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ABSTRACT
Synthetic opioids are lab-synthesized substances that target the brain’s opioid receptors, offering analgesic and sedative effects.
Amongst them, fentanyl is one of themost widely used to intervene in chronic pain inmoderate to severe cancer situations. Butyryl
fentanyl (BF) is a novel synthetic opioid whose use is growing. Its potency is seven times that of morphine and, unlike fentanyl,
BF can only be obtained through illegal sources. Fentanyl and its analogues are related to harmful intoxications and an increase
in opioid-related mortality in many countries, such as in the United States and Europe in recent years. This work developed and
validated an effective and sensitive method based on solid-phase extraction followed by gas chromatography-mass spectrometry
(GC-MS) for the determination of fentanyl and BF in oral fluid samples. To the best of our knowledge, it is the first successful
attempt to quantify these analytes using GC-MS with a limit of quantification (LOQ) of 1 ng/mL in OF. Intra-day and inter-day
percentage coefficient of variation were found within 1%–3% and 1%–14%, respectively, while accuracy ranged from 92% to 102% at
four concentration levels (lower LOQ [LLOQ], 3, 20, 40 ng/mL) in accordance with the established criteria. The absolute recovery
values were in the range of 80.0%–100.0%. The method was linear for all analytes, with quadratic regression of calibration curves
always higher than 0.99. The validated method demonstrated its great potential to detect and quantify fentanyl and its analogue in
OF and it can be useful not only in forensic investigations of addiction histories but also in epidemiological studies on the spread
of fentanyl and BF among workers and/or drivers.

1 Introduction

Synthetic opioids are lab-synthesized substances that target the
brain’s opioid receptors, offering analgesic and sedative effects.
Amongst them fentanyl is one of the most widely used to
intervene in chronic pain in moderate to severe cancer situations
[1, 2], acting selectively on the μ-opioid receptor with minor
activity at the Δ and κ receptors [3–5].

Despite its therapeutic use, recently there has been a surge in
its illicit circulation, leading to a rising risk of life-threatening
poisonings [6, 7]. Initially utilized as a heroin substitute, fen-
tanyl’s history of illicit abuse has persisted, contributing to
a global increase in opioid-related deaths, particularly in the
United States [8–10]. The emergence of various fentanyl ana-
logues, both for medical and non-pharmaceutical use, reflects
the complex landscape of opioid abuse. Sold in various forms
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on the illicit market, fentanyl poses a significant public health
concern.

The abuse of synthetic opioids has increased in several countries
worldwide and throughout the present decade and this abuse has
resulted in epidemic-level harms in some countries. Deaths from
opioid use are increasing [6], especially in the US, with a growing
percentage due to synthetic opioids.

Several analogues of fentanyl, which vary in potency and
pharmacokinetic properties, were designed and modelled on
the synthesis of the latter. While some of them were regis-
tered for human use (alfentanil, remifentanil, sufentanil and
lofentanil) and in veterinary medicine for wild animals (carfen-
tanil and thiofentanil), others (e.g. acetylfentanyl, acryloyfen-
tanyl, butyrylfentanyl, cyclopentylfentanyl, furanylfentanyl and
octofentanil)—also known by the name of non-pharmaceutical
fentanyls (NPFs)—never developed into a medicinal product
[11–15].

As far as the illicit market is concerned, fentanyl is generally
sold as a powder to dissolve or inject, smoke or inhale, as
nasal sprays, liquids or tablet forms [16]. Butyryl fentanyl (N-(1-
phenethylpiperidin-4-yl)-N-phenylbu-tyramide or butyrfentanyl
or BF) is a designer fentanyl and it was first reported in Poland
in the summer of 2013 [17]. BF is a novel synthetic opioid whose
use is growing [18]. Its potency is seven times that of morphine
[2] and, unlike fentanyl, BF can only be obtained through illegal
sources [19].

Intravenous administration of BF is the most common route, and
its pharmacological profile can be regarded as being like fentanyl,
morphine, and other synthetic opioids [20].

The original Janssen route to fentanyl could be central to the
synthesis process of BF as the only difference between this opioid
and the parent fentanyl one can be localized in the nature of the
amide portion of the molecule. Another option is that it is made
following the reaction between 4-ANPP, the last intermediate
before fentanyl in the Siegfried and Valdez routes, with butanoyl
chloride [21].

During the last two decades, forensic toxicologists developed
a series of analytical methods for detecting synthetic opioids
with the intention of counteracting the ongoing opioid overdose
epidemic. Standard targeted analytical techniques such as liquid
chromatography-tandemmass spectrometry (LC-MS/MS) [22, 23]
and gas chromatography-MS (GC-MS) [24, 25] were often used for
the detection of synthetic opioids [26–35].

The field of substances of abuse is ever-changing and the interest
in using oral fluid (OF) for forensic and toxicological purposes has
grown significantly in recent years as a consequence of the advan-
tages of this matrix, and also due to the extraction and analytical
procedures having improved [36–38]. OF has gradually become
popular as an alternative biological specimen for the detection of
drugs [3, 39–41]. The use of alternative matrices in toxicological
analyses has begun to characterize clinical and forensic settings
[42] and, within this panorama, OF as non-invasive fluid has
attracted attention in the field of drugs [43–46].

OF is characterised by easy and non-invasive specimen collection.
Their free fraction form is themodality inwhich drugs are usually
present since the bounded drug may not infiltrate through the
salivary tissues [47].

Regarding the analysis of fentanyl and BF, several examples of
GC-MS analytical methods were reported in the literature and
many improvements in detecting low concentrations of fentanyl
derivatives have been carried out. However, most of them were
related to urine and blood specimens. In 201,3 Strano Rossi et al.
reported an analytical method for the quantitative detection of
fentanyl and their metabolites in urine [25]. In 2019, Misailidi
and co-workers reported amethod validation of synthetic opioids,
including BF in blood [35]. Although the improvements related
to quantifying these analytes at low concentrations in blood and
urine employ the GC-MS technique, OF remains an unexplored
matrix. Moreover, BF is less studied compared to other synthetic
opioids and there are no cases in which BF was detected employ-
ingGC-MS inOF. Fentanyl is generallymore investigated in urine
and blood, but only one case has been reported for its detection
in OF implementing GC-MS as an analytical instrument [33].
This led us to develop an analytical method for the detection
and quantification of fentanyl and BF in OF employing a GC-MS
technique.

This method requires the use of solid-phase extraction (SPE) as a
useful tool for a straightforward pre-treatment of samples employ-
ing fentanyl d5 as an internal standard. Based on the limited
published scientific literature, currently, there are no examples of
validated analytical GC-MSmethods detecting fentanyl and BF at
very low concentrations in OF.

2 Materials andMethods

2.1 Chemicals andMaterials

Reference standard solutions in methanol of fentanyl and BF
were used to prepare the corresponding working solutions.
BF 1 mg/mL solution was purchased from Cayman Chemical
(Michigan, USA). A standard solution containing 1 mg/mL
of fentanyl was acquired from LGC Standards (Milan, Italy).
Fentanyl d5 was obtained from Lipomed (Basilea, Switzerland)
at a concentration of 1 mg/mL. Sodium acetate and methanol
were acquired from Carlo Erba reagents (Milan, Italy). Twenty
drug-free OF samples were obtained from male and female
volunteers and used for the preparation of calibration curves. SPE
Strata X Drug B 33 mm Polymeric strong Cation cartridges were
purchased from Phenomenex s.r.l (Bologna, Italy). Ethyl acetate
was acquired from ITW Reagents division (Illinois, USA) while
isopropanol and ammonia from Carlo Erba reagents (Milan,
Italy).

2.2 Calibration and Sample Extraction

Working solutions containing both 0.7 µg/mL of fentanyl and
BF, and 1 µg/mL of fentanyl d5 were used for the preparation
of the spiked OF samples at concentrations of 0.5, 1.0, 2.0, 5.0,
10, 20, 25, and 50 ng/mL. For QC samples a different working
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TABLE 1 Retention times (in minutes) and diagnostic ions inm/z. Ions in bold are used for quantitation.

Compound
Retention time

(min)
Quantifier
(m/z)

Qualifier 1
(m/z)

Qualifier 2
(m/z)

Fentanyl 14.05 245 146 189
Butyryl fentanyl 14.7 259 146 189
Fentanyl d5 14.05 250 151 194

FIGURE 1 (a) Mass spectra in selective ionmonitoring (SIM)mode of fentanyl (14.05 rt), (b) butyryl fentanyl (14.7 rt) at 50 ng/mL, and (c) fentanyl
and butyryl fentanyl chromatogram at 50 ng/ml.

solution containing 0.7 µg/mL of fentanyl and BF was prepared.
Standard solutions and spiked sampleswere stored at−20◦Cuntil
use. Extraction of analytes was carried out with Strata X Drug B
33 mm Polymeric strong cation cartridges. Before loading to the
cartridges, 10 µL of 1 µg/mL fentanyl d5 working solution were
added to 2 mL± 0.5 OF and then samples were diluted with 2 mL
of 0.1 M acetate buffer solution pH 5.

Saliva was collected by spitting in the absence of stimulation.
Oral fluid samples were collected from 20 healthy volunteers
free of drugs of abuse (both males and females), after obtaining
their informed consent. During collection, salivary samples were
transferred to a plastic tube with an identification number in
order to avoid any possible identification of the donor. Each
sample was centrifuged at 4000 rpm for 10 min. Five different
samples randomly chosen between males and females were
mixed in order to obtain a pooledOF sample. The pooled lotswere
aliquoted and stored at −20◦C.

The samples were then loaded onto the SPE cartridges. The
extraction was conducted at a speed of 1 drop/s. The column was
washedwith an additional 2mL of 0.1M of acetate buffer solution
pH 5,methanol (2mL) and dried under a stream of nitrogen for 10
min. Elution of analytes was performed with a 70:20:10 mixture
of ethyl acetate: isopropanol: ammonia hydroxide (750 µL twice).
The eluateswere then dried under nitrogen at 40◦C, reconstituted
with 50 µL of ethyl acetate and injected into the instrument.
Fentanyl and BFwere analyzed in GC-MSwithout derivatization.

2.3 GC-MS Analysis

GC-MS analyses were carried out on an Agilent 7820A gas chro-
matograph coupled to a 5977B single quadrupolemass spectrome-
ter (Agilent Technologies, Waldbronn, Germany), operating both
in selective ion monitoring (SIM) and in Scan modes (scan range
50–550 amu). Acquisition and data analysiswere performed using
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FIGURE 2 Chromatograms of an oral fluid sample spiked at
1 ng/mL fentanyl (a, 14.05 rt) and butyryl fentanyl (b, 14.7 rt) in selective
ion monitoring (SIM) mode.

standard software supplied by themanufacturer. The columnwas
an HP-5MS (5% Diphenyl/95% Dimethylpolysiloxane) capillary
column (30 m × 0.25 mm. i.d., 0.25 µm film thickness, Agilent
Technologies). The temperature program was as follows: 100◦C,
42◦C/min to 200◦C, hold for 2.67 min, 15◦C/min to 280◦C, hold
for 12 min. The injection port and ion source temperatures were
set at 250 and 230◦C, respectively. Split injection mode with
a split ratio of 100:1 was used, and helium was employed as
carrier gas at a flow rate of 0.7 mL/min. The mass spectrometer
(MS) was operated in the electron ionization (EI) mode (70 eV).
The mass spectra of the analytes were recorded by total-ion
monitoring to determine retention times (RTs) and characteristic
mass fragments. For quantitative analysis, the chosen diagnostic
mass fragments were monitored in SIM mode. The analytes
were initially analyzed in scan mode (50–500 m/z) using EI. The
spectrum of each analyte was compared with reference spectra
available in the NIST MS program. One quantifier and two
qualifier ions per fentanyl were used for their determination into
the matrix (Table 1 and Figure 1).

2.4 Method Validation

The analytical method was validated according to ICH guidelines
[48] and it was evaluated for linearity, the limit of detection

(LOD), the limit of quantification (LOQ), accuracy, precision,
selectivity, specificity, carryover and recovery. Calibration curves
were plotted in triplicate on three different days by adding
to blank OF samples aliquots of a working solution contain-
ing fentanyl and BF at 0.7 µg/mL. Repeatability and accuracy
were studied at four concentration levels: LOQ, low (QC1),
medium (QC2) and high (QC3). All parameters studied are listed
below.

2.5 Interferences

Twenty negative OF samples were collected from male and
female subjects and analyzed for interfering peaks. OF samples
were fortified with aliquots at the concentration of 50 ng/mL
of common drug of abuse (cocaine and related metabolites
coca-ethylene and benzoylecgonine, common opiates such as
morphine, methadone, codeine, dihydrocodeine and benzodi-
azepines such diazepam, clonazepam, flunitrazepam, lorazepam
and nitrazepam) to evaluate selectivity. Satisfactory selectivity
was established if no interfering signals were detected in terms
of characteristic fragments at the RTs of analytes related to
endogenous or exogenous compounds.

2.6 LOD and LOQ

The LOD was expressed as the concentration producing a signal-
to-noise (S/N) >3 for at least three ion fragments for each
analyte. The LOQ was considered the concentration giving at
least an S/N>10 for three ion fragments and acceptable accuracy
and precision (percentage coefficient of variation [%CV], %E <

20%).

2.7 Linearity

The linearity of the method was studied in the range from the
LOQ of each substance to 50 ng/mL. Calibration curves were
plotted in triplicates on three different days. The curves were
constructed by the method of least-squares with a weighting
factor of 1/x and linearity was expressed as quadratic regression
coefficient (R2).

2.8 Accuracy and Precision

The accuracies of the method were expressed as the percentages
of the systematic error (E%) and precisions as CV%. Oral fluids
were fortified at 1.0 ng/mL (LOQ), 3 ng/mL (three times LOQ,
QC1), and 20.0 ng/mL (30%–50% of calibration range, QC2)
and 40 ng/mL (at least 75% of upper LOQ, QC3). The bias
and precision of this method were measured in five replicates
over three different days. Precision and accuracy were calculated
based on the quantifier ions. Intraday precision was evaluated by
injecting each QC sample five times daily into the instrument.
Interday precision was evaluated by analyzing all QCs on three
different working days.
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FIGURE 3 Chromatograms of a sample positive for fentanyl and butyryl fentanyl (BF).

2.9 Memory Effect

Three spiked OF samples at of 50, 100 and 200 ng/mL with
fentanyl and butyryl fentanyl were prepared. All samples were

extracted as described above and injected into the instrument (n=
3), along with solvent blanks. After each run of a fortified sample,
a blank was evaluated to verify the presence of carryover, which
was not present up to 200 ng/mL.
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TABLE 2 Validation data, limits of detection (LODs), limits of quantification (LOQs) and linearity.

Analyte
LOD

(ng/mL)
LOQ

(ng/mL) Slope (±SD)
Intercept
(±SD) R2 (±SD)

Slope
CV% R2 CV%

Fentanyl 0.5 1 1.333 ± 0.0320 −0.0391± 0.020 0.999 ± 0.0004 2.4 0.04
Butyryl fentanyl 0.5 1 1.245 ± 0.037 −0.0372 ± 0.017 0.998 ± 0.0009 3.0 0.1

TABLE 3 Intra-/inter-day precision, percentage of systematical error and recovery at 5, 20 and 50 ng/mL for each analyte.

Analyte
QCs Concentration

(ng/mL)
Intraday precision

(CV%)
Interday precision

(CV%)
Accuracy
(E %)

Recovery at 5, 20
and 50 ng/mL (%)

Fentanyl LLOQ
3
20
40

0.84
1.6
2.5
2.2

13.8
1.6
4.26
6.14

2.3
−0.04
−3.8
−7

89
100
80

Butyryl fentanyl LLOQ
3
20
40

2.6
3.4
1.6
2.6

12.3
12.8
5.6
9.1

−0.08
−0.94
−7.24
−8.45

86
100
82

2.10 Recovery

The recovery was evaluated by comparing extracted samples
at three different concentrations (low 5 ng/mL and medium,
20ng/mLandhigh 50ng/mL)with corresponding samples spiked
after extraction.

3 Application of the Method

Thirty OF samples were analysed and collected from subjects
aged 18–40 years old. The proposed method demonstrated
its specificity for the detection of fentanyl and BF, verifying
the absence of interfering signals at the RTs of the analytes
(Figure 2a,b). Calibration curves were plotted for fentanyl and BF
prepared from OF at concentrations of 0.5, 1, 2, 5, 10, 20, 25 and
50 ng/mL. The calculated calibration curves displayed excellent
linearity (R2

≥0.998) within the range of 1.0–50 ng/mL for both
analytes. The LOQ was defined as the lowest concentration of
the standard calibration with an S/N of at least 10 and acceptable
criteria of inaccuracy and imprecision (± 20%). Hence, we set the
LOQ at 1 ng/mL for both analytes and it was evaluated using five
replicates per run, over 3 days with three different blank matrix
sources. OF samples at concentrations of 0.3, 0.5 and 0.7 ng/mL
were prepared for evaluating LODs in the chromatogram. All
experiments were run in triplicate for each concentration. The
LODs were 0.50 ng/mL for both analytes.

The samples were collected and processed to maintain
anonymity, and integrity and prevent contamination. The
results of our investigation revealed varying levels of fentanyl
and BF exposure among selected individuals, with five samples
testing positive for fentanyl and/or BF. Concentrations quantified
in these positive samples were 1.38, 1.55, 1,20, 1,07 and 2.02 ng/mL
for fentanyl. Two of those samples displayed positivity also for BF,
with concentrations of 1.65 and 1.93 ng/mL. A chromatogram of a
positive sample of fentanyl and BF is reported in Figure 3. These

findings provide critical data on the prevalence and potential
risks associated with both analytes’ use in this demographic.

4 Results and Discussion

Due to the increasing abuse worldwide of fentanyl derivatives,
it is necessary to develop useful analytical methods for their
detection in different biological matrices. This GC-MS method
was meticulously developed to reach high selectivity, which is
crucial for accurately identifying and quantifying analytes at trace
levels in complex biological matrices such as OF. Our validation
process ensured the reliability and reproducibility of the method,
conforming to stringent analytical standards.

The results are shown in Table 2. Accuracy and precision were
defined, respectively, as CV% and E% and the results are reported
in Table 3. Values are lower than 20% for low concentrations
and lower than 15% for high concentrations. Accuracy and
repeatability were excellent for all analytes at their respective
LOQs. Hence, according to the guidelines, this method displayed
acceptable accuracy and precision values. Recovery was high and
varied from 80 to 100% as shown in Table 3. CV% related to
intra-day was between 0.8 and 2.5% for fentanyl and between
1.6 and 2.5% for BF. Between runs, precision varies from 6% to
12% for both analytes. In summary, validation parameters such as
LODs, LOQs, precision, accuracy and linearity make this method
adequate for the analysis of fentanyl and BF in OF.

5 Conclusion

Blood and urine are generally the first choice of samples to
be tested for toxicological assessments in different contexts.
However, due to its ease of sampling and blood-similar window
of detection, OF could be a good alternative matrix for detecting
synthetic opiates. This analytical method reported herein is
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straightforward, selective, and accurate for the determination of
these analytes in OF and it can be useful not only in forensic
investigations of addiction histories but also in epidemiological
studies on the spread of fentanyl and BF among workers and/or
drivers. Notably, it is proposed as the first attempt to quantify
fentanyl and its derivative BF using GC-MS with a LOQ of
1 ng/mL. Future perspective could be a further extension of this
method to other synthetic opiates and its application to real cases.

The presence of fentanyl in these real samples underscores
significant public health concerns, emphasizing the need for
enhanced surveillance, early intervention, and targeted educa-
tional programs to address and mitigate the risks of fentanyl
exposure among young individuals.

Our study contributes to the growing body of evidence necessary
for informing policy decisions anddeveloping effective preventive
strategies to combat the opioid crisis.
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