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Abstract

Opioids represent a broad family of compounds that can be used in several indications:
analgesics, antitussives, opioid substitution therapy (e.g. methadone, buprenorphine...).
When these products are misused, they are often addictive. Thus, we aimed to develop an
analytical method able to rapidly quantify several opiates and opioids (6-
monoacetylmorphine, buprenorphine, codeine, dihydrocodeine, 2-ethyl-1,5-dimethyl-3,3-
diphenylpyrrolidine, ethylmorphine, heroin, methadone, morphine, nalbuphine, naloxone,
norbuprenorphine, norcodeine, norpropoxyphene, oxycodone and propoxyphene) in whole
blood by ultra-high performance liquid chromatography combined with high resolution
mass spectrometry (UHPLC-HRMS). The validated assay requires only 100 uL of the
blood sample. The sample is prepared by a rapid liquid-liquid extraction using 5% zinc
sulfate (W/V), methanol and acetonitrile. Calibration curves range from 0.98 to 1000 pug/L,
except for buprenorphine (0.39-100 pg/L) and norbuprenorphine (0.20-100 pg/L). Inter-
and intra-analytical accuracy was less than 15%. Therefore, we describe the development
and full validation of an accurate, sensitive and precise assay using UHPLC-HRMS for the
analysis of opioids in whole blood. After validation, this new assay is successfully applied

on a routine laboratory application basis.

Keywords: high-resolution mass spectrometry, opioids, toxicological analysis, fatal forensic
cases analysis.
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1. Introduction

Opioids represent a large family of compounds that can be used in several indications:
analgesics, antitussives, opioid substitution therapy (e. g. methadone, buprenorphine...).
When these molecules are misused, it is often addictive. In the case of overuse, the clinical
consequences associated with opioid intoxication or overdose will be observed: respiratory
depression, reduced heart rate, drowsiness, myosis, coma, and possible death. For the past
15 years, the United States and Europe have been confronted with an ever-increasing
opiate crisis [1-3]. The number of deaths due to opioid overdose in the United States has
continued to increase, with more than 50,000 deaths reported in 2016 [4]. In Europe,
opioids are present in 81% of cases of fatal overdose [3]. Heroin or its metabolites are
implicated in the majority of declared fatal overdoses, frequently in combination with other
substances. Other opioids, mainly methadone and high-dose buprenorphine, are also often
reported in toxicological reports of fatal overdoses [1-3].

According to the most up-to-date data, methadone-related deaths have exceeded heroin-
related deaths in Croatia, Denmark, France, and Ireland [3]. In response to this global
public health crisis, many countries have been working on their health policies, mainly to
improve prescription regulation and limit the misuse of these substances. The
quantification of opioids and their derivatives in biological fluids is of considerable
importance in clinical and forensic toxicology in many situations such as driving under the
influence, understanding the cause of death, research into doping agents or chemical

submission [5].

Different biological matrices can be used for the analysis of opioids and derivatives [6—8].

Whole blood is the matrix of choice for the quantification of illicit drugs [5,7]. As blood
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concentrations can be very low, analytical methods must be very sensitive. The
recommended quantitation limits are between 5 and 10 pug/L for all these types of analytes
in the blood [5]. In the 1990s, opioid quantification was performed by gas chromatography
coupled with mass spectrometry (GC-MS) [9]. In recent years, thanks to the improvement
of technology in terms of specificity, precision, and sensitivity, liquid chromatography
coupled with mass spectrometry has replaced the "old gold standard", GC-MS [10]. LC-
MS is widely used in clinical and forensic toxicology for screening and quantification of
drugs in different complex biological matrices [11-24]. In recent years, a new physical and
analytical approach using high-resolution mass spectrometry (HRMS) has emerged in
toxicology laboratories [25-31]. Thanks to this technology, the identification, and
quantification of compounds were based on the precise measurement of mass and fragment
ions. The objective of this study was, therefore, to develop and validate a rapid, sensitive
and quantitative method for the analysis of 16 opioids and derivatives: 6-
monoacetylmorphine (6-MAM), buprenorphine, codeine, dihydrocodeine, 2-ethyl-1,5-
dimethyl-3,3-diphenylpyrrolidine (EDDP), ethylmorphine, heroin, methadone, morphine,
nalbuphine, naloxone, norbuprenorphine, norcodeine, norpoxyphene, oxycodone and
propoxyphene in high-performance liquid chromatography coupled with high-resolution

mass spectrometry (UHPLC- HRMS).

2. Materials and methods

2.1. LC-MS analysis

2.1.1 Chemicals

All reference standards and their internal standards (IS) were purchased from Cerilliant

(Round Rock, Texas, USA). Acetonitrile, methanol, formic acid, and water, all hypergrade
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LC-MS for mobile phase, were obtained from Biosolve (Dieuze, France). Zinc sulfate and
ammonium formate were obtained from Sigma-Aldrich (Saint-Louis, Missouri, USA).
Whole blood from healthy donors was purchased from the Etablissement Francais du Sang

(EFS, Reims, France).

2.1.2 Chromatographic and mass-spectrometric conditions

An ultra-high performance liquid chromatography system with a Dionex Ultimate 3000
high-pressure pump (ThermoFisher Scientific, San Jose, USA) coupled with a quadrupole
hybrid mass spectrometer QExactive Orbitrap (ThermoFisher Scientific, San Jose, USA)
was used to develop and validate this method.

Chromatographic separation was achieved using a UHPLC Waters Acquity HSS T3 1.8
pum (2.1 x 50 mm) column (Waters Corp; Milford, MA, USA), maintained at 50°C. The
mobile phases were composed of water + formic acid 0.1% (V/V) (mobile phase A) and
acetonitrile + formic acid 0.1% (V/V) (mobile phase B). A programmed mobile-phase
gradient was used at a flow rate of 0.5 mL/ min during 5 min of run: 0 min, 3% B,
following concave curve; 3 min, 95% B; 4 min, 95% B, following concave curve; 4.3 min,

3% B following linear curve. The analysis and acquisition time were 5.10 minutes.

Detector coupling was performed using a heated electrospray ionization source (HESI)
operating in positive ionization mode, with the following settings: sheath gas at 45
arbitrary units (AU), auxiliary gas at 15 AU, sweep gas flow rate at 1 AU, spray voltage at
3.50 kV, ion transfer capillary temperature at 300 °C, S lens RF level at 70 AU and heating
temperature at 350 °C. The acquisition was performed using a parallel reaction monitoring
mode (PRM). The QExactive Orbitrap mass spectrometer can acquire masse range from 50
to 2000 m/z. The execution acquisition was from 0 to 5.25 min. The settings for the

acquisition were as follows: high resolution from 17,500 (resolution was calculated at full



1 width at maximum mid-height at m/z 200); target 1°% of the automatic gain control (AGC);
2 maximum injection time (IT) 50 ms. Collision energies have been optimized for each
3 analyte. Two PRM transitions were selected: the first for quantification and the second for
4 analytes confirmation (Table 1).

5 Mass calibration was performed once a week in a positive and negative mode according to
6 the manufacturer's recommendations, using an external calibration solution (Pierce®,
7 ThermoScientific, San Jose, USA).

8 TraceFinder Forensic 3.3 was used for LC-MS monitoring, library management,
9 acquisition, and processing.

10
2.2 Preparation of stock solutions, calibration standards and quality control samples

12
13 These solutions were stored for one month at -20 °C. To prepare the calibration standards,

14 a working solution (higher calibrator) was prepared with an appropriate volume of
15 methanol and then diluted in series by half. Calibration standards ranged from 0.98 to 1000
16 ug/L except for buprenorphine (0.39-100 pug/L) and norbuprenorphine (0.20-100 pg/L).
17 Ten microlitres of each dilution were then added to 100 puL of whole blank blood and
18 treated as a patient. Quality controls (QC) were prepared in our laboratory at different
19 concentrations corresponding to 3 times LLOQ (low level, QCL), 40% (medium level,
20 MCQ) and 80% (high level, QCH) of the highest standards. These quality control samples
21 were freshly prepared before analysis with stock solutions different from those used for
22 standard preparation. Besides, four internal quality controls (BTMF A, BTMF B, BTMF
23 C, and STM A) were purchased from ACQ Science (Rottenburg-Hailfingen, Germany)
24 (supplemental table 1). Internal quality controls were prepared in accordance with the
25 manufacturer's instructions.

26
2.3 Sample processing
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A stock solution was prepared in acetonitrile, containing all analytes at a final
concentration of 10 mg/L, except buprenorphine and norbuprenorphine at 1 mg/L. An
internal standard solution was prepared under the same conditions to obtain a final
concentration of 1 mg/L each. Ten microlitres of the internal standard solution were added
to 100 uL of the whole blood sample. Deproteinization with 100 uL of 5% zinc sulfate
(w/v), 100 uL of methanol and 200 pL of acetonitrile was performed. After 60 seconds of
vortex mixing, the sample was centrifuged at 10,000 g for 5 minutes. The supernatant (150
puL) was evaporated under nitrogen at 40°C. The dry extract was reconstituted with 100 L.
of water (LC-MS hypergrade) containing 0.1% (V/V) formic acid. Twenty microlitres of

this extract were injected into the UHPLC-HRMS system.

1214 Validation procedure
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Validation was conducted in accordance with international recommendations [32-34].
Linearity, precision, accuracy, selectivity, matrix effect (ME), carry-over and stability were

assessed as previously described [35].

2.4.1 Linearity

Following the guidelines, the lower limit of quantification (LLOQ) was determined for
each analyte as the lowest concentration for which the accuracy was between 80% and
120% and the precision below 20% (n = 6). The upper limit of quantification (ULOQ) was
also determined as the high concentration with an accuracy between 80 % and 120 % and
precision below 20%. Different weighting functions were tested in 10 calibration ranges
for each analyte to select the regression calibration (linear, 1 / X, 1 /X2, 1/Y ...). The

accuracy of quality controls, the analysis of the distribution of deviations from the
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prediction of regression or residual value (Gaussian distribution verified by the D'Agostino
Pearson test) and the accuracy of the standards to £15% (£20% at LLOQ) of the nominal

concentration were criteria for determining the regression model [35].

2.4.2 Precision and accuracy

Three QC prepared in our laboratory (QCL, QCM, QCH) and four levels of internal
quality controls (BTMF A, BTMF B, BTMF C and STM A purchased from ACQ Science,
Supplemental Table 1) were used to evaluate precision and accuracy of the method.
Within-run and between-run accuracy and precision were assessed by analyzing 10
samples per level of control. Precision was expressed as the relative standard deviation and
had to be within £15%. For accuracy, the mean concentration had to be within +15% from

target concentration at each tested level of control.

2.4.3 Selectivity

Six whole blood samples from donors were pre-treated and analyzed individually as blanks
to investigate interferences. As recommended, the absence of interfering components was
accepted when the blanks’ responses were lower than 20% of the LLOQ for the analytes

and 5 % for the corresponding internal standard [32,33].

2.4.4 Matrix effect

The matrix effect (ME) was evaluated with six whole blood samples from different
sources, according to Matuszewsky et al. [34]. Two sets of the matrices were spiked after
extraction with internal standards and all the analytes at a low or a high concentration: 2.94
pg/L or 800 ug/L respectively for all analytes, except for buprenorphine (1.17 pg/L or 80
pg/L) and norbuprenorphine (0.6 pg/L or 80 ug/L).

The matrix effect factor was calculated by comparing the area under the peak derived from
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the matrix spiked after extraction and the area under the peak of a pure solution at the same
concentration. The normalized factor of the matrix effect is defined for each matrix and
analyte by comparing the matrix factor of the analyte and the matrix factor of the
appropriate internal standard. The relative standard deviation of the normalized factors

must be less than 20%.

2.4.5 Stability

The stability of illicit drugs in whole blood has been described in the literature [5,6,36-38].
Opiates, morphine and codeine are stable at -20°C even for several years [36]. Under the
same storage conditions, 6-MAM degrades more quickly [36].

The stability of the solution of the calibration standards and the IS solution was evaluated
by comparing 1-month solutions and freshly prepared solutions.

The stability of ACQ science internal controls was evaluated over 3 months by comparing
controls stored at -20°C for 3 months and freshly reconstituted control.

Post-preparation stability was assessed by keeping the treated samples (STDs) placed in

glass vials in the autosampler (+10°C) for 24 hours.

2.4.6 Carry-over effects

The carry-over was evaluated by analyzing blank samples (n=6) immediately after the
highest concentration standard. As recommended, the signal should be less than 20% of

the LLOQ and less than 5% of the internal standard.

2.5 Forensic fatal cases review

A two-year review of fatal forensic cases was conducted in our laboratory. The samples

were analyzed using this analytical method. The involvement of opioids or their



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

derivatives has been studied. Other compounds that may increase toxicity have also been

reported.

2.6. Statistical analysis

GraphPad Prism 5.0 (GraphPad Software, San Diego, CA, USA) was used for statistical

analysis.

3. Results and discussion

3.1. Optimization of the method

In a previous study, extraction procedure was performed with chloroform: ethyl acetate
50/50 (v/v) and 20 pL of sodium carbonate buffer solution (20%, w/v) at pH 11, and
optimized to ensure enough signals for opioids and in particular morphine [13]. This
extraction was then assayed for the determination of other opioids and was not enough for
buprenorphine, methadone and their metabolites. Deproteinization using 100 uL of 5%
zinc sulfate (w/v), 100 uL of methanol and 200 pL of acetonitrile was performed. This
procedure was chosen because it allowed obtaining satisfactory signals for all compounds.
Column choice, curvilinear gradient and chromatographic parameters were optimized as
described [13]. After that, different mass spectrometry acquisition modes were tested: full
scan and parallel reaction monitoring (PRM). Full scan mode was unable to discriminate
isomeric compounds (morphine/norcodeine and 6-MAM/naloxone), so PRM mode was
chosen. For each compound, the energy of collision was optimized, and two fragment ions
were selected, the first one for the quantification and the second one for the confirmation
of the analytes (Table 1). Figure 1 depicts the reconstructed chromatogram of standard 6

for all analytes.

10
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3.2. Validation of the method

3.2.1. Linearity, precision and accuracy

For all analytes, quadratic regression (Y = ax? + bx) without weighting satisfied all the
predefined criteria [35]. Within the considered concentration range, regression coefficient
(r?) of the calibration curves were always higher than 0.997 (n = 10) with back-calculated
concentrations for the calibration samples within + 15 % (+ 20 % at LLOQ) of nominal
concentration.

The precision and accuracy (n = 6) of the LLOQ and ULOQ for each analyte were within
the recommended limits (Table 2). The relative standard deviations of quality controls
(commercial QC Table 3, home- made QC table 4) were comprised between 0.87 and
14.98% for both intra- and inter-assay precision (n = 10) and were within acceptance
criteria [38,39]. Evaluation of the accuracy of the quality controls showed a relative
standard deviation (n = 10) less than + 15% (85.01% - 109.96%) from target concentration
at each tested level (Table 3, 4) except for 6-MAM and EDDP in commercial quality
control. For both compounds, accuracy for intra- and inter- assay was less than 85%, but the

result was still in the confidence range of the quality control with exact precision.

3.2.2. Specificity and selectivity

Analysis of 6 different blank whole blood samples did not show any interference at the
retention time windows for each specified PRM. For each sample, the response was less
than 20% of the lower limit of quantification for analytes and 5% for internal standards.
Supplemental figure 1 represents overlapped chromatograms of LLOQ and blank samples

for all compounds.

11
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3.2.3. Matrix effect

Matrix factor (MF) and the internal standard normalized MF ranged from 0.8 to 1.85
(Supplemental Table 2). As recommended, the relative standard deviation of normalized

matrix factors of each analyte was below 15% (n = 6) [32].

3.2.5. Stability

All analytes were stable ( 15%, n = 6) in the processed samples (all standards) stored for
24 h in the autosampler (+10°C).
Long-term storage at -20°C, for 3 months, did not show any degradation of analytes in the

stock solution or the ACQ quality controls (£15%, n = 6).

3.2.6. Carry-over effects

The signals observed for all analytes in the blank samples processed immediately after the
highest standard was less than 20% of the signals of a LLOQ sample and less than 5% of
the signal of the corresponding internal standard.

These results confirm the absence of contamination and therefore, the choice of

appropriate chromatographic conditions.

3.3 Applicability

This method has been applied for the quantification of opioids and their derivatives in
whole blood for clinical and forensic toxicology purposes. Due to a complex metabolism
and pharmacokinetic parameters of each substance, it was essential to propose a method to
quantify these metabolites [5,6]. For example, heroin is the most commonly used illicit

opioid. Still, considering its very short half-life (3-9 min in blood), it will only be detectable

12
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in blood for a few minutes after administration. On the contrary, its metabolites, 6-MAM
and mainly morphine, with longer half-lives, will be detectable for 1-2 h and for more than
8 h, respectively. Considering pharmacokinetics parameters, heroin will only be detectable
in the blood for a few minutes, 6-MAM 1 to 2 hours, while morphine and codeine will be
detectable more than 8 hours after intake. Other synthetic opioids such as methadone and
buprenorphine are also being misused [3]. Methadone and buprenorphine, synthetic opioids
used in substitution treatment, are metabolized to EDDP and norbuprenorphine,
respectively [5,6]. It therefore seemed appropriate to develop a method to quantify these
various opioids and their metabolites.

Figure 2 illustrates an example of positive results obtained on a patient sample:
chromatograms of the quantification ion, the confirmation ion, and the internal standard are
presented, as well as the corresponding calibration curves. The sample was positive for
methadone (296 pg/L), EDDP (14 pg/L), morphine (32 pug/L) and codeine (6 ug/L). The
supplemental figure 2 illustrates another positive sample analysis for morphine (279 pug/L),
6-MAM (20 pg/L) and codeine (19 pg/L).

A two-year review of the fatal forensic cases analyzed at the toxicology laboratory of the
Reims hospital was carried out. Opioids and their derivatives were implicated in 16.2 % of
fatal cases (n=186). Morphine was the most commonly detected opioid (41 %), followed
by methadone (26 %), codeine (21 %), 6-MAM and buprenorphine (both 6 %). In 86 % of
cases, the opiates detected were associated with other substances: benzodiazepines (50 %),
THC (15.5 %), cocaine (7.7 %), or with each other. Opioids were also associated with
opioid substitution therapies, methadone (23 %) and buprenorphine (3.8 %). The median,
first and third quartiles concentrations for the different compounds were as follows: 6-
MAM (3 pg/L, 3-8), buprenorphine (2.8 ug/L, 2.7-2.9), codeine (12 pg/L, 5-88.25), EDDP

(18 pg/L, 9.2-30.5), methadone (139 pg/L, 128.15-188.7), morphine (22.4 ug/L, 6.3-

13
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129.5), norbuprenorphine (5.3 pg/L, 3.15-5.45) and norcodeine (29 pug/L, 13.25-52.25).

3.4 Comparison with reported methods

Ultra-high-performance liquid chromatography coupled with tandem mass spectrometry
(UHPLC-MS/MS) has become a well-established analytical technique for the
determination of drugs of abuse in clinical and forensic toxicology laboratories in whole
blood and serum. The first application using high-resolution mass spectrometry for the
quantification of opioids and their derivatives was performed with a Time of Flight (TOF)
mass spectrometer [11,12].

Concerning sample pre-treatment, solid-phase extraction (SPE) is the most common in the
literature [11,12,14-20,24]. Many procedures use SPE columns for whole blood analysis,
despite the risk of obstruction of the SPE column. To avoid this problem, some authors
propose to work at low temperatures [18] or to add a step of sonication of the sample by
centrifugation before loading the column with the supernatant. [12,16]. Feliu er al.
propose a liquid-liquid extraction of whole blood with chloroform and ethyl acetate [13].
Moreno-Vicente et al. [21], and Sartori et al. [22] propose methanol plasma precipitation.
In this work, we describe the precipitation of whole blood using acetonitrile, zinc sulfate
and methanol.

For the mass spectrometer, many procedures referenced in the literature use a triple-
quadrupole mass spectrometer with multiple-reaction-monitoring (MRM) mode. Due to its
high sensitivity and specificity, MRM is considered as a reference for quantitative analysis
[11,13-22]. Rosano et al. proposed a multi-drug and metabolite quantification by liquid
chromatography-high-resolution mass spectrometry in whole blood using a UHPLC-
MSE/TOF[12]. Quantification was performed using precursor ion data obtained with a mass

extraction window of 5 ppm. Fragment and residual precursor ion acquisitions at ramped

14



1 collision energies were evaluated as additional analyte identifiers. In parallel, UHPLC—
2 MS/MS analysis showed comparable precision and bias. Viaene et al. also compared a
3 triple-quadrupole and a quadrupole time-of-flight mass analyzer to quantify 16 opioids in
4 human plasma [11]. They concluded that the most efficient system depends on the
5 compound and even the concentration and that the best calibration model often differs by

6 compounds and method.

4. Conclusion

—_
—_— O O 0

In this work, we describe the development and the full validation of a precise, sensitive
12 and accurate UHPLC-HRMS method which can simultaneously quantify 6-MAM,
13 buprenorphine, codeine, norcodeine, dihydrocodeine, EDDP, ethylmorphine, heroin,
14 methadone, morphine, nalbuphine, naloxone, norbuprenorphine, oxycodone,
15 norpropoxyphene, and propoxyphene. The assay only requires a small volume of whole
16 blood and a simple pre-treatment. After validation, this new assay was routinely applied
17 for the analysis of clinical and forensic cases.
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Table legends:

Table 1: Retention time (RT), transition of precursors and fragments ions, mass
spectrometry parameters for 16 opioids and their respective internal standards.

Table 2: Limit of detection (LOD), lower limit of quantification (LLOQ), upper limit of
quantification (ULOQ), precision (relative standard deviation (RSD)) and accuracy of
LLOQ and ULOQ (n = 6).

Table 3: Intra- and inter-assay precision and accuracy for 8 opiates and derivates
determined on ACQ science quality controls (n = 15).

Table 4: Intra- and inter-assay precision and accuracy for 16 opioids and derivatives (n =
15) at three levels of concentration (3xLLOQ, 40 % and 80 % of ULOQ).

Supplemental table 1: Target concentrations and confidence range of ACQ science
internal quality controls

Supplemental table 2: Matrix effect factor at two levels of concentration determined in 6
different blank whole blood samples

Figure legends:

Figure 1: Reconstructed chromatograms for all analytes (A) of the standard 6 and their
internal standard (B). Minimal signal intensity was observed for buprenorphine (1.49¢6)
and the maximum signal intensity was observed for methadone (8.71e8).

Figure 2 : Example of result: chromatograms and calibration curve obtained for a sample
positive for methadone (A), EDDP (B), codeine (C) and morphine (D).

Supplemental Figure 1: Overlapping chromatograms of LLOQ and blank samples

extracted for 6-MAM (A), buprenorphine (B), codeine (C), dihydrocodeine (D), EDDP
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(E), ethylmorphine (F), heroin (G), methadone (H), morphine (I), nalbuphine (J), naloxone
(K), norbuprenorphine (L), norcodeine (M), norpropoxyphene (N), oxycodone (O) and
propoxyphene (P).

Supplemental figure 2: Example of result: chromatograms and calibration curve obtained

for a sample positive for morphine, 6-MAM and codeine.
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Table 1: Retention time (RT), transition of precursors and fragments ions, mass spectrometry parameters for 16 opioids.

Precursor ion

Quantification fragment ion (m/z)

Confirmation fragment ion (m/z)

Retention time

Compound Internal standard (m/z.) Collision energy Measured values Measured values (min)
Theorical (eV) . .
values measured theorical fragment measured | theorical fragment
6-monoacetylmorphine 6'm°“°a°e]t)y31m°rphme' 328,15433 35 211,07518 | 211,07590 | CI4HI102 | 16506974 | 16507043 | C13 HO 243
. . C24 H30 N
buprenorphine buprenorphine-D4 468,31084 35 414,26303 414,26443 C25 H36 N O4 | 396,21281 | 396,21748 o4 3,48
codeine codeine-D3 300,15942 25 215,10667 215,10720 C14 H15 02 | 243,10133 | 243,10212 | C15H1503 2,11
CI3 HI5 N3
dihydrocodeine dihydrocodeine-D3 | 302,17507 30 245,11722 | 2411642665 02 202,00387 | 202,0868 | C12HIZN 2,05
245,11777 02777
C15 H17 O3
EDDP EDDP-D3 278,19033 25 249,15085 248,14392 CI8 HI8 N 234,12741 | 234,12827 Cl17HI6 N 3,53
ethylmorphine morphine-D3 314,17507 25 229,12213 229,12151 CI3 HISN3 O | 257,11703 | 257,11643 Cl4 IgéS N3 2,63
. . CI9H22 N
heroin heroin-D9 370,1649 25 268,1327 268,13375 C17 HI8 N O2 | 328,15423 | 328,15488 04 3,12
265,15924023 CI9H210
methadone methadone-D3 310,21654 15 265,15823 265.15790 C17 H19 N3 105,03381 | 105,03404 C7H50 3,59
morphine morphine-D3 286,14377 25 201,09094 201,09155 CI13HI3 02 | 229,0861 | 229,08647 | C14 H13 O3 1,09
nalbuphine morphine-D3 358,20128 25 340,19045 | 340,19127 | C21 H26 N O3 | 254,11728 | 254,1181 | C1© (})1216 N 27
. CI6 HISN
naloxone morphine-D3 328,15433 25 310,14352 310,14432 CI19 H20 N O3 | 253,10949 | 253,11028 02 2,13
. . C25H34 N
norbuprenorphine norbuprenorphine-D3 414,26389 35 101,09634 101,09664 C6 H13 0 396,25326 | 396,25387 03 3,3
norcodeine morphine-D3 286,14377 25 268,1366 286,14432 C17 H20 N O3 | 225,09099 | 225,09155 | C15H13 02 2
norpropoxyphene propoxyphene-D5 326,21146 10 308,20089 308,20144 C21 H26 N O | 100,07619 | 100,07624 | C5HION O 3,59
oxycodone oxycodone-D6 316,15433 35 241,10925 241,11028 CISHISNO2| 256,1331 | 256,13375 C16C1;1218 N 316
propoxyphene propoxyphene-D5 340,22711 15 58,06603 58,06567 C3H8 N 266,19032 | 266,19087 | C19 H24 N 3,57




Table 2 : Limit of detection (LOD), lower limit of quantification (LLOQ), upper limit of quantification (ULOQ), precision (relative standard

deviation (RSD)) and accuracy of LLOQ and ULOQ (n = 6).

Precision

Precision

Drug LOD (pg/L) LLOQ (pg/L) (RSD %) of Acc“i“Lc(y) é%) of | ULOQ (ug/L) (RSD %) of Acc“lrjaLc(y)é%) of
LLOQ ULOQ

6-monoacetylmorphine 0.5 0.98 6.28 96.77 1000 6.64 91.24
buprenorphine 0.15 0.39 19.80 82.48 100 7.76 103.06
codeine 0.5 0.98 6.03 100.43 1000 5.70 92.73
dihydrocodeine 0.5 0.98 7.88 99.47 1000 10.00 85.48
EDDP 0.5 0.98 5.07 115.82 1000 5.70 99.35
ethylmorphine 0.5 0.98 5.64 100.15 1000 7.90 109.64
heroin 0.5 0.98 478 102.96 1000 5.30 96.94
methadone 0.5 0.98 487 117.33 1000 351 96.01
morphine 0.5 0.98 3.16 81.16 1000 0.84 99.42
nalbuphine 0.5 0.98 2.63 106.51 1000 6.18 104.45
naloxone 0.5 0.98 3.67 110.27 1000 3.19 102.39
norbuprenorphine 0.1 0.20 14.26 106.75 100 7.59 90.19
norcodeine 0.5 0.98 451 88.03 1000 3.02 103.46
norpropoxyphene 0.5 0.98 10.72 88.06 1000 10.38 111.64
oxycodone 0.5 0.98 8.64 103.25 1000 6.59 110.10
propoxyphene 0.5 0.98 4.62 95.68 1000 6.39 108.50




Table 3: Intra- and inter-assay precision and accuracy for 8 opiates and derivates determined on ACQ science quality controls (2 = 10).

RSD: relative standard deviation (%)

BTMF A BTMF B BTMF C STM A
Intra-assay Inter-assay Intra-assay Inter-assay Intra-assay Inter-assay Intra-assay Inter-assay
Precision | Accuracy | Precision | Accuracy | Precision | Accuracy | Precision Accuracy | Precision Accuracy | Precision | Accuracy Precision Accuracy | Precision Accuracy
(RSD %) | (%) (RSD %) (%) (RSD %) | (%) (RSD %) | (%) (RSD %) | (%) (RSD %) | (%) (RSD %) (%) (RSD %) | (%)
6-monoacetylmorphine 2.78 77.41 6.58 75.55 0.87 85.30 7.14 86.94 Not available
buprenorphine Not available 10.64 9222 ‘ 12.93 ‘ 89.79
codeine 3.44 85.08 5.12 90.04 341 86.40 6.65 91.47 1.86 97.01 | 5.87 93.88
Not available
dihydrocodeine 5.92 87.39 14.84 93.67 8.52 92.28 14.49 101.02 4.09 90.66 | 9.36 98.6
EDDP 4.77 80.22 6.82 84.17
Not available
methadone 4.27 85.01 3.13 87.8
morphine 2.04 ‘ 85.13 6.09 | 87.94 1.58 97.57 | 5.82 | 109.37 1.51 90.6 | 7.28 | 104.12 Not available
4.72

norbuprenorphine

85.08 ‘ 13.44

‘ 97.06




Table 4 Intra- and inter-assay precision and accuracy for 16 opiates and derivates (n = 10) at three levels of concentrations (3xLLOQ, 40% and 80%
of ULOQ) (n=10).

RSD (%): relative standard deviation.

QCL QCM QCH
Compounds Intra-assay Inter-assay Intra-assay Inter-assay Intra-assay Inter-assay

Precision Accuracy Precision Accuracy Precision Accuracy Precision Accuracy Precision Accuracy Precision Accuracy

(RSD %) (%) (RSD %) (%) (RSD %) (%) (RSD %) (%) (RSD %) (%) (RSD %) (%)
6-monoacetylmorphine 5.53 88.82 10.41 92.92 5.11 92.38 6.47 92.24 242 93.46 8.63 95.83
Buprenorphine 6.51 86.8 8.51 101.65 8.93 90.67 13.99 94.32 7.38 94.60 12.95 96.65
Codeine 4.18 101.60 7.26 97.32 3.97 102.55 6.87 94.22 4.96 105.89 6.74 99.83
Dihydrocodeine 6.59 113.23 11.61 97.57 3.29 109.07 5.03 93.24 4.43 102.79 7.70 93.60
EDDP 5.61 93.43 10.38 92.08 8.55 89.17 11.86 97.02 8.31 88.96 13.65 100.94
Ethylmorphine 7.87 95.00 5.15 96.25 13.05 86.82 9.01 91.64 5.81 91.34 5.39 95.09
Heroin 9.40 92.50 9.92 88.93 7.08 88.09 6.34 89.30 4.59 92.30 9.86 96.21
Methadone 4.56 94.14 3.10 87.06 4.87 93.35 10.76 92.01 4.63 99.36 8.79 99.28
Morphine 3.94 85.94 9.24 105.77 2.48 95.31 6.31 93.96 2.65 99.60 6.48 101.92
Nalbuphine 4.99 100.10 11.22 105.6 7.19 97.09 6.78 96.92 7.03 104.24 6.52 101.12
Naloxone 3.20 104.89 8.20 99.52 7.17 98.91 4.24 89.77 1.31 108.06 9.25 100.63
Norbuprenorphine 5.57 86.80 9.95 87.04 2.96 95.40 8.10 93.35 3.77 95.84 10.25 98.23
Norcodeine 5.78 85.01 9.42 86.80 3.70 92.58 5.72 90.78 2.20 106.50 6.22 97.97
Norpropoxyphene 5.02 92.06 14.71 86.52 8.75 91.90 14.74 89.31 11.21 98.59 13.66 87.50
Oxycodone 6.17 96.30 14.98 109.96 2.76 97.45 6.75 98.30 3.50 100.15 6.96 101.20
Propoxyphene 3.09 92.04 10.74 101.94 1.81 94.71 8.15 97.24 4.38 95.35 10.74 96.63
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Whole Work-up sample :
blood - Precipitation —
or plasma - Centrifugation Chromatographic
sample - Evaporation of organic separation

phase

- Reconstitution of dry
extract in mobil phase

High resolution mass spectrometry

S—

| suseencrsnne 1ares

_—

et






