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a b s t r a c t

A fast, sensitive and selective liquid chromatography–tandem mass spectrometry (LC–MS/MS) method
for the determination of alfentanil and midazolam in human plasma has been developed and validated.
Alfentanil and midazolam were extracted from plasma using a mixed-mode cation exchange solid phase
extraction method, with recoveries of both compounds greater than 80% at 3 different concentrations
(1, 10 and 100 ng/ml). Compounds were analyzed on a C18 column with a water and methanol mobile
eywords:
C–MS/MS
450
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idazolam

olid phase extraction
YP3A

phase gradient with acetic acid as an additive, at a flow rate of 0.3 ml/min. The working assay range was
linear from 0.25 to 100 ng/ml for each compound. The signal to noise ratio was 80 and 40 for alfentanil
and midazolam, respectively, at the lowest concentration calibration standard, with less than 10% matrix
suppression by human plasma at this concentration. Alfentanil and midazolam were stable in human
plasma during storage at −80 ◦C, processing, and analysis. The procedure was validated and applied to
the analysis of plasma samples from healthy human subjects administered oral and intravenous alfentanil
and midazolam.
. Introduction

The cytochrome P450 (CYP) superfamily is a large and diverse
roup of enzymes that is the most clinically important in the dis-
osition of a large number of drugs. The function of most P450
nzymes is to catalyze the oxidation or detoxification of organic
ubstances including endogenous substances such as lipids and
ormones, as well as xenobiotic substances such as drugs and toxic
hemicals.

Among the P450 families of enzymes, the CYP3A subfamily com-
rises approximately 30–60% of total P450 in human liver, the
ajority of P450 in human intestine, and a major fraction of P450

n kidneys [1–3]. The CYP3A enzymes are responsible for metabo-
izing half of all clinically used drugs, encompassing multiple drug
lasses. The expression of CYP3A enzymes, especially CYP 3A4 and
A5, shows large interindividual variation, and that these variations

an lead to variable clinical response to drugs that are CYP3A sub-
trates [2,3]. Adding to this variability is the exquisite sensitivity of
YP3A to drug interactions (i.e., induction and inhibition) [2,4].
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Because of the interindividual variability and the sensitivity
of CYP3A to drug interactions, there is considerable interest in
methods to measure the in vivo activities of CYP3A, to determine
the mechanism and magnitude of such interactions and to pre-
dict such clinical interactions from in vitro studies. Several CYP3A
substrates have been studies as in vivo probes [5,6]. Midazolam
is the most commonly used probe for CYP3A activity, but it has
some general limitations, including intermediate hepatic extrac-
tion, variability in clearance with changes in hepatic blood flow,
and pharmacologically active metabolites [7–9]. Conversely, pre-
vious studies suggested that alfentanil shows many characteristics
of an ideal CYP3A probe [10–13]. Among the general advantages
of alfentanil are elimination exclusively by metabolism, pharma-
cologically inactive metabolites, low hepatic extraction ratio, and
low interday variability in systemic clearance that is not affected
by liver blood flow [13–17].

Assessment of intravenous and oral drug clearances typically
requires their administration by different routes on separate days.
An alternative approach is the concurrent administration of two
different drug probes, for example, alfentanil and midazolam, by
two different routes, such as oral and intravenous. This reduces

the number of study days, blood sampling and analytical deter-
minations (typically by half), eliminates interday variability and
thus improves results, shortens overall study duration, and reduces
study costs. Concurrent administration of alfentanil and midazo-
lam, by similar routes, has also been used to assess the ability of
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Table 1
Retention times, multiple-reaction monitoring transitions and compound specific settings for analytes and internal standard.

Compound Retention time
(min)

MRM transition
(m/z)

Declustering
potential (V)

Collision
energy (V)

7.2
7.2
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Alfentanil 2.1 417.0/19
Alfentanil-d5 2.1 422.0/19
Midazolam 2.5 326.0/29
Midazolam-d4 2.5 330.0/29

ne CYP3A probe to report on the disposition of another CYP3A
robe [18].

Relatively few HPLC based methods for the quantification of
lfentanil in blood or plasma have been reported. Early methods
sed gas chromatography with mass spectrometry detection to
etect alfentanil in urine or plasma [19,20]. An early HPLC method
sed ultraviolet detection, with limited sensitivity [21]. Subse-
uent methods used single quadrupole LCMS with liquid–liquid
xtraction [12,13], and then solid phase extraction [22]. Liquid
hromatography–tandem mass spectrometry assays have to date
sed liquid–liquid extraction [23–25]. Conversely, there are innu-
erable HPLC assays for midazolam, using either single or tandem

uadrupole mass spectrometry, and either liquid–liquid or solid
hase extraction.

A sensitive and reliable analytical method for simultaneously
uantifying alfentanil and midazolam concentrations in human
lasma was needed for supporting clinical pharmacokinetic and
YP3A phenotyping studies. GC/MS and LC/MS methods for simul-
aneously analyzing alfentanil and midazolam from human plasma,
oth using liquid–liquid extraction, were developed and validated

n our laboratory [11,13,26]. These methods are relatively suscep-
ible to matrix effects, require intensive sample preparation steps,
nd greater chromatographic optimization compared to LC–MS/MS
ethods.
The purpose of this investigation was to develop and

alidate a sensitive and robust high performance liquid
hromatography–tandem mass spectrometry (LC–MS/MS) method
or simultaneous determination of alfentanil and midazolam in
uman plasma, using solid phase extraction. The applicabil-

ty of this method in assessing plasma alfentanil and midazolam
ollowing administration in healthy human volunteers is described.

. Experimental

.1. Chemicals and reagents

Alfentanil hydrochloride, midazolam, alfentanil d5 and midazo-
am d4 (all >98% chemical purity) was purchased from Cerilliant
Round Rock, TX). Oasis MCX 96-well solid phase extraction (SPE)
lates were obtained from Waters Corp (Milford, MA). All other
eagents were HPLC or better grade and purchased from Sigma
hemical Co. (St. Louis, MO).

.2. Instrumentation

Analysis was performed on an API 3200 triple-quadrupole mass
pectrometer (Applied Biosystems/MDS Sciex, Foster City, CA)
quipped with a Turbo Ion Spray ionization source operated at
50 ◦C. The HPLC system consisted of two LC-20AC pumps with
CTO-20A oven, SIL-20A autosampler, DGU-20A3 degasser, FCF-

1AL valve and a CBM 20A controller (Shimadzu, Columbia, MD).

he chromatographic separation was performed on a Sunfire C18
olumn (50 mm × 2.1 mm, 3.5 �m) (Waters Corp, Milford, MA) with
C18 guard cartridge (10 mm × 2 mm, 3.5 �m) (Varian, Palo Alto,
A). The injection volume was 20 �l and the oven temperature
as 25 ◦C. Before each injection, the needle was washed with
46 35
46 39
71 47
66 45

methanol:water (50:50, v:v). Mobile phase (0.3 ml/min) was (A)
0.01% acetic acid and (B) 0.01% acetic acid in methanol using the
following program: 25% B for 0.01 min, linear gradient to 80% B
between 0.01 and 1.0 min, held at 80% until 2 min, linear gradient
to 100% until 3 min, held at 100% B until 4 min, then re-equilibrated
to initial conditions between 4.01 and 5.5 min. Under these con-
ditions, retention times for alfentanil and midazolam were 2.1
and 2.4 min, respectively (Table 1). Both Q1 and Q3 quadrupoles
were optimized to unit mass resolution, and the mass spectrome-
ter conditions were optimized for each analyte. The instrument was
operated in positive-ion mode with an ion spray voltage of 5500.
The curtain gas was set at 20, ion source gas 1 at 30, ion source gas
2 at 30 and the collision gas was set at 5. Multiple reaction mon-
itoring (MRM) transitions monitored for each analyte, along with
the analyte-specific parameters, are listed in Table 1.

2.3. Sample preparation

Plasma (330 �l of patient sample, calibrators, and QCs) was acid-
ified with freshly prepared 4% phosphoric acid (660 �l, containing
1 ng/ml each of alfentanil d5 and midazolam d4; final concentra-
tion, 0.67 ng/ml each in acidified plasma) and vortex mixed. Solid
phase extraction was used to process samples. Oasis MCX 96 well
SPE plates (30 mg per well, Waters Corp, Milford, MA) were condi-
tioned with 1 ml methanol followed by 1 ml of water. An aliquot of
acidified plasma (900 �l) was transferred to the SPE plate using a
multi-channel pipette. The SPE plate was washed with 1 ml 0.1 N
HCl followed by 1 ml methanol. The SPE plate was dried at full vac-
uum for 2 min, then the samples were eluted with 0.5 ml of 95:5
acetonitrile:ammonium hydroxide (v:v). Samples were dried under
nitrogen stream at 60 ◦C. Dried samples were then reconstituted
with 100 �l of 15% acetonitrile in 0.05% formic acid and kept at 4 ◦C
until analysis.

2.4. Standards and quality control samples

Methanolic solutions (1 mg/ml free base) were prepared of each
analyte (alfentanil, alfentanil d5, midazolam and midazolam d4).
Dilutions from these stock standards were prepared and used to
make standard and quality control (QC) samples in plasma. Plasma
calibration standards contained both alfentanil and midazolam at
0.25, 0.5, 1, 2.5, 5, 10, 25, 50 and 100 ng/ml, and plasma QC samples
were contained both 1, 10 and 100 ng/ml alfentanil and 1.35, 12
and 100 ng/ml midazolam.

2.5. Assay validation

Analytical methods developed in this study were validated
according to Food and Drug Administration (FDA) Guidance for
Industry, Bioanalytical Method Validation [US Food and Drug
Administration, Guidance for Industry, Bioanalytical Method Vali-

dation, Center for Drug Evaluation and Research (CDER), Rockville,
2001]. Briefly, a minimum of 75% of the total number of stan-
dards in the calibration range must not deviate by greater than
±15% (±20% at the lower limit of quantitation, LLOQ) from their
nominal values and standards that back-calculate to be greater
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Fig. 1. Representative chromatograms of the lowest calibration sta

han ±15% (±20% at the LLOQ) from their nominal value were
xcluded from the regression analysis. Intra- and interday accu-
acy and precision were determined by assay of six replicates of
ow, medium and high QC samples on 3 different days and a min-
mum of 2/3 of the total number of QCs must not deviate by more
han ±15% from their nominal concentration, and at least half of
he QC samples at each concentration must be within 100 ± 15% of
heir nominal concentration. Selectivity was assessed by observing
ny potential interference peaks at the retention times of ana-
ytes and internal standards from six different lots from human
lasma. Sample carryover was assessed by injecting an extracted
lank sample immediately after the highest calibration standard
upper limit of quantitation, ULOQ) from the first set of calibra-
ion standards in each validation run. The peak area of any analyte
bserved in the carryover blank should be less than 20% of the
ean of the corresponding analyte peak areas observed in the

owest accepted standard concentration. Matrix effect was eval-
ated by using 5 replicates of post extracted blank plasma samples
piked with low, medium and high QC level neat solutions with
he QC level neat solutions. Sample recovery was determined by
omparing the mean peak areas for 5 replicates analysis of low,
edium and high QC samples with those of blank plasma extracts

econstituted with the corresponding neat QC solutions. Stability
f analytes in plasma was assessed on storage at room temperature
or 12 h (bench top stability), after three freeze-thaw cycles (freeze-
haw stability) and after long-term storage (−80 ◦C for 12 months).

comparison between the QC concentrations from the reinjected
un of QC samples to their nominal concentrations was used to
ssess the post preparative sample stability. These post preparative
amples were kept at 4 ◦C for 72 h prior to reinjection.
.6. Method application

This method was applied to samples obtained from a clin-
cal investigation of alfentanil and midazolam disposition. The

able 2
ack-calculated concentrations of alfentanil calibration standards in human plasma.

Nominal concentration (ng/ml) Calculated concentration (ng/ml)

Run 1 Run 3

0.25 0.24 0.26 0.25 0.25
0.5 0.54 0.48 0.50 0.52
1 1.17 1.00 1.07 0.93
2.5 2.43 2.56 2.58 2.87
5 4.90 4.74 5.25 5.32

10 9.48 9.82 10.4 10.4
25 24.5 22.7 23.8 26.1
50 50.8 55.1 50.0 54.5

100 100 96.7 97.8 106
Time (min)

(0.25 ng/ml) of (A) alfentanil and (B) midazolam in human plasma.

study was approved by the Washington University Institutional
Review Board and performed after obtaining written informed con-
sent from the subject. The subject received 1 mg midazolam and
15 �g/kg alfentanil intravenously, or 3 mg midazolam and 75 �g/kg
alfentanil orally. Venous blood samples were obtained at 0, 0.02,
0.05, 0.1, 0.2, 0.3, 0.45, 1, 1.02, 1.05, 1.10, 1.15, 1.2, 1.3, 1.45, 2, 2.15,
2.30, 2.45, 3, 3.30, 4, 5, 6, 7, 8, and 9 h after dosing. Plasma samples
were stored at −80 ◦C prior to analysis.

3. Results and discussion

3.1. LC/MS/MS method development

The goal of LC–MS/MS method development process is to
develop and validate a simple, fast and reliable analytical method
to measure alfentanil and midazolam in human plasma. There
were numerous individual reports based on HPLC assays for ana-
lyzing alfentanil or midazolam, but none of them analyzes these
compounds simultaneously using tandem mass spectrometry. Fur-
thermore, some previous methods used conventional analytical
dimension HPLC columns (i.e., 150 or 250 mm in length). One assay
goal was to use an HPLC column amendable to relatively high speed
analysis (5–6 min total analysis time) with acceptable chromato-
graphic performance (peak shape, peak tailing and retention time,
etc.). Several reversed phase type HPLC columns were initially eval-
uated, using common LC–MS/MS mobile phase systems (i.e., 0.1%
formic acid or 0.1% acetic acid in methanol and water). Some HPLC
columns under these mobile phase conditions showed little reten-
tion, long equilibration time, distorted peak shape, and/or excessive
peak tailing. A Sunfire (Waters Corp) C18 column (50 mm × 2.1 mm

ID, 3.5 �m) was eventually chosen and optimal chromatographic
performance achieved using methanol:water with 0.01% acetic acid
as the mobile phase system. Under these conditions, alfentanil and
midazolam were well resolved (retention times of 2.1 and 2.5 min,
respectively, resolution = 2).

Mean SD %CV %Difference

Run 3

0.23 0.26 0.25 0.01 4.8 0.6
0.44 0.49 0.50 0.03 6.8 1.1
0.90 1.02 1.02 0.10 9.5 −1.6
2.27 2.45 2.53 0.20 8.0 −1.1
5.36 5.14 5.12 0.25 4.8 −2.4
9.39 10.3 10.0 0.5 4.7 0.4

22.1 23.2 23.7 1.4 6.0 5.0
51.0 51.5 52.2 2.1 4.1 −4.3
91.9 97.2 98.3 4.6 4.7 1.7
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Table 3
Back-calculated concentrations of midazolam calibration standards in human plasma.

Nominal concentration (ng/ml) Calculated concentration (ng/ml) Mean SD %CV %Difference

Run 1 Run 2 Run 3

0.25 0.25 0.26 0.24 0.27 0.26 0.27 0.26 0.01 4.4 −3.6
0.5 0.51 0.50 0.42 0.50 0.48 0.49 0.48 0.03 6.6 3.6
1 1.06 0.98 0.90 1.03 1.00 0.95 0.99 0.06 5.7 1.2
2.5 2.59 2.56 2.41 2.39 2.58 2.59 2.52 0.09 3.7 −0.8
5 5.17 5.36 5.41 4.94 5.08 5.04 5.16 0.18 3.6 −3.3

9.3
22.4
44.3
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ular interest since the analyte and internal standard response
can be suppressed or enhanced by the matrix. The matrix effect
was determined in human plasma at three concentrations (1, 10,
and 100 ng/ml, n = 5 each) for alfentanil and midazolam. Matrix

Table 4
Intra- and inter day precision and relative errors (accuracy) for alfentanil and
midazolam.

Concentration (ng/ml)

Alfentanil Midazolam

1 10 100 1.35 12 100

Intraday run 1 – mean 0.98 9.67 103 1.36 10.6 103
SD 0.04 0.77 5.6 0.11 0.5 7
%CV 4.1 8.0 5.4 8.1 5.1 7.2
% RE −2.0 −3.3 2.7 0.7 −11.3 2.9
Intraday run 2 – mean 0.99 9.88 97.1 1.39 12.0 102
SD 0.05 0.42 3.2 0.09 0.6 6
%CV 5.1 4.3 3.3 6.5 5.3 5.4
% RE −1.0 −1.2 −2.9 3.0 −0.2 2.3
Intraday run 3 – mean 0.98 9.83 97.0 1.32 12.2 105
SD 0.05 0.61 2.8 0.05 0.7 4
%CV 5.1 6.2 2.9 3.8 6.0 3.7
% RE −2.0 −1.7 −3.0 −2.2 1.8 4.6
10 10.7 10.5 9.45
25 23.8 26.3 21.9
50 51.8 54.9 50.1

100 95.4 108 90.8

Sample clean-up focused on solid phase extraction (SPE) since
his technique generally provides the cleanest sample compared
o protein precipitation or liquid–liquid extraction. Furthermore,
ssay specifications required a limit of quantitation (0.25 ng/ml)
ot easily achieved using protein precipitation or liquid–liquid
xtraction, due to excessive matrix effects. In a previous study, a
ixed-mode cation exchange SPE (Waters Oasis MCX) plate was

uccessfully used to extract alfentanil from human plasma with
ore than 80% recovery [22]. The use of MCX SPE for extracting

oth alfentanil and midazolam was successful without major modi-
cations from the previously reported method. Reverse-phase type
olid phase extraction media were also tested, but the matrix sup-
ression was greater than with MCX type media. The use of stable

abeled internal standards compensated for any possible matrix
ffect and further improved the robustness of the method.

Fig. 1 shows typical chromatograms of the lowest standard sam-
les of alfentanil and midazolam spiked in human plasma. Signal

ntensity was more than adequate, with a signal to noise ratio at
he lowest concentration calibration standard of about 80 for alfen-
anil and 40 for midazolam. There was no interference from other
eaks at the retention times of alfentanil and midazolam. Further
valuation found no differences in results obtained from normal vs.
eavily hemolized or hyperlipidemic plasma samples (not shown).

.2. Method validation

Calibration standards at 9 concentrations (0.25, 0.5, 1, 2.5, 5,
0, 25, 50 and 100 ng/ml) were prepared (see Section 2.4). Lin-
ar regression analysis was performed with 1/x2 weighting using
nalyst software v.1.4.2 (Applied Biosystems, Foster City, CA).
ables 2 and 3 show the back-calculated calibration standard con-
entrations for alfentanil and midazolam in human plasma. The
esults show a linear fit from 0.25 to 100 ng/ml for alfentanil and
idazolam (r2 > 0.99 for both).
Although the method was only validated to 0.25 ng/ml, to

atch clinical study sensitivity requirements, greater sensitivity
as actually possible. The lower limit of detection (based on a

ignal:noise ratio = 3) was less than 50 pg/ml for midazolam and
5 pg/ml for alfentanil. Preliminary evaluations showed that a

ower limit of quantitation (LLOQ, S/N = 10) of less than 100 pg/ml
or midazolam and 50 pg/ml for alfentanil could easily be achieved.
evertheless, 0.25 ng/ml was chosen as the LLOQ for routine assay

mplementation as a matter of practicality since greater sensitivity
as not needed to analyze samples from clinical studies.

Precision and accuracy of the method were determined by
nalyzing quality control samples at 3 concentrations (1, 10 and
00 ng/ml alfentanil and 1.35, 12 and 100 ng/ml midazolam) within

he standard curve range to validate reproducibility. Intraday preci-
ion and accuracy represent how the precision and accuracy behave
ithin an analytical run and were determined by analyzing six

eplicates for each QC sample in each of the three validation runs.
he results for intraday precision and accuracy were acceptable
6 10.2 10.2 10.1 0.6 5.4 −0.7
25.3 23.9 23.9 1.7 7.0 4.3
53.9 53.4 51.4 3.9 7.5 −2.8

102 109 101 7.0 7.0 −1.2

under FDA guideline (Table 4). Interday precision and accuracy
represent the precision and accuracy of the assay over different
analytical runs and were determined by analyzing six replicates for
each QC sample from three validation runs. The results for interday
precision and accuracy were acceptable (Table 4), with inter- and
intraday variability less than 10% at all analyte concentrations.

Selectivity is the ability of an analytical method to differenti-
ate and quantify the analyte in the presence of other components
in the sample. Six different lots of blank plasma without alfen-
tanil/midazolam or internal standards were extracted and analyzed
for evaluating the selectivity of this method. For selectivity to
be considered acceptable, each blank sample was tested for
any potential interference at the retention time of the peak for
alfentanil/midazolam or their internal standards. Fig. 2 shows chro-
matograms of pooled (6 different lots) blank human plasma used
for testing selectivity. No interference peak was appeared at the
retention times of alfentanil and midazolam.

The injection carryover test was to evaluate the extent of carry-
over of an analyte of interest from one sample to the next in every
run. This was performed by placing an extracted blank after the
highest calibration standard (ULOQ, 100 ng/ml alfentanil or mida-
zolam). No potentially interfering peak (i.e., carryover) was found
at the retention times of alfentanil and midazolam indicating no
injection carryover was observed for this method.

Evaluation of matrix effects in LC–MS/MS assay is of partic-
Interday run – mean 0.98 9.79 98.9 1.36 11.6 103
SD 0.04 0.59 4.7 0.09 0.9 5
%CV 4.1 6.0 4.7 6.6 8.0 5.3
% RE −2.0 −2.1 −1.1 0.7 −3.3 3.3
N 18 18 18 18 18 18
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ig. 2. Representative chromatograms of blank human plasma to assess potentia
idazolam d4, (C) alfentanil, and (D) alfentanil d5.

ffect was evaluated by comparing the peak areas of neat ana-
ytes spiked into extracted blank matrix with the peak areas of
eat unextracted analytes at the same concentrations. The neat
olutions served as reference samples. The matrix suppression
or alfentanil and midazolam was all less than 10% at all tested

oncentrations (Table 5). In addition, over the range of analyte con-
entrations tested, the degree of matrix suppression varied less
han 15% for alfentanil and less than 9% for midazolam, indicat-
ng that the matrix suppression met the acceptance criteria and
ad no significant impact on quantification. Hemolyzed plasma was
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fering peaks at the retention times and MRM transitions for (A) midazolam, (B)

also analyzed, but no difference from normal plasma samples was
observed.

In a previous assay, alfentanil recovery from human plasma
using Oasis MCX SPE exceeded 80% [22]. The recovery of both alfen-
tanil and midazolam extracted simultaneously in this assay was

evaluated by comparing the mean peak areas from analyte added
to and recovered from the biological matrix (extracted samples) to
the peak areas from unextracted samples at three concentrations
(1, 10, and 100 ng/ml, n = 5 each), as described for the matrix effect
test. The recoveries for alfentanil and midazolam were all more than
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Fig. 4. Plasma concentration vs. time profiles of alfentanil and midazolam after adminis
and (D) oral alfentanil.

Table 5
Matrix suppression and recovery of alfentanil and midazolam in human plasma.

Analyte Concentration
(ng/ml)

Matrix
suppression (%)

Recovery (%)

Alfentanil 1 7.2 81
10 9.4 84

100 7.8 85
CV 14.0% 2.5%

Midazolam 1 8.4 86

8
t
t
i
s
p

c
s
a
a
a
a

T
S

10 9.8 84
100 8.6 90

CV 8.5% 3.5%

0% at all tested concentrations (Table 5). In addition, there was less
han 5% variability in recovery across the range of concentrations
ested. These indicated that the mixed-mode cation exchange SPE
s an effective and reproducible sample preparation technique for
imultaneously extracting alfentanil and midazolam from human
lasma.

Analyte stability is a function of the storage conditions, the
hemical properties of the analyte and the matrix. The purpose of

tability tests is to evaluate the stability of analyte during the situ-
tions likely to be encountered during actual sample handling and
nalysis. Results of various stability tests were presented in Table 6
nd no significant loss or deterioration was observed for alfentanil
nd midazolam.

able 6
tability of alfentanil and midazolam in human plasma.

Analyte Concentration (ng/ml) BenchTop (12 h) Freeze-tha

CV (%) Accuracy (%) CV (%)

Alfentanil 1 8.4 104 6.4
10 6.8 97.4 7.5

100 4.5 102 5.6

Midazolam 1 7.6 96.4 6.4
10 7.1 99.6 5.7

100 5.4 93.6 4.9
tering (A) intravenous midazolam, (B) intravenous alfentanil, (C) oral midazolam,

3.3. Method application

The validated LC–MS/MS method developed in this work
was successfully applied to determine the plasma concentration
of alfentanil and midazolam in healthy human subjects. Fig. 3
shows typical chromatograms. The plasma concentration–time
curves from a single human subject for intravenous (A,
B) or oral (C, D) alfentanil and midazolam are presented
in Fig. 4.

4. Conclusion

An LC–MS/MS method has been validated for the quantita-
tion of alfentanil and midazolam in human plasma. The assay
was linear from 0.25 to 100 ng/ml for each compound. The lowest
standards (i.e., 0.25 ng/ml) generated typical signal to noise (S/N)
ratios around 80 and 40 for alfentanil and midazolam, respectively.
Recovery of alfentanil and midazolam from plasma was more than
80% while matrix suppression was less than 10%. Alfentanil and
midazolam are stable during storage, processing, and analysis in

human plasma samples. The results indicate the method to be sen-
sitive, selective, accurate, and reproducible. The validated method
was successfully applied to obtain concentration–time curves of
oral and intravenous alfentanil and midazolam in human healthy
subjects.

w (3 times) Autosampler (72 h) Long Term (12 months)

Accuracy (%) CV (%) Accuracy (%) CV (%) Accuracy (%)

99.8 4.8 102 8.5 95.5
96.4 5.5 105 6.4 102
95.6 4.9 102 6.2 97.4

93.5 8.5 102 7.8 106
97.5 7.5 98.6 8.2 102
94.6 7.1 95.8 5.1 102
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