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Abstract

Mirtazapine (MTZ) is an antidepressant drug, which belongs to the chemical class of piperazinoazepines. A
liquid chromatography-tandem mass spectrometry (LC-MS/MS) method was developed for the quantifica-
tion of MTZ in plasma at the concentrations associated with therapy. Diazepam (DZP) was used as internal
standard, added to 200 pL of plasma sample prior to a liquid-liquid extraction using hexane. Chroma-
tographic separation was achieved on an Agilent” Eclipse XDB C-18 column (100 x 2.1 mm, 3.5 um) in iso-
cratic mode at 40°C. Mobile phase was 10 mM ammonium acetate/acetonitrile/formic acid (60/40/0.1, v/v/v)
at a constant flow rate of 0.5 mL-min '. The injection volume was 10 uL and the total run time was 3.2 min.
The method shows selectivity and linearity. The detection and quantitation limits were established at 0.17
and 0.50 ng'-mL ', respectively. The extraction recoveries for MTZ and DZP were found to be between 84.9
and 93.9%. The intra-day and inter-day precision and accuracy fulfill at the international acceptance criteria.
The method shows to be stable for the studied parameters. Therefore, a rapid, specific, and sensitive
LC-MS/MS method for quantification of MTZ in human plasma was developed and can be used in therapeu-
tic drug monitoring of this drug.
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1. Introduction of the pharmacological activity of MTZ [6]. Its molecu-

lar formula is C;7H9N3. The drug has a molecular weight

Mirtazapine (MTZ) is an antidepressant drug, which be-
longs to the chemical class of piperazinoazepines [1]. It
seems that MTZ has a dual mode of action: it enhances
noradrenergic and 5-HT;s-mediated serotonergic neuro-
transmission by acting as an antagonist at the central
a2-adrenergic autoreceptors and heteroreceptors as well
as by postsynaptic blockade of 5-HT, and 5-HT; recep-
tors [2]. It is rapidly and well absorbed after oral admini-
stration, and is and is extensively metabolized by hepatic
cytochrome P450 enzymes (CYP). Its elimination half-
life ranges between 20 and 40 h and N-desmethy-Imirta-
zapine is the only pharmacologically active metabolite
[3-5]. MTZ is administered in a single daily dose, which
range between 15 and 45 mg/day, resulting in plasma
concentrations between 5 and 100 ng'-mL "' [2]. The drug
is used as a racemic mixture of S (+) and R (-) enanti-
omers, and the parent compound is responsible for most
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of 265.35 g/mol [7]. The chemical structure of MTZ is
shown in Figure 1.

The literature described several methods for the de-
termination of MTZ in biological matrices. These include
capillary gas chromatographic methods [8] and high-per-
formance liquid chromatography (HPLC) methods [9].
The coupling of HPLC with mass spectrometry (LC-
MS/MS) is now generally accepted as the preferred tech-
nique for quantitating small molecule drugs, metabolites,

Figure 1. Chemical structure of mirtazapine (MTZ).
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and other xenobiotic biomolecules in biological matrices,
since this technique is highly selective and sensitive [10,
11]. Due to the increasing importance of speed and reli-
ability of analysis in bioanalytical laboratories, a new
method for determination of MTZ in human plasma with
a short time of analysis (3.2 min) is described in this
work. The LC-MS/MS technique was successfully em-
ployed to provide a satisfactory sensitivity and selectivity
in a desirable time of chromatographic run.

2. Materials and Methods
2.1. Chemical and Reagents

All reagents used were of analytical grade or HPLC
grade. Ammonium acetate and formic acid were purchased
from Merck® (Darmstadt, Germany). Hexane was used
from Vetec® (Rio de Janeiro, Brazil). 0.1 M sodium hy-
droxide solution was purchased from Nalgon® (Itupeva,
Brasil). Acetonitrile was acquired from J. T. Baker”
(Phillipsburg, USA) and Vetec” (Rio de Janeiro, Brazil).
MTZ (assigned purity 99.9%) and diazepam (DZP, in-
ternal standard, assigned purity 99.9%) were purchased
of United States Pharmacopoeia (USP). HPLC grade
water was prepared by Milli-Q reverse osmosis (Milli-
pore®, Bedford, USA) and meets United States Pharma-
copoeia requirements. Modified hydrophilic polytetra-
fluoroethylene membranes with a pore size of 0.22 pm
were used to filter the mobile phase (Millipore”™, Bedford,
USA) and Millex” syringe filters hydrophilic polytetra-
fluoroethylene membranes (13 mm, 0.45 um pore size)
from Millipore® (Bedford, USA) were used to filter the
samples.

2.2. Equipments

The following equipments were used: vortex mixer
Phoenix”® model AP 56 (Araraquara, Brazil); analytical
balance Mettler Toledo® model XS 205 (Greifensee,
Switzerland); ultrasonic bath Branson® model 8510
(Danbury, USA); refrigerated centrifuge Cientec® model
CT6000R (Piracicaba, Brazil); sample concentrator Tecnal®
model TE-0194 (Sio Paulo, Brazil); rotary shaker Tecnal®
model TE 240 (Sao Paulo, Brazil). Analyses were ac-
quired on a Waters® Alliance HPLC system (Milford,
USA) coupled to a Waters® Quattro Premier XE mass
spectrometer (Manchester, UK).

2.3. Operating Conditions

Samples were separated on a reversed phase Agilent”

Eclipse XDB (Palo Alto, USA) C-18 column (100 x 2.1
mm, 3.5 pm) in isocratic mode. Mobile phase was 10 mM
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ammonium acetate/acetonitrile/formic acid (60/40/0.1,
V/V/V) at a constant flow rate of 0.5 mL-min"'. The column
temperature was kept constant at 40°C. The injection
volume was 10 pL and the total run time was 3.2 min.
MTZ and DZP were ionized via electrospray ionization
(ESI) in positive ion mode. The electrospray source pa-
rameters were fixed as follows: electrospray capillary
voltage 3.5 kV, source temperature 100°C and desolva-
tion temperature 350°C. Nitrogen was used in the elec-
trospray ionization source. The cone and desolvation gas
flows were 50 and 600 L-h™", respectively. The multiplier
voltage was set at 750 V. Cone voltage was set to 30 and
40 V for MTZ and DZP, respectively. The Collison en-
ergy was 25 eV for MTZ and 30 eV for DZP. The detec-
tion of the ions was performed in the selected reaction
monitoring (SRM) mode, monitoring the transition of the
precursor ion at m/z 266.2 to the product ion at m/z 195.0
for MTZ, and the transition of the precursor ion at m/z
285.1 to the product ion at m/z 193.5 for DZP.

2.4. Preparation of DZP (Internal Standard)

A stock solution of Internal Standard (IS) was prepared by
dissolving 2.48 mg of DZP in acetonitrile and water
(50:50, v/v) in a 10 mL volumetric flask. This solution
was kept in refrigerator at 2°C - 8°C. Working IS solu-
tions were prepared by suitably diluting the above-men-
tioned stock solution afresh before use.

2.5. Preparation of MTZ Stock Standard and
Working Solutions

The MTZ stock solution was prepared by dissolving 2.45
mg of MTZ in 10 mL of acetonitrile and water (50:50,
V/V). This solution was kept in refrigerator at 2°C - 8°C. The
working solutions were obtained by suitably diluting the
MTZ stock solution in acetonitrile and water (50:50, v/v).

2.6. Preparation of Calibration Standards and
Quality Control (QC) Samples

Eight calibration standards in plasma at concentration of
0.50, 1.51, 10.04, 50.18, 76.27, 100.35, 150.52 and
200.70 ng'mL™" were prepared by spiking appropriate
aliquots of MTZ standard solution (Section 2.5) in
plasma. Three levels of QC samples in plasma at a con-
centration of 1.51 ngmL™"' (low), 76.26 ng'mL ™" (me-
dium), and 150.52 ng'mL " (high) were also prepared and
processed following the above method.

2.7. Sample Procedure

An aliquot quantity of 200 pL of human plasma was taken
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in a 15 mL Falcon tube, spiked with 40 pL of working IS
solution at 1.5 ug'mL™" (Section 2.4), and spiked with
appropriate aliquots of MTZ standard solution (Section
2.4). To this 50 pl of 0.1 M sodium hydroxide and 5 mL of
hexane were added. The mixture was shaken at 180 rpm
for 3 min on a shaker followed by centrifugation for 2 min
at 3500 rpm. The aqueous layer was frozen in an ice bath.
The organic layer was then transferred to a test tube and
evaporated to dryness under N,. The resulting residue was
reconstituted in 0.2 mL H,O-acetonitrile, 50:50 (v/v), and
shaken at 180 rpm for one min on a shaker, and the solu-
tion obtained was analyzed by HPLC with MS-MS de-
tection.

2.8. Method Validation

The method was validated for selectivity, linearity, ac-
curacy, precision, recovery, stability, detection limit and
quantitation limit according to the principles of the FDA
industry guidance [12].

2.8.1. Selectivity

The selectivity of this method was performed by analyz-
ing blank plasma samples obtained from 4 healthy sub-
jects, a lipid sample and a hemolyzed sample. In order to
test the interference at the retention time of MTZ at
quantification limit and DZP (IS) at working concentra-
tion, the blank plasma samples, a human plasma sample
spiked with mirtazapine at 0.50 ng'mL~" and a human
plasma sample spiked with IS at 100 ng'mL "' were ana-
lyzed according to the methodology described in Section
2.7.

2.8.2. Linearity

The linearity of calibration curve for MTZ was assessed at
eight concentration levels in the range of 0.50 - 200.70
ng'mL™" in plasma samples. Peak area ratios for each
solution against its corresponding concentration were
measured and the calibration curve was obtained from the
least-squares linear regression presented with their corre-
lation coefficient.

2.8.3. Detection Limit

The detection limit was estimated from the signal-to-
noise ratio. This parameter was defined as the lowest
concentration level resulting in a peak area of three times
the baseline noise.

2.8.4. Quantitation Limit

The quantitation limit was defined as the lowest concen-
tration level that provided a peak area with a signal-to-
noise ratio higher than 5, with precision (% CV) within +
20% and accuracy (% recovery) between 80% and 120%.

Copyright © 2011 SciRes.

2.8.5. Extraction Recovery
The extraction recovery of analyte at three QC samples
was determined by measuring the peak area responses
from plasma samples spiked with analyte before extrac-
tion with those from drug-free plasma samples extracted
and spiked with same concentration of analyte after ex-
traction. The recovery of IS at concentration of 100
ng'mL™" was determined in the same way. The recovery
of MTZ and IS were determined using five replicates. The
extraction recovery at low, medium and high levels of
QC samples was obtained according Equation (1):
0 _ibe* 0

R(%) Sae 100% €))
where: R is extraction recovery, PSbe is the mean value
of the peak area responses obtained from plasma samples
spiked with analyte before extraction and PSae is the
mean value of the peak area responses obtained from
plasma samples spiked with analyte after extraction.

2.8.6. Accuracy and Precision

The intra-day data reflects the precision and accuracy of
the method under the same conditions within one day.
Intra-day accuracy and precision were obtained by ana-
lyzing six replicates of three QC samples (low, medium
and high levels). Accuracy was determined by the re-
gressed (measured) concentration represented as a per-
centage of the target (nominal) concentration. The percent
relative standard deviation (% RSD) of the regressed
(measured) concentrations was used to report precision.
The inter-day precision and accuracy were verified by
repeating the above procedure at three different occasions.

2.9. Stability

Stability of MTZ in plasma was performed using five
replicates of two QC samples at low and high levels.
Samples were prepared by spiking drug-free plasma with
appropriate volumes of MTZ standard solutions. The
stability was evaluated with five studies; stability in in-
jection medium, freeze-thaw, short-term and long-term
stability as well as standard solution stability, according
to described in subsequent sections.

2.9.1. Stability in Injection Medium

The QC samples were processed and stored under ambi-
ent conditions (25°C) in the LC vials intended to be used
during routine analysis. At the following time points the
samples were analyzed: Initial, 21 hours and 42 hours.

2.9.2. Freeze/Thaw Stability
The QC samples were analyzed after three freeze/thaw
cycles. Samples were stored at approximately —20°C for
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24 hours. Subsequently, the samples were thawed under
ambient conditions (25°C) and then frozen for 12 hours.
After three freeze/thaw cycles the samples were proc-
essed and analyzed. The results were then compared with
those obtained from samples analyzed at initial moment.

2.9.3. Short-Term Stability

The QC samples were kept at ambient temperature (25°C)
for 21 h and then processed and analyzed for short-term
stability study. The results were compared with those
obtained from samples analyzed at initial moment.

2.9.4. Long-Term Stability

The QC samples were stored at —20°C for 90 days, then
extracted and analyzed for long-term stability study. The
results were compared with those obtained from samples
analyzed at initial moment.

2.9.5. Standard Solution Stability

A MTZ solution at concentration of 10.0 ng'mL " and an
IS solution at 100.0 ng'mL™" were prepared from a fresh
weighing (Sections 2.4 and 2.5). A portion of the samples
was kept at ambient temperature (25°C) for 17 hours and
then analyzed by the proposed method. A second portion
of the samples was stored between 2°C and 8°C for 10
days and then analyzed. The results were compared
with those obtained from samples analyzed at initial
moment.

3. Results and Discussion

3.1. Sample Preparation and LC-MS/MS
Analysis

The main aim of this work was to develop a rapid, selec-
tive and sensitive analytical method including an efficient
and reproducible sample clean-up step for quantitative
analysis of MTZ in human plasma. Based on our previous
experience on optimization of analyses in plasma, sodium
hydroxide was added to plasma samples in order to in-
crease extraction efficiency, because weak bases as MTZ
and DZP are in an undissociated form at neutral or alkaline

pH values, resulting in higher extraction efficiency [13,14].

Subsequently, a simple and inexpensive extraction pro-
cedure that could be implemented in monitoring labora-
tories provided an assay well suited for real time analyses.

In optimizing the chromatographic conditions, the
ammonium acetate buffer solution was adopted in the
mobile phase of the HPLC in order to suppress the tail-
ing phenomena of chromatographic peaks of MTZ and
DZP. Besides, the concentration of the ammonium ace-
tate buffer was investigated and the concentration of 10
mM ammonium acetate made the chromatographic peaks
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sharp and symmetric. Further experiment results showed
that acidifying the mobile phase with formic acid also
contributed to improve peak shapes of MTZ and DZP.
Therefore, a concentration of 0.1% formic acid was used
in mobile phase. The acceptable retention and separation
of MTZ and DZP was obtained by using an elution sys-
tem of 10 mM ammonium acetate/acetonitrile/formic
acid (60/40/0.1, v/v/v) as the mobile phase. The LC/MS/
MS method described here satisfies the requirement of
routine analyses since it has a short run time (3.2 min),
which has advantages over other methods described in
the literature.

The MS optimization was performed by direct inject-
tion of MTZ and DZP into the mass spectrometer. The
mass parameters were optimized to obtain better ioniza-
tion of MTZ and DZP molecules. The full scan spectrum
was dominated by protonated molecules [M+H]" m/z
266.2 and 285.1 for MTZ and DZP, and the major frag-
ment ions observed in each product spectrum were at m/z
195.0 and 193.5, respectively.

3.2. Method Validation

3.2.1. Selectivity

No interference peak was detected for MTZ or IS (Fig-
ure 2). The acceptance criteria for MTZ had a mean in-
terference per batch <20% of the signal at the limit of
quantification. The IS had a mean interference of <5% of
the signal at the working concentration.

3.2.2. Linearity

The correlation coefficient for MTZ over the concentration
range of 0.50 - 200.70 ng'mL " was 0.9991. The average
slope and intercept of regression equations were 0.0341755
(%CV: 10.37) and 0.0018362 (%CV: 25.83), respectively.
Linearity was found to be quite satisfactory and repro-
ducible.

3.2.3. Detection Limit
The detection limit for the assay was established as 0.17
ng'-mL~" based on the signal-to-noise ratio (S/N) for 3.

3.2.4. Quantitation Limit

On the basis of a signal-to-noise ratio (S/N) for 5, the
quantitation limit for MTZ was found to be 0.50 ng'mL .
The precision and accuracy at quantitation limit were
found to be 9.93 (% CV) and 94.1 (% recovery). These
results suggest that MTZ in plasma at the concentrations
associated with therapy can be estimated accurately.

3.2.5. Extraction Recovery
The percent recoveries of MTZ and IS are shown in Ta-
ble 1. The extraction recoveries determined were found
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Figure 2. Representative mass chromatograms of (a) blank human plasma, (b) human plasma spiked with mirtazapine at

quantitation limit (0.50 ng-mL™) and (c) human plasma spiked with 1S (100 ng-mL™).

Copyright © 2011 SciRes.
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Table 1. Assay recovery for MTZ and IS.

Mirtazapine Diazepam (IS)

Concentration o Concentration o
(ng'mL ") Recovery (%) (ng'mL ) Recovery (%)
1.51 93.9

76.27 92.7 100.00 85.3

150.52 84.9

to be between 84.9% and 93.9% for MTZ and IS. The
precision of the recovery at each concentration level was
better than £20%. Due to this good recovery it was not
necessary to improve the extraction procedure described
above.

3.2.6. Accuracy and Precision

The intra-day precision and accuracy data for QCs are
summarized in Table 2. The international acceptance
criteria (CV for precision better than 15% and recovery
values for accuracy between 85% and 115%) were met
[15].

The inter-day precision and accuracy data shown in
Table 3 also fulfill at the international acceptance crite-
ria [15] (CV for precision better than 15% and recovery
values for accuracy between 85% and 115%).

3.3. Stability

The processing and storage conditions of clinical samples
need to maintain the integrity of a drug or at least keep
the variation of pre-analysis as minimal as possible

655

[16]. For this reason, stability studies play an important
role in a bioanalytical method development. In this study,
the stability was assessed by considering five parameters;
stability in injection medium, freeze-thaw, short-term and
long-term stability as well as standard solution stability.
The results presented in Tables 4 and 5 show that MTZ
is stable under the studied conditions, since in all cases
the international acceptance criteria (variation values for
area smaller than 15%) were met [16,17].

4. Conclusions

An alternative HPLC/ESI/MS/MS method for quantifica-
tion of MTZ in human plasma has been successfully

Table 2. Intra-day precision and accuracy data.

Nominal con- Measured concentration (n = 6)

centration
(ngmL™) Mean (ngmL™")  CV (%) Recovery (%)
1.51 1.47 4.29 97.9
76.27 72.63 7.08 95.2
150.52 154.37 5.42 102.6

Table 3. Inter-day precision and accuracy data.

Nominal Measured concentration (n = 18)
concentration
(ng'mL™) Mean (ng-mL ") CV (%) Recovery (%)
1.51 1.48 6.15 98.2
76.27 71.52 5.42 93.8
150.52 147.01 8.67 97.7

Table 4. Stability studies data.

Nominal conc. of 1.51 ng-mL

Nominal conc. of 150.52 ng-mL™"

Stability test

Measured concentration (ngmL™") CV (%) Area (%) Measured concentration (ng'mL™") CV (%) Area (%)

Stability in injection medium

Initial (n = 5) 1.50 7.30 100.00 134.09 5.42 100.00

21 hours (n =5) 1.37 13.50 90.97 131.11 4.69 97.78

42 hours (n=15) 1.46 9.19 97.54 125.86 7.06 93.86

Freeze—thaw stability

Initial (n = 5) 1.50 7.30 100.00 134.09 5.42 100.00

After freeze—thaw cycles 1.64 11.31 109.11 123.39 3.54 92.02
Short-term stability

Initial (n = 5) 1.50 7.30 100.00 134.09 5.42 100.00

21 hours (n =5) 1.56 7.30 104.08 144.97 7.00 108.11
Long-term stability

Initial (n = 5) 1.50 7.30 100.00 134.09 5.42 100.00

90 days (n=15) 1.37 7.89 91.28 138.39 3.71 103.21

Copyright © 2011 SciRes. AJAC
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Table 5. Standard solution stability data.

Solution stability test Mirtazapine Diazepam (IS)
Mean area CV (%) Area (%) Mean area CV (%) Area (%)
At ambient temperature (25°C)
Initial (n=15) 45677 33 100.00 41976 53 100.00
17 hours (n=5) 45684 1.3 100.02 46192 1.9 110.04
Between 2°C and 8°C
Initial (n =5) 35799 35 100.00 31549 3.6 100.00
10 days (n=15) 35156 3.5 98.20 33323 3.1 105.62

developed and validated. A simple and inexpensive lig-
uid-liquid extraction procedure and an isocratic chroma-
tography condition using a reversed-phase column pro-
vided an assay well suited for real time analyses. The
method exhibited excellent performance in terms of se-
lectivity, linearity, accuracy, precision, recovery, stability,
detection limit and quantitation limit.

In addition, the reported method has a short analysis
run time, an advantage over previously reported methods.
Therefore, this method is suitable for therapeutic drug
monitoring of MTZ and can be used in pharmacokinetic
or bioequivalence studies of this drug.
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