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Abstract

A selective, sensitive, and simple high-performance liquid chromatographic (HPLC) method was developed for the determination of moclobemide
and its two major metabolites, Ro 12-5637 and Ro 12-8095, in human plasma. Sample preparation (0.5 ml of plasma) involved solid-phase extraction
(SPE) using Speedisk® H,0-Philic DVB columns. Separations were performed on a Waters XTerra™ RP18 column (5 wm, 150 mm x 4.6 mm).
The mobile phase consisted of 10 mM KH,PO, with 1% triethylamine (pH 3.9) and acetonitrile (83:17, v/v), and a flow-rate was 1.2 ml/min. The
total run time was 13 min. UV detection was performed at 240 nm. Mean absolute recoveries were >90% and the limit of quantification (LOQ) for
all analytes was 0.02 mg/l. Calibration curves were linear (r>0.995) over a wide range of the analyte concentrations in plasma; thus, the method
is suitable for different clinical studies when large variations in the drug/metabolites concentrations are observed. During a 5-day assay validation
procedure the accuracy and precision were tested and proven (relative errors (RE) < 13%; intra-day coefficient of variation (CV) < 7%; inter-day
CV < 13%). Many drugs frequently used in the target patient population were evaluated for potential interference in order method selectivity to be
ensured. The assay has been used in a clinical pharmacokinetic study to assess steady-state pharmacokinetics of moclobemide and two metabolites

in depressive patients on mono- and combined therapy.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Moclobemide is a selective and reversible inhibitor of
monoamine oxidase A (MAO-A), which is used in the treat-
ment of depression. The drug undergoes extensive hepatic
metabolism; a total of 19 metabolites has been identified in urine.
However, only the unchanged drug and two products of the mor-
pholine ring oxidation, Ro 12-8095 and Ro 12-5637, can easily
be detected in plasma (Fig. 1). The N-oxide of moclobemide
(Ro 12-5637) retains certain MAO-A inhibitory activity, while
the other metabolite is inactive [1-3].

Several bioanalytical techniques have been published for
the determination of moclobemide in human plasma [4-11],
however, only three of them [8-10] provide conditions for
the simultaneous measurement of the drug and its two major
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metabolites. All three methods involved high-performance lig-
uid chromatography (HPLC), with either ultraviolet (UV)
detection [8,9] or electrospray ionisation-mass spectrometry
(ESI-MS) [10]. Although a ring-opened metabolite Ro 16-3177
was also reported to be measured with two of these techniques
[8,9], this very compound is not of interest for pharmacokinetic
studies, since its concentrations in human plasma are too low
to be monitored for a required period of time [8,12], and the
metabolite is therapeutically inactive (it was found to inhibit
MAO-B in rat liver, but has no MAO-A inhibitory activity)
[2,12]. Therefore, in all published pharmacokinetic studies that
have been found in literature [3,13-16], only plasma concentra-
tions of moclobemide and two metabolites, Ro 12-8095 and Ro
12-5637, have been monitored.

The first reported method for the determination of moclobe-
mide and its metabolites in biological fluids involved liquid—
liquid extraction in the sample preparation procedure. The com-
pounds were extracted from alkalized plasma (0.5ml) on a
pre-packed glass column (Extrelut 1) with dichloromethane (two
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Fig. 1. The structures of moclobemide, its two major metabolites in plasma (Ro
12-5637 and Ro 12-8095), and the internal standard (Ro 11-9900).

6 ml portions). The analytes were separated using a Spherisorb
Ce column and a mobile phase that consisted of a mixture of
acetonitrile—phosphate buffer (30:320, v/v), with a pH of 3.9
[8]. However, Extrelut 1 columns are expensive, and the applied
extraction procedure is time-consuming.

In the other two methods [9,10], solid-phase extraction (SPE)
was employed, which was based on the use of bonded-phase
silica sorbents: Bakerbond CN [9] and Bond Elut C;g [10].
The extraction was performed from 1 ml [9] and 0.5 ml [10] of
plasma and compounds were eluted from the SPE column with
methanol. The recovery values were higher than those in the
previously published methods [8], however, both extraction pro-
cedures required sample pre-treatment (i.e. protein precipitation
and centrifugation).

This paper describes a HPLC technique with UV detection
for the quantification of moclobemide and its two major metabo-
lites in human plasma. The sample preparation involved SPE,
utilising new Speedisk® polymer columns. Due to their spe-
cific design, columns resist clogging and ensure high throughput
rates, even when samples contain solids. For that reason, it was
possible to eliminate other time consuming preparation steps
required with conventional SPE columns. The applied extrac-
tion procedure is simple and rapid, and the total time required
for the analysis is shorter than that of the previously published
methods.

2. Materials and methods
2.1. Chemicals

Moclobemide, Ro 12-5637, Ro 12-8095, and Ro 11-9900
(internal standard, IS) were kindly donated by Hoffmann-La

Roche Ltd. (Basel, Switzerland). Methanol and acetonitrile
(Mallinckrodt Baker B.V., Deventer, Holland) were HPLC
grade. All other chemicals, including 99.5% triethylamine
(Aldrich-Chemie GmbH, Steinheim, Germany), potassium
dihydrogen phosphate (Renal, Budapest, Hungary), di-
potassium hydrogen phosphate anhydrous (Merck, Darmstadt,
Germany), and 85% orthophosphoric acid (Zorka A.D., Sabac,
Serbia and Montenegro), were analytical grade. Water deionized
by an “EasyPure RF” D-7033-3 (Barnstead, Iova, USA) was
used for the preparation of the mobile phase and all solutions.
Auromid® tablets, containing 150 mg of moclobemide were
manufactured by Galenika (Belgrade, Serbia and Montenegro).

2.2. Chromatographic conditions

An Agilent 1100 Series (Agilent Technologies Deutsch-
land Gmbh, Waldbronn, Germany) chromatographic system was
used. The system was equipped with a binary pump, degasser,
autosampler with thermostat, Agilent ChemStation, variable
wavelength detector, and thermostatted column compartment.
Separations were performed on a Waters XTerra™ RP18 col-
umn (5 pm, 150 mm x 4.6 mm). The mobile phase consisted of
10 mM KH,PO4 with 1% triethylamine (pH 3.9) and acetonitrile
(83:17, v/v). The mobile phase flow-rate was 1.2 ml/min and the
column temperature was 25 °C. The detection was performed at
240 nm.

2.3. Preparation of stock solutions, working solutions, and
calibration standards

Stock solutions of moclobemide, Ro 12-5637, Ro 12-8095,
and IS were all prepared in methanol (in the concentration of
1 mg/ml) and stored at 4°C. Plasma samples were stored at
—20°C until required. Working solutions were prepared on
the day of an analysis by further dilution of the stock solu-
tions with purified water. Calibration standards were prepared
by spiking drug-free plasma (0.5 ml) with 25 pl of the IS work-
ing solution (10 mg/l) and 20-50 w1 of the working solutions
containing a mixture of moclobemide and the metabolites in
appropriate concentrations. Thus, the following concentration
ranges were covered: 0.02-5.00 mg/l for moclobemide (n=28),
0.02-1.00 mg/1 for Ro 12-5637 (n=6), and 0.02-3.00 mg/I1 for
Ro 12-8095 (n=7). Quality control (QC) samples were pre-
pared in the same way, but using working standards made from
different stock solutions.

2.4. Sample preparation

In 10 ml test tubes, 0.5 ml of plasma (standards and patients’
samples), 25 wl of IS, and 2 ml of 0.05 M K;HPO4 (pH 8.4) were
vortex-mixed and then loaded onto Speedisk® HyO-Philic DVB
columns (1 ml, 35 mg) (Mallinckrodt Baker, Inc., Phillipsburg,
NIJ, SAD), that were pre-conditioned with 1 ml of methanol, fol-
lowed by 2 ml of 0.05 M K> HPOj4. Vacuum Manifold Processing
Station (P/N 5185-5754) (Agilent Technologies, Wilmington,
DE, SAD) was used to draw samples through SPE columns.
Cartridges were washed with 2 ml of water, followed by 2 ml of
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methanol-water (30:70, v/v). Columns were let dry for 1 min,
and the analytes were eluted thereafter with two portions of
0.5 ml methanol. Eluates were evaporated to dryness in a ther-
mostatted water-bath at 40 °C under nitrogen, and reconstituted
(by vortexing for 30 s) with 250 w1 of the mobile phase. A volume
of 100 pl was injected for the analysis.

2.5. Method optimisation

The following HPLC columns were evaluated: Waters
XTerra™ RP18 (5 wm, 150 mm x 4.6 mm) ZORBAX SB-Cig
(5 pm, 250 mm x 4.6 mm) and ZORBAX Extend-C;g (5 um,
250 mm x 4.6 mm). XTerra™ RP18 was found to be the most
appropriate due to the optimum separation of all the analytes
and the shortest run time.

The optimisation of the sample preparation procedure
included the selection of the SPE column, as well as the con-
tent of methanol in a wash solution thereafter. Two types of
Speedisk® polymer columns were evaluated: H,O-Philic DVB
and H;O-Philic SC-DVB. A slightly modified method pro-
posed in the literature [17] was applied for H, O-Philic SC-DVB
columns. Plasma diluted with water was loaded onto a pre-
conditioned column. A cartridge was washed with 1 ml 0.1IN
HCI, followed by 1 ml methanol. The analytes were eluted with
two portions of 0.5 ml methanol-ammonium hydroxide (95:5,
v/v). However, with this type of column it was not possible to
isolate all analytes from plasma.

2.6. Assay validation

For assay validation, calibration standards and QC sam-
ples were prepared on 5 separate days (according to the above
described procedure). The calibration curves were obtained
by plotting peak area ratios (analyte/IS) versus analyte con-
centrations and analyzed using weighted least-squares linear
regression, since heteroscedascity of the data was observed. Dif-
ferent weighting factors (w;) were evaluated (1/x1/2, 1x, 1/x2,
1/y!2, 1/y, and 1/y?) and the selection of the best one was based
on the calculation of the sum of the percentage relative errors
(%RE) over the whole concentration range for each weighting
factor [18]. To establish the calibration models, six to eight
concentration levels were studied (n) and five replicates were
analysed at each level. Calibration curves were prepared each
day when the patients’ plasma samples were analysed as well
(with no replicates). Concentrations of the analytes in QC and
unknown samples were calculated from the regression lines. The
recoveries, accuracy and precision of the method (intra- and
inter-day) were assessed by analysis of the replicate sets of QC
samples covering the entire concentration range of the calibra-
tion curves. The accuracy (expressed as %RE) and the intra-day
precision (expressed as a coefficient of variation, CV) were esti-
mated by analyzing five QC samples at each concentration on
the same day. The inter-day precision (CV) was determined in
the same manner, but on 5 different days. The limit of quan-
tification (LOQ) was determined by establishing the minimum
concentration of an analyte in plasma that still can be quantified
with acceptable accuracy and precision under the stated exper-

imental conditions [19]. The absolute recovery was calculated
for each concentration as the mean (£S.D.) of five samples by
comparing peak areas of directly injected analytes solutions with
peak areas of extracted plasma samples.

Drug-free plasma from 20 healthy individuals was tested for
potential endogenous interference. Furthermore, the expected
concomitant drugs to be taken by the studied patient population
were evaluated in order the method selectivity to be ensured. This
was accomplished first by a direct injection of a drug aqueous
solution in the maximum therapeutic concentration [20,21]. The
drugs showing interference were further evaluated after being
extracted from plasma.

Since plasma samples were stored for no longer than 1 month,
the stability of the analytes in frozen plasma was not investigated.
It has been reported previously that these samples are stable at
—20°C for up to 9 months [8].

2.7. Method application

The assay was developed for a pharmacokinetic study to
compare steady-state pharmacokinetics of moclobemide and its
metabolites in depressive patients on mono- and combined ther-
apy with valproic acid, a well-known inhibitor of various drug
metabolic enzymes [22]. The aim of this ongoing study is the
evaluation of a potential pharmacokinetic interaction between
the two drugs.

The analytical method has been used for the quantification
of moclobemide and two metabolites in plasma during mul-
tiple oral dose administration of 150 mg moclobemide three
times daily. Each patient participating in the study is monitored
for 28 days, starting from the 8th day of therapy (steady-state
plasma levels of moclobemide are reached approximately 1
week following dose adjustment [1]). Blood samples are col-
lected once weekly: just before the first daily dose and 1-6h
after it.

The study was approved by the Ethics Committee of the Insti-
tute for Mental Health, and the written, informed consent was
obtained from all the subjects.

3. Results and discussion

Considering the relatively hydrophilic nature of the analytes,
in particular moclobemide and Ro 12-5637, the use of a Cjg
column was believed to be the best solution to prevent too
early elution of the substances from the column. In addition
to XTerra™ RP18, two further Cig columns were evaluated:
ZORBAX SB-Ci3 and ZORBAX Extend-C;g. The optimum
retention times were achieved through the mobile phase pH
adjustment, the content of acetonitrile present in it and the flow-
rate. Triethylamine was added to the mobile phase to prevent
peak tailing. The results showed that using ZORBAX SB-Cjg
it was not possible to achieve, at the same time, the separation
of all analytes and an acceptable run time (the separation of Ro
12-5637 and IS was problematic and incomplete when the run
time was <20min). On the other hand, the separation of the
investigated compounds was successfully achieved using ZOR-
BAX Extend-Cjg, with the optimum mobile phase consisting of
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10mM KH;PO4 with 1% triethylamine (pH 3.1) and acetoni-
trile (80:20, v/v). However, the retention time of the metabolite
Ro 12-8095 was longer than the one on XTerra (13.7 min versus
11.4 min, respectively). Consequently, the total run time when
using XTerra™ RP18 was 2.5 min shorter and that was the rea-
son for choosing this column for further analysis (the retention
times of the other analytes on Zorbax Extend-C;g were compa-
rable to those on XTerra: 4.0, 4.9, and 6.2 min for moclobemide,
Ro 12-5637, and IS, respectively).

The following representative chromatograms are shown:
drug-free plasma, plasma spiked with standard mixture of
moclobemide and its two metabolites, and a plasma sample
obtained from a patient, administered 150 mg moclobemide
orally three times daily (blood was withdrawn under the steady-
state conditions, 4 h following the first daily dose) (Fig. 2). The
retention times of moclobemide, Ro 12-5637, Ro 12-8095, and
Ro 11-9900 (IS) were: 3.9, 4.9, 11.4, and 6.5 min, respectively.
The total run time was 13 min, which is approximately 4 min
shorter than that previously reported for HPLC methods with
UV detection [8,9]. Using this time-saving procedure, it would
be possible to analyse up to 100 samples/day.

Table 1
Retention times of the drugs analysed for interferences

1419

The selectivity of the method was investigated thoroughly.
No interfering endogenous plasma peaks were observed at the
retention times of interest in the 20 drug-free plasma samples
tested. In addition, many drugs were evaluated for poten-
tial interference including several drugs frequently used in
the general population (analgesics, vitamins, antibiotics, caf-
feine), as well as drugs frequently or occasionally used in the
target patient population (valproic acid, benzodiazepines, car-
bamazepine, chlorpromazine, diuretics, beta-blockers and other
antihypertensives) (see Table 1). Only few drugs interfered with
the compounds of interest detection after direct injection into
the chromatographic system (ciprofloxacin, sulfamethoxazole,
hydrochlorothiazide, acetylsalicylic- and salicylic acid). They
were re-evaluated after being extracted from plasma by using
the described SPE procedure. The interference was proven in
the case of ciprofloxacin, sulfamethoxazole and hydrochloroth-
iazide (the patients have not been administered these drugs
during the study), while acetylsalicylic- and salicylic acid were
undetectable in the final extracts. Thus, only three drugs have
been found to interfere with the determination of moclobemide
and its metabolites in human plasma, but none of the observed

Drug Analysis from an aqueous solution (direct HPLC) Analysis from plasma (SPE prior to HPLC)
Concentration (mg/l) Retention time (min) Concentration (mg/l) Retention time (min)

Acetylsalicylic acid 300 3.32 300 n.d.b

Amoxicillin 8 1.8

Ampicillin 8 1.9

Ascorbic acid 20 1.5

Atenolol 1.3 1.8

Caffeine 1.8 2.5

Captopril 0.5 n.d.

Carbamazepine 12 n.d.

Cefaclor 10 1.9

Cephalexin 50 1.8

Chlorpromazine 300 n.d.b

Ciprofloxacin 8 3.8 8 3.8

Clonazepam 0.08 n.d.>?

Diazepam 1 n.db

Diclofenac 3 n.d.

Enalapril 0.125 n.d.b

Erythromycin 2.5 n.d>b

Hydrochlorothiazide 04 43 0.4 43

Ibuprofen 50 n.db

Indapamide 0.26 nd.”

Metamizole 20 2.9

Metoprolol 0.1 >1)° n.d.? (4.1)¢

Naproxen 50 n.d.?

Nifedipine 0.015 n.db

Paracetamol 20 24

Propranolol 0.1 n.db

Salicylic acid 300 33 300 n.dP

Sotalol 4 1.9

Sulfamethoxazole 200 10.9 200 10.9

Trimethoprim 12 2.8

Valproic acid 100 n.d.p

The drugs in bold denote the ones that interfered from an aqueous solution.

# Underwent hydrolysis to salicylic acid, which is also its main metabolite in plasma.

b Not detectable under the applied conditions (during the run time of 13 min).

¢ Detectable in concentrations higher than therapheutic (>1 mg/l), with retention time of 4.1 min (it woud interfere with moclobemide determination).
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Fig. 2. Representative chromatograms of: (A) blank (drug-free) plasma, (B)
plasma spiked with 0.02 mg/l of moclobemide, Ro 12-5637, and Ro 12-8095,
and (C) a patient plasma sample (the analyte concentrations are 1.50, 0.19, and
0.81 mg/l for moclobemide, Ro 12-5637, and Ro 12-8095, respectively). Ro
11-9900 (IS) was added to all samples (the concentration is 0.50 mg/1).

interferences are of great importance, since these drugs are not
essential in the treatment of the target patient population. In
general, the interference should not be expected from lipophilic
drugs (e.g. benzodiazepines, carbamazepine, lipid-soluble beta-
blockers, phenothiazines) since they cannot be detected under
the stated chromatographic conditions during the run time of
13 min (for example, the retention time of propranolol was
17.5 min, but the drug was detectable only in the concentrations
higher than therapeutic). As can be seen from the Table 1, only
relatively hydrophilic drugs, like water-soluble beta-blockers,
some analgesics and antibiotics (penicillins and cephalosporins)
can be detected under the described chromatographic conditions.
Since the vast majority of drugs have more pronounced lipophilic
properties, it was very problematic to find the one that could be
used as IS. Many drugs were evaluated, but most of them had
unacceptably long retention times. Only Ro 11-9900, a com-
pound with very similar chemical structure to moclobemide, was
found to be an adequate. On the other hand, the applied extraction
procedure may not be appropriate for acid drugs (e.g. salicylic
acid). The proven selectivity of the method is very important

for its clinical application, as many depressive patients are on
combined therapy.

Since concentrations of moclobemide and the metabolites
can vary considerably under different conditions that are met
in clinical practice (e.g. concomitant therapy with the drug
metabolism inductors/inhibitors, patients with liver impairment
or genetically deficient drug metabolism) [3], it was important
to obtain calibration curves that would cover a wide range of
the expected analytes concentrations. Therefore, the following
concentration ranges were studied: 0.02-5.00 mg/1 for moclobe-
mide, 0.02-1.00 mg/1 for Ro 12-5637, and 0.02-3.00 mg/1 for
Ro 12-8095. The suitability of linear regression as the cali-
bration technique was checked and proved by performing the
ANOVA lack-of-fit test for each analyte. The concentrations
were then estimated using the lines calculated by the least-
squares method at each y-value. However, using the unweighted
linear regression, large relative errors occurred at the lowest part
of the concentration range for all compounds (for example, the
%RE on small moclobemide x-values reached 80% although r
exceeded 0.999). Therefore, F-test was performed in order to
check the homo-/heteroscedasticity of the data sets, and in addi-
tion, residuals (Yobserved — Ypredicted) VETSUS concentrations were
plotted. The residual plots clearly showed that the error was not
randomly distributed around the concentration axis. Instead, an
increase in variance as a function of concentration was observed
as can be seen from Fig. 3, which presents the residual plot for
moclobemide. The F-test also revealed a significant difference
between the variances, when the experimental F-value for each
analyte was compared to the tabled one. Thus, heteroscedastic-
ity of the data was evident and the weighted least-square linear
regression was used to fit the data. The smallest %RE sum was
produced by using 1/x* for moclobemide and Ro 12-5637, and
1/x for Ro 12-8095. The use of the most appropriate weight-
ing factor significantly improved the accuracy of the analytical
method. The following regression equations were obtained:
y=4.35283(£0.07785)x + 0.01122(40.00400), r=0.99904 for
moclobemide, y=4.54969(40.09227)x+0.00233(£0.00411),
r=0.99918 for Ro 12-5637, and y=3.89974(£0.02398)
x —0.00555(%£0.00563), r=0.99991 for Ro 12-8095. The
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Fig. 3. Residuals plotted against moclobemide concentrations for the validation
intra-day assay.
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Table 2
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The recovery, accuracy, intra-, and inter-day precision data for the measurement of moclobemide, Ro 12-5637, and Ro 12-8095 in human plasma (n=>5)

Nominal concentration (mg/l) Recovery (%) (mean+S.D.)

Accuracy (%)

Intra-day precision (%) Inter-day precision (%)

Moclobemide
0.02 92.10 + 6.81
0.05 9541 +5.93
0.20 91.29 + 1.40
0.50 93.74 + 3.45
1.00 96.28 + 2.12
2.50 98.23 + 1.74
5.00 98.93 + 1.69

Ro 12-5637
0.02 85.56 + 3.61
0.05 92.28 + 7.53
0.20 94.52 + 2.49
0.50 89.47 + 4.86
1.00 88.07 + 2.65

Ro 12-8095
0.02 103.57 £ 5.60
0.05 103.75 £ 6.37
0.20 98.68 + 3.53
0.50 92.69 + 2.47
1.00 99.78 + 2.79
3.00 100.09 + 1.58

3.04 5.31 7.32
-9.97 5.04 13.09
5.32 5.63 7.25
6.52 1.88 4.18
0.16 4.56 5.06
-3.19 3.15 3.33
—8.68 2.96 3.84
2.52 6.15 8.07
—13.44 5.25 7.31
—8.42 522 6.62
1.70 3.90 4.62
4.50 1.50 3.92
3.45 7.08 6.79
—10.66 4.00 10.05
2.74 6.23 4.94
4.15 2.73 5.60
—2.52 2.84 4.81
—0.10 3.09 4.05

recoveries, accuracy and precision of the method were assessed
during a 5-day validation procedure. Assay validation parame-
ters are shown in Table 2.

The limit of detection (LOD) for moclobemide and Ro 12-
5637 was 0.005mg/l, and 0.008 mg/l for Ro 12-8095, at a
signal-to-noise ratio of 3:1. The LOQ (the lowest concentra-
tion on a calibration curve) for all the compounds was 0.02 mg/1
(see Table 2). This is in the range of the LOQ values in the pre-
viously published methods (0.01-0.03 mg/l) [8—10]. However,
in two HPLC methods with UV detection [8,9], the lowest con-
centration on calibration curves was higher than LOQ. In the
method of Misztal et al. [9], where LOQ values for moclobe-
mide and the metabolites were in the range 0.010-0.015 mg/1,
the lowest concentration on the calibration curve for each ana-
lyte was 0.05 mg/1. This prevents the method from being used for
the determination of the analytes concentrations in plasma lower
than 0.05 mg/1 that are often found in single-dose moclobemide
studies, such as bioequivalence ones [11]. Thus, the HPLC-ESI-
MS method [10] only can be regarded to be more sensitive
(with LOQ of 0.01 mg/1). However, it has to be pointed out
that although HPLC-MS technique has recently become a
more commonly applied, it still cannot be considered standard
equipment, especially in clinical laboratories, which is a very
important practical issue.

H,O-Philic SC-DVB columns were inappropriate for the
extraction of moclobemide and its two metabolites from plasma,
since the metabolite Ro 12-8095 was completely eluted from the
column during the wash step with 100% methanol. Therefore,
H,O-Philic DVB columns were used. With this type of columns,
the extraction of Ro 12-5637 was found to be the most critical. It
was important to balance adequately the content of methanol in a
wash solution, in order to get clean extracts and, at the same time,
retain Ro 12-5637 on the column. The wash solvent strength was

increased gradually in the range 20-40% methanol in water.
A content of 30% methanol was found to be optimal. Abso-
lute recoveries were high and reproducible for all analytes, with
means and standard deviations of 95.1 £2.9, 90.0£3.5, and
99.8 £4.0% found for moclobemide, Ro 12-5637, and Ro 12-
8095, respectively. The mean parameter value (£S.D.) for IS was
97.6 +2.7%. These recovery values were higher than reported
for the liquid-liquid extraction procedure (83, 73, and 86% for
moclobemide, Ro 12-5637, and Ro 12-8095, respectively) [8]
and comparable to the values achieved with two published SPE
techniques [9,10]. However, in contrast to these SPE procedures,
the extraction procedure applied in this method did not require
any other sample pre-treatment, except for dilution with buffer,
in order to improve flow during loading. A run time of 13 min,
together with a simple and rapid sample preparation procedure,
allows a more rapid sample throughput than all the methods pub-
lished previously (including the HPLC-ESI-MS method [10],
in which 17 min centrifugation during the sample preparation
procedure significantly increases the total analysis time). In addi-
tion, SPE sorbents based on new hydrophilic polymer resins have
several advantages over bonded-phase silicas, such as broad pH
stability (operating pH range is 1-14) and reduced dependence
on wetting prior to extraction. Namely, the effectiveness of silica
sorbents is highly dependent on the presence of the activating
solvent. However, during the course of running many samples,
the cartridge can become dry. If the sorbent is then used, the
recovery of the analyte will be low. On the contrary, the modi-
fied resins have the ability to wet with water even after drying
and will still absorb effectively [13,23].

So far, a total of 125 plasma samples obtained from seven
patients were analysed by using the described method. Fig. 4
shows a representative steady-state plasma concentration—time
profile of moclobemide, Ro 12-5637 and Ro 12-8095 in a depres-
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Fig. 4. A steady-state plasma concentration—time profile of moclobemide (cir-
cle), Ro 12-5637 (square), and Ro 12-8095 (triangle) during multiple oral dose
administration of 150 mg moclobemide three times daily.

sive patient taking 150 mg of moclobemide orally three times
daily at dosing intervals of 6, 6, and 12h. The blood sample
was taken after the first daily dose, on the 36th day of the ther-
apy. The maximum moclobemide plasma concentration (Crsnsax)
was 1.97 mg/l, while the minimum moclobemide concentration
obtained just prior to the second daily dose (C glsin) was 1.09 mg/1.
They are within the range of CISH%X values (2.24 + 0.72 mg/1) and
CISnSin values (0.74 £ 0.40 mg/1) reported for the same dosing reg-
imen [15] and measured by the HPLC technique of Geschke et al.
[8]. Although this method has been used for studying moclobe-
mide pharmacokinetics under the steady-state conditions, its
sensitivity is high enough to enable the application to a single-
dose study (the method of Geschke et al. [8] with comparable
sensitivity has been used in the most clinical pharmacokinetic

studies, including single dose ones [3]).
4. Conclusion

This paper describes a rapid, selective and sensitive HPLC
method with UV detection for the quantification of moclobe-
mide and its two major metabolites in human plasma, and its
applicability to pharmacokinetic studies. The method allows a
high sample throughput due to the chromatographic run time
of 13 min and a very simple and fast sample preparation proce-
dure. Accurate and precise determination of moclobemide and
its metabolites in plasma was possible over the wide concentra-
tion ranges studied; thus, this method can be applied to various
clinical situations in which large variations in the analytes con-
centrations are observed. The lack of analytical interference was
proven for many drugs used frequently in the target patient
population, and that is what is essential for a valid measure-
ment of compounds of interest when patients are on combined
therapy. This method is time saving and economical and there-
fore suitable for different clinical studies and routine laboratory

analyses, including drug interaction studies, therapeutic drug
monitoring, and compliance assessment, where its applicability
has already been proven. Also, the sensitivity of the method is
high enough to enable its application to single-dose studies, such
as bioequivalence ones.
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