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Abstract

Purpose Fentanyl analogues are popular in recent years among drug addicts and have been related to many overdoses and
deaths worldwide. Furanylfentanyl, ocfentanil, acetylfentanyl and butyrfentanyl are among the most common of these drugs.
Methods for the determination of furanylfentanyl and ocfentanil by gas chromatography—mass spectrometry (GC-MS) in
biological samples do not exist, and therefore, their development would be extremely useful for routine toxicological analysis.
Methods A GC-MS method was developed and fully validated for the determination of furanylfentanyl and ocfentanil in
whole blood. This method was also suitable for the determination of acetylfentanyl and butyrfentanyl. The method included
solid-phase extraction after protein precipitation using acetonitrile, and it was applied during the toxicological investigation
of forensic cases. Methadone-d; was used as internal standard for the quantification of the analytes.

Results The limit of detection and limit of quantification values were 0.30 and 1.0 ng/mL for furanylfentanyl and ocfentanil
and 0.15 and 0.50 ng/mL for acetylfentanyl and butyrfentanyl, respectively. The calibration curves were linear (R>>0.993)
from 1.00 to 100 ng/mL for furanylfentanyl and ocfentanil and from 0.50 to 50.0 ng/mL for acetylfentanyl and butyrfentanyl.
The recoveries were not lower than 85%, while accuracies and precisions were not greater than 6.0% (% error) and 8.0% (%
relative standard deviation), respectively, for all four fentanyl analogues.

Conclusions The developed method is the first one in the literature for the detection of furanylfentanyl and ocfentanil in
biological fluids by GC-MS, and it provides very high sensitivity comparable to that by liquid chromatography—tandem
mass spectrometry.
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Introduction

Fentanyl analogues were initially developed to find opi-
oid analgesics with better therapeutic indices, in terms of
potency, than fentanyl. Many of the fentanyl analogues are
considered to be novel psychoactive substances (NPS) [1-3].
During the 1970s fentanyl and its analogues were detected
for the first time on the illicit drug market. Approximately
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1400 fentanyl analogues had been synthesized and more
than 200 of them had been described in the literature in
toxicological or pharmacological studies until 2004 [4], but
only three of them have been approved for medical use. In
recent years, misuse of fentanyl and often even more potent
fentanyl analogues (fentanils) has become more prevalent;
the market has increased in complexity and harms have
increased [3]. Following this outbreak, local authorities have
placed many fentanyl analogues under control in order to
limit their use [5-8]. As a result, many national governments
have recognized most notably China as the source of the vast
majority of the fentanyl and fentanils produced for the illicit
drugs market, and international organizations have placed
all or some of the fentanils under legislative control in an
attempt to control their production and trade and to limit
their use. In response to the legislative controls of specifi-
cally named substances, especially where generic legislation
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based on alterations to the fentanyl structure is not in place,
newer fentanils continue to appear [3]. The development and
validation of analytical methods for the determination of
such substances are required for the analysis of biological
samples for clinical and forensic toxicological purposes.

Four of the most recent fentanils appearing on the illicit
drugs market are furanylfentanyl, ocfentanil, acetylfentanyl
and butyrfentanyl. Only a few analytical methods validated
for the determination of these fentanyl analogues have been
published. Immunoassays generally used for screening of
urine samples for fentanyl cannot differentiate fentanyl ana-
logues from one another or from fentanyl [9-13]. For the
confirmation of these four fentanyl analogues separately in
blood [14-24], urine [14-16, 18, 20, 22, 24-29], vitreous
humor [14, 15, 18, 20], bile [18] and other matrices [14-16,
18], mainly liquid chromatography (LC) was employed
[18-24, 26-28]. Gas chromatography—mass spectrometry
(GC-MY) has also been used for the determination of some
fentanyl analogues in biological fluids [14-17, 25].

To our knowledge, there is no published validated method
for the determination of furanylfentanyl and ocfentanil in
biological specimens by GC—MS. The aim of this study
was the development and validation of a fast, sensitive and
specific GC-MS method for the determination of these two
fentanils in whole blood. This method was also used for
the determination of acetylfentanyl and butyrfentanyl in the
same matrix. The GC-MS instrument is most widespread
in forensic toxicological laboratories in the world, and it is
most fundamental as a reliable instrumental analysis. There-
fore, the establishment of quantitative analysis of circulating
illicit drugs, such as fentanils, by GC-MS is essential.

Materials and methods
Materials

Furanylfentanyl hydrochloride (powder>98%), ocfen-
tanil hydrochloride (powder >98%), acetylfentanyl hydro-
chloride (powder >98%) and butyrfentanyl hydrochloride
(powder >98%) were purchased from Cayman Chemical
Company (Ann Arbor, MI, USA), while methadone-d,
(methanolic solution 1.0 mg/mL, >99.9%) was purchased
from LGC Promochem (Molsheim, France). Other drugs
and their metabolites used were of the highest purity com-
mercially available.

The solvents used (acetonitrile, dichloromethane, ethyl
acetate, hexane, isopropanol, ammonium hydroxide) were of
high-performance liquid chromatography (HPLC) grade and
were purchased from Merck (Darmstadt, Germany). Bond
Elut Certify, Bond Elut Certify II and HF Bond Elut C18

solid-phase extraction (SPE) cartridges were obtained from
Agilent Technologies (Santa Clara, CA, USA).

Preparation of standard solutions, calibrators
and quality control samples

A standard stock solution (at a concentration of 10 pg/mL)
of each of the four analytes was used for the preparation
of three calibrator working solutions. The first calibrator
working solution was at a concentration of 0.050 pg/mL
for furanylfentanyl and ocfentanil and at a concentration
of 0.025 pg/mL for acetylfentanyl and butyrfentanyl; the
respective concentrations of the second calibrator were
0.2 and 0.1 pg/mL and for the third calibrator were 1.0 and
0.5 pg/mL, respectively. Pooled drug-free blood samples
were spiked with the appropriate volume of the above work-
ing solutions giving calibrators at the concentrations of 1.0,
2.0, 6.0, 20.0, 40.0 and 100 ng/mL for furanylfentanyl and
ocfentanil, and of 0.5, 1.0, 3.0, 10.0, 20.0 and 50.0 ng/mL
for acetylfentanyl and butyrfentanyl. Two different working
solutions were prepared for the preparation of the quality
control (QC) samples. The first solution was at a concentra-
tion of 0.2 pg/mL for furanylfentanyl and ocfentanil and at
a concentration of 0.1 pg/mL for acetylfentanyl and butyr-
fentanyl, and the respective second calibrator were 1.0 and
0.5 pg/mL. The concentrations of the three QC levels were
3.0, 30.0 and 80.0 ng/mL, for furanylfentanyl and ocfentanil
and 1.5, 15.0 and 40.0 ng/mL for acetylfentanyl and butyr-
fentanyl. Finally, a working internal standard solution of
methadone-d;, was prepared at a concentration of 2.0 pg/mL
by dilution of the stock solution (1.0 mg/mL) in methanol.

Sample preparation

The method included the combination of protein precipi-
tation with acetonitrile and SPE of whole blood samples
followed by GC-MS analysis. A volume of 50 pL of the
working internal standard solution (methadone-d;, 2.0 pg/
mL) was added to 1.0 mL of each whole blood sample. The
blood samples were vortexed for 30 s. A 2-mL volume of
acetonitrile was added to the samples, during the vortexing
for protein precipitation. The samples were centrifuged at
3000 rpm for 5 min and the supernatant was collected. A
volume of 3 mL of 0.1 M phosphate buffer (pH 6.0) was
added to the supernatant and the samples were centrifuged at
3000 rpm for 5 min. Bond Elut Certify SPE cartridges were
conditioned with 3 mL methanol, 3 mL deionized water
and 1 mL of 0.1 M phosphate buffer (pH 6.0). The super-
natant sample was loaded onto the cartridges with a flow
rate of 1.0 mL/min. The columns were then washed with
3 mL of deionized water, 1 mL of 0.1 M phosphate buffer
(pH 4.0) and 3 mL methanol, and dried under high vacuum
(=10 mmHg) for 10 min. Finally, the analytes were eluted
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twice with 2.0 mL of a freshly prepared mixture of dichlo-
romethane/isopropanol/ammonium hydroxide (85:15:2,
v/v/v). The eluents were collected, evaporated to dryness
under a gentle stream of N, at 40 °C and then reconstituted
in 50 pL of ethyl acetate before GC-MS analysis. A volume
of 1 pL was injected into the GC-MS system.

GC-MS instrument and its conditions

A Shimadzu model GC-2010 equipped with a Shi-
madzu AOC-20i autosampler system and interfaced with
a Shimadzu QP 2010S mass spectrometer (Shimadzu,
Kyoto, Japan) was used in this study. A DB-5MS column
(30 mx0.25 mm i.d., 0.25 pm film thickness) was supplied
by Agilent Technologies and used for the chromatographic
analysis. Helium was used as the carrier gas at a flow rate
of 1.0 mL/min. The GC-MS system was operating at the
following conditions: initial column temperature at 100 °C,
held for 1 min, increased at a rate of 30 °C/min to 300 °C
and held for 5 min. The MS was operated in electron ioni-
zation (EI) and selected ion monitoring (SIM) modes. The
three ions used for each fentanyl analogue were m/z 283,
240, 158 for furanylfentanyl, m/z 279, 176, 236 for ocfenta-
nil, m/z 231, 146, 188 for acetylfentanyl, m/z 259, 146, 189
for butyrfentanyl, and m/z 297, 72, 161 for methadone-d;.
The bold marked ions were used for the quantification of
fentanils. Acetylfentanyl was eluted at 9.34 min, butyrfen-
tanyl at 9.92 min, ocfentanil at 10.03 min, furanylfentanyl
at 11.76 min and methadone-d; at 7.461 min.

Results and discussion
Method development

The GC-MS method for the determination of furanylfenta-
nyl and ocfentanil in whole blood was developed and vali-
dated. This method was also suitable for the determination
of acetylfentanyl and butyrfentanyl in the same matrix. This
method can be probably applied to whole blood samples
in any forensic case involving these substances. It should
be mentioned that fentanils are generally well suited for
GC-MS analysis without derivatization.

The four fentanyl analogues were initially injected (50 pL.
of a combined working standard at concentration 1.0 pg/
mL) into the chromatographic system in scan mode (m/z
50.0-500) using EI. The three most abundant and selective
ions of the respective mass spectrum of each analyte were
used as qualifier and quantifier ions, and the most abundant
ions were used for the quantification of the fentanils.

The developed method includes sample pretreatment with
protein precipitation using acetonitrile and SPE extraction
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with Bond Elut Certify columns. In the methods previously
published, liquid-liquid extraction (LLE) was mostly used
as the extraction method [13-15, 22]. LLE was tested during
the optimization of the extraction method. Different pH val-
ues (7.0, 8.0, 9.0, and 10.0) were tested, as well as different
organic solvents mixtures. These solvents were ethyl acetate,
hexane/ethyl acetate (70:30, v/v), hexane/ethyl acetate/iso-
propanol (49:49:2, v/v/v), hexane/isopropanol (98:2, v/v),
dichloromethane/isopropanol (90:10, v/v), dichloromethane/
hexane/isopropanol (49:49:2, v/v/v), and dichloromethane/
ethyl acetate (20:80, v/v). In all cases, there were interfer-
ences by endogenous matrix compounds. During the devel-
opment of the extraction method, different SPE columns
(Bond Elut Certify, Bond Elut Certify II, and HF Bond Elut
C18) were also tested. A strong matrix effect was observed
at the retention time of furanylfentanyl when Bond Elut
Certify II and HF Bond Elut C18 columns were used. The
hydrophobic and cation exchange properties of the Bond
Elut Certify column made them suitable for the analysis of
basic drugs, such as the studied fentanyl analogues. When
the SPE column was tested, high recovery values and low
matrix interference were observed (85% for all analytes),
thus SPE extraction with Bond Elut Certify columns was
chosen as the optimum extraction technique.

Method validation

The validation of the developed GC-MS method was per-
formed according to international guidelines [30-32].
The following criteria were used to evaluate the GC-MS
method: selectivity, specificity, limits of detection (LODs),
limits of quantification (LOQs), linearity, absolute recov-
ery, accuracy, precision and stability of spiked samples. The
validation process was performed during four different days.
Selectivity was estimated via analysis of six blank blood
samples. After the matrix effect assessment in the selectiv-
ity study, negligible matrix interferences, from endogenous
blood compounds, were observed at the retention times of
all analytes of interest. Representative SIM chromatograms
of a blank sample for all analytes are presented in Fig. 1a.
Specificity was examined by analysis of six spiked blood
samples with illicit and medicinal drugs and their metabolites
that are commonly detected in casework such as morphine,
codeine, 6-acetylmorphine, methadone, buprenorphine,
norbuprenorphine, fentanyl, norfentanyl, cocaine, benzo-
ylecgonine, ecgonine methylester, A’-tetrahydrocannabinol,
1 1-nor—9-carb0xy-A9-tetrahydrocannabinol, amphetamine,
methamphetamine, 3,4-methylenedioxymethampheta-
mine (MDMA), 3,4-methylenedioxyamphetamine (MDA),
N-methyl-1,3-benzodioxolylbutanamine (MDBD), 3,4-meth-
ylenedioxy-N-ethylamphetamine (MDEA), ketamine, nor-
ketamine, alprazolam, bromazepam, diazepam, nordiaz-
epam, 7-aminoflunitrazepam, lorazepam, amitriptyline,
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Fig. 1 Representative selected ion monitoring chromatograms of: a a
blank blood sample and b a spiked blood sample with the four fenta-
nyl analogues at the respective limit of quantification (LOQ) concen-

nortriptyline, citalopram, fluoxetine, maprotiline, des-
methylmaprotiline, mirtazapine, desmethylmirtazapine,
paroxetine, sertraline, desmethylsertraline, venlafaxine,

trations (1.00 ng/mL for furanylfentanyl and ocfentanil, and 0.50 ng/
mL for acetylfentanyl and butyrfentanyl). Rt retention time

desmethylvenlafaxine, olanzapine, risperidone, 9-hydroxy-
risperidone, quetiapine, zolpidem and paracetamol at a con-
centration of 500 ng/mL each. The specificity study showed
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that the above substances did not interfere with the deter-
mination of the four fentanyl analogues of interest in whole
blood samples.

The LODs and LOQs were determined as the sample con-
centrations corresponding to peak area giving rise to a sig-
nal-to-noise (S/N) ratio of at least 3:1 and 10:1, respectively.
The LODs were found 0.30 ng/mL for furanylfentanyl and
ocfentanil, and 0.15 ng/mL for acetylfentanyl and butyrfen-
tanyl, whilst LOQs were found 1.00 ng/mL for furanylfen-
tanyl and ocfentanil, and 0.50 ng/mL for acetylfentanyl and
butyrfentanyl. Representative SIM chromatograms for all
analytes at the respective LOQ concentrations are presented
in Fig. 1b.

Linearity was evaluated through the calibration curves
that were constructed by the method of least-squares with a
weighting factor of 1/x%, and it was expressed by the coef-
ficient of determination (R?). The calculated calibration
curves were found linear (R*>>0.993) within the range of
1.00-100 ng/mL for ocfentanil and furanylfentanyl, and
0.50-50.0 ng/mL for acetylfentanyl and butyrfentanyl. The
relative standards of the slope, expressed as percentage, were

also calculated and found not greater than 4.9% for all ana-
lytes (Table 1).

The recoveries were calculated via analysis and compari-
son of three replicates at each QC concentration with the
respective methanolic standards, because matrix effects were
negligible as described above. In all QC levels, the recover-
ies were ranged from 85.2 to 114% for furanylfentanyl, from
97.1 to 114% for ocfentanil, from 85.0 to 113% for acetylfen-
tanyl and from 97.4 to 116% for butyrfentanyl.

The accuracies of the method were expressed as the per-
centages of the systematic error (% E,) and the precisions
as the percentages of relative standard deviation (% RSD).
Intraday and interday accuracies were found to be between
— 2.7 and 6.0%, for all analytes in all QC levels, and preci-
sions were not greater than 8.0% for all analytes (Table 2).

The stability of the fentanyl analogues in spiked blood
samples was assessed after storage of spiked blood samples
at room temperature (25 °C) for 1 week, at 4 °C for 24 h,
1 week and 2 weeks and at — 20 °C for 2 weeks and 1 month.
Furthermore, frozen spiked blood samples were subjected to
three freeze—thaw cycles. The calculated losses for all four
fentanyl analogues at all studied conditions are presented in

Table 1 Limits of detection

its of ficati Fentanil LOD (ng/mL) LOQ (ng/mL) Concentration % RSD of R?
(LODs), limits of quantification (SIN>3/1) (S/N>10/1) range (ng/ml)  slopes (n=4)
(LOQs) and linearity data
of the developed method for Furanylfentanyl ~ 0.30 1.00 1.0-100 4.1 >0.994
the determination of the four Ocfentanil 030 1.00 1.0-100 47 > 0.993
fentanils in whole blood
Acetylfentanyl 0.15 0.50 0.50-50.0 46 > 0.995
Butyrfentanyl 0.15 0.50 0.50-50.0 49 > 0.996

S/N signal-to-noise ratio, RSD relative standard deviation, R? coefficient of determination

Table 2 Intraday and interday accuracies and precisions of the developed method for the determination of the four fentanils in blood at three QC

levels
Fentanil QC concentra- Intraday (n=06) Interday (n=24)
tion (ng/mL) - — - —
Mean concentration ~ Accuracy (% E,) Precision Mean concentration  Accuracy (% E,)  Precision
+ SD (ng/mL) (% RSD) =+ SD (ng/mL) (% RSD)
Furanylfentanyl 3.00 2.99+0.20 -0.33 6.7 2.92+0.22 -2.7 7.5
30.0 313+1.8 4.3 5.8 30.8+2.0 2.7 6.5
80.0 83.0+3.1 3.8 3.7 80.3+3.3 0.38 4.1
Ocfentanil 3.00 3.05+0.11 1.7 3.6 2.94+0.15 -2.0 5.1
30.0 30.3+1.0 1.0 33 30.1+1.7 0.33 5.6
80.0 789+1.8 -14 23 80.0+3.1 0.0 39
Acetylfentanyl 1.50 1.52+0.05 1.3 33 1.50+0.12 0.0 8.0
15.0 154+09 2.7 5.8 15.1+1.1 0.67 7.3
40.0 41.7+14 4.2 34 40.6+2.1 1.5 52
Butyrfentanyl 1.50 1.55+0.06 33 39 1.49+0.08 —0.67 54
15.0 159+0.8 6.0 5.0 152+1.1 1.3 7.2
40.0 41.2+1.5 3.0 3.6 409+1.9 2.2 4.6

QC quality control, SD standard deviation, E, error
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Table 3 Stability of the four

S " Storage condition Percent loss (%)

fentanils in whole blood under

different storage conditions Furanylfentanyl Ocfentanil Acetylfentanyl Butyrfentanyl
1 month (-20 °C) -1.0 -0.53 —0.80 -15
2 weeks (=20 °C) —-34 -15 -36 -3.7
2 weeks (4 °C) -13 -7.6 —-13 -7.8
1 week (4 °C) -12 -74 -13 -52
24h (4 °C) -15 -12 - 18 -87
1 week (25 °C) - 14 - 11 -12 - 11
Three freeze-thaw cycles - 17 -9.2 - 18 - 14

Table 3. All percent values were less than 20%, even storage
in whole blood at room temperature (25 °C), showing that
they are relatively stable. At — 20 to 4 °C, the percent losses
were even lower. To store the whole blood samples for as
long as 1 month without any loss, the freezing at — 20 °C is
most recommendable.

Method application

To our knowledge, there are no seizures of furanylfentanyl,
ocfentanil, acetylfentanyl and butyrfentanyl in Greece. Nev-
ertheless, the recent use and prevalence of these analogues
around the world has led us to the development of this fit-
for-purpose method. The developed method was applied
at the Department of Forensic Medicine and Toxicology
of National and Kapodistrian University of Athens for the
toxicological investigation of 50 forensic cases positive for
classic drugs of abuse during the months from September
2017 to May 2018. None of the fentanils was detected in the
blood samples. This suggests that the use of these NPS in
Greece is, for the time being, limited.

Conclusions

A quantitative method for the determination of furanylfen-
tanyl and ocfentanil in whole blood, using GC-MS has been
developed and validated. This method was also suitable for
the determination of acetylfentanyl and butyrfentanyl in the
same matrix. The sample pretreatment procedure includes
protein precipitation with acetonitrile followed by SPE. To
the best of our knowledge, it is the first study to determine
furanylfentanyl and ocfentanil by GC-MS. The method pre-
sents some considerable advantages as compared to other
methods, including liquid chromatography—tandem mass
spectrometry, in terms of sensitivity [13, 14, 16, 18, 21, 23,
24], dynamic range [13, 16, 21], and recovery rates. The
proposed method can solve already existing analytical prob-
lems; it satisfies sensitivity and reliability requirements by
using a low cost fundamental equipment, available at com-
mon clinical or forensic laboratories, and it can be a useful

tool during the toxicological investigation in fentanil related
forensic cases.

Compliance with ethical standards

Conflict of interest There are no financial or other relations that could
lead to a conflict of interest.

Ethical approval The blank whole blood samples were obtained from
healthy volunteers after getting their informed constent. This article
does not contain any studies with animals performed by any of the
authors.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. United Nations Office on Drugs and Crime (UNODC) (2013)
New psychoactive substances. World drug campaign. https://
www.unodc.org/documents/drugs/printmaterials2013/NPS_leafl
et/WDC13_NPS_leaflet_EN_LORES.pdf. Accessed 1 Feb 2017

2. United Nations Office on Drugs and Crime (UNODC) (2013)
The challenge of new psychoactive substances. Global SMART
programme. https://www.unodc.org/documents/scientific/
NPS_2013_SMART.pdf. Accessed 4 Feb 2017

3. United Nations Office on Drugs and Crime (UNODC) (2017) Fen-
tanyl and its analogues—>50 years on. Global SMART Update
17:1-12. https://www.unodc.org/documents/scientific/Globa
1_SMART_Update_17_web.pdf. Accessed 14 Apr 2017

4. Skulska A, Kala M, Parczewski A (2004) Fentanyl and its ana-
logues in the forensic laboratory. Medical and analytical problems.
Probl Forensic Sci 59:127-142

5. Katselou M, Papoutsis I, Nikolaou P, Spiliopoulou C, Athanaselis
S (2015) Old opioids new concerns: the case of acetylfentanyl.
Forensic Toxicol 34:201-212

6. Misailidi N, Papoutsis I, Nikolaou P, Katselou S, Spiliopoulou C,
Athanaselis S (2017) Furanylfentanyl: another fentanyl analogue,
another hazard for public health. Forensic Toxicol 36:1-11

7. Misailidi N, Papoutsis I, Nikolaou P, Dona A, Spiliopoulou C,
Athanaselis S (2017) Fentanyls continue to replace heroin in the

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.unodc.org/documents/drugs/printmaterials2013/NPS_leaflet/WDC13_NPS_leaflet_EN_LORES.pdf
https://www.unodc.org/documents/drugs/printmaterials2013/NPS_leaflet/WDC13_NPS_leaflet_EN_LORES.pdf
https://www.unodc.org/documents/drugs/printmaterials2013/NPS_leaflet/WDC13_NPS_leaflet_EN_LORES.pdf
https://www.unodc.org/documents/scientific/NPS_2013_SMART.pdf
https://www.unodc.org/documents/scientific/NPS_2013_SMART.pdf
https://www.unodc.org/documents/scientific/Global_SMART_Update_17_web.pdf
https://www.unodc.org/documents/scientific/Global_SMART_Update_17_web.pdf

244

Forensic Toxicology (2019) 37:238-244

10.

11.

12.

13.

15.

16.

17.

18.

20.

drug arena: the cases of ocfentanil and carfentanil. Forensic Toxi-
col 36:12-32

World Health Organization (2016) Butyrfentanyl (butyrylfenta-
nyl): critical review report. Agenda item 4.2, Expert Committee
on Drug Dependence, Thirty-eighth Meeting, Geneva, 14—18 Nov
2016

Ruangyuttikarn W, Law MY, Rollins DE, Moody DE (1990)
Detection of fentanyl and its analogs by enzyme-linked immuno-
sorbent assay. J Anal Toxicol 14:160-164

Alburges ME, Hanson GR, Gibb JW, Shakashita CO, Rollins DE
(1992) Fentanyl receptor assay. II. Utilization of a radioreceptor
assay for the analysis of fentanyl analogues in urine. J Anal Toxi-
col 16:36—41

Wang BT, Colby JM, Wu AHB, Lynch KL (2014) Cross-reactivity
of acetyl fentanyl and risperidone with a fentanyl immunoassay. J
Anal Toxicol 38:672-675

Randox Toxicology (2017) USA crack down of fentanyl epidemic.
https://www.randoxtoxicology.com/newsroom/71/. Accessed 28
May 2017

Gerace E, Salomone A, Vincenti M (2018) Analytical approaches
in fatal intoxication cases involving new synthetic opioids. Curr
Pharm Biotechnol 19:113-123

. Zhang X, Phipps RJ, Levine BS, Aronica P, Locke J, Brassel MA,

Warren WS, Ripple MG, Fowler DR (2015) Post-mortem distri-
bution of acetyl fentanyl. In: 67th Annual Scientific Meeting of
AAFS, Orlando, Florida, Abstract No. K26. https://www.aafs.org/
wp-content/uploads/2015Proceedings.pdf. Accessed 28 May 2017
Mclntyre IM, Trochta A, Gary RD, Malamatos M, Lucas JR
(2015) An acute acetyl fentanyl fatality: a case report with post-
mortem concentrations. J Anal Toxicol 39:490-494

Mclntyre IM, Trochta A, Gary RD, Wright J, Mena O (2016)
An acute butyr-fentanyl fatality: a case report with postmortem
concentrations. J Anal Toxicol 40:162—-166

Butler DC, Shanks K, Behonick GS, Smith D, Presnell SE, Tor-
mos LM (2018) Three cases of fatal acrylfentanyl toxicity in the
United States and a review of literature. J Anal Toxicol 42:6-11
Poklis J, Poklis A, Wolf C, Mainland M, Hair L, Devers K, Chros-
towski L, Arbefeville E, Merves M, Pearson J (2015) Postmortem
tissue distribution of acetyl fentanyl, fentanyl and their respec-
tive nor-metabolites analyzed by ultra-high performance liquid
chromatography with tandem mass spectrometry. Forensic Sci Int
257:435-441

. Hisatsune K, Zaitsu K, Yamanaka M, Nakajima J, Moriyasu T,

Ishiba A, Hida M, Tsuchihashi H, Ishii A (2015) Determination
of newly encountered designer drugs a-PHP and acetylfentanyl
in an acute intoxication case by LC/Q-TOF MS. In: 53rd TIAFT
Meeting, Firenze 2015

Staeheli SN, Baumgartner MR, Gauthier S, Gascho D, Jarmer
J, Kraemer T, Steuer AE (2016) Time-dependent post-mortem
redistribution of butyrfentanyl and its metabolites in blood and

@ Springer

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

alternative matrices in a case of butyrfentanyl intoxication. Foren-
sic Sci Int 266:170-177

Coopman V, Cordonnier J, De Leeuw M, Cirimele V (2016)
Ocfentanyl overdose fatality in the recreational drug scene. Foren-
sic Sci Int 266:469-473

Dussy FE, Hangartner S, Hamberg C, Berchtold C, Scherer U,
Schlotterbeck G, Wyler D, Briellmann TA (2016) An acute ocfen-
tanyl fatality: a case report with postmortem concentrations. J
Anal Toxicol 40:761-766

Mohr ALA, Friscia M, Papsun D, Kacinko SL, Buzby D, Logan
BK (2016) Analysis of novel synthetic opioids U-47700, U-50488
and furanyl fentanyl by LC-MS/MS in postmortem casework. J
Anal Toxicol 40:709-717

Helander A, Bickberg M, Beck O (2016) Intoxications involving
the fentanyl analogs acetylfentanyl, 4-methoxybutyrfentanyl and
furanylfentanyl: results from the Swedish STRIDA project. Clin
Toxicol 54:324-332

Melent’ev AB, Kataev SS, Dvorshaya ON (2015) Identification
and analytical properties of acetyl fentanyl metabolites. J Anal
Chem 70:240-248

Patton AL, Seely KA, Pulla S, Rusch NJ, Moran CL, Fantegrossi
WE, Knight LD, Marraffa JM, Kennedy PD, James LP, Endres
GW, Moran JH (2014) Quantitative measurement of acetyl fenta-
nyl and acetyl norfentanyl in human urine by LC-MS/MS. Anal
Chem 86:1760-1766

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, acrylfenta-
nyl, furanylfentanyl, and 4-fluoro-isobutyrylfentanyl. AAPS J
19:1102-1122

Goggin MM, Gozum ZD, Miller A, Janis GC (2018) Anodyne by
design; measuring and prevalence of esoteric designer opioids in
pain management patients. J Anal Toxicol 42:384-391
Bickberg M, Beck O, Jonsson KH, Helander A (2015) Opioid
intoxications involving butyrfentanyl, 4-flurobutyrfentanyl,
and fentanyl from the Swedish STRIDA project. Clin Toxicol
53:609-617

U.S. Food and Drug Administration (FDA) (2018) Guidance for
industry, bioanalytical method validation. https://www.fda.gov/
downloads/drugs/guidances/ucm070107.Pdf. Accessed 28 Sept
2018

Magnusson B, Ornemark U (eds) (2014) The fitness for purpose
of analytical methods—a laboratory guide to method validation
and related topics, 2nd edn. EURACHEM, Torino

International conference on harmonization of technical require-
ments for registration of pharmaceuticals for human use (2005)
ICH harmonized tripartite guideline: validation of analytical
procedures. Text and methodology Q2(R1), step 4 version. ICH,
Geneva


https://www.randoxtoxicology.com/newsroom/71/
https://www.aafs.org/wp-content/uploads/2015Proceedings.pdf
https://www.aafs.org/wp-content/uploads/2015Proceedings.pdf
https://www.fda.gov/downloads/drugs/guidances/ucm070107.Pdf
https://www.fda.gov/downloads/drugs/guidances/ucm070107.Pdf

	A GC–MS method for the determination of furanylfentanyl and ocfentanil in whole blood with full validation
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Materials
	Preparation of standard solutions, calibrators and quality control samples
	Sample preparation
	GC–MS instrument and its conditions

	Results and discussion
	Method development
	Method validation
	Method application

	Conclusions
	References




