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SUMMARY 

We describe a rapid and reliable method using high-performance liquid chromatography 
for the simultaneous measurement of plasma concentrations of currently prescribed 
antidepressants and their main metabolites (amitriptyline, nortriptyline, trans-lo-hydroxy- 
nortriptyline, clomipramine, desmethylclomipramine, imipramine, desipramine, zimeldine, 
norzimeldine, doxepin, deamethyldoxepin, trimipramine and mianserin). The method 
involves a single extraction of plasma at pH 10.1 with hexane-acetonitrile (98:2), solvent 
transfer to and evaporation in a disposable glass tube and subsequent chromatography of 
the residue on a CN bonded-phase column using acetonitrile-methanol-phosphate buffer 
(pH 7.0) as mobile phase. Protriptyline is used as the internal standard. Calibration curves 
remain linear up to at least 200 rg/l, detection limits are 5 rg/l, absolute recoveries are over 
92%, and precision (coefficient of variation) is 6.9%. Norzimeldine and lo-hydroxynor- 
triptyline show lower recoveries, protriptyline and lo-hydroxynortriptyline higher detection 
limits. Adsorption to glassware and chemical decomposition during analysis are shown to 
be negligible. Psychoactive and other drugs frequently prescribed in combination with anti- 
depressants have been tested for their chromatographic properties under the same condi- 
tions. 

INTRODUCTION 

Antidepressant drugs are frequently used in psychiatric clinics for treatment 
of major depression. Large interindividual variations in plasma concentrations 
among patients receiving the same dosage of these drugs have been shown in 
several reports [l] . There is no consensus concerning the relationship between 
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plasma concentration and clinical response [2, 31. However, measurement of 
serum concentrations of antidepressants and their metabolites is justified by 
the pharmacokinetic variability, and in cases of intoxication or patient non- 
compliance. Reliable and sensitive methods should be available. A review of 
methodology has recently been published [4] . 

For application in the clinical laboratory, a large number of gas chromato- 
graphic methods (GLC) have been reported, especially for amitriptyline and its 
metabolite nortriptyline. The earliest methods used flame-ionization detection 
[5, 61 or electron-capture detection [7]. In more recent studies the 
introduction of nitrogen-sensitive detectors, which leads to improved 
sensitivity, has been described [8, 91. Some papers report analytical methods 
that have been worked out for several of the currently prescribed 
antidepressants [6, 81. High-performance liquid chromatography (HPLC) has 
also been used successfully for quantifying antidepressant drugs in plasma 
[lo-131 . Techniques like ion-pair partition, adsorption and reversed-phase 
liquid chromatography have all been applied with a number of different types 
of column packing and elution solvents. Methods described in the literature 
vary widely with regard to sample treatment. Recoveries and detection limits of 
the drugs may differ as well. Some investigators have advocated elaborate 
sample preparation techniques [ 11,121. 

Other techniques that have been used for the determination of antidepres- 
sants include GLC combined with mass spectrometry and immunoassays. Gas 
chromatography in combination with mass spectrometry is sensitive and 
specific but not easily adaptable to the clinical laboratory [ 141. Immunoassays 
are prone to interference [15]. We report a procedure for determining ami- 
triptyline, nortriptyline, trans-lo-hydroxynortriptyline, clomipramine, des- 
methylclomipramine, imipramine, desipramine, zimeldine, norzimeldine, 
doxepin, desmethyldoxepin, trimipramine and mianserin in plasma samples by 
HPLC. All but two of these antidepressants can be measured simultaneously. 
Sample pretreatment is easy and fairly rapid, while recovery and detection limit 
of the method are excellent. 

MATERIALS AND METHODS 

Instrumentation 
A high-pressure liquid chromatograph (Waters Assoc., Etten-Leur, The 

Netherlands), Model 6000 A, in conjunction with an ultraviolet detector 
(Waters Assoc.), Lambda Max Model 480, was used. Extinction was measured 
at 254 nm, the sensitivity being 0.02 a.u.f.s. The column (stainless steel, 
30 cm X 3.9 mm I.D.) was packed with 10 pm diameter cyanopropylsilane- 
coated silica beads (MBondapak-CN' , reversed phase). The column was 
obtained commercially (Waters Assoc.). 

The mobile phase was prepared by mixing 625 ml of acetonitrile, 155 ml 
of methanol and 220 ml of phosphate buffer pH 7.0. The mixture was filtered 
(0.45 pm) before use. Chromatography was performed at room temperature, 
the flow-rate being 1.5 ml/mm 
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Chemicals and reagents 
Aqueous solutions were prepared using glassdistilled water. Acetonitrile, 

hexane and methanol were analytical reagent (p.a.) grade (Merck, Darmstadt, 
F.R.G.). 

Sodium carbonate (Ph. Eur.) was used for preparation of the 1.0 M sodium 
carbonate solution. The phosphate buffer used for the elution solvent was 
made by dissolving Na2HP04 l 2H,O (Merck) in water (5 mmol/l) and adjusting 
the pH to 7.0 with 0.1 M H3P04 (Ph. Eur.). Higher pH values result in 
decreased stability of the column packing materials. 

The antidepressants were obtained as hydrochloride salts except for 
trimipramine (maleate). Amitriptyline, nortriptyline and trans-lo-hydroxynor- 
triptyline were obtained from Lundbeck (Copenhagen, Denmark). 
Desipramine, imipramine, clomipramine and desmethylclomipramine were 
from Ciba-Geigy (Basel, Switzerland). Doxepin and desmethyldoxepin were 
from Pfizer (New York, NY, U.S.A.). Zimeldine and norzimeldine were from 
Astra (Siidertlilje, Sweden). Trimipramine was from Rhane-Poulenc (Paris, 
France), mianserin from Organon (Oss, The Netherlands) and protriptyline 
from Merck Sharp and Dohme (Rahway, NJ, U.S.A.). Methadone hydro- 
chloride was Ph. Eur. grade. 

Materials 
Tubes used for extraction were glass, 100 X 16 mm round-bottomed (Renes, 

Zeist, The Netherlands). The tubes were stoppered with polyethylene stoppers 
and used once only. 

Serum and internal standard were pipetted using disposable tips. The 
standard solutions were dispensed by an analytical syringe. 

Procedures 
Preparation of standard solutions. The experiments were carried out with 

two working standard solutions. One working standard (I) was a mixture of 
amitriptyline, nortriptyline, trans-lo-hydroxynortriptyline, imipramine, desi- 
pramine, doxepin, desmethyldoxepin, mianserin and trimipramine. The other 
working standard solution (II) was a mixture of zimeldine, norzimeldine, clomi- 
pramine and desmethylclomipramine. Both working standards contained 4.0 
mg/l of each antidepressant in 0.005 M hydrochloric acid in methanol and were 
prepared by 50-fold dilution of stock standards in 0.005 M hydrochloric acid in 
methanol. The working internal standard was a 4.0 mg/l solution of 
protriptyline, prepared in the same way. An external standard solution, 
containing methadone 32 mg/l in 0.005 M hydrochloric acid in methanol was 
used for determination of the recoveries. All standard solutions were stored in 
the dark at 4°C. No decomposition could be detected after one month of 
storage. 

Calibration curue measurements. Of the working standard solutions 12.5, 25, 
50 and 100 ~1 were measured into test tubes and 2 ml of plasma were added. 
Equilibration took place overnight. These solutions, like patient plasmas, were 
treated as described under Plasma sample handling. The ratios between the 
peak areas of each drug and the internal standard were plotted against the 
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plasma concentration of the drug. Slopes and correlation coefficients were 
calculated using a least-squares procedure. 

Plasma sample handling. Mix 2.0 ml of plasma, 200 ~1 of working internal 
standard solution (protriptyline) and 200 ~1 of 1.0 M sodium carbonate 
solution in a test tube. Add 8 ml of hexaneacetonitrile (98:2, v/v). Close 
the tube with a polyethylene stopper and extract for 10 min by mixing on a 
rotator rack. Centrifuge for about 2 min to separate the layers. Put the organic 
layer into a second test tube and evaporate almost to dryness under a stream 
of nitrogen while warming the tube in a water bath (40°C). Add 200 ~.tl of 
mobile phase, mix on a Vortex mixer and keep the test tube in an ultrasonic 
bath for 10 sec. Inject about 100 ~1 into the liquid chromatograph. 

For routine measurement, patient blood samples are centrifuged immediate- 
ly after collection. The plasma is removed and placed in tubes used for the 
assay. If not analysed promptly plasmas are frozen at -20°C and not permitted 
to thaw until assay. 

Procedure for determination of coefficient of variation. Of the working 
standard solutions 125 ~1 and 250 ~1 were mixed with 10.0 ml of plasma. In 
each of the four spiked plasmas drugs were measured three times, using each 
time 2.0 ml of plasma. 

Recovery studies. Recoveries of the antidepressants at the 25 pg/l and 100 
pg/l levels were determined by adding after extraction 50 ~1 of an external 
standard solution (methadone) to the extract while evaporating the organic 
layer. At both concentrations the peak areas relative to this external standard 
(Q1) were calculated. These values were compared with the ratios (Q2) obtained 
by injecting a comparative reference solution, prepared without extraction. The 
recovery is the ratio between Q1 and Qz. 

The reference solutions were prepared by pipetting appropriate quantities of 
the methanolic working standards in extraction tubes, evaporating the 
methanol and adding mobile phase to the residue. For determining the recovery 
at 25 pg/l, the reference solution consisted of 50 ng of the drugs, 800 ng of 
internal standard (protriptyline) and 1600 ng of methadone as external 
standard in 200 ~1 of mobile phase. The reference solution for determining the 
recovery at 100 pg/l contained 200 ng of the drugs, 800 ng of protriptyline and 
1600 ng of methadone. 

Adsorption studies. In order to find out whether our reference solutions 
could be interpreted as real references, a comparison was made between the 
reference solutions and so-called control solutions. Reference and control 
solutions were prepared at both the 25 pg/l and 100 pg/l levels. The control 
solutions contained 40-fold quantities of antidepressant, protriptyline (internal 
standard) and methadone (external standard) compared to the reference 
solutions, in a volume of 8 ml of mobile phase (40-fold volume). On preparing 
the control solutions, factors critical for adsorption onto glass, like evaporation 
of the methanolic standards and exposure of a small volume of liquid to a 
large glass surface area (when dissolving the residue), were avoided. Preparation 
took place by pipetting into a test tube appropriate volumes of the methanolic 
working and stock standard solutions (to keep the quantity of methanol 
minimal) and diluting to volume without evaporating the methanol. The peak 
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areas relative to methadone after injecting about 100 ~1 of the control solutions 
and reference solutions were compared. 

Extraction studies. Norzimeldine and trans-lo-hydroxynortriptyline were 
investigated for incomplete extraction. At the 100 pg/l level the recovery of 
both metabolites was determined as described under Recovery studies. After 
extraction, the pH of the remaining plasma was measured for control. The 
plasma was extracted for a second time after addition of 200 ~1 of the 
protriptyline internal standard solution. Peak areas were determined relative to 
methadone. As a control amitriptyline was run through the same procedure. 

RESULTS 

Drug determination 
The resolution of both standard mixtures of antidepressants after chromato- 

graphy is shown in Fig. 1. If the antidepressants were injected as a single 
mixture, clomipramine would not be completely separated from amitriptyline 
and zimeldine would interfere with trimipramine. There is no interference with 
possible peaks from blank plasma. 

Calibration curves of some of the drugs are shown in Fig. 2. For all anti- 
depressants a good linear relationship between peak area ratios and plasma 
levels over a large concentration range is found. 

Retention times, coefficients of correlation and variation, recoveries and 
analytical detection limits at 254 nm are summarized in Table I. The detection 
limit in plasma, defined as twice the noise level by 0.001 a.u.f.s., for most 
antidepressants is 2 pg/l and for their desmethyl metabolites 5 pg/l. Incomplete 
extraction causes the detection limit of lo-hydroxynortriptyline to be a little 
higher. For protriptyline, the internal standard, the detection limit has not 
been determined. However, because this compound has a minimum extinction 
at 250 nm, the detection limit will be high and can be lowered by measuring 
nearer to the extinction maximum at 292 nm [16]. As shown in Table I, 
recoveries of norzimeldine and truns-lo-hydroxynortriptyline are rather low. 
In order to find out to what extent adsorption onto glass or incomplete extrac- 
tion influenced our results, adsorption and extraction studies were carried out. 

The results of the adsorption studies are shown in Table II. Between the 
200~~1 reference solutions and the &ml control solutions no significant 
differences were found when peak area ratios of antidepressant relative to 
methadone were calculated for either method. 

Table III shows the results of the extraction studies. Equal fractions of 
norzimeldine and trans-lo-hydroxynortriptyline are extracted at the first and 
second extraction step. Incomplete extraction appears to be the cause of the 
low recovery (Table I) of both forenamed antidepressant metabolites. The 
relating chromatograms are shown in Fig. 3. 

Selectivity of the method 
Several drugs were tested for potential interference with our procedure by 

comparing the retention times of these drugs with those of the antidepressants. 
We did not determine the extraction of these materials from plasma. Table IV 
shows the absolute and relative retention times of the investigated drugs. 
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Fig. 2. Calibration curves of spiked plasma. 0, ZIM; n . AMI; A, CLOMI; V’, MIAN; 0, lo-OH- 
NOR (abbreviations as in Fig. 1). 
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Fig. 3. Chromatograms of a mixture of amitriptyline, norzimeldine and trons-lo-hydroxy- 
nortriptyline (each 100 rg/l plasma) after the first (A) and after the second (B) extraction 
from plasma; protriptyline and methadone were added as internal and external standards. 
Method as described in the text. Same abbreviations as used in Fig. 1. Each figure is 
presented on a different scale. Note the relative ratios of the peak heights. 
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TABLE IV 

RETENTION TIMES FOR SOME COMMON DRUGS TESTED WITH THE HPLC 
PROCEDURE 

Generic name Retention time 

Absolute 
(min) 

Relative to 
protryptyline 

Phenobarbitone 1.83 0.13 
Theophylline 2.07 0.15 
Acetaminophen 2.21 0.16 
Flupentixol 2.21 0.16 
Caffeine 2.25 0.16 
Carbamazepine 2.30 0.17 
Chlordiazepoxide 2.37 0.17 
Nitrazepam 2.37 0.17 
Diazepam 2.38 0.17 
Oxazepam 2.38 0.17 
n-Desalkylflurazepam 2.33 0.17 
Fluphenazine 2.49 0.18 
Clopentixol 2.54 0.18 
Perphenazine 2.56 0.19 
Opipramol 2.58 0.19 
Penfluridol 2.89 0.21 
Promethazine 3.07 0.22 
Sulpiride 3.17 0.23 
Levomepromazine 3.24 0.23 
Desmethylmianserin 3.26 0.24 
Prochlorperazine 3.47 0.25 
Chlorpromazine 3.81 0.28 
Sulforidazine 4.24 0.31 
Orphenadrine 4.28 0.31 
Promazine 4.59 0.33 
Phenytoin 5.25 0.38 
Thioridazine 5.25 0.38 
Propanolol 5.26 0.38 
Mesoridazine 5.46 0.40 
2-Hydroxyimipramine 6.31 0.46 
Methadone 7.66 0.55 
2-Hydroxydesipramine 10.51 0.76 
Disopyramide 11.35 0.82 
Maprotiline 13.32 0.96 
Protriptyline 13.82 1.00 

DISCUSSION 

With the described assay many commonly used antidepressants and their 
major therapeutically active metabolites can be measured in plasma. The 
method is highly selective within the group of the tricyclics. Antidepressant 
therapy in psychiatric patients can be monitored and therapy can be evaluated 
in the light of the acquired data. 
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Since protriptyline itself is only rarely administered as a drug, while having 
about the same solubility properties as the other antidepressants, we selected 
it as the internal standard for the assay. In clinical situations where knowledge 
of protriptyline or maprotiline concentration (Table IV) is required, an altema- 
tive internal standard should be used. Favourable results will be obtained with 
one of the other tricyclic antidepressants. In rare cases, when clomipramine 
and amitriptyline or trimipramine and zimeldine are prescribed together, 
modification of the eluent will be necessary to achieve peak separation. 

Our assay is well suited for routine application in the clinical laboratory 
because the extraction procedure is simple (one-step extraction) and fairly 
rapid. Extraction procedure and chromatography take about 15 min each. 
The assay provides adequate sensitivity and precision for monitoring steady- 

0 2 4 6 8 10 12 14 

TIE (MINI 

Fig. 4. Chromatogram of a patient’s plasma after extraction. Patient was treated daily with 
2 X 75 mg of Tryptizol@ and 3 x 50 mg of Nozinan@. Method as described in text. 
Abbreviations : inj = injection, solv = solvent peak, pla = plasma peak, LEVO = levome- 
promazine, LEVO-S-OX = compound peak, one of which is levomepromazine sulfoxide, 
AM1 = amitriptyline (85 pg/l plasma), DELEVO = desmethyllevomepromazine, lo-OH-NOR 
= trans-lo-hydroxynortriptyline, NORTRIP = nortriptyline (117 pg/l plasma), PRO = 
protriptyline (internal standard). 
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state concentrations, as well as subtherapeutic and toxic concentrations of 
antidepressants. Recoveries of the antidepressants were determined at concen- 
trations of 25 and 100 pg/l. We found high recoveries at both concentrations 
(Table I). Low recoveries were found only for norzimeldine and lo-hydroxy- 
nortriptyline. Irregular losses of norzimeldine when concentrated by gentle 
evaporation have been noted before [17]. However, in our case the low 
recovery is explained by incomplete extraction. The incomplete extraction of 
lo-hydroxynortriptyline compared to nortriptyline can be understood because 
of the introduction of a polar hydroxyl group. No reasonable explanation, 
however, has been found for the large difference in extraction properties 
between norzimeldine and zimeldine. Koteel et al. [13], though working 
with similar chromatographic conditions, report very low recoveries of anti- 
depressant drugs. Our results suggest that their extraction procedure is not 
suitable. 

Several authors report loss of antidepressant during determination, most 
likely through adsorption to the glassware [18, 191. According to some, 
recovery decreases with decreasing amounts of drug [12, 201. Evaporation 
conditions seem to be critical [18, 21, 221. We investigated whether inter- 
action with the glass surface influenced our results. As shown in Table II, 
neither glass surface area nor our way of evaporating significantly influences 
the results. So our reference solutions used for the recovery studies can be 
interpreted as real references. Lack of adsorption is also suggested by the high 
correlation coefficients of the calibration curves. This information underlines 
the value of the described assay method. 

Since patients treated with antidepressants frequently receive other psycho- 
active drugs, among them sedatives and tranquillizers that are structurally 
related to the antidepressants, the clinical usefulness of any method for 
monitoring antidepressants will largely be determined by the degree of freedom 
from interferences by these drugs. Of the drugs tested some interfere with the 
described assay of antidepressants, the relevance of which is determined by the 
individual drug and by the individual antidepressant. 

The described method has been successfully used in our laboratory for 
monitoring clinical and forensic cases. As an illustration, a chromatogram 
obtained by working up plasma from a patient undergoing antidepressant 
therapy is shown in Fig. 4. Also, participation in quality control schemes for 
antidepressant drugs has yielded good results. 
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