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Abstract

Purpose Forensic toxicological analyses of drugs and their metabolites in human specimens usually require extractive
pretreatment for successful analysis of substances from the matrix. In the present study, a high-throughput method was
developed to analyze flunitrazepam, 7-aminoflunitrazepam, 7-acetamidoflunitrazepam, 7-acetamido-3-hydroxyflunitrazepam,
and 3-hydroxyflunitrazepam in human plasma and urine samples using a new Monolithic C,z gel-packed SpinTip and ultra-
performance liquid chromatography (UPLC)—quadrupole time-of-flight (Q-ToF) mass spectrometry (MS).

Methods Plasma (20 pL) or urine (100 uL) samples spiked with each component were extracted using a Monolithic C,; SPE
SpinTip and quantified by UPLC-Q-Tof-MS with positive-ion electrospray ionization (ESI).

Results Good separation, with clear peak shapes of flunitrazepam and its metabolites, was achieved within an analysis time
of 6 min, including the extraction time. Recoveries of flunitrazepam and 7-aminoflunitrazepam for plasma and urine sam-
ples were 93.5-118% and 97.7-109%, respectively. The regression equations for flunitrazepam and 7-aminoflunitrazepam
showed excellent linearity in the range of 0.5-250 ng/mL for plasma and 0.4-500 ng/mL for urine, with detection limits of
0.2-0.5 ng/mL. Intra- and inter-day coefficients of variations for two drugs are smaller than 13.5%. The accuracy of quan-
titation was 89-110%.

Conclusions The method was successfully applied to determine the level of flunitrazepam and its metabolites in human
plasma and urine, respectively, after oral administration to a volunteer.
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Introduction

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s11419-019-00471-4) contains
supplementary material, which is available to authorized users.

Benzodiazepines are widely used as sedatives, anxiolytics,
and hypnotics. These drugs are also frequently encountered
in emergency toxicology screening, drug abuse testing,
and forensic medical examinations [1-4]. Flunitrazepam
(Rohypnol®), 5-(2-fluorophenyl)-1-methyl-7-nitro-1,3-di-
hydro-2H-1,4-benzodiazepin-2-one, is a typical benzodiaz-
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epine fast-acting hypnotic drug, and has attracted attention
as a notorious “party drug” or “date rape drug,” with serious
social implications [4-7]. Therefore, methods for determin-
ing the concentration of flunitrazepam in human samples are
needed for diagnosis and effective treatment of intoxication
and for forensic purposes.

Generally, therapeutic drug monitoring (TDM) of flu-
nitrazepam or its abuse has been performed by detect-
ing its metabolites such as 7-aminoflunitrazepam,
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3-hydroxyflunitrazepam, 7-acetamidoflunitrazepam, and
7-acetamido-3-hydroxyflunitrazepam. 7-Aminoflunitraz-
epam is the most important and major metabolite of flu-
nitrazepam, which can persist for several days in human
blood and urine after drug intake. One of the required
analytical features is the sensitivity to determine very
low concentrations of flunitrazepam and its metabolites
in human samples [4, 5]. Accurate and rapid methods for
detecting and measuring unchanged flunitrazepam and/or
its metabolites in human samples, therefore, are required
both for diagnosis and effective treatment of intoxication
and for forensic purposes.

Several methods have been reported for determining
the levels of flunitrazepam and its metabolites in various
matrices using gas chromatography (GC)—mass spectrom-
etry (MS) [8, 9] or tandem MS (MS/MS) [10, 11] and
high-performance liquid chromatography (HPLC)-MS
[12, 13] or HPLC-MS/MS [14—17]. In order to eliminate
sample impurities present in human body fluids, most of
these analytical techniques employ extraction steps such
as liquid-liquid extraction (LLE) [12, 14-16], solid-phase
extraction (SPE) [9, 11, 13, 17], or liquid-phase micro-
extraction (LPME) [8, 10]. Although LLE and SPE can
successfully extract drugs from biological fluids, these
procedures are generally performed in an offline mode and
are usually labor-intensive and time-consuming. Moreo-
ver, traditional methods typically involve the use of large
amounts of volatile compounds. The frequent use of toxic
organic solvents can cause problems with regard to health
and the environment. In recent years, SPE micropipette
tips such as ZipTip [18, 19] and MonoTip [20-23] have
been used as suitable tools for the purification, concentra-
tion, and selective isolation of biological samples to rem-
edy these issues. However, because of manual operation,
there are problems such as occurrence of SPE tip clogging
or uneven extraction efficiency, especially for biological
fluids [18-23]. Generally, pre-analytical hydrolysis by
enzymatic or chemical protocols have been used to pre-
treatment of urine samples [8, 17]. In this study, those
glucuronide and/or sulfate conjugates can not be targets
for emergency analysis because of these techniques are
complicated and time-consuming.

We developed a unique Monolithic silica SPE technique
for sample preparation using SpinTips, which offered sim-
pler, faster, and higher-throughput extractions than tech-
niques using conventional SPE tips or cartridges. Monolithic
silica (2.8 mm i.d. X 1 mm thickness), consisting of con-
tinuous mesoporous (10 nm) silica skeletons ~10 pum in size
and 5-um through-pores, was fixed into a 200-uL pipette tip
(Fig. S1). The Monolithic silica surface was modified with
a C,5 phase. The small bed volume and sorbent mass within
such tips allowed for reduced solvent and elution volumes,
reduced extraction times, and high throughput.
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HPLC-MS/MS that is based mainly on triple quadrupole
instruments is currently the most widely applied system for
analyzing biological samples [14—17]. During the operation
in a multiple reaction monitoring mode, HPLC-MS/MS sys-
tems obtain reliable quantitative information. However, the
required qualitative information to support the structural
elucidation of analytes is poor. Recently, ultra-performance
liquid chromatography (UPLC)—quadrupole time-of-flight
(Q-ToF)-MS has been used for the unequivocal confirmation
of compounds from biological and environmental samples
by accurate mass measurements of protonated and deproto-
nated molecules [24-28]. Accurate mass measurements of
MS/MS product ions have also become particularly impor-
tant in structural elucidation of unknowns. Indeed, the use
of Q-TOF-MS shows important benefits through the use
of mass accuracy full-scan spectral libraries or databases,
making the identification and quantification of both target
compounds and unknowns feasible with a high degree of
confidence.

In the present study, we established a high-throughput,
reproducible, and practical procedure for analyzing flunitraz-
epam and its metabolites in human plasma and urine samples
using Monolithic C,g SPE SpinTip extraction and UPLC-Q-
ToF-MS analysis. To the best of our knowledge, this is the
first report dealing with Monolithic C;4 SPE SpinTip for
extracting flunitrazepam from human body fluid samples.

Materials and methods
Materials

Flunitrazepam was provided by Tatsumi Kagaku Co., Ltd.
(Kanazawa, Japan). 7-Aminoflunitrazepam, flunitrazepam-
d; (internal standard, IS), and 7-aminoflunitrazepam-d-, (IS)
were purchased from Sigma-Aldrich (St. Louis, MO, USA).
The HPLC-MS-grade methanol was obtained from Wako
Pure Chemical Industries Ltd. (Osaka, Japan). Other com-
mon chemicals used were of the highest purity and were
available commercially. Ultra-pure water from the Milli-Q
ultra-pure system (Komatsu Electronics Co., Ltd., Ishikawa,
Japan) was used in all experiments. Monolithic C,;3 SPE
SpinTips (C,5-bonded monolithic silica gel with a diameter
of 2.8 mm, thickness of 1 mm, weight of 2.5 mg, mesopore
size of 10 nm, through-pore size of 5 um, and surface area of
350 m%/g) were provided from GL Sciences (Tokyo, Japan).

Preparation of plasma and urine samples

Drug-free whole blood and urine samples were obtained
from healthy volunteers recruited from among labora-
tory personnel. To prepare drug-free plasma samples, the
heparinized whole blood was centrifuged at 1700xg for
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10 min at 4 °C, and the plasma was decanted into a clean
centrifuge tube. These obtained drug-free plasma and
urine samples were stored at —80 °C until use.

Preparation of standard solutions and quality
control samples

Individual stock standard solutions (1 mg/mL) of flu-
nitrazepam, 7-aminoflunitrazepam, and the two ISs were
prepared separately by dissolving an accurately weighed
quantity of each drug in methanol. The solutions were
then stored at 4 °C. Working standard solutions of these
drugs were prepared by appropriate dilution of the stock
standard solutions using the HPLC mobile phase (50%
aqueous methanol with 0.1% formic acid). All working
standard solutions were freshly prepared every week and
stored at 4 °C. Calibration standards were prepared by
mixing appropriate amounts of working standard solutions
and drug-free plasma and urine to achieve eight different
concentrations ranging from 0.5 to 250 ng/mL (0.5, 1.25,
2.5,5.0,25.0, 50, 100, and 250 ng/mL) and 50 ng/mL each
of two ISs for plasma, as well as 0.4-500 ng/mL (0.4, 1.0,
2.5, 5.0, 25.0, 50, 200, and 500 ng/mL) and 10 ng/mL
each of two ISs for urine. Quality control (QC) samples
(0.4-500 ng/mL) for flunitrazepam and 7-aminoflunitraz-
epam were also prepared using the same procedure.

Extraction procedure using the Monolithic C,5 SPE
SpinTip

Flunitrazepam, 7-aminoflunitrazepam, and two ISs were
extracted from human plasma and urine using a Mono-
lithic C,4 SPE SpinTip. Briefly, the SpinTip was inserted
into a spin adapter placed in a microcentrifuge polypro-
pylene tube (1.5 mL), conditioned with 100 pL. methanol,
and centrifuged at 1000xg for 15 s, followed by 100 puL
of ultra-pure water at 1000xg for 15 s. For human plasma
samples, 170 uL of ultra-pure water was added to 20 pL.
of the plasma containing 10 pL of drug mixture (fluni-
trazepam, 7-aminoflunitrazepam, and two ISs). For human
urine samples of 100 pL containing 10 pL of drug mix-
ture (flunitrazepam, 7-aminoflunitrazepam, and two ISs),
10 pL of 1 N HCI solution and 80 pL of ultra-pure water
were added. The sample solutions were applied to the con-
ditioned Monolithic C,3 SPE SpinTip and centrifuged at
1000xg for 15 s. The SPE SpinTip was then washed with
100 pL of ultra-pure water at 1000xg for 15 s, and the
analytes were eluted from the SPE SpinTip with 50 pL of
methanol at 1000xg for 10 s. A 5-uL aliquot of the eluate
was directly analyzed by UPLC-Q-ToF-MS.

UPLC-Q-ToF-MS conditions

A UPLC-Q-ToF-MS system consisting of an Acquity
UPLC liquid chromatograph (Waters, Milford, MA, USA)
and a Xevo G2 Q-TOF mass spectrometer (Waters) was
used for all measurements.

The Waters Acquity UPLC system was equipped with a
binary solvent manager, a sample manager, and a column
oven. The chromatographic separation of the flunitrazepam
and its metabolites, and two ISs was achieved on a Waters
Acquity UPLC BEH C g column (50 mm X 2.1 mm i.d.,
particle size 1.7 pm) with a linear gradient elution system
composed of 0.1% aqueous formic acid solution (pH 2.8)
and methanol at a flow rate of 0.4 mL/min. Solvent A was
0.1% formic acid in ultra-pure water (v/v), and solvent B
was methanol. Gradient runs were programmed to change
from 90% solvent A/10% solvent B to 40% solvent A/60%
solvent B within 3.5 min. The column was subsequently
maintained with 1% solvent A/99% solvent B for 1.0 min
and then re-equilibrated with 90% solvent A/10% solvent
B for 0.5 min before the next injection. The total chroma-
tographic run time was 5 min.

For confirmation, mass spectrometry measurements were
performed using a Xevo G2 Q-TOF mass spectrometer. The
analyses were carried out using the electrospray ionization
(ESI) setting in a positive mode. The mass spectrometer was
operated in a positive ion mode, with a capillary voltage of
3.0 kV and a cone voltage of 30 V. The source and desolva-
tion temperatures were 150 °C and 500 °C, respectively. The
desolvation gas flow and the cone gas flow were 1000 and
50 L/h (both N,), respectively. The considered mass range
was 100-1000 Da. Data were collected in centroid mode,
with the sensitivity analyzer mode selected. The accuracy
and reproducibility of all analyses were guaranteed using a
LockSpray. Leucine-enkephalin was used as the lock mass at
a concentration of 1 ng/mL in 50% aqueous acetonitrile with
0.1% formic acid and a flow rate of 5 pL/min. MassLynx
version 4.1 (Waters) was used to analyze the samples, with
the following parameter settings: analysis time of 0—4 min,
spectrum above the relative intensity of 2%, and maximum
tolerance of mass error set as 5 ppm. The prediction rules of
elemental composition (EC) were defined as follows: atom
numbers of carbon, hydrogen, oxygen, nitrogen, and fluo-
rine were set to ranges of 0—100, 0-200, 0-20, 0-20, and
0-6, respectively. The molecular formula assignments were
obtained with the MassLynx i-FIT algorithm. For flunitraz-
epam, 7-aminoflunitrazepam, and two ISs, the search was
restricted to molecules containing CHONF only, and the best
fit was obtained on both mass accuracy and isotope intensity
pattern (i-FIT). Blank human plasma or urine samples were
used as controls for comparison with the analytical samples,
and all were processed under the same conditions.
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Method validation

The method was validated for linearity, selectivity, preci-
sion, accuracy, matrix effect, and recovery according to
the US Food and Drug Administration guidelines for bio-
analytical method validation [29]. Regression equations for
flunitrazepam and 7-aminoflunitrazepam were obtained by
plotting the peak-area ratio of analytes/IS (y-axis) against
the analyte concentration (x-axis). The slope and y-intercept
of the regression line were estimated in duplicate for each
of eight different calibrations and on six consecutive days.
The acceptance criterion for the correlation coefficient is
>0.999. The limit of detection (LOD, s/n=23) was obtained
by measuring the signal-to-noise ratio of blank plasma or
urine spiked with the lowest concentration of each analyte.
The lower limit of quantification (LLOQ, s/n=10) was
obtained by measuring the signal-to-noise ratio of blank
plasma or urine spiked with the lowest concentration on the
calibration curve of each analyte.

The selectivity of the method was estimated by analyz-
ing blank human plasma and urine matrix samples. The
responses of the interfering substances or background noises
at the retention time of flunitrazepam, 7-aminoflunitraze-
pam, and two ISs were acceptable if they were less than 5%
of the mean response of the LLOQ. Intra- and inter-day pre-
cision and accuracy were carried out by analyzing QC sam-
ples spiked with flunitrazepam and 7-aminoflunitrazepam at
three different concentrations (0.4, 1.0, 1.25, 2.0, 5.0, 20, 50,
100, 200, 250, or 500 ng/mL) in six replicate samples on the
same day. The concentration of analytes in the QC samples
was calculated using the calibration curves. The precision
was determined by calculating the coefficient of variation
(CV), whereas the accuracy was expressed as a percentage
of the mean of the measured concentration against the nomi-
nal concentration. The evaluations of precision were based
on previously published criteria [29]. The accepted criterion
for precision (percentage CV) is <15%. Matrix effect and
recovery was calculated by comparing the chromatographic
peak areas of the analyte in QC samples with those obtained
by direct injection of analyte standards dissolved in metha-
nol, and determined at different concentration levels (0.4,
1.0, 1.25, 2.0, 5.0, 20, 50, 100, 200, 250, or 500 ng/mL).

Administration of flunitrazepam to a healthy
volunteer

The present method was applied to real samples of human
plasma and urine to confirm its utility. After obtaining
his informed consent, a therapeutic dose of flunitrazepam
(1 mg) was administered orally to a 52-year-old male vol-
unteer (body weight, 73 kg) at 8 a.m. after meals. The whole
blood (10 mL) and urine (20 mL) samples were collected
pre-dose (0 h) and 0.5, 1, 2, 8, 10, 12, 24, 48, and 60 h

@ Springer

Spiked plasma

100 7 Flunitrazepam N TOF MS ES*
MM 21

0

100 q Flunitrazepam-d,
(321.1383)

N TOF MS ES*
‘ 2.17¢*
0
7-Aminoflunitrazepam

100 TOF MS ES*
(284.1198) o 389
0

100 7-Aminoflunitrazepam-d,

TOF MS ES*
(291.1641) X\I 3010t
0
TOF MS ES*
s 0
> . .
% Spiked urine
c
o )
< 100 7 Flunitrazepam TOF MS ES*
£ (314.0942) u 2.09e®
0
100 7 Flunitrazepam-d, \ TOF MS ES*
(321.1389) ’ \ 1216
0

100 3 7-Aminoflunitrazepam ’ TOF MS ES*
(284.1197) 388

0
7-Aminoflunitrazepam-d, TOF MS ES*
1001 (291.1642) ?\I 7576
0
i AU WSS S
0
1 2 3 4

(min)

Fig.1 TIC and XIC of UPLC-Q-ToF-MS for flunitrazepam,
7-aminoflunitrazepam, and two ISs from human plasma and urine in
positive ESI mode. Drug-free plasma samples (20 pL) or urine sam-
ples (100 pL) were spiked test compounds at concentration of LLOQ
for flunitrazepam and 7-aminoflutrazepam, and 50 ng/mL or 10 ng/
mL each of two ISs for plasma and urine, respectively. The MS spec-
tra of XIC are consistent with those reported in Table 1

after drug administration and transferred to centrifuge tubes
containing heparin sodium. The heparinized blood samples
were centrifuged at 1700xg for 10 min at 4 °C. The result-
ing plasma and urine samples were stored at —80 °C until
analysis.

Results and discussion

Optimization of extraction conditions
for the Monolithic C,g SPE SpinTip

Various types of SPE tips packed with functionalized mono-
lithic silica are commercially available (Supplemental Fig.
S1 and Table S1). They can exhibit reversed-phase, normal-
phase, or ion-exchange adsorption capacity; some feature
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Table 1 Mass spectral data for flunitrazepam, 7-aminoflunitrazepam, and ISs from human plasma and urine
Compound Molecular formula [M+H]* Theoretical m/z Experimental m/z Error
mDa ppm
Plasma
Flunitrazepam C,6H,3N;05F 314.0941 314.0937 -0.4 -13
Flunitrazepam-d, (IS) C,61Hg2H;N;O5F 321.1380 321.1383 0.3 0.9
7-Aminoflunitrazepam C,6H,5N;0F 284.1199 284.1198 -0.1 -04
7-Aminoflunitrazepam-d; (IS) C,61Hg2H,;N;OF 291.1639 291.1641 0.2 0.7
Urine
Flunitrazepam C,6H,3N;05F 314.0941 314.0942 0.1 0.3
Flunitrazepam-d; (IS) C,61Hg2H;N;O5F 321.1380 321.1389 0.9 2.8
7-Aminoflunitrazepam C,6H,5N;O0F 284.1199 284.1197 -0.2 -0.7
7-Aminoflunitrazepam-d; (IS) C,61Hg2H,;N;OF 291.1639 291.1642 0.3 1.0

Identification analysis was carried out using MassLynx 4.1 software. Drug-free plasma (20 pL) or urine (100 pL) samples were spiked with the
test compounds at concentrations of LLOQ for flunitrazepam and 7-aminoflutrazepam, and 50 ng/mL or 10 ng/mL each of two ISs for plasma

and urine, respectively

Table 2 Correlation

. Compound Correlation® Concentration LODP (ng/mL) LLOQ° (ng/mL)

coefficient, LO_D’ and coefficient (r) range (ng/mL)

LLOQ for flunitrazepam and

7-aminoflunitrazepam extracted Plasma

from human fluids Flunitrazepam 0.9995 1.25-250 0.5 1.25
7-Aminoflunitrazepam 0.9990 0.5-100 0.2 0.5

Urine

Flunitrazepam 0.9996 1.0-500 0.5 1.0
7-Aminoflunitrazepam 0.9996 0.4-200 0.2 0.4

“The data were subjected to linear regression analysis of peak area ratios (y) of a compound to IS (50 ng/
mL each for plasma and 10 ng/mL each for urine) against the spiking concentrations (x). Eight plots (each
point represents the mean of duplicate determinations) with different concentrations for each drug were

used

"The limit of detection (LOD) is measuring the signal-to-noise ratio at s/n=3

“The lower limit of quantification (LLOQ) is measuring the signal-to-noise ratio at s/n= 10

titanic ligands. The surface area of monolithic silica gel is
greater than that for MonoTip, which is the same as Mono-
Spin. Consequently, the main advantages of Monolithic C
SPE SpinTips are that trap capacity is much higher than that
of the MonoTip, and almost no clogging occurs (Table S1).
For determination of blood concentrations of a target com-
pound in biological samples, whole blood, plasma, or serum
is usually used. When these specimens are used in undiluted
form, clogging of tips can easily occur. Thus, in the present
study, plasma and urine samples were diluted tenfold and
twofold with ultra-pure water, respectively.

For the SpinTip SPE, the sample solution is passed
through the tips by centrifugation. For the best extraction of
target compounds by Monolithic C,4 SPE SpinTips, the cen-
trifugal speed during sample loading should be optimized. In
the preliminary experiments, the optimal relative centrifu-
gal force (RCF) and centrifugation time was checked using
Monolithic C,¢ SPE SpinTips. However, to achieve sufficient

reproducibility that did not cause clogging of the Monolithic
C,5 SPE SpinTips, a minimum RCF and centrifugation time
of 1000xg for 15 s was chosen for sample loading. Moreo-
ver, to obtain good efficiency and high purity for these target
compounds, preparation of the sample solution composition
to suit ligand bound to silica skeleton (pH adjustment) is
critical. For extraction of flunitrazepam and its metabolite,
7-aminoflutrazepam, using Monolithic C,3 SPE SpinTips,
pH 6.9 and 2.4 gave the best results for plasma and urine
samples, respectively (Fig. S2).

The entire Monolithic C,; SPE SpinTip extraction pro-
cess required approximately 2 min, including conditioning,
sample loading, washing, and elution. In contrast, the time
required to manually perform conventional cartridge SPE
exceeds 20 min [30-33]. In addition, the eluate from the
Monolithic C;g4 SPE SpinTips could be injected directly
into the UPLC-Q-ToF-MS instrument without evaporation
and reconstitution steps, which is particularly important for

@ Springer
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Table 3 Precision and accuracy for flunitrazepam and 7-aminoflunitrazepam in QC samples

Compound Concentration Intra-day (n=06) Inter-day (n=6)
added (ng/mL) - — - —
Concentration Precision  Accuracy (%)  Concentration Precision  Accuracy (%)
detected (ng/mL) (CV, %) detected (ng/mL) (CV, %)
Plasma
Flunitrazepam 5 490+0.17* 35 98.0 4.95+0.10 2.0 99.0
50 49.5+0.6 1.2 99.0 48.3+2.2 4.6 96.6
250 254+1.9 0.7 102 254+3.5 1.4 102
7-Aminoflunitrazepam 2 1.93+0.07 3.6 96.5 1.90+0.12 6.3 95.0
20 18.5+0.2 1.1 92.5 18.2+0.6 33 91.0
100 101+1.3 1.3 101 101+2.0 2.0 101
Urine
Flunitrazepam 1 0.97+0.04 4.1 97.0 0.89+0.12 13.5 89.0
50 509+1.2 2.4 102 513+1.2 2.3 103
500 497+6.8 1.4 99.4 513+15.2 3.0 103
7-Aminoflunitrazepam 0.4 0.44+0.05 11.4 110 0.43+0.05 11.6 108
20 20.6+0.5 2.4 103 20.8+0.9 4.3 104
200 199+3.6 1.8 99.5 201+10.7 5.3 101

CV coefficient of variation

2The values are mean+ SD

Table 4 Matrix effect, recovery, and their coefficients of intra-day
variation (CV) for flunitrazepam and 7-aminoflunitrazepam from
human plasma and urine samples

Compound Amount Matrix ~ Recovery (%) CV (%)
added (ng/  effect
mL) (%)
Plasma
Flunitrazepam 5 6.5 93.5+1.7 1.8
50 3.7 102+ 1.1 1.1
250 4.9 105+0.4 0.4
7-Aminoflunitraz- 2 3.6 98.0+1.6 1.6
epam
20 9.2 108 +1.2 1.1
100 16.4 118+1.6 14
Urine
Flunitrazepam 1 5.7 97.7+6.4 6.6
50 43 102+6.9 6.8
500 3.8 101+4.3 4.3
7-Aminoflunitraz- 0.4 10.1 109 +£6.7 6.1
epam
20 7.7 107 £5.5 5.1
200 8.4 107+£9.2 8.6

The values are mean+SD of four experiments. Efficiency was cal-
culated by comparing the peak areas obtained from the pre-extracted
spiked specimens with those obtained from the pre-extracted spiked
initial mobile phase using the present method
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rapid and simple analyses. Therefore, the use of Monolithic
C,g SPE SpinTips is recommended for rapid extraction of
flunitrazepam and 7-aminoflutrazepam from human body
fluids. The total solvent volume used for each step of the
extraction process was 150 pL, which is lower than the
volumes required for conventional SPE cartridges (around
1.5-65 mL) [30-33]. Furthermore, the required plasma or
urine sample volume was reduced to 20 or 100 pL, respec-
tively, which corresponds to 5-100 times less than volumes
previously reported for flunitrazepam analysis in plasma and
urine samples [8—17]. Traditionally, pre-analytical hydroly-
sis by enzymatic or chemical protocols has been used for
pretreatment of urine samples [8, 17]. However, these tech-
niques are complicated and time-consuming. In contrast,
small amounts of non-conjugated forms of flunitrazepam
and 7-aminoflutrazepam can be detected using the present
method, and it is much simpler with higher throughput than
the hydrolysis procedures. Such small volumes of solvent
and samples needed in the method used in this study rep-
resent a significant advance in sample preparation minia-
turization. The overall procedure can be considered “green”
because it requires little solvent and produces little waste.

Mass spectra

Figure 1 shows total ion chromatogram (TIC) and extracted
ion chromatogram (XIC) obtained by UPLC-Q-ToF-MS for
these drugs from human plasma and urine containing the test
compounds at concentrations of LLOQ for flunitrazepam
and 7-aminoflutrazepam, and 50 ng/mL or 10 ng/mL each
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Fig.2 TIC and XIC of UPLC-Q-ToF-MS from human plasma and
urine 2 h after oral administration of flunitrazepam (1 mg). The
amount of flunitrazepam-d; and 7-aminoflunitrazepam-d; used as ISs
were 50 ng/mL each of plasma and 10 ng/mL each of urine, respec-
tively

of two ISs for plasma and urine, respectively. Distinct peaks
appeared on the chromatograms within 4 min for each drug
and the two ISs. Blank chromatograms gave small impu-
rity peaks, and no interfering peaks appeared around the
retention times of the test compounds (data not shown). The
obtained spectra showed accurate corresponding masses for
the deprotonated molecular ions. Table 1 shows the mass
spectral data for flunitrazepam, 7-aminoflunitrazepam, and
two ISs obtained by UPLC-Q-ToF-MS using a positive ESI
mode. Flunitrazepam, flunitrazepam-d,, 7-aminoflunitraz-
epam, and 7-aminoflunitrazepam-d, detected in a positive-
ion mode gave the protonated molecule [M+H]* at m/z
314.0937, 321.1383, 284.1198, and 291.1641 for plasma
and m/z 314.0942, 321.1389, 284.1197, and 291.1642 for
urine, respectively, in the full-scan mode (Table 1). These

protonated molecules were identified as C;4H;3N;O5F
(-1.3 ppm mass error, 0.057 i-FIT) for flunitrazepam,
C,61H¢2H;N;O04F (0.9 ppm mass error, 0.006 i-FIT) for
flunitrazepam-d;, C;4H,sN;OF (-0.4 ppm mass error, 0.001
i-FIT) for 7-aminoflunitrazepam, C,,1H32H,N;OF (0.7 ppm
mass error, 0.002 i-FIT) for 7-aminoflunitrazepam-d, from
plasma, C,¢H3N;0;F (0.3 ppm mass error, 0.134 i-FIT)
for flunitrazepam, C;,1Hs2H,N;O5F (2.8 ppm mass error,
0.039 i-FIT) for flunitrazepam-d;, C,;H,sN;OF (=0.7 ppm
mass error, 0.241 i-FIT) for 7-aminoflunitrazepam, and
C,61Hg2H,N;OF (1.0 ppm mass error, 0.005 i-FIT) for
7-aminoflunitrazepam-d, from urine, respectively (Table 1).

Method performance

The regression equations for flunitrazepam and 7-aminoflu-
nitrazepam gave good linearity for both plasma and urine
samples, with correlation coefficients of at least 0.9990
(Table 2). The present method also showed good linear-
ity for the known components tested. The LOD and LLOQ
values for flunitrazepam and 7-aminoflunitrazepam under
optimal conditions were 1.25-250 ng/mL and 0.5-100 ng/
mL in plasma, and 1.0-500 ng/mL and 0.4-200 ng/mL in
urine, respectively. The therapeutic levels of flunitrazepam
and 7-aminoflunitrazepam were reported to be 1.5-15 ng/mL
[34-37] and 0.8-3.0 ng/mL [36, 37] in whole blood, serum
or plasma, and 1.2-1.4 ng/mL [36, 37] and 20-143 ng/mL
[37] in urine, respectively. For autopsy cases, the high con-
centrations of flunitrazepam and 7-aminoflunitrazepam in
postmortem specimens have been reported to be 4750 ng/
mL and 5-7100 ng/mL, respectively [14, 37-40].

Intra- and inter-day precision and accuracy was evaluated
by assessing QC samples prepared from human plasma and
urine (Table 3). The intra- and inter-day CVs were no greater
than 13.5%, and the accuracy ranged from 89 to 110% for all
concentrations, leading us to consider the variability accept-
able for method validation based on the current criteria [41,
42]. The percentage matrix effect values obtained at three
different concentrations are shown in Table 4, and were
determined as 3.7-6.5% for flunitrazepam and 3.6-16.4% for
7-aminoflunitrazepam in human plasma and urine samples,
respectively. The signal deviations for both compounds were
less than 16%. Furthermore, the matrix effect did not cause
quantification bias, as evidenced by the intra-day CV values
of 0.4-8.6% for flunitrazepam and 7-aminoflunitrazepam.
This variability was considered acceptable for validation of
the method based on current criteria [41, 42]. It was con-
cluded that the matrix effect was not a significant issue for
this method. The recoveries of flunitrazepam and 7-amino-
flunitrazepam from human plasma and urine samples were
determined at three different concentrations ranging from
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Table 5 Concentrations

. Time (h) Concentration (ng/mL)

of flunitrazepam

and its metabolite, Plasma Urine

7-aminoflunitrazepam, in - - - - - -

plasma and urine samples for up Flunitrazepam 7-Aminoflunitrazepam Flunitrazepam 7-Aminoflunitrazepam

t0 60 h after oral administration ) ; 840+ 1.68 0.63+0.05 <LLOQ* <LLOQ®

of flunitrazepam (1 mg) in a

healthy volunteer 15.2+0.75 1.08 £0.10 1.83+0.49 42.5+5.45

11.4+1.64 1.58£0.05 2.38+1.36 76.3+£6.63

8 4.60+1.40 1.38+£0.13
10 <LLOQ 102+2.75
12 3.05+£0.90 1.48+0.10 <LLOQ 39.9+1.99
24 <LLOQ® <LLOQ* <LLOQ 35.7+£0.72
48 13.1+£0.39
60 6.55+0.49

4The values are mean+SD (n=4)

L ower limit of quantification (LLOQ) is 1.25 ng/mL
“Lower limit of quantification (LLOQ) is 0.5 ng/mL
4L ower limit of quantification (LLOQ) is 1.0 ng/mL
“Lower limit of quantification (LLOQ) is 0.4 ng/mL

93.5 to 118% (Table 4). The increased or reduced recovery
is probably due to a combination of the decrease or increase
of analyte during sample preparation steps and ion suppres-
sion/enhancement from the UPLC-Q-ToF-MS analysis step.

Actual measurements of flunitrazepam and its
metabolites in human plasma and urine after oral
administration

In addition to analyses of spiked human plasma and urine,
the present method was applied to human plasma and urine
samples from a male volunteer. Figure 2 shows UPLC-Q-
ToF-MS XICs for human plasma and urine 2 h after oral
administration, respectively. The drug concentrations of
flunitrazepam and 7-aminoflunitrazepam in plasma and
urine after the administration of flunitrazepam calculated
by internal calibration are shown in Table 5. Peak con-
centrations of flunitrazepam were obtained after 1 h from
plasma (15.2 ng/mL) and urine (1.83 ng/mL) samples and
were still positive after 12 h for plasma and 2 h for urine
samples. 7-Aminoflunitrazepam was present from 0.5 to
12 h in plasma and 1-60 h in urine samples, with the high-
est concentration after 2 h (1.58 ng/mL) for plasma and
10 h for urine (102 ng/mL).

Moreover, other widely known metabolites for flunitraz-
epam such as 3-hydroxyflunitrazepam, 7-acetamidoflunitraz-
epam, and 7-acetamido-3-hydroxyflunitrazepam together
with 7-aminoflunitrazepam were estimated using the present
method from human urine 12 h after oral administration.

@ Springer

Figure 3 and Table S2 show the XIC and mass spectral
data for four metabolites and 7-aminoflunitrazepam-d,
(IS) obtained by the present UPLC—Q-ToF-MS using a
positive ESI mode. Those XICs were generated using the
theoretical mass value with a +5 ppm extraction window.
The deprotonated molecules are assigned as C;H;3N;O,F
(1.2 ppm mass error, 0.261 i-FIT) for 3-hydroxyflunitraz-
epam, C,gH;;N;O,F (0.6 ppm mass error, 0.309 i-FIT) for
7-acetamidoflunitrazepam, C;gH;N;O5F (1.2 ppm mass
error, 0.128 i-FIT) for 7-acetamido-3-hydroxyflunitraze-
pam, and C,4H,5sN;OF (1.1 ppm mass error, 0.019 i-FIT)
for 7-aminoflunitrazepam.

Conclusions

We have established a detailed and novel procedure for
the quantitative determination and identification of fluni-
trazepam and its metabolites in human body fluid samples
using a Monolithic C,g SPE SpinTip and UPLC-Q-ToF-MS
analysis. Compared to LLE and conventional SPE, the pre-
sent SpinTip SPE technique reduced sample extraction time,
solvent consumption, and clogging of SPE, and enhanced
ease of operation. Furthermore, the present SpinTip SPE
technique required only a small volume (20-100 pL) of
sample to accomplish the analysis, which is extremely use-
ful when the available sample volume is small. Under opti-
mized conditions, good recovery, linearity, and reproduc-
ibility were obtained. The method was successfully applied



Forensic Toxicology (2019) 37:387-397

395

Urine 12 h after p.o.

100 3-Hydroxyflunitrazepam

(330.0894) '\ TOF MS ES

1.67¢°

7-Acetamidoflunitrazepam

TOF MS ES*
100 3 (326.1307) »

1.21e8

7-Acetamido-3-hydroxyflunitrazepam TOF MS ES*
100 7 (342.1258) » 749
S
2
‘®
S 7-Aminoflunitrazepam TOF MS ES*
E 100 7 (284.1202) Ve 6.60e?
O Jryemre et TR ERTO eV AR
7-Aminoflunitrazepam-d, TOF MS ES*
100 7 (291.1641) » 2.66€3

TIC TOF MS ES*
N w7'1896
O Jrremro T —— R — i . i  —
1 2 3 4
(min)

Fig.3 TIC and XIC of UPLC-Q-ToF-MS from human urine 12 h
after oral administration of flunitrazepam (1 mg). The amount of
7-aminoflunitrazepam-d; used as IS was 10 ng/mL of urine

to actual human plasma and urine samples collected from a
volunteer after oral administration. It was also very useful
as a preliminary (pilot) method for the screening and quan-
titative determination of flunitrazepam and its metabolites
in clinical and toxicological analyses. The procedure can be
easily modified and expanded to encompass other drugs, if
necessary.

Acknowledgements This study was supported in part by a Grant-in-
Aid for Scientific Research from the Japan Society for the Promotion
of Science (JSPS), KAKENHI Grant (C) 24590865.

Compliance with ethical standards

Conflict of interest The authors declare no conflict of interest associ-
ated with this manuscript.

Ethical approval This study was approved by the Ethics Committee
of Showa University School of Medicine (no. 861). The obtainment
of blood and urine samples from healthy volunteers was approved by
the Ethics Committees of Showa University School of Medicine (no.
1249).

References

1. Mihic SJ, Mayfield J, Harris RA (2017) Hypnotics and sedatives.
In: Brunton LL, Hilal-Dandan R, Knollmann BC (eds) Goodman
& Gilman’s: the pharmacological basis of therapeutics, 13th edn.
McGraw-Hill, New York, pp 339-354
2. Olfson M, King M, Schoenbaum M (2015) Benzodiazepine use
in the United States. JAMA Psychiatry 72:136—142. https://doi.
org/10.1001/jamapsychiatry.2014.1763
3. Windle A, Elliot E, Duszynski K, Moore V (2007) Benzodiaz-
epine prescribing in elderly Australian general practice patients.
Aust N Z J Public Health 31:379-381. https://doi.org/10.111
1/j.1753-6405.2007.00091.x
4. Baselt RC (2017) Disposition of toxic drugs and chemicals in
man, 11th edn. Biomedical Publications, Seal Beach, pp 908-911
5. Baia TC, Campos A, Wanderley BM, Gama RA (2016) The effect
of flunitrazepam (Rohypnol®) on the development of Chrysomya
megacephala (Fabricius, 1794) (Diptera: Calliphoridae) and its
implications for forensic entomology. J Forensic Sci 61:1112—
1115. https://doi.org/10.1111/1556-4029.13104
6. ElSohly MA, Salamone SJ (1999) Prevalence of drugs used in
cases of alleged sexual assault. J Anal Toxicol 23:141-146. https
://doi.org/10.1093/jat/23.3.141
7. Anglin D, Spears KL, Hutson HR (1997) Flunitrazepam and
its involvement in date or acquaintance rape. Acad Emerg Med
4:323-326. https://doi.org/10.1111/§.1553-2712.1997.tb03557.x
8. de Bairros AV, de Almeida RM, Pantaledo L, Barcellos T, de
Silva SM, Yonamine M (2015) Determination of low levels of
benzodiazepines and their metabolites in urine by hollow-fiber
liquid-phase microextraction (LPME) and gas chromatography—
mass spectrometry (GC-MS). J Chromatogr B 975:24-33. https
://doi.org/10.1016/j.jchromb.2014.10.040
9. Hackett J, Elian AA (2006) Extraction and analysis of
flunitrazepam/7-aminoflunitrazepam in blood and urine by LC—
PDA and GC-MS using butyl SPE columns. Forensic Sci Int
157:156-162. https://doi.org/10.1016/j.forsciint.2005.03.019
10. Cui S, Tan S, Ouyang G, Pawliszyn J (2009) Automated polyvi-
nylidene difluoride hollow fiber liquid-phase microextraction of
flunitrazepam in plasma and urine samples for gas chromatogra-
phy/tandem mass spectrometry. J Chromatogr A 1216:2241-2247.
https://doi.org/10.1016/j.chroma.2009.01.022
11. Nguyen H, Nau DR (2000) Rapid method for the solid-phase
extraction and GC-MS analysis of flunitrazepam and its major
metabolites in urine. J Anal Toxicol 24:37-45. https://doi.
org/10.1093/jat/24.1.37
12. Matsuta S, Nakanishi K, Miki A, Zaitsu K, Shima N, Kamata
T, Nishioka H, Katagi M, Tatsuno M, Tsuboi K, Tsuchihashi
H, Suzuki K (2013) Development of a simple one-pot extrac-
tion method for various drugs and metabolites of forensic interest
in blood by modifying the QUEChERS method. Forensic Sci Int
232:40-45. https://doi.org/10.1016/j.forsciint.2013.06.015
13. Marchi I, Schappler J, Veuthey JL, Rudaz S (2009) Development
and validation of a liquid chromatography-atmospheric pressure
photoionization-mass spectrometry method for the quantifica-
tion of alprazolam, flunitrazepam, and their main metabolites in

@ Springer


https://doi.org/10.1001/jamapsychiatry.2014.1763
https://doi.org/10.1001/jamapsychiatry.2014.1763
https://doi.org/10.1111/j.1753-6405.2007.00091.x
https://doi.org/10.1111/j.1753-6405.2007.00091.x
https://doi.org/10.1111/1556-4029.13104
https://doi.org/10.1093/jat/23.3.141
https://doi.org/10.1093/jat/23.3.141
https://doi.org/10.1111/j.1553-2712.1997.tb03557.x
https://doi.org/10.1016/j.jchromb.2014.10.040
https://doi.org/10.1016/j.jchromb.2014.10.040
https://doi.org/10.1016/j.forsciint.2005.03.019
https://doi.org/10.1016/j.chroma.2009.01.022
https://doi.org/10.1093/jat/24.1.37
https://doi.org/10.1093/jat/24.1.37
https://doi.org/10.1016/j.forsciint.2013.06.015

396

Forensic Toxicology (2019) 37:387-397

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

haemolysed blood. J Chromatogr B 877:2275-2283. https://doi.
org/10.1016/j.jchromb.2008.12.002

Hasegawa K, Wurita A, Minakata K, Gonmori K, Nozawa H,
Yamagishi I, Watanabe K, Suzuki O (2015) Postmortem distri-
bution of flunitrazepam and its metabolite 7-aminoflunitrazepam
in body fluids and solid tissues in an autopsy case: usefulness
of bile for their detection. Leg Med 17:394-400. https://doi.
org/10.1016/j.legalmed.2015.06.002

Wu YR, Liu HY, Lin SL, Fuh MR (2018) Quantification of
7-aminoflunitrazepam in human urine by polymeric monolith-
based capillary liquid chromatography coupled to tandem mass
spectrometry. Talanta 176:293-298. https://doi.org/10.1016/j.
talanta.2017.08.040

Lee HH, Lee JF, Lin SY, Lin YY, Wu CF, Wu MT, Chen BH
(2013) Simultaneous quantification of urine flunitrazepam,
nimetazepam and nitrazepam by using liquid chromatography
tandem mass spectrometry. Clin Chim Acta 420:134-139. https
://doi.org/10.1016/j.cca.2012.10.023

Forsman M, Nystrom I, Roman M, Berglund L, Ahlner J,
Kronstrand R (2009) Urinary detection times and excretion pat-
terns of flunitrazepam and its metabolites after a single oral dose.
J Anal Toxicol 33:491-501. https://doi.org/10.1093/jat/33.8.491

. Erve JC, Demaio W, Talaat RE (2008) Rapid metabolite identi-

fication with sub parts-per-million mass accuracy from biologi-
cal matrices by direct infusion nanoelectrospray ionization after
clean-up on a ZipTip and LTQ/Orbitrap mass spectrometry. Rapid
Commun Mass Spectrom 22:3015-3026. https://doi.org/10.1002/
rcm.3702

Liu H, Stupak J, Zheng J, Keller BO, Brix BJ, Fliegel L, Li L
(2004) Open tubular immobilized metal ion affinity chromatog-
raphy combined with MALDI MS and MS/MS for identification
of protein phosphorylation sites. Anal Chem 76:4223-4232. https
://doi.org/10.1021/ac035231d

Kumazawa T, Hasegawa C, Lee XP, Sato K (2010) New and
unique methods of solid-phase extraction for use before instru-
mental analysis of xenobiotics in human specimens. Forensic
Toxicol 28:61-68. https://doi.org/10.1007/s11419-010-0097-7
Lee XP, Hasegawa C, Kumazawa T, Shinmen N, Shoji Y, Seno
H, Sato K (2008) Determination of tricyclic antidepressants in
human plasma using pipette tip solid-phase extraction and gas
chromatography—mass spectrometry. J Sep Sci 31:2265-2271.
https://doi.org/10.1002/jss¢.200700627

Kumazawa T, Hasegawa C, Lee XP, Hara K, Seno H, Suzuki
O, Sato K (2007) Simultaneous determination of methampheta-
mine and amphetamine in human urine using pipette tip solid-
phase extraction and gas chromatography—mass spectrometry.
J Pharm Biomed Anal 44:602-607. https://doi.org/10.1016/j.
jpba.2006.12.025

Hasegawa C, Kumazawa T, Lee XP, Fujishiro M, Kuriki A,
Marumo A, Seno H, Sato K (2006) Simultaneous determination
of ten antihistamine drugs in human plasma using pipette tip
solid-phase extraction and gas chromatography/mass spectrom-
etry. Rapid Commun Mass Spectrom 20:537-543. https://doi.
org/10.1002/rcm.2335

Wu L, Tang Y, Shan C, Chai C, Zhou Z, Shi X, Ding N, Wang
J, Lin L, Tan R (2018) A comprehensive in vitro and in vivo
metabolism study of hydroxysafflor yellow A.J Mass Spectrom
53:99-108. https://doi.org/10.1002/jms.4041

Caboni P, Liori B, Kumar A, Santoru ML, Asthana S, Pieroni E,
Fais A, Era B, Cacace E, Ruggiero V, Atzori L (2014) Metabo-
lomics analysis and modeling suggest a lysophosphocholines-PAF
receptor interaction in fibromyalgia. PLoS One 9:e107626. https
://doi.org/10.1371/journal.pone.0107626

Zhu X, Chen Y, Subramanian R (2014) Comparison of informa-
tion-dependent acquisition, SWATH, and MS(All) techniques in
metabolite identification study employing ultrahigh-performance

@ Springer

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

liquid chromatography-quadrupole time-of-flight mass spectrome-
try. Anal Chem 86:1202-12009. https://doi.org/10.1021/ac403385y
Calder6n-Santiago M, Priego-Capote F, Jurado-Gamez B, Luque
de Castro MD (2014) Optimization study for metabolomics analy-
sis of human sweat by liquid chromatography—tandem mass spec-
trometry in high resolution mode. J Chromatogr A 1333:70-78.
https://doi.org/10.1016/j.chroma.2014.01.071

Broecker S, Herre S, Pragst F (2012) General unknown screening
in hair by liquid chromatography-hybrid quadrupole time-of-flight
mass spectrometry (LC-QTOF-MS). Forensic Sci Int 218:68-81.
https://doi.org/10.1016/j.forsciint.2011.10.004

Food and Drug Administration. Guidance for industry: bioana-
lytical method validation, U.S. Department of Health and Human
Services, FDA, Center for Drug Evaluation and Research. 2018.
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryln
formation/Guidances/default.htm. Accessed 5 Dec 2018

Shafaei A, Halim NHA, Zakaria N, Ismail Z (2017) Analysis of
free amino acids in different extracts of orthosiphon stamineus
leaves by high-performance liquid chromatography combined
with solid-phase extraction. Pharmacogn Mag 13:385-391. https
://doi.org/10.4103/0973-1296.216337

Marumo A, Kumazawa T, Lee XP, Hasegawa C, Sato K (2013)
SpinTip solid-phase extraction and HILIC-MS-MS for quanti-
tative determination of methamphetamine and amphetamine in
human plasma. J Liq Chromatogr Relat T 37:420-432. https://
doi.org/10.1080/10826076.2012.745145

Matsuura K, Ohmori T, Nakamura M, Itoh Y, Hirano K (2008) A
simple and rapid determination of valproic acid in human plasma
using a non-porous silica column and liquid chromatography
with tandem mass spectrometric detection. Biomed Chromatogr
22:387-393. https://doi.org/10.1002/bmc.944

Huang Z, Zhang S (2003) Confirmation of amphetamine, metham-
phetamine, MDA and MDMA in urine samples using disk solid-
phase extraction and gas chromatography—mass spectrometry after
immunoassay screening. J] Chromatogr B 792:241-247. https://
doi.org/10.1016/S1570-0232(03)00269-1

Uges DRA (2011) Hospital toxicology: interpretation and advice.
In: Moffat AC, Osselton MD, Widdop B, Watts J (eds) Clarke’s
analysis of drugs and poisons, 4th edn. Pharmaceutical, London,
pp 31-57

Winek CL, Wahba WW, Winek CL Jr, Balzer TW (2001) Drug
and chemical blood-level data. Forensic Sci Int 122:107-123.
https://doi.org/10.1016/s0379-0738(01)00483-2

Snyder H, Schwenzer KS, Pearlman R, McNally AJ, Tsilimidos
M, Salamone SJ, Brenneisen R, EISohly MA, Feng S (2001)
Serum and urine concentrations of flunitrazepam and metabolites,
after a single oral dose, by immunoassay and GC-MS Format:
abstract. J Anal Toxicol 25:699-704. https://doi.org/10.1093/
jat/25.8.699

Bogusz MJ, Maier RD, Kriiger KD, Friichtnicht W (1998) Deter-
mination of flunitrazepam and its metabolites in blood by high-
performance liquid chromatography-atmospheric pressure chemi-
cal ionization mass spectrometry. J] Chromatogr B 713:361-369.
https://doi.org/10.1016/S0378-4347(98)00207-2

Namera A, Makita R, Saruwatari T, Hatano A, Shiraishi H, Nagao
M (2012) Acute intoxication caused by overdose of flunitraze-
pam and triazolam: high concentration of metabolites detected
at autopsy examination. Am J Forensic Med Pathol 33:293-296.
https://doi.org/10.1097/PAF.0b013e31820f1514

Bogusz MJ (2000) Liquid chromatography—mass spectrom-
etry as a routine method in forensic sciences: a proof of matu-
rity. J Chromatogr B 748:3-19. https://doi.org/10.1016/S0378
-4347(00)00461-8

Druid H, Holmgren P (1997) A compilation of fatal and control
concentrations of drugs in postmortem femoral blood. J Forensic
Sci 42:79-87. https://doi.org/10.1520/JFS14071J


https://doi.org/10.1016/j.jchromb.2008.12.002
https://doi.org/10.1016/j.jchromb.2008.12.002
https://doi.org/10.1016/j.legalmed.2015.06.002
https://doi.org/10.1016/j.legalmed.2015.06.002
https://doi.org/10.1016/j.talanta.2017.08.040
https://doi.org/10.1016/j.talanta.2017.08.040
https://doi.org/10.1016/j.cca.2012.10.023
https://doi.org/10.1016/j.cca.2012.10.023
https://doi.org/10.1093/jat/33.8.491
https://doi.org/10.1002/rcm.3702
https://doi.org/10.1002/rcm.3702
https://doi.org/10.1021/ac035231d
https://doi.org/10.1021/ac035231d
https://doi.org/10.1007/s11419-010-0097-7
https://doi.org/10.1002/jssc.200700627
https://doi.org/10.1016/j.jpba.2006.12.025
https://doi.org/10.1016/j.jpba.2006.12.025
https://doi.org/10.1002/rcm.2335
https://doi.org/10.1002/rcm.2335
https://doi.org/10.1002/jms.4041
https://doi.org/10.1371/journal.pone.0107626
https://doi.org/10.1371/journal.pone.0107626
https://doi.org/10.1021/ac403385y
https://doi.org/10.1016/j.chroma.2014.01.071
https://doi.org/10.1016/j.forsciint.2011.10.004
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
https://doi.org/10.4103/0973-1296.216337
https://doi.org/10.4103/0973-1296.216337
https://doi.org/10.1080/10826076.2012.745145
https://doi.org/10.1080/10826076.2012.745145
https://doi.org/10.1002/bmc.944
https://doi.org/10.1016/S1570-0232(03)00269-1
https://doi.org/10.1016/S1570-0232(03)00269-1
https://doi.org/10.1016/s0379-0738(01)00483-2
https://doi.org/10.1093/jat/25.8.699
https://doi.org/10.1093/jat/25.8.699
https://doi.org/10.1016/S0378-4347(98)00207-2
https://doi.org/10.1097/PAF.0b013e31820f1514
https://doi.org/10.1016/S0378-4347(00)00461-8
https://doi.org/10.1016/S0378-4347(00)00461-8
https://doi.org/10.1520/JFS14071J

Forensic Toxicology (2019) 37:387-397

397

41.

42.

Viswanathan CT, Bansal S, Booth B, DeStefano AJ, Rose MJ,
Sailstad J, Shah VP, Skelly JP, Swann PG, Weiner R (2007) Quan-
titative bioanalytical methods validation and implementation: best
practices for chromatographic and ligand binding assays. Pharm
Res 24:1962-1973. https://doi.org/10.1007/s11095-007-9291-7

Scientific Working Group for Forensic Toxicology (SWGTOX)
(2013) Standard practices for method validation in forensic

toxicology. J Anal Toxicol 37:452-474. https://doi.org/10.1093/
jat/bkt054

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s11095-007-9291-7
https://doi.org/10.1093/jat/bkt054
https://doi.org/10.1093/jat/bkt054

	A new method for high-resolution and high-precision analysis of flunitrazepam and 7-aminoflunitrazepam in human body fluids using a Monolithic SPE SpinTip and UPLC–Q-ToF–MS
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Materials
	Preparation of plasma and urine samples
	Preparation of standard solutions and quality control samples
	Extraction procedure using the Monolithic C18 SPE SpinTip
	UPLC–Q-ToF–MS conditions
	Method validation
	Administration of flunitrazepam to a healthy volunteer

	Results and discussion
	Optimization of extraction conditions for the Monolithic C18 SPE SpinTip
	Mass spectra
	Method performance
	Actual measurements of flunitrazepam and its metabolites in human plasma and urine after oral administration

	Conclusions
	Acknowledgements 
	References




