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Abstract

In this controlled clinica study, the bioavailability and pharmacodynamics of inhaled heroin are evaluated and compared between
‘chasing the dragon’ and inhalation from a heating device, and at three dose levels, 25, 50 and 100 mg heroin, in two separate study
phases. In study phase 1, no differences between the inhalation methods were detected on any of the physiological or behavioral
measures, nor in bioavailability. Subjectively, the participants had a strong preference for the method of chasing, which was therefore
used in study phase 2. In phase 2, heroin produced a dose-related increase in subjective drug-liking, body temperature and heart rate, and
a clear, dose-related decline in reaction time. Linearly dose-related differences were found in the amount of total morphine in urine,
amounting to an average of 45% of the parent heroin base received. Based on these findings, it is concluded that chasing is quite an
effective route of heroin administration, producing rapid, dose-related subjective and objective effects and a sufficiently high and
reproducible bioavailability. [ 2001 Elsevier Science BV./ECNP. All rights reserved.
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1. Introduction

In the Netherlands, a large-scale randomized study is
currently being conducted to investigate the effectiveness
of medical co-prescription of heroin and methadone,
compared to methadone alone, in a population of chronic,
treatment-resistant heroin addicts (Van den Brink et a.,
1999). The primary goal of the study is to compare the
effectiveness and harmful effects of these two treatment
regimens, with regard to the somatic and psychiatric status
of the patients, their social functioning and social integra-
tion, and their illicit drug use. The study, which involves a
total of 625 heroin addicted patients, started in the summer
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of 1998 and is expected to be completed in the beginning
of 2002.

In the development of the study protocol for this tria
(Centra Committee on the Treatment of Heroin Addicts
(CCBH), 1997), the researchers were confronted with a
typical Dutch phenomenon: the vast magjority of the Dutch
heroin using population does not inject its heroin, but
instead inhales heroin by means of a technique called
‘chasing the dragon’, or — revealing its Eastern origins —
‘chinesing’, the common name used in the Netherlands.
When chasing, the heroin is put on a piece of aluminum
foil, and heated with a cigarette lighter from below. The
heroin fumes are then inhaled by the heroin user through a
Straw.

Originating in Hong Kong in the 1950s, chasing the
dragon subsequently spread to other countries in South
East Asia in the 1960s and 1970s as well as to the
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Netherlands in the early 1970s, where it became wide-
spread in the course of the 1980s (Grund and Blanken,
1993; Strang et al., 1997). Currently, chasing the dragon
has become an established route of heroin self-administra-
tion in not only many Asian countries and the Netherlands,
but also in certain parts of Spain (among others Andalucia)
and regions in the UK (among others London) (Strang et
al., 1997). As for the Netherlands, epidemiological studies
in both treatment and non-treatment samples of Dutch
heroin users have consistently indicated that chasing has
been the predominant route of heroin self-administration in
the Netherlands in the past 2 decades (Cruts et a., 1997).
Currently, 75-85% of Dutch heroin users predominantly
or exclusively inhae their heroin (Van Brussel and Buster,
1999; 1VV, 1999).

For the trial, the predominance of chasing as the route of
heroin self-administration implied that two parallel proto-
cols had to be developed: one in which the heroin would
be prescribed in (intravenous) injectable form, and one in
which an inhalable form of heroin would be prescribed to
the patients. Despite the long tradition of heroin chasing,
and the importance of a non-injecting route of heroin
administration in the context of HIV/AIDS and hepatitis
infection, there has been little systematic investigation of
the pharmacokinetic and pharmacodynamic effects of this
route of heroin self-administration.

The volatilization of heroin has been investigated in
several in vitro studies. Huizer (1987) simulated the
practice of chasing the dragon in a laboratory setting by
intermittently heating heroin and determined the recovery
rate in smoke to be 17% for heroin hydrochloride and 62%
for heroin base. Adding caffeine to the heroin base (1:1)
enhanced the recovery rate to 76%. In line with these
findings, Cook and Jeffcoat (1990) reported a recovery rate
of approximately 70% for heroin base at temperatures
between 200 and 300°C. Heating the heroin at higher
temperatures resulted in substantially increased decomposi-
tion. Jenkins et a. (1994) used a computer-assisted
smoking device, which delivered as much as 89% of the
parent heroin base without decomposition in the smoke,
when volatilized at 200°C. In Switzerland, herba cigarettes
impregnated with heroin were investigated by Stalder
(1997), as part of the Swiss large-scale study into the
effectiveness of medical prescription of heroin to heroin
addicts (Uchtenhagen et al., 1997, 1999). Due to decompo-
sition of the heroin at the high temperatures (700—800°C)
at the end of the cigarette, a maximum of only 11% of the
heroin was delivered in the smoke. Speich (1998) investi-
gated the usefulness of various types of commercialy
available aerosols for the purpose of heroin inhalation. She
determined the maximum output of heroin hydrochloride
of aliquid aerosol to be 61%. Using a powder aerosol and
a heating device for the voldtilization of the heroin base,
the maximum output amounted to 53%. In the context of
the Dutch trial, Bronner (1997) heated a mixture of heroin
base and caffeine at a constant temperature of 300°C, and

found a recovery in smoke of 41%. In light of the other
findings, this 41% recovery rate seems contradictory.
Possibly, the constant — instead of intermittent — heating
and the relatively high temperature of 300°C caused the
heroin to degrade. In Bronner’s study, an average of 6% of
the parent heroin was converted to 6-O-acetylmorphine,
the major pyrolysis product of heroin (Cook and Brine,
1985; Cook and Jeffcoat, 1990), and one of heroin’s
metabolites with opioid activity. However, 30-40% of the
weight of the parent heroin in this study remained behind
in the testing-device without determination of its com-
position, because the applied HPLC method was insuffi-
ciently sensitive (Bronner, 1997).

In vivo studies on the bioavailability and dynamic
effects of inhaled heroin in humans are rare. Mo and Way
(1966) investigated the urinary excretion of heroin as total
morphine during 72 h after heroin inhalation by means of
chasing (h=35) and smoking a heroin cigarette (n=14),
and found recovery rates of 26% and 14%, respectively. In
the study of Jenkins et al. (1994), inhalation of the fumes
from a dose of maximum 10.5 mg heroin base by two
human subjects resulted in rapid appearance of heroin in
blood, with peak concentrations occurring 1-5 min after
inhalation. The bioavailability of heroin could not be
reliably estimated in this study, as indicated by an apparent
overestimation of bioavailability of 130% (Jenkins et al.,
1994; Cone, 1998). In the experiments of Stalder (1997),
only 5-10% of the heroin dose could be detected in the
blood after smoking the heroin cigarettes. In the study of
Speich (1998), inhalation of the heroin hydrochloride
particles (liquid aerosol) by one subject — who considered
the heroin taste to be extremely bitter — resulted in a
bioavailability of 58%. Following three inhalation sessions
with the powder aerosol by two subjects, the biocavail-
ability of heroin (base) amounted to 35%.

Given the limitations of the currently available data on
the effects of inhaled heroin, in terms of low ecological
validity, smal number of subjects (Jenkins et al., 1994,
Speich, 1998), low heroin doses (Jenkins et al., 1994),
poor biocavailability (Stalder, 1997) and in general lack of
independent replications, the present study was set up to
provide more information on the bioavailability and phar-
macodynamic effects of this route of self-administration.

The goal of the study was to investigate the inhal ation of
heroin at dose levels of 25, 50 and 100 mg, and to evaluate
two inhalation methods, i.e. chasing the dragon from
aluminum foil and inhalation from a heating device. The
heating device was developed to standardize the tempera
ture by which the heroin was heated, and — against the
background of the randomized clinical study into medical-
ly co-prescribed heroin in the Netherlands mentioned
before — for its possible usefulness for application in the
main trial. The following study questions are asked:

» what is the relative uptake (bioavailability) of heroin in
the body after heroin inhalation?
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» what are the physiological, behavioral and subjective
effects during and following heroin inhalation (two
inhalation methods; three dose levels)?

» to what extent are the heroin compound, the method of
heroin inhalation, and the heroin dose level accepted by
the subjects?

 are the biocavailability and pharmacodynamic effects of
inhaled heroin reproducible (between administrations;
between individuals)?

2. Methods
2.1. Sudy chemicals and materials

Pharmaceutical grade heroin base was supplied by a
reputable pharmaceutical company. The purity of the
heroin was validated by infrared and ultraviolet spec-
troscopy, high-performance  liquid  chromatography
(HPLC), nuclear magnetic resonance, and mass spec-
trometry. The heroin base was determined to be 99.47%
pure, resulting in approval of the heroin (Bronner, 1997).
After validation, three types of tablets were manually
produced, containing (& 25 mg heroin base+100 mg
caffeine, (b) 50 mg heroin base+100 mg caffeine, and (c)
100 mg heroin base+100 mg caffeine. In addition, a tablet
containing only 150 mg caffeine was manufactured for the
purpose of practicing the two methods of inhaation in
phase 1. Caffeine was added to heroin base, because
caffeine has been demonstrated to lower the temperature of
volatilization of heroin base, dlightly enhance the recovery
of heroin, and reduce its pyrolytic decomposition (Huizer,
1987; Cook and Jeffcoat, 1990). In addition, the combina
tion of heroin base and caffeine has been used in illicit
street heroin for decades (Grund, 1993; Grund and Blan-
ken, 1993), and has never been observed to produce
specific toxicity. Lastly, athough the mixtures described
above resulted in different heroin—caffeine ratios (1:4, 1:2
and 1:1), the similar amount of caffeine in each tablet has
the advantage of keeping possible influences of caffeine on
the subjective and objective effects of heroin constant.

2.2. General study design

The study was conducted in two phases. Phase 1
involved five heroin dependent subjects, and focused on a
comparison of the effects of heroin inhalation by means of
chasing from aluminum foil and from a heating device,
using a fixed dose of 50 mg heroin base. At the end of
phase 1, a decision was made regarding the best accepted
method of heroin inhalation. Based on the strong prefer-
ence of all subjects for chasing the dragon during phase 1,
the method of chasing was utilized in phase 2 of the study,
which took place 4 weeks after the end of phase 1. Phase 2
involved five other heroin dependent subjects, and focused

on the effects of heroin inhalation at different dose levels
(25, 50 and 100 mg).

2.3 Qubjects

The study subjects were recruited from the patient
population of the methadone maintenance treatment facili-
ty of the Municipal Health Service in Amsterdam. Given
the relevance of the present study for the Dutch random-
ized tria into the effectiveness of medically co-prescribed
heroin in chronic, treatment-refractory heroin addicts, all
subjects had to meet a set of inclusion criteria which
closely resembled those for the protocol on inhalable
heroin of the main trial (Van den Brink et a., 1999). These
included: a history of DSM-IV heroin dependency of at
least 5 years duration, at least 25 years of age, inhalation
as the predominant route of heroin self-administration,
substantial daily or nearly daily use of illicit heroin,
currently in treatment in a methadone maintenance pro-
gram, and poor physical and/or mental health and/or poor
social functioning. Subjects were excluded from participat-
ing in the study if they had a period of voluntary
abstinence from heroin of at least 2 months duration in the
previous year, or if they experienced severe medical,
psychiatric or psycho—social problems to such an extent
that participation in the study would be contraindicated for
health reasons.

The study sample (h=>5 in phase 1 and h=>5 in phase 2)
was all male, in order to reduce variations. The mean age
was 40.6 years (range 30-55 years), and the mean duration
of regular (i.e. a least 3 days a week) heroin use 14.3
years (range 6-24 years). Most subjects had a significant
history of additional regular cocaine use, ranging from 2 to
30 years (mean 14.5 years). On average, the subjects had
participated in methadone maintenance treatment for 11.1
years (range 2—-20 years). Four of the ten subjects were
from Dutch non-ethnic background, five Surinamese, and
one other. Although some variability of drug metabolism
across different ethnic groups has been demonstrated in
earlier research (De Wildt et al., 1999), Surinamese
subjects were included in the study-sample, because they
congtitute a sizeable subpopulation of the Dutch heroin
users, and they nearly exclusively use heroin by the route
of chasing. Prior to the study, al subjects were on a daily
maintenance dose of methadone, ranging from 40 to 100
mg.

During both phases 1 and 2 of the study, the subjects
remained in a closed clinical research unit for the study
period of 6 days. All subjects underwent medical, psycho—
social and psychiatric screening, which involved medica
history, physical examination, assessment of hematol ogical
and biochemical parameters and administration of the
Addiction Severity Index (McLelan et a., 1980; Hendriks
et a., 1989) and the Composite International Diagnostic
Interview (Robins et a., 1988). In addition, dipstick
urinalysis on drugs and breath tests on alcohol were
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performed at study entry. To prevent concomitant illicit
drug use during the study period, al persona belongings
of the study subjects were screened at study entry and kept
in a closed locker.

The study was conducted under the provisions of the
Declaration of Helsinki, as amended in Hong Kong (1989),
and according to the ICH/EU guidelines for Good Clinical
Practice. The study was approved by the Medical Ethics
Committee of the Academic Medical Center in Amster-
dam. All subjects received extensive oral and written
information about the study and provided informed con-
sent. The subjects each received a financia compensation
of Dfl. 500,- for participating in the study.

2.4. Method of heroin inhalation

In both phases of the study, the inhalation sessions were
conducted for each subject individualy. In phase 1, the
commonly practiced technique of heroin chasing from
aluminum foil was compared to the inhalation of heroin,
volatilized by heating the heroin tablet on a specialy
developed brass block. In both cases, i.e. when chasing and
when using the heating device, the intact tablet was used
without crushing. After heating (see below), the tablet
melts quickly and the resulting liquid heroin is similar to
that of melted heroin powder. In the case of chasing, the
heroin base tablet was put on a piece of auminum foil of
approximately 7—15 cm, which the subject had prepared in
advance together with a straw for inhaing the heroin
fumes. The heroin base tablet on the aluminum foil was
heated from below by the subject with a standard cigarette
lighter with an adjustable flame. Over the course of 5-15 s,
the heroin base tablet started to melt and to vaporize. By
simultaneously moving the lighter and straw, keeping the
straw just behind the drop of liquid heroin, the subject
inhaled the heroin fumes. Typically, the subjects deeply
inhaled the heroin fumes and held the fumes for 10-15 s
before exhalation. During this period, the lighter was
moved away from the foil, resulting in rapid condensation
of the liquid heroin—caffeine mixture.

In the case of the heating device, the heroin base tablet
was put on a spoon-shaped piece of aluminum foil, which
was placed in a cup on top of a brass cube. The brass cube
was placed on a standard heating element (RCT Basic
IKA, PM. Tamson), which was set at a temperature of
300°C at least 30 min before the start of the inhaation
session. Melting and volatilization of the heroin base tablet
started after approximately 15—-25 s, and was intermittently
stopped by the subject by removing the spoon-shaped
piece of auminum foil from the brass cube. All other
procedures, including the types of straws used and the
duration of heroin inhalation, were similar to those for the
heroin chasing sessions. For both methods of heroin
inhalation, the maximum time alowed for inhaling the
heroin amounted to 10 min. Besides standardization of
inhalation time, heroin dose, tablet form, and study setting,

no additional standardization was applied (e.g. number of
puffs allowed, duration of holding the heroin fumes before
exhalation) in order to mimic the natura situation of heroin
smoking as much as possible.

2.5, Assessments of dependent parameters

The effect parameters were collected 30 min prior to the
start of the inhalation session, and then at frequent
intervals during and — up to 8 h — following each
inhalation session. Effect parameters included: skin tem-
perature (°C), heart rate (bpm), reaction time (in ms), and
various ratings of subjective drug effects (see Fig. 1).

The skin temperature was measured with the subject in a
sitting position, with a temperature sensor tapered to the
inner wrist. The heart rate was also measured in a sitting
position, with a sensor tapered to the middle finger of the
subject. Reaction time measurements consisted of a simple
reaction time test and a digit vigilance task, both presented
to the subjects on a computer screen. For the simple
reaction time test, the subject was instructed to press a
response button as quickly as possible every time the word
‘yes’ appeared on the monitor. In total, 50 stimuli were
presented to each subject, with a varying inter-stimulus
interval. In the digit vigilance task, a target digit was
constantly displayed to the right of the monitor screen and
a series of digits was presented in the center of the screen
a the rate of 150 per min. The subject was required to
press the response button as quickly as possible every time
the digit in the series matched the target digit. Whereas
simple reaction time measures the power of concentration,
the digit vigilance task reflects the continuity of attention.
The computerized cognitive assessment system used in this
study (Cognitive Drug Research) has been widely used in
earlier studies to evaluate the cognitive effects of a broad
range of substances and its sensitivity has been established
(e.g. Wesnes et al., 1989; Holland et a., 1994).

Concentrations and amounts of total morphine were
determined in the urine samples collected over the con-
secutive 24-h periods by means of gas chromatography—
mass spectrometry (GC-MS). GC-MS analyses were
performed using a Varian 3400 gas chromatograph.

Ratings of subjective drug effects were collected by
means of the ‘Feel’ scale and the ‘Liking’ scale of the
single dose questionnaire (SDQ; Fraser et a., 1961). On
the SDQ-fedl, the subject is asked to rate whether he
currently experiences a drug effect (yes, no), and on the
SDQ-liking to what extent he likes the drug effect (not at
al, dightly, moderately, considerably, extremely). In
addition, a 200-mm visual analog scale (VAS) was used to
measure ‘good’ versus ‘bad’ effects of the inhaled heroin.
Subjectively experienced physiological effects were mea-
sured by means of the physiological symptoms ques-
tionnaire (PSQ; Powell et al., 1992), which contains a
three-item subscale on drug-positive symptoms (pleasant
feeling in stomach, itchy nose, feeling ‘high’) and a seven-
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Fig. 1. Assessment-schedule of the dependent parameters. The grey-toned area indicates the 10-min inhalation session. SDQ, single dose questionnaire;
VAS, visual analog scale; PSQ, physiological symptoms questionnaire; Interview, structured interview on level of control and overall subjective effects.

item subscale on drug-negative symptoms (feeling cold,
runny nose, muscular tension, aches and pains, gooseflesh,
yawning, restlessness). In both subscales, each item is
scored on a four-point scale ranging from 0 (not at al) to 3
(extremely). Lastly, approximately 4 h after each inhaa
tion session, a structured interview was held with each
subject to evaluate the perceived level of control and the
overall subjective effects of heroin inhalation, with regard
to the two inhalation methods (phase 1), and to evauate
the overal subjective effects of heroin inhalation, with
regard to the heroin dose received (phase 2). During the
inhalation sessions, the subject’s psychomotor activity and
verbal reactions were constantly registered on audio and
video tape.

2.6. Study schedule

Phases 1 and 2 of the study each involved a study period
of 6 days. On each day of the study (both phases 1 and 2),
the subjects — all methadone maintenance patients —
received their oral methadone dose (40—100 mg) between
9.00 and 10.00 am.

26.1. Phase 1

On day 1 of the phase 1 study, the two methods of
inhalation were practiced by the subjects, utilizing the
caffeine only tablet. Day 2 of the phase 1 study was used
as a pilot for testing the assessment procedures when
subjects had received a 50-mg dose of heroin base. The
pharmacodynamic data of this day were therefore not used
in the analyses. On the remaining days (days 3—6) of the

phase 1 study, the subjects received a daily dose of 50 mg
heroin base between 13.00 and 14.00 p.m., chasing or
using the heating device on aternating days. Hence, a total
of ten observations in five subjects were analyzed for each
method of inhalation.

26.2 Phase 2

In phase 2 of the study, only the method of chasing was
utilized, because the results of phase 1 had indicated that
chasing was the best accepted method of heroin inhalation.
On the first day of the phase 2 study, the method of
chasing was practiced with the caffeine-only tablet. On
days 2—6 of the phase 2 study, the subjects received a daily
heroin dose of 25 mg (day 2), 50 mg (days 3 and 5), and
100 mg (days 4 and 6) between 13.00 and 14.00 p.m.
Hence, the data on the 50- and 100-mg dose are based on
ten observations in five subjects. Blinding and/or random
ordering of the heroin dose over the days were rejected for
safety reasons.

2.7. Data analysis

The analysis of heart rate, skin temperature, reaction
time, PSQ, SDQ and VAS scores consisted of simple
summary statistics per dose and time point. For the phase 1
data on heart rate, skin temperature, reaction time, SDQ
and VAS, an analysis of variance (ANOVA) was conducted
to test for differences between the two methods of inhala
tion, disregarding the order of days. The phase 2 data on
heart rate, skin temperature, reaction time, and VAS were
analyzed by means of ANOVA to test for differences
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between dose. The SDQ data of phase 2 were tested by
means of Friedman's distribution-free test, due to the
non-normal distribution of these data. In each study phase,
the analyses are based on five subjects and — with the
exception of the 25-mg heroin dose — two (dependent)
observations per subject for each method and for the 50-
and 100-mg doses.

Change from predose (baseling) was tested (within
method or dose) for heart rate and skin temperature by
means of the Wilcoxon signed rank test. For the reaction
time data of both phases 1 and 2, the general linear models
procedure was used to conduct ANOVAs on the main
effects of condition (phase 1: inhalation method; phase 2:
dose) and of time (time-points of assessments), as well as
the interaction between condition and time. A change-test
on VAS data was not performed because no baseline data
were available. Finally, a change-test for the SDQ-feel data
was not performed because al baseline values were
negative (do not feel drug effect), and correction was,
therefore, not useful.

The interview data (see above) were tested using
Fisher’'s exact test for differences between the two methods
of inhalation and between the doses. In all anayses,
two-tailed tests were used, and the level of significance
was P=0.05.

3. Results
3.1. Phase 1
3.1.1. Qubjective effects

31.1.1. DQ-fed
Within 1-2 min following the start of the inhalation
session, the first subjects began to experience a drug effect
(Fig. 2) from the inhaled dose of 50 mg heroin base.
Initial drug effects were reported on the SDQ-feel after
1 min following the start of chasing, and after 2 min when
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2 /J oo —~o— Heating device
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© b \u """""""""
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® 251 )
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Fig. 2. Percentage of observations in which a drug effect was reported on
the SDQ-feel following 50 mg heroin inhalation by means of chasing and
from a heating device (n=>5). Notably, the heroin inhalation session took
place in the first 10 min.

the heating device was utilized. Between 5 and 15 min
following the start of inhalation, al subjects reported
experiencing a drug effect from chasing. In the case of the
heating device, the maximum number of subjects who
experienced a drug effect occurred after 10 min, and was
reported in 90% of the observations. One hour following
the start of the inhalation session, drug effects were till
reported in 40% of the observations in the chasing
condition, and in 30% of the observations in the heating
device condition. Drug effects were reported by a gradual-
ly decreasing number of subjects up to 4 h after heroin
inhalation. During this time course, less subjects in the
heating device condition reported experiencing a drug
effect than in the chasing condition. However, no statisti-
caly significant differences on the SDQ-feel between the
two methods could be detected. After 4 h, (minor) drug
effects were till reported in both conditions, in 20% of the
observations.

31.1.2. DQ-liking

Concurrently with the SDQ-feel, subjects were asked to
rate the extent to which they appreciated the drug effect (if
experienced) on the SDQ-liking scale. As Fig. 3 shows the
subjects were not very enthusiastic and generally rated
their appreciation of the drug effect between the categories
‘dightly’ and ‘moderately’. Only minor and non-signifi-
cant differences occurred between both inhalation con-
ditions.

31.1.3 VAS

As with the SDQ-liking, subjects in both inhalation
conditions generally rated their appreciation of the drug
effects dightly below the average of the VAS-scale (‘ good’
versus ‘bad’ effects), with the maximum appreciation
occurring between 15 and 40 min after the start of the
inhalation session. No statistically significant differences
occurred between the two inhalation methods (Fig. 4).

4 - —o0— Chasing
—— Heating device
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= 24
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Fig. 3. Appreciation of the drug effect following 50 mg heroin inhalation,
rated on the SDQ-liking (n=5). O, not at al; 1, slightly; 2, moderately; 3,
considerably; 4, extremely. The intermittent line represents the situation
in which less than half of the subjects actually reported a drug effect.
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Fig. 4. Subjective rating of ‘good’ drug effect following 50 mg heroin
inhalation, rated on a 200 mm VAS (n=5). The intermittent line
represents the situation in which less than half of the subjects actualy
reported a drug effect.

3114 PQ

Drug-positive symptoms occurred approximately twice
as much in the chasing condition than in the heating device
condition. The symptom that was reported most often was
‘feeling high’. Conversely, drug-negative symptoms
occurred almost twice as much when the heating device
was used. From these, ‘restlessness was most often
reported.

31.1.5 Interview on overall judgement of inhalation
method

When retrospectively asked about the level of control
the subject felt he could exert over the inhalation method
utilized that day, the subjects generally gave a much —
and statistically significant (P<<0.000) — higher rating to
the method of chasing than to the method in which the
heating device was used (Fig. 5).

On a scale ranging from O (‘very bad’) to 4 (‘very
good') the average score in the chasing condition
amounted to 2.9 (‘good’), and in the heating device
condition to 0.3 (‘very bad’'—'bad’). Similar results were
obtained when retrospectively asked about the quality of
the perceived drug effects from either chasing or inhalation
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VAIYgoOd: o 5w o s e 5wt n mam s A T RS D G W R R R E W Heating device

good 1
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bad

very bad

Level of control

Perceived drug effect

Fig. 5. Rating of perceived level of control when chasing or when using
the heating device and overdl rating of perceived drug effect following
50 mg heroin inhalation by these two methods (n=5).

by means of the heating device, although the preference for
the effects following chasing did not reach statistical
significance (P>0.05). In line with the SDQ-liking and
VAS data, none of the subjects were very positive about
the perceived drug effect.

Verbal comments of the subjects indicated that heating
by means of the heating device was considered too slow to
finish the tablet completely within 10 min. The subjects
generaly considered the heroin dose (50 mg) to be too
low, they did not like the ‘taste’ of the heroin, and they
reported that the heroin contained too much caffeine,
which affected the inhalation properties of the heroin.

3.1.2. Physiological and behavioral effects

3121 Skin temperature

Following the end of the inhalation session (11 min after
the start), a mean increase of skin temperature was
observed of 0.34°C for subjects in the chasing condition,
and of 0.82°C for subjects in the heating device condition.
During the subsequent hour, there was a dlight tendency
towards a decreasing skin temperature. However, the
observed differences did not reach statistical significance,
neither between the two methods, nor in change from
predose level.

31.22 Heart rate

In both inhalation conditions, a sharp increase in heart
rate was observed 10-11 min after the start of heroin
inhalation, followed by a rapid return to preinhalation
levels during the following 15 min. The observed changes
from predose heart rate did not reach statistical signifi-
cance, although there was a trend towards significance for
subjects in the chasing condition, and only directly follow-
ing the end of the inhalation session (at t=11 min; P=
0.07).

31.2.3 Reaction time test

Both methods of inhalation produced a clear time
dependent effect of heroin on simple reaction time (P<
0.05). However, there were no significant time dependent
effects on the percentage of targets correctly detected by
the subjects in the digit vigilance accuracy task, although a
trend towards decreased accuracy could be observed in
both conditions. The decline in simple reaction time was
identifiable after 25 min following the start of the inhala
tion session, reached its maximum after approximately
25—60 min, and gradually diminished during the following
hours. No differences between the two inhalation methods
were observed for either simple reaction time, or digit
vigilance accuracy. In addition, there were no significant
effects for the interaction between inhalation method and
time.

3.1.3. Urinary excretion of total morphine
Concentrations and amounts of total morphine were
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determined in the urine samples by GC-MS. In the case of
chasing, a mean of 14.7 mg total morphine was found per
24-h urine sample (S.D.=6.8; range 1.7-23.7 mg). For the
heating device, the mean tota morphine per sample
amounted to 15.0 mg (S.D.=8.3; range 3.7-26.1 mag).
Expressed as percentage of the (50 mg) heroin dose
received, a mean of 38% of the heroin was recovered as
total morphine for the chasing condition, and a mean of
39% for the heating device condition. No significant
differences were detected between the two inhaation
methods.

Intracrindividual variations in recovery rates were moder-
ate, with maximum differences between the inhaation
sessions of the same individua ranging from 16% for
subject 4 to 26% for subject 5. Inter-individual variations
were larger, the mean recovery rates for the five subjects
amounting to 13, 26, 43, 53 and 57%.

At the end of phase 1, a decision was made regarding
the best accepted method of heroin inhalation. Based on
the strong preference of al subjects for the method of
chasing, and in the absence of clinicaly relevant differ-
ences between both methods with regard to physiological
and behaviora effects and bioavailability, the method of
chasing was used for phase 2, which focused on the effects
of heroin inhalation at different dose levels.

32 Phase 2
3.2.1. Qubjective effects

3211 DQ-fed

First drug effects occurred 1-2 min after the start of the
inhalation (chasing) session for all heroin doses (25, 50
and 100 mg). At the end of the inhalation session, all
subjects reported to experience a drug effect (Fig. 6). After
25 min, a stepwise, dose-related difference was observed
in the percentage of subjects who experienced a drug effect
after inhaling 25, 50 and 100 mg of heroin base, respec-
tively, and this difference was maintained during the first
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Fig. 6. Percentage of observations in which a drug effect was reported on
the SDQ-feel following 25, 50 and 100 mg heroin inhaation (n=5).
Notably, the heroin inhalation session took place in the first 10 min.
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Fig. 7. Appreciation of the drug effect following 25, 50 and 100 mg
heroin inhalation, rated on the SDQ-liking (n=5); O, not at al; 1, dlightly;
2, moderately; 3, considerably; 4, extremely. The intermittent line
represents the situation in which less than half of the subjects actualy
reported a drug effect.

2-3 h. However, due to the small number of subjects,
these differences did not reach statistical significance.

32.1.2. DQ-liking

Similar changes in, and differences between the extent
to which the subjects liked the drug effect were observed
on the SDQ-liking, with peak values occurring between 10
and 15 min for all doses, and with scale-scores increasing
from 25 to 50 to 100 mg (Fig. 7). Statistically significant
differences were observed at 10 min (P<<0.05) and 25 min
(P=0.001) after the start of the inhalation session.

3213 VAS

The VAS-data (‘good effects’) also showed a direct
correlation with heroin dose, a higher dose being associ-
ated with an increased VAS score (Fig. 8). Significant
differences between dose-level were detected at all time
points, from 5 min up to 2 h after the start of the inhalation
session (P<<0.001).
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Fig. 8. Subjective rating of ‘good’ drug effect following 25, 50 and 100
mg heroin inhaation, rated on a 200-mm VAS (n=5). The intermittent
line represents the situation in which less than half of the subjects actually
reported a drug effect.
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3214 PQ

In line with the other results of the phase 2 study,
drug-negative symptoms showed a clear dose-related in-
crease from 100 to 50 to 25 mg of heroin, being absent in
the 100-mg condition and occurring approximately half as
much in the 50-mg condition than in the 25-mg condition.
However, drug-positive symptoms occurred with a similar
frequency in the three dose conditions.

32.1.5 Interview on overall judgement of heroin dose

When retrospectively asked about the perceived effect of
the heroin inhaled that day, al subjects gave a more
positive evaluation as the heroin dose increased (Fig. 9),
the difference being significant at P<<0.05.

None of the subjects reported the 50- or the 100-mg
dose-effect to be ‘bad’, whereas the 100-mg effect was
considered to be ‘good’ or ‘very good' in seven observa-
tions. Conversdly, the 25-mg dose—effect was not rated as
‘good’ or ‘very good by any of the subjects.

Remarks made by the subjects consistently indicated
that they felt the heroin contained too much caffeine.
Although the effect of the 100-mg heroin tablet, with a 1:1
heroin—caffeine ratio, was reported to be closest to the
subjects’ desired effect, all subjects felt that a reduction of
the amount of caffeine in the tablet would enhance this
desired effect considerably.

322 Physiological and behavioral effects

3221 Skin temperature

Paralleling the reported subjective effects, a stepwise,
dose-related increase in mean skin temperature was ob-
served from 25 to 50 to 100 mg. Differences in skin
temperature between the doses were notable after 10 min
and maintained during the first hour after administration
(Fig. 10). At t=25 min (P<0.05), t=40 min (P<0.01),
and t=60 min (P<<0.05), differences in skin temperature
between the dose levels reached statistical significance.
Increase in skin temperature from basdline level was
significant a t=25 min (P<<0.05), t=40 min (P<0.01),
t=55 min (P<0.05), and t=8 h (P<0.05) in the 50-mg
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Fig. 9. Rating of perceived drug effect and overall judgement of the 25-,
50- and 100-mg heroin dose-level (n=5).
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Fig. 10. Skin temperature (°C) following 25, 50 and 100 mg heroin
inhalation (n=5).

condition, and a t=20 min (P=0.01), t=25 min (P<
0.05), and t=40 min (P=0.01) in the 100-mg condition.
No significant changes from predose level occurred in the
25-mg condition.

3222 Heart rate

All heroin doses produced a rapid increase in heart rate
after 10-11 min, followed by a dose-related difference in
heart rate during the first hour after inhalation. The change
from predose level was only significant in the 50-mg
condition and only a t=60 min (P<<0.05). A significant
difference between the dose levels occurred at t=55 min
(P<<0.01). Notably, subjects’ heart rates in the 25-mg dose
condition remained lowered during the first 2-3 h (Fig.
11).

3223, Reaction time test

The three heroin doses produced linearly dose-depen-
dent differences in both simple reaction time (P<<0.05) and
percentage of correctly identified targets in the digit
vigilance accuracy task (P<<0.05), the 25-mg dose having
little or no effect compared to the 50- and 100-mg doses
(Fig. 12). For simple reaction time, although the inter-
action term was non-significant, the effects did seem to be
time-dependent. Whereas the three doses were overlapping

—&— 100 mg
85+ - - - - - —o—50mg
—aA—25mg

Heart rate (bpm)
f}/?
\\\ [
ne }

| ‘

‘ ‘

o O

/

55

0 10 25 40 60 480 (min)

Fig. 11. Heart rate (bpm) following 25, 50 and 100 mg heroin inhalation
(n=5).
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Fig. 12. Simple reaction time (ms) following 25, 50 and 100 mg heroin
inhalation (n=>5).

at the 4- and 8-h measurements, the doses showed a clear
separation at the 1-h measurement.

3.2.3. Urinary excretion of total morphine

As in phase 1, total morphine concentrations and
amounts were determined in urine by GC-MS. To prevent
interference from the 100-mg heroin dose provided on day
4, the 50-mg dose on day 5 was left out of the analysis. In
addition, the 100-mg dose on day 6 was left out, because
no 24-h urine was collected following that dose. The three
heroin doses (days 2, 3 and 4) resulted in linearly dose-
related differences in amount of total morphine. For the
25-mg heroin dose, a mean of 8.4 mg of total morphine
was detected in the urine samples (S.D.=3.3; range 6.1-
14.0 mg). For the 50-mg dose, total morphine amounted to
17.0 mg (S.D.=8.1; range 8.4-28.9 mg), and for the
100-mg dose to 37.2 mg (S.D.=12.9; range 24.1-53.8).
Within-subject variations in recovery rates were small to
moderate, the maximum difference between the inhalation
sessions of the same individua ranging from 5% for
subject 1 to 24% for subject 3. Between-subject variations
were larger, the mean recovery rates for the five subjects
amounting to 28, 31, 44, 55 and 67%, respectively.
Overadl, a mean of 45% of the heroin dose received was
recovered as total morphine in the urine samples. This
percentage was similar across the three doses (43, 44 and
48% for the 25-, 50- and 100-mg doses, respectively).

4. Discussion

Although some studies have been conducted on the
bioavailability and pharmacodynamic effects of inhaled
heroin, the available literature on this subject is scarce and
limited by low ecological validity, small sample sizes, low
heroin doses, and lack of replications (Jenkins et a., 1994;
Stalder, 1997; Speich, 1998). In the present study, ten
heroin-dependent subjects inhaled heroin doses up to 100
mg, the inhalation sessions were conducted twice per
method (phase 1) or per dose (phase 2) by each subject,

and the heroin was inhaled by means of a naturalistic and
common practice, chasing the dragon, or — in the case of
the heating device — by a method that closely resembled
this practice.

The data presented in this report, 35—-45% of the parent
heroin being available to the subject, clearly indicate that
chasing is an effective means of heroin self-administration,
in particular in light of earlier findings on the amount of
heroin base in smoke after heating (Huizer, 1987; Cook
and Jeffcoat, 1990; Bronner, 1997). The effects of inhaled
heroin by this route of administration appeared rapidly,
within 1-5 min of inhalation, and occurred on physiologi-
cal, behavioral and subjective measures. Inhaled heroin
produced clear dose-related changes on each of these
dimensions, including stepwise, dose-related increases in
subjective drug-liking, body temperature and heart rate,
and decline in reaction time. In terms of magnitude, the
decline in reaction time produced by the 50-mg heroin
dose was comparable to that produced by 0.7 g/kg alcohol
(Wesnes et a., 1994). In genera, the observed changes
occurred similarly across and between the objective and
subjective measures collected. These changes, in turn,
clearly paralleled the dose-related differences in amount of
total morphine in the subjects urine.

With regard to the reproducibility of the pharmaco-
dynamic effects of heroin and its bioavailability, the data
indicate that the general pattern of effects and bioavail-
ability is similar after repeated administrations. Perhaps
most clearly, the pharmacodynamic and bioavailability
data of the fixed 50-mg heroin dose in phase 1 correspond
well with those of the 50-mg dose in phase 2 (e.g. 38 vs.
44% bioavailability). Furthermore, the reproducibility of
inhaled heroin's effects is indicated by the nearly perfect
linear relationship between heroin dose and amount of
heroin that entered the body. Intra-individual differencesin
effects and bioavailability were generaly moderate, the
maximum difference in bioavailability between inhalation-
sessions of the same individual ranging from 5 to 26%.
Between subjects however, larger differences in total
morphine excretion were found. Large inter-individual
differences are frequently found in excretion studies with
opiate compounds (Pelders and Ros, 1996; Cone et d.,
1996). In addition, these differences may well have been
due to differences in the specific technique of heroin
chasing by the participants. For example, some subjects
used a soda straw during the sessions to inhale the heroin
fumes, while others folded a straw made out of aluminum
foil and cardboard from a pack of cigarette paper, depend-
ing on their usual inhalation ritual. Whereas these different
practices were alowed in order to resemble the naturalistic
circumstances as much as possible, it is very likely that
they affect the output of heroin being inhaled by the
subject (Grund, 1993). In addition, and also observed by
the first author during the sessions, some heroin users are
just more efficient smokers than others, making sure that as
little as possible of the heroin fumes escapes from the end
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of the straw, and being careful not to ‘hurt’ the heroin by
keeping the cigarette lighter too close to the foil.

The 35-45% bioavailability of inhaled heroin is some-
what higher than that of another non-injecting route of
heroin administration, intranasal snorting. For the intranas-
al route, Cone et a. (1993,1996) obtained recovery rates of
total morphine of 27—31%, which are in the same range as
those for intramuscular injection (34%). Despite its com-
mon practice in various countries, although not in the
Netherlands, a review of the literature revealed no pub-
lished data on the bioavailability of subcutaneously (‘skin
popping’) self-administered heroin. When compared with
the intramuscular route, the relative potency of intranasally
administered heroin was estimated to be approximately
50% (Cone et al., 1996). In another study, Comer et al.
(1999) used a choice-paradigm and determined the relative
potency of intranasal heroin to be approximately one-
quarter of that of intravenously administered heroin. To
date, no data are available on the relative potency of
inhaled heroin.

The two methods of heroin inhalation evaluated and
compared in phase 1 did not differ from each other on any
of the objective or subjective parameters, although some
measures showed a trend towards more subjective effect in
the chasing condition. Notably, the heroin uptake in the
body was similar in both conditions, and the extent to
which the subjects liked the effects of the heroin was rated
‘dightly’ to ‘moderately’ for both chasing and for the
heating device. When retrospectively asked about their
experiences however, al subjects strongly preferred their
usual method of inhaation from auminum foil and
rejected the heating device.

As indicated by the subjective measures, the participants
had very limited appreciation of the 25-mg heroine dose
and — to some lesser extent — the 50-mg dose, but were
quite satisfied about the effects of the 100-mg dose. For the
two lower doses, tolerance due to the methadone doses the
subjects received in their methadone maintenance program
(ranging from 40 to 100 mg), and due to their habit,
usually involving higher daily doses of illicit heroin, very
likely limited the subjects appreciation. In the Nether-
lands, with the purity of street heroin in the bigger cities
ranging from 20 to 50% (Korf et al., 1994), 50 mg of
pharmaceutical grade heroin would be equivalent to 0.1—
0.25 g of street heroin, which is well below the moda
daily heroin dose for most heroin addicts (Blanken et al.,
1996). In addition, many studies have pointed out the
importance of the combination of ‘drug, set and setting’
factors (Zinberg, 1984) in the experience of a drug's
effect. Although much effort was taken to mimic the
natural circumstances around the chasing ritual as much as
possible, the clinical research setting combined with the
frequent assessments may have negatively affected the
appreciation of the effects.

In conclusion, chasing the dragon has been the pre-
dominant route of heroin administration for most heroin

addicts in the Netherlands in the past decades. In this
study, chasing has been demonstrated to be a rather
effective route of administration, producing rapid, dose-
related subjective and objective effects and sufficiently
high and reproducible bioavailability. Based on these
properties, the similar range of intra- and inter-individual
differences in recovery rates between the two inhalation
methods, and the good acceptance of chasing by the drug
users, chasing from aluminum foil was chosen as the route
of heroin self-administration for the inhalable protocol of
the Dutch trial into the effectiveness of medically pre-
scribed heroin.

Limitations of the present study include the following.
Although this study involved more subjects than previous
studies on the effects of inhaled heroin, a tota of ten
subjects is till quite small and generalizations must be
made with caution. Secondly, since neither the two inhala
tion methods, nor the heroin doses were (single- or double-)
blinded, expectations on drug-effects may have influenced
the results, particularly those regarding the subjective
effects. Thirdly, since large between-subjects variations in
total morphine are often found in excretion studies with
opioids, it is unclear to what extent the inter-individual
differences in bioavailability are caused by the determi-
nation in urine, differences in inhalation techniques be-
tween the subjects, or reflect true differences in biocavail-
ability. Estimation of the bioavailability from blood sam-
ples may provide more exact results. Fourthly, the relative
potency of inhaled heroin, compared to intravenous in-
jection was not investigated in this study. For this, it would
have been necessary for the subjects to concomitantly
inject heroin, and both quantitatively and qualitatively
compare the physiological and behavioral effects at differ-
ent dose levels.
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