

0.68 [0.60, 0.75]

0.57 [0.51, 0.63]

0.64 [0.55, 0.73]

Harm Avoidance

0.82 [0.77, 0.86]

0.80 [0.77, 0.83]

0.83 [0.78, 0.87]

Reward Dependence

0.65 [0.57, 0.73]

0.60 [0.54, 0.66]

0.60 [0.49, 0.69]

Persistence

0.74 [0.68, 0.80]

0.65 [0.60, 0.70]

0.61 [0.50, 0.70]

Self-Directedness

0.80 [0.76, 0.85]

0.79 [0.76, 0.82]

0.75 [0.69, 0.81]

Cooperativeness

0.74 [0.68, 0.80]

0.73 [0.68, 0.76]

0.53 [0.41, 0.64]

Self-Transcendence

0.89 [0.87, 0.92]

0.87 [0.85, 0.89]

0.85 [0.81, 0.88]
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Extended-release naltrexone (XRNT) was developed to overcome poor treatment
compliance with oral naltrexone in alcohol and opioid dependent patients. XRNT
injections are registered in the USA and Russia, but not in The Netherlands. This
study evaluates the support for abstinence oriented treatment among heroin
dependent patients and the acceptability of XRNT injections by heroin dependent
patients and treatment providers in The Netherlands. A sample of 261 patients in
methadone maintenance treatment or heroin assisted treatment and a sample of
188 addiction treatment providers completed specially designed questionnaires.
The current study shows that many patients in opioid maintenance treatment (58%)
report a desire to become abstinent from opioids and that 83% of the patients with
a desire for abstinence are interested in XRNT. The majority of treatment providers
(81%) are willing to support the prescription of XRNT injections in opioid dependent
patients to prevent relapse after detoxification. The current practice of automatic
and indefinite continuation of opioid substitution should therefore be reconsidered.
It should be noted, however, that XRNT injections are very expensive and currently
not reimbursed by the health insurance agencies in The Netherlands.
Keywords: heroin dependence, extended-release naltrexone, patient preference,
personal recovery, abstinence, acceptability

1. Introduction
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Heroin dependence is a worldwide problem causing enormous suffering to those
afflicted and their loved ones and is associated with substantial societal costs (1,2).
In The Netherlands (16.7 million inhabitants), there are about 14,000 problematic
heroin users (3). The vast majority (85-90%) does not inject but inhales their
heroin [“chasing the dragon”: (4,5)]. About 80% of all the problematic heroin users
in The Netherlands is in regular contact with the addiction treatment system:
85% in methadone maintenance treatment, 5% in heroin assisted treatment, and
10% in abstinence oriented treatment (3,6). Thus, treatment of this patient group
is mainly aimed at harm reduction, and not at immediate abstinence. However,
internationally, there has been a significant shift towards recovery-oriented drug
treatment (7), with the final goal of enduring abstinence (8). Detoxification followed
by oral naltrexone treatment and social rehabilitation has been the preferred
strategy to reach this goal (9). However, this strategy has not been very successful
(10), mainly due to the low compliance with oral naltrexone (11). Extended-release
naltrexone (XRNT), given as an intramuscular injection or a subcutaneous implant,
may create new opportunities. Several studies using implants have shown positive
results (for a review see: (12)). Similarly, patients receiving XRNT injections stay
in treatment longer than patients receiving placebo injections (for reviews see:
(13–15)), and XRNT injections significantly reduce heroin use, decrease craving
and prevent relapse (for reviews see: (11,13,16)). XRNT injections are approved in
the USA and Russia for use in opioid dependent patients, but are not yet registered
in most European countries, including The Netherlands. Moreover, little is known
about the acceptability of XRNT injections by heroin dependent patients and
treatment providers.
A small study by Fishman et al. (2010) among opioid dependent adolescents and
young adults in the USA found that patients, as well as family members, accept the
use of XRNT and that parents are enthusiastic about the concept of blockade and
feel relieved by the anticipated control. Reasons that were given to decline the use
of XRNT included aversion to medication treatment or injections, preference for
buprenorphine and problems with insurance (17). Similarly, a study in Scotland
showed that around 75% of heroine dependent patients starting a new episode of
drug treatment wanted to become abstinent (18).
In The Netherlands, there seems to be little enthusiasm for a new abstinenceoriented drug treatment, both among patients and addiction treatment providers.
This is also expressed in the fact that most treatments for heroin dependent
patients in the Netherlands are aimed at harm reduction through methadone
maintenance treatment or heroin assisted treatment. However, the question
whether more abstinence oriented treatments are wanted has not been properly
studied yet.
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Therefore, the aim of the current study is to explore the support for abstinence
oriented treatments among patients and to evaluate the acceptability of XRNT
injections as a new treatment option by patients and addiction treatment providers.
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2.1 Study population
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Between March 1 2012 and June 30 2013, 261 patients completed a specially designed
questionnaire (see below). Patients were recruited from three different addiction
treatment centers in the two largest cities in The Netherlands: Amsterdam and
Rotterdam. They were approached by a researcher or by their treatment provider.
The questionnaires were completed by the patients, supported by the research
assistant if needed. After completing the questionnaire, patients were compensated
for their efforts with five euros.
Between March 1 2012 and December 31 2013, 188 addiction treatment providers
from several addiction treatment centers throughout The Netherlands completed
an online, anonymous questionnaire that was sent out through addiction treatment
organizations, inviting professionals to participate.
The Ethical Committee of the Academic Medical Centre of the University of
Amsterdam confirmed that the Medical Research Involving Human Subjects Act
did not apply to the questionnaire for heroin dependent patients. All patients gave
informed consent for their participation in the study.
2.2 Assessments
The questionnaires for patients and treatment providers were based on the Dutch
version of the Addiction Severity Index (ASI: (19)), the Measurements in the
Addictions for Triage and Evaluation (MATE: (20)) and on a review of the literature
on acceptability of XRNT (17,18,21–23).
The anonymous questionnaire for patients collected information on the use of
heroin and other drugs, physical illness, psychiatric symptoms, income, housing,
addiction treatment and interest in XRNT, and contained multiple choice items,
sometimes with an optional explanation. Completing the questionnaire generally
took about 15 minutes.
The anonymous questionnaire for treatment providers collected information
about their working experience in addiction treatment, experience with naltrexone,
willingness to prescribe XRNT and about their expectation of the willingness of
patients to take XRNT. The questionnaire comprised both multiple choice and open
ended items. Completing the questionnaire took about 5 minutes.

2.3 Statistical analyses

3. Results
3.1 Heroin dependent patients
A total of 261 patients were recruited. The mean age of this group was 49.0 years (SD
7.4). Eighteen patients (6.9%) were excluded due to missing values. Of the remaining
243 patients, 103 were in methadone maintenance treatment, 4 in buprenorphine
maintenance treatment and 136 in heroin-assisted treatment (heroin+methadone).
When asked whether they would be interested in a new kind of treatment aimed at
the complete cessation of heroin and methadone use, 58.4% (N=142) answered ‘yes’,
28.0% (N=68) answered ‘no’ and 13.6% (N=33) had ‘no opinion’.
Table 1 shows that compared to patients with no desire for abstinence, patients
with a desire for abstinence tended to start their use of heroin about two years later
(21.3 vs. 23.3 years; p=0.023) and also tended to use heroin shorter than patients
with no desire for abstinence (22.1 vs. 18.9 years; p=0.013), but both groups were
using heroin for about 20 years. Significantly more patients with no desire for
abstinence were in heroin-assisted treatment, compared to the patients with a desire
for abstinence (67.3% vs. 47.9%; p= 0.004).
The 142 patients who were interested in a new kind of treatment aimed at
the complete cessation of heroin and methadone use were provided with some
information regarding the working mechanism of XRNT. Next they were asked
whether they would be interested to take this medication [XRNT] as an aid to
completely stop using heroin and methadone. A total of 118 patients (83.1% of the
142) answered affirmative. Table 2 shows that none of the investigated characteristics
was significantly associated with the interest in treatment with XRNT.
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To determine whether the patients with a desire for abstinence significantly differed
on socio-demographic characteristics from patients with no desire for abstinence,
two-sample independent t-tests and chi-squared/Fisher’s Exact tests were used for
continuous and categorical variables, respectively. Univariate logistic regression
analysis was used to obtain odds ratios (OR) with 95% confidence intervals (95% CI)
in order to determine the predictors for ‘interest in treatment with XRNT injections
among opioid dependent patients’ and for ‘willingness to prescribe XRNT among
treatment providers’ and their ‘expectation that patients want treatment with XRNT’.
We used a significance threshold of .01 instead of .05 to correct for multiple
testing without losing too much power. Although this implies an elevated family
wise error, we believe that in this kind of explorative studies the type I error is not
more important than a type II error. All statistical analyses were performed using
the IBM Statistical Package for the Social Sciences (SPSS) version 20.
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Table 1. Socio-demographic and drug use characteristics of heroin dependent patients

Male
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Caucasianb

Desire for
abstinence
(N=142)

No desire for
abstinencea
(N=101)

p

82.4%

87.1%

0.317

53.5%

50.5%

0.642

Age first heroin use (mean + SD)

23.3 (7.5)

21.3 (6.3)

0.023

Duration of heroin use

18.9 (9.9)

22.1 (9.7)

0.013

Use of other drugs in last 12 months
Cocaine or base coke/crack

c

69.7%

74.3%

0.439

Amphetamine/speed

4.2%

3.0%

0.739

Cannabis/hashish/weed

41.5%

37.6%

0.538

XTC

3.5%

2.0%

0.703

LSD or magic mushrooms

1.4%

0%

0.512

Sleeping pills or sedatives

39.4%

36.6%

0.658

None of the above

7.7%

12.9%

0.187

Current treatment

0.004d

Methadone maintenance treatment

50.7%

Buprenorphine maintenance treatment

1.4%

2.0%

Heroin-assisted treatment: heroin +methadone

47.9%

67.3%

1.4%

2.0%

Previous treatment with oral naltrexone

30.7%

0.999

total of ‘no desire for abstinence’ (N=68) and ‘no opinion’ (N=33)
a subject was considered Caucasian when both parents originated from a European country or the USA and
non-Caucasian otherwise
c
more than 5 times used in last 12 months
d
p value for all three categories of current treatment
a

b

Finally, patients were asked to give an explanation for their answer using an
open ended question. Several benefits and disadvantages were mentioned. With
regard to the benefits of XRNT treatment, several patients felt that a new drug would
motivate them again to try to stay abstinent following detoxification after a lot of
failed attempts. Many patients reported to be dissatisfied with their methadone
maintenance treatment, they mainly complained that it takes a lot of time to pick
up the medication and about its side effects (mainly drowsiness during the day).
Other complaints about methadone were that it is very addictive and that it does
not work the whole day. With regard to the disadvantages of XRNT treatment, a
few patients mentioned that they worried about side effects of XRNT (anhedonia,
overdose of heroin) and some would not take XRNT because they did not want to take
any medication anymore, because they had bad experiences with oral naltrexone,
because they were afraid of injections, because they were afraid that XRNT would
also be addictive or because they thought that abstinence of two weeks before
starting XRNT treatment was impossible. Several patients mentioned that they

Table 2. Predictors for patient’s interest in XRNT treatment

Male
Caucasian

Interest in
XRNT
(N=118)

No interest
in XRNT
(N=24)

Odds ratio (95% CI)

Pa

81.4%

87.5%

0.623 (0.171 – 2.277)

0.475

54.2%

0.969 (0.402 – 2.338)

0.945

23.4 (7.4)

23.0 (8.3)

1.008 (0.950 – 1.070)

0.786

Duration of heroin use (mean + SD)

19.0 (9.9)

18.1 (10.1)

1.010 (0.966 – 1.056)

0.664

Having a serious or contagious disease

25.4%

25.0%

1.023 (0.372 – 2.815)

0.965

Psychological or psychiatric treatment in the
past year

20.3%

25.0%

0.766 (0.274 – 2.139)

0.611

14.4%

29.2%

0.409 (0.148 – 1.133)

0.085

21.0 (13.5)

21.7 (12.4)

0.996 (0.963 – 1.030)

0.825

Having a job
Number of nights last 30 days spent in own
house
Total number of previous treatments

5.7 (6.0)

5.5 (3.7)

1.009 (0.931 – 1.093)

0.831

Longest period of abstinence during
treatment (months)

34.5 (49.4)

27.4 (51.8)

1.003 (0.993 – 1.014)

0.524

78.0%

66.7%

1.769 (0.682 – 4.592)

0.241

Satisfied with current treatment outcome

Univariate logistic regression with interest in XRNT (yes/no) as dependent and listed predictors as
independent variables

a

would like to have more information about XRNT or that they would first like to hear
positive experiences from others before they would consider treatment with XRNT.
3.2 Addiction treatment providers
Of the 188 addiction treatment providers, 11 did not fully complete the questionnaire.
The remaining 177 (94.1%) were included in the analyses: addiction medicine
physicians (44.6%), psychiatrists (6.2%), psychologists (13.0%), nurses (17.5%),
others (18.6%). Of them, 143 (80.8%) would support the prescription of XRNT and
139 (78.5%) expected that patients wanted to be treated with XRNT. Treatment
providers willing to support the prescription of XRNT worked shorter in addiction
treatment services than those not willing support XRNT prescription (8.9 (SD 7.7)
years vs. 13.0 (SD 10.2) years; OR=0.95, 95% CI 0.91–0.99, p=0.014). ‘Experience
with the prescription of oral naltrexone’ was not predictive of their willingness
to prescribe XRNT (p=0.327). Neither career duration nor experience with the
prescription of oral naltrexone were predictive of the expectation that patients would
want XRNT treatment (p=0.905 and p=0.501, respectively).
The 143 treatment providers willing to support the prescription of XRNT
were also asked to which patients they would prescribe XRNT (multiple answers
possible). Most of these treatment providers were willing to prescribe XRNT to both
patients with previous experience with oral naltrexone (82.5%) and to patients with
no previous experience with oral naltrexone (64.3%). About half of the treatment
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53.4%

Age first heroin use (mean + SD)
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providers were willing to treat opiate dependent patients with XRNT currently in
methadone maintenance treatment (58.7%), whereas a minority of the providers
thought that XRNT was also a good idea for heroin users without previous treatments
(32.2%) or for patients currently in heroin-assisted treatment (25.9%).
Treatment providers were also asked whether they were satisfied with the
existing opioid agonist maintenance treatments (methadone, buprenorphine,
heroin-assisted treatment). The main benefit of these treatments mentioned was
that patients have a more stable life. Disadvantages that were mentioned more than
once were: methadone dependence, interaction with other medications, emotional
flattening, possibility of continued illicit heroin use and the drug-related cues that
patients encounter when they visit the methadone/heroin clinic.
Next, treatment providers were asked whether they were satisfied with
detoxification of heroin dependent patients followed by relapse prevention with
oral naltrexone. Most treatment providers stated that compliance is a problem,
and that many patients relapsed into illicit heroin use. They commented that
supervised intake or extended release formulations would give better results, and
that oral naltrexone is only suitable for highly motivated patients. Another reported
disadvantage was side effects of oral naltrexone (general malaise, anhedonia).
Finally, treatment providers were asked whether they would support prescribing
XRNT to their patients as a possibility to prevent relapse after successful
detoxification. Many treatment providers stated that XRNT should only be
prescribed to patients who are eligible for abstinence oriented treatment, who are
very highly motivated, who have social support and who already have experience
with oral naltrexone. Some treatment providers were afraid of overdose after
quitting naltrexone treatment and about the problems related to emergency pain
management and some would only prescribe XRNT to heroin dependent patients
without (frequent) cocaine use. Several treatment providers mentioned that they
would like to have more information about the risks of XRNT treatment before
deciding whether they would want to prescribe XRNT or not.

4. Discussion
The current study shows that in the Netherlands, where most of the treatment
seeking problematic heroin users are in methadone maintenance or heroin-assisted
treatment, 58% of the patients report a desire to become abstinent from all opioid
agonists, that 83% of those with a desire for abstinence is interested in XRNT, and
that 81% of the treatment providers supported the prescription of extended-release
naltrexone (XRNT) to prevent relapse after detoxification.
These findings are consistent with studies from other countries. In Scotland,
McKeganey and co-workers found that about three-quarters of all treatment seeking
heroin patients were interested in treatments directed at total abstinence with no
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sex difference in the wish to become abstinent (18). Moreover, a small study in the
USA among opioid dependent adolescents and young adults found that patients and
family members accepted XRNT as a promising treatment (17).
In contrast to the study by Friedmann et al. among homeless alcohol dependent
patients in the USA (23), fear of the XRNT injections is only reported by some of our
patients. Moreover, most of the disadvantages of methadone treatment mentioned
by our patients (e.g. time consuming, side effects, addictive) are also described in
the study by Neale (24). It therefore seems important to give more information to
patients about XRNT to make them aware of the possibilities of abstinence oriented
treatments and to avoid misunderstandings about the working mechanism and
possible side effects of XRNT (e.g. some patients were afraid that XRNT is addictive
as well).
In our study, treatment providers with a shorter career in addiction care are
more willing to prescribe XRNT than their colleagues with a longer career in
addiction care, but previous experience with oral naltrexone is not predictive of
their willingness to prescribe XRNT, possibly because of mixed results with oral
naltrexone. Many treatment providers state that XRNT should only be prescribed
to patients who are highly motivated, who have adequate social support and who
already have some (positive) experience with oral naltrexone. It is important that
treatment providers inform the patients about the potential risks of XRNT (e.g. risk
of heroin overdose, emergency pain management problems).
Our study has both strengths and limitations. Its main strength is the relatively
large sample size of both patients and treatment providers. Another strength is
that we asked the patients specifically whether they were interested in a new kind
of treatment aimed at the complete cessation of heroin and methadone use (and not
aimed at cessation of other drugs). However, our study also has some limitations.
First, the questionnaires were only filled out by patients in addiction treatment
centers in Amsterdam and Rotterdam and not in other cities in The Netherlands.
Second, only patients in methadone maintenance or heroin-assisted treatment were
approached, and no patients in abstinence oriented treatment. Third, we have no
information on the total number of patients and treatment providers that were asked
to participate and thus we have no information on the response rates of patients and
treatment providers and no information about the representativeness of the study
population. Fourth, we were only able to provide some, but not all, information to
the patients about XRNT. A more detailed explanation during an interview might
have produced different results. Fifth, the possibility of socially desirable answers
by the patients cannot be excluded. Finally, abstinence may not be a suitable target
for all drug users with a desire for abstinence. Failed attempts at abstinence may
be more damaging and disappointing than successful harm-reduction treatment
and harm-reduction treatment may be useful in the transition from drug use to
abstinence (18).
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In conclusion, the current study shows that many patients and the majority of
treatment providers in methadone maintenance and heroine-assisted treatment
programs in The Netherlands show interest in abstinence oriented treatments,
including the prescription of extended-release naltrexone (XRNT) injections. It is
therefore unfortunate that XRNT injections are still very costly and not reimbursed
by the health insurance in The Netherlands.
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The opioid receptor antagonist naltrexone is successfully used in the treatment of
opioid and alcohol dependence. However, questions have been raised about possible
anhedonic side effects, because the opioid system is directly involved in hedonic
responses to natural rewarding activities, possibly due to its indirect effects on the
striatal dopamine transporter (DAT). In order to test this hypothesis, 30 rats were
randomized to either a 10-day treatment with 3 mg/kg short-acting naltrexone or
vehicle. No significant differences between the groups were found in striatal DAT
availability, cumulative food intake (for 48 or 72 h), body weight gain and abdominal
fatpad weight. Thus, the results of this study suggest that (sub)chronic treatment
with short-acting naltrexone does not induce possible anhedonic effects. However,
it cannot be ruled out the anhedonic effect of naltrexone is only short-lived and
thus not detected in the current study. Therefore, future studies are needed to study
possible acute anhedonic effects at several time points shortly after short-acting
naltrexone administration and to directly compare the possible anhedonic effects
of long-acting with those of short-acting opioid antagonists.
Keywords: [123I]FP-CIT, dopamine plasma membrane transport proteins,
naltrexone, rats, corpus striatum, anhedonia

Introduction

Methods and materials
The effects of naltrexone on DAT binding were tested with the well-validated DAT tracer
[123I]FP-CIT (21). Based on the results of a power analysis (α=0.05, β=0.20, expected
specific striatal to non-specific (cerebellar) binding ratio of 2.7 with a SD of 0.08 (22),
relevant difference 10%), 30 adult male Wistar rats (Harlan, Horst, The Netherlands;
weighing 300 ± 20 g) were (sub)chronically treated with naltrexone or vehicle. They
were individually housed in a temperature- (21-23°C) and humidity-controlled room
with a 12-hour light/dark cycle (lights on at 7:00 am) with food and water available ad
libitum. The rats were fed the local standard chow (Special Diet Services).
All experiments were approved by the Animal Ethics Committee (AMC,
Amsterdam, The Netherlands).
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The opioid receptor antagonist naltrexone is successfully used in the treatment of
opioid and alcohol dependence (1,2). However, questions have been raised about its
possible anhedonic side effects (3). Because the opioid system is directly involved
in natural rewarding activities (4,5), it has been suggested that naltrexone blocks
the hedonic responses to natural rewarding activities such as palatable food
consumption in animals (6–11) and physical exercise, eating and sex in humans
(12–14). Other studies found minimal or no effects on food intake in animals that
previously had consumed only chow, whereas they did find a decreased chow intake
in rats that had previously consumed palatable foods or fluids (15,16).
In humans, anhedonia and apathy are also associated with decreased striatal
dopamine transporter (DAT) levels in the caudate nucleus and putamen (17),
putamen (18) and caudate nucleus (19). Moreover, a study in rodents showed that
subchronic blockade of opioid receptors for 7 days by (extended-release) naltrexone
pellets resulted in a significant reduction of DAT expression in the striatum as a whole
(20). This suggests that extended-release naltrexone may cause a downregulation of
striatal DATs and subsequently anhedonia.
To improve our insights into the mechanism of action of short-acting naltrexone,
the present study tested whether (sub)chronic treatment with short-acting naltrexone
affects striatal DAT binding and associated responses to natural rewards, indicated
by food intake, body weight gain and abdominal fatpad weight in rats. Nocturnal
locomotor activity was measured to control for its possible confounding role in body
weight gain.

Experimental design
Following a habituation period of 7 days, rats were randomly assigned to a treatment
with naltrexone (NTX, n=15), or vehicle (VEH, n=15) for 10 consecutive days.
The NTX group received 3 mg/kg naltrexone once daily between 9 and 10 am by
53
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intraperitoneal injection. The naltrexone dose of 3 mg/kg was based on the doses
used in previous studies that produced reductions in alcohol self-administration
and/or relapse-like behaviors (23). Naltrexone was dissolved in 0.9% NaCl. The VEH
group received a similar volume (0.1 mL/100 g) of 0.9% NaCl daily between 9 and
10 am by intraperitoneal injection. The solutions were prepared once a week, were
kept out of direct UV light, and were refrigerated.
On the day of the last treatment dose, 6-8 h after the last injection, all animals
were sacrificed for striatal DAT measurements (see below). After sacrifice, abdominal
fatpads were dissected and weighted as described previously (24).
Dopamine transporter measurement
On the last day of the experiment, rats were anesthetized with ketamine/xylazine
(ratio 2:1) followed by administration of approximately 40 MBq [123I]FP-CIT
intravenously via a lateral tail vein. [123I]FP-CIT (GE Healthcare, Eindhoven, The
Netherlands) had a specific activity of 750 MBq/nmol and a radiochemical purity
> 95%. Two hours after injection (21), animals were sacrificed by bleeding through
heart puncture under anesthesia and their brains were quickly removed, frozen on
dry ice and sliced horizontally into 50 µm slices in a microtome cryostat at -21°C.
To determine DAT availability in the dorsal striatum and nucleus accumbens,
storage phosphor imaging, and analyses of the images, were performed as described
previously (22,25).
Behavioral measurements
Food intake and body weight were measured three times a week for each animal
separately. As our food intake measure we used the cumulative consumption of 48
or 72 h.
Nocturnal locomotor activity was recorded pre-treatment (days 4-6 of the
habituation period) and during treatment (days 8-10), due to technical reasons
in 24 of the 30 animals. A piezoelectronic stabilimeter was placed under the rat
cage for 48 h. The nocturnal activity was measured in arbitrary units proportional
to the voltage output. The average activity of the hours during the dark period
(07:00 pm–07:00 am) was calculated as described earlier (24).
Statistical analysis
Data were tested for normality using the Kolmogorov-Smirnoff test. Independent
samples t-tests and Mann-Whitney U tests were performed for differences between
the NTX and VEH group.
The difference between the average nocturnal locomotor activity for 48 h before
and during treatment was compared between the NTX and the VEH group.
Correlations between DAT availability and body weight gain, abdominal fatpad
weight and food intake were determined with Pearson’s correlation coefficient for

Results
DAT availability
In four animals we were unable to determine DAT availability in the nucleus
accumbens (1 NTX, 3 VEH) due to data acquisition failure. No significant betweengroup differences in DAT availability were found in the dorsal striatum (t=0.018,
p=0.985, d=-0.01) and the ventral striatum/nucleus accumbens (t=-1.191, p=0.245,
d=0.47; Table 1).
Food intake, body weight gain, abdominal fatpad weight and plasma
insulin concentrations
Average food intake per day on day 7 (day before first injection) did not differ
significantly between groups (NTX: 28.51 ± 9.1 (mean ± SD), VEH: 27.27 ± 10.0,
t=0.356, p=0.724, d=0.13). Cumulative food intake data were missing for two animals
(1 NTX, 1 VEH), due to data acquisition failure. Cumulative food intake did not differ
significantly between groups (NTX: 387.82 ± 41.9, VEH: 379.42 ± 31.2, t=0.600,
p=0.554, d=0.23; Figure 1).
The average body weights on day 2 of the experiment (adaptation period) did not
differ significantly between groups (NTX: 301.73 ± 11.7 g, VEH: 300.73 ± 11.3 g,
t=0.238, p= 0.814, d=0.09). No significant differences between groups were found in

Table 1. DAT availability (mean ± SD).
Dorsal striatum (n)

Nucleus accumbens (n)

NTX

4.41 ± 0.41 (15)

2.98 ± 0.32 (14)

VEH

4.41 ± 0.57 (15)

2.81 ± 0.38 (12)
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normally distributed variables and with Spearman’s correlation coefficient for
variables that were not normally distributed.
Because of the relatively small sample size, we reported both significance levels
and standardized effect sizes (d-values; (26)) for each test, where d=0.2 is considered
a small effect, d=0.5 a medium effect and d=0.8 a large effect. For the Mann-Whitney
U tests the effect size was calculated without outliers (>2 SD) to adjust for the skewed
distribution.
All statistical analyses were performed using IBM Statistical Package for
the Social Sciences (SPSS) version 20. A probability value of less than 0.05 was
considered significant. Exclusion of outliers (>2 SD difference from mean) did not
affect the results.

NTX: animals treated with naltrexone; VEH: animals treated with vehicle;
n: number of animals in the analysis.
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NTX
NTX
VEH
VEH
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2.81 ± 0.38 (12)
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outlier (VEH); difference on and pre-NTX: 0.32 ± 5.4, VEH: -3.47 ± 13.4, U=53.00,
p=0.972, d=0.07).
Association between behavioural data and DAT availability
There were no significant correlations between striatal DAT availability and food
intake, body weight gain or abdominal fatpad weight.

Discussion
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In rats, subchronic treatment with intraperitoneal injections of short-acting
naltrexone had no effect on striatal DAT availability (both in dorsal and ventral
parts of the striatum), food intake, body weight gain and abdominal fatpads. In
addition, there were no significant correlations between DAT availability and food
intake, body weight gain, and abdominal fatpad weight.
In contrast to our findings, Bhargava and co-workers reported a significant
reduction in DAT expression in the striatum (up to 63%) after extended-release
naltrexone administration using 10 mg pellets during 7 days when the pellets were
not removed before sacrificing (20). However, when the pellets were removed 16 h
before sacrificing, there was no significant effect on striatal DATs (20). In the present
study, we used short-acting naltrexone, and the animals were sacrificed 6-8 h after
the last drug administration; a situation very comparable with the condition in
which the pellets were removed 16 h before sacrificing.
Although we did not find any changes in DAT binding (Bmax), it cannot be excluded
that there were changes in DAT reuptake (Vmax) because of differences in dopamine
release (27). In addition, in the present study we measured striatal DAT availability
6-8 h after the last administration of naltrexone. However, the half-life of naltrexone
is around 2.7 h (28), and therefore we cannot rule out the possibility that the indirect
inhibitory effect of naltrexone on dopamine release had ceased and dopamine levels
had returned to normal levels at 6-8 h after the last administration of naltrexone.
However, although we cannot completely exclude that effects on DAT availability
do exist 2-3 h, but not 6-8 h after the last injection of naltrexone, previous studies
in non-human primates showed that acute changes in dopamine concentrations
(e.g. acute dopamine depletion) did not influence striatal DAT binding in vivo (29).
Moreover, DAT expression and naltrexone effects on food intake may be higher in
females than males (30); therefore, it may be of interest if our present findings in
male rats could be reproduced in female rats.
In addition, in future studies it may be of interest to directly compare the effects
of short-acting naltrexone and extended-release naltrexone (which produces more
stable plasma concentrations than single doses) on DAT availability, preferably both
in small laboratory animals and in humans using both parenteral and oral routes
of administration.
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Apart from the lack of an effect on DAT availability, we also found no significant
effects of subchronic administration of short-acting naltrexone on other markers of
hedonia; food intake, body weight gain, and abdominal fatpad weight did not change
after naltrexone administration. Our findings are in line with the literature, because
our rats were offered only chow. In future studies it may be of interest to also study
the effects of naltrexone in animals that are fed not with standard chow, but with
a palatable diet, because chow consumption may be driven by metabolic needs and
not necessarily be reflective of reward functions.
Interestingly, Barrios De Tomasi and Juárez showed that the food intake decreased
2-4 h after administration of a single, but high, dose of naltrexone (10 mg/kg),
but not at lower dosages (31). In the present study, however, the cumulative food
intake was measured for 48 or 72 h. Therefore, it cannot be ruled out that an effect
on food intake was present immediately after the naltrexone injections, and thus
future studies should also measure food intake shortly after naltrexone injection.
Furthermore, all rats in this study were housed individually which can lead to
stress reactions including changes in eating behavior, stress hormones and cytokine
production (32), and this may interfere with naltrexone treatment. However, if such
an effect has occurred it was a systematic effect affecting all animals under study,
i.e. both animals with naltrexone and animals with vehicle injections.
Human studies are inconsistent with regard to the anhedonic effect of opioid
antagonists. Daniel and co-workers showed that exercise in a high-intensity aerobics
class induced significant positive changes in mood, which did not occur when
participants were pre-treated with 50 mg short-acting naltrexone (12). Murphy
and co-workers showed that one dose of naloxone induced a decrease in the level of
oxytocin and subjective arousal and pleasure at orgasm (13). In a review, Yeomans
and Gray (14) found that 14 of the 17 controlled studies in normal-weight or obese
humans showed a decrease in food intake after one dose of an opioid antagonist.
However, a recent survey by O’Brien et al. (33) showed that chronic treatment of
alcohol dependence with extended-release naltrexone did not result in anhedonia.
These inconsistent results may be caused by differences in study design (e.g. single
dose vs. long-term treatment; with or without control group), compound or
formulation that was tested (e.g. short-acting naltrexone/naloxone vs. extendedrelease naltrexone), and the measurement of anhedonia.
The current study has both strengths and weaknesses. An important strength
is that we were able to show that nocturnal locomotor activity was not associated
with our anhedonia measures and that our results are thus not confounded by this
process. The most important limitations are that we did not use different dosages
and treatment durations of short-acting naltrexone, did not administer naltrexone
in the active ‘dark’ cycle, did not measure food intake at several time points during
the day, and that the study was not performed in rats that were previously exposed
to heroin. We cannot exclude that longer (chronic) treatment duration results in

effects on food intake and DAT availability. Also, the stress of daily injection may
have confounded the findings.

Conclusion
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(Sub)chronic treatment with short-acting naltrexone does not lead to a decrease in
striatal DAT availability, cumulative food intake (for 48 or 72 h) and body weight
gain in rats. Thus, the results of this study suggest that (sub)chronic treatment
with short-acting naltrexone does not induce possible anhedonic effects. However,
it cannot be ruled out the anhedonic effect of naltrexone are only short-lived and
thus not detected in the current study. Therefore, future studies are needed to study
possible acute anhedonic effects at several time points shortly after short-acting
naltrexone administration and to directly compare the possible anhedonic effects
of long-acting with those of short-acting opioid antagonists.
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Abstract
Rationale: Extended-release naltrexone (XRNT), an opioid receptor antagonist,
is successfully used in the treatment of opioid dependence. However, naltrexone
treatment of opioid-dependent patients may reduce striatal dopamine transporter
(DAT) availability and cause depression and anhedonia.
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Objectives: The aim of this study is to investigate changes in striatal DAT
availability and symptoms of depression (Beck Depression Inventory (BDI)) and
anhedonia (Snaith Hamilton Pleasure Scale (SHAPS)) before and during XRNT
treatment.
Methods: At baseline, ten detoxified heroin-dependent patients and 11 matched
healthy controls underwent [123I]FP-CIT single photon emission computed
tomography (SPECT) imaging to assess striatal DAT binding. Patients underwent a
second SPECT scan 2 weeks after an intramuscular injection with XRNT.
Results: At baseline, the mean binding potential (BPND) in the putamen was
at a trend level lower and the mean BDI score was significantly higher in heroin
patients (n=10) than in controls (n=11) (3.45±0.88 vs. 3.80±0.61, p= 0.067, d=-0.48
and 12.75±7.40 vs. 5.20±4.83, p=0.019, d=1.24, respectively). Post hoc analyses in
subgroups with negative urine analyses for opioids and cocaine showed significantly
lower baseline putamen BPND in heroin patients (n=8) than controls (n=10) (3.19±0.43
vs. 3.80±0.64, p= 0.049, d=-1.03). XRNT treatment in heroin patients was not
significantly associated with changes in striatal DAT availability (p=0.348, d=0.48),
but the mean BDI score after XRNT treatment was significantly lower than before
treatment (7.75±7.21 vs. 12.75±7.40, p=0.004, d=-0.68).
Conclusions: The results of this study suggest that XRNT treatment does not
reduce striatal DAT availability and has no significant effect on anhedonia, but is
associated with a significant reduction of depressive symptoms.
Keywords: Dopamine transporter, Abstinence, Addiction, Brain imaging, In vivo,
Opioid receptor
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The worldwide prevalence of opioid dependence is estimated to be 0.2 % (1) and
the prevalence of illicit opioid use 0.7 % (2). The main illicit opioid used in Europe
is heroin. Although a downward trend in the use of heroin was suggested, existing
problem users will remain a key issue for many years to come (3). In the Netherlands
(16.7 million inhabitants), the estimated number of opioid-dependent people in
2012 was 14,000, which is approximately 1 per 1000 adult inhabitants (4). More
than 90 % of the opioid-dependent people in the Netherlands inhale heroin, and
injection of heroin is rare (4,5).
In the Netherlands, about 80 % of all heroin-dependent people is in treatment,
mostly methadone maintenance treatment (85 %) and heroin-assisted treatment
(5 %) (4,6). The remaining 10 % of patients in treatment are in some kind of
abstinence-oriented program, including extended detoxification programs followed
by outpatient psychosocial support and oral naltrexone (4). Internationally, the focus
of opioid addiction treatment is shifting toward recovery-oriented drug treatment
(7), resulting in a greater emphasis on abstinence as the final treatment goal.
However, outpatient treatment with or without oral naltrexone was associated with
early treatment discontinuation and very high relapse rates. As a consequence, oral
naltrexone was probably not more effective than placebo (8).
Extended-release naltrexone (XRNT), given as injection or implant, may be a
more suitable treatment for opioid addiction than oral naltrexone treatment due to
better compliance. XRNT implants and injections significantly reduced heroin use
(9,10) and opioid-dependent people receiving XRNT injections had significantly more
opioid-free weeks than opioid-dependent patients who were given a placebo injection
(11). Patients receiving XRNT injections stayed in treatment longer than patients
receiving placebo injections (11,12), and XRNT treatment was well tolerated (9,13).
Although naltrexone treatment compliance can be improved by extended-release
formulations, there are concerns about possible side effects that may result in
treatment dropout, i.e., no further injections/implants. For example, significantly
higher 6β-naltrexol levels, the major metabolite of naltrexone, were found in subjects
who experienced one or more side effects (i.e., headache, nausea, anxiety) (14).
Moreover, the prevalence of depression and anhedonia was found to be high among
heroin addicts (15). Endogenous opioids influence motivational and stress regulatory
processes and mood regulation directly by binding to the µ-opioid receptor, which
causes inhibition of the gamma-aminobutyric acid (GABA) neurons and indirectly
induces dopamine release in the nucleus accumbens (16). Naltrexone, which is a
µ-opioid receptor antagonist, possibly disturbs normal endogenous opioid binding
leading to reduced dopamine release. The dopamine transporter (DAT) plays an
important role in controlling the synaptic dopamine levels by removing dopamine
from the synapse. So, when the dopamine release is changed chronically, this may
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lead to changes in synaptic dopamine levels, and consequently to changes in the DAT
expression (17,18). Interestingly, human studies also showed that high endogenous
striatal DA release was associated with anhedonia (19) and low availability of
striatal DATs was associated with symptoms of apathy (20) and depression (21,22).
Additionally, opioid-dependent patients who were abstinent showed lower striatal
dopamine D2/3 receptors (19) and DAT availability compared to healthy controls, but
it was not clear whether this effect was reversible (23–26). Finally, there is evidence
that chronic naltrexone administration in rats results in decrease of striatal DAT
availability (27). Therefore, (chronic) naltrexone treatment may further reduce
striatal DAT availability leading to an exacerbation of existing depressive symptoms
and anhedonia in opioid-dependent patients.
The effects of naltrexone on anhedonia in humans were mainly assessed with
self-reports of pleasure ratings. These studies showed that oral naltrexone can cause
anhedonia in healthy controls (28–30). However, although XRNT treatment was
associated with a reduction of the hedonic properties of addictive substances (31),
XRNT treatment did not reduce the ability to experience pleasure during natural
rewarding activities in addicted patients (15,31). In order to better understand these
findings, we conducted the first study looking at the effect of XRNT on both striatal
DAT binding and self-reported anhedonia in detoxified heroin addicts.
Based on the literature we hypothesize that (1) at baseline, heroin-dependent
patients have lower striatal DAT availability and report more anhedonia and
depressive symptoms than healthy controls; (2) during XRNT treatment, heroindependent patients show a further decrease in striatal DAT availability compared
to baseline and an increase in anhedonia and depression scores; (3) plasma levels
of naltrexone and its major metabolite 6β-naltrexol in heroin-dependent patients
correlate with changes in striatal DAT availability and with anhedonia/depression
before and during XRNT treatment; (4) at baseline and at follow-up, striatal DAT
availability is negatively correlated with anhedonia and depression; and (5) the
decrease in striatal DAT availability during treatment is associated with an increase
in anhedonia and depression.

Methods
Subjects
Subjects were recruited between January 2013 and July 2014. Twelve detoxified
heroin-dependent patients (11 male) were recruited from addiction treatment
centers throughout the Netherlands. Inclusion criteria were (1) diagnosis of DSM-IV
opioid dependence, (2) heroin as the main substance of abuse, and (3) inhalation as
the main route of administration of heroin. Exclusion criteria were (1) estimated IQ
<70, (2) prior or current diagnosis of psychosis or current depression with suicidal
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Study design
For patients, there was a 2-week heroin- and methadone-free period between the end
of detoxification and the first scanning day in order to minimize the risk of opioid
withdrawal symptoms after XRNT injection. To measure DAT availability in vivo,
the first [123I]FP-CIT single photon emission computed tomography (SPECT) was
performed just before the XRNT injection and the second scan was made 2 weeks
after the XRNT injection. In healthy control subjects, only one (baseline) SPECT
scan was performed. All subjects were required to have a negative urine drug screen
(UDS) for opioids, cocaine, and amphetamine on the day of the SPECT scan(s). None
of the subjects used medication that could interfere with [123I]FP-CIT binding (32).
A breath alcohol test was performed to assess acute alcohol intoxication.
Clinical assessments
DSM-IV criteria for substance use disorders, psychotic disorders and depressive
disorder with suicidal ideation were assessed with the Dutch translation of the
Mini-International Neuropsychiatric Interview (MINI; (33)). Before each scan,
subjects were asked to fill out self-report questionnaires assessing depressive
symptoms (Beck Depression Inventory (BDI); (34)) and anhedonia (SnaithHamilton Pleasure Scale (SHAPS); (35)). On both questionnaires, a higher total
score indicates more severe depression or anhedonia, respectively. Smoking status
was assessed with the Fagerström Test for Nicotine Dependence (FTND; (36)). IQ
was estimated with the Dutch Adult Reading test (37).
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ideation, (3) use of medication that interferes with binding of the DAT radiotracer, (4)
use of naltrexone in the past 6 months, (5) history of head trauma or brain surgery,
(6) (planned) pregnancy, breastfeeding, or no acceptable method of contraception,
(7) involuntary treatment, (8) medical contradictions for XRNT, and (9) no intention
to be opioid-free for a minimum of 10-14 days before starting XRNT treatment.
Eleven healthy subjects were included who had no diagnosis of substance
dependence and were matched to the patient group for gender, age, body mass
index (BMI), and smoking status. Healthy controls were recruited through online
advertisement and flyer postings. Exclusion criteria for controls were identical to
exclusion criteria for the heroin-dependent subjects.
All subjects provided written informed consent to participate in the study. The
study was approved by the Ethical Committee of the Academic Medical Centre of
the University of Amsterdam, where the study was conducted, and performed in
accordance with the ethical standards laid down in the 1964 Declaration of Helsinki.

Study medication
After the first SPECT scan, patients were given an intramuscular injection with
XRNT (Vivitrol®, Alkermes, Inc., USA). Extended-release naltrexone microspheres
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(Alkermes, Inc., USA) were administered as a 4-ml gluteal intramuscular injection
containing 380 mg naltrexone. After injection, patients were kept at the research
facility for 30 min to check whether they developed opioid withdrawal symptoms
and to treat them if necessary. The second SPECT session was conducted 2 weeks
after the XRNT injection. The timing of the session coincided with peak naltrexone
levels (13). Plasma samples were taken on the day of the second SPECT session to
assess peak naltrexone levels and its major metabolite 6β-naltrexol (38).
SPECT imaging procedure
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SPECT brain imaging was performed on a brain-dedicated system. This system
(Neurofocus) has 12 individual crystals equipped with a focusing collimator and a
spatial resolution of approximately 6.5 mm full-width at half maximum throughout
the 20-cm field of view. [123I]FP-CIT, which is a well-validated radiotracer for striatal
DAT imaging (39), was injected intravenously at an approximate dose of 110 MBq.
[123I]-labeling and acquisition were performed as described previously (40). [123I]
FP-CIT (GE Healthcare, Eindhoven, The Netherlands) had a specific activity of
750 MBq/nmol and a radiochemical purity >95 %. Image acquisition was performed
3 h after injection (41). Images were corrected for attenuation and reconstructed in
3D (42,43).
Analysis of SPECT data
[123I]FP-CIT binding in the striatum was determined by analyzing the five consecutive
transverse slices representing the most intense binding in the striatum. A standard
region of interest (ROI) template (constructed according to a stereotactic atlas)
including two regions representing DAT binding (caudate nucleus and putamen) and
one region representing nonspecific binding (occipital cortex) was placed bilaterally
on the images, as previously reported (42). Also, a standard template was used
representing DAT binding in the striatum as a whole. Specific DAT versus nonspecific
binding ratios (binding potential (BPND); (44)) were calculated for caudate nucleus,
putamen, and whole striatum using the following formula:
BPND=
Statistical analysis
Normality of distribution of all data was tested with the Kolmogorov-Smirnov test.
Equality of variances was tested with Levene’s test.
Group differences in baseline characteristics were assessed using an independent
samples t test when a variable was normally distributed and a Mann-Whitney U test
when a variable was not normally distributed. Correlations between BPND of the
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Results
Urine drug screen
Five subjects tested positive for drugs: two heroin-dependent patient tested positive
for cocaine and opioids on both scanning days, two heroine-dependent patients
tested positive for opioids on the first scanning day and one healthy control tested
positive for opioids. The healthy control, who tested positive for opioids, indicated
that he had used codeine the day before scanning. Since cocaine interferes with [123I]
FP-CIT binding (32), the two patients testing positive for cocaine were excluded
from further analyses. Opioid use could possibly influence DAT availability (32).
Therefore, analyses were performed twice: (1) in the first analysis, the two patients
testing positive for cocaine were excluded, resulting in 10 patients and 11 controls;
(2) in the second analysis, also all subjects testing positive for opioids were left
out, resulting in 8 patients and 10 controls. Missing urinalysis data were imputed
as positive. As a consequence, one more patient with missing urinalysis data on
the day of the second scan was excluded from some of the analyses, resulting in
seven patients for the within-patient comparison. All subjects had a negative alcohol
breath test on the scan day(s).
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left and right striatum was assessed using Pearson’s and Spearman’s correlation
coefficients.
BPND in ROIs and BDI and SHAPS scores were compared between groups using
an independent samples t test when a variable was normally distributed and a MannWhitney U test when a variable was not normally distributed.
Within the patient group, analyses were performed using a paired samples
t test. Within the patient group, we calculated Pearson’s r between naltrexone and
6β-naltrexol plasma levels and change in BPND (in striatum, caudate, and putamen),
BDI, and SHAPS scores between scans. Also, Pearson’s r were calculated between
BPND (in striatum, caudate, and putamen) and BDI scores/SHAPS scores.
We reported effect sizes (d values; (45)) for each test because of the relatively
small sample size, where d=0.2 is considered a small effect, d=0.5 a medium effect,
and d=0.8 a large effect.
All statistical analyses were performed using IBM Statistical Package for the
Social Sciences (SPSS) version 20, and statistical significance was defined as
p<0.05. Given the small number of subjects, correction for multiple testing was not
performed to prevent increased type II errors, resulting in low power.

Sample characteristics
Demographic and clinical characteristics are displayed in Table 1. In the first analysis,
no significant differences were found in gender, age, BMI, and smoking status
(FTND) between the patients and healthy controls. After excluding patients testing
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Table 1. Demographic and clinical characteristics of healthy controls and heroin patients
Demographics and clinical characteristics of cocaine-free subjects (defined as negative for cocaine on
urine analysis)
Healthy controls
(n=11)
Sex (nr male)

11

10

45.6±9.4
(range 29-56)

44.9±5.5
(range 37-53)

N/A

16.6±8.8
(range 2-30)

Body mass index (BMI) (mean±SD)
(kg/m2)

26.4±4.5

Fagerström Test for Nicotine
Dependence (FTND)

0.73±0.65

Age (mean±SD) (years)

5

Heroin patients
t
p
Cohen’s
(n=10)a
(df=19)/U value
d

Duration of heroin dependence
(mean±SD) (years)

Effect of XRNT on striatal DAT availability, DEPRESSION and anhedonia

a

-0.216

0.832

-0.09

24.5±4.4

37.000

0.202

-0.42

0.60±0.70

48.500

0.612

-0.19

Excluding 2 patients that tested positive on cocaine use at the time of the scan

Demographics and clinical characteristics of opioid-free subjects (defined as negative for both
cocaine and opioids on urine analysis)
Healthy controls
(n=10)
Sex (nr male)

Heroin patients
t
p
Cohen’s
(n=8)
(df=16)/U value
d

10

8

45.2±9.8
(range 29-56)

45.1±6.0
(range 37-53)

N/A

17.0±9.5
(range 2-30)

Body Mass Index (BMI) (mean±SD)
(kg/m2)

25.7±4.2

Fagerström Test for Nicotine
Dependence (FTND)

0.80±0.63

Age (mean±SD) (years)
Duration of heroin dependence
(mean±SD) (years)

-0.019

0.985

-0.01

24.3±4.0

29.000

0.325

-0.35

0.63±0.74

33.500

0.523

-0.25

N/A not applicable
Cohen’s d: 0.20=small, 0.50=moderate, 0.80=large (45)

positive for cocaine and opioids, differences between groups for all characteristics
even decreased, except for FTND. Since smoking status may influence striatal BPND
(46), we corrected for FTND in the between-group analyses with SPECT data.
Binding potential (BPND) in regions of interests
I n all participants, intense [123I]FP-CIT binding was observed in the striatum
bilaterally (Fig. 1). DAT availability in the left and right caudate nucleus/putamen/
total striatum were highly correlated (r>0.85, p<0.05); therefore, the mean BPND of
the bilateral measures was calculated and used in all analyses.
In the first analysis (all subjects except the two patients with a positive urine
for cocaine), two patients did not have a second SPECT scan: one patient withdrew
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consent and quit the study before the second SPECT scan, the other patient had
a missing urine sample on the day of the second SPECT scan, resulting in eight
patients for the within-patient comparison. In the second analysis (all subjects
except those with a positive urine for cocaine or opioids), only one of the remaining
patients did not have a second SPECT scan and was therefore not included in withinpatient comparison of BPND in ROIs before and during XRNT treatment (Table 2).
In the first analysis (including opioid positive subjects), we did not find significant
group differences in baseline BPND. However, in the second analysis (excluding both
cocaine and opioid positive subjects), baseline BPND in the putamen of heroin patients
was significantly lower than in healthy controls (t(16)=-2.301, p=0.049, d=-1.03).
There were no significant differences in BPND between healthy controls and heroin

Effect of XRNT on striatal DAT availability, DEPRESSION and anhedonia

Figure 1. [123I]FP-CIT SPECT images (transversal slides at the level of the striatum) of a
typical heroin-dependent patient, before (left image) and 2 weeks after (right image) an
intramuscular injection with XRNT (380 mg). Note that visual analyses of the images did
not show differences between the two conditions, which was confirmed by the quantitative
analyses (see “Results” section)

patients at baseline for other ROIs. Correction for FTND slightly decreased the
difference in baseline BPND between heroin-dependent patients and healthy controls.
Therefore, adjusted p values and effect sizes are displayed in Table 2.
We found no significant differences in BPND between heroin patients at baseline
and after 2 weeks of XRNT treatment (Fig. 1), neither when opioid-positive patients
were included nor when opioid-positive patients were excluded from the analysis
(Table 2).
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Table 2. BPND per ROI for controls and heroin patients (mean±SD)
BPND (mean ±SD) for cocaine-free subjects (defined as negative
for cocaine on urine analysis)
PB vs HC

PB (n=10)

Cohen’s
d

HC (n=11)

Striatum, whole

3.64±1.00

3.82±0.63

0.139

-0.21

Caudate nucleus

3.62±0.72

3.97±0.85

0.321

-0.44

Putamen

3.45±0.88

3.80±0.61

0.067

-0.48

PO vs PB

5

p value
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PO (n=8)

PB (n=8)

Striatum, whole

3.60±0.59

3.65±1.12

0.901

-0.05

Caudate nucleus

3.60±0.62

3.62±0.81

0.965

-0.02

Putamen

3.42±0.72

3.42±0.99

0.999

0.00

p value

Cohen’s
d

BPND (mean ±SD) for opioid-free subjects (defined as negative
for both cocaine and opioids on urine analysis)
PB vs HC

PB (n=8)

HC (n=10)

Striatum, whole

3.36±0.47

3.82±0.66

0.155a

-0.72a

Caudate nucleus

3.45±0.52

3.99±0.90

0.198

a

-0.63a

Putamen

3.19±0.43

3.80±0.64

0.049

a

-1.03a

PO (n=7)

PB (n=7)

Striatum, whole

3.53±0.60

3.28±0.44

0.348

0.48

Caudate nucleus

3.55±0.65

3.39±0.53

0.579

0.27

Putamen

3.28±0.65

3.10±0.38

0.477

0.35

PO vs PB

PB patients at baseline, HC healthy controls, PO patients on XRNT treatment.
Cohen’s d: 0.20=small, 0.50=moderate, 0.80=large (45).
Non-parametric test for PB vs HC: striatum and putamen in the cocaine-free subjects’ analyses. Parametric
tests were used for all other analyses listed.
Means represent observed data that were not adjusted for FTND
a
Adjusted for FTND scores

Table 3. Beck Depression Inventory scores and Snaith-Hamilton Pleasure Scale scores for healthy
controls and heroin patients (mean±SD) that that had a negative UDS for cocaine and opioids
p value (Cohen’s d)
HC (n=10)

PB (n=8)

PO (n=8)

PB vs HC

PO vs PB

BDI

5.20±4.83

12.75±7.40

7.75±7.21

0.019 (1.24)

0.004 (-0.68)

SHAPS

24.00±5.74

24.88±5.22

22.75±6.71

0.742 (0.16)

0.326 (-0.35)

PB patients at baseline, HC healthy controls, PO patients on XRNT treatment, BDI Beck depression Inventory,
SHAPS Snaith-Hamilton Pleasure Scale
Cohen’s d: 0.20=small, 0.50=moderate, 0.80=large (45)
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Psychopharmacology 16 low-dose methadone users
12 methadone-free abstainers
32 healthy controls

Addiction Biology
2005

Psychiatric
Research:
Neuroimaging

Neuropharmacology 9 chronic heroin users
14 controls
Postmortem striata

Yeh et al.
(2012)

Jia et al.
(2005)

Cosgrove
et al.
(2010)

Kish et al.
(2001)
20 heroin-dependent subjects
20 healthy controls

8 heroin-dependent subjects
8 healthy controls

36 heroin-dependent subjects
21 healthy controls

[99mTc]
TRODAT-1
(SPECT)

[3H]WIN 35,428

[123I]β-CIT
(SPECT)

[99mTc]
TRODAT-1
(SPECT)

[99mTc]
TRODAT-1
(SPECT)

[11C]CFT (PET)

[99mTc]
TRODAT-1
(SPECT)

Tracer

LC
0.040
0.008
0.800

RC
0.034
0.009
0.911

Striatum
0.20

Raa
<0.05
>0.05
<0.01

RP
<0.001

LP
0.676

Bmax of [3H] WIN 35,428
0.41
0.50
LC
RC
Control vs
Heroin patients <0.001 <0.001

Caudate
Putamen

Control vs Heroin sub

Control vs Patient at baseline
Control vs Patient +Chinese herb
Patient baseline vs Chinese herb

Striatum
0.048
<0.001
0.39

RP
0.044
0.533
0.024

RP

LP
0.011
0.151
0.032

LP
<0.001

RC

<0.001 <0.001 <0.001

LC

Control vs meth-free
Control vs low-dose meth
Low-dose meth vs meth-free

HC vs MMT:
HC vs PA:
MMT vs PA:

Control vs
heroin patients

DAT availability (p)

Effect of XRNT on striatal DAT availability, DEPRESSION and anhedonia

No. Used heroin within 24 h
before SPECT scans, confirmed
with urine tests

No. Presence of heroin
metabolites in autopsied
material

No. Heroin positive at intake,
last use of heroin before SPECT
scan was not recorded

Yes, >10 days of detox before
start of study
Abstinence was confirmed with
urine morphine tests

Unknown

Yes, > 6 months heroin-free
before scanning
Abstinence was recorded by
urine screening at start of study

Yes, 15-18 days of detoxification
before start of study
Abstinence was confirmed by
urine and blood screens

Abstinent before and
during study? (yes/no)

LC left caudate nucleus, RC right caudate nucleus, LP left putamen, RP right putamen, SPECT single-photon emission computed tomography, PET positron emission
tomography
a
Ra is the ratio of corpus striatum/the whole brain= striatal binding/whole brain binding

Liang et al. Addiction Biology
(2014)

Eur. Journal of
Pharmacology

Shi et al.
(2008)

11 heroin-detoxified subjects
that were in prolonged
abstinence (PA)
10 heroin-dependent subjects
in methadone maintenance
treatment (MMT)
10 healthy controls (HC)

Psychopharmacology 64 heroin-dependent patients
(43 completed study)
15 healthy controls

Liu et al.
(2013)

Number

Journal

Author

Table 4. Overview of literature about DAT imaging in opioid dependent patients
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Since our main group of interest is heroin-dependent patients that are abstinent
during the study, further analyses (see below) were only conducted for cocaine and
opioid-free subjects.
Depression and anhedonia
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At baseline, BDI scores were significantly higher for heroin-dependent patients
than for healthy controls (t(16)=2.614, p= 0.019, d=1.24), see Table 3. For heroindependent patients after 2 weeks of XRNT treatment, BDI scores were significantly
lower than before treatment (t(7)=4.132, p=0.004, d=-0.68). There was no
significant difference between groups for baseline SHAPS scores. Also, there were
no significant differences between SHAPS scores before and after 2 weeks of XRNT
treatment (Table 3).
Naltrexone and 6β-naltrexol plasma levels
Plasma data were missing for one patient due to technical reasons. No significant
correlations were found between naltrexone/6β-naltrexol plasma levels and change
in BPND (in whole striatum, caudate nucleus and putamen), BDI and SHAPS scores in
heroin-dependent patients between scans (supplementary data, Tables S1 and S2).
Integration of SPECT data and behavioral parameters
No significant correlations were found for striatal DAT binding and anhedonia or
depression at baseline or at follow-up. Correlations between decrease in striatal
DAT binding during treatment and increase in anhedonia and depression were not
calculated because we did not find a decrease in striatal DAT binding nor an increase
in anhedonia and depression.

Discussion
The current study is the first to assess the effects of XRNT treatment on striatal DAT
binding and self-reported depression and anhedonia in heroin-dependent subjects.
Our present results suggest that blocking of the µ-opioid receptor by XRNT does not
decrease striatal DAT binding and does not increase self-reported anhedonia, but is
associated with a significant decrease in depressive symptoms.
In line with our first hypothesis, we found significantly lower DAT binding at
baseline in the putamen of detoxified heroin-dependent patients with a negative
urine test for opioids compared to controls, which is in line with previous studies
((23,24,25,26), Table 4). This implicates that detoxified heroin patients have lower
striatal DAT availability. This reduction in DAT availability compared to controls may
be related to long-term heroin abuse since patients and healthy controls were matched
for other variables influencing DAT availability. However, due to the design of our
study, we cannot exclude the possibility of preexisting differences in DAT availability.
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Although the lower DAT binding in heroin-dependent patients was not significant for
the caudate nucleus and whole striatum, effect sizes indicate moderate to large effects
of long-term heroin abuse on DAT binding, supporting the hypothesis that differences
in these areas may be found when larger sample sizes are included (Table 4; (26)).
One healthy control indicated that he had used paracetamol with codeine for pain
relief only on the day before scanning (two to three tablets). Exclusion of this subject
from the analysis did not change mean striatal DAT binding of healthy controls.
However, when we excluded the two heroin-dependent subjects who had a positive
urine test for opioids, mean striatal DAT binding decreased and variation in DAT
binding (SD) halved, indicating that acute use of codeine may not influence striatal
DAT binding, while acute opioid use (i.e., heroin) may have a significant influence
on striatal DAT binding. Indeed, acute opioid use increased striatal DA release (47,
48) and consequently may influence striatal DAT expression. One of the reasons that
acute administration of the opioid receptor agonist codeine may not influence striatal
DAT binding, while other opioids may do, might be that the affinity of codeine to
the μ-opioid receptor is simply too low (Ki approximately 79 nmol/l; (49)) to induce
indirect changes in DAT expression. In contrast, although heroin itself has a low
affinity for the μ-opioid receptor, once in the brain, it is hydroxylated to morphine
(50). Morphine has a high affinity for the μ-receptor (Ki approximately 14 nmol/l;
(49)) and might consequently indirectly influence DAT expression. Indeed, acute or
subchronic treatment with another high-affinity μ-opioid agonist, namely fentanyl
(Ki approximately 0.39 nmol/l; (49)), decreased in vivo striatal DAT binding (51).
Thus, our present data may indicate that it is relevant to analyze a homogeneous
group of subjects who are all truly and fully abstinent for opioids if one is interested
to study DAT availability.
In Table 4, we summarized the findings of DAT imaging studies in heroindependent patients.
Our results from the analyses excluding subjects with a positive urine test for
opioids (i.e., lower DAT binding in the putamen in the heroin-dependent patients)
are in line with previous studies showing lower striatal DAT binding in abstinent
heroin-dependent patients compared to healthy controls (Table 4: (23,24,25,26)). In
contrast, when subjects with a positive urine test for opioids were included in the
analyses, our results are more consistent with the results from Cosgrove et al. (2010)
who included heroin-dependent people testing positive for heroin (Table 4: (52)).
Also, Kish and coworkers did not show lower DAT binding in a postmortem study in
which eight out of the nine subjects died due to a heroin intoxication (53), although
this is not in line with the results of a recent SPECT study (54). This again may
stress the potential effect of current use of opioids on striatal DAT availability, as
discussed earlier. Our findings underscore the fact that homogeneity of drug use/
abstinence in the heroin-dependent subjects is needed for a correct interpretation
of results in this field of research.
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Opioids inhibit the release of dopamine, serotonin, acetylcholine, and
norepinephrine, neurotransmitters that all may play an important role in the
pathophysiology of depression (55), and there is a high prevalence of depression
and anhedonia in heroin-dependent patients (15). In line with these studies and our
first hypothesis, we found higher levels of self-reported symptoms of depression in
heroin-dependent subjects before XRNT treatment compared to healthy controls.
However, in contrast to our expectation, no significant differences were found in
anhedonic symptoms between the heroin-dependent patients and healthy controls
at baseline. This might be explained by the fact that our healthy controls had a
higher mean score for SHAPS than was previously reported for healthy controls (56).
Another explanation may be that long-term opioid use increases (certain) depressive
symptoms but not anhedonia.
Our second hypothesis, that during XRNT treatment, heroin-dependent
patients will show a decrease in striatal DAT binding compared to baseline and
that this decrease is associated with an increase in anhedonia and depression,
was not confirmed. This hypothesis was based on findings of a previous in vitro
rodent study (27) in which a decreased striatal DAT availability after XRNT
treatment was reported using the DAT ligand [3H]GBR 12935. Although this is
the first study conducted with [123I]FP-CIT SPECT to image DAT binding during
XRNT treatment in humans, results implicate that XRNT treatment does not
decrease DAT availability. This is consistent with a recent rodent study (57), in
which rats were treated with short acting naltrexone or vehicle for 10 days, and no
significant difference between groups was found in striatal DAT availability using
[123I]FP-CIT storage phosphor imaging. However, we cannot rule out influences
of XRNT on other parts of the dopaminergic system, e.g., on dopamine receptor
availability. Importantly, although studies demonstrated that naltrexone induced
anhedonia and depressive symptoms in healthy volunteers (28,29,30,58), our study
and other studies investigating the influence of XRNT treatment on anhedonia in
heroin-dependent people did not find a significant increase in anhedonia during
XRNT treatment (15,31). In our study, depressive symptoms improved significantly
after XRNT treatment. This is in line with results from Dean et al. (2006) and
Mysels et al. (2011) who reported a decrease in depressive symptoms in heroindependent subjects that adhered to naltrexone treatment compared to baseline
depressive symptoms (59,60). This can either mean that XRNT treatment improves
depressive symptoms or simply that abstinence from illicit opioid use improves
depressive symptoms caused by long-term illicit opioid use, or that other factors
are involved as well such as improvement of personal life circumstances. Finally, it
cannot be excluded that the reduction in depressive symptoms is a result of positive
expectations or normal fluctuations. In order to clarify this issue, a randomized
placebo controlled trial is needed, although we understand the ethical issues
involved in such an experiment. However, whatever the reasons may be, the current
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study supports previous findings that treatment with extended-release naltrexone
does not lead to or worsens depressive symptoms.
In contrast to our third hypothesis, we found no significant correlations between
naltrexone/6β-naltrexol plasma levels, striatal DAT binding, and BDI/SHAPS scores.
In addition, contradictory to our fourth and fifth hypotheses, there was no significant
relation between striatal DAT binding and anhedonia or depression at baseline for
healthy controls and heroin-dependent subjects, and no relation between changes
in DAT binding and changes in depression and anhedonia for heroin-dependent
patients during XRNT treatment.
The main limitation of this study is the small sample size. However, after
excluding subjects with a positive urine test for opioids, we found moderate to large
effect sizes in the between-group analyses, indicating that significant differences
would have been found with a larger sample size (Table 2). Another important
limitation is that this study did not include a placebo arm to control for expectations
and normal fluctuations in DAT SPECT and behavioral parameters. However, given
the treatment opportunities that are currently available, such a strategy raises
serious medical ethical issues. Further limitations include the following: (1) the
absence of coregistration of SPECT images with MRI—coregistration of SPECT
images with MRI may have improved the accuracy of placement of the ROIs; (2)
the use of only one particular dose of XRNT and thus no possibility to study doseeffect relationships; (3) the use of only a single injection of XRNT to study changes
in striatal DAT binding after 2 weeks of treatment; (4) no female subjects—sexdependent effects on striatal DAT availability could not be accounted for; (5) no
information on changes in personal circumstances related to increased/decreased
anhedonic and depressive symptoms; and (6) restriction to inhalation as the route
of heroin administration, while worldwide injection is preferred over inhalation and
it could be that our results are not representative for heroin-dependent patients
who inject heroin.
In conclusion, our results suggest that XRNT treatment in detoxified heroindependent patients does not decrease striatal DAT or increase anhedonia
significantly, but is associated with a significant reduction of depressive symptoms.
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Supplementary material
Table S1. Correlations between naltrexone/6β-naltrexol plasma levels and change in BPND (in whole
striatum, caudate nucleus and putamen; expressed as means of bilateral sides) in heroin dependent
patients (n=6) between scans.
naltrexone

6β-naltrexol

r

P value

r

P value

Striatum, whole

0.269

Caudate nucleus

0.339

0.607

0.016

0.975

0.511

-0.064

Putamen

0.094

0.904

0.855

-0.137

0.796

naltrexone
r

6β-naltrexol
P value

r

P value

BDI

-0.450

0.263

-0.141

0.738

SHAPS

0.214

0.611

0.070

0.868

BDI= Beck depression Inventory, SHAPS= Snaith-Hamilton Pleasure Scale
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Table S2. Correlations between naltrexone/6β-naltrexol plasma levels and change in BDI and SHAPS
scores in heroin dependent patients (n=8) between scans.
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Summary
Chasing the Dragon Away: Personality
as a protective factor and extended-release
naltrexone as a treatment for heroin dependence
Objectives

6
Summary and general discussion

The main objectives of this thesis were (a) to gain better insight in the process
of getting addicted to heroin in order to develop personality-based prevention
strategies, by studying distinctive personality patterns in heroin users that became
heroin dependent and heroin users that never became dependent; (b) to assess the
interest of heroin dependent patients and their treatment providers in treatments
directed at total abstinence and specifically in the treatment with extended-release
naltrexone (XRNT); and (c) to study whether treatment with XRNT in heroin
dependent patients results in decreased striatal dopamine transporter (DAT)
availability and in anhedonia and depression as potential side-effects.
Chapter 1 provided a brief introduction to the epidemiology, the treatment
situation and the pathophysiology of heroin dependence, its neurobiological aspects
and XRNT treatment. The chapter ended with an outline of this thesis.
In Chapter 2 we compared personality traits of illicit opioid users who never
became dependent (n=161) with personality traits of opioid dependent patients
(n=402) and healthy controls (n=135) using the Temperament and Character
Inventory (TCI, Cloninger, 1994) in order to better understand the potential
protective role of personality in the development of opioid dependence in subjects
who start to use illicit opioids. We found that never-dependent opioid users reported
a strong need for social approval (high Reward Dependence) and high self-efficacy
(high Self-Directedness), which may have protected them against becoming heroin
dependent despite their tendency to seek novel and/or spiritual experiences and to
avoid punishment (high Novelty Seeking, Self-Transcendence and Harm Avoidance,
respectively), which, at least partly, may be the reason why they had started to use
opioids. These results may be used in the development of prevention programs for
young people with an increased risk for opioid use and dependence. Personalized
interventions may be developed, based on a personality profile, similar to the
successful interventions used by Conrod et al. in the prevention of alcohol and drug
use (problems) (1,2).
In Chapter 3 we explored the support for abstinence oriented treatments and the
acceptability of XRNT injections for heroin dependent patients in The Netherlands.
We also studied the acceptability of XRNT injections among treatment providers. A
total of 261 patients and 188 treatment providers filled out questionnaires, showing
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that 58% of the patients wanted to become abstinent from all opioid agonists, 83%
of which were interested in XRNT injections. Similarly, 81% of the treatment
providers supported the prescription of XRNT to opioid dependent patients. Most
of these patients were currently in an opioid agonist maintenance program and
given these data it seems reasonable to regularly ask these patients about their
treatment goal and not to automatically continue substitution treatment in these
patients. In addition, we should investigate whether it would be possible to get XRNT
available for patients in The Netherlands. There are some high quality studies (3–6)
and one meta-analysis (7) indicating that XRNT is much more effective than oral
naltrexone, and new initiatives should be taken to improve the access to XRNT for
heroin dependent patients in The Netherlands.
However, among both patients and treatment providers, there are worries
about the possibility of naltrexone-induced anhedonia and depression, because
naltrexone blocks the µ-opioid receptor, which in turn may result in a decreased
hedonic response to natural rewarding activities. This blockade of the µ-opioid
receptor may indirectly cause a reduction of dopamine release and finally a downregulation of striatal DATs. Therefore, we tested the hypothesis that treatment
with (extended-release) naltrexone results in anhedonia and decreased striatal
DAT availability. In Chapter 4 we report on a study in rats after 3 mg/kg short
acting naltrexone for 10 days, and in Chapter 5 we present data on a study in
humans two weeks after an intramuscular injection with 380 mg naltrexone using
[123I]FP-CIT as a radiotracer for assessing DAT binding, using storage phosphor
imaging in rats and Single-Photon Emission Computed Tomography (SPECT)
imaging in humans. In rats, food intake, body weight gain and abdominal fatpad
weight were studied as measures of anhedonia. In humans, we assessed symptoms
of anhedonia and depression using self-report questionnaires. In both studies, no
statistical significant effect of naltrexone treatment on striatal DAT availability
was found, and there was also no effect of naltrexone on food intake in rats or on
anhedonia in humans. This suggests that treatment with naltrexone has no negative
effects on hedonic responses and that clinical use of naltrexone is compatible with
a maintained pleasurable response to natural rewarding activities, at least in acute
and subchronic treatment. Interestingly, we also showed that baseline striatal DAT
binding (i.e., before the start of XRNT treatment) was significantly lower in opioid
dependent patients than in matched controls, which is in agreement with previous
studies (8–11), suggesting that chronic opioid use is associated with a decrease
in striatal DAT availability. It is not clear whether this phenomenon represents a
causal factor or a consequence of the disorder and we also do not know whether
this low DAT availability is reversible.

General discussion
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One of our main research questions was whether treatment with (extended-release)
naltrexone causes anhedonia as a side-effect. This could be a logical consequence of
the mechanism of action of naltrexone, which blocks the µ-opioid receptor, resulting
in a reduced response to natural rewarding activities. In both our animal and our
human study, we found, however, no evidence for anhedonia or depression during
(extended-release) naltrexone treatment. In the human study we even found some
improvement in depressive symptoms after XRNT treatment. Previous studies
have indicated that anhedonia is related to reduced DAT availability. However,
at baseline, we found no difference in Snaith-Hamilton Pleasure Scale (SHAPS)
scores for anhedonia between patients and controls. Also, we found no decrease in
striatal DAT availability and scores on the SHAPS for anhedonia during treatment
with (extended-release) naltrexone. Importantly, a previous study by O’Brien et
al. in alcohol dependent patients found that XRNT only inhibited the pleasure
from drinking alcohol and not of other rewarding activities (12). We do not really
understand the mechanism behind this the differential effect of naltrexone for
different types of reward. A possible explanation for this selective reward suppressing
effect of XRNT could be that patients do notice that using alcohol or opioids has
become less rewarding, because they attribute excessive salience to alcohol or drugs,
whereas they may not notice that daily activities and natural rewards have become
less rewarding, because it is less important and less salient to them (13). However,
Langleben et al. (2012) did find a suppressing effect of XRNT on reward from sugar
intake in opioid dependent patients using the quantitative Sweet Taste Test (STT)
(13). Therefore, more studies are needed aimed at understanding these mechanisms
using different measures for the perception of reward. In addition, it may be of
interest to compare µ-opioid receptor occupancy and subjective hedonic responses
following natural rewards in abstinent opioid dependent patients with and without
naltrexone on board.
Strengths and limitations
Several general limitations of our studies should be pointed out. Firstly, most of
our studies were cross-sectional and thus it is impossible to make strong causal
inferences based on these studies. For example, when we studied personality
in different groups of opioid users in Chapter 2, it cannot be excluded that the
duration of opioid use had an effect on personality characteristics and that we were
looking at the consequences rather than the causes of heroin use or dependence.
Secondly, in Chapters 4 and 5 we only measured striatal DATs. Therefore, it
cannot be ruled out that (extended-release) naltrexone has a significant effect on
the expression of postsynaptic dopamine receptors or dopamine release but not
on striatal DATs. As we mentioned earlier, several recent studies have suggested
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that, in heroin dependent patients, dopamine release per se does not play a role in
the subjective, pleasurable effects of heroin (14,15) and that repeated heroin use
may cause a blunted dopaminergic response (16). Also, dopamine D2/3 receptor
binding may be lower in heroin dependent patients than in controls (16). In future
studies, it may be of interest to test whether treatment with XRNT could increase
dopamine D2/3 receptor density and/or dopamine release. Thirdly, in the human DAT
imaging study using SPECT in Chapter 5, regions of interest were positioned on
the caudate nucleus and putamen and DAT binding was thus mainly measured in
the dorsal striatum. Due to resolution limitations, in our study it was not possible to
determine ventral and dorsal DAT binding separately. However, in our animal study
in Chapter 4 using phosphor imaging, DAT availability was measured in dorsal
striatum and ventral striatum/nucleus accumbens separately, and no significant
group differences were found between animals treated with naltrexone and animals
treated with vehicle in either of the striatal subregions. Therefore, it is unlikely
that the lack of effect in the human study is due to the fact that we were not able
to adequately measure differences in the ventral striatum. Also, this study was
not placebo-controlled. Fourthly, the treatment studies presented in Chapter 4
(rodents: short acting naltrexone for 10 days) and Chapter 5 (humans: XRNT for
2 weeks) were relatively short. Therefore, it cannot be excluded that if treatment
would have been longer, we may have found differences in striatal DAT availability,
in behavioral measures (rodents) and in questionnaire scores for anhedonia and
depression (humans). However, studies that did find an effect of naltrexone on
palatable food consumptions in rats (17–20) and human studies that did find an
effect of naltrexone or naloxone on the rewarding effects of physical activity and
sex (21,22), performed measurements already after a single dose of naltrexone.
Similarly, Bhargava et al. (1996) found a decrease in DAT binding after only 7 days
of treatment, i.e. quicker than our treatment durations (23). Furthermore, Baptista
et al. (2000) found a decrease of food intake in rats after 21 days of naltrexone
treatment, but only for high doses (above 4 mg/kg) (24). Therefore it is not very likely
that our treatment duration of 10 days in rats and two weeks in humans was too
short to induce changes in DAT availability or perceived anhedonia or depression.
However, we cannot exclude that such changes would have occurred after a longer
treatment period. Finally, it should be noted that we included only male rats and
male heroin dependent patients and healthy controls in our studies. Therefore, we
do not know whether the results of our studies are applicable to females. Previous
studies have shown that DAT availability is higher in females than in males (25,26)
and that females are more vulnerable to depressive symptoms (27). Thus, with
more female subjects we could have expected higher DAT availability and higher
Beck Depression Inventory (BDI) and SHAPS scores at baseline, both in heroin
dependent patients and matched controls. Nevertheless, we expect that in female
heroin dependent patients there would also be no changes in DAT availability and

SHAPS scores during naltrexone treatment. Future studies with both males and
females are needed to confirm this assumption. However, the vast majority of heroin
dependent patients worldwide is male (28), and our results are thus relevant for most
heroin dependent patients treated with naltrexone.
Clinical implications
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From Chapter 2 we concluded that there are certain personality traits that
seem to be protective (high need for social approval and high self-efficacy) and
other personality traits that seem to be risk factors (tendency to seek novel and/
or spiritual experiences and to avoid punishment) for the development of heroin
dependence. This information can be used to develop screening strategies to detect
adolescents with an increased risk for opioid use and dependence. Furthermore,
the (conceptual and empirical) distinction between personality (disorders) and
developmental disorders like attention-deficit/hyperactivity disorder (ADHD) and
conduct disorders (CD) is not always clear and the current findings seem to coincide
with findings showing an increased risk of drug addiction in children with ADHD
and/or CD (29). A published meta-analysis found no effect of school programs aimed
at reducing first drug use and preventing children from becoming addicted in case
they experiment with drugs (30). Therefore, universal prevention does not seem
the most productive strategy and other strategies, including selective and indicated
preventions are needed. For example, TCI profiles may be used in selective prevention
programs that provide personality-targeted interventions. A study by Conrod et al.
showed that selective, short personality-targeted interventions can prevent the onset
of substance abuse in adolescents who are at high risk (1). Similarly, selective drug
prevention programs can be designed directed at youngsters with ADHD and/or
CD. Studies on the preventive effect of stimulant treatment of children with ADHD
are inconclusive (31), but a recent study from The Netherlands shows great promise
in this respect (32).
In The Netherlands, the current guideline on opioid addiction recommends
maintenance treatment with methadone (opioid receptor agonist) or buprenorphine
(partial opioid receptor agonist) as the first line intervention in heroin dependent
patients because of its strong evidence base (33). However, from Chapter 3 we
concluded that many heroin dependent patients in (partial) agonist maintenance
treatment are interested in total abstinence of all opioids and treatment with XRNT
injections. Moreover, XRNT has repeatedly shown to be an effective treatment,
especially compared to oral, immediate-release naltrexone (6). Therefore, it should
be considered not to automatically start and continue opioid substitution treatment.
On the other hand, one should be careful not to disrupt a patient’s stable and fulfilling
life when successfully treated with opioid substitution (34). In accordance with the
Dutch guideline (33), abstinence oriented treatments should only be considered in
the case of stable motivation, absence of active comorbid psychiatric disorders and
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social stability. For a full personal recovery it is not enough to just reach abstinence,
it is also important to be able to live a fulfilling, hopeful and contributing life (35).
In addition to the professional and patient perspective there are also public
health perspectives, including cost and cost-effectiveness aspects of the treatment
of patients with heroin dependence. In a recent study by Baser et al. (36), performed
in the USA, using a retrospective claims database analysis, total healthcare costs
of treatment with methadone, buprenorphine, oral naltrexone and XRNT in opioid
dependent patients were compared. They showed that patients receiving one of
these pharmacotherapies had fewer inpatient admissions and lower total healthcare
cost compared to patients who were not treated with medication. Patients treated
with XRNT had fewer inpatient admissions and total healthcare costs were not
significantly different from those of the patients treated with oral naltrexone or
buprenorphine. The total costs for XRNT treatment were even 50% lower than
those for methadone treatment, in spite of the higher medication costs for XRNT
per se. Also a recent study by Jackson et al. (37) estimating cost effectiveness of
XRNT compared to treatment with methadone and buprenorphine showed that
XRNT is cost effective. However, while XRNT proved to be more effective than
both methadone and buprenorphine, it also proved to be more costly (extra costs
per opioid-free day compared to methadone, the next-most effective treatment,
were $72). Together with our data on the acceptability of XRNT by patients and
treatment providers, these results support new initiatives to make XRNT available
and affordable for patients in The Netherlands.
Future research
In Chapter 4 we compared rats that were treated with short acting naltrexone for 10
days to rats that were treated with vehicle on striatal DAT availability, food intake and
body weight gain. In future studies, rats should be treated with (extended-release)
naltrexone for more than 10 days to exclude the possibility that effects take place
after the treatment period that we used (subchronic vs. chronic treatment). Secondly,
studies should also include rats that are pre-treated with heroin or heroin addicted
animals, because (chronic) heroin use may result in internalization, sensitization
or desensitization of opioid receptors (38) and/or in reduced DAT availability
(8,9,11,39). This is important, because in our human study we found reduced DAT
availability in abstinent heroin dependent patients compared to healthy controls
at baseline. Thirdly, in our animal study we measured cumulative chow intake,
body weight gain and abdominal fatpad weight as measures of anhedonia. Chow
intake is, however, not an ideal measure of anhedonia or reward, because it may
be driven metabolic needs. Intake of a palatable diet may be a better measurement
for future animal studies on the effects of naltrexone on hedonic response. For
our study in Chapter 4 we could not use a palatable diet, because the diet itself
would have induced weight gain and increased abdominal fat mass, which would
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have altered dopamine signaling (40,41), and thus would make interpretation more
difficult. For future studies, a sucrose preference test, where animals can choose
between a bottle of 1% sucrose solution or tap water following a period of food and
water deprivation, might be a better measure for anhedonia (42). Fourthly, future
studies should directly compare the effects of short acting naltrexone to XRNT.
When using the extended-release form, the total naltrexone dose can be much lower,
because it avoids the first-pass metabolism of the liver (43), so possibly also fewer
side-effects can be expected. Finally, it would be very interesting to study the effect
of naltrexone on both the opioid and the dopamine system using in vivo positron
emission tomography (PET) imaging and ex vivo imaging (phosphor imaging) in
rats, and PET imaging in humans, since PET tracers to image the opioid system are
now available (44).
Previous research has shown that genetic variation in the µ-opioid receptor
(OPRM1) is related to treatment success with naltrexone in alcohol dependent
patients (45,46). Variation in OPRM1 seems to modify the effect of naltrexone (47).
Therefore, using genetic information in treatment decisions may also be suitable in
the case of opioid dependent patients and help to provide them with an individual
treatment plan. This has not been studied yet.
For future research it may also be interesting to compare a treatment with
(extended-release) naltrexone to a treatment with (extended-release) nalmefene
(48,49). Apart from being a µ-opioid receptor antagonist, nalmefene is also a partial
κ-opioid receptor agonist. Like in alcohol dependence (50), rodent studies have shown
that heroin dependence is associated with increased κ-opioid receptor activation,
which in turn may lead to persistent heroin use that is at least partly due to dysphoria
associated with κ-opioid receptor activation (51). Moreover, many heroin dependent
patients suffer from depression and dysphoria. In a situation of κ-opioid receptor
hyperactivity, the introduction of a partial κ-opioid receptor agonist may act as
a functional antagonist and reduce the risk of drug use and dysphoria. As such,
nalmefene may have some benefits over naltrexone in the treatment of patients
with chronic heroin dependence. However, currently there are no data available
on the comparative effectiveness of naltrexone and nalmefene in heroin dependent
patients. Finally, we would like to note that in contrast to naltrexone, nalmefene is
not hepatotoxic, so during treatment with nalmefene liver function testing is not
needed. On the other hand, hepatotoxicity is rarely seen in patients treated with a
standard dose of naltrexone (50 mg/day). Therefore, this is probably only a small
advantage of nalmefene over naltrexone (52).
In future studies on the effects and side effects of different opioid receptor
antagonists in heroin dependence (oral naltrexone, XRNT, nalmefene) it seems
useful to employ functional Magnetic Resonance Imaging (fMRI). A recent fMRI
study by Langleben et al. (53), in which heroin-related and neutral images were
shown, suggests that XRNT decreases brain responses to drug cues with a clear
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dose-response relationship in heroin dependent patients. For future studies it will
be interesting to also show images of natural rewarding situations or activities (e.g.
images of food and sex) to assess whether (extended-release) naltrexone influences
only drug-related brain responses or hedonic brain responses in general. Structural
imaging can also add valuable information about striatal volume. This is important,
because in the analysis of our SPECT study we used a template with fixed region of
interests (ROIs) for the caudate nucleus, putamen and occipital cortex. In the case of
decreased striatal volume due to XRNT treatment, we would underestimate striatal
DAT availability in this region. Previous MRI studies using volume measurements
found that anhedonia was associated with decreased volumes of nucleus accumbens
(54,55) and the anterior caudate region (55). Depression was associated with reduced
volumes in caudate nucleus and putamen (56). Therefore, it would be interesting to
study striatal volume before and during naltrexone treatment.
WHO guidelines advise to add psychosocial treatment to XRNT, because
it provides the patient with skills to develop healthy behavior while protected
against relapse into opioid use (4,57). Examples of psychosocial interventions are
psychotherapy, counseling and self-help groups. However, the added value of such
intervention have not been studied yet (57).
XRNT is also effective in other patient groups. It showed to be effective in alcohol
dependent patients, in which it increased abstinence and attenuated alcohol-related
cues. There might even be a role for XRNT in the treatment of patients with stimulant
dependence (58,59), but this requires further studies (43).
Conclusions
From this thesis, it can be concluded (a) that there are distinctive personality traits
that form a risk for or protect against heroin use and heroin dependence that may
be used for the development of personality-targeted personalized interventions;
(b) that many patients are interested in becoming fully abstinent and in treatment
with XRNT; (c) that treatment with (extended-release) naltrexone seems to have no
significant effect on striatal DAT availability and is not associated with a reduced
pleasurable response to natural rewarding activities (anhedonia).
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Afhankelijkheid van heroïne is een chronische ziekte die gepaard gaat met terugval
en wordt gekarakteriseerd door compulsief gebruik van heroïne ondanks schadelijke
gevolgen, verlies van controle resulterend in het onvermogen om illegaal gebruik
van heroïne te verminderen of te stoppen en de aanwezigheid van negatieve emoties
(dysforie, angst, prikkelbaarheid) als er geen heroïne beschikbaar is (1).
Afhankelijkheid van opiaten veroorzaakt ernstige problemen voor patiënten en
hun familieleden en is een enorme economische last voor de samenleving (2,3).
Opiaten behoren (naast cannabis, cocaïne en amfetamine) wereldwijd tot de groep
illegale drugs die de meeste problemen veroorzaken met een geschatte gemiddelde
jaarprevalentie van 0,22% (2). De meerderheid van de patiënten is man (70%). In
Australië, de Verenigde Staten en in Canada is de geschatte jaarprevalentie van
problematisch opiaatgebruik respectievelijk 0,63%, 0,58% en 0,30% (4). In Europa
is de geschatte jaarprevalentie van problematisch opiaatgebruik onder volwassenen
(15-64 jaar) 0,42% (range 0,10-0,80%) en het belangrijkste illegale opiaat dat wordt
gebruikt is heroïne. In Europa worden opiaten het meest gebruikt in stedelijke
gebieden onder gemarginaliseerde bevolkingsgroepen. Er zijn in Europa twee
momenten geweest van toegenomen heroïnegebruik: halverwege de jaren zeventig en
in het tweede deel van de jaren negentig van de vorige eeuw. In Europa zijn de landen
met de hoogste prevalentie van heroïneafhankelijkheid het Verenigd Koningkrijk,
Letland, Malta en Luxemburg. De landen met de laagste prevalentie zijn Turkije,
Hongarije, Polen en Nederland (5). In Nederland (10,5 miljoen inwoners in de
leeftijdsrange van 20-65 jaar) zijn er 14.000 problematische opiaatgebruikers (0,13%)
(6). Heroïne kan gesnoven, geïnhaleerd of geïnjecteerd worden (5). In Nederland
wordt heroïne voornamelijk gebruikt via inhalatie (>90%), in het Engels ook wel
‘chasing the dragon’ genoemd (7,8). Dit is een straatterm die verwijst naar het met
een rietje najagen van de ‘dragons’s tail’ van rook die ontstaat bij het verdampen van
de heroïne door voorzichtige verhitting op aluminiumfolie (8).
Doelstellingen
De belangrijkste doelstellingen van dit proefschrift waren (a) beter inzicht krijgen
in het proces dat leidt tot gebruik van heroïne en het verslaafd raken aan heroïne
om zo preventiestrategieën te kunnen ontwikkelen die gebaseerd zijn op verschillen
in persoonlijkheid tussen heroïnegebruikers die wel en heroïnegebruikers die niet
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afhankelijk zijn geworden; (b) interesse te bepalen voor behandelingen die gericht
zijn op totale abstinentie en specifiek voor een behandeling met langwerkend
naltrexon (XRNT) onder heroïneafhankelijke patiënten en hun behandelaars; en
(c) vast te stellen of de behandeling van heroïneafhankelijke patiënten met XRNT
resulteert in een verlaagde beschikbaarheid van dopamine transporters (DATs) in
het striatum en in anhedonie en depressie als potentiële bijwerkingen.
Samenvatting
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In Hoofdstuk 1 werd een korte inleiding gegeven van de epidemiologie, de
behandelsituatie en de pathofysiologie van heroïneafhankelijkheid. Daarnaast
werd kort ingegaan op de neurobiologische aspecten van heroïneafhankelijkheid
en XRNT behandeling. Het hoofdstuk eindigde met een overzicht van wat er in het
proefschrift achtereenvolgens aan de orde komt.
In Hoofdstuk 2 werden de persoonlijkheidskenmerken van gebruikers van
illegale opiaten die nooit opiaatafhankelijk werden (n=161) vergeleken met de
persoonlijkheidskenmerken van opiaatafhankelijke patiënten (n=402) en gezonde
controles (n=135), waarbij gebruik gemaakt werd van de ‘Temperament and
Character Inventory’ (TCI, Cloninger, 1994) om zo de potentiële beschermende
rol van persoonlijkheid in de ontwikkeling van afhankelijkheid van opiaten beter
te kunnen begrijpen bij personen die wel waren begonnen met het gebruik van
illegale opiaten. We vonden dat nooit-afhankelijke opiaatgebruikers een sterke
behoefte aan sociale goedkeuring (hoge ‘Reward Dependence’) en een hoge mate
van zelfredzaamheid (hoge ‘Self-Directedness’) rapporteerden, wat hen kan hebben
beschermd tegen het heroïneafhankelijk worden ondanks hun neiging om nieuwe en/
of spirituele ervaringen op te zoeken en om bestraffing te voorkomen (hoge ‘ Novelty
Seeking’, ‘Self-Transcendence’ en ‘Harm Avoidance’, respectievelijk), wat tenminste
één van de redenen kan zijn geweest dat ze zijn begonnen met het gebruik van
opiaten. Deze resultaten kunnen mogelijk gebruikt worden bij het ontwikkelen van
preventieprogramma’s voor jonge mensen met een verhoogd risico op opiaatgebruik
of een grote kans op opiaatafhankelijkheid. Mogelijk kunnen gepersonaliseerde
interventies ontwikkeld worden die zijn gebaseerd op een persoonlijkheidsprofiel,
net als de succesvolle interventies die zijn gebruikt door Conrod en haar collega’s
bij de preventie van (problemen met) alcohol- en drugsgebruik (9,10).
In Hoofdstuk 3 ging het over de belangstelling voor behandelingen van
opiaatverslaving gericht op abstinentie en de aanvaardbaarheid van XRNT injecties
voor heroïneafhankelijke patiënten in Nederland. De aanvaardbaarheid van XRNT
injecties werd ook bij behandelaars onderzocht. In totaal hadden 261 patiënten
en 188 behandelaars een vragenlijst ingevuld, waaruit naar voren kwam dat 58%
van de patiënten abstinent wilde worden van alle opiaten, en dat 83% van deze
58% geïnteresseerd was in behandeling middels XRNT injecties. Ook 81% van de
behandelaars wilden XRNT wel voorschrijven aan opiaat-afhankelijke patiënten.

&
Appendix

De meeste van deze patienten waren in behandeling in een opiaat-onderhouds
programma. Gezien deze resultaten lijkt het redelijk om regelmatig bij deze patiënten
na te vragen wat hun huidige behandeldoel is en niet automatisch door te gaan met
de lopende onderhoudsbehandeling. Verder moet onderzocht worden of het mogelijk
is om XRNT beschikbaar te krijgen voor patiënten in Nederland. Er zijn enkele
kwalitatief goede studies (11–14) en een meta-analyse (15) die aangeven dat XRNT
effectiever is dan naltrexon tabletten, en daarom moeten er nieuwe initiatieven
worden genomen om de toegang tot XRNT voor heroïneafhankelijke patiënten in
Nederland te verbeteren.
Er zijn echter, onder zowel patienten als behandelaars, zorgen over de mogelijkheid
dat naltrexon als bijwerkingen anhedonie en depressie zou kunnen veroorzaken,
omdat naltrexon de µ-opiaatreceptor blokkeert, wat vervolgens resulteert in een
verminderde hedonistische reactie op activiteiten die van nature belonend zijn. Deze
blokkade van de µ-opiaatreceptor zou indirect tot een vermindering van dopamineafgifte kunnen leiden en uiteindelijk - als compensatie - tot een vermindering van
dopamine transporters (DATs) in het striatum. Daarom werd door ons de hypothese
getoetst dat behandeling met (langwerkend) naltrexon resulteert in anhedonie en
verminderde DAT beschikbaarheid in het striatum. In Hoofdstuk 4 beschreven we
een studie met ratten waarbij 3 mg/kg kortwerkend naltrexon gedurende 10 dagen
werd toegediend, en in Hoofdstuk 5 rapporteerden we uitkomsten van een humane
studie waarbij DAT binding voorafgaand aan en twee weken na een intramusculaire
injectie met 380 mg naltrexon gemeten werd door middel van de radiotracer [123I]
FP-CIT. In de rattenstudie maakten we gebruik van ‘storage phosphor imaging’ en
in de humane studie van ‘Single-Photon Emission Computed Tomography (SPECT)’
voor het vaststellen van de DAT beschikbaarheid en de DAT binding. Bij de ratten
werden voeselinname, gewichtstoename en gewicht van de vetopslag in de buik
gebruikt als maten voor anhedonie. In de humane studie werden symptomen van
anhedonie en depressie bepaald door middel van vragenlijsten. In beide studies
werd geen significant effect van naltrexon behandeling op de DAT beschikbaarheid
gevonden, en er was ook geen effect van naltrexon op voedselinname bij ratten en
op anhedonie in de humane studie. Alles bij elkaar suggereert dit dat behandeling
met naltrexon geen negatieve effecten heeft op hedonistische reacties en dat klinisch
gebruik van naltrexon kan samengaan met het behoud van een plezierige respons op
activiteiten die van nature belonend zijn, in ieder geval bij acute en subchronische
behandeling. Het was bovendien interessant om te zien dat de DAT binding in
het striatum voor aanvang van de behandeling met XRNT in opiaat-afhankelijke
patiënten significant lager was dan in gezonde controles, wat in overeensteming
is met eerdere studies (16–19), en wat suggereert dat chronisch opiaatgebruik
geassocieerd is met een afname van DAT beschikbaarheid in het striatum. Het is niet
duidelijk of dit fenomeen een oorzakelijke factor of een gevolg van de aandoening
representeert, en we weten ook niet of deze lage DAT beschikbaarheid reversibel is.
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In Hoofdstuk 6 werden de belangrijkste bevindingen samengevat en
bediscussieerd en werden de sterke kanten en beperkingen van de studies in dit
proefschrift besproken. Daarnaast werd ingegaan op de klinische implicaties van de
bevindingen en werden aanbevelingen gedaan voor toekomstig onderzoek.
Conclusies
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Op basis van de bevindingen in dit proefschrift kan geconcludeerd worden
(a) dat er zowel persoonlijkheidskenmerken zijn die een risico vormen voor
als persoonlijkheidskenmerken die beschermen tegen heroïnegebruik en
heroïneaf hankelijkheid; deze kenmerken kunnen mogelijk gebruikt worden
voor de ontwikkeling van interventies die rekening houden met verschillen in
persoonlijkheid; (b) dat er veel patiënten zijn die geïnteresseerd zijn in abstinentie
georiënteerde behandelingen en meer in het bijzonder in een behandeling met
XRNT; (c) dat behandeling met (langwerkend) naltrexon geen significant effect lijkt
te hebben op DAT beschikbaarheid in het striatum en niet geassocieerd is met een
verminderde plezierige respons op activiteiten die van nature belonend zijn, dat wil
zeggen dat een behandeling met (langwerkend) naltrexon waarschijnlijk niet leidt
tot anhedonie.
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