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New method for the chiral evaluation of mirtazapine
in human plasma by liquid chromatography
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Abstract

A simple, rapid and sensitive high-performance liquid chromatography (HPLC) method was developed for the enantioselective analysis
of the new antidepressant drug mirtazapine in human plasma. The procedure involved liquid–liquid extraction using toluene, followed by
liquid chromatography coupled to UV detection at 292 nm. The chromatographic separation of the (+)-(S)- and (−)-(R)-enantiomers of
mirtazapine was achieved on a Chiralpak AD column (250 mm× 4.6 mm, 10�m particle size) protected with a CN guard column, using
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exane–ethanol (98:2, v/v) plus 0.1% diethylamine as the isocratic mobile phase, at a flow rate of 1.2 ml/min. The total analysis
ess than 12 min per sample. The recoveries of (+)-(S)- and (−)-(R)-mirtazapine were in the 88–111% range with a linear response ov
.25–625 ng/ml concentration range for both enantiomers. The quantification limit (LOQ) was 5 ng/ml. Within-day and between-
recision and accuracy were studied at three concentration levels (10, 50 and 250 ng/ml). For both mirtazapine enantiomers, the
f variation (CV) and deviation from the theoretical value were lower than 15% at all concentration levels. The method proved to b

or pharmacokinetic studies.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Mirtazapine is a chiral drug (1,2,3,4,10,14b-hexahydro-2-
ethylpyrazino-[2,1-a]-pyrido[2,3-c][2]benzazepine), com-
ercialized as a 50:50 mixture of (+)-(S)- and

−)-(R)-enantiomers, and used as an antidepressant in
he treatment of moderately and severely depressed hospital-
zed and out-patients[1]. Mirtazapine acts as an antagonist
f �2-adrenergic auto and heteroreceptors, resulting in

ncreased release of norepinephrine and serotonin. It is also
n antagonist of postsynaptic serotonin type 2 (5-HT2) and

ype 3 (5-HT3) [1,2].
After oral administration, mirtazapine is rapidly and com-

letely absorbed, and then extensively biotransformed in the
iver [3]. The biotransformation of mirtazapine includes 8-

∗ Corresponding author. Tel.: +55 16 6024261; fax: +55 16 6332960.
E-mail address:psbonato@fcfrp.usp.br (P.S. Bonato).

hydroxylation,N(2)-demethylation,N(2)-oxidation, as we
as direct conjugation of the drug with glucuronic acid
conjugation of its metabolites with glucuronic or sulphu
acid[3,4].

The pharmacokinetics and pharmacodynamics of
tazapine appear to be enantioselective, as shown b
differences in the kinetic parameters and effects o
enantiomers[3,5]. The enantiomers of mirtazapine sh
different receptor binding affinity. The�2-autoreceptor an
5-HT2 blocking effects of mirtazapine are present prima
in the (+)-(S)-enantiomer of mirtazapine, whereas
�2-heteroreceptor and 5-HT3 type receptor antagonistic a
tivities reside predominantly in the (−)-(R)-enantiomer[6].
After single oral dose administration, the (−)-(R)-enantiome
appears in plasma at up to three times the concentratio
has a longer plasma half-life than the other enantiomer[3,5].
A study of the metabolism of mirtazapine enantiomers
human cytochrome P450 enzymes demonstrated tha

570-0232/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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(S)-mirtazapine was extensively metabolised by CYP2D6
[7].

The separation and quantification of the enantiomers may
be important to allow therapeutic drug monitoring and the
determination of the clinical response and of the pharma-
cokinetic properties of the drug. Several non-chiral analyt-
ical methods have been described for the determination of
racemic mirtazapine (rac-mirtazapine) in human plasma and
serum, including high-performance liquid chromatography
(HPLC) with fluorescence[8–11] and ultraviolet detection
[12] and gas chromatography (GC)[13,14]. Some methods
to quantify rac-mirtazapine in pharmaceutical forms were
described using capillary electrophoresis (CE)[15,16] and
UV–vis spectrophotometry[17].

To our knowledge, only one chromatographic chiral
method has been described in the literature for the deter-
mination of mirtazapine enantiomers in biological fluid by
high-performance liquid chromatography with UV detection
[18].

This study describes a novel, rapid and sensitive analyti-
cal chiral method for the quantification of mirtazapine enan-
tiomers in plasma samples using high-performance liquid
chromatography under normal-phase conditions. Validation
parameters of the method were calculated in terms of recov-
ery, linearity, precision, quantification limit and accuracy.
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ticle size) (all purchased from Chiral Technologies, Exton,
PA, USA), Ultron ES-OVM (150 mm× 4.6 mm, Rockland
Technologies, Newport, DE, USA) and a Chiral AGP
column (150 mm× 4.0 mm, 5�m particle size, ChromTech
AB, Hägersten, Sweden). A CN column (4 mm× 4 mm,
5�m particle size, Merck, Darmstadt, Germany) was used
as guard column. The best resolution was achieved on the
Chiralpak AD column using hexane–ethanol (98:2, v/v) plus
0.1% diethylamine as the mobile phase, at a flow-rate of
1.2 ml/min.

2.3. Calibration and internal quality control solutions

Human plasma samples from healthy volunteers were sup-
plied by The Blood Center of the University Hospital, Faculty
of Medicine of Ribeir̃ao Preto (University of S̃ao Paulo, S̃ao
Paulo, Brazil). Individual plasma samples were evaluated for
endogenous interference before use.

Stock standard and working solutions were prepared in
methanol in the concentration range of 6.25–625�g/ml. They
were stored frozen at−20◦C and protected from direct light,
remaining stable for at least 3 month.

Measurements were performed on 1 ml drug-free fresh
frozen plasma spiked with 25�l of standard solutions of
(+)-(S)-mirtazapine and (−)-(R)-mirtazapine. No internal
s trols
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. Experimental

.1. Chemicals and reagents

Rac-mirtazapine (laboratory code Org 3770, pu
98%) andrac-demethylmirtazapine were kindly suppli
y Analytical Control Labs., N.V. Organon (Oss, T
etherlands). Hexane, methanol, ethanol and toluene
urchased from Merck (Darmstadt, Germany) and we
hromatography grade. Diethylamine was supplied by F
Buchs, Switzerland) and sodium hydroxide was obta
rom Nuclear (S̃ao Paulo, Brazil), both of analytical grade

.2. Apparatus and chromatographic conditions

Analyses were conducted using a Shimadzu (Ky
apan) liquid chromatograph, with an LC-AT VP solv
ump unit and an SPD-10A UV–vis detector operatin
92 nm. Injections were performed manually through a 5�l

oop with a Rheodyne model 7125 injector (Rheodyne,
ati, USA). Data were collected using a Chromatopak CR
ntegrator (Shimadzu, Kyoto, Japan). To establish the el
rder, a Jasco CD-1595 circular dichroism detector (Ja
okyo, Japan) was used. The resolution of the mirtaza
nantiomers was evaluated at 23 (±2)◦C on several chira
olumns, i.e. Chiralpak AD (250 mm× 4.6 mm, 10�m
article size), Chiralpak AD-RH (150 mm× 4.6 mm, 5�m
article size), Chiralcel OG (250 mm× 4.6 mm, 10�m
article size), Chiralcel OJ (250 mm× 4.6 mm, 10�m par-
tandard was used in this method. Plasma quality con
QC) spiked with 10, 50 and 250 ng/ml of both enantiom
ere prepared to measure the accuracy and precision
ethod.

.4. Sample preparation procedure

A 100�l aliquot of 10 mmol sodium hydroxide and 4 ml
he extracting solvent toluene were added to 1 ml of unkn
lasma samples, spiked plasma samples or quality co
amples. The mixture was submitted to mechanical sha
t 200 rpm for 30 min and centrifuged at 1800× g for 10 min.
ppropriate volumes (3 ml) of the upper organic phases

ransferred to conical tubes and the contents were evapo
o dryness under a gentle stream of compressed air at
emperature. The residues were dissolved in 100�l of the
obile phase and 50�l was injected into the chromatograp

ystem.

.5. Validation of the method

The recovery of each mirtazapine enantiomer was d
ined at plasma concentrations of 6.25, 12.5, 62.5, 125
25 ng/ml (n = 3 for each concentration). Drug-free plas
amples (1 ml) were spiked with known amounts of mirta
ine to obtain the concentrations previously specified. T
amples were submitted to the extraction procedure and
oncentrations were determined on the basis of a calibr
urve obtained by the direct injection of mirtazapine en
iomers in the mobile phase.
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Linearity of the analytical method was evaluated by
analysing spiked plasma samples for each concentration (n=
2) over the concentration range of 6.25–625 ng/ml for each
enantiomer of mirtazapine. The results were plotted on a
graph of peak height (Y) versus plasma concentration (X)
and the best relationship was obtained by linear least-squares
regression analysis.

The sensitivity of the method was evaluated by determin-
ing the quantification limit (LOQ). The LOQ was defined as
the lowest mirtazapine enantiomers concentration that could
be determined with an accuracy and a precision below 20%
over five analytical runs with 1.0 ml of plasma and was ob-
tained using plasma samples (n = 5) spiked with 5 ng/ml of
each mirtazapine enantiomer.

The precision and accuracy of the method were deter-
mined over 4 days. Each day, one calibration curve and 15
determinations of five quality controls in three concentra-
tions, 10, 50 and 250 ng/ml of each mirtazapine enantiomers
were performed. The within-day (n= 5) and between-day (n=
4) results were expressed as relative standard deviations (co-
efficient of variation, CV) and deviation from the theoretical
value, respectively.

To assess the applicability of the validated method, mir-
tazapine enantiomers were determined in plasma samples
collected from a healthy volunteer after a single oral ad-
m ®
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Fig. 1. Chromatograms referring to the separation of mirtazapine enan-
tiomers on different columns and under different chromatographic condi-
tions (as specified in Table 1).

3. Results and discussion

3.1. Chromatographic and extraction conditions

The chiral resolution of mirtazapine enantiomers was
evaluated in several cellulose and amylose derivatives
and protein-based chiral stationary phases: Chiralcel OG,
Chiralcel OJ, Chiralpak AD, Chiralpak AD-RH, Ultron
ES-OVM and Chiral AGP column (Fig. 1). The first three
columns were evaluated under normal phase conditions
using hexane–isopropanol or hexane–ethanol as the mobile
phase. Diethylamine was added to these mobile phases in
order to reduce the interaction of the basic drug with the
silanol groups of the silica support. The other three columns
were evaluated under reversed phase conditions using
buffer–acetonitrile or buffer–methanol mixtures.Table 1
describes the optimized chromatographic conditions as well
as the retention and separation parameters.
inistration of 30 mg ofrac-mirtazapine (Remeron, N.V.
rganon). Venous blood was collected into heparinized t
t 0, 1, 2, 3, 5 and 12 h after drug administration and the t
ere centrifuged for 10 min at 1800× g. The plasma sampl
btained were stored at−20◦C until analysis. We also an

yzed a plasma sample collected at steady state (immed
efore drug administration) from a patient under depres

reatment. The volunteers gave written informed conse
articipate in the investigation, which was approved by
thics Committee of the Faculty of Pharmaceutical Scie
f Ribeir̃ao Preto–University of S̃ao Paulo (process numb
9-CEP/FCFRP).

able 1
ptimized chromatographic conditions for the chiral separation of mir

obile phase

hiralpak AD
Hexane:ethanol (98:2, v/v) + diethylamine (0.1%, v/v)

hiralcel OJ
Hexane:ethanol (98:2, v/v) + diethylamine (0.1%, v/v)

hiralcel OG
Hexane:ethanol (98:2, v/v) + diethylamine (0.1%, v/v)

hiral AGP
Ammonium acetate 10 mmol/l, pH 5.5:acetonitrile (95:5, v/v)

LTRON-ES-OVM
Sodium phosphate 70 mmol/l, pH 4.8:acetonitrile (95:5, v/v)

HIRALPAK AD-RH
Sodium borate 20 mmol/l, pH 9.2:acetonitrile (70:30, v/v)

, theoretical plates; Rs, resolution;F, flow-rate (ml/min);k1, retention fa
isturbance, corresponding to the retention time of a non retained solα
0 0.86 1.5 1.96 1.15 1.2

3 1.78 1.5 1.84 1.15 1.1

2 1.23 1.0 27.06 1.20 2.0

3 1.75 1.0 4.36 1.40 1.4

6 0.9 1.0 12.23 1.15 1.5

r the first eluted enantiomer (tm was defined as the first significant base
ation factor; As, asymmetry factor for the first eluted enantiomer.
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Under the chromatographic conditions described on
Table 1, the Chiralpak AD column was chosen once it pro-
vided better resolution and efficiency as well as relatively
short retention times (Table 1andFig. 2). The use of a CN
guard column to protect the column evaluated did not disturb
significantly the chromatographic behavior.

Dodd et al. [18] reported the separation of mirtaza-
pine enantiomers in the Chiralpak AD column using
hexane–ethanol–isopropanol (98:1:1, v/v) as the mobile
phase, imipramine as the internal standard and solid-phase
extraction (SPE) to prepare the samples. The detection was
carried out at 290 nm. The method described in this paper uses
hexane–ethanol (98:2, v/v) as the mobile phase plus 0.1% di-
ethylamine. The addition of diethylamine to the mobile phase
resulted in narrower peaks than the above method, improving
the resolution. Furthermore, we used a simpler procedure to
prepare the sample (liquid–liquid extraction), which resulted
in excellent recovery of drug enantiomers with suitable pre-
cision and accuracy.

The elution order was defined by submittingrac-
mirtazapine to circular dichroism (CD) detection using the
same chromatographic conditions as described above and
comparing the CD spectra of pure enantiomers with those
presented by Moody et al. (Fig. 3) [19].

The elution order was also evaluated by analysing the pure
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Fig. 3. CD Chromatogram (detection at 250 nm) of arac-mirtazapine and
CD spectra of (+)-S-mirtazapine and (−)-R-mirtazapine. Chromatographic
conditions were as specified on Fig. 2.

drug-free plasma sample, a spiked plasma sample and a pa-
tient plasma sample are illustrated inFig. 2.

3.2. Method validation

The liquid–liquid extraction recoveries obtained were be-
tween 88 and 111%, with CV values lower than 5.5% for both
enantiomers (Table 2) and show that the method is suitable
for the analysis of both enantiomers in biological fluids.

The method proved to be linear over the concentration
range of 6.25–625 ng/ml, with typical calibration curve equa-
tions determined asY= −582.44 + 797.91XandY= −571.05
+ 673.24X for the (+)-(S)- and (−)-(R)-enantiomers of mir-
tazapine, respectively, and a determination coefficient (r2)
≥0.991.

The excellent accuracy and precision of the assay are sum-
marized inTable 3. The within-day assay coefficients of vari-
ation (CVs) for all compounds were lower than 3.8% and all
between-day assay CVs were below 10.3%. The within-day
and between assay accuracies for all compounds were found
to be within 1.3 and−7.2% for 10 ng/ml, 3.9 and−4.7% for
50 ng/ml and 5.5 and−4.3% for 250 ng/ml. The lowest con-
centration quantified by the validated method (LOQs) was
5 ng/ml (Table 3), a lower value than that reported in the lit-
erature (10 ng/ml)[18].
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nantiomers (obtained by semipreparative analysis und
onditions established in the present paper) using the p
ure described by Dodd et al.[18]. The use of a differen
obile phase did not change the elution order of mirtaza
nantiomers.

The N-demethyl metabolite of mirtazapine is not m
ured by this method, but under the chromatographic c
ion established, the enantiomers of the metabolite elu
etention time of 58 min (not resolved). In the analysis
eal samples the injection time should be controlled in o
o avoid the co-elution of this metabolite from a previou
njected sample. The chromatograms were free from i
ering peaks e.g. no significant co-elution with endogen
ompounds was found. Representative chromatogram

ig. 2. Chromatograms referring to drug-free plasma (A), plasma s
ith 12.5 ng/ml of (+)-(S)-mirtazapine (1) and (−)-(R)-mirtazapine enan

iomers (2) (B) and plasma sample collected from a patient under mi
ine treatment (C). The analysis was performed on a Chiralpak AD co
sing hexane:ethanol (98:2, v/v) plus 0.1% diethylamine at a flow ra
.2 ml/min,� = 292 nm.
able 2
ean recovery of mirtazapine enantiomers in plasma

lasma concentration
ng/ml,n = 3)

(+)-R-mirtazapine (−)-S-mirtazapine

Recovery (%) CV (%) Recovery (%) CV (%

6.25 111.1 3.8 107.1 4.2
12.5 97.5 5.5 97.5 4.8
62.5 94.3 3.4 95.8 3.8
25 88.6 5.3 90.8 5.4
25 99.9 2.2 92.8 3.0

ange (6.25–625) 96.5 9.2 96.8 7.1

, Number of samples; CV, coefficient of variation.
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Table 3
Precision, accuracy and limit of quantification for the analysis of mirtazapine enantiomers in plasma

Nominal standard concentration (ng/ml) Analysed concentration (ng/ml) Accuracya Precisionb

(−)-(S)- (+)-(R)- (−)-(S)- (+)-(R)- (−)-(S)- (+)-(R)-

Within-day (n = 5)c

5e 5.00 4.47 0.0 −10.7 10.7 9.0
10 9.94 10.13 −0.6 1.3 3.0 3.1
50 50.18 51.93 0.4 3.9 2.1 3.0
250 252.49 263.62 1.0 5.4 2.2 3.8

Between-day (n = 4)d

10 9.28 9.56 −7.2 −4.4 5.0 10.3
50 47.63 48.33 −4.7 −3.3 4.6 6.1
250 239.15 242.88 −4.3 −2.8 4.0 4.7
a Expressed as deviation from the theorical values.
b Expressed as coefficient of variation.
c Number of samples.
d Number of days.
e Quantification limit.

The method developed here proved to be highly se-
lective since the retention times for the drugs analyzed
under the same chromatographic conditions of mirtazapine
analysis were not similar to those obtained for mirtazapine
enantiomers (Table 4).

The developed and validated method was used in the
analysis of some samples collected from a patient under mir-
tazapine treatment and from a healthy volunteer after a single
oral administration ofrac-mirtazapine. The chromatogram
in Fig. 2C obtained from the patient shows higher concentra-
tions of (−)-(R)-mirtazapine ((−)-(R)-/(+)-(S)-mirtazapine
= 1.14), in agreement with literature data[3,5,18].

In contrast, the analysis of the samples collected from
the healthy volunteer showed a higher concentration of
the (+)-(S)-enantiomer (Fig. 4). Since (+)-(S)-mirtazapine
is preferentially cleaved via 8-hydroxylation catalysed by
the CYP2D6 isoenzyme, this result is in accordance with
the hypothesis of the subject been a poor metaboliser
[3].

Table 4
Evaluation of the interference of some drugs in the analysis of mirtazapine
enantiomers

Drug tR Drug tR

A
A
B
C
C
D
P .6
F
F
I
L .6
M

t phic
m

Fig. 4. Time-concentration profile of mirtazapine enantiomers after oral ad-
ministration of the racemic drug.

4. Conclusion

A simple, rapid, sensitive and reproducible HPLC method
using a common UV detector and liquid–liquid extraction
was developed for the measurement of the two enantiomers
of mirtazapine in human plasma. The Chiralpak AD column
proved to be the most suitable column for the resolution of
mirtazapine enantiomers under the chromatographic condi-
tions used. The validated method allows the determination of
mirtazapine in the 6.25–625 ng/ml range with a quantification
limit of 5 ng/ml for both enantiomers. The values of valida-
tion presented in this paper demonstrate that the method is
superior to the other method described in the literature for
the analysis of mirtazapine enantiomers.
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