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Abstract

Methoxyacetylfentanyl is one of many fentanyl analogs available as new psychoactive substances.
It have been encountered in both the European Union and the United States, and existing lit-
erature suggest that methoxyacetylfentanyl is around 3- to 5-fold less potent than fentanyl. The
aim of the present work was to combine case information with blood concentrations and abun-
dance of urinary metabolites to investigate the importance of these parameters for toxicological
interpretation. Quantification of methoxyacetylfentanyl in femoral blood was performed by LC–
MS-MS and urinary metabolites were analyzed by LC–QTOF-MS with and without hydrolysis with
β-glucuronidase/arylsulfatase. For confirmation of identified metabolites, methoxyacetylfentanyl
was incubated with hepatocytes for up to 5 hours and analyzed with the same method as the urine
samples. In eleven postmortem cases (27 to 41 years old and including one female) methoxy-
acetylfentanyl was reported in femoral blood. The cause of death was intoxication by methoxy-
acetylfentanyl alone or in combination with other drugs in all but one case, where death was
attributed to acute complications of an underlying heart disease butwith possible contribution from
methoxyacetylfentanyl. In total, 27 urinary metabolites were found, including eight glucuronides.
Major biotransformations were O-demethylation, dealkylation to form the nor-metabolite, mono-
and dihydroxylations of the phenethyl moiety, as well as combinations thereof. The most abun-
dant metabolites in hydrolyzed urine included O-desmethyl-, O-desmethyl-phenethyl-hydroxy-, O-
desmethyl-phenethyl-hydroxymethoxy- and nor-methoxyacetylfentanyl. Differences in the abun-
dance of methoxyacetylfentanyl and its major metabolites could be interpreted to indicate fatal
intoxications in abstinent or chronic users. We postulate that urinary concentrations of methoxy-
acetylfentanyl and two metabolites, in combination with the methoxyacetylfentanyl concentration
in femoral blood, might be good indicators of the time between administration and death as well
as prior use.

Introduction

Methoxyacetylfentanyl is a fentanyl analog, with the replacement of
the propionamide group by a 2-methoxyacetamide group. Methoxy-
acetylfentanyl is also structurally closely related to ocfentanil having

an additional fluorine in the 2-position on the aniline ring structure.

In Europe, methoxyacetylfentanyl became available in the late

2016, and in Sweden, the first methoxyacetylfentanyl-related death

occurred in December 2016. Methoxyacetylfentanyl was scheduled
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as a hazardous product prohibited to be sold in Sweden on 25
January 2017 and later that year on 19th October, as a narcotic
drug. In total, methoxyacetylfentanyl contributed to 11 intoxica-
tions in Sweden between 2016 and 2018, and another 10 deaths
have been reported from other parts of the European Union (1, 2).
From the USA, 24 deaths involving methoxyacetylfentanyl have been
reported (3–5).

Methoxyacetylfentanyl has been characterized as a µ-opioid
receptor agonist both in vitro (6–8) and in vivo (2, 9–13). The bind-
ing affinity to the µ-opioid receptor was reported to be 17 nM by
Hassanien et al. (7) and 0.56 nM by Eshleman (6), ∼11 times and
4.1 times less potent than fentanyl. Using the GTPγS assay, Has-
sanien et al. reported an EC50 of >500 nM, while Eshleman et al.
reported an EC50 of 52 nM being 2.4 times less potent than fentanyl
(6, 7). Using a proximity-based assay, Vasudevan et al. reported the
recruitment of both mini-Gi and β-arrestin by methoxyacetylfen-
tanyl with EC50 values of 244 and 162 nM, respectively. This
indicated methoxyacetylfentanyl to be 3.6- and 8.3-fold less potent
than fentanyl with regard to mini-Gi and β-arrestin, respectively (8).
The existing in vitro literature points toward methoxyacetylfentanyl
being less potent than fentanyl.

In the European Monitoring Centre for Drugs and Drug Addic-
tion risk assessment report, an LD50 of 38mg/kg reported in a
mouse model (12) was compared with 11mg/kg for fentanyl in
a similar study, which is 3.4-fold lesser. The ED50 of methoxy-
acetylfentanyl in a mouse hot plate/tail withdrawal assay have been
determined by several groups. Using the peritoneal test, Jílek et al.
(12) reported activity but of a lower potency than that of fentanyl.
Bagley et al. (9) reported methoxyacetylfentanyl to be 2.9-fold less
potent than fentanyl (ED50 0.053mg/kg). A similar study by Huang
et al. (11) reported an ED50 of 0.08mg/kg, but no fentanyl ED50
values were given. When naltrexone was present, higher concentra-
tions were needed to achieve the effect (10). In the World Health

Organization’s report (10), further studies were presented showing

that methoxyacetylfentanyl could fully substitute morphine in a drug
discrimination study. ED50 was calculated as 0.038mg/kg, which

was 4.1-fold higher than that of fentanyl. In summary, there is a

reasonable body of evidence suggesting methoxyacetylfentanyl to be
less potent, potentially around 3- to 5-fold, compared with fentanyl,
also in vivo.

As a fentanyl analog less potent than fentanyl, methoxyacetylfen-
tanyl concentrations in postmortem case work would be expected
to be higher than those observed for fentanyl. Fogarty et al. (4)
reported a mean concentration of 36 ng/mL in 83 cases (median
= 6.4 ng/mL, range = 0.06–300), 2.5-fold higher than fentanyl
(mean = 14.7 ng/mL, median = 9.4 ng/mL). Similar results were
also reported by Beck et al. (3) with a mean of 110 ng/mL from
10 cases (median = 14ng/mL, range = 5–449). Mardal et al. (1)
reported three cases with a mean concentration of 29 ng/g (range =
22–41 ng/g). In these datasets, the mean concentrations are affected
by cases with very high concentrations, and the observed median
concentrations are lower and more similar to those observed for
fentanyl. The significance of opioid concentrations’ differences in
case work suffers from limitations caused by tolerance, a factor gen-
erally unknown. In addition, postmortem concentrations changes
can further obscure potency differences between opioids seen in
both in vitro and in vivo experimental settings. Thus, even in the
living extraordinary concentrations can be found. Muller et al.
(14) reported an intoxication case where a patient survived despite
serum concentrations of 40 ng/mL methoxyacetylfentanyl as well as
76 ng/mL cyclopropylfentanyl. The initially unconscious patient had

stable pulmonary condition, and no specific treatment was given at
the emergency room.

To ensure that the most suitable target analytes are used when
screening for drugs, it is important to understand the metabolism.
Metabolism can also be used to understand the time frame from
intake to death (or other events such as an involuntary intake or
an accident) (15–18). Especially parent drug/metabolite ratios of
other opioids have been used to estimate the time course until
death (15, 17, 18). It is not unreasonable to think this might
also be true for fentanyl analogs. The metabolism of methoxy-
acetylfentanyl has been studied both using in vitro models (1,
19–21) and in authentic case samples (1). Wilde reported that O-
demethylation was a characteristic biotransformation after incuba-
tion with human liver microsomes. N-dealkylation, hydroxylation,
amide hydrolysis and N-oxidation was also reported (21). A similar
study was carried out by Hudson and Cutler reporting O-desmethyl
methoxyacetylfentanyl, normethoxyacetylfentanyl and β-hydroxy
methoxyacetylfentanyl as the major metabolites after incubation
with human liver microsomes (19). Using human cryopreserved
hepatocytes, Mardal et al. (1) reported an O-methylated metabo-
lite as the most abundant metabolite alongside 4-aminophenyl-
1-phenethylpiperidine (4-ANPP, despropionylfentanyl) formed by
amide hydrolysis. The latter was further hydroxylated on the phenyl
ring forming a third major metabolite. Nordmeier et al. (20)
qualitatively reported metabolites in rat urine and after incuba-
tion with human pooled tissue homogenate (phS9 fraction) that
could potentially be identical to the major metabolites reported
by Mardal et al. with the exception of 4-ANPP in rat urine.
Mardal et al. also reported abundance of methoxyacetylfentanyl and
metabolites in various matrices in three postmortem cases, includ-
ing urine. In all three cases, the parent compound was the most
abundant peak in urine, and 4-ANPP was among the three most
abundant metabolites, and in two of three cases, that was also
true for O-desmethyl methoxyacetylfentanyl. In the third case, the
hydroxylated ANPP identified after hepatocyte incubation was the
third most abundant peak while not detected at all in one of the
other cases. Other metabolites identified in all three cases included
normethoxyacetylfentanyl, a phenethyl hydroxylatedmetabolite and
a combination of amide hydrolysis and phenethyl hydroxylation
(hydroxy-4-ANPP) (1).

Using the comparatively large number of cases identified in Swe-
den, the aim of the present work was to combine case information
with blood concentrations and abundance of urinary metabolites
to investigate the importance of these parameters for toxicological
interpretation.

Material and Methods

In this study, case circumstances are presented together with
blood concentrations of methoxyacetylfentanyl obtained using a
liquid chromatography–tandem mass spectrometric (LC–MS-MS)
method alongside urinary metabolite data obtained using liq-
uid chromatography–quadrupole time of flight–mass spectrometry
(LC–QTOF–MS).

Methoxyacetylfentanyl was obtained from Cayman Chemi-
cal (Ann Arbor, MI), and 4-ANPP was obtained from Toronto
Research Chemicals (North York, Canada). The internal stan-
dard fentanyl-d5 was obtained from Cerilliant (Round Rock, TX).
For LC–MS-MS quantification, LC–MS grade acetonitrile, formic
acid and methanol were obtained from Fisher Scientific (Gothen-
burg, Sweden) and ammonium formate from Fluka (Sigma-Aldrich,
Stockholm, Sweden). For sample preparation, gradient grade
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acetonitrile, methanol and formic acid p.a. (98%) from Merck
(Darmstadt, Germany), 95% ethanol from Kemetyl (Haninge, Swe-
den) and β-glucuronidase/arylsulfatase (Helix pomatia) from Roche
(Mannheim, Germany) were used.

Cases
The study was approved by the regional ethics committee in
Linkoping (Dnr: 2018-186-31) and included all autopsy cases
with a reported blood concentration of methoxyacetylfentanyl
(n=11). Postmortem urine samples for metabolite identification
were retrieved from 9 of the 11 autopsy cases.

LC–MS-MS quantification in blood
Quantification of methoxyacetylfentanyl in femoral blood was per-
formed on an LC-30AD liquid chromatography system (Shimadzu
Scientific Instruments, Kyoto, Japan) equipped with a Triple Quad
4500 mass spectrometer and a Turbo V interface (AB SCIEX Instru-
ments, Concord, Ontario). Mobile phases A (0.05% formic acid in
10mM ammonium formate) and B (0.05% formic acid in methanol)
were used at a flow rate of 0.8mL/min; the linear gradient was from
2% B to 100% B in 3.0min. A Waters Acquity BEH Phenyl column
(2.1 × 50 mm, 1.7µm, 60◦C) was used. Electrospray in positive
mode was used for ionization. Data acquisition with two transitions
for methoxyacetylfentanyl withm/z 353.20/188.10 as quantifier and
m/z 353.20/105.10 as qualifier was used with fentanyl-d5 as internal
standard (m/z 342.0/188.0). A 0.5 g aliquot of blood was forti-
fied with 25µL of internal standard (1.0µg/mL) and precipitated
with 0.75mL of acetonitrile:ethanol (90:10) with the addition of
0.075% formic acid. After centrifugation for 10min, 100µL super-
natant was transferred to an injection vial and 2µL injected onto the
column.

Method validation was performed according to Peters et al. (22)
as described for rare analytes and included selectivity, calibration
model, accuracy, precision, lower limit of quantitation (LLOQ)
and matrix effects. Selectivity was investigated by analyzing five
different sources of blank matrix showing no interfering peaks. Cali-
brationmodel was investigated using triplicates at six levels from 2 to
400 ng/g, and a calibration range from 2 to 200 ng/g was established
with calibrator accuracy within 1% and coefficients of variation
between 2% and 8%. Accuracy and imprecision under repeatabil-
ity conditions (n=5) were investigated at three levels, 10, 30 and
150 ng/g. The coefficient of variation (CV%) ranged between 1%
and 3% with accuracies of 101%, 104% and 96%, respectively.
LLOQ was investigated with control samples at low concentrations
and showed satisfactory results at 2 ng/g with an accuracy of 97%
and a CV% of 4%. Since the sample preparation consisted of a pro-
tein precipitation only, process efficiency could be investigated by
comparing analyte areas from five negative autopsy cases fortified
with methoxyacetylfentanyl at 10 ng/g with areas from the analyte
in neat precipitation media at the same concentration taking into
account an 80% water content of the whole blood. The experiments
showed a process efficiency of 113% for methoxyacetylfentanyl and
111% for the internal standard suggesting some ion enhancement.
The area CV% was <5% for both the autopsy cases and the neat
standards.

LC–QTOF-MS identification of metabolites
Urinary metabolites were analyzed by LC–QTOF-MS (Agilent
1290/6550, Kista, Sweden) as described previously (23). Briefly,
100µL of urine was diluted 1:4 in 1M sodium acetate buffer pH 5

and 10µL β-glucuronidase/arylsulfatase (H. Pomatia, Roche). After
incubation (40◦C, 2 h), 1µL of urine was injected for analysis. Non-
hydrolyzed samples were diluted using the same buffer and a negative
urine sample for a healthy volunteer was included as a control. For
metabolite separation, a 19-min gradient on an Acquity HSS T3
column (150 × 2.1mm, 1.8µm, Waters), using 0.1% formic acid in
water (A) and acetonitrile (B) as mobile phases, was selected. After
a 0.7-min hold at 1% B, a linear gradient reaching 40% B at 13min
was used for elution. To wash the column, the amount of acetonitrile
was increased to 95% B at 15min and held until 18min, followed
by re-equilibration at 1% B.

Hepatocyte incubation of methoxyacetylfentanyl
For confirmation of identified metabolites, methoxyacetylfentanyl
was incubated with hepatocytes (5µM, 1 million cells/mL) as
described previously (24). Duplicate incubations for 0, 1, 3 and 5 h
were analyzed with the same method as the urine samples. Retention
times over multiple runs were correlated using linear regression.

Results

Autopsy cases
The 11 deceased were aged from 27 to 41 years (mean 32.5); one
was female, and 10 were male (Table I). The manner of death was
accidental in seven cases, natural disease in one and undetermined
in three cases. The cause of death was intoxication by methoxy-
acetylfentanyl alone (n=4) or in combination with other drugs in
all but one case, where death was attributed to acute complica-
tions of an underlying heart disease but with possible contribution
from methoxyacetylfentanyl. Significant postmortem findings that
pointed toward opiate toxicity were lung congestion and lung and
brain edema with a mean combined lung weight of 1,469 g. Three
subjects also presented with froth in the airways. Atherosclerosis of
varying degrees were pathologies found that might have contributed
to the death. At least eight of the decedents had a history of drug
abuse, and all but two were found dead indoors. One subject was
found alive, but with respiratory and cardiac arrest. The patient
presented to the hospital with RLS8 and a methoxyacetylfentanyl
concentration of 41 ng/g. During hospitalization, the patient never
regained consciousness and also developed acute kidney injury.

The methoxyacetylfentanyl concentrations in femoral blood
ranged between 18 and 140 ng/g with a mean of 47 ng/g and a
median of 34 ng/g. Polydrug use was confirmed from toxicologi-
cal analyses in all cases, but no other non-prescription opioids were
present. The prescription benzodiazepines alprazolam and clon-
azepam as well as the non-prescription norfludiazepam and etizolam
were considered contributing to death. In addition, pregabalin, tra-
madol and alimemazine were among listed contributingmedications.
At least three different routes of administration were suggested from
the death scene findings: injection, oral administration of tablets and
snorting.

Methoxyacetylfentanyl metabolites
In total, 27 different urinary metabolites were identified, including
eight glucuronides, as seen in Table II and Figure 1. The most abun-
dant metabolite was O-desmethyl methoxyacetylfentanyl (M22),
and most other metabolites were also detected with and without the
methyl group, contributing to the large number of identified metabo-
lites. Other major biotransformations included dealkylation to form
the nor-metabolite, mono- and dihydroxylations of the phenethyl
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Figure 1. Detected metabolites of methoxyacetylfentanyl. Major metabolites in bold. Some structural isomers deducted from previous work on other fentanyl
analogs. Shaded areas show possible placement of the hydroxy group.

moiety (the latter with subsequent methylation). Examples of chro-
matograms from a case and from a hepatocyte incubation are shown
in Figure 2. The metabolite results from the cases were grouped
into rapid and delayed deaths based on the analytical findings and
described in Table III.

Discussion

In this study, blood concentrations are combined with urinary
metabolites and case information to provide a comprehensive
dataset. This allowed us to explore the utility of drug con-
centrations as well as metabolite information in the context of
methoxyacetylfentanyl overdoses. The mean and median blood
concentrations in this study were 47 and 34 ng/g, respectively.
Mean concentrations between 29 ng/g and 110 ng/mL and median

concentrations of 6.4 and 14 ng/mL have been reported by oth-
ers (1, 3, 4). Four cases were signed out as intoxications caused
by methoxyacetylfentanyl alone. These cases had methoxyacetylfen-
tanyl concentrations between 37 and 140 ng/g in femoral blood, in
the high end of the 11 cases. In the majority of cases, the combined
lung weights were consistent with opioid intoxication.

Identification of methoxyacetylfentanyl metabolites
Methoxyacetylfentanyl was identified using a reference standard.

The spectrum was dominated by m/z 105 corresponding to the

phenethyl moiety and m/z 188 corresponding to the phenethyl moi-
ety as well as the piperidine ring. The spectrum as well as those of

all included metabolites can be found in Supplemental Figure S1.

Assigning the exact positional isomer based on MS spectra alone
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Figure 2. Chromatogram of methoxyacetylfentanyl metabolites. Overlaid extracted ion chromatograms of methoxyacetylfentanyl metabolites in urine sample
from Case #4 (a), including 20× magnification of minor metabolites (b). Peaks from hydrolyzed sample except glucuronide metabolites. Metabolites identified
in replicate 2 after 5 h of hepatocyte incubation (c), including 20× magnification of minor metabolites (d).

without access to synthesized reference materials is often impossi-
ble. This is also true for most metabolites of methoxyacetylfentanyl.
However, methoxyacetylfentanyl is structurally similar to acetyl-,
acryl-, cyclopropyl- and 4-fluoro-isobutyrylfentanyl previously stud-
ied by our group using reference materials synthesized in-house and
behaved very similar when comparing positional preference on the
phenethyl moiety during metabolism (25). Assuming the same is true

for methoxyacetylfentanyl, we tentatively assigned positional iso-
mers on the phenethyl ring for many metabolites, but the reader
should bear in mind that this was not confirmed. The MS-MS
spectrum of the demethylated metabolite M22 was also dominated
by m/z 105 and 188, indicating unmodified phenethyl moiety and
piperidine ring. The corresponding glucuronide (M19) contained
the same product ions as M22 (m/z 105 and 188) as well as m/z
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Table III. Cases Grouped Based on Analytical Findings

Group Rapid death Delayed death abstinent Delayed death chronic Hospital

Cases 5, 7, 9 8, 10 2, 4, 11 3
Parent blood (ng/mL) 21–140 17–31 18–51 N/A
Parent urine (area 103) 255–371 2,400–8,600 3,100–5,000 <20
M22 (area 103) <20–970 1,200–4,700 9,300–10,600 520
M19 (area 103) <20–21 110–280 2,300–2,800 39

Area ratio parent/M22 0.96 –> 1.8 2.0–2.6 0.29–0.53 <0.04
Area ratio M19/M22 ND, 0.078, <0.19 0.085–0.090 0.22–0.27 0.08

339, corresponding to the protonated molecular ion of M19. The
spectrum of normethoxyacetylfentanyl (M05) as well as the cor-
responding demethylated metabolite (M02) are dominated by the
product ion m/z 84. The same is true for its glucuronide (M01).

Hydroxylated and dihydroxylated metabolites
Four metabolites with the formula C22H28N2O3 corresponding to
monohydroxylation were identified. The MS spectrum of M20 was
dominated by m/z 121 and 204, indicating hydroxylation on the
phenethyl moiety. Similar spectra were also observed for M13, the
demethylated analog of M20. It is postulated that M20 and M13
are hydroxylated in the 4-phenethyl position based on the known
preference for this configuration as shown by Wallgren et al. (25).
Two monohydroxylated and demethylated glucuronides (M04 and
M09) were identified. It is likely that these are both glucuronides
of M13 with the glucuronide attached either to the exposed pri-
mary alcohol of the hydroxyacetyl group or the 4-phenethyl-hydroxy
group. The spectra of M23 and M18 are very different from those
of M20 and M13, respectively. Major ions include m/z 91 tropy-
lium ion formed from a phenyl ring, 204 (hydroxylated phenethyl
including piperidine), 186 (water loss from 204) and 105, indi-
cating an unmodified phenethyl moiety. This odd pattern actually
suggests M23 and M18 to be β-phenethyl-hydroxyls as similar pat-
terns have been observed for the β-phenethyl-hydroxy metabolites
of several other fentanyl analogs (25). The product ion m/z 174
indicates a cleavage in the middle of the piperidine ring, while sev-
eral possibilities exist for m/z 132. The spectra of M25 and M27
contain m/z 105 and 186 (water loss from m/z 204), which are
consistent with a metabolite hydroxylated on the piperidine ring.
However, retention times after the parent indicate that they might
be N-oxide metabolites. The spectra also contain fragments m/z 146
and/or 158, which most likely represent cleavages across the piperi-
dine ring although it is difficult to assign the exact structure of these
ions. M17 was identified as dihydroxylated on the phenethyl moi-
ety based on product ions m/z 84 (piperidine), 137 (dihydroxylated
phenethyl) and 220 (dihydroxylated phenethyl including piperidine).
The same product ions were also identified for the demethylated
analog M10 and its corresponding glucuronide M7. The positional
isomers are tentatively assigned as 3,4-catechol metabolites based
on the previous research (23, 25, 26). As water loss from aro-
matic rings is uncommon, it is interesting that a small product ion
with m/z 119, matching a water loss from m/z 137, was observed
for M10.

Other metabolites
No less than six methylated catechol metabolites were identi-
fied for methoxyacetylfentanyl (M15, M16, M21 and the glu-
curonides M06, M12 and M14), all of which were modified on

the phenethyl moiety and identified by product ions m/z 84, 119
(not in M06 and M12), 151 and 234. Most likely, these represent
the catechol-O-methyltransferase methylation of a catechol interme-
diate (27). Similar to the monohydroxylated metabolites discussed
above, the most abundant analogs were assigned as 4-phenethyl-
hydroxy,3-phenethyl-methoxy (M21) and correspondingly as 4-
phenethyl-hydroxy,3-phenethyl-methoxy desmethyl (M15), based
on the work by Wallgren et al. (25). Two glucuronides (M06 and
M12) were assumed to both be 4-phenethyl-hydroxy,3-phenethyl-
methoxy, as M15, but with the glucuronide either at the primary
alcohol of the hydroxyacetyl group or the 4-phenethyl-hydroxy
group. The minor hydroxy, methoxy metabolite (M16) was assumed
to be 3-phenethyl-hydroxy,4-phenethyl-methoxy desmethyl metabo-
lite. Interestingly, two metabolites corresponding to 4-phenethyl-
hydroxy,3-phenethyl-methoxy desmethyl glucuronide (M06 and
M12) were identified.

Despropionylfentanyl was formed by the loss of the methoxy-
acetyl group and confirmed using a reference material as 4-ANPP
(M26). The spectra contained m/z 105 and 188. Two hydroxy-
lated metabolites (M08 and M24) were also identified. The MS
spectra of M08 also contained product ions m/z 105 and 188,
indicating hydroxylation on the phenyl ring, while the spectra of
M24 instead contained product ions m/z 121 and 204 indicating
phenethyl ring hydroxylation. The dihydrodiol (M11) and dihydro-
diol desmethyl (M03) metabolites were identified by the product
ions m/z 84, 121 (water loss from 139), 204 (water loss from 222)
and 222, indicating the phenethyl moiety as the site of the dihydro-
diol. The exact location of the dihydrodiol could not be determined,
but it appears likely that it is in the same position in both M03
and M11.

Comparison with previous publications
In general, our data are in agreement with metabolites reported by
other studies. Comparisons are limited by the fact that all studies
used different chromatographic methods producing different reten-
tion times. Comparisons were based on accurate mass, relative
retention, relative peak area and, when relevant, mass spectra. When
looking at the five most abundant metabolites in our urine samples
and hepatocytes (six metabolites in total), Nordmeier et al. reported
all of them in both rat urine and after s9 incubation with the excep-
tion of the desmethyl hydroxy-methoxy metabolite (M15), which
was only found in rat urine (20). Interestingly, this metabolite was
not reported by either Mardal et al. or Hudson and Cutler, nor
did they report nordesmethyl methoxyacetylfentanyl (M02) or, in
the case of Hudson and Cutler, the desmethyl glucuronide (M19)
(1, 19). However, Mardal et al. reported 4-ANPP (M26) to be one of
the most abundant metabolites in both urine samples and after hepa-
tocyte incubation, while in the present study, it was not detected after
hepatocyte incubation and only at modest levels in the urine samples
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(1). A similar difference was observed for hydroxylated 4-ANPP
(M08). As Mardal et al. used a seized material for their hepatocyte
incubations and 4-ANPP is a known precursor to fentanyl analogs,
it is possible that those metabolites were caused by impurities in the
material used.

Interpretation of urinary metabolite profiles
When looking at the abundances of the parent compound methoxy-
acetylfentanyl, M22 (O-desmethyl) and M19 (glucuronide of M22)
in urine, four distinct groups were observed as shown in Table III. In
three cases (#5, #7 and #9), the abundances of the parent methoxy-
acetylfentanyl, M19 and M22 were all low (<380 k, <21 k and <970
k counts, respectively), which in combination with a substantial con-
centration in femoral blood (21–140 ng/g) may indicate an acute
intake while abstinent and a “rapid” death. In two of those cases
(#7 and #9), a syringe was found at the scene, suggesting intravenous
administration and a rapid onset.

In Cases #8 and #10, the abundances of methoxyacetylfentanyl
(>2,400 k) and M22 (>1,200 k) were high, while the abundance of
the phase II metaboliteM19was low (<280k). This could indicate an
acute intake while abstinent but a more delayed death where phase I
metabolite M22 was formed and only some phase II metabolite M19
was produced. Femoral blood concentrations were 17 and 31 ng/g.
In hepatocytes, M22 reached a plateau after 1 h, while M19 was still
increasing at 5 h of incubation.

In Cases #2, #4 and #11, the abundances of methoxyacetylfen-
tanyl (>3,000 k) as well as both M19 (>2,300 k) and M22 (>9,300 k)
were high, which could be indicative of an acute intake in a chronic
user. Femoral blood concentrations were 18–51 ng/g.

In Case #3, the subject was treated in the hospital for 3
days before pronounced deceased. The concentration of methoxy-
acetylfentanyl in hospital blood was 41 ng/mL. While the femoral
concentration in blood postmortem is unknown, methoxyacetylfen-
tanyl was not detected in postmortem urine, and urinary metabolite
areas were low, showing the patient to be in the late elimination
phase.

Conclusions

Based on the hepatocyte experiments and authentic cases in our
study, the major urinary metabolites of methoxyacetylfentanyl were
identified. Differences in the abundance of methoxyacetylfentanyl
and its major metabolites were found useful to indicate fatal intoxi-
cations in abstinent or chronic users. We postulate that urinary con-
centrations of methoxyacetylfentanyl, desmethyl methoxyacetylfen-
tanyl (M22) and the corresponding glucuronide metabolite (M19),
in combination with the methoxyacetylfentanyl concentration in
femoral blood, might be good indicators of the time between admin-
istration and death as well as prior use. Although the published data
suggest that methoxyacetylfentanyl is less potent than fentanyl, we
conclude that users are at a high risk of accidental fatal intoxication.

Supplementary data

Supplementary data is available at Journal of Analytical Toxicology
online.

Funding

This study was supported by Strategiområdet Forensiska Veten-
skaper (Strategic Research Area Forensic Sciences) at Linköping
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24. Åstrand, A., Töreskog, A., Watanabe, S., Kronstrand, R.,
Gréen, H., Vikingsson, S. (2019) Correlations between metabolism
and structural elements of the alicyclic fentanyl analogs cyclo-
propyl fentanyl, cyclobutyl fentanyl, cyclopentyl fentanyl, cyclo-
hexyl fentanyl and 2,2,3,3-tetramethylcyclopropyl fentanyl studied by
human hepatocytes and LC-QTOF-MS. Archives of Toxicology, 93,
95–106.

25. Wallgren, J., Vikingsson, S., Rautio, T., Nasr, E., Åstrand, A.,
Watanabe, S., et al. (2021) Structure elucidation of urinary metabolites
of fentanyl and five fentanyl analogs using LC-QTOF-MS, hepatocyte
incubations and synthesized reference standards. Journal of Analytical
Toxicology, 44, 993–1003.

26. Watanabe, S., Vikingsson, S., Roman, M., Green, H., Kronstrand, R.,
Wohlfarth, A. (2017) In vitro and in vivo metabolite identification
studies for the new synthetic opioids acetylfentanyl, acrylfentanyl,
furanylfentanyl, and 4-fluoro-isobutyrylfentanyl. The AAPS Journal,
19, 1102–1122.

27. Guldberg, H.C., Marsden, C.A. (1975) Catechol-O-methyl trans-
ferase: pharmacological aspects and physiological role. Pharmacolog-
ical Reviews, 27, 135–206.

https://hybris-static-assets-production.s3-eu-west-1.amazonaws.com/sys-master/images/hce/hbc/9616887349278/Designer%20Fentanyls%20-%20Drugs%20that%20kill%20and%20how%20to%20detect%20them%20-%20Methoxyacetylfentanyl.pdf
https://hybris-static-assets-production.s3-eu-west-1.amazonaws.com/sys-master/images/hce/hbc/9616887349278/Designer%20Fentanyls%20-%20Drugs%20that%20kill%20and%20how%20to%20detect%20them%20-%20Methoxyacetylfentanyl.pdf
https://hybris-static-assets-production.s3-eu-west-1.amazonaws.com/sys-master/images/hce/hbc/9616887349278/Designer%20Fentanyls%20-%20Drugs%20that%20kill%20and%20how%20to%20detect%20them%20-%20Methoxyacetylfentanyl.pdf
https://hybris-static-assets-production.s3-eu-west-1.amazonaws.com/sys-master/images/hce/hbc/9616887349278/Designer%20Fentanyls%20-%20Drugs%20that%20kill%20and%20how%20to%20detect%20them%20-%20Methoxyacetylfentanyl.pdf
https://hybris-static-assets-production.s3-eu-west-1.amazonaws.com/sys-master/images/hce/hbc/9616887349278/Designer%20Fentanyls%20-%20Drugs%20that%20kill%20and%20how%20to%20detect%20them%20-%20Methoxyacetylfentanyl.pdf

	Circumstances, Postmortem Findings, Blood Concentrations and Metabolism in a Series of Methoxyacetylfentanyl-Related Deaths
	 Introduction
	 Material and Methods
	 Cases
	 LC–MS-MS quantification in blood
	 LC–QTOF-MS identification of metabolites
	 Hepatocyte incubation of methoxyacetylfentanyl

	 Results
	 Autopsy cases
	 Methoxyacetylfentanyl metabolites

	 Discussion
	 Identification of methoxyacetylfentanyl metabolites
	 Hydroxylated and dihydroxylated metabolites
	 Other metabolites
	 Comparison with previous publications
	 Interpretation of urinary metabolite profiles

	 Conclusions
	 Supplementary data
	Funding
	 Data Availability
	References


