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SUMMARY 

A method for the identification of antidepressants and their metabolites in urine after 
acid hydrolysis is described. The acetylated extract is analysed by computerized gas chroma- 
tography-mass spectrometry. An on-line computer allows rapid detection using mass 
fragmentography with the m-es 58, 84, 86, 100, 191, 193, 194, 205. The identity of 
positive signals in the reconstructed mass fragmentogram is established by a comparison of 
the entire mass spectra with those of standards. The mass fragmentogram, the underlying 
mass spectra and the gas chromatographic retention indices (OV-101) are documented. 

INTRODUCTION 

Within the scope of a screening procedure for detection of psychotropic 
and addictive drugs and their metabolites in urine [l, 21, screening for benzo- 
diazepines [3], butyrophenone and bisfluorophenyl neurolectics [4, 51, anti- 
inflammatory analgesics [6] and opioids and other potent analgesics [‘7] has 
been described; screening for phenothiazine and analogous neuroleptics and 
antiparkinsonian drugs is in preparation [B] . Screening for tri- and tetracyclic 
antidepressants is described below. Such a screening is necessary in analytical 
toxicology to diagnose a probable intoxication. Furthermore, antidepressants 
are encountered frequently in analysis, when monitoring patients who may 
have taken addictive drugs and simultaneously taken antidepressants 
therapeutically. Only a gas chromatographic-mass spectrometric technique 
(GC-MS) detecting a few of these drugs as parent compounds in gastric 

*These results were reported in part at the Jahrestagung der Deutschen Gesellschaft fiir 
klinische Chemie, Stuttgart, F.R.G., September 23th and 24th, 1982. 
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contents or plasma after intoxications has been documented [ 91. The following 
procedure allows rapid identification and differentiation of 21 antidepressants 
and their metabolites in urine after therapeutic dosage. If necessary, plasma 
levels of the identified drugs can be determined using a procedure (e.g. 
gas-liquid chromatography, high-performance liquid chromatography, radio- 
immunoassay) described and cited in the review article of Scoggins et al. [lo]. 

EXPERIMENTAL 

Apparatus, sample preparation (acid hydrolysis, extraction, acetylation) and 
the GC-MS technique used for this study have been previously described 

[3, 5,6,111. 

RESULTS AND DISCUSSION 

All investigations were carried out using the urine of man with the exception 
of dimetacrine, melitracene, noxiptyline, protriptyline and trazodone, which 
were detected (in the absence of human samples) in the urine of rats. Some of 
the antidepressants are excreted in urine completely metabolized and con- 
jugated. Therefore, the conjugates were decomposed by acid hydrolysis, which 
can be completed more quickly than enzymatic hydrolysis. To improve their 
GC characteristics hydroxy and amino groups were acetylated. 

The results of our investigations are shown in Table I. The mass fragmento- 
gram with the eight proposed masses allows the detection of 21 antidepressants 
and their metabolites. Some of these compounds are acetylated. The retention 
indices were determined using a gas chromatograph combined with a flame 
ionisation detector and a nitrogen-sensitive flame ionisation detector with a 
temperature programme [3] . In our experience retention indices give 
preliminary indications and may be useful to gas chromatographers without a 
GC-MS facility and so they are given here. Furthermore, they allow one to 
distinguish between the isomeric hydroxy metabolites which give the same 
mass spectra (mass spectra Nos. 9,24 and 26 in Fig. 1). All of the mass spectra 
are shown in Fig. 1 for the precise identification of the compounds. Formulae 
are proposed for probable structures of metabolites. 

Only those metabolites that were usually found are listed. Because of 
individual differences in metabolism, time elapsed after administration and 
different routes of administration, not all metabolites given in Table I were 
detected in each sample. Further metabolites can be found. The mass spectra of 
those will be included in a forthcoming handbook [ 121. 

Dimetacrine and its metabolites are completely decomposed by the acid 
hydrolysis. Thus, they must be identified in a direct extract [ll J of urine. 

Amitriptyline, amitriptyline-N-oxide and nortriptyline lead to common 
metabolites. If amitriptyline-N-oxide was taken, amitriptyline and norami- 
triptyline (mass spectra Nos. 1 and 4) cannot be detected. If nortnptyline was 
taken, amitriptyline (mass spectra Nos. 1, 2 and 3) cannot be detected. 

Desipramine, imipramine and lofepramine also lead to common metabolites. 
If desipramine or lofepramine were taken, imipramine and hydroxyimipramine 
(mass spectra Nos. 27 and 29) cannot be detected. Desipramine and lofe- 
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Fig. 2. Mass fragmentogram of doxepin and its metabolites. For identification of Peaks, see 
text. 

pramine cannot be differentiated by this screening procedure because lofe- 
pramine is not volatile under the GC conditions used. If necessary, the 
ingestion of lofepramine can be detected by identifying p-chlorobenzoic acid 
after a sample preparation described in the literature [ 131. 

Two kinds of artifacts result from the analytical procedure used. Metab- 
olites with alcoholic hydroxy groups eliminate water, and N-oxides undergo the 
Cope eliminaton reaction [14]. The mass spectra of these artifacts are included 
in Fig. 1 (mass spectra Nos. 2, 3, 5, 6, 50 and 51, and Nos. 2, 7, 21 and 23, 
respectively ) . 

Because all compounds possibly indicated by the mass fragmentogram can be 
precisely differentiated by comparison of the underlying mass spectra with 
those of standards (Fig. l), interference by other drugs is impossible. Further- 
more, if the resolution of the peaks is imperfect, a temperature programme 
with a lower rate or an isothermic procedure can be used. Where there is still 
doubt a capillary column can help to obtain sufficient resolution. 

To illustrate the method, a mass fragmentogram from a psychiatric patient is 
shown in Fig. 2. Peak 1 indicates doxepin (mass spectrum No. 22), peak 2 
the two isomers of hydroxydoxepin (mass spectrum No, 24), peak 3 
nordoxepin (mass spectrum No. 25) and peak 4 the two isomers of 
norhydroxydoxepin (mass spectrum No. 26). This example shows that the 
presented screening procedure allows a rapid and exact identification and dif- 
ferentiation of antidepressants and their metabolites in urine. 
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