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AUTOMATED DETERMINATION OF 

TRlMlPRAMlNE IN HUMAN PLASMA OR 

SOLID PHASE EXTRACTION 

TRlMlPRAMlNE AND N-DESMETHYL- 

SERUM BY HPLC WITH ON-LINE 

SEBASTIAN H&'ITER, BIRGIT HERMES, AND CHRISTOPH HIEMKE* 
Department of Psychiatry 

University of Mainz 
Untere Zahlbacher Strasse 8 
0-55131 Mainz, Germany 

A fully automated method including column-switching and isocratic high performance liquid 
chromatography (HPLC) was developed for determination of the tricyclic antidepressant 
trimipramine (T) and its N-demethylated metabolite N-desmethyltrimipramine (DT). 
The limit of quantification was below 10 ngiml for T and DT. The assay revealed linearity 
between detector response and drug concentration in a therapeutically relevant range of 10 to 
500 ng/ml. The mean intra- and interassay variabilities were 6.2 and 12.3 % , respectively, for 
T and 4.7 and 8 7 YO respectively, for DT. The method can be applied to therapeutic drug 
monitoring of patients under T therapy and may be useful for pharmacokinetic studies. 

NTRODUCTION 

Trimipramine fT)  is a tricyclic antidepressant (TCA) which has been applied to the 

therapy of depression for over 20 years. Although, the chemical structure of T is closely 

related to other TCAs, like imipramine, it differs from the other TCAs in some 

pharmacological aspects [I] .  The most striking difference is the induction of supersensitivity 

of the noradrenergic system after long term treatment with T [2]. This casts doubts on the 

3495 

Copyright 0 1995 by Marcel Dekker, Inc 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1
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concept that receptor down-regulation by TCAs is relevant for the antidepressant effect [3, 41. 

Moreover, preliminary clinical studies suggest that high doses of T have antipsychotic 

efficacy without inducing extrapyramidal side effects [5]. 

Supervision of T treatment by therapeutic drug monitoring (TDM) of blood 

concentrations is rare. Only few methods are so far available for the determination of T in 

body fluids. Methods reported in the literature use gas chromatography [6, 71 or high 

performance liquid chromatography (HPLC) [8-11]. They require laborious and time 

consuming sample pretreatment by either solvent-solvent extraction [6-101 or off-line solid 

phase extraction [ll].  The assay described here enables simple and rapid quantification of T 

and DT by direct injection of plasma or serum samples on a column-switching system 

coupled to isocratic HPLC. 

METHODS AND MATERIALS 

Chemicals 

Trimipramine methansulfonate and N-desmethyltrimipramine (free base) were kindly 

donated by Rh6ne-Poulenc (Vitry sur Seine, France). Clomipramine and its main 

demethylated and hydroxylated metabolites, maprotiline, and carbamazepine were gifts from 

Ciba Geigy AG (Basel, Switzerland). Fluvoxamine maleate was donated by Duphar (Weesp, 

Netherlands), paroxetine by SmithKline Beecham (Worthing, UK), haloperidol and 

risperidone by Janssen (Beerse, Belgium), chlorprothixene by Tropon (Koln, Germany), 

moclobemide and diazepam by Hoffmann -La Roche AG (Basel, Switzerland), lorazepam by 

Wyeth (Munster, Germany), and biperidene by Nordmark (Uetersen, Germany). 

Acetonitrile and methanol were of LiChrosolveB quality and di-potassium hydrogenphosphate 

and orthophosphoric acid of analytical grade (Merck, Darmstadt, Germany). Water was 

deionized and filtered by a Milli-Q water processing system (Millipore, Eschborn, Germany). 

Standards 

Stock solutions were prepared by dissolving 10 mg T and 10.3 mg DT in 10 ml 

methanol, each. They were diluted with deionized water and mixed with drug free plasma or 
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serum to obtain calibration standards with concentrations of free bases ranging between 10 

and 500 ng/ml(lO, 50, 100,300, and 500 n g h l ) .  

Quality control samples (QCs) were prepared by mixing the I m g h l  methanolic stock 

solutions with plasma or serum to acchieve concentrations of 20, 100, and 250 n d m l  T and 

DT, respectively. 

All standards were stored at -20°C until use. 

Plasma or serum samoles 

Plasma or serum samples were obtained from either healthy non-medicated volunteers to 

obtain drug-free plasma or from patients treated with T for at least 7 days. Patients' blood for 

the preparation of plasma or serum was collected in the morning immediately before the first 

daily dose. 

Instrumentation 

The HPLC system consisted of a CMN200 autosampler (CMA/Microdialysis AB, 
Stockholm, Sweden), a six-port switching valve (Besta, Wilhelmsfeld, Germany) coupled to 

the autosampler and two HPLC pumps A and B, both from Bischoff, type 2200 (Leonberg, 

Germany). Pump A eluted the analytical mobile phase, pump B was used for loading plasma 

or serum sample onto the clean-up column and subsequent washing. Moreover, a variable 

wavelenght ultraviolet (UV) detector, type SPD- 10A (Shimadzu, Kyoto, Japan) was included. 

Chromatograms were recorded and integrated by a Kontron chromatogram integration 

software P C P  (Kontron, Milan, Italy). 

Analytical columns (250 x 4.6 mm) and pre-columns (20 x 4 6 mm I.D.) were packed with 

Spherisorb CN (5 pm particle size) by MZ-Analysentechnik (Mainz, Germany). Clean-up 

columns (10 x 4.0 mm I.D.), packed with Hypersil CPS (10 pm particle size), were also 

supplied by MZ-Analysentechnik. 

Chromatoqraphic procedure 

0-5 min; After centrifugation (3000 g for 5 min), 100 pI plasma or serum was injected 

automatically onto the clean-up column. Proteins and other interfering compounds were 
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washed to waste by deionized water containing 5 YO ( V N )  acetonitrile at a flow rate of 1 5 

ml/mrn by pump B 

7-8 min: After the SIX port valve had been switched at 5 min, the analytes to be determined 

were eluted onto the analytical column (foreward flush) and separated b y  a mobile phase 

(pump A) consisting of 23 % (viv) S mM phosphate buffer (adjusted to pH 6.2 with 

orthophosphoric acid) / 58 ?h acetonitrile / 19 YO methanol (V/V) at a flow rate of I 5 mlimin 

The compounds were detected by CTV-absorption at 214 nm. 

8-16 min: Eight min after start of the analytical run the switching valve was reset, 16 min 

later, the next sample was processed. 

The clean-up column was replaced after having processed about 80 plasma or serum samples. 

Interferences 

Drugs that are frequently used in combination with T were checked for interferences. 

The following drugs were included. tricyclic antidepressants and metabolites, maprotiline, 

paroxetine, fluvoxamine, and moclobemide. The neuroleptics haloperidol, perazine, 

chlorprothixene, and risperidone were included Moreover, the tranquilizers diazepam, 

flunitrazepam, and lorazepam, and the anti-parkinsonian drug biperidene were tested. 

Calculations 

Peak heights versus nominal concentrations of the calibration samples were submitted 

to weighted ( l/yz) linear regression to calculate correlation coefficients, dopes and intercepts 

Concentrations of drugs in patients' samples or QCs were calculated from the regression 

lines. 

Precision and accuracy were determined from 5 replicate runs of QCs for assessment 

of intraassay variability and by analyses of QCs on different days (at least 10 for each 

concentration) for assessment of interassay variability 

Recovery was determined by comparing the peak heights of standard samples 

containing three different concentrations (20, 100, and 250 ng'ml, N=5 for each 
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concentration) by processing the samples without and with inclusion of column-switching and 

a clean-up precolumn. 

RESULTS 

ChromatoeraDhic seuaration and inferences 

The chromatographic conditions described here provided baseline separation of the 

analytes within less than 20 min including sample purification on the clean-up column. No 

interferences were detectable either with plasma or serum constituents or with suggested 

trimipramine metabolites as shown in Fig 1. Both, T and DT were also well separated from 

most drugs that were tested for interference. The only interference observed was 8-hydroxy- 

N-desmethylclomipramine which was not separated completely from DT. 

Recovery 

The recovery rates of T were 79 _+ 5, 78 k 6, and 85 i 9% for 20, 100, and 250 ng/ml, 

respectively (N = 5). The recovery rates for DT were 100 i 6, 89 i 7, and 99 i 12& for 20, 

100, and 250 ngiml, respectively (N = 5). 

Linearity and Limit of Ouantification Limit 

Linear regression analyses of calibration curves of serum specimen supplemented with 

T and DT and measured on 6 independent days revealed linearity between peak heights and 

concentrations with correlation coefficients always greater than 0.99 for both, T and DT. 

Concentrations as low as 10 ngiml could be quantified with a mean CV< 20% (N = 6) for 

both analytes. 

Precision and accuracy 

Table 1 shows precision and accuracy data according to the determination of within- 

run variabilities and between-run variabilities which ranged from 3 to 15% and from 0.4 to 

6 8%, respectively 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



38.81.95 12:38:1n 
188.88 I I  

" I "  sm- 

A 

28.00 J 
.11 s.m , 

8.88  5.88 10 .88 15.88 20.00 z5. 

87.83.95 12:BZ:3 
188.88 I I  

m _1 B 

.I 

8.18 5 . 8 8  18.88 15.88 28.88 2s 

80.88 

88.88 

68.88 

18.811 

28.88 

U 

0?.83.95 11:35:e1 

C 

Figure I .  Representative chromatograms of semm samples analysed by the described 

column-switching HPLC system (A) Blank serum obtained from a nonmedicated healthy 

volunteer, (B) blank senim supplemented with 100 ngrnl  of each, trimipramine (1) and 

desmethyltrirnipramin (2), ( C ) serum obtained from a patient treated for two weeks with 

daily oral doses of 100 mg trimiprmine. The calculated concentrations in sample C were 113 

ng/ml for trimipramine and 37 ngrnl for desmethytrimipramine 
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TABLE 1 

Assay reproducibility and accuracy according to the analysis of quality control samples 

Intnassay precision and accuracy 

Interassay precision and accuracy 
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TABLE 2 

Resulting T and DT plasma or serum levels of patients treated with different doses of T 

iGx 

- 
1 

2 

3 

1 

5 

6 

7 

3 

2 

LO 

I 1  

1.2 

13 

I 4  

15 

16 

17 

18 

19 

!O 

!I - 

T-dose 
(mgfdayl 

175 

I50 

100 

200 

100 

100 

150 

100 

150 

200 

!5 

LOO 

150 

LOO 

100 

j0 

i25 

150 

50 

I00 

75 

Co-medication 

~~ 

no/ 

haloperidol,lorazepain 

parosetine, fluvoxamine. lorazepani 

risperidone 

parosetine 

no 

perazme 

fluvoxamine,clomiprarmne,carbarnazepine 

no 

rnociobemide 

Aomipramine, haloperidol, lorazepam 

10 

30 

isperidone, biperidene 

10 

noclobemide 

liazepam, chlorprothixene 

ierazine, diazepam 

noclobemide, maprotiline 

I0 

iaroxetine 

- 
T conc 

(ng/ml 

87 

219 

297 

YO 

38 

113 

293 

214 

343 

128 

42 

20 

63 

82 

123 

148 

102 

250 

265 

153 

30 

- 

- 

DT con1 

(ng/ml) 

<10 

27 

j l 

7 

14 

3 1  

3 19 

<10 

5 I 7  

38 

< I0  

< lo  

27 

12 

347 

46 

29 

I95 

76 

289 

265 
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Analysis of patients’ olasma or serum 

The analyses of plasma or serum samples from 21 patients who were treated for at 

least 7 days with different oral doses of T revealed highly variable blood levels without 

obvious correlations between blood level and the given dose (table 2). Seven of these patients 

received T monotherapy while all other patients had concomitant medications. 

DISCUSSION 

The method described were seemed advantageous over methods described by others 

[6- I 11. The column-switching technique allowed fully automated processing of plasma or 

serum samples. Determinations could be accomplished within 20 min. The assay yielded 

sufficient precision, accuracy and sensitivity It can therefore be applied to phannacokinetic 

studies and also to therapeutic monitoring of patients under T therapy. 

Analysis of patient samples indicated poor correlation between the given dose and the 

resulting blood concentrations. This was in agreement with findings reported for other 

tricyclic antidepressants [ 12, 13). However, the poor correlation might also have been due to 

the co-medication with other drugs Some comedications are suggested to interact with the 

metabolism of T [ 141. Nevertheless, variabilities in the metabolic capacities for degradation 

of T must also be considered [ 151. 

In conclusion, the described HPLC method established for the determination of T and its N- 

demethylated metabolite in plasma or serum is to our knowledge the first fully automated 

method that enables a reliable and sensitive determination of these two compounds without 

time-consuming sample pre-purification. The method enabled measurements of 

therapeutically relevant T and DT blood concentrations. It is suitable for pharmacokinetic 

studies and may also be helpful to investigate suggested drug interactions between T and 

other psychotropic drugs [I41 
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