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SUMMARY 

A method is presented for the determination of clomipramine and its major 
metabolite desmethylclomipramine in plasma. After extraction with n-hexane, the 
components are separated by high performance liquid-solid chromatography on 
silica geI and detected with a UV detector. The detection limits are 2 ng/mI for 
clomipramine and 10 ng/ml for desmethylclomipramine. Recoveries from p!asma 
exceed 95 oA for both drugs. In routine analysis, 3U-40 samples can be handled in one 
day- 

The practical use of the method is shown in plasma concentration-time curves 
after oral and intramuscuIar administration of clomipramine. 

INTRODUCTION 

Although the use of clomipramine (AnafraniI@) in the treatment of certain 
depressions has been well established since its introduction in 1961, very little informa- 
tion is available on the pharmacokinetic properties of this drug because, despite var- 
ious efforts, there does not seem to be a suitable analytical method for routinely moni- 
toring the fate of the drug in the body. 

The ideal assay procedure for clomipramine will be one that is reliable, rapid 
and economical, distinguishes between the parent component and its metabolites, and 
provides adequate quantitation of those components that are biologically active. The 
Iast aspect is particularly important with regard to the formation and the presence of 
N-desmethylclomipramine. So far, this compound has been reported to be the only 
metabolite with biological activity’“. 

Very few assay procedures have been reported for the determination of 
clomipramine in biological fluids. Recently, gas chromatography-mass spectrometry 
with deuterated internal standards has been proposed for the determination of 
clomipramine and desmethylclomipramine +*l_ Carnis et aL6 and Jones and Luxombe’ 
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have described a sensitive double radioisotope derivative technique_ Although very 
elegant, this method is laborious, resulting in a rather limited throughput_ 

Liquid chromatography would seem to be a more suitable technique for these 
tricyclic antidepressants. It has the advantage that separations are carried out at room 
temperature so that the low volatility of the tricyclic components is not a limiting 
factor. Moreover, high-performance liquid chromatography (HPLC) combines high 
selectivity with sensitive detection modes such as the UV detector. 

Lagerstrom et aL8 have reported a liquid chromatographic determination of 
clomipramine and other tricyclic antidepressants by ion-pair partition chromatogra- 
phy_ In this paper we describe a liquid chromatographic determination of clomipra- 
mine and its desmethyl metabolite, based on liquid-solid principles, which is also 
suitable for the analysis of other tricyclic antidepressants_ 

The technique is at present being applied in a combined pharmacokinetic and 
clinical study. Some preliminary results from this study are given in order to illustrate 
the practical use of the method. 

MATERIALS AND METHODS 

Chemicals and reagents 
Clomipramine, desmethylclomipramine and imipramine were gifts from Ciba- 

Geigy (Basle, Switzerland). All solvents and other chemicals were of analytical-reagent 
grade and obtained from E. Merck (Darmstadt, G.F.R.). Dichloromethane was re- 
distilled in glass before use. The glassware was cleaned by standing it overnight in 
chromic acid and then rinsing with distilled water. 

Standard solutions 
A standard solution of clomipramine and desmethylclomipramine as their 

hydrochlorides in distilled water was prepared at a concentration of 5 mg/mI. If 
necessary, this solution was diluted with water to produce solutions of the desired 
concentration. Spiked plasma samples, containin g 5-lOO ng/ml of both drugs, were 
prepared by adding 1 ml of the appropriate aqueous standard solution to 4 ml of 
titrated human plasma. The resultin g mixture was mixed thoroughly. 

An internal standard solution containing imipramine (380 ng/ml) was prepared 
by dissolving the required amount of imipramine hydrochloride in 0.1 M hydrochloric 
acid. An acidic solution was used to minimize losses due to adsorption on the glass 
surface. 

Apparatus 
A Spectra-Physics (Berkeley, Calif., U.S.A.) Model 3500 B liquid chromato- 

graph was used in conjunction with a Model SF 770 variable-wavelength UV detector 
(Schoeffel), which was operated at 250 nm. 

Injections were made with a Valco high-pressure injection valve fitted with a 
lOO-~1 sample loop. The separation was performed on a stainless-steel column, 

10 cm x 4.6 mm I.D., packed with silica gel (LiChrosorb Si-60, particle diameter 5 
pm; Merck) by a balanced-density slurry method9. 

A ternary mixture of n-hexane, dichloromethane and methanol (8:l:l) was 
used as the mobile phase at a flow-rate of 1.2 cmJ/min (pressure drop 28 atm) with 
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Fig. 3. Liquid chromatogram of a spiked plasma extract. (a) Clomipramine, 25 ng/ml; (b) internal 
standard (imipramine); (c) desmethylclomipramine, 50 ng/ml. 

Application 
The method is at present being used to follow clomipramine and desmethyl- 

clomipramine levels in plasma after intravenous, intramuscular and oral administra- 
tion of clomipramine to volunteers as well as to depressive patients. In singIe-dose 
experiments in volunteers, clomipramine appeared rapidly in the general circulation 
after oral administration of 100 mg of the hydrochloride. Peak plasma levels were 
generally reached 1-2-i_ h after intake and were in the order of 70-140 ng/ml. Assuming 
a two-compartment model, the plasma half-lives of clomipramine were found to he 
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Fig. 4. Plasma levels (semi-logarithmic scale) of clonipramine in subject T.P. after a single oral dose 
of 100 mg of clomipramine hydrochloride. The data were fitted 12th the NAFFIT-I catculation 
programme. 
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Fig. 5. Plasma Ievels (semi-logarithmic scale) of clomipramine in subject S-P. after a singIe intra- 
muscular dose of 37.5 mg of clomipramine hydrochloride_ The data were fitted \t:ith the NAFFIT-I 
calculation programme. 

in the order of 20 h, and metabolism to desmethylclomipramine was found to be of 
little importance. In all samples, desmethylclomipramine concentrations did not 
exceed 10 ng/ml. Single-dose intramuscular administration of 37.5 mg of the hydro- 
chloride resulted in long-lasting plateau levels in the plasma ranging from 25-50 
&ml, up to at least 8 h after administration. This was followed by slow elimination, 
which confirmed the relatively long half-Iives found in the oral experiments. Figs. 4 

and 5 show examples of plasma concentration-time curves on a semi-logarithmic 
scale after oral and after intramuscular administration. The data were fitted with the 
NAFFLT-1 calculation programme developed in our Institutez3. 
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