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ABSTRACT

Aims To studywhether the preparation procedure, and its acidic and heating conditions, used by heroin users to prepare
heroin for intravenous administration affects the final composition of the fluid to be injected. Methods Samples from
different seizures of illegal heroin provided by the Norwegian police were prepared by addingwater and ascorbic acid before
heating under controlled conditions in the laboratory. Further, three seizures were prepared with different amounts of
ascorbic or citric acid relative to their diacetylmorphine content. Pure diacetylmorphine base or salt was also submitted
to the procedure applying two different heating intensities. The seizures and the final product after preparation were
analysed for diacetylmorphine, 6-acetylmorphine and morphine using liquid chromatography with tandem mass
spectrometry (LC-MS-MS). Results After preparation, a decrease of 19.8% (25th and 75th percentiles = �29.2 and
�15.3) in the initial diacetylmorphine content was observed. Both the 6-acetylmorphine andmorphine content increased
but, due to their low content in the initial product, diacetylmorphine still represented 83.9% (25th and 75th percen-
tiles = 77.3 and 88.0) of the sum of these three opioids in the final solution. The loss of water during preparation caused
an increase in the concentration of diacetylmorphine, 6-acetylmorphine and morphine, depending on the heating inten-
sity applied. The content of these opioids was affected by the quantity and type of acid added in relation to the heroin purity
and the level of diacetylmorphine dissolved being proportional to the amount of ascorbic acid, but not citric acid, in the
sample with high heroin purity. Conclusions Preparation of heroin for intravenous injection appears to change the
amount or concentration of diacetylmorphine and its active metabolites, 6-acetylmorphine and morphine in the final
product, depending on heroin purity, amount and type of acid used or heating conditions. These circumstances can
contribute to unintentional variations in the potency of the final injected solution, and therefore affect the outcome after
injection.
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INTRODUCTION

Diacetylmorphine (DAM) is an acetylated derivative of
morphine, mainly illegally produced by chemical treat-
ment of the air-dried milky latex extracted from the
opium poppy (Papaver somniferum) [1] and distributed as

illicit heroin.1 Heroin presents a high degree of harm, in-
cluding a high risk of overdose [2,3]. In the last years, an
increase in heroin consumption has been accompanied
by a high rise in opioid overdose fatalities [4,5], many in-
volving fentanyl surreptitiously added to illicitly produced
heroin [6]. Intravenous (i.v.) injection is a common route

1
In the present article. diacetylmorphine (DAM) is used when referring to the pure compound and heroin when referring to illegally synthesized
diacetylmorphine normally blended with impurities.
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of administration among heroin users [7], associated with
a high risk of dependence and overdose [8]. In illegal her-
oin, DAM can be found in salt (white heroin) or base
(brown heroin) form [9]. For i.v. injection, both forms
have to be dissolved in water. Whereas the salt form is
soluble in water, frequently with the help of heating
[10], heroin in base form is quite insoluble in water and
has to be prepared for injection by heating the heroin
in an acidic solution [10,11].

After intake of heroin, DAM is very rapidly metabolized
to the active metabolite 6-acetylmorphine (6-AM),
which is further metabolized to morphine, both in animals
and humans [12–14]. Past [15–18] and recent studies
[19–21] have shown that DAM can be considered a
prodrug, its acute effects being mediated by these metabo-
lites, predominantly by 6-AM [19]. We have earlier shown
that the major part of the active metabolites reach the
brain after DAM has been metabolized to 6-AM in the
periphery [12,21].

Heroin is considered to be unstable in aqueous solu-
tion [22] and can undergo degradation at high temper-
atures [23]. Therefore, preparation of base heroin for i.v.
administration is a procedure which may potentially
alter the chemical composition of the final product,
affecting the quality or strength of the acute effects,
and therefore the outcome. We wanted to assess if the
preparation of heroin for i.v. injection can modify the
composition of the final fluid to be injected. For this pur-
pose, we aimed to study under controlled conditions: (1)
if exposition of samples from seizures of illegal heroin to
the procedure employed by users for preparing their
doses for i.v. injection affects the contents of DAM,
6-AM, and morphine in the resulting liquid, (2) if
variations in the acidic conditions (amount and type of
acid added) would affect the final composition, and (3)
if the heating conditions during preparation would affect
pure DAM or 6-AM.

MATERIAL AND METHODS

Samples from 17 different heroin seizures provided by
the Norwegian National Criminal Investigation Service
(KRIPOS), the criminal investigation agency of the
Norwegian police, were used. The heroin seizures were
apprehended in different Norwegian counties between
April 2012 and May 2013. All the seizures were catego-
rized as heroin base after Fourier-transform infrared
(FTIR) spectroscopy testing by KRIPOS, and varied in
colour and texture, from fine white to granulated dark
brown powder. Their mean purity (15.4%) also approxi-
mately reflects the mean purity of heroin seizures in
Norway during the last years (2017–20) [24].

Composition of heroin seizures

For chemical characterization, samples from the seizures
were analysed for their content of DAM, 6-AM, morphine,
codeine, acetylcodeine and acetaminophen using a previ-
ously validated and published method [25] (see Supporting
information). The presence of other compounds, such as
caffeine, barbiturates, or benzodiazepines, was examined
but not quantified. The purity of the heroin seizure was
determined by the percentage (w/w) of DAM content in
the sample.

Experimental procedures

Opioid content in samples from heroin seizures after preparation
for i.v. administration

To analyse possible changes due to preparation for i.v. in-
jection (aim 1), the preparation for i.v. injection was
modelled by placing a 250-mg sample of the seizures
(median = 250.6; 249.5–251.3) on a metallic spoon and
adding 40 mg ascorbic acid (Apotekproduksjon AS, Oslo,
Norway) and 750 μl tap water. The amount of heroin
and ascorbic acid chosen are in the range usually used by
injecting drug users [11]. The spoon was held in a stand
and heated for 40 seconds with a lighter placed below so
that only the tip of the flame was in contact with the bot-
tom of the spoon, preventing the liquid from boiling. The
spoon, with its content, was weighed before and after
heating in order to calculate the water lost due to prepara-
tion, considering awater density of 1 g/ml. After weighing,
the resulting solution was sampled for analysis with a sy-
ringe through a cotton swab, circumventing solid residues.
The samples were later analysed using the same published
method as above [25] (see Supporting information).

To estimate the changes induced by the preparation
procedure, a theoretical concentration (mM) before sample
preparation was calculated from the amount (μmol) of
each substance in the sample to be prepared, derived from
the composition of the seizure, and the volume (μl) of water
added, simulating an unmodified, total dissolution of the
compounds. The amount (μmol) in the sample after prepa-
ration was calculated from the concentration (mM) mea-
sured in the final solution and the volume (μl) of the
liquid remaining in the spoon after preparation. ‘Total
DAM-related opioids’ denotes the sum of DAM, 6-AM and
morphine. The results are presented as medians with
25–75 percentiles in parentheses or after semicolon.

The compounds before and after preparation were sta-
tistically compared using a Wilcoxon’s signed-rank test
for related samples. Pearson’s correlation was used for
the correlations presented. A P < 0.05 was considered
statistically significant. The IBM SPSS Statistics package
version 25 (IBM Corporation, Armonk, NY, USA) was used
for statistical analysis.
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Effect of acidic conditions on opioid content after preparation for
i.v. administration

To study the effect on the final solution of the amount and
type of acid added (aim 2), three seizures with different her-
oin purity (3.3, 14.9 and 32.1%) were subjected to the
same procedure as above, but different molar amounts
(1 : 3, 1 : 2, 1 : 1) of ascorbic acid were added in proportion
to the moles of DAM present in the sample; that is, to her-
oin purity (Supporting information, Table S1). Moreover,
the high purity seizure (32.1%) was also prepared using
citric acid in these same proportions. After preparation,
the samples were collected and analysed as described
above. In this experiment, 3-acetylmorphine (3-AM) was
also analysed in the samples treated with ascorbic
acid. One preparation was performed for each
experimental treatment, therefore no statistics were
estimated.

Effect of heating intensity on DAM and 6-AM

In order to examine if DAM and 6-AM were altered by
heating intensity (aim 3), 750 μl tap water containing
16.1 mg (43.3 μmol) DAM base and 40 mg ascorbic acid,
or barely 16.7 mg (39.5 μmol) DAM.hydrochloric acid
(HCl) or 2.1 mg (5.2 μmol) 6-AM.HCl (all of standard ana-
lytics purity from Lipomed AG, Arlesheim, Switzerland)
was heated in ametallic spoon for 45 secondswith the help

of a lighter, either avoiding (moderate heating) or allowing
(intense heating by heightening the power of the flame) the
water to boil. The amounts of DAM and 6-AM used were
selected to reflect their ratios in the seizures. As only one
measure was taken for each experimental treatment, no
statistics were estimated.

RESULTS

Composition of heroin seizures

The heroin purity of the seizures ranged from 0.66 to
32.1% (6.6–321 mg/g DAM), with a median of 14.9%
(10.6–22.3). There were significant positive correlations
between the content of DAM and 6-AM, morphine or
acetylcodeine, whereas a significant negative correlation
was found between DAM and acetaminophen (Fig. 1).

Opioid content in samples from heroin seizures after
preparation for i.v. administration

After preparation, the DAM content showed a significant
reduction of 19.8% (�29.2 to –15.3), while the content
of 6-AM and morphine showed an increase of 32.5%
(19.9–57.7) and 11.7% (0.5–5078), respectively, in rela-
tion to the initial contents in the samples (Table 1). No
significant associations were observed between heroin
purity and the changes in DAM (r = �0.101), 6-AM

Figure 1 Relationship (Pearson’s correlation) between heroin seizure purity, measured as diacetylmorphine (DAM) content (in mg/g seizure), and
6-acetylmorphine (6-AM), morphine, acetylcodeine or acetaminophen content (in mg/g seizure) in the 17 seizures from the Norwegian police
(KRIPOS) used in the present study. All four correlations were statistically significant (P < 0.05)
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(r = 0.238) or morphine (r = �0.222) after preparation.
The amounts of both codeine and acetylcodeine were sig-
nificantly lower after preparation, but the procedure did
not significantly affect acetaminophen levels.

The changes in the content of opioids also implied alter-
ations in the relative composition of the sample (Fig. 2).
Thus, the DAM content changed from representing
92.0% (90.1–93.5) of the total DAM-related opioids to
83.9% (77.3–88.0%) after preparation, whereas 6-AM
increased from 7.9% (6.4–9.6) to 12.1% (9.8–13.6) and
morphine from 0.2% (0.1–0.2) to 0.3% (0.2–11.8).

The amount of DAM lost after preparation (19.1 μmol;
10.0–33.3) was not covered by the combined increases in

6-AM and morphine (5.9 μmol; 1.9–12.8). This implies
that a median of 12.0% (4.9–23.0) of the DAM in the
samples was not found in the solution after preparation,
neither as 6-AM nor morphine. The percentage of the
DAM lost during the preparation procedure did not show
any significant correlation (r = 0.176) with the purity of
the heroin seizure (Fig. 3).

Due to warming, a loss of water occurred during prep-
aration, resulting in a median final volume of 423 μl
(400–463). Consequently, the concentrations of DAM,
6-AM and morphine in the final fluid were significantly
higher than the theoretical concentration before prepara-
tion (Table 2).

Table 1 Total amount (in μmol) in the fluid before and after preparation of heroin seizures for intravenous (i.v.) injection. Results are given
as median, with the 25 and 75 percentiles in parentheses. The amount before preparation was calculated from the values obtained from
the analysis of the seizures for each substance corrected for the amount used.

Before preparation After preparation % difference

DAM 100.7 (69.2–122.0) 77.8 (50.8–93.7) �19.8 (�29.2 to –15.3) < 0.001
6-AM 8.4 (4.7–9.5) 9.7 (7.8–13.0) +32.5 (19.9 to 57.7) < 0.001
Morphine 0.15 (0.1–0.3) 0.38 (0.1–11.1) +11.7 (0.5 to 5078) 0.007
6-AM + morphine 8.7 (4.8–9.8) 19.8 (8.0–23.2) +57.0 (32.2 to 150.5) < 0.001
Total DAM-related opioids 108.0 (76.1–128.5) 98.5 (60.6–105.6) �11.5 (�20.8 to –4.5) < 0.001
Codeine 0.02a (0.02–0.04) 0.0b (0.0–0.1) �67.4 (�100.0 to –12.4) < 0.001
Acetylcodeine 5.6 (4.5–6.9) 0.8 (0.7–1. 0) �84.9 (�87.4 to –80.9) < 0.001
Acetaminophen 431.3 (335.5–493.8) 348.1 (270.6–370.0) �21.5 (�27.5 to 15.9) 0.068

a
Codeine was detected in only eight of the 17 seizures analyzed.

b
Codeine was detected after preparation in three samples in addition to the eight already de-

tected before preparation. Total DAM-related opioids is calculated as the sum of DAM, 6-AM and morphine. Exact statistical significance (P-value, Wilcoxon’s
signed-rank test) between after and before preparation is shown in italic type. DAM = diacetylmorphine; 6-AM = 6-acetylmorphine.

Figure 2 Median percentage (25th and 75th percentiles in parentheses in legends) of diacetylmorphine (DAM), 6-acetylmorphine (6-AM) and
morphine of the total diacetylmorphine (DAM)-related opioids (sum of diacetylmorphine, 6-AM and morphine) before and after preparation of
samples from heroin seizures for intravenous (i.v.) injection
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Effect of acidic conditions on opioid content after
preparation for i.v. administration

In the seizure with low purity (3.3%), all DAM was dis-
solved with the three fractions of ascorbic acid used
(Fig. 4). In the sample with 14.9% purity, close to the aver-
age purity of the seizures analysed, approximately 80% of
the DAM was found after preparation when using a 1 : 3
molar dose of ascorbic acid, and an equimolar dose
ascorbic acid was needed to dissolve all DAM present in
the sample. For the sample with high heroin content
(32.1%), DAM was not completely dissolved even when
adding an equimolar dose of ascorbic acid, but a relation-
ship was observed between the amount of acid added and
DAM dissolved. In comparison, up to 85% of DAM was
dissolved regardless of the amount of citric acid used.

In the two seizures with 3.3 and 14.9% heroin purity,
no relationship was found between the amount of ascorbic
acid added and the amount of 6-AM and morphine after
preparation (Fig. 4). Increased amounts of the metabolites

with increased concentrations of ascorbic acid, but not
with citric acid, were observed after preparation of the
sample with high purity (32.1%).

The amount of 3-AM was low in these three seizures,
representing between 0.0016 and 0.0053% of the seizure
content, or between 0.011 and 0.140% of the total
DAM-related opioids. After preparation, 3-AM increased
substantially in the samples with 32.1 and 14.9% purity,
but still only represented between 0.08 and 0.13% of total
DAM-related opioids in the sample.

Effect of heating intensity on DAM and 6-AM

When pure-grade DAM or DAM.HCl were exposed to differ-
ent heating intensities, only small differences in content,
between 2 and 7%, were observed in the final preparation
(Fig. 5a). The content of 6-AM.HCl showed a decrease both
after moderate and intense warming, the latter causing up
to 15% loss. Heating induced an increase in the final con-
centrations of DAM and 6-AM, which were much larger
under the higher intensity (Fig. 5b) as consequence of a
greater loss of water.

DISCUSSION

Animal studies have revealed that for DAM to have an
effect it has to be metabolized to the active metabolite
6-AM, which is further metabolized to morphine
[19–21]. After administration of DAM to rodents, the levels
of 6-AM in the brain are significantly higher than after ad-
ministration of 6-AM itself [13,19,20], which can explain
the differences observed in their behavioural outcome
[26,27]. In this context, we wanted to investigate to what
extent preparation of illegal heroin for i.v. injection affects
the composition of the resulting solution.

DAM was the most abundant opioid in all the seizures,
independently of their heroin purity. 6-AM content was at
least one order of magnitude lower than DAM, in line with
other studies [28–30]. The morphine content represented
only approximately 0.02% of the seizure weight, and
3-AM was present merely in trace amounts, indicating a

Figure 3 Relationship (Pearson’s correlation) between the purity
of heroin seizure, measured as diacetylmorphine (DAM) content
(in mg/g), and the percentage of DAM lost during preparation. Percent-
age of DAM lost were measured as the percentage of the content of
DAM plus the surplus of 6-acetylmorphine (6-AM) and morphine in
the resulting fluid in relation to the amount of DAM in the sample before
preparation. The correlation was not statistically significant (P > 0.05)

Table 2 Concentration (mM) of DAM, 6-AM and morphine in the fluid before and after preparation of samples from heroin seizures for
intravenous (i.v.) injection. Results are given as median, with the 25th and 75th percentiles in parentheses. The concentrations before
preparation were calculated from the values obtained from the analysis of the seizures for each substance corrected for the amount
used and water added.

Before preparation After preparation % difference

DAM 134.3 (92.3–162.7) 186.4 (134.1–232.1) +41.5 (+31.4 to +51.4) < 0.001
6-AM 11.3 (6.3–12.7) 24.7 (21.4–32.6) +121.7 (96.7 to 185.4) < 0.001
Morphine 0.20 (0.1–0.4) 0.79 (0.3–25.3) +104.1 (64.5 to 9375) < 0.001

Statistical significance (P-value, Wilcoxon’s signed-rank test) between after and before preparation is shown in italic type. DAM = diacetylmorphine;
6-AM = 6-acetylmorphine.
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high efficacy of the acetylation process during heroin pro-
duction [31,32]. The proportions between the content of
DAM and the content of 6-AM, morphine or acetylcodeine
in the seizures were comparable to other seizures described
elsewhere [1].

The preparation for injection resulted in a significant
decrease in the DAM content, accompanied by an increase
in 6-AM andmorphine. Nevertheless, in the resulting solu-
tion DAM still remained the predominant opioid by far, its
share being up to seven times larger than the sum of both
active metabolites. The changes observed in the propor-
tions between DAM and its active metabolites are relatively
moderate, and it is uncertain if they are of sufficient magni-
tude to have a significant impact on the outcome of the
heroin injection. Moreover, the combined increase in
6-AM and morphine did not totally cover the loss observed
in DAM. The fraction of DAM lost was independent of the
purity of the seizure, and seizures with very similar DAM
content could greatly differ in the percentage of DAM lost.
For example, two seizures with similar heroin purity
(11.6 and 10.9%) showed a percentage net DAM loss of
41 and 3%, respectively. These two samples differed in their
physical characteristics, the first being a light brown
powder, the other dark brown and grainy. Also, the final
products diverged, respectively producing either a quite

dark or a clear final solution, as noted by the experimenter.
As even high-intensity heating did not appear to induce a
loss of pure DAM, this ‘heroin debt’ might not be due to
volatilization or formation by pyrolysis of by-products not
detected in our analysis, but to non-solubilized DAM re-
maining in the solid residues resting in the spoon or
trapped by the filter [33,34]. Filters are indispensable to
avoid solid particles in the injected fluid that can lead to se-
rious health complications [33,34] and are commonly
used by heroin-injecting drug users, although being aware
of some drug being retained on them [33–35]. Conversely,
when testing the effect of acidic conditions using the lower
amount of ascorbic acid, a larger proportion of DAM is dis-
solved than predicted by the amount of acid added [11].
This could indicate that certain substances present in the
heroin, such as adulterants, could probably affect the over-
all solubility of DAM during preparation. As the possible
sources for this ‘heroin debt’ have not been examined in
the present study, further experiments are needed to clarify
the contribution of non-solubilized DAM in the residues
and filter or the impact of adulterants in DAM solubility.

Due to the heating needed to dissolve heroin, the
preparation process involved a significant loss of water,
eliciting a significant increase in the concentration of
DAM, 6-AM and morphine in the liquid to be injected.

Figure 4 Content, in μmol, of diacetylmorphine (DAM), 6-acetylmorphine (6-AM), morphine and total DAM-related opioids
(DAM + 6-AM + morphine) found in the fluid before and after preparation for intravenous (i.v.) injection. Samples from three heroin seizures of
different purity (as measured by percentage of DAM content in seizures) were used and three different amounts of ascorbic acid or citric acid (only
the high purity seizure) corresponding to 1 : 3, 1 : 2 and 1 : 1 of the moles of DAM present in the sample were added before preparation
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This increase appears to be dependent upon the heating
intensity, as observed with pure DAM. A higher opioid
concentration can, plausibly, facilitate a faster delivery of
compounds to the brain, which is known to increase
their behavioural effects [36,37], and might have a po-
tential impact on breathing [38].

Contrary to heroin salt, heroin base needs the addi-
tion of an acid to dissolve in water, ascorbic and
citric acids being the most used [10,39]. We show that
the proportion of ascorbic acid added in relation to the
DAM content of the seizure (heroin purity) affects
the quantity of DAM and the active opioids 6-AM and
morphine present in the solution after preparation. In
the 14.9 and 32.1% seizures, a clear relationship was ob-
served between the proportion of ascorbic acid added and
the level of DAM dissolved. Furthermore, Scott et al. [11]
revealed that the use of either ascorbic or citric acid
would notably affect the amount of DAM present in the
fluid after heroin preparation. Indeed, when preparing
heroin of high purity we observed that, in contrast to
ascorbic acid, citric acid was able to dissolve a much
higher proportion of DAM when using the lower molar

amount of acid. This is a foreseeable consequence of
the higher acidic strength of citric compared to ascorbic
acid [11].

These findings indicate that different elements during
the preparation of heroin for i.v. injection can affect the
amount and/or concentration of DAM and its active
metabolites in the injected fluid. Variation in only one indi-
vidual aspect of the process would probably not modify the
composition to an extent sufficient to have a significant
effect on the outcome after administration. However, unin-
tentional combinations of these factors, e.g. changing the
amount of acid or moving from ascorbic to citric acid while
at the same time handling heroin of unfamiliar purity, are
possible and together can substantially influence the com-
position of the final injected fluid. Users can consume differ-
ent types of heroin and mingle the method of preparation
[10]. Also, how the local market operates can prevent the
final user acquiring information on the type or purity of
the acquired heroin [40]. Furthermore, even after becom-
ing a learned routine, the steps during preparation and in-
jection are not standardized and not always under the
control of the user [34,39,41]. This situation is expected
to be more prevalent in the case of homeless heroin con-
sumers, which also presents a higher overdose risk [42].
Additionally, it is not uncommon that unexperienced injec-
tors refine their injecting technique by ‘trial and error’
[34]. These dynamics can generate deviations in the prep-
aration process leading to unintentional variations in the
final product and dose administered. These unintentional
variations might result, in a worst-case scenario, in an in-
jection which can lead to fatal consequences, primarily if
tolerance to opioids has changed or heroin is consumed
in combination with other drugs [43]. In this context, a re-
cent study shows that high inter-administration variability
in the quantity of opioid used is associated with a higher
risk of overdose, probably coupled with a reduction in toler-
ance [44]. These unintentional alterations in the prepared
heroin can be a relevant contributory element in polydrug
overdoses, as they can involve users more prone to taking
higher risks [45].

In conclusion, our results show that the preparation of
illegal heroin for i.v. administration decreases the amount
of DAM and increases its active metabolites 6-AMandmor-
phine, DAM still remaining the most abundant of the opi-
oids in the final solution for injection. The different
elements in the preparation procedure, e.g. the amount
and type of acid used or the heating intensity, can affect
the final product. Alterations in one individual step of the
process would probably not be sufficient to significantly
affect the outcome after injection, although unsystematic
simultaneous variations in several elements can uninten-
tionally alter the quantity or the concentration of DAM
and the related active opioids 6-AM and morphine in the
injected heroin and, therefore, the amount and/or the time

Figure 5 Content (μmol; a) and concentration (mM; b) of
diacetylmorphine (DAM) base, DAM.hydrochloric acid (HCl) and
6-acetylmorphine.HCl in the fluid after treating with moderate (not
allowing to boil) or intense (with boiling) heating 43.3 μmol pure
DAM base, 39.5 μmol pure DAM.HCl or 5.2 μmol pure 6-AM.HCl di-
luted in 750μl tap water. For a full dilution of DAM base, 40 mg ascorbic
acid were added to the solution before heating
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lapse of active compounds reaching the brain. These
accidental variations, concurrently with known risk
factors such as polydrug use or tolerance [43], can be an
additional element which might contribute to overdose
and influence its random character.

Declaration of interests

None.

Acknowledgements

We would like to thank Eva Mokastet from the Norwegian
National Criminal Investigation Service (KRIPOS) for her
help obtaining samples from the illegal heroin seizures.
We also thank Elisabeth Nerem for her help with the initial
development of the experiments and Elisabeth Leere
Øiestad with her contribution to the manuscript.

Author contributions

Jannike Andersen: Conceptualization; investigation;
methodology. Inger Lise Bogen: Conceptualization; investi-
gation; methodology. Ritva Karinen: Formal analysis;
methodology; validation. Gerd-Wenche Brochmann: Data
curation; formal analysis; methodology. Jørg Mørland:
Conceptualization; funding acquisition; investigation;
methodology; resources. Vigdis Vindenes: Conceptualiza-
tion; funding acquisition; investigation; resources.
Fernando Boix: Conceptualization; formal analysis;
investigation; methodology; project administration;
resources; visualization; writing-original draft and
writing-review & editing.

References

1. Zerell U., Ahrens B., Gerz P. Documentation of a heroin
manufacturing process in Afghanistan. Bull Narc 2005; 57:
11–31.

2. Darke S. The Life of the Heroin User. In: Typical Beginnings,
Trajectories and Outcomes. Cambridge, UK. Cambridge
University Press; 2011.

3. Nutt D. J., King L. A., Phillips L. D., Independent Scientific
Committee on Drugs Drug harms in the UK: a multicriteria
decision analysis. Lancet 2010; 376: 1558–65.

4. Harris B. R. Talking about screening, brief intervention, and
referral to treatment for adolescents: an upstream interven-
tion to address the heroin and prescription opioid epidemic.
Prev Med 2016; 91: 397–9.

5. Centers for Disease Control and Prevention (CDC). Heroin
overdose data. 2021. Available at: https://www.cdc.gov/
drugoverdose/data/heroin.html (accessed 3 February 2021).

6. Dowell D., Noonan R. K., Houry D. Underlying factors in drug
overdose deaths. JAMA 2017; 318: 2295–6.

7. Public Health England Adult Substance Misuse Statistics from
the National Drug Treatment Monitoring System (NDTMS): 1
April 2016 to 31 March 2017. London, UK: Public Health
England; 2017.

8. Gossop M., Marsden J., Stewart D., Treacy S. Routes of drug
administration and multiple drug misuse: regional variations

among clients seeking treatment at programmes throughout
England. Addiction 2000; 95: 1197–206.

9. CiccaroneD. Heroin in brown, black andwhite: structural fac-
tors and medical consequences in the US heroin market. Int J
Drug Policy 2009; 20: 277–82.

10. Strang J., Keaney F., Butterworth G., Noble A., Best D. Differ-
ent forms of heroin and their relationship to cook-up
techniques: data on, and explanation of, use of lemon juice
and other acids. Subst Use Misuse 2001; 36: 573–88.

11. Scott J., Winfield A., Kennedy E., Bond C. Laboratory study of
the effects of citric and ascorbic acids on injections prepared
with brown heroin. Int J Drug Policy 2000; 11: 417–22.

12. Boix F., Andersen J. M., Morland J. Pharmacokinetic modeling
of subcutaneous heroin and its metabolites in blood and brain
of mice. Addict Biol 2013; 18: 1–7.

13. Gottas A., Oiestad E. L., Boix F., Vindenes V., Ripel A.,
Thaulow C. H., et al. Levels of heroin and its metabolites in
blood and brain extracellular fluid after i.v. heroin
administration to freely moving rats. Br J Pharmacol 2013;
170: 546–56.

14. Rook E. J., Huitema A. D., van den Brink W., Van Ree J. M.,
Beijnen J. H. Population pharmacokinetics of heroin and its
major metabolites. Clin Pharmacokinet 2006; 45: 401–17.

15. Umans J. G., Inturrisi C. E. Pharmacodynamics of subcutane-
ously administered diacetylmorphine, 6-acetylmorphine and
morphine in mice. J Pharmacol Exp Ther 1981; 218:
409–15.

16. Umans J. G., Inturrisi C. E. Heroin: analgesia, toxicity and dis-
position in the mouse. Eur J Pharmacol 1982; 85: 317–23.

17. Inturrisi C. E., Schultz M., Shin S., Umans J. G., Angel L.,
Simon E. J. Evidence from opiate binding studies that heroin
acts through its metabolites. Life Sci 1983; 33: 773–6.

18. Hubner C. B., Kornetsky C. Heroin, 6-acetylmorphine
and morphine effects on threshold for rewarding and
aversive brain stimulation. J Pharmacol Exp Ther 1992; 260:
562–7.

19. Andersen J. M., Ripel A., Boix F., Normann P. T., Morland J. In-
creased locomotor activity induced by heroin in mice:
pharmacokinetic demonstration of heroin acting as a pro-
drug for the mediator, 6-monoacetylmorphine, in vivo. J
Pharmacol Exp Ther 2009; 331: 153–61.

20. Gottas A., Boix F., Oiestad E. L., Vindenes V., Morland J.
Role of 6-monoacetylmorphine in the acute release of
striatal dopamine induced by intravenous heroin. Int J
Neuropsychopharmacol 2014; 17: 1357–65.

21. Bogen I. L., Boix F., Nerem E., Morland J., Andersen J. M. A
monoclonal antibody specific for 6-monoacetylmorphine re-
duces acute heroin effects in mice. J Pharmacol Exp Ther
2014; 349: 568–76.

22. Smith P. T., Hirst M., Gowdey C. W. Spontaneous hydrolysis of
heroin in buffered solution. Can J Physiol Pharmacol 1978; 56:
665–7.

23. Barrett D. A., Dyssegaard A. L., Shaw P. N. The effect of tem-
perature and ph on the deacetylation of diamorphine in
aqueous solution and in human plasma. J Pharm Pharmacol
1992; 44: 606–8.

24. The National Criminal Investigation Service (KRIPOS)
Avdeling for kriminalteknikk og ID ‘Narkotika- og dopingstatistikk
2020’. Oslo, Norway: KRIPOS; 2021 Available at: https://
www.politiet.no/globalassets/04-aktuelt-tall-og-fakta/narkoti
ka/narkotikastatistikk-2020.pdf (accessed 8 February 2021).

25. Karinen R., Andersen J. M., Ripel A., Hasvold I., Hopen A. B.,
Morland J., et al. Determination of heroin and its main metab-
olites in small sample volumes of whole blood and brain tissue

8 Jannike M. Andersen et al.

© 2021 The Authors. Addiction published by John Wiley & Sons Ltd on behalf of Society for the Study of Addiction. Addiction

https://www.cdc.gov/drugoverdose/data/heroin.html
https://www.cdc.gov/drugoverdose/data/heroin.html
https://www.politiet.no/globalassets/04-aktuelt-tall-og-fakta/narkotika/narkotikastatistikk-2020.pdf
https://www.politiet.no/globalassets/04-aktuelt-tall-og-fakta/narkotika/narkotikastatistikk-2020.pdf
https://www.politiet.no/globalassets/04-aktuelt-tall-og-fakta/narkotika/narkotikastatistikk-2020.pdf


by reversed-phase liquid chromatography–tandemmass spec-
trometry. J Anal Toxicol 2009; 33: 345–50.

26. Avvisati R., Bogen I. L., Andersen J. M., Vindenes V., Mørland
J., Badiani A., et al. The active heroin metabolite
6-acetylmorphine has powerful reinforcing effects as
assessed by self-administration in the rat. Neuropharmacology
2019; 150: 192–9.

27. Kvello A. M., Andersen J. M., Boix F., Morland J., Bogen I. L.
The role of 6-acetylmorphine in heroin-induced reward and
locomotor sensitization in mice. Addict Biol 2019; 25:
e12727. https://doi.org/10.1111/adb.12727.

28. Hajdar M., Ruzdic E. Characterisation of heroin samples ob-
tained in the area of the Federation of Bosnia and
Herzegovina. J Environ Protect Ecol 2003; 4: 873–80.

29. Lurie I. S., Driscoll S. E., Cathapermal S. S., Panicker S. Deter-
mination of heroin and basic impurities for drug profiling by
ultra-high-pressure liquid chromatography. Forensic Sci Int
2013; 231: 300–5.

30. Sharma S. P., Purkait B. C., Lahiri S. C. Qualitative and quan-
titative analysis of seized street drug samples and
identification of source. Forensic Sci Int 2005; 152: 235–40.

31. Huizer H. Analytical studies on illicit heroin. II. Comparison of
samples. J Forensic Sci 1983; 28: 40–8.

32. Sibley J. A. Formation of o-6-acetylmorphine in the
‘homebake’ preparation of heroin. Forensic Sci Int 1996; 77:
159–67.

33. Scott J. Laboratory study of the effectiveness of filters used by
heroin injectors. J Subst Abuse 2005; 10: 293–301.

34. Scott J. Study of the Safety, Risks and Outcomes From the Use of
Injecting Paraphernalia. Edinburgh. UK: Scottish Government
Social Research; 2008.

35. Keijzer L., Imbert E. The filter of choice: filtrationmethod pref-
erence among injecting drug users. Harm Reduct J 2011; 8:
20.

36. Marsch L. A., Bickel W. K., Badger G. J., Rathmell J. P.,
Swedberg M. D. B., Jonzon B., et al. Effects of infusion rate of
intravenously administered morphine on physiological,
psychomotor, and self-reported measures in humans. J
Pharmacol Exp Ther 2001; 299: 1056–65.

37. Samaha A. N., Robinson T. E. Why does the rapid delivery of
drugs to the brain promote addiction? Trends Pharmacol Sci
2005; 26: 82–7.

38. Olofsen E., BoomM., Nieuwenhuijs D., Sarton E., Teppema L.,
Aarts L., et al. Modeling the non-steady state respiratory
effects of remifentanil in awake and propofol-sedated healthy
volunteers. Anesthesiology 2010; 112: 1382–95.

39. Ciccarone D., Harris M. Fire in the vein: heroin acidity and its
proximal effect on user’s health. Int J Drug Policy 2015; 26:
1103–10.

40. Mars S. G., Fessel J. N., Bourgois P., Montero F., Karandinos G.,
Ciccarone D. Heroin-related overdose: the unexplored influ-
ences of markets, marketing and source-types in the United
States. Soc Sci Med 2015; 140: 44–53.

41. Ponton R., Scott J. Injection preparation processes used by
heroin and crack cocaine injectors. J Subst Abuse 2004; 9:
7–19.

42. Yamamoto A., Needleman J., Gelberg L., Kominski G.,
Shoptaw S., Tsugawa Y. Association between homelessness
and opioid overdose and opioid-related hospital admissions/
emergency department visits. Soc Sci Med 2019; 242:
112585.

43. Darke S., Hall W. Heroin overdose: research and
evidence-based intervention. J Urban Health 2003; 80:
189–200.

44. Rowe C., Wheeler E., Vittinghoff E., Santos G.-M., Behar E.,
Coffin P. O. Quantity fluctuations of illicitly used opioids and
overdose risk. Int J Drug Policy 2018; 58: 64–70.

45. Darke S., Marel C., Mills K. L., Ross J., Slade T., Burns L., et al.
Patterns and correlates of non-fatal heroin overdose at
11-year follow-up: findings from the Australian Treatment
Outcome Study. Drug Alcohol Depend 2014; 144: 148–52.

Supporting Information

Additional supporting information may be found online in
the Supporting Information section at the end of the
article.

Table S1 Amount (in μmol and mg) of ascorbic or citric
acid added to 250 mg samples of three heroin seizures of
different purity (3.3, 14.9, and 32.1%). Different molar
amounts (1:3, 1:2, 1:1) of acid were added proportional
to the molar content of DAM in the sample. One sample
of each seizure was used for each molar amount of acid.
Citric acid was added only to the seizure with the
highest purity (32.1%). To ensure sufficient precision a
290 μmol/ml solution of the acid was prepared and diluted
with water to give the desired amount for each sample.
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