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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 tBg éne( (—)-(R)-enantiomers of
mirtazapine was achieved on a Chiralpak AD column (250 sah.6 mm, 1Qum particle size) protected with a CN guard column, using
hexane—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 time was
less than 12 min per sample. The recoveries of §)#nd )-(R)-mirtazapine were in the 88—-111% range with a linear response over the
6.25-625 ng/ml concentration range for both enantiomers. The quantification limit (LOQ) was 5 ng/ml. Within-day and between-day assay
precision and accuracy were studied at three concentration levels (10, 50 and 250 ng/ml). For both mirtazapine enantiomers, the coefficients
of variation (CV) and deviation from the theoretical value were lower than 15% at all concentration levels. The method proved to be suitable
for pharmacokinetic studies.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction hydroxylation,N(2)-demethylationN(2)-oxidation, as well
as direct conjugation of the drug with glucuronic acid and
Mirtazapine is a chiral drug (1,2,3,4,10[tAexahydro-2- conjugation of its metabolites with glucuronic or sulphuric
methylpyrazino-[2,1a]-pyrido[2,3<][2]benzazepine), com-  acid[3,4].
mercialized as a 50:50 mixture of (#pf and The pharmacokinetics and pharmacodynamics of mir-
(-)-(R)-enantiomers, and used as an antidepressant intazapine appear to be enantioselective, as shown by the
the treatment of moderately and severely depressed hospitaldifferences in the kinetic parameters and effects of its
ized and out-patientd]. Mirtazapine acts as an antagonist enantiomerd3,5]. The enantiomers of mirtazapine show
of ap-adrenergic auto and heteroreceptors, resulting in different receptor binding affinity. Thes-autoreceptor and
increased release of norepinephrine and serotonin. It is alsob-HT> blocking effects of mirtazapine are present primarily
an antagonist of postsynaptic serotonin type 2 (Hand in the (+)-&-enantiomer of mirtazapine, whereas the
type 3 (5-HEB) [1,2]. az-heteroreceptor and 5-HType receptor antagonistic ac-
After oral administration, mirtazapine is rapidly and com- tivities reside predominantly in the-{-(R)-enantiomef6].
pletely absorbed, and then extensively biotransformed in the After single oral dose administration, the)¢(R)-enantiomer
liver [3]. The biotransformation of mirtazapine includes 8- appears in plasma at up to three times the concentration and
has a longer plasma half-life than the other enantid@&i.
* Corresponding author. Tel.: +55 16 6024261; fax: +55 16 6332060. A Study of the metabolism of mirtazapine enantiomers by
E-mail addresspsbonato@fcfrp.usp.br (P.S. Bonato). human cytochrome P450 enzymes demonstrated that (+)-
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(9-mirtazapine was extensively metabolised by CYP2D6 ticle size) (all purchased from Chiral Technologies, Exton,
[7]. PA, USA), Ultron ES-OVM (150 mmx 4.6 mm, Rockland
The separation and quantification of the enantiomers may Technologies, Newport, DE, USA) and a Chiral AGP
be important to allow therapeutic drug monitoring and the column (150 mmx 4.0 mm, Sum particle size, ChromTech
determination of the clinical response and of the pharma- AB, Hagersten, Sweden). A CN column (4 mm 4 mm,
cokinetic properties of the drug. Several non-chiral analyt- 5um particle size, Merck, Darmstadt, Germany) was used
ical methods have been described for the determination ofas guard column. The best resolution was achieved on the
racemic mirtazapingdc-mirtazapine) in human plasma and Chiralpak AD column using hexane—ethanol (98:2, v/v) plus
serum, including high-performance liquid chromatography 0.1% diethylamine as the mobile phase, at a flow-rate of
(HPLC) with fluorescencg8—11] and ultraviolet detection 1.2 ml/min.
[12] and gas chromatography (G{1)3,14] Some methods
to quantify rac-mirtazapine in pharmaceutical forms were 5 3 cajibration and internal quality control solutions
described using capillary electrophoresis (§JE),16] and

UV-vis spectrophotometrii. 7]. Human plasma samples from healthy volunteers were sup-

To our knowledge, only one chromatographic chiral pjieq by The Blood Center of the University Hospital, Faculty
method has been described in the literature for the deter-u¢ pedicine of Ribeitio Preto (University of 80 Paulo, S0

mination of mirtazapine enantiomers in biological fluid by p410, Brazil). Individual plasma samples were evaluated for
high-performance liquid chromatography with UV detection endogenous interference before use.
[18]- Stock standard and working solutions were prepared in

This study describes a novel, rapid and sensitive analyti- athanolin the concentration range of 6.25—BEMI. They
cal chiral method for the quantification of mirtazapine enan- |\ o1e stored frozen at20°C and protected from direct light

tiomers in plasma samples using high-performance liquid remaining stable for at least 3 month.

chromatography under normal-phase conditions. Validation  \jeasurements were performed on 1 ml drug-free fresh
parameters of the method were calculated in terms of recov-,y,an plasma spiked with 28 of standard solutions of

ery, linearity, precision, quantification limit and accuracy. (+)-(9-mirtazapine and -{)-(R)-mirtazapine. No internal

standard was used in this method. Plasma quality controls
(QC) spiked with 10, 50 and 250 ng/ml of both enantiomers
were prepared to measure the accuracy and precision of the
method.

2. Experimental

2.1. Chemicals and reagents
Racmirtazapine (laboratory code Org 3770, purity 2-4 Sample preparation procedure

>98%) andrac-demethylmirtazapine were kindly supplied . , )
by Analytical Control Labs., N.V. Organon (Oss, The A 100pl aliquot of 10 mmol sodium hydroxide and 4 ml of

Netherlands). Hexane, methanol, ethanol and toluene werdhe extracting solvent toluene were added to 1 ml of unknown
purchased from Merck (Darmstadt, Germany) and were of Plasma samples, spiked plasma samples or quality control
chromatography grade. Diethylamine was supplied by Fluka samples. The mixture was submitted to mechanical shaking

(Buchs, Switzerland) and sodium hydroxide was obtained &t 200 rpm for 30 min and centrifuged at 180@ for 10 min.
from Nuclear (%0 Paulo, Brazil), both of analytical grade. ~ APPropriate volumes (3 ml) of the upper organic phases were
transferred to conical tubes and the contents were evaporated

to dryness under a gentle stream of compressed air at room
temperature. The residues were dissolved in dl06f the
mobile phase and 50l was injected into the chromatographic

2.2. Apparatus and chromatographic conditions

Analyses were conducted using a Shimadzu (Kyoto,
Japan) liquid chromatograph, with an LC-AT VP solvent SYStém.
pump unit and an SPD-10A UV-vis detector operating at
292 nm. Injections were performed manually through @60  2.5. Validation of the method
loop with a Rheodyne model 7125 injector (Rheodyne, Co-
tati, USA). Data were collected using a Chromatopak CR6A  The recovery of each mirtazapine enantiomer was deter-
integrator (Shimadzu, Kyoto, Japan). To establish the elution mined at plasma concentrations of 6.25, 12.5, 62.5, 125 and
order, a Jasco CD-1595 circular dichroism detector (Jasco,625 ng/ml @ = 3 for each concentration). Drug-free plasma
Tokyo, Japan) was used. The resolution of the mirtazapine samples (1 ml) were spiked with known amounts of mirtaza-
enantiomers was evaluated at 282)°C on several chiral  pine to obtain the concentrations previously specified. These

columns, i.e. Chiralpak AD (250 mnx 4.6 mm, 1Qum samples were submitted to the extraction procedure and their
particle size), Chiralpak AD-RH (150 mm 4.6 mm, 5um concentrations were determined on the basis of a calibration
particle size), Chiralcel OG (250 mnx 4.6 mm, 1Qum curve obtained by the direct injection of mirtazapine enan-

particle size), Chiralcel OJ (250 mm 4.6 mm, 1Qum par- tiomers in the mobile phase.
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Linearity of the analytical method was evaluated by
analysing spiked plasma samples for each concentration (
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 heightY] versus plasma concentratioK)( 0 Zomin 020 domin & 20 40min
and the best relationship was obtained by linear least-squaresy . TRON-ES-OVYM  CHIRALPAK AD-RH CHIRAL AGP
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- ——+=—— o T
tained using plasma samples< 5) spiked with 5ng/ml of ~ ° 5 _Timin 0 o6 fimin 0 5 10 Jomin
Ined using p plas 5) spiked with Sng CHIRALCEL OG CHIRALCEL OJ  CHIRALPAK AD

each mirtazapine enantiomer.

The precision and accuracy of the method were deter- Fig. 1. Chromatograms referring to the separation of mirtazapine enan-
mined over 4 days. Each day, one calibration curve and 15tiomers on different columns and under different chromatographic condi-
determinations of five quality controls in three concentra- tions (as specified in Table 1).
tions, 10, 50 and 250 ng/ml of each mirtazapine enantiomers
were performed. The within-dap € 5) and between-dan&

4) results were expressed as relative standard deviations (co3. Results and discussion
efficient of variation, CV) and deviation from the theoretical
value, respectively. 3.1. Chromatographic and extraction conditions

To assess the applicability of the validated method, mir-
tazapine enantiomers were determined in plasma samples The chiral resolution of mirtazapine enantiomers was
collected from a healthy volunteer after a single oral ad- evaluated in several cellulose and amylose derivatives
ministration of 30 mg ofac-mirtazapine (Remeréh N.V. and protein-based chiral stationary phases: Chiralcel OG,
Organon). Venous blood was collected into heparinized tubesChiralcel OJ, Chiralpak AD, Chiralpak AD-RH, Ultron
at0, 1, 2, 3,5 and 12 h after drug administration and the tubesES-OVM and Chiral AGP columnFig. 1). The first three
were centrifuged for 10 min at 1800g. The plasma samples columns were evaluated under normal phase conditions
obtained were stored at20°C until analysis. We also ana-  using hexane—isopropanol or hexane—ethanol as the mobile
lyzed a plasma sample collected at steady state (immediatelyphase. Diethylamine was added to these mobile phases in
before drug administration) from a patient under depression order to reduce the interaction of the basic drug with the
treatment. The volunteers gave written informed consent to silanol groups of the silica support. The other three columns
participate in the investigation, which was approved by the were evaluated under reversed phase conditions using
Ethics Committee of the Faculty of Pharmaceutical Sciencesbuffer—acetonitrile or buffer—methanol mixture®able 1
of Ribeirao Preto—University of & Paulo (process number describes the optimized chromatographic conditions as well

19-CEP/FCFRP). as the retention and separation parameters.
Table 1
Optimized chromatographic conditions for the chiral separation of mirtazapine in plasma
Mobile phase N Rs F k1 o As
Chiralpak AD

Hexane:ethanol (98:2, v/v) + diethylamine (0.1%, v/v) 4010 1.82 15 413 1.16 11
Chiralcel OJ

Hexane:ethanol (98:2, v/v) + diethylamine (0.1%, v/v) 1600 0.86 15 961 1.15 1.2
Chiralcel OG

Hexane:ethanol (98:2, v/v) + diethylamine (0.1%, v/v) 2153 1.78 15 841 1.15 1.1
Chiral AGP

Ammonium acetate 10 mmol/l, pH 5.5:acetonitrile (95:5, v/v) 762 1.23 1.0 .0e7 1.20 2.0
ULTRON-ES-OVM

Sodium phosphate 70 mmol/l, pH 4.8:acetonitrile (95:5, v/v) 563 1.75 1.0 .36 4 1.40 14
CHIRALPAK AD-RH

Sodium borate 20 mmol/l, pH 9.2:acetonitrile (70:30, v/v) 416 0.9 1.0 232 1.15 15

N, theoretical plates; Rs, resolutidf, flow-rate (ml/min);k;, retention factor for the first eluted enantiomgy (vas defined as the first significant baseline
disturbance, corresponding to the retention time of a non retained selusgparation factor; As, asymmetry factor for the first eluted enantiomer.
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Under the chromatographic conditions described on
Table ] the Chiralpak AD column was chosen once it pro-
vided better resolution and efficiency as well as relatively
short retention timesT@ble 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 outat 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 submittingc-
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 alFig. 3) [19].
The elution order was also evaluated by analysing the pure

enantiomers (obtained by semipreparative analysis under thgween 88and11
conditions established in the present paper) using the proce-,

dure described by Dodd et 41.8]. The use of a different
mobile phase did not change the elution order of mirtazapine
enantiomers.

The N-demethyl metabolite of mirtazapine is not mea-
sured by this method, but under the chromatographic condi-
tion established, the enantiomers of the metabolite elute at
retention time of 58 min (not resolved). In the analysis of
real samples the injection time should be controlled in order
to avoid the co-elution of this metabolite from a previously
injected sample. The chromatograms were free from inter-
fering peaks e.g. no significant co-elution with endogenous
compounds was found. Representative chromatograms of
©)

(A) (B)

v

0 510 1520 min 0 510 1520min 0 510 15 20 min

Fig. 2. Chromatograms referring to drug-free plasma (A), plasma spiked
with 12.5ng/ml of (+)-§)-mirtazapine (1) and—)-(R)-mirtazapine enan-
tiomers (2) (B) and plasma sample collected from a patient under mirtaza-
pine treatment (C). The analysis was performed on a Chiralpak AD column
using hexane:ethanol (98:2, v/v) plus 0.1% diethylamine at a flow rate of

1.2 ml/min,A =292 nm.
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Fig. 3. CD Chromatogram (detection at 250 nm) ahe-mirtazapine and
CD spectra of (+)&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 illustratedrig. 2

3.2. Method validation

The liquid—liquid extraction recoveries obtained were be-
1%, with CV values lower than 5.5% for both
nantiomersTable 9 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 a8=—582.44 + 797.9X andY = —571.05
+ 673.24 for the (+)-O)- and )-(R)-enantiomers of mir-
tazapine, respectively, and a determination coefficieft (
>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

e

to be within 1.3 and-7.2% for 10 ng/ml, 3.9 and-4.7% for

50 ng/ml and 5.5 ané-4.3% for 250 ng/ml. The lowest con-
centration quantified by the validated method (LOQs) was
5ng/ml (Table 3, a lower value than that reported in the lit-
erature (10 ng/mlp18].

Table 2
Mean recovery of mirtazapine enantiomers in plasma

Plasma concentration (+)-R-mirtazapine £)-S'mirtazapine

(ng/ml,n=23)
Recovery (%) CV (%) Recovery (%) CV (%)

6.25 1111 3.8 1071 4.2
125 975 55 975 4.8
625 943 34 958 3.8
125 886 5.3 908 54
625 999 2.2 928 3.0
Range (6.25-625) 9 9.2 968 7.1

n, 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) Accuracy Precisiof?
(=)-(9- H-R)- (=)-(9- H-R)- (=)-(9- (H)-R)-
Within-day (= 5)°
5¢ 5.00 447 00 -10.7 107 9.0
10 994 1013 —0.6 13 30 31
50 5018 5193 04 39 21 30
250 25249 26362 10 54 22 38
Between-dayr{ = 4)4
10 928 956 —7.2 —4.4 50 103
50 4763 4833 —4.7 -33 4.6 6.1
250 23915 24288 —4.3 —-2.8 4.0 4.7

a Expressed as deviation from the theorical values.
b Expressed as coefficient of variation.

¢ Number of samples.

d Number of days.

€ Quantification limit.

53
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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
enantiomersTable 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 ofac-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 d485,18] o

In contrast, the analysis of the samples collected from o2 3 4 5 67 8
the healthy volunteer showed a higher concentration of Time (hours)
the (+)-©-enantiomer Fig. 4). Since (+)-§-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 metaboliser4. conclusion

[3].

——(+)-(S)-mirtazapine

e}
<
Il

— o—(-)-(R)-mirtazapine

O
I

o
!

Plasma concentration (ng/ml)

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

A simple, rapid, sensitive and reproducible HPLC method
using a common UV detector and liquid—liquid extraction

Table 4 , _ _ _ ~was developed for the measurement of the two enantiomers

Evaluation of the interference of some drugs in the analysis of mirtazapine of mirtazapine in human plasma. The Chiralpak AD column

enantiomers . ) .
proved to be the most suitable column for the resolution of

Drug =R Drug =R mirtazapine enantiomers under the chromatographic condi-

Alprazolam ND Mexiletine ND tions used. The validated method allows the determination of

gﬁi’rf;‘;'epam N’\?D :{"&Z‘nﬁﬂ"’;‘f siazepam 9,'\'5';11 mirtazapine in the 6.25—625 ng/ml range with a quantification

Caffeine ND N-demethylmirtazapine 58 I|.m|t of 5ng/ml for bpth enantiomers. The values of valida- _

Clobazam ND Pindolol ND tion presented in this paper demonstrate that the method is

Disopyramide 19.2/27.0 Procainamide ND superior to the other method described in the literature for

Phenobarbital ~ ND Propranolol 15.0/336  the analysis of mirtazapine enantiomers.

Fluoxetine ND Salbutamol ND

Flunitrazepam ND Triazolam ND

Imipramine 17.1/19.2 Trimetropim ND

Lidocaine 17.5/19.6  Verapamil 175/19.6 Acknowledgments

Metoprolol ND

tr: Retention time in minutes; ND, not detected by the chromatographic

method up to 60 min run time.
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