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TRICYCLIC ANTIDEPRESSANTS ANALYSIS 
BY LIQUID CHROMATOGRAPHY 

A. Fazio, E. Spina, and F. Pisani 
Laboratory of Clinical Neuropharmacology 

Neurological Clinic of the University o f  Messina 
9801 3 Contesse-Messina, Italy 

ABSTRACT 

The body of cvidence gained up to date is sufficient to indicate 
thxt high-pressurc liquid chromatography( LC) has versatility and 
sznsitivity in abundance fo r  analyziiig tricyclic antidepressants 
( ' l ' C A s ) ,  as w c l l  RS their. active metabolites, in body fluids. 

'L'lie present review deals with an outline of t,hose practical 
os iwc ts  that must be recognized for a correct 1,C analysis of these 
compounds in plasma. A s  examples of application of methodology, 
selected methods, among those available in the recent literature, 
are supplied in a summarized form throughout the text. 

Extraction of TCAs is carried out by either classical liquid- 
liquid (involving one,two o r  three steps) or liquid-solid 
procedures. Recoveries reported usually range rrom 60 to 1.00% of 
most; common TCAs. 

Separation modes include either the adsorption or par.tition 
chromatography with the possible use of alkylpheriyl. columns. 
paired-ion chromatography or  CN-bonded columns. 

wavelength of around 250 nm, yields a sensitivity of 5-20 ng/ml 
of most commonly used TCAs, sufficient for both experimental 
and clinical purposes. 

are below 10 and 1574, respectively. 

Application of ultraviolet spectrophotornetry, usually at a 

The within-run and day-to-day CVs reported by most methods 
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224 FAZIO, SPINA, AND PISANI 

INTRODUCTION 
Tricyclic antidepressants(TCAs) are considered to be the drugs 

of first choice for the pharmacological treatment of depressive 

disorders(l,2). Moreover, the recent and growing practice of 

monitoring drug concentration in blood has opened new prospects 

for a more rational and effective use of these compounds in the 

clinical practice. It is now nearly 20 years since it has been 

demonstrated that the same dose of imipramine or nortt-iptyline 

yields markedly different interindividual steady-state plasma drug 

concentration(3,4). Successively, a large body of studies carried out 

in different parts of the world has been able to demonstrate a 

relatively close relationship between blood leveis of these drugs 

and clinical outcome in endogenous depressed patieiits(5). Data 

regarding other TCAs, such as amitriptyline, are under continuous 

accelerating development(5). 

In addition,measurement of TCAs in plasma is useful in monitoring 

patient's compliance, in predicting and preventing side-effects 

and in documenting clinically important drug interactions. 

This area of research has greatly increased the demand of 

simple and reliable methods for measuring TCAs in body fluids. 

The techniques used include spectrophotometry, thin-layer 

chromatography and the more recent gas chromatography, gas 

chromatography-mass spectrometry, radioimmunoassay and high-pressure 

liquid chromatography(LC). Due to its versatility and reliability, 

the latter technique represents the most important new breakthrough 

in the recent analytical progress. 

An excellent review of contemporary methodology, including LC, 

for the TCAs assay has been published(6) and reports dealing with 

general aspects of LC and updating its current status are also 

available in the literature(7,8). The specific purpose of this 

paper is to give a comprehensive outline of those practical factors 
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TRICYCLIC ANTIDEPRESSANT ANALYSIS 225 

that must be recognized for a correct application of LC to TCAs 

measurement in plasma. Theoretical aspects have been neglected, 

while selected,published methods are summarized throughout the text 

as clear, practical examples of application of methodology. 

STRUCTURE AND PHYSICO-CHEMICAL PROPERTIES OF TCAs 
TCAs have a 6-7 ring structure with a two-atom bridge between the 

two phenyl rings, rendering. the molecule to a non-coplanar configu= 

ration. On the basis of changes in the side chain, TCAs are divided 

into secondary methylamine(j.e. nortriptyline, desipramine, etc.) 

and tertiary dimethylamine(i.e. amitriptyline, imipramine, etc.) 

derivatives(Figure). All these compounds are weak bases(pKa around 

101, with high lipid solubility and a molecular weight ranging from 

263.5 (nortriptyline and nordoxepine, as free bases) to 315.0 

(clomipramine, as free base). All are formulated as hydrochloride salts, 

while trimipramine is i n  the form of maleate salt. 

TCAs ANALYSIS 

TCAs determinations are made with 1 to 2 ml of serum or plasma, 
Sample Requirement: 

both fluids being suitable(9,10,11,12). Serum obtained with the use 

of gel barrier tubes, however, could yield lower drug values than 

plasma, probably as a result of an enhanced drug binding to the 

gelatinous plug used to increase separation of serum(l3). 

Both glass tubes and evacuated tubes are suitable, but evacuated 

tubes may be contaminated by the plasticizer(l4). In particular, 

the plasticizer tris(2-butoxyethy1)phosphate displaces basic drugs 

from their binding sites on d -acid glycoprotein with consequent 

drug distribution into red cells and subsequently lowered plasma 

concentration(l5). 

1 

More recently, a similar problem has been documented with the 

use of indwelling needles, common in multiple blood sampling, 

flushed with heparinized saline to prevent clotting(l6).Although 

an heparin-induced activation of lipoprotein lipase activity with 
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226 FAZIO, SPINA, AND PISANI 

T R I C Y C L I C  A N T I D E P R C E B A C T S  

T E R T I A R Y  A M I N E B  S E C O N D A R Y  A M I N E S  qQ n 
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Figure: Molecular s t r u c t u r e  of common t r i c y c l i c  a n t i d e p r e s s a n b  
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TRICYCLIC ANTIDEPRESSANT ANALYSIS 227 

consequent increase in free fatty acids(known displacing agents) 

has been proposed, the exact mechanism involved is uncertain and 

still matter of controversies(l7). 

Samples may be left several days at room temperature(l8) and, 

when from at -20°C,  for at least six months(l9) without changes 

in TCAs amounts. 

Extraction and Recovery: 
Classical liquid-liquid extraction procedures are carried out 

at high alkaline pH with the use of a relatively nonpolar solvent, 

such as n-hexane, n-heptane, diethyl-ether, etc., and can involve 

one, two or three steps. Usually, the first extraction step is 

performed with a suitable solvent followed by re-extraction of 

TCAs into dilute acid(i.e. ortho-phosphoric , hydrochloric, sulphuric 

acid, etc.). This removes most acidic and neutral interfering compounds 

and leads to sufficiently clean extract that requires no further 

purification. Examples of this type of procedures are summarized 

in Tables 1-3 (20,21,22). 

Extraction recovery is one of the most crucial points in the analysis 

of TCAS.Due to their physico-chemical properties, in fact,these drugs 

become easily attached to the glassware and are easily lost during 

extraction-evaporation procedures. To lessen such problems, all 

glassware should be carefully silanized or acid-washed and rinsed 

with a solvent(methano1,hexane or, most commonly, hexane-isoamyl 

alcohol mixture) before the use. The evaporation temperature should 

be strictly controlled and tubes promptly removed from the water bath 

after the solvent had evaporated. To minimize drug losses during 

extraction, addition of isoamyl alcohol or butanol to the mlvent 

is a commonly made practice. This also helps to prevent emulsion 

formation. All these precautions have been frequently underlined 

by different authors(23,24,25,26).As a general rule, since both 

recovery and reproducibility can vary greatly, any unnecessary 

manipulation of the samples should be avoided. 
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TABLE 1 

FAZIO, SPINA, AND PISANI 

Scheme of a Liquid-Liquid Extraction Procedure Involving One Step 
and Operative Conditions,according to Sonsalla et al.(20).* 

Extraction Procedure 
Plasma or serum 2 ml 
Internal standard 100 ul 
(3 ug of trimipramine+20 pg of protriptylinc/ml of methanol) 
Borate buffer 1 ml 
Hexane/isoamyl alcohol (98/2, v/v) 6 ml 

After agitation and centrifugation, transfer solvent 
and evaporate at 40°C to dryness; reconstitute with 
100 ~1 of mobile phase; inject 25 ul. 

Column 
Mobile Phase 
Flow rate 

Operative Conditions 
Varian SI-10 (4 x 300 mm) 
Methanol/NH40H/NHqN03 (95/3/2, v/v/v) 
1.7 ml/min 

Column temperature 25OC 
Detector UV, 254 nm 
Sensitivity 0.02 aufs 

Recovery: not reported; Precision: within-run CV< 8.8% , 

Detection limit:< - 15 ng/ml^; Linearity: 25 to 1000 ng/ml 
day-to-day CV<lO.O% 

* Drugs determined: arnitriptyline,nortriptyline,irnipramine, 
desipramine,doxepin,desmethyldoxepin. 

For all drugs. 

Liquid-liquid extraction usually yield recoveries of common 

TCAs ranging from 60 to 100%(21,22,26,27,28,29). 

Liquid-solid extraction procedures have been also described 

for analyzing TCkin plasma(30,31,32) and represent an efficient 

alternative to conventional liquid-liquid extractions. Several 

steps,e.g. shaking,centrifuging and transfer the extracts, are not 

required with this type of extractions; therefore, different sources 

of variability are avoided and the time of analysis is reduced. 

Columns are filled with either an hydrophilic(e.g. silica) or 
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TABLE 2 

229 

Scheme of a Liquid-Liquid Extraction Procedure Involving Two Steps 
and Operative Conditions,according to Wong & Mc Cauley(21)*. 

Extraction Procedure 
Plasma or serum 2 ml 
Internal standard(l0 ug of clomipramine/ml of methanol) 160 u1 
1N NaOH 2 r n l  
Hexane/isoamyl alcohol(99/1, v/v) 5 ml 

After agitation and centrifugation, transfer the upper, 
organic phase to a tube containing 200 ul of 0.05% 
ortho-phosphoric acid; after agitation and centrifugation, 
transfer the lower phase and inject 50 u1. 

Operative Conditions 
Column uBondapack C-18 
Mobile phase 
Flow rate 2 ml/min 
Column temperature 5ooc 
Detector UV, 254 nm 
Sensitivity 0.001 aufs 

0.05 M KH PO at pH 4.7/Acetonitrile(6/4,v/v) 2 4  

Recovery: 65-75%; Precision: within-run CV< 3.7%;day-to-day CV< 6.7% 
Detection limit:-5 ng/ml^; Linearity: 25 to 800 ng/ml 

* Drugs determined: amitriptyline,nortriptyline,imipramine,desipram~. 
A For all drugs. 

hydrophobic(e.g. C bonded phase silica) material. In the former 

case, all the sample is retained and then the drug is extracted 

with small volumes of a water-immiscible organic solvent. Recovery 

values reported with such an Octracti~n range f Y u n  7% for dcsipl.-mirne and 

nortriptyline to 85% for amitriptyline and imipramine and both the 

within-run and day-to-day CVs are below 10%(30). 

18 

Columns packed with an hydrophobic material trap only the drug, 

which then is eluted with an organic (in this case, water-miscible 

or water-immiscible) solvent. Recoveries and CVs reported are : 

87.1%for dxipramine to 96.0% for amitriptyline; within-run CV 

below 9.8%, day-to-day CV below 11.2%,respectively(31). 
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TABLE 3 

FAZIO, SPINA, AND PISANI 

Scheme of a Liquid-Liquid Extraction Procedure Involving Three Steps 
and Operative Conditions,according to Godbillon & Gauron(Z2). 

Extraction FkoXbre 
Plasma or blood 1 ml 
Internal standard 100 u l  
(0.6 ug of clomipramine+l.5 ug of desmethylclomipramine/ or 

B o r n k  buffer 1 ml 
Heptane/isoamyl alcohol ( 9 9 / 1  v,v) 5 ml 

After agitation and centrifugation, transfer the organic 
phase to another tube and add 1 ml 0.1 N H SO . after 
agitation and centrifugation, dip it into a mixture of 
methanol and s o l i d  CO and discard the organic phase at 
room temperature t o  thaw, add 0.5 ml 1 N NaOH and 5 ml 
heptane-isoamyl alcohol; transfer the organic phase and 
evaporate at 60°C to dryness; reconstitute the residue 
with 300 u1 of mobile phase and inject 150 u l .  

0.35 ug of imipramine+l ug oi desipramine/ ml of an acidic solution) 

2 4'  

2 

Column 
Mobile phase 

Flow rate 
Column temperature 
Detector 
Sensitivity 

operative c0nditi.m 
5 um LiChrosorb SI 60 (4.6 x 125 mm) 
Ethanol/hexane/dichloromethane/diethyl 
amine (30/62/0/5.10-3, v/v/v) 
1.5 ml/min 
ambient 
UV, 254 nm 
1 x 10-4 AU 

Recovery: 95.5-116.4%; Precision: within-run C V s :  2.1 to 16.0%; 

Detection limit: 5 ng/ml for clomipramine and imiprarnine,lO ng/ml 
for their mono-demethylated metabolites. 

Linearity: 5-50 and 50-400 ng/ml for clomipramine and imipramine; 

day-to-day CVs: not reported 

10-400 ng/ml for the metabolites. 
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TRICYCLIC ANTIDEPRESSANT ANALYSIS 23 1 

More recently, a method,which circumvent evaporating concec 

trating step, has been described. This method involves the 

use of solid-phase cyanopropyl columns and the direct injection 

of the eluate onto the analytical column(32). The analytical 

recovery reported is 85 to 100%(mean=94.5%) and the within-run 

and day-to-day CVs are 0.9-2.2% and 2.1-3.8%,respectively, for 

all the drugs and metabolites determined(8-hydroxyamoxapine, 

arnoxapine,doxepin,desmethyldoxepin,imipramine,desipramine, 

arnitriptyline and nortriptyline) ( 3 2 ) .  

Internal Standard: 
In most of the published methods, a single internal standard, 

either a secondary or tertiary amine, is used for the determination 

of both secondary and tertiary derivatives(26,31). Some authors, 

however, recommend the use of two internal standards,i.e. a 

tertiary plus a secondary amine, for a more accurate estimation 

of the parent drug and its metabolites(20,23,30,32). 

L I Q U I D  CHIIOMATOCRAPtIIC SYSTEMS 

Separation: 
Separations of TCAs are carried out by using either a normal(20, 

22,29,31,33,34) or reversed(21,26,27,28,35,36,37) phase column, 

the latter being probably the most widely used(7,38). As compared 

to the former,reversed-phase column has greater versatility, 

resistance to contamination and more rapid equilibration(7,38). 

In fact,due to the presence of hydrophilic endogenous plasma 

constituents and hydroxylated metabolites having a high affinity 

for the polar silica packing material and consequently long 

retention times, normal phase column necessitates long column- 

recovery times in between injections(26).Furthermore, some 

authors have pointed out that silica columns can yield constantly 

shifting retention times(34,39). 

- 

Another advantage,offered by the reversed-phase column over 

the normal phase column,is that the re-extraction step,necessary 
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232 FAZIO, SPINA, AND PISANI 

with the latter, can be avoided ,since an aliquot of 

the aqueous phase can be injected directly into the chromatograph 

(21,26,27,36). 

Problems of ionization can be minimized with the addition of 

an alkyl amine(i.e. ethyl-, propyl-, nonyl-, butylamine), which 

competes with the drug for binding to the anion sites on the 

packing. An improvement of the peak shape is obtained with 

this practice(40). 

The paired-ion technique is another available tool to lessen 

the problem associated with drug ionization. This technique is 

currently being performed most successfully on permanently bonded 

reversed-phase columns and utilizes, as counterions, the sodium 

salt of alkylsulfonates, with the pH adjusted at low values(i.e. 

below 5). Drug elution is made at a pH below 7, ensuring 

a longer column life(26,33,35,41). 

In comparison with the more conventional columns. some advantages 

are reported by using a CN bonded phase column(30,32,42.43). These 

advantages include shorter column equilibration times, the unnecessity 

of ion-pairing or ion-suppression with alkyl amines and, consequently, 

the possibility of using a detection wavelength at 210 nm, at which 

TCAs exhibit the highest absorption. 

Mobile Phase: 
For adsorption chromatography, a mixture of solvents, usually 

made by a nonpolar solvent with a small addition of a highly polar 

one, is generally required. The choice of these solvents may be 

very wide; examples of mixtures are those reported in the Tables 

1 and 3(see also ref. 20,22,29,31,33,34). On the contrary, in 

reversed-phase chromatography the selection of a solvent system 

for drug separation is considerably simplified. In practice,due to 

its low viscosity allowing a low pumping pressure and giving high 

column efficiency, acetonitrile mixed with phosphate buffer is 

the most suitable and commonly used phase(7,38). 
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TCAs are typical compounds with basic properties and,therefore, 

an important condition fo r  their optimal separation is the use of 

a mobile phase at pH 59. This can be classically used with normal 

phase columns(20,31), of which silica particles solubility is 

minimized in absence of water. In reversed-phase columns hydrolysis 

of the bonded groups occurs at pH L 2 ,  while at pH 77 the silica 

matrix itself dissolves(7). To extend the column stability at 

higher pHs, presaturation of the mobile phase with silica before 

it enters the analytical column has been obtained with the use 

of a silica-packed precolumn between the pump and the sample valve 

(32,44,45). 

Column Temperature: 
Although column may be used at ambient temperature, a temperature 

control could be preferable. The performance of a number of columns, 

in fact, is affected by as little as 2 - 4 O C  changes at ambient.Moreover, 

temperatures of 50-70°C can be advantageous, since different physicg- 

chemical factors, such as the mobile phase viscosity and the sample 

solubility, may be optimized so that the overall system efficiency 

improves(38). 

On the contrary, the stability of the column may be decreased 

at higher temperatures(7). 

Detection : 
For routine use, the ultraviolet spectrophotometer detector, at 

a wavelength of around 250 nm, is currently the most successful1 

because of reliability and sensitivity. Amounts of 5-20 ng/ml of 

most common TCAs can be detected with sufficient accuracy. By 

working at lower wavelength around 200 nm, detection sensitivity 

for TCAs increases. Under these conditions, however, substances 

such as ammonia, alkyl amines or alkylsulphonates cannot be added 

to the mobile phase because of their strong absorption and consequent 

increase in base-line noise. Methods that avoid these substances and 

utilize this wavelength are available in literature(27,30). 
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234 FAZIO, SPINA, AND PISANI 

The use of a fluorimetric or an amperometric detector for the 

determination of imipramine and its metabolites has been described 

( 3 5 , 3 6 ) .  The reported detection limit is around 1 ng/ml. 

PRECISION AND ACCURACY 

Interferences : 
Several basic and neutral compounds might be partially extracted 

together with TCAs and, therefore, be a potential interference. 

However, the problem is lessen by different factors, which include 

very low amounts of the interfering substances in plasma, their 

poor absorbance at the wavelength used, their rare combination 

with TCAs  in clinical practice. Usually, the authors report in 

their methods a list of interfering substances.Table 4 shows 

a number of the most important reported interferencea. 

TABLE 4 

List of the Most Common Interferences with the TCAs Assay Reported 
in the Literature. 

Interfering Drugs 
Chlorpromazine-Amitriptyline 

Chlordiazeposside-Doxepin 
Chlorazepate- 
Thioridazine- 
Promazine-Desipramine 
Diethazine-Nortriptyline 
Ethopropazine- I t  

Promethazine- I, 

Propoxyphene-Amitriptyline 
Chlorpromazine-Clomipramine 
Propoxyphene-Nortriptyline 
Perphenazine-Amitriptyline 
Pyrilamine-Doxepin 
Thioridazine-Imipramine 
Propanolol- I ,  

, -Doxepin 

Column used 
Varian-SI-10 

uBondpack C18 
11 

I 1  

I 1  

I, 

,I 

11 

I t  

I, 

I t  

Ultrasphere-ODS 
5 urn Silica 

CN-Bonded 

I1  

I1 

Reference 
20 

I 

26 
I ,  

I 1  

I t  

I 1  

II 

I ,  

21 
11 

27 
31 

11 

30 
I 1  
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It is obvious that, in a laboratory devoted to therapeutic 

TCAs monitoring, detailed informations on the patient's drug 

regimen must be available so that potential interferences 

can be carefully checked. 

Reproducibility and Linearity: 
The within-run and day-to-day CVs, usually reported also at 

low drug concentrations, are below10 and 15%, respectively, 

that are within the generally accepted limits for drug assays. 

Calibration curves for TCAs are linear within a very wide 

range, from 20 to 2000 ng/ml and more. 

CONCLUSIONS 
A s  indicated by a considerable body of evidence, high-pressure 

liquid chromatography is a reliable and suitable technique for 

the determination of TCAs in plasma. Among all the LC methods 

described, no one offers clear advantages as compared to the 

others; therefore, the choice largely depends on the clinical 

or experimental situation where the method is being used and on 

the available equipment in the laboratory. However, if valid TCAs 

plasma level measurements are to be made, it is much more important, 

rather than the actual choice of methods, the application of 

appropriate internal and external quality control procedures(l9,46). 

As pointed out above, the sources of variability in the analysis 

of TCAs are numerous and errors can be introduced at several stages, 

including, for example, inappropriate analytical procedures, a 

technicifm's mistake, instrument failure, etc. Interlaboratory 

variability of TCAs determinations, in fact, still remains high 

(CV= 29%) (47). 

The possibility of fully automated operation of the instrumentation 

(see the recent "Fast LC" systems,(48) and the availability of columns 

having a greater efficiency and LwNcing times of analysis(see,for 

example, "high speed" colurnns,(49,50) and microbore columns(51) 

represent future goals that, once achieved, will open new prospects 

for a wider and more effective application of LC to TCAs determinations. 
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