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ABSTRACT 

Clomipramine and its N-demethylated metabolite, N-demethyl-clomipramine were 
determined simultaneously in plasma or in erythrocytes by a simple hexane-diethyl ether- 
step extraction procedure followed by reversed-phase liquid chromatography. Baseline 
separation was achieved by a 5-pm cyanopropylsilane column. The mobile phase consisted 
of lOmM phosphate buffer-methanol-acetonitrile (25:15:60, v/v/v), at a flow rate of 1.2 
ml/min. The eluant was monitored by a W detector operating at 220 nm. The inter- and 
intra assay coefficients of variation were within 3.6 and 6.0 % for clomipramine and 4.1 and 
6.5 % for N-demethyl clomipramine, respectively. The lowest limit of detection of 
clomipramine and N-demethylated clomipramine was 5 ng/ml. The method is sensitive, 
specific and allows for routine analysis in therapeutic controls of patients treated by this 
antidepressant. 
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INTRODUCTION 

MARESCAUX ET AL. 

The efficacy of tricyclic antidepressants for treating depression has been 
substantiated by more than 30 years of experience (1). The correlation between plasma 
levels of some tricyclic antidepressants and therapeutic effects suggests that measurement of 
plasma levels may provide valuable information in improving the clinical management of 
depressed patients (2). 

The relationship between the plasma concentration of tricyclic antidepressants and 
their clinical effect on depressive symptoms is controversial (3). The drugs display marked 
interindividual differences in the steaty-state concentrations in serum (4), but monitoring 
therapeutic levels of these drugs is important, since the side effects : anticholinergic effects 
and cardiac toxicities, are quite common and mainly dose related (5). 

Clomipramine is a tricyclic antidepressant medication widely used in western 
Europe. The drug after absorption, undergoes an important first-pass metabolism to N- 
demethyl-clomipramine which is pharmacologically active and participates in both 
therapeutic and unwanted effects (6). After reaching the systemic circulation, clomipramine 
is further biotransforined into N-demethyl-clomipramine, and both active principles are 
hydroxylated to metabolites which are further conjugated before being excreted in urine. 
Hydroxylation of parent drug and metabolite is under polymorphic genetic control by the 
same cytochrome P450 as debrisoquine and sparteine (6,7). 

Studies concerning blood concentrations of clomipramine and N-demethyl- 
clomipramine are still conflecting. Clomipramine is an antidepressant with a fairly MITOW 

therapeutic effect. This fact combined, with a high-interindividual variability makes this 
drug candidate for blood concentration monitoring. Intraindividual variability could be also 
explained by different distribution in erythrocytes and it will be interesting to know the 
concentration of the drug in these cells. 

A number of analytical methods have been used to determine clomipramine and N- 
demethyl-clomipramine in biological fluids (2,8). The most commonly used techniques are 
based on separations by gas (6,9-11) or liquid chromatography (5-7, 12-15). 

Here we describe an HPLC method which allows the determination of clomipramine 
and N-demethylclomipramine, both in plasma and erythrocytes. 

MATERIALS and METHODS 

Reagents and chemicals 
All chemicals were of analytical grade. Clomipramine, N-demethyl-clomipramine 

were kindly supplied by Ciba-Geigy laboratory (Rueil-Malmaison, France). Levalorphan, 
used as internal standard, was a gift from Hoffman-La Roche (Basel, Switzerland). HPLC- 
grade acetonitrile was obtained from FSA Laboratory, England and HPLC-grade methanol 
from Scharlau, Spain. 
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Sample collection and storage. 
Blood samples were drawn into red-top vacutainer Tubes (Betton-Dickinson & co., 

France) and centrifuged within 2h of collection. Plasma and erythrocytes were separated 
and stored in propylene tubes at -2O"C, until assayed 

Standard Solutions and Internal Standard 
A stock solution containing 2500 ng/ml of clomipramine and N-demethyl- 

clomipramine was prepared in methanol. The internal standard stock solution of 
levalorphan (10 &ml) was also prepared in methanol. The solutions were stored at -20°C 
until required. Plasma standard solutions of clomipramine and N-demethyl-clomipramine 
for the calibration curves were prepared by appropriate dilution of the stock clomipramine 
and N-demethyl-clomipramine solutions with drug-free plasma so that concentrations of 5, 
10,25,50, 100,250 and 500 ng/ml were obtained. 

Chromatographic conditions 
The HPLC system consisted of a Model 1090, equipped with an automatic injector 

and a diode array, connected to an HP 85b computer (Hewlett-Packard, Orsay, France), a 
T5C recorder (Ifelec, Courbevoie, France). Separation was performed on a 5 pn cyanopropyl 
silane column (4 mm ID x 250 mm) (SociBtB SGE, France) using a mobile phase consisting of 
10 mM potassium phosphate buffer (pH 7.0) - methanol - acetonitrile (25: 15: 60, v/v)  and 
a column temperatur- of 40°C. The flow rate was 1.2 ml/min. The detector was set up at 
220 nm. 

Sample preparation 
- 100 pl of the internal standard (10 pg/ml levalorphan) were introduced in a 

silanized centrifuge tube and evaporated to dryness under nitrogen at 30°C, 1 ml of plasma 
standard solutions at different concentrations ( 5, 10, 25, 50, 100, 2.50 and 500 ng/ml) or 1 

ml of plasma from patients was added. The contents were extracted with 5 ml of a mixture 
of hexane and diethyl ether (4 : 1, v/v) on a mechanical shaker for 10 minutes and briefly 
centrifuged (3 000 g, 4°C). The organic layer was tranferred to a clean centrifuge tube and the 
other phase was again treated by 5 ml of the mixture of hexane and diethyl ether (4 : 1, 
v/v), after mechanical shaking and centrifugation, the two organic phases were mixed and 
evaporated to dryness under nitrogen at 30°C. The dried residue was reconstituted with 100 
1.11 of mobile phase and a sample (25 PI) was injected onto the HPLC column. 

- For the determination of clomipramine and N-demethyl-clomipramine in 
erythrocytes, lml of erythrocytes was added to a silanized centrifuge tube, containing 1 pg 
of levalorphan (internal standard), as previously described above. The contents were mixed 
with hexane-diethyl ether and extracted as previously described for the plasma. 

Calibration Curve. 

Peak-areas for clomipramine or N-demethyl-clomipramine and the internal standard 
levalorphan were measured and peak-area ratios (clomipramine or N-demethyl- 
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Table 1 Drugs tested for possible interference in the HPLC assay of 
clomipramine and N-demethyl clomipramine 

Paracetamol Oxazepam 
Salicylic acid Prazepam 

Carbamazepine Triazolam 
Phenytoin Amitryptilin 

Valproic acid Imipramine 
Digoxin Fluvoxamine 

Theoph yllin Halo per idol 
Clonazepam Thioridazine 

Diazepam Thioproperazine 

clomipramine/internal standard) were used for preparation of a calibration curve. The 
calibration curves were constructed by plotting plasma clomipramine or N-demethyl- 
clomipramine concentrations (x axis), expressed as ng/ml, versus peak-area ratios (y axis), 
using linear regression. 

This line was then used to calculate the concentration of the drug in the unknown 
samples (plasma or exythrocytes). 

Recovery 
Extracts from plasma, prepared as described above, were compared with a direct 

assay of standards in methanolic solution. These relative recoveries were determined for two 
different concentrations. The absolute recoveries were also determined for these two 
different concentrations from extracts of plasma, treated using the procedure described 
above, except that the internal standard was omitted. A11 extraction sample residues were 
reconstituted in 100 p1 of the solution of internal standard (1 kg/ml) in mobile phase. In this 
recovery analysis, levalorphan served as external standard. 

interferences 
lnterference from endogeneous material and from other drugs was researched. drugs 

were tested at concentration of lOOOng / ml (Table I). 

RESULTS and DISCUSSION 

Fig 1 shows the separation and quantitation of clomipramine and N-demethyl- 
clomipramine in human plasma, using levalorphan as internal standard. In the 
chromatograms, which were obtained after extraction of 1.0 ml of blank plasma, no 
additional peaks that could interfere with the determination of the drug, its metabolite and 
the internal standard are present. Fig 1A represents a chromatogram of blank plasma. 
Similar result was obtained after extraction of 1 ml of erythrocytes. Blank plasma samples 
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Figure 1 : 
HPLC profiles of (A) drug-free human plasma ; (B) spiked drug-free human plasma (1 

ml) containing 100 ng clomipramine and N-demethyl-clomipramine and loo0 ng/ml 
internal standard ; (C) human plasma containing 38 ng/ml clomipramine and 27 n g / d  
N-demethyl-clomipramine - Peak CMI = clomipramine ; DCMI = N-demethyl- 
clomipramine ; IS = internal standard. 
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and blank erythrocytes sample from 30 subjects were analysed and no plasma or 
erythrocyte endogeneous peaks, co-eluting with the internal standard, the drug or the 
metabolite, were detected. Fig IB is a chromatogram obtained after extraction of 1.0 ml of 
plasma spiked with 100 ng/ml of clomipramine and N-demethyl-clomipramine. The 
retention times for the internal standard, clomipramine, and N-demethyl-clomipramine were 
6.30, 7.30 and 15.80 min, respectively. Fig 1C shows a chromatogram obtained after 
extraction of 1.0 ml of plasma from a patient treated by clomipramine. 

The calibration curves for clomipramine and N-demethyldomipramine were linear 
over the concentration range of 5 to 500 ng/ml with the square of correlation coefficient (r2) 
greater than 0.99. The typical linear relationship for the calibration curve can be expressed 
by the equations : y = 0.0033 x - 0.004, (r2=0,997), in standard solution and y = 0.0023 x + 
0.015, (r2=0,995),in plasma solution for clomipramine and y = 0.0029 x - 0.016, (r2=0,996), in 
standard solution and y = 0.0021 x + 0.015, (r2=0,996), in plasma solution for demethyl- 
clomipramine, respectively. 

Calibration curves in plasma showed good linearity between peak-area ratios and 
concentrations from t i  to 500 ng/ml, and the present method is able to detect 5 ng/ml of 
clomipramine and N-demethyl-clomipramine 

Within-run prccision (n=5) and day to day reproducibility (n=5), determined by this 
method were 3.6% and 6.0% for clomipramine and 4.1 and 6.5 % for N-demethyl- 
clomipramine, respectively, at a concentration of 100 ng/ml. 

Recovery of clomipramine and its metabolite was estimated by comparing the peak 
areas of clomipramine or N-demethyl-clomipramine and the internal standard with those 
obtained by direct injection of the pure standards of clomipramine or N-demethyl- 
clomipramine and the internal standard. The mean iecovery for clomipramine and for N- 
demethyl-clomipramine (n = 5) from plasma sample was 85.0 and 90.3 % at 100 ng/ml 
respectively. 

Absolute recovery of the drug and its metabolite was estimated by using levalorphan 
as external standard. The mean recovery for clomipramine and for N-demethyl- 
clomipramine (n= 5) from plasma sample was 66.7 and 74.2% at 100 ng/ml, respectively. 

Plasma samples or erythrocytes samples stored at -2OT for up to 2 months showed 
no signs of decomposition and practically the same concentration values were obtained (n = 
6) .  This suggests that clomipramine and its metabolite are stable under these storage 
conditions, for at least 2 months. 

Possible interference by other antidepressants and other drugs at their therapeutic 
concentrations was evaluated. Commonly used drugs tested (Table I) did not interfered with 
the assay 

The assay is shown to be selective, without interferences from endogeneous materiel 
and from other drugs commonly used in therapeutic treatment. 

The assay is also used for the determination of clomipramine and N-demethyl- 
clomipramine in erythrocytes. 

The method has been applied to many patient samples and is being used routinely in 
the laboratory for monitoring therapeutic levels. The drug and its metabolite are determined 
using a simple procedure. 
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