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Abstract

Presently, there is a considerable interest in heroin-assisted treatment: co-prescription of heroin to certain subgroups of chronic, treatment-
resistant, opioid dependent patients. In 2002, nine countries had planned (Australia, Belgium, Canada, France, Spain) or ongoing (Germany, The
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etherlands, Switzerland, United Kingdom) clinical trials on this subject. These trials (and the routine heroin-assisted treatment pro
ight result) will need pharmaceutical heroin (diacetylmorphine) to prescribe to the patients. Research into the development of pha

orms of heroin for prescription to addicts can benefit from the large amount of knowledge that already exists regarding this substance
n this paper we review the physicochemical and pharmaceutical properties of diacetylmorphine and the clinically investigated
dministration, as well as routes of administration utilised on the street in the context of developing pharmaceutical heroin formu
rescription to addicts. Patient acceptability of the formulation is essential, because heroin-assisted treatment is aimed at treatmnt
ddicts, who often have to be encouraged to participate (or to maintain participation) in a treatment program. This means tha
uitable products would have pharmacokinetic profiles mimicking that of diacetylmorphine for injection, with rapid peak conce
f diacetylmorphine and 6-acetylmorphine, ensuring the ‘rush effect’ and the sustained presence of morphine(-6-glucuronide) c
rolonged euphoria. Diacetylmorphine for inhalation after volatilisation (via ‘chasing the dragon’) seems to be a suitable candid

ntranasal and oral diacetylmorphine are currently thought to be unsuitable. However, oral and intranasal delivery systems might b
nd become suitable for use by heroin dependent patients.
2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Heroin (3,6-diacetylmorphine, diamorphine) is a di-ester
of morphine that was introduced into medicine by Bayer in
1898, as a cough suppressant to assist breathing in patients
with severe lung disease (Sneader, 1998). It was known to be
twice as potent a cough suppressant as morphine, but its anal-
gesic potency (two to three times that of morphine (Moffat
et al., 1986)) was only recognised decades later, when it had
been banned from prescription in many countries due to its ad-
dictive properties (Sneader, 1998). Heroin is now considered
a drug of abuse that it is included in the United Nations list

countries had planned (Australia, Belgium, Canada, France,
Spain) or ongoing (Germany, The Netherlands, Switzerland,
United Kingdom) clinical trials (Fischer et al., 2002; March
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phine could be stimulated in heroin-assisted treatment pro-
grams.

Research into the development of pharmaceutical forms of
diacetylmorphine for prescription to addicts can benefit from
the large amount of knowledge that already exists regarding
this substance. Therefore, in this paper we review the physico-
chemical and pharmaceutical properties of diacetylmorphine
and the clinically investigated routes of administration as well
as routes of administration utilised on the street in the con-
text of developing pharmaceutical heroin for prescription to
addicts.
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t al., 2004). Most heroin-assisted treatment progra
nvolve methadone with co-prescribed injectable her
lthough heroin tablets (UK, Spain) and cigarettes (
witzerland) are also used. Street heroin is most comm

njected, snorted or smoked. The first route of administra
oses little problems in heroin-assisted treatment progr
ecause parenteral use of diacetylmorphine is well e

ished in the UK. However, it has proven more difficult
rovide addicts that are used to snorting or smoking
treet heroin with a suitable pharmaceutical alterna
n addition, alternative dosage forms could prove us
ven in countries where these routes of administra
re unpopular compared to injecting, because they c
e used by patients who wish to change their rout
dministration in order to avoid the risks associated

njecting or because of damaged veins. For the same rea
on-injectable pharmaceutical dosage forms of diacetyl
,

H, a large proportion is present in the lipophilic non-ioni
orm, favouring absorption, while it also has excellent
er solubility in the ionised form. The melting point of
cetylmorphine base (173◦C (The Merck Index, 1996)) is

ower than that of the hydrochloride salt (243–244◦C (The
erck Index, 1996), 229–233◦C (British Pharmacopoei
990; Hays et al., 1973; Moffat et al., 1986)), favour-

ng its use in smoking or ‘chasing the dragon’ (see S
ion 3.3).

Since researchers and patients will tend to compare s
fficacy and toxicity of pharmaceutical heroin for presc

ion to addicts with that of street heroin, it is importan
ddress the properties of the latter. Street heroin vari
hemical composition: generally about 35–45% of a sa
f brown heroin is identified as diacetylmorphine (hydroc
ide) (Darke et al., 1999; de la Fuente et al., 1996; Huizer e
977; Huizer, 1983; Kaa and Bent, 1986), while white heroin
of Narcotic drugs under international control (International
Narcotics Control Board, 2004). However, heroin was not
banned from medical practice completely, the drug and its
preparations are still included in the British Pharmacopoeia
today (British Pharmacopoeia, 2004).

Nowadays, addiction has been accepted as a psychiatric
disorder and several pharmacological treatments have been
developed to treat addiction to opioids. In the last decade,
attention has also turned to heroin-assisted treatment:
co-prescription of heroin to certain subgroups of chronic,
treatment-resistant, opioid dependent patients. In 2002, nine

2. Properties of diacetylmorphine

2.1. Physicochemical properties

Diacetylmorphine is a morphine ester, its synthesis
volves replacement of the two hydroxyl groups at the 3 a
6 position of the morphine molecule by acetyl groups.
base form exists, but the hydrochloride monohydrate sa
much more common in pharmaceutical dosage forms.
acetylmorphine is a lipophilic substance with a partition c
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is usually much purer, with diacetylmorphine hydrochloride
contents up to 85–95% (de la Fuente et al., 1996; Huizer,
1992). Substances present in street heroin besides diacetyl-
morphine (hydrochloride) can be divided into manufacturing
impurities, diluents and adulterants. The first category con-
sists of morphine, codeine, papaverine, noscapine, acetyl-
morphine, acetylcodeine, etc.; active substances originating
from the opium or morphine that was used in the synthesis of
heroin and intermediates from the acetylation process. The
second category comprises mainly sugars that are used as in-
ert bulking agents. Thirdly, adulterants can be active drugs
(paracetamol, caffeine, phenobarbitone, methaqualone, pro-
caine, strychnine, quinine, piracetam), which, like heroin,
have a bitter taste or that may mimic some of its effects (Darke
et al., 1999; de la Fuente et al., 1996; Huizer et al., 1977;
Huizer, 1983; Kaa and Bent, 1986; Risser et al., 2000). The
efficacy and toxicity of street heroin is influenced by the pres-
ence of impurities, diluents and adulterants. For example, in
‘chasing the dragon’, heating a sample containing noscapine
hydrochloride could result in formation of cotarnine, which
is reported to give highly toxic fumes (Huizer, 1987).

2.2. Pharmacokinetics and pharmacodynamics

Diacetylmorphine lipophilicity combined with its
near-physiological pK results in rapid absorption into
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al., 1983; Inturrisi et al., 1984; Selley et al., 2001; Umans and
Inturrisi, 1981). This explains why the maximum concentra-
tions of diacetylmorphine and 6-acetylmorphine in plasma
seem to be related to the almost instant ‘high’ effect (‘rush’)
that occurs when addicts inject or inhale heroin. However,
the exact relationship between plasma concentrations and
effect remains a difficult issue to investigate. Peak plasma
concentrations (Cmax) of diacetylmorphine are difficult
to determine exactly, because of its rapid absorption and
very short half-life in plasma. The values ofCmax that are
reported in literature should therefore be considered highly
variable, apparentCmax values that are determined largely
by the sampling schedule used and patient characteristics.
Exposures to 6-acetylmorphine and morphine (glucuronides)
are likely to be less variable and are preferred for the study
of pharmacokinetic–pharmacodynamic relationships.

3. Routes of administration

3.1. Clinical use

Clinically, diacetylmorphine is mostly used parenterally:
in the UK, diacetylmorphine hydrochloride is licensed for
intravenous, intramuscular, or subcutaneous use in the treat-
ment of moderate to severe pain (Kendall and Latter, 2003),
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istribution into the tissues. These topics (absorption
istribution) will be discussed in more detail in the secti
n the different routes of administration.

Diacetylmorphine has a very short half-life in the
ulation, due to rapid conversion to 6-acetylmorphine
orphine by esterase enzymes that are present in
lood (plasma and erythrocytes), the liver and the b
Kamendulis et al., 1996; Lockridge et al., 1980; Salm
t al., 1999). Both substances are conjugated in the

nto 6-acetylmorphine-3-glucuronide and morphine-3-
6-glucuronide, respectively. These hydrophilic compou
re subsequently excreted in urine (Elliott et al., 1971; Mo
nd Way, 1966; Yeh et al., 1977). Results of pharmacokine
tudies will be discussed with each route of administrat

Diacetylmorphine is assumed to pass the blood–b
arrier rapidly due to its lipophilicity, resulting in an alm

nstant effect (Oldendorf et al., 1972). Even though th
echanism by which opioids produce euphoria is not ent

lear,�-receptors in the brain seem to be involved, as we
opaminergic neurons (Goodman and Gilman, 1996; Van R
t al., 1999). However, as binding to�-receptors requires

ree phenolic hydroxyl (3-OH) group in the morphinan str
ure, it is likely that diacetylmorphine does not bind to th
eceptors and actually acts as a pro-drug for 6-acetylmorp
Goodman and Gilman, 1996; Inturrisi et al., 1983; Selle
l., 2001). 6-Acetylmorphine was found to be more poten

he�-receptor than morphine (Inturrisi et al., 1983; Selley e
l., 2001), but both could be considered active metabolite
iacetylmorphine (Goodman and Gilman, 1996; Inturrisi
ut epidural administration of diacetylmorphine for po
perative or cancer pain has also been described exten
Gopinathan et al., 2000; Hallworth et al., 1999; Morg
989; O’Doherty et al., 2001; Sanders, 2002). For oral ad
inistration of diacetylmorphine, tablets containing diace
orphine hydrochloride or the so-called Brompton mix

Poochikian and Cradock, 1980) are available in the UK
nd/or Canada. Oral diacetylmorphine is considered t
.5 times more potent than morphine sulphate, due to b
bsorption in the gastrointestinal tract (Aherne et al., 1979

nturrisi et al., 1984; Twycross, 1977). It is however not sur
rising that its pharmacological effects are no different f
orphine (when the potency difference was accounted

Sawynok, 1986), since first-pass metabolism was found
ompletely convert diacetylmorphine into morphine after
orption (Inturrisi et al., 1984).

Several studies were published on alternative method
dministration of diacetylmorphine. Even though lipoph
pioids showed better absorption in the mouth after su
ual administration, absorption of diacetylmorphine was
etter than that of morphine, with a bioavailability of o
% compared to intramuscular administration (Weinberg e
l., 1988). However, diacetylmorphine lipophilicity did im
rove its bioavailability when inhaled (nebulised) compa

o morphine (Masters et al., 1988). Intranasal administratio
f diacetylmorphine (as nasal spray or drops) was foun
e effective and well tolerated in many studies (Hallett et al.
000; Kendall et al., 2001; Kendall and Latter, 2003; W
t al., 2002; Wilson et al., 1997). The lipophilic nature o
iacetylmorphine could also explain its effect when app
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dermally (as a gel) for suppression of pressure ulcer pain
(Flock, 2003) or intravesically for relief of bladder spasm
(McCoubrie and Jeffrey, 2003).

3.2. Injecting heroin

Intravenous injection is the most widely used mode of ad-
ministration of heroin as a drug of abuse: in many EU coun-
tries, 60–80% of the heroin users in treatment predominantly
injected the drug (data 1990–2001 (EMCDDA, 2003)). How-
ever, the proportion of injectors varies considerably between
countries and has changed over time, with levels of injec-
tion falling in almost all countries during the 1990s, although
there is some evidence of more recent increases. Intravenous
use of heroin is uncommon in Portugal and The Netherlands
(10–15%) and has shown a large decrease (±60 to ±25%)
in Spain. In 2002, about half of the heroin users in the EU
predominantly injected (EMCDDA, 2003).

The pharmacokinetics of injected heroin probably account
for much of its popularity: intravenous injection of diacetyl-
morphine rapidly results in peak plasma concentrations of
diacetylmorphine (Tmax 1.1–2.8 min) and 6-acetylmorphine
(Tmax 0.7–2.7 min) (Gyr et al., 2000; Rentsch et al., 2001;
Rook, 2003) that are often associated with the ‘rush’ effect.
Both substances are hydrolysed rapidly, resulting in short
half-lives, 1.3–3.8 min for diacetylmorphine (Gyr et al., 2000;
J
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ing cigarettes containing heroin (‘ack ack’ for example). For
reasons of clarity, in this paper the first will be termed ‘in-
halation after volatilisation’, since smoking implies the use
of cigarettes or burning, while ‘chasing the dragon’ (per-
formed correctly) involves only volatilisation and inhalation
of the vapours. The first description of heroin inhalation af-
ter volatilisation (Shanghai, in the 1920s) involved heating
heroin pills in porcelain jars and inhaling the fumes through
a bamboo tube (Strang et al., 1997b). This procedure was re-
fined into what is now known as ‘chasing the dragon’: heating
heroin on aluminium foil using a cigarette lighter and inhal-
ing the fumes by mouth through a straw or tube. Movement
of the melted substance over the surface of the foil and care-
ful application of heat are attempts to obtain optimal control
over the volatilisation process and to minimise charring. Over
the years, ‘chasing the dragon’ has spread from South East
Asia to several countries in Europe (The Netherlands in the
1970s, UK in the 1980s and Spain and Switzerland in the
1990s) (Strang et al., 1997b) and it is still gaining in popular-
ity (EMCDDA, 2003); in 2001, about 45% of the European
addicts in treatment predominantly smoked heroin in this way
(EMCDDA, 2003).

Inhalation of diacetylmorphine has several advantages
over intravenous administration. Inhalation of a given dose
takes more time, which leads to increased control and less
risk of overdose compared to injection of a bolus dose. In
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enkins et al., 1994; Rentsch et al., 2001; Rook, 2003) and
.3–49 min for 6-acetylmorphine (Gyr et al., 2000; Jenkins
l., 1994; Rook, 2003). Morphine peak concentrations gen
lly occur after 3.6–7.8 min and it is detectable in plasm
uch longer (T1/2 109–287 min) (Gyr et al., 2000; Rentsc
t al., 2001; Rook, 2003). The same is true for the active co

ugate, morphine-6-glucuronide (Tmax 1 h, T1/2 4 h) (Rook,
003).

Intravenous drug use is considered the most har
oute of administration, for its many possible complicatio
ost of which result from the bad quality of the prod

impurities, adulterants, diluents, contamination with mi
rganisms (Dancer et al., 2002; McLachlan-Troup et
001; McLauchlin et al., 2002; Moustoukas et al., 19))
nd from problems with the administration paraphern
contaminated needles, syringes, or acid solution (Strang
t al., 1997a, 2001)). Problems of infection are the mo
ommon, for example, hepatitis or HIV infection, absces
ollapsed veins, necrosis, sepsis and endocarditis.
ver, many of these complications could be prevente
harmaceutical quality diacetylmorphine for intraven
dministration would be used. This leaves the increase
f overdose that is associated with intravenous drug u

he most important disadvantage.

.3. Smoking heroin

The term ‘heroin smoking’ is often used, but its ex
eaning is not always clear, as two major types of he

moking can be distinguished: ‘chasing the dragon’ or sm
ddition, the onset of intoxication will lead to respiratory
ression, which in turn automatically leads to a reductio

he heroin intake and the prevention of a serious overdos
non-invasive route of administration with a much lower
f infection and better social acceptability in some cultu
urthermore, toxicity due to systemic exposure to impur
nd adulterants present in street heroin is less likely,
any will not be inhalable and therefore not be available
bsorption in the airways. On the other hand, heating
ause degradation of diacetylmorphine (hydrochloride)
he additives present in street heroin may also be susce
o degradation and/or pyrolysis, which could lead to for
ion of volatile, toxic substances (Huizer, 1987). Such sub
tances have been suggested as a cause for the occurr
pongiform leuko-encephalopathy, a serious and rare, b
urrent toxicity that has been attributed to inhalation of he
apour, even though some reports of this toxicity invol
njected heroin overdose (Rizzuto et al., 1997) and snorte
eroin (Zuckerman et al., 1996). It was first recognised in Th
etherlands, where 47 cases were reported in 1981 (Wolters
t al., 1982) and since then reports from other parts of
orld (Europe (Celius and Andersson, 1996; Hungerbühler
nd Waespe, 1990; Schiffer et al., 1985), the US/Canada (Hill
t al., 2000; Kriegstein et al., 1997; Kriegstein et al., 19))
ave been published. The estimated mortality rate of
ssociated with spongiform leukoencephalopathy (Wolters
t al., 1982) has attracted much attention to this complica

hat should however be considered very rare: less than
ases were reported in 18 years (Hill et al., 2000), while in-
alation of heroin vapours was already quite common am
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addicts during that period, especially in Asia, where it was
reported only once (Chang et al., 1997). The cause for this
condition was thought to be a toxin present in street heroin,
but it was not identified, nor was the condition reproducible
in animals exposed to heroin pyrolysate from suspect street
heroin samples (Wolters et al., 1982).

Heroin smoking was reported to have negative conse-
quences for the pulmonary function of patients: chronic
heroin smoking was related to an impaired lung function and
a higher prevalence of dyspnoea (Buster et al., 2002). How-
ever, almost all patients in this study also had a history of
smoking tobacco, which caused part of the impairment of the
lung function. Therefore, the authors concluded that further
research is needed to quantify the separate effects of heroin
smoking and tobacco smoking (Buster et al., 2002).

3.4. Snorting heroin

Intranasal use of opioids was the most common route of
administration in the United States before 1930 (when intra-
venous use of heroin became popular) and snorting heroin
made a comeback in the US around 1990 (Cone et al., 1993).
It is not very common in Europe, about 4% of the addicts
in treatment use their heroin intranasally (EMCDDA, 2003).
Sniffing heroin is thought to be a phase of involvement with
heroin, in which the habit is developed and after which a tran-
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(32%), reefers (marijuana cigarettes, 16%), powder (11%) or
as a solution (5%), which were dispensed for unsupervised
consumption at home, usually daily (Metrebian et al., 2002).
In a pilot study in Switzerland, prescription of intravenous,
oral, or smoked diacetylmorphine was possible; 77% of the
patients preferred injection (Brehmer and Iten, 2001).

An important requirement for pharmaceutical heroin
would be its acceptability to clients, since heroin-assisted
treatment is usually only an option for treatment-resistant ad-
dicts that have to be encouraged to participate in a treatment
program. Furthermore, pharmaceutical heroin would have to
comply with the usual requirements of efficacy, safety and
quality of pharmaceutical products. With regard to accept-
ability to clients, rapid delivery of unchanged diacetylmor-
phine and/or 6-acetylmorphine to the circulation seems to be
an important pharmacokinetic requirement for diacetylmor-
phine for prescription to addicts. Addicts dissatisfied with
using methadone or morphine replacement therapy report
missing the ‘rush’ effect that is generally associated with the
rate of achieving high diacetylmorphine or 6-acetylmorphine
peak concentrations. Fast and sufficient delivery of diacetyl-
morphine and/or 6-acetylmorphine to the circulation is a pre-
requisite to ensure rapid absorption into the brain, where
6-acetylmorphine activity is superior to that of morphine
(Inturrisi et al., 1983; Selley et al., 2001).
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ition to other modes of administration is often made (Casrie
t al., 1988). The pharmacokinetic profile of intranasal
inistration is similar to the intramuscular route, with a r

ive potency of 50%. Even though lower blood concentrat
nd a slower onset of action are achieved compared to t

ravenous route, adequate efficiency combined with red
ear of infection and a non-invasive nature could make
ranasal administration an attractive alternative for injec
f heroin (Cone, 1998).

. Pharmaceutical heroin for prescription to addicts

A growing number of (European) countries are deve
ng programs for (the study of) heroin-assisted treatmen
ddicts (Germany, The Netherlands, Spain, Switzerla
ain goals are usually related to harm reduction by pro

ng addicts with pure medication, hygienic circumstan
edical supervision and (compulsory) psycho-educa
nd psychosocial support (EMCDDA, 2003; Fischer et a
002). Suitable forms of pharmaceutical heroin are obvio
eeded for such programs, but surprisingly little has b
ublished on this subject. Injectable and smokable fo
f diacetylmorphine were expected to be required m

requently in heroin-assisted treatment programs, co
ring the patterns in the routes of administration of he

n the EU, most of the addicts in treatment inject (±45%)
r smoke (±45%) heroin and±10% uses the oral rou
EMCDDA, 2003). In the UK, licensed doctors prescri
iacetylmorphine to addicts in ampoules (92%), tab
.1. Diacetylmorphine for injection

The safety and efficacy of diacetylmorphine for
ection were established for the marketed forms (UK
his product: ampoules of lyophilised diacetylmorph
ydrochloride. Especially the ampoules containing la
oses (100, 500 mg) would be suitable for prescription o

ectable heroin to addicts. Development of new (multi-d
ormulations with larger doses is relatively simple, using
xisting knowledge on manufacturing and stability (Klous
t al., 2004c; Poochikian et al., 1983) and the quality contro
uidelines from the British Pharmacopoeia for the bulk s
tance and the final product (British Pharmacopoeia, 2004).
eroin-assisted treatment programs for addicts in Swi

and use specially manufactured multi-dose 10 g ampo
f lyophilised diacetylmorphine hydrochloride for admin

ration of average dosages of 500–700 mg per day (Bundeli,
999; Uchtenhagen et al., 1996). The Dutch Heroin trial use
ulti-dose vials containing 3 g of lyophilised diacetylm
hine hydrochloride for maximum 400 mg per gift and m

mum 1000 mg per day dosages (Van den Brink et al., 2003).

.2. Diacetylmorphine for inhalation

Inhalation is gaining popularity as a route of adminis
ion for systemically acting drugs, because the large ti
rea of the airways provides a quick and non-invasive r

or delivery of drugs to the general circulation. Furtherm
lood flow from the lungs is directed straight to the br
hich makes a fast onset of action possible for cent
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acting drugs. Lipophilicity of the inhaled compound is likely
to be important for absorption, which is illustrated by studies
on morphine aerosols (Chrubasik et al., 1987, 1988; Cohen
and Dawson, 2002; Dershwitz et al., 2000; Masood and
Thomas, 1996; Masters et al., 1988; Ward et al., 1997) and
a fentanyl aerosol (Alexander-Williams and Rowbotham,
1998). Nebulised morphine bioavailability was lower (5.5%
Masood and Thomas (1996)and 17% Chrubasik et al.
(1988)) than bioavailability of morphine from dose aerosols
(59% Dershwitz et al. (2000), 100% Ward et al. (1997)).
Since diacetylmorphine is more lipophilic than morphine, its
bioavailability after inhalation can be expected to be similar
or better than found for morphine.

When different methods for inhalation of diacetylmor-
phine are compared, it is important to remember what goals
should be achieved. Obviously, maximum amounts of un-
changed diacetylmorphine from the dosage form should be
made available for inhalation. Furthermore, for addicts, an ef-
ficient method for inhalation should achieve two goals: quick
appearance of large enough peak concentrations of diacetyl-
morphine and 6-acetylmorphine for the ‘rush’ effect and suf-
ficient exposures to the other metabolites for prolonged eu-
phoria (Gyr et al., 2000). The results of several in vitro and in
vivo studies into the efficiency of using heroin via inhalation
are summarised inTables 1 and 2; they will be discussed in
detail in the following three paragraphs.
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.2.1. Smoking
Development of pharmaceutical heroin for smoking ha

nherent safety problem, since smoking is known to be un
ue to inhalation of harmful substances like tar and ca
onoxide. Efficacy of smokable diacetylmorphine will a

uffer from the ‘burning’ aspect of this mode of admin
ration. This is illustrated by a comparison of ‘chasing
ragon’ and a procedure called ‘ack ack’, in which cigare
ipped in street heroin is smoked: bioavailability (determ
ia total morphine in urine) of ‘chasing’ was higher (26
han that of ‘ack ack’ (14%) (Mo and Way, 1966). Degrada
ion and burning of heroin smoked via cigarettes are li
o be more extensive, since much higher temperature
nvolved. The technique of ‘chasing the dragon’ is aime
pplying just enough heat for volatilisation and preven
urning. Furthermore, in this study street heroin contai
iacetylmorphine base was used for ‘chasing the dra
hile ‘ack ack’ involved dipping a cigarette in street her
ontaining diacetylmorphine hydrochloride, which is kno
o be less suitable for smoking (Huizer, 1987; Mo and Wa
966).

Despite the disadvantages of smoking diacetylmorp
entioned above, a Swiss study into pharmaceutical s
ble heroin for prescription to addicts was performed (Stalder
997). These cigarettes have also been dispensed to add
eroin-assisted treatment, because no better alternativ
vailable (Uchtenhagen et al., 1996). Special impregnate
oodruff cigarettes (without nicotine) were developed
ontained 100 mg diacetylmorphine base (from a 200 mg
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Table 2
Results of in vitro experiments on the recovery of heroin (% unchanged) after volatilisation

Sample Temperature (◦C) Recovery (%) Study

Diacetylmorphine hydrochloride 200 28 Jenkins et al. (1994)
200–300 10 Cook and Jeffcoat (1990)
– 17 Huizer (1987)

With caffeine (1:1) – 36 Huizer (1987)
With barbital (1:1) – 33 Huizer (1987)

Diacetylmorphine base 200 89 Jenkins et al. (1994)
200–300 65 Cook and Jeffcoat (1990)
>400 <30 Cook and Jeffcoat (1990)
– 62 Huizer (1987)

With caffeine (1:1) – 76 Huizer (1987)
With methaqualone (1:1) – 55 Huizer (1987)

solution in dichloromethane). They showed low recoveries of
diacetylmorphine and 6-acetylmorphine in an in vitro smok-
ing experiment: 2.2% and 5.5%, respectively (Stalder, 1997).

In vivo pharmacokinetic studies were performed: two
female addicts smoked five cigarettes each, which re-
sulted in surprisingly high AUCs for diacetylmorphine,
and 6-acetylmorphine (0.08 and 0.07 h�mol/L, respectively)
(Table 1). This might be explained by the fact that the Swiss
researchers collected five plasma samples in the first 5 min
after the start of smoking (Stalder, 1997). In the other stud-
ies on diacetylmorphine inhalation (Table 1), fewer samples
from this period were available, resulting in underestima-
tion of the AUCs of diacetylmorphine and 6-acetylmorphine.
Exposures to morphine (1.6 h�mol/L) and morphine-3- and
-6-glucuronide (9.1 and 3.2 h�mol/L, respectively) after
five woodruff cigarettes (500 mg) were only 27–55% of
those found after ‘chasing the dragon’ by Rook et al. (dose
200–300 mg (Rook, 2003)), suggesting that smoking di-
acetylmorphine cigarettes is very inefficient.

4.2.2. Inhalation after volatilisation
Inhalation of diacetylmorphine after volatilisation is prob-

ably safer than smoking of diacetylmorphine, since no burn-
ing is involved, thereby avoiding inhalation of carbon monox-
ide and tar or soot. On the other hand, high temperatures are
needed for efficient volatilisation, which could lead to for-
m uld
b for-
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s ituen
c as an
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c ction
3 tion
a lop-
m rip-
t

ed
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acetylmorphine base is more efficient than diacetylmorphine
hydrochloride. Thermal analysis and in vitro studies simulat-
ing ‘chasing the dragon’ have shown that diacetylmorphine
base is less susceptible to degradation upon heating and its
volatilisation results in more unchanged diacetylmorphine in
vapours (Huizer, 1987; Klous, 2004) (Table 2). Moreover,
additives could influence inhalation efficiency positively: re-
covery of unchanged diacetylmorphine in the vapours af-
ter volatilisation increased in samples containing caffeine,
methaqualone (Huizer, 1987) and barbital (Huizer, 1987; Mo
and Way, 1966) (Table 2). Even though the sedative proper-
ties of the latter are probably also appreciated by users of
street heroin, in a pharmaceutical product additives without
synergistic pharmacological activity would be preferred.

The efficacy of inhalation of diacetylmorphine vapours is
also likely to depend on the method used to heat the product.
Specific techniques exist for ‘chasing the dragon’, suggesting
that heating diacetylmorphine for inhalation of the vapours
requires certain skills. Many heroin addicts have developed
tricks and habits in their ‘chasing technique’ that serve to min-
imise the loss of heroin vapour through charring, combustion
and fumes escaping inhalation via the straw. Mimicking these
street habits (that have evolved over decades) could be a suit-
able starting point for development of a method for volatilisa-
tion of pharmaceutical heroin that is acceptable to the users.
However, it would be difficult to develop a heating device that
w the
m ating
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m n
s pour
i m-
p ours
t diffi-
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ation of (possibly toxic) degradation products that co
e inhaled alongside with diacetylmorphine. However,
ation of toxins is more likely when heating a mixture

ubstances, such as street heroin, because the const
ould interact chemically. This has also been considered
xplanation for the rare occurrences of spongiform leuk
ephalopathy in addicts inhaling heroin vapours (see Se
.3). Considering the above, diacetylmorphine for inhala
fter volatilisation is regarded as an option for the deve
ent of non-injectable pharmaceutical heroin for presc

ion to heroin-dependent patients.
Higher efficiency is expected for inhalation of volatilis

iacetylmorphine compared to smoking, as the tempera
nvolved in volatilisation will be lower, with less decomp
ition of diacetylmorphine. Furthermore, volatilisation of
ts

ould incorporate all these ‘tricks of the trade’, especially
ovement of the molten substance. Addicts testing a he
evice for inhalation of diacetylmorphine after volatilisat
xpressed concerns of loss of vapour, due to the lack of m
ent (Hendriks et al., 2001). Apparently, moving the molte

ubstance is a way of ensuring a controlled release of va
n the form of a neat ‘dragon’s tail’ that is easy to inhale co
letely. Volatilisation without movement caused the vap

o appear as a broad smoke column or cloud that was
ult to inhale efficiently (Hendriks et al., 2001). Furthermore
ovement of the molten heroin might prevent overhea
nd subsequent decomposition of the drug.

Only two pharmacokinetic studies have been perfor
ith addicts using heroin via ‘chasing the dragon’ (Table 1).
n early study compared three modes of administration
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jecting, ‘chasing the dragon’ and ‘ack ack’ (smoking heroin
via a tobacco cigarette) by addicts using the corresponding
types of street heroin (Mo and Way, 1966). Administering
heroin via ‘chasing the dragon’ was found to be about 1/3 as
effective as intravenous heroin and about twice as effective
as smoking heroin from a cigarette, based on total morphine
concentrations in urine. More recent pharmacokinetic stud-
ies, comparing intravenous administration to inhalation via
‘chasing the dragon’ found 52% bioavailability for the lat-
ter (Rook, 2003). Addicts in this study inhaled pharmaceu-
tical heroin for inhalation after volatilisation (a 75%, w/w
diacetylmorphine base/25% caffeine anhydrate powder mix-
ture (Klous et al., 2004a,b)) instead of street heroin con-
taining diacetylmorphine hydrochloride in the early study.
No statistically significant differences in the half-lives of di-
acetylmorphine, 6-acetylmorphine, morphine and morphine-
3- and -6-glucuronide in plasma were found between injected
or inhaled diacetylmorphine (Rook, 2003). Surprisingly, no
difference was found in the subjective appreciation of the di-
acetylmorphine between the groups, even though equal doses
were used and plasma concentrations of diacetylmorphine
and metabolites were much lower in the inhalation compared
to the injecting group. The authors suggest that this was due
to the lack of cross-over comparison of administration meth-
ods; each patient used diacetylmorphine via his usual route
of administration and therefore also rated its effect compared
t lated
c n of
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sation. Tablets were manufactured manually from granulate
prepared using a diacetylmorphine/caffeine powder mixture
and a 2% (w/w) caffeine solution in water. In vitro recovery
of diacetylmorphine from heating these tablets in the TAS-
oven was 53%. One patient smoked one tablet, the other three;
smoking sessions lasted 16–22 min per tablet (Speich, 1998).
The bioavailability was similar to the in vitro recovery (37%)
and ‘rush’ and ‘high’ effects were achieved. However, max-
imum concentrations of diacetylmorphine were lower than
in the study byRook (2003)(Table 1), as was the AUC of
morphine, while bioavailability and dosages were similar, in-
dicating that the TAS-oven procedure is not quite as efficient
as ‘chasing the dragon’. The third study using a heating device
for volatilisation of diacetylmorphine reported a bioavailabil-
ity of the same order (38–45%), based on measurements of
total morphine in urine (Table 1) (Hendriks et al., 2001).

4.2.3. Nebulisation
In the Swiss study by Speich and co-workers, inhalation

after volatilisation and nebulisation were compared in in vivo
and in vitro experiments (Speich, 1998). In vitro tests were
performed on 100 and 200 mg/mL solutions of diacetylmor-
phine hydrochloride in distilled water that showed antimicro-
bial activity, limited stability, hyperosmolarity and pH values
of 3–4 (near the lower limit of the range suitable for solu-
tions for inhalation: 3–8.5 (European Pharmacopoeia, 2002)).
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o what he was used to. Both methods showed dose-re
raving and appreciation upon double-blinded variatio
ose (dose range 66–150% of regular dose). Population
acokinetic models for plasma concentrations of diac
orphine and its metabolites after intravenous use and

nhalation were published by the same group (Rook, 2003).
Use of a heating device by addicts as an alternativ

chasing the dragon’ was described in three studies (Table 1).
n the first of these studies, a computer-controlled de
ith a nichrome-heating coil was used to heat 2.6–10.
iacetylmorphine base to be inhaled by two healthy vo

eers (Jenkins et al., 1994). The whole dose was administe
n one puff and maximum concentrations of diacetylm
hine and 6-acetylmorphine achieved were 0.045–0.80
.043–0.428�mol/L, respectively, depending on the smo
ose. The diacetylmorphine AUC at the 10.5 mg dose
as also quite high (0.041 h�mol/L), considering the low
oses that were administered. ‘Chasing’ a 20–30 times h
ose yielded a diacetylmorphine AUC that was only 10 ti
igher than with this heating device (Rook et al.,Table 1).
he apparent efficiency of this method might be expla
y the high in vitro recovery of diacetylmorphine from
moking device (89%,Table 1) (Jenkins et al., 1994).

Two Swiss addicts, selected from participants of
eroin-assisted treatment program, were asked to inha

umes that resulted from heating 100/50 mg tablets o
cetylmorphine base and caffeine in a TAS-oven appar
tted with an insulated mouthpiece. Caffeine anhydrate
he only additive present in the tablets and it was adde
iacetylmorphine base for its positive influence on vola
owever, as large doses are required for heroin-assisted
ent and nebulising volume is limited (1–3 mL), the

hors decided that use of concentrated solutions could n
voided. Three types of nebuliser were tested, one of w
Pari IS-2 jet nebuliser) generated an aerosol that was su
or delivery to the peripheral parts of the lungs (mean p
le size: 2.4–2.6�m, 80% of the particles 0.8–4.8�m). The
ebuliser released a mean of 45% of the diacetylmorp
olution. In vivo tests were limited to a single patient
aling 536 mg (effective dose: 240 mg) of diacetylmorph
s a 200 mg/mL solution (Table 1). The inhalation sessio

asted for 95 min (with 43 min of actual inhaling), beca
any breaks were necessary due to the very bitter ta

he inhalation solution. Even though the total exposure
iacetylmorphine and morphine were not much lower

hose measured after ‘chasing the dragon’, the time to r
he first maximum concentration of diacetylmorphine
uite long (5.6 min), while a secondCmax was measured
2.7 min after a 6-min break. This pharmacokinetic pro
ombined with the bitter taste of the inhalation solution
robably not contribute to the acceptability of this inhala
ethod in a heroin-assisted treatment program, particu

ince the latter was reported to lead to nausea and ret
Speich, 1998). It is likely that the bitter taste of the diacet
orphine solution is associated with its high concentra

ut solutions with lower concentrations cannot deliver la
iacetylmorphine doses in a volume suitable for nebulisa
herefore, nebulisation of diacetylmorphine is not likely to
ursued further for use in heroin-assisted treatment of h
ependent patients.
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4.3. Intranasal diacetylmorphine

Intranasal use of diacetylmorphine could be acceptable to
addicts in a heroin-assisted treatment program, since it is a
well-known route of administration on the streets as well.
However, snorting heroin does not give the user the same
intense ‘rush’ feeling that injecting does, the ‘high’ begins
more gradually (Casriel et al., 1988), which might hinder its
acceptance by chronic addicts. There is no reason to ques-
tion the safety of intranasal use of diacetylmorphine, as it
has been used clinically, even in children (see Section3.1).
Clinically, diacetylmorphine hydrochloride solutions are ad-
ministered as nasal spray or nasal drops, but such liquid
formulations are not suitable for administering large doses
(up to 300–400 mg) to addicts in heroin-assisted treatment,
because of the maximum volume for nasal spray or nasal
drops (about 0.1–0.2 mL). Therefore, intranasal use of di-
acetylmorphine by addicts requires a solid pharmaceutical
dosage form, e.g., diacetylmorphine hydrochloride powder,
which can be snorted through a straw in the nose. The only
pharmacokinetic studies (in opioid dependent patients) on
intranasal use of powdered diacetylmorphine concern quite
small doses, mixed with lactose for blinding reasons (Comer
et al., 1999; Cone et al., 1993; Skopp et al., 1997) (Table 3).
Snorting diacetylmorphine powder was found to be about half
as efficient as intramuscular administration, based on the be-
h
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its pharmacokinetic profile could be modified to be more
similar to that of injectable diacetylmorphine, for example,
by using controlled release techniques. Such a technique
was successfully used to achieve an optimal pulsatile and
sustained plasma nicotine profile by controlled release of
nicotine from a nasal formulation (Cheng et al., 2002). This
research group also reported improving nasal administration
of morphine by formulating it as a powder or a solution with
chitosan as an excipient (absorption-promoter) (Illum et al.,
2002). Such absorption-promoters might be used to achieve
a ‘rush’ effect after nasal administration of diacetylmorphine
similar to that after injection, which would make intranasal
administration much more acceptable to chronic addicts.

4.4. Oral diacetylmorphine

Oral administration of diacetylmorphine (as tablets or so-
lution) is known to be a safe and effective route of administra-
tion of diacetylmorphine for analgetic purposes (see Section
3.1). However, its pharmacokinetic profile (in terms of deliv-
ery of diacetylmorphine and 6-acetylmorphine to the brain)
does not seem to favour use of this route in heroin-assisted
treatment. Despite this, several publications describe use of
oral diacetylmorphine in the treatment of addicts: as a solu-
tion (Ghodse et al., 1990), or in the form of tablets (Metrebian
et al., 2002). A Spanish protocol for heroin-assisted treat-
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-acetylmorphine, respectively, compared to 2 min for b
fter intravenous administration (Comer et al., 1999). Con-
entrations of diacetylmorphine and 6-acetylmorphine w
levated three to four times longer than after intravenou
inistration. A fourfold difference in potency between

wo routes of administration was observed with several p
acodynamic parameters, i.e., visual analog scale (VAS

ngs of ‘high’, ‘good drug effect’, ‘drug liking’ and ‘sedate
Comer et al., 1999).
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tions that are unable to deliver unchanged diacetylmorphine
to systemic circulation.

Two other pharmacokinetic studies were published on oral
diacetylmorphine (Girardin et al., 2003; Inturrisi et al., 1984).
The first study compared the pharmacokinetics of low doses
(26–52 mg) of oral diacetylmorphine and oral morphine in
healthy volunteers and found that diacetylmorphine resulted
in 80% lower bioavailability than morphine (bioavailability
38%) (Inturrisi et al., 1984). However, in the second study the
pharmacokinetics after oral administration of large doses to
addicts appeared to be very different (Girardin et al., 2003). In
both studies, neither diacetylmorphine nor 6-acetylmorphine
was detected in plasma, so morphine bioavailability was cal-
culated from oral diacetylmorphine in both studies. Mean
bioavailability of morphine after ingestion of up to 600 mg
of diacetylmorphine by opioid dependent patients was much
higher (67± 19%) than expected based on the study in
healthy volunteers (Girardin et al., 2003). Furthermore, mor-
phine absorption from oral diacetylmorphine was more rapid
and more complete than absorption from concomitantly ad-
ministered morphine-d3 (Girardin et al., 2003). The authors
suggest that intestinal metabolic or transporter alterations
could have occurred in tolerant persons, which could explain
these findings.

Future studies into oral formulations of diacetylmorphine
could attempt to avoid first-pass metabolism via the buccal
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avoided and rapid peak concentrations of diacetylmorphine
and 6-acetylmorphine are achieved. Intranasal diacetylmor-
phine could also be a safe and effective alternative, but fur-
ther research into enhanced absorption techniques and the
pharmacokinetics and pharmacodynamics of large doses is
required. The same could be said for oral administration,
which is however theoretically less likely to be acceptable
to treatment-resistant addicts, due to its failure to deliver di-
acetylmorphine or 6-acetylmorphine to the systemic circula-
tion.
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Switzerland.

yr, E., Brenneisen, R., Bourquin, D., Lehmann, T., Vonlanthen, D.,
I., 2000. Pharmacodynamics and pharmacokinetics of intraven
orally and rectally administered diacetylmorphine in opioid de
dents, a two-patient pilot study within a heroin-assisted treat
program. Int. J. Clin. Pharmacol. Ther. 38, 486–491.
nternational Narcotics Control Board, 2004. List of Narcotic Drugs
der International Control.www.incb.org/e/list/yellow.pdf(accessed o
03-22-05).

nturrisi, C.E., Max, M.B., Foley, K.M., Schultz, M., Shin, S.U., Hou
R.W., 1984. The pharmacokinetics of heroin in patients with chr
pain. N. Engl. J. Med. 310, 1213–1217.

nturrisi, C.E., Schultz, M., Shin, S., Umans, J.G., Angel, L., Simon,
1983. Evidence from opiate binding studies that heroin acts thr
its metabolites. Life Sci. 33 (Suppl. 1), 773–776.

enkins, A.J., Keenan, R.M., Henningfield, J.E., Cone, E.J., 1994. Ph
cokinetics and pharmacodynamics of smoked heroin. J. Anal. To
18, 317–330.

aa, E., Bent, K., 1986. Impurities, adulterants and diluents o
licit heroin in Denmark (Jutland and Funen). Forensic Sci. Int.
195–210.

amendulis, L.M., Brzezinski, M.R., Pindel, E.V., Bosron, W.F., De
R.A., 1996. Metabolism of cocaine and heroin is catalyzed by
same human liver carboxylesterases. J. Pharmacol. Exp. Ther
713–717.

endall, J.M., Latter, V.S., 2003. Intranasal diamorphine as an altern
to intramuscular morphine: pharmacokinetic and pharmacodyn
aspects. Clin. Pharmacokinet. 42, 501–513.

endall, J.M., Reeves, B.C., Latter, V.S., 2001. Multicentre random
controlled trial of nasal diamorphine for analgesia in children
teenagers with clinical fractures. BMJ 322, 261–265.

lous, M.G., 2004. Pharmaceutical Development of Diacetylmorp
Preparations for Prescription to Opioid Dependent Patients, Un
siteit Utrecht. Thesis, ISBN 90-393-3836-1.

lous, M.G., Nuijen, B., Van den Brink, W., Van Ree, J.M., Beijnen, J
2004a. Development and manufacture of diacetylmorphine/ca
sachets for inhalation by ‘chasing the dragon’ by heroin addicts.
Dev. Ind. Pharm. 30, 775–784.

lous, M.G., Nuijen, B., Van den Brink, W., Van Ree, J.M., Beijn
J.H., 2004b. Process characterisation, optimisation and validati
production of diacetylmorphine/caffeine sachets: a design of ex
ments approach. Int. J. Pharm. 285, 65–75.

http://www.incb.org/e/list/yellow.pdf


294 M.G. Klous et al. / Drug and Alcohol Dependence 80 (2005) 283–295

Klous, M.G., Nuijen, B., van den, B.W., Van Ree, J.M., Beijnen, J.H.,
2004c. Pharmaceutical development of an intravenous dosage form
of diacetylmorphine hydrochloride. PDA J. Pharm. Sci. Technol. 58,
287–295.

Kriegstein, A.R., Armitage, B.A., Kim, P.Y., 1997. Heroin inhalation and
progressive spongiform leukoencephalopathy. N. Engl. J. Med. 336,
589–590.

Kriegstein, A.R., Shungu, D.C., Millar, W.S., Armitage, B.A., Brust,
J.C., Chillrud, S., Goldman, J., Lynch, T., 1999. Leukoencephalopa-
thy and raised brain lactate from heroin vapor inhalation (“chasing
the dragon”). Neurology 53, 1765–1773.

Lockridge, O., Mottershaw-Jackson, N., Eckerson, H.W., La Du, B.N.,
1980. Hydrolysis of diacetylmorphine (heroin) by human serum
cholinesterase. J. Pharmacol. Exp. Ther. 215, 1–8.

March, J.C., Oviedo-Joekes, E., Romero, M., Gomez, M., Rodriguez, S.,
Leon, M.I., Rodriguez, C., 2004. The experimental drug prescription
program in Andalusia [PEPSA]: procedure for recruiting participants.
Gac. Sanit. 18, 245–247.

Masood, A.R., Thomas, S.H., 1996. Systemic absorption of nebulized
morphine compared with oral morphine in healthy subjects. Br. J.
Clin. Pharmacol. 41, 250–252.

Masters, N., Heap, G., Wedly, J., Moore, A., 1988. Inhaled nebulised
morphine and diamorphine: useful in general practice? Practitioner
232, 910–914.

McCoubrie, R., Jeffrey, D., 2003. Intravesical diamorphine for bladder
spasm. J. Pain Symptom Manage. 25, 1–3.

McLachlan-Troup, N., Taylor, G.W., Trathen, B.C., 2001. Diamorphine
treatment for opiate dependence: putative markers of concomitant
heroin misuse. Addict. Biol. 6, 223–231.

McLauchlin, J., Mithani, V., Bolton, F.J., Nichols, G.L., Bellis, M.A.,
Syed, Q., Thomson, R.P., Ashton, J.R., 2002. An investigation

1–

M y of
drug

M de of
154,

M Iso-
utical

M ioids.

M .R.,
ions.

O rugs
care
49–

O 72.
and

P res:
ence

P bility

R ger,
eroin
r. 70,

R nei-
G.,
1995

Rizzuto, N., Morbin, M., Ferrari, S., Cavallaro, T., Sparaco, M., Boso,
G., Gaetti, L., 1997. Delayed spongiform leukoencephalopathy after
heroin abuse. Acta Neuropathol. (Berl). 94, 87–90.

Rook, E.J., 2003. Pharmacokinetics and Pharmacodynamics of Diacetyl-
morphine in Opioid Dependent Patients. Utrecht University, Utrecht,
The Netherlands. Thesis, ISBN 90-6464-7992.

Salmon, A.Y., Goren, Z., Avissar, Y., Soreq, H., 1999. Human erythrocyte
but not brain acetylcholinesterase hydrolyses heroin to morphine. Clin.
Exp. Pharmacol. Physiol. 26, 596–600.

Sanders, J.C., 2002. Paediatric regional anaesthesia, a survey of practice
in the United Kingdom. Br. J. Anaesth. 89, 707–710.

Sawynok, J., 1986. The therapeutic use of heroin: a review of the phar-
macological literature. Can. J. Physiol. Pharmacol. 64, 1–6.

Schiffer, D., Brignolio, F., Giordana, M.T., Mongini, T., Migheli, A.,
Palmucci, L., 1985. Spongiform encephalopathy in addicts inhaling
pre-heated heroin. Clin. Neuropathol. 4, 174–180.

Selley, D.E., Cao, C.C., Sexton, T., Schwegel, J.A., Martin, T.J.,
Childers, S.R., 2001. mu Opioid receptor-mediated G-protein acti-
vation by heroin metabolites: evidence for greater efficacy of 6-
monoacetylmorphine compared with morphine. Biochem. Pharmacol.
62, 447–455.

Skopp, G., Ganssmann, B., Cone, E.J., Aderjan, R., 1997. Plasma
concentrations of heroin and morphine-related metabolites after in-
tranasal and intramuscular administration. J. Anal. Toxicol. 21, 105–
111.

Sneader, W., 1998. The discovery of heroin. Lancet 352, 1697–1699.
Speich, A., 1998. Heroin-Flüssiginhalation und Heroin-Pulverinhalation.

In vitro- und in vivo-Studien. Universität Bern, Switzerland.
Stalder, A.B., 1997. Heroin - Zigaretten. In vitro- und in vivo-

Rauchstudien. Universität Bern, Switzerland.
Strang, J., Griffiths, P., Gossop, M., 1997a. Heroin in the UK: different

of

S sing

S iffer-
data
ubst.

T tion,

T ncer:

U 96.
t of

U ously
e in

V Van
in to
trials.

V ward
cine.

W of
r in-
ia 57,

W J.K.,
rma-
eliv-

W .J.,
orp-
–342.
into the microflora of heroin. J. Med. Microbiol. 51, 100
1008.

etrebian, N., Carnwath, T., Stimson, G.V., Storz, T., 2002. Surve
doctors prescribing diamorphine (heroin) to opiate-dependent
users in the United Kingdom. Addiction 97, 1155–1161.

o, B.P., Way, E.L., 1966. An assessment of inhalation as a mo
administration of heroin by addicts. J. Pharmacol. Exp. Ther.
142–151.

offat, A.C., Jackson, J.V., Moss, M.S., Widdop, B., 1986. Clarke’s
lation and Identification of Drugs, second ed. The Pharmace
Press, London.

organ, M., 1989. The rational use of intrathecal and extradural op
Br. J. Anaesth. 63, 165–188.

oustoukas, N.M., Nichols, R.L., Smith, J.W., Garey, R.E., Egan, R
1983. Contaminated street heroin. Relationship to clinical infect
Arch. Surg. 118, 746–749.

’Doherty, C.A., Hall, E.J., Schofield, L., Zeppetella, G., 2001. D
and syringe drivers: a survey of adult specialist palliative
practice in the United Kingdom and Eire. Palliat. Med. 15, 1
154.

ldendorf, W.H., Hyman, S., Braun, L., Oldendorf, S.Z., 19
Blood–brain barrier: penetration of morphine, codeine, heroin
methadone after carotid injection. Science 178, 984–986.

oochikian, G.K., Cradock, J.C., 1980. Stability of Brompton mixtu
determination of heroin (diacetylmorphine) and cocaine in pres
of their hydrolysis products. J. Pharm. Sci. 69, 637–639.

oochikian, G.K., Cradock, J.C., Davignon, J.P., 1983. Heroin: sta
and formulation approaches. Int. J. Pharm. 13, 219–226.

entsch, K.M., Kullak-Ublick, G.A., Reichel, C., Meier, P.J., Fattin
K., 2001. Arterial and venous pharmacokinetics of intravenous h
in subjects who are addicted to narcotics. Clin. Pharmacol. The
237–246.

isser, D., Uhl, A., Stichenwirth, M., Honigschnabl, S., Hirz, W., Sch
der, B., Stellwag-Carion, C., Klupp, N., Vycudilik, W., Bauer,
2000. Quality of heroin and heroin-related deaths from 1987 to
in Vienna, Austria. Addiction 95, 375–382.
forms, different origins and the relationship to different routes
administration. Drug Alcohol Rev. 16, 329–337.

trang, J., Griffiths, P., Gossop, M., 1997b. Heroin smoking by ‘cha
the dragon’: origins and history. Addiction 92, 673–683.

trang, J., Keaney, F., Butterworth, G., Noble, A., Best, D., 2001. D
ent forms of heroin and their relationship to cook-up techniques:
on, and explanation of, use of lemon juice and other acids. S
Use Misuse 36, 573–588.

he Merck Index 1996. 12th ed., Merck & Co. Inc., Whitehouse Sta
NJ, USA.

wycross, R.G., 1977. Choice of strong analgesic in terminal ca
diamorphine or morphine? Pain 3, 93–104.

chtenhagen, A., Gutzwiller, F., Dobler-Mikola, A., Blattler, R., 19
Program for a Medical Prescription of Narcotics, Interim Repor
the Research Representatives. University of Zürich, Zürich.
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