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Abstract

Clomipramine (CMI) is a typical tricyclic antidepressant with a wide clinical spectrum, being used in major depressive,
panic and obsessive-compulsive disorders. The relationship between clinical response and plasma levels of clomipramine and
its N-desmethylated (N-desmethylclomipramine, DMCMI) and hydroxy-metabolites remains unclear. In particular, limited
information is available on the correlation with clinical response in patients with obsessive-compulsive disorder (OCD). This
study describes a new sensitive method to simultaneously determine CMI and its major N-desmethylated and hydroxy-
metabolites present in human plasma by HPLC with a UV detector. After a solid-phase extraction from plasma (Isolute C2
columns) the separation of the compounds was performed on a Lichrospher CN column (25034 mm, 5 mm with a 2-cm
pre-column) by an eluent consisting of 10 mM K HPO –acetonitrile–methanol (35:25:40 v/v /v) at a flow of 1.5 ml /min.2 4

UV detector was set at 214 nm. The lower limit of quantification for all the analytes was at least 5 ng/ml. The coefficients of
variation ranged between 2.0 and 4.9% with recovery rates between 97.0 and 100.3%. Linear regression analyses showed
correlation coefficients between 0.98 and 0.99. This method is simple, fast and reliable with good specificity and sensitivity.
Solid phase extraction is efficient and rapid, allowing the extraction of several plasma samples on the same day and may
therefore be usefully and realistically applied in the clinical context. We thus investigated the relevance of plasma levels of
CMI and its metabolites as a predictor of clinical outcome in a group of 15 patients with OCD.  2002 Elsevier Science
B.V. All rights reserved.
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1. Introduction pressant with a wide clinical spectrum being used in
major depressive, panic and obsessive-compulsive

Clomipramine (CMI) is a typical tricyclic antide- disorders (OCD). In spite of new atypical drugs such
as those of the SSRI group (fluoxetine, fluvoxamine
etc), clomipramine is still the reference compound in
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methylated (N-desmethylclomipramine, DMCMI) 2.2. Extraction of clomipramine and its
and hydroxy-metabolites is still controversial: in metabolites from plasma
particular, few studies have been carried out so far in
OCD patients and the correlation with clinical re- At the beginning of the analysis, three series of
sponse remains unclear [4–8]. This may be at least standard plasma samples spiked with low, medium
in part related to the fact that most studies measured and high concentrations of CMI and its metabolites
only CMI and not DMCMI and/or hydroxy-metabo- (50, 100, 400 ng/ml of CMI and DMCMI; 25, 50,
lites. Several methods to determine CMI concen- 100 ng/ml of the hydroxy-metabolites) and with the
trations are currently available, only a few of them, I.S. (quality control samples) were frozen at 225 8C
however, can simultaneously determine its desmethyl and then one of each concentration level analyzed
and hydroxy-metabolites. Furthermore, this is ac- with every run of the unknown samples.
complished by complex, expensive and time-con- One ml of 50 mM phosphate buffer pH 9.2 and
suming three-step liquid–liquid extraction [9,10] or 0.1 ml of I.S. were added to 1 ml of plasma. After
by direct-injection methods which require more vortexing for 1 min and centrifuging for 10 min at
sophisticated equipment [11,12]. 1500 g, the sample was applied to an Isolute C2

This study describes a new sensitive method column placed on a Vac-Elut apparatus connected to
capable of simultaneously determining CMI and its vacuum. Before applying the sample, with the vac-
N-desmethylated and hydroxy-metabolites in human uum on, columns were washed with two column
plasma by HPLC using a solid-phase extraction. The volumes of methanol, one volume of water and two
method was used to monitor the levels of CMI and volumes of 50 mM phosphate buffer pH 9.2. The
its metabolites in a group of OCD patients. vacuum was then turned off and, without allowing

the column to dry, the sample was added to the
column and the vacuum turned on. The columns
were then washed with two volumes of 50 mM

2. Experimental phosphate buffer and one volume of a mixture of
water and acetonitrile (80:20 v/v). The columns

2.1. Chemicals and reagents were left to dry for 10 min and then the vacuum was
turned off. A 6-ml conical centrifuge tube was

CMI, DMCMI, Maprotiline (internal standard, placed in the VacElut rack under each column. The
I.S.), were purchased from Sigma (St. Louis, MO, compounds were eluted with 1 ml of methanol with
USA). 2-Hydroxyclomipramine, 2-HCMI, 2-hydroxy- the vacuum turned on; 100 ml of the eluate were
desmethylclomipramine and 8-hydroxydesmethyl- injected into the chromatograph.
clomipramine, 2-HDMCMI and 8-HDMCMI, were Standard plasma samples were prepared by spik-
kindly provided by Novartis (Basel, Switzerland). ing 1 ml of drug-free plasma with known amounts of
Acetonitrile and methanol were of HPLC-grade and CMI, DMCMI, 2-HCMI, 2-HDMCMI and 8-
the other reagents and solvents were of analytical HDMCMI and 1 mg of internal standard. Calibration
grade (Merck, Darmstadt, Germany). curves were calculated by the integrator using linear

IsoluteE liquid–solid extraction columns packed regression analysis of the ratios of the area under the
with 100 mg of C2-bonded 40 mm silica with peak of CMI and its metabolites and those of I.S.

˚average pore size of 60 A and with 1-ml reservoir versus CMI and metabolite concentrations in the
(International Sorbent Technology, Mid Glamorgan, standard samples and used to calculate the con-
UK) were used to process plasma samples. centrations of CMI and its metabolites in unknown

Stock solutions of drugs (1 mg/ml) in water were samples.
prepared weekly and stored at 4 8C protected from
light. Standard working solutions at a concentration 2.3. Liquid chromatography
of 10 or 1 mg/ml (I.S. or compounds) were prepared
daily immediately before use. Phosphate buffer was HPLC analysis was carried out using a Shimadzu
50 mM potassium hydrogenphosphate pH 9.2. (Kyoto, Japan) system: LC-6A HPLC pump, SPD-
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10A UV detector, SIL-6A autosampler and SCL-6A taken as independent parameters. Metabolic ratios
CR4-A controller integrator. (MR) were calculated as follows:

Wavelength was set at 214 nm. The column was a
MR for N-desmethylation: MRD 5 CMI/DMCMILichrospher CN, 25034 mm, 5 mm (Merck), with a

2-cm pre-column filled with the same material. The
MRs for hydroxylation: MR2Hmobile phase was: 10 mM K HPO –acetonitrile–2 4

methanol (35:25:40 v/v /v). The flow was 1.5 ml / 5 DMCMI/2HDMCMI and MR8H
min. 5 DMCMI/8HDMCMI

In these conditions, peaks were eluted at the
following times: CMI 4.5 min, DMCMI 8.0 min,

2.7. Patients
8-HCMI 4.0 min, 2-HDMCMI 6.6 min, 8-HDMCMI
7.2 min, MA (I.S.) 9.5 min.

A group of 15 DSM-III-R OCD patients respond-
ing to oral CMI who gave informed consent after full

2.4. Accuracy and precision explanation of the experimental procedure were
treated with oral CMI (150–300 mg/day) for 10

Accuracy and precision were evaluated using weeks [15]. Exclusion criteria were: the presence of
values obtained from the analysis of five standard major depressive, manic or hypomanic episodes,
samples replicated 10 times on the same day (intra- concomitant psychotherapy and psychotropic drug
day accuracy and precision) and from daily analyses therapy with the exception of previously stabilized
of three quality control standard samples at three dosages of benzodiazepines. On week 10, blood
different concentrations for 5 days (inter-day accura- samples were drawn in the morning 12 h after the
cy and precision). last dose and before the morning administration to

Accuracy was calculated as percentage of the determine the levels of CMI and its metabolites.
measured versus the known concentrations. Precision After centrifuging, plasma samples were stored
was determined as the coefficient of variation (C.V.), frozen at 225 8C until analysis, which was carried
i.e. the ratio between the mean of the observed out within 1 month. All patients obtained a reduction
concentrations and its standard deviation. of the Yale–Brown Obsessive-Compulsive Scale (Y-

BOCS) total score .35% and a CGI score at the
‘‘improvement’’ item ,3 [15].2.5. Recovery

The absolute recovery of CMI and its metabolites
from plasma samples was determined by comparing 3. Results
the areas of the peaks of standards not extracted with
those of standards extracted according to the pro- No interfering peaks near the retention times of
cedure described above. CMI, DMCMI, hydroxy-metabolites (8-HCMI, 2-

HDMCMI, 8-HDMCMI) and I.S., were present in
the chromatograms of blank or basal (time 0) plasma2.6. Calculation of metabolic ratio for
samples. Representative chromatograms are showndesmethylation and hydroxylation of CMI
in Fig. 1. Psychotropic drugs most frequently used in
OCD such as benzodiazepines, haloperidol andThe main oxidative pathway of CMI is desmethy-
fluphenazine did not interfere with the analysis.lation to DMC, and plasma concentrations of CMI

and HCMI are strongly dependent on N-desmeth-
ylation [13], which is regulated by different enzymes 3.1. Linearity
(CYP2C19, CYP3A4 and CYP1A2) from the one
responsible for hydroxylation (CYP2D6) [14]. To Six standard samples between 5 and 500 ng/ml
minimize the effect of N-desmethylation in calculat- (CMI), 5 and 500 ng/ml (DMCMI), 5 and 100
ing the metabolic ratio, CMI and HCMI were not ng/ml (8-HCMI), 5 and 100 ng/ml (2-HDMCMI
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Fig. 1. (a) Plasma blank; (b) plasma standard: 2-HCMI 100 ng/ml, CMI 500 ng/ml, 2-HDMCMI 100 ng/ml, 8-HDMCMI 100 ng/ml,
DMCMI 500 ng/ml, Maprotiline (1000 ng/ml, I.S.); (c) plasma sample: 2-HCMI 23.3 ng/ml, CMI 234.1 ng/ml, 2-HDMCMI 24.2 ng/ml,
8-HDMCMI 73.3 ng/ml, DMCMI 308.8 ng/ml; (d) CMI and metabolites 5 ng/ml, Maprotiline (I.S.) 1000 ng/ml.

and 8-HDMCMI) were analyzed in triplicate to 3.3. Sensitivity and recovery
determine the linearity of the assay.

The ratios of the areas of the peaks of each The lower limit of detection of CMI and its
compound versus I.S. were linearly related to the metabolites (i.e. with a signal three times that of the
concentrations in the range encountered in drug blank) were between 1 and 2 ng/ml. The lower limit

2monitoring (CMI: R 5 0.03 1 1.02x, r 5 0.99; of quantitation (C.V.,8%) of CMI and its metabo-
2DMCMI: R 5 0.01 1 0.89x, r 5 0.98; 8-HCMI: R 5 lites was at least 5 ng/ml (Fig. 1).

20.02 1 0.49x, r 5 0.97; 2-HDMCMI: R 5 0.03 1 The absolute recovery of CMI and its metabolites,
20.49x r 5 0.96; 8-HDMCMI: R 5 0.01 1 0.70x, determined by comparing the areas of the peaks of

2r 5 0.99). standards not extracted with those of standards
extracted according to the procedure described

3.2. Accuracy and precision above, was for all compounds higher than 97%
(Table 1).

The intra-assay coefficients of variation (C.V.s) of
CMI and its metabolites were between 2.1 and 4.0%
and the inter-assay C.V.s were between 2.2 and 4.9% 3.4. Steady-state concentrations of CMI and its
for all compounds (Table 1). These results, therefore, metabolites
validate the calibration curves used for each set of
samples. Experimental results on the quality control Concentrations of CMI and its metabolites in
samples kept at 225 8C (see inter-day accuracy plasma of patients with OCD and the metabolic
above) guarantee the stability of the samples under ratios for desmethylation and hydroxylation in
our conditions. human plasma at steady-state are shown in Table 2.
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Table 1
Intra-day and inter-day accuracy for the assay of the CMI and its metabolites in plasma

Added Intra-assay Inter-assay Intra-assay Inter-assay Recovery
concentrations precision precision accuracy (%) accuracy (%) (%)6S.D.
(ng/ml) n510 n56 n510 n56 n56

8-HCMI 25 4.2 2.8 100.3 99.8 99.766.2
50 3.8 3.3 100.5 102.5 97.562.8

100 4.0 4.1 97.9 103.1 99.163.5
CMI 50 4.0 2.7 98.9 101.1 99.761.9

200 2.8 4.1 100.9 98.8 98.862.8
400 3.5 3.2 100.6 100.5 99.662.5

2-HDMCMI 25 2.9 4.0 97.8 97.7 98.965.1
50 3.5 2.8 103.1 98.6 97.363.8

100 2.3 4.4 100.6 99.3 97.564.2
8-HDMCMI 25 3.7 3.8 98.7 97.8 97.060.5

50 2.8 4.9 97.9 98.8 98.160.5
100 3.5 3.5 99.6 102.3 97.860.5

DMCMI 50 2.0 2.5 102.5 99.3 100.363.0
200 2.3 2.2 98.8 100.9 98.862.2
400 2.1 2.6 101.1 99.8 99.561.7

4. Conclusions others had equal or lower concentrations: our MR
values are similar to those found by Szegedi et al.

The values of CMI and DMCMI concentrations [16] and by Kramer Nielsen et al. [17] but lower
are similar to those previously found with other than those of Shimoda et al. [9] in a Japanese
methods [4–12]. Due to marked interindividual population of psychiatric patients (MRD: 1.1560.77;
differences in hepatic metabolism, steady-state plas- MRH: 2.2662.19).
ma concentrations of CMI, DMCMI and hydroxy- A larger number of samples is needed to observe
metabolites show a large variability among patients clear correlations of drug or metabolite levels and
with standard therapeutic regimen; the few studies clinical outcome. However, our female patients had
that calculated the MR values indicate that individual higher concentrations of DMCMI, a lower metabolic
values have a large variation. This was the case also rate for hydroxylation and a better response, par-
for our OCD patients, eight of them had higher ticularly of the compulsion subscore of the Y-BOCS
levels of DMCMI relatively to CMI, whereas the scale, as described elsewhere [18] and also previous-

ly reported [19]. This confirms the potential clinical
usefulness of monitoring the levels of CMI and its
desmethyl and hydroxy-metabolites in patients with

Table 2
OCD.Steady-state plasma levels of CMI and its metabolites (ng/ml) and

The HPLC method with solid-phase extractionmetabolic ratios (MRD, MR8H, see methods), in OCD patients
(n515; Mean (S.E.)) employed in this study is simple, fast and reliable,

with a good specificity and sensitivity. The methodsDose (mg/day) 176.7 (8.3)
presently available to simultaneously determine the

CMI 133.9 (18.9)
desmethyl- and hydroxy-metabolites of CMI [9–12]DMCMI 273.0 (45.0)
are selective enough to avoid interference from otherMRD 0.63 (0.08)

8-HCMI 35.0 (4.2) psychotropic drugs frequently co-administered in the
8-HDMCMI 64.6 (9.7) treatment of major depression. In fact, the different
MR8H 5.4 (1.2) drugs used in association with clomipramine to treat
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